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This document has been developed to accompany the digital geologic-GIS data dewveloped by the
Geologic Resources Inventory (GRI) program for Fort Necessity National Battlefield and Friendship Hill
National Historical Site, Pennsylvania (FONE-FRHI).

Attempts have been made to reproduce all aspects of the original source products, including the
geologic units and their descriptions, geologic cross sections, the geologic report, references and all
other pertinent images and information contained in the original publication.

This document contains the following information:

1) About the NPS Geologic Resources Inventory Program — A brief summary of the Geologic
Resources Inventory (GRI) Program and its products. Included are web links to the GRI GIS data
model, and to the GRI products page where digital geologic-GIS datasets, scoping reports and
geology reports are available for download. In addition, web links to the NPS Data Store and GRI
program home page, as well as contact information for the GRI coordinator, are also present.

2) GRI Digital Maps and Source Citations — A listing of all GRI digital geologic-GIS maps produced
for this project along with sources used in their completion. In addition, a brief explanation of how
each source map was used is provided.

3) Map Unit List — A listing of all geologic map units present on maps for this project, listed from
youngest to oldest.

4) Map Unit Descriptions — Descriptions for all geologic map units.

5) Geologic Cross Section — The one geologic cross section graphic associated with one of the
source maps.
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FONE-FRHI GRI Map Document 2

6) Ancillary Source Map Information — Additional source map information presented by source map.
For each source map this includes a report document, (unit) explanation, symbols and feature notes
present on the source map, and a location area map, as well as a index of geologic mapping for one
source map.

7) GRI Digital Data Credits — GRI digital geologic-GIS data and ancillary map information document
production credits.

For information about using GRI digital geologic-GIS data contact:

Stephanie O'Meara

Geologist/GIS Specialist/Data Manager

Colorado State University Research Associate, Cooperator to the National Park Senvice
Fort Collins, CO 80523

phone: (970) 491-6655

email: stephanie_o'meara@partner.nps.gov

2021 NPS Geologic Resources Inventory Program
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About the NPS Geologic Resources Inventory Program
Background

The Geologic Resources Inventory (GRI) provides geologic map data and pertinent geologic information
to support resource management and science-informed decision making in more than 270 natural
resource parks throughout the National Park System. Geologic resources for management consideration
include both the processes that act upon the Earth and the features formed as a result of these
processes. Geologic processes include: erosion and sedimentation; seismic, wlcanic, and geothermal
activity; glaciation, rockfalls, landslides, and shoreline change. Geologic features include mountains,
canyons, natural arches and bridges, minerals, rocks, fossils, cave and karst systems, beaches, dunes,
glaciers, wlcanoes, and faults.

The GRI is one of 12 inventories funded by the National Park Senice (NPS) Inventory and Monitoring
Program. The Geologic Resources Division of the NPS Natural Resource Stewardship and Science
Directorate administers the GRI. The NPS Geologic Resources Division partners with the Colorado State
University Department of Geosciences to produce GRI products. Many additional partners participate in
the GRI process by contributing source maps or reviewing products.

The GRI team undertakes three tasks for each park in the Inventory and Monitoring program: (1) conduct
a scoping meeting and provide a summary document, (2) provide digital geologic map data in a
geographic information system (GIS) format, and (3) provide a GRI report. These products are designed
and written for nongeoscientists.

Products

Scoping Meetings: These park-specific meetings bring together local geologic experts and park staff to
inventory and review available geologic data and discuss geologic resource management issues. A
summary document is prepared for each meeting that identifies a plan to provide digital map data for the
park.

Digital Geologic Maps: Digital geologic maps reproduce all aspects of traditional paper maps,
including notes, legend, and cross sections. Bedrock, surficial, and special purpose maps such as
coastal or geologic hazard maps may be used by the GRI to create digital Geographic Information
Systems (GIS) data and meet park needs. These digital GIS data allow geologic information to be easily
viewed and analyzed in conjunction with a wide range of other resource management information data.

For detailed information regarding GIS parameters such as data attribute field definitions, attribute field
codes, value definitions, and rules that govern relationships found in the data, refer to the NPS Geology-
GIS Data Model document available at: https://www.nps.gov/articles/gri-geodatabase-model.htm

Geologic Reports: GRI reports synthesize discussions from the original scoping meeting, follow up
conference call(s), and subsequent research. Chapters of each report discuss the geologic setting of the
park, distinctive geologic features and processes within the park, highlight geologic issues facing
resource managers, and describe the geologic history leading to the present-day landscape. Each report
also includes a poster illustrating these GRI digital geologic-GIS data.

For a complete listing of GRI products \isit the GRI publications webpage: https://go.nps.gov/gripubs.
GRI digital geologic-GIS data is also available online at the NPS Data Store: https://irma.nps.gov/
DataStore/Search/Quick. To find GRI data for a specific park or parks select the appropriate park(s),
enter “GRI” as a Search Text term, and then select the Search button.
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For more information about the Geologic Resources Inventory Program visit the GRI webpage: https://
WWW. nps.gov/subjects/geology/gri.htm. At the bottom of that webpage is a “Contact Us” link if you need
additional information. You may also directly contact the program coordinator:

Jason Kenworthy

Inventory Coordinator

National Park Senice Geologic Resources Division
P.O. Box 25287

Denver, CO 80225-0287

phone: (303) 987-6923

fax: (303) 987-6792

email: Jason_Kenworthy @nps.gov

The Geologic Resources Inventory (GRI) program is funded by the National Park Senice (NPS) Inventory
and Monitoring (I&M) Division. Learn more about I&M and the 12 baseline inventories at the 1&M

webpage: https://www.nps.gov/im/inventories.htm.
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GRI Digital Maps and Source Map Citations

The GRI digital geologic-GIS maps for Fort Necessity National Battlefield and Friendship Hill National
Historical Site, Pennsylvania (FONE-FRHI):

Digital Geologic-GIS Map of Fort Necessity National Battlefield and Friendship Hill National
Historical Site and Vicinity, Pennsylvania (GRI MapCode FONE)

The abowe park extents and vicinity map was compiled from the two Pennsylvania Geological Survey
county maps, Fayette County and Greene County, each also available as GRI digital geologic-GIS data.
Digital Geologic-GIS Map of Fayette County, Pennsylvania (GRI MapCode FACO)

The source map is listed below. The full extent of plate 1 was used and all geologic features on this plate
were captured.

McElroy, T.A., 1988, Groundwater Resources of Fayette County, Pennsylvania: Pennsylvania
Geological Survey, Water Resource Report 60, 2 plates, scale 1:50,000 (GRI Source Map 4457)

Digital Geologic-GIS Map of Greene County, Pennsylvania (GRI MapCode GRNC)

The source map is listed below. The full extent of plate 1 was used and all geologic features on this plate
were captured.

Stoner, J.D., Williams, D.R., Buckwalter, T.F., Felbinger, J.K., and Pattison, K.L., 1987, Water
resources and the effects of coal mining, Greene County, Pennsylvania: Pennsylvania Geological
Surwey, Water Resource Report 63, 2 plates, scale 1:50,000 (GRI Source Map 4656)

Additional information pertaining to each source map is also presented in the GRI Source Map
Information (FONEMAP) table included with the GRI digital geologic-GIS data.

2021 NPS Geologic Resources Inventory Program
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Index Map

The following index map displays the extents of the GRI digital geologic-GIS maps produced for Fort
Necessity National Battlefield and Friendship Hill National Historical Site (FONE-FRHI). The boundaries
for Fort Necessity National Battlefield and Friendship Hill National Historical Site (as of July 2021) are
outlined in green. The extent of the park and vicinity map, a compilation of both the Greene and Fayette
county maps, is outlined in dark gray, and where the county boudnaries and states are coincide with a
state boundary (in black) also sening as the map boundary. The extent of Greene and Fayette counties,
available has individual maps, are defined by the map boundary as well as the light gray line that
separates the two counties.
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Index map by Stephanie O'Meara (Colorado State University).
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Map Unit List

The geologic units present in the digital geologic-GIS data produced for Fort Necessity National
Battlefield and Friendship Hill National Historical Site, Pennsylvania (FONE-FRHI) are listed below. Units
are listed with their assigned unit symbol and unit name (e.g., Qal - Alluvium). Units are listed from
youngest to oldest. No description for water is provided. Information about each geologic unit is also
presented in the GRI Geologic Unit Information (FONEUNIT) table included with the GRI digital geologic-
GIS data. Some source unit symbols, those pertaining to the Pennsylvanian Period age were changed
from "P" to 'PN'in this document and in the GRI digital geologic-GIS data.

Cenozoic Era

Quaternary Period

Qal - Alluvium (Quaternary)

Qacm - Alluvium and Carmichaels Formation, undifferentiated (Quaternary)
Qcm - Carmichaels Formation (Quaternary)

Mesozoic Era
Jk - Gates-Adah Dike (Jurassic)

Paleozoic Era

Permian Period
Pg - Greene Formation (Permian)
Pw - Washington Formation (Permian)

Permian and Pennsylvanian Periods
PPNw - Waynesburg Formation (Permian and Pennsylvanian)

Pennsylvanian Period

PNm - Monongahela Group (Pennsylvanian)
PNu - Uniontown Formation (Pennsylvanian)
PNpb - Pittsburgh Formation (Pennsylvanian)
PNcc - Casselman Formation (Pennsylvanian)
PNcqg - Glenshaw Formation (Pennsylvanian)
PNa - Allegheny Group (Pennsylvanian)

PNp - Pottsville Group (Pennsylvanian)

Mississippian Period
Mmc - Mauch Chunk Formation (Mississippian)
Mb - Burgoon Sandstone (Mississippian)

Mississippian and Devonian Periods
MDso - Shenango Formation through Oswayo Formation, undivided (Mississippian and Devonian)

Devonian Period
Dck - Catskill Formation (Devonian)
Df - Foreknobs Formation (Devonian)

2021 NPS Geologic Resources Inventory Program
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Map Unit Descriptions

Descriptions of all geologic map units, generally listed from youngest to oldest, are presented below.
Unit descriptions are from the source map or maps the unit is present on.

Qal - Alluvium (Quaternary)

Geologic Description:
Unconsolidated deposits of gravel, sand, silt, and clay that occupy the floodplains of streams and, in
some places, form low terraces abowve the floodplains.

Well Yields:
Reported yields of three wells ranged from 3 to 300 gal/min.

Quality of Water:
Quality may be a problem, but data are insufficient to determine the extent of the problem.

Abowe description and related text from source map PAGS Water Resource Report 60.

Geologic Description:
Clay, silt, sand, gravel, and cobbles in and adjacent to streams. The material is derived mostly from
local bedrock.

Hydrologic Properties:

Few wells have been completed in this unit. The data indicate wide variability in specific capaci-ty. One
well tapping a thin layer of gravel had a 1-hour specific capacity of 1.6 (gal/min)/ft. Another well that
penetrates mostly clay had a 1-hour specific capacity of 0.18 (gal/min)/ft. Some shallow dug wells are
used for domestic needs; most owners report sufficient water, although conservation is often necessary
during long dry periods. The few data available indicate that the water may exceed recommended limits
of 300 pg/L for iron and 50 pg/L for manganese.

Abowe description and related text from source map PAGS Water Resource Report 63.

Qacm - Alluvium and Carmichaels Formation, undifferentiated (Quaternary)

See Qal and Qcm for descriptions and related unit text.

Qcm - Carmichaels Formation (Quaternary)

Geologic Description:
Unconsolidated deposits of gravel, sand, silt, and clay that occupy abandoned meanders of the
Monongahela and Youghiogheny Rivers.

Well Yields:
Data from Fayette County are not available; howewer, in adjacent Greene County tested wells had a wide
range of yields.

2021 NPS Geologic Resources Inventory Program
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Quality of Water:
Data from Greene County indicate adequate quality.

Above description and related text from source map PAGS Water Resource Report 60.

Geologic Description:

Alluvium, unconsolidated and poorly sorted clay, silt, sand, gravel, cobbles, and boulders of sandstone.
Small limonite nodules are abundant locally. The base of the deposit is about 910 feet above sea level
and about 140 to 150 feet above the present Monongahela River level. Deposits are in ancient abandoned
river channels and on rock terraces related to this ancient drainage network (Kent, 1969a). The
Carmichaels Formation is limited in areal extent to the eastern half of the county.

Hydrologic Properties:

Limited data indicate that yields range widely. Two unused public-supply wells each produced about 40
gal/min. Domestic well yields generally were reported adequate; the exceptions were one dry well and
another well that had a yield of less than 1 gal/min. Few data indicate that the water is soft to
moderately hard. The pH is commonly less than the recommended limit of 6.5. Iron and manganese
were above recommended limits in one of two samples.

Above description and related text from source map PAGS Water Resource Report 63.

Jk - Gates-Adah Dike (Jurassic)

Geologic Description:
Mica-peridotite dike, the only igneous rock found at the surface in Fayette County; actually consists of a
swarm of three or more dikes.

Well Yields:
No data available.

Quality of Water:
No data available.

Above description and related text from source map PAGS Water Resource Report 60.

Pg - Greene Formation (Permian)

Geologic Description:
Predominantly greenish-gray, thin beds of fine-to very fine grained sandstone, siltstone, clay shale,
claystone, limestone, and impure coal.

Well Yields:
No data available.

Quality of Water:
No data available.

Above description and related text from source map PAGS Water Resource Report 60.
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Geologic Description:

Predominantly shale, sandstone, siltstone, and thin units of limestone, claystone, carbonaceous shale,
and coal. Shale is locally interbedded with siltstone and sandstone. Shale locally has siderite nodules,
is calcareous, and in part is silty. Sandstone is light to olive gray, micaceous, and mostly fine to
medium grained. Beds are of variable thickness, planar to crossbedded, and locally massive. Siltstone is
micaceous, generally light to medium gray, and locally contains ironstone and limestone nodules. Thin,
lenticular, predominantly light- to dark-gray limestone beds are generally not persistent throughout the
formation. Fossils in the limestone include freshwater ostracodes, Spirorbis, and fish remains. Claystone
is light to dark gray, generally in layers less than 1 foot thick, and is associated with limestone, coal,
and carbonaceous shale beds. The Ten Mile coal is generally impure and lenticular, is commonly less
than 24 inches thick, and is the lowermost mappable unit, 20 to 50 feet above the base of the Greene
Formation. Most of the surface rocks in the western half of the county are in the Greene Formation.

Hydrologic Properties:

Generally a poor aquifer. The median reported yield of 55 wells is 2 gal/min. A few wells, especially
along hilltops, were abandoned after drilling because yields were less than several tenths of a gallon per
minute. Only 25 percent of the wells had a reported yield of 5 gal/min or greater. The median discharge
of 335 springs is 0.25 gal/min. Only 6 percent of the springs had yields greater than 3.0 gal/min. About
75 percent of the wells had iron and manganese above recommended limits. About half of the wells had
very hard water. The pH of water from wells and springs was generally within the recommended range of
from 6.5 to 8.5.

Above description and related text from source map PAGS Water Resource Report 63.

Pw - Washington Formation (Permian)

Geologic Description:
Predominantly greenish-gray, thin beds of mudstone, siltstone, and fine- to very fine grained sandstone;
also contains two limestone units, red clay shale, and coal.

Well Yields:
Reported yields range from 1.5 to 17 gal/min; the median is 4.5 gal/min.

Quality of Water:
Based on a limited number of samples, water is hard to very hard; high concentrations of dissolved
solids may be a problem.

Above description and related text from source map PAGS Water Resource Report 60.

Geologic Description:

Upper limestone member — Consists generally of an upper and lower limestone unit commonly
separated by shale. Individual olive- to dark-gray limestone beds are generally from 0.5 to 2 feet thick.
Fossils include freshwater ostracodes and some fish remains. Beds weather to a characteristic white
color.

Middle member — Chiefly shale, siltstone, and locally massive, light- to olive-gray, micaceous
sandstone. The shale contains siderite nodules. The Jollytown coal is commonly less than 24 inches
thick, is locally impure, and in some places grades laterally to carbonaceous shale.

2021 NPS Geologic Resources Inventory Program
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Lower limestone member — Limestone, where present, occurs in beds 0.5 to 2 feet thick, and is olive to
medium gray, argillaceous, and interbedded with shale. Locally, where light-gray sandstone owerlies the
Washington coal, the middle and lower members can be indistinguishable. The Washington coal is as
much as 48 inches thick but commonly is less than 24 inches thick. The coal is impure and shaly, and
its horizon is locally represented by carbonaceous shale.

The Washington Formation crops out generally in the middle and upper portions of stream basins in the
eastern half of the county and in some valley bottoms in Richhill Township.

Hydrologic Properties:

The median reported yield of 39 wells is 3.0 gal/min; the yields ranged from 0.08 to 26 gal/min. About 25
percent of the wells had a reported yield greater than or equal to 10 gal/min. The median discharge of
120 springs is 0.50 gal/min; most springs are perennial. About half of the wells and springs sampled had
hard to very hard water. Two samples from wells had concentrations of hydrogen sulfide above the
recommended limit of 0.05 mg/L. The concentration of barium in a sample from an observation well
exceeded the recommended limit of 1,000 pg/L. About half of the samples from wells had iron and
manganese concentrations above recommended limits.

Above description and related text from source map PAGS Water Resource Report 63.

PPNw - Waynesburg Formation (Permian and Pennsylvanian)

Geologic Description:
Typically thin beds of gray to olive-gray siltstone, claystone, mudstone, sandstone, limestone, and coal.
The sandstone is locally massive and medium to coarse grained.

Well Yields:
Reported yields range from 2 to 27 gal/min; the median is 6 gal/min.

Quality of Water:

Of 10 wells tested, 60 percent have concentrations of iron and manganese abowve drinking water
standards; 30 percent exceed the standard for sulfate and total dissolved solids; and 10 percent have an
excess of calcium, magnesium, lead, and aluminum.

Above description and related text from source map PAGS Water Resource Report 60.

Geologic Description:

Upper member — Chiefly shale, gray to black, locally calcareous, containing siderite nodules, and
medium-gray and light-gray sandstone. The basal unit is the Little Washington coal. The coal is typically
thin and impure, and locally grades laterally to carbonaceous shale.

Middle member — Predominantly medium-gray shale, sandstone, and light-gray siltstone. The
Waynesburg B coal generally occurs about 30 feet below the Little Washington coal and is up to 12
inches thick, locally impure, and shaly. The basal unit is the Waynesburg A coal. In some areas the
coal is as much as 84 inches thick in two benches split by a claystone parting 12 to 36 inches thick,
but it is commonly in one bench as much as 24 inches thick. The Waynesburg A coal is locally impure
and in some places grades laterally to carbonaceous shale.

Lower member — Predominantly shale, sandstone, and siltstone. The Waynesburg sandstone is
generally light gray, massive, fine to coarse grained, and crossbedded, and locally grades laterally and
vertically to siltstone and shale. The Waynesburg coal is at the base of the Waynesburg Formation and
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is overlain in some places by a dark shale. The Waynesburg coal is commonly in two, but locally in
three, benches. Where two benches are present, the upper bench ranges from 3 to 33 inches in
thickness, and the lower, or main, bench ranges from 15 to 64 inches in thickness; the two benches are
separated by a claystone parting up to 48 inches thick. Locally a single bench is as much as 84 inches
thick. The greatest thickness of the Wayneshburg coal occurs in the eastern part of the county, where it
is mined.

The Wayneshburg Formation crops out along some of the lower portions of the stream basins in eastern
Greene County.

Hydrologic Properties:

The median reported yield of wells is 3.8 gal/min. Two wells tapping the lower member of the
Waynesburg Formation produced the two highest 1-hour specific capacities of the study (3.7 and 4.4
(gal/min)/ft; pumping rates of 24 and 32 gal/min, respectively). About 25 percent of the wells yielded 20.5
gal/min or more. The 1-hour specific capacities of this unit ranged from 0.01 to 4.4 (gal/min)/ft. The
median discharge of springs is 0.50 gal/min. Iron and manganese concentrations were above recommended
limits in about one half and one third, respectively, of the wells sampled. Water from two wells had a
strong hydrogen sulfide odor (rotten egg smell); concentrations of total sulfide were 0.2 and 0.7 mg/L,
which are above the recommended 0.05 mg/L limit. Three valley wells between 190 and 220 feet deep
had chloride concentrations ranging from 3,100 to 3,700 mg/L (recommended limit is 250 mg/L). Most
wells and springs had water within the recommended pH range of from 6.5 to 8.5. Howeer, at selected
sites where the Waynesburg coal has been surface mined, groundwater discharges at seeps had a low
pH and high concentrations of sulfate, iron, manganese, and dissolved solids.

Above description and related text from source map PAGS Water Resource Report 63.

PNm - Monongahela Group (Pennsylvanian)

Geologic Description:

Black to light-gray, massive limestone; olive-gray argillaceous limestone having hackly cleavage and
local yellow or yellow-orange staining; thin-bedded to massiwe, light- to very light gray, fine-to medium-
grained sandstone; carbonaceous shale; and coal.

Well Yields:

Reported yields range from 0.1 to 50 gal/min; the median is 3 gal/min. The low yields are probably a
consequence of extensive deep mining of the Pittsburgh coal and subsequent dewatering of the wells.
Quality of Water:

Water is hard to very hard; high concentrations of dissolved solids, iron, manganese, calcium, and
magnesium are common.

Above description and related text from source map PAGS Water Resource Report 60.

See also the Uniontown (PNu) and the Pittsburgh (PNpb) formations within the Monongahela Group.

Above text from source map PAGS Water Resource Report 63.

2021 NPS Geologic Resources Inventory Program
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PNu - Uniontown Formation (Pennsylvanian)

Geologic Description:
See also PNm, the Monongahela Group.

Well Yields:
See PNm, the Monongahela Group.

Quality of Water:
See PNm, the Monongahela Group.

Above text from source map PAGS Water Resource Report 60.

Geologic Description:
Upper member — Mostly shale, siltstone, sandstone, and coal. The basal unit is the Little Waynesburg
coal, where present. The coal is thin and impure and is associated with carbonaceous shale.

Lower member — Chiefly limestone, shale, siltstone, sandstone, and coal. Limestone is light olive gray
and argillaceous. Shale is locally calcareous. Sandstone is light gray, fine grained, and locally massive.
The basal unit is the Uniontown coal, where present. The coal is commonly less than 24 inches thick,
impure, and bony, and contains carbonaceous shale in places.

Hydrologic Properties:

The median reported yield of wells is 8 gal/min. One well, after a pumping test conducted with a
discharge rate of 27 gal/min, had a 24-hour specific capacity of 1.4 (gal/min)/ft. Total iron concentration
in six well samples ranged from 410 to 55,000 pg/L. Manganese concentrations in four of six samples
from wells exceeded the 50 pg/L recommended limit and ranged from 60 to 560 pg/L. One sample from a
deep flowing well (depth 374 feet) in which most of the flow is from the Uniontown Formation had a high
chloride concentration of 2,700 mg/L. (W63)

Abowve description and related text from source map PAGS Water Resource Report 63.

PNpb - Pittsburgh Formation (Pennsylvanian)

Geologic Description:
See also PNm, the Monongahela Group.

Well Yields:
See PNm, the Monongahela Group.

Quality of Water:
See PNm, the Monongahela Group.

Above description and related text from source map PAGS Water Resource Report 60.

Geologic Description:

Upper member — Consists predominantly of limestone, sandstone, and shale. Limestone is light olive
gray and argillaceous. Fossils include freshwater ostracodes, Spirorbis, fish remains, small pelecypods,
and gastropods. Limestone beds are generally separated by shale, siltstone, and sandstone having a
characteristic greenish-gray color. Locally some sandstone beds occur as crossbedded channel
deposits.

2021 NPS Geologic Resources Inventory Program
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Sewickley Member — Mostly limestone, shale, sandstone, siltstone, and coal. The limestone sequence
that makes up most of the Sewickley Member is the Benwood limestone. The basal unit is the
Sewickley coal. The coal is generally in one bench but is locally in two benches up to 110 inches thick,
and has clay and shale partings up to 27 inches thick.

Fishpot Member — Chiefly sandstone, shale, carbonaceous shale, and, where present, a basal coal
bed.

Redstone Member and lower member, undivided — Contains sandstone, siltstone, shale, limestone,
carbonaceous shale, and coal. The upper part of the unit is chiefly limestone, olive-gray, crystalline, and
argillaceous; shale containing limestone and siderite nodules; and sandstone. The Pittsburgh rider coal
is locally minable in the southeastern corner of the county. There the coal may exceed 48 inches in
thickness, and the interval between the base of the Pittsburgh rider coal and the base of the underlying
Pittsburgh coal is locally greater than 60 feet. Elsewhere in the county, the interval between the two
coals thins, and the thickness of the Pittsburgh rider is commonly less than 12 inches. A light-gray
sandstone below the Pittsburgh rider coal and above the Pittsburgh coal occurs both as sheetlike and as
channelfill deposits. The Pittsburgh coal consists of two to four benches having clay or shale partings.
The lower, or main, bench ranges from 36 to 104 inches in thickness, including minor clay partings up to
1 inch thick. Locally the coal is cut out by overlying sand-filled channels.

The Pittsburgh Formation crops out in the eastern third of the county and not much of it is exposed.

Hydrologic Properties:

Scanty data from existing wells indicate that yields are sufficient for most domestic needs in the eastern
quarter of the county. Howewer, one deep well (271 feet) had a 1-hour specific capacity of only 0.01 (gal/
min)/ft. In the central and western parts of the county, the Pittsburgh Formation is not utilized for water
supply because it is deep below land surface and most likely contains undesirable concentrations of
chlorides and dissolved solids. Water pumped from seweral deep mines in the Pittsburgh coal in the
north-central part of the county contained chloride concentrations of about 2,000 mg/L.

Above description and related text from source map PAGS Water Resource Report 63.

PNcc - Casselman Formation (Pennsylvanian)

Geologic Description:

Thin-bedded, green and red, commonly calcareous claystone; thin-bedded, gray siltstone; locally
massive, fine- to medium-grained, gray sandstone; locally massive limestone; and thin, nonpersistent
coal.

Well Yields:
Reported yields range from 0.1 to 200 gal/min; the median is 10 gal/min.

Quality of Water:
Water is generally hard to very hard; more than half of the wells tested exceed the standards for iron and
manganese.

Above description and related text from source map PAGS Water Resource Report 60.

2021 NPS Geologic Resources Inventory Program
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Geologic Description:

Chiefly light-gray sandstone and gray shale. Sandstone and shale are locally massive. Coal stringers
and coal beds are generally less than 24 inches thick. The Casselman Formation crops out in the
southeastern corner of the county.

Hydrologic Properties:
Few data are available. One well had a 1-hour specific capacity of 0.34 (gal/min)/ft. Two laboratory
analyses indicate that the water is very hard.

Above description and related text from source map PAGS Water Resource Report 63.

PNcg - Glenshaw Formation (Pennsylvanian)

Geologic Description:

Olive- to dark-gray, thin-bedded, fossiliferous, marine limestone and clay shale; red claystone; locally
massive, fine- to coarse-grained sandstone; minor amounts of freshwater limestone; and thin, but
generally persistent, coal.

Well Yields:
Reported yields range from 0 to 75 gal/min; the median is 7 gal/min.

Quality of Water:
Water is mostly hard to very hard; concentrations of iron and manganese exceeding drinking water
standards are common; unsafe concentrations of aluminum and lead also occur.

Above description and related text from source map PAGS Water Resource Report 60.

Geologic Description:

The Ames marine zone is the uppermost unit of the Glenshaw Formation. The Ames is predominantly a
highly fossiliferous limestone. The strata below this zone are poorly exposed. The Glenshaw Formation
crops out along a small section of the Monongahela River in the extreme southeastern corner of the
county.

Hydrologic Properties:
Due to the limited number of wells tapping the Glenshaw Formation, no information on water quality or
water-bearing properties of this unit was obtained.

Above description and related text from source map PAGS Water Resource Report 63.

PNa - Allegheny Group (Pennsylvanian)

Geologic Description:

Olive- to dark-gray, nodular claystone; light-gray, thin- to massively bedded, fine- to coarse-grained
sandstone containing stylolites; gray siltstone; nodules of limestone and siderite; local gray
conglomerate; coal; and clay.

Well Yields:
Reported yields range from 0.5 to 25 gal/min; the median is 6 gal/min.

2021 NPS Geologic Resources Inventory Program
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Quality of Water:

Water ranges from soft to very hard; iron, manganese, and aluminum concentrations exceeding drinking
water standards are common; excessive concentrations of zinc, lead, dissolved solids, magnesium, and
sulfate also occur.

Above description and related text from source map PAGS Water Resource Report 60.

PNp - Pottsville Group (Pennsylvanian)

Geologic Description:

Gray to light-gray crossbedded sandstone, quartz-pebble conglomerate, and siltstone; dark-gray,
carbonaceous clay shale and claystone; and thin, nonpersistent coal. Massive beds of sandstone are
not uncommon.

Well Yields:
Reported yields range from 3 to 15 gal/min; the median is 5 gal/min.

Quality of Water:
Water is generally soft; very high concentrations of iron and manganese are a common problem; high
concentrations of aluminum may occur; dissolved solids are low.

Above description and related text from source map PAGS Water Resource Report 60.

Mmc - Mauch Chunk Formation (Mississippian)

Geologic Description:

Mostly grayish-red sequence of shale, siltstone, sandstone, and some conglomerate. Includes the
fossiliferous Wymps Gap Limestone, the Deer Valley Limestone, and the highly crossbedded, gray,
siliceous Loyalhanna Limestone.

Well Yields:
Reported yields of five wells range from 3 to 20 gal/min; the median is 8 gal/min.

Quality of Water:
Water from two wells tested soft and moderately hard; all constituents in the tested wells were within
drinking water standards.

Above description and related text from source map PAGS Water Resource Report 60.

Mb - Burgoon Sandstone (Mississippian)

Geologic Description:
Buff, medium-grained, crossbedded sandstone containing some basal conglomerate.

Well Yields:
Reported yields of five wells range from 0.5 to 46 gal/min; the median is 4 gal/min.

2021 NPS Geologic Resources Inventory Program
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Quality of Water:
Based on a limited number of samples, water is soft to moderately hard; iron and manganese may be a
problem.

Above description and related text from source map PAGS Water Resource Report 60.

MDso - Shenango Formation through Oswayo Formation, undivided
(Mississippian and Devonian)

Geologic Description:
Varying proportions of greenish-gray, olive, and buff sandstone and siltstone, and gray shale.

Well Yields:
Reported yield of one well is 5 gal/min.

Quality of Water:
No data available.

Abowe description and related text from source map PAGS Water Resource Report 60.

Dck - Catskill Formation (Devonian)

Geologic Description:
Predominantly grayish-red sequence of sandstone, siltstone, shale, and local conglomerate.

Well Yields:
No data available.

Quality of Water:
No data available.

Abowe description and related text from source map PAGS Water Resource Report 60.

Df - Foreknobs Formation (Devonian)

Geologic Description:

Interbedded sandstone, siltstone, and shale; gray to olive gray, red near top; substantial brownish-gray
sandstone; some marine fossils; a few conglomerate beds at base and top. The formation has a limited
exposure of about 1 square mile in Fayette County.

Well Yields:
No data available.

Quality of Water:
No data available.

Abowe description and related text from source map PAGS Water Resource Report 60.

2021 NPS Geologic Resources Inventory Program
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Geologic Cross Section
The geologic cross section present in the GRI digital geologic-GIS data produced for Fort Necessity
National Battlefield and Friendship Hill National Historical Site, Pennsylvania (<%PARKCODE%>) is

presented below. The cross section graphic was scanned at a high resolution and can be viewed in more
detail by zooming in (if viewing the digital format of this document).

Cross Section A-A'

Graphic from source map: PAGS Water Resource Report 63. Vertical exaggeration is x5.

2021 NPS Geologic Resources Inventory Program
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Ancillary Source Map Information
The following section present ancillary source map information associated with sources used for this

project.

PAGS Water Resources Report 60

The formal citation for this source.

McElroy, T.A., 1988, Groundwater Resources of Fayette County, Pennsylvania: Pennsylvania
Geological Survey, Water Resource Report 60, 2 plates, scale 1:50,000 (GRI Source Map 4457)

The source map, including both map plates, can be accessed via the U.S. Geological Survey National
Geologic Map Database (NGMDB) record: https://ngmdb.usgs.gov/Prodesc/proddesc_32930.htm

The report document and prominent graphics associated with this source are presented on the following
pages.

Report Document

The report document associated with the publication (double-click link to open the embedded
document): W_60_text.pdf.

2021 NPS Geologic Resources Inventory Program


https://ngmdb.usgs.gov/Prodesc/proddesc_32930.htm

Water Resource Report 60

1988

GROUNDWATER RESOURCES
OF FAYETTE COUNTY,
PENNSYLVANIA

Thomas A. McElroy

COMMONWEALTH OF PENNSYLVANIA
Robert P. Casey, Governor
DEPARTMENT OF ENVIRONMENTAL RESOURCES
Arthur A. Davis, Secretary
OFFICE OF RESOURCES MANAGEMENT
BUREAU OF

TOPOGRAPHIC AND GEOLOGIC SURVEY
Donald M. Hoskins, State Geologist





Water Resource Report 60

GROUNDWATER RESOURCES
OF FAYETTE COUNTY,
PENNSYLVANIA

by Thomas A. McElroy

Pennsylvania Geological Survey

PENNSYLVANIA GEOLOGICAL SURVEY
FOURTH SERIES

HARRISBURG

1988





Copyright 1988
by the
Commonwealth of Pennsylvania

Quotations from this report may be published if credit is given to
the Pennsylvania Geological Survey

ISBN: 0-8182-0111-8

ADDITIONAL COPIES
OF THIS PUBLICATION MAY BE PURCHASED FROM
STATE BOOK STORE, P. O. BOX 1365
HARRISBURG, PENNSYLVANIA 17105





CONTENTS

Page

N o 1] - T A 1
INtrOdUCtiOnN. . .o 1
Purpose and scope . ... 1
Location and description of area ............coiiiiiiiinni 2
Topography and drainage. ...........oo it e 2
Population and land use .......... ... .. i e 2

L 11 o - 1O 2
A L0 G L b
Previous investigations ..............ooiii i 6
AcCKNOWIedBementS . . oottt et e e 6
Hydrology . ..ot 6
GeneTal . . . o e e 6
Water budgets . . ... e 6
Western Fayette County—Redstone Creek ........... ..., 7
Eastern Fayette County—Stony Fork............. ... ... 8
Availability of groundwater ......... ... . e e 8
Hydrogeology . ..ot e 9
GeologiC SEttIME .ottt e e 9
Occurrence and movement of groundwater................civiininiinnn... 9
Factors that influence the yield of wells ......... ..., 10
1551 5 Vo] (< -5 A 10

L@ 17) (0 -4 TRy § 1 Lol U U 11

BT 0073 1) 120 12
Stratigraphy and water-bearing properties of therocks ....................... 12
AlUVIUIN .o i it ettt e e e e 12
Carmichaels FOrmation . ...ttt it et ieeeiaens 18
Gates-Adah dike . ... i e 18
Greene FOrmation ........oiiiiiniii ittt it i ettt 19
Washington Formation .......... .. . i i i 19
Waynesburg Formation . ..........coo ittt it i it 20
Monongahela Group ...t i it ittt et e s 20
Casselman FOrmation .............iuniriintii ettt ittt 21
Glenshaw Formation . ..........i ittt ittt it i ettt ee i annn 22
Allegheny GIOoUD .. ...ttt e e et et et et 23
Pottsville GroUp . ...oitti e i e e e 24
Mauch Chunk Formation .......... .. ... i i i iiennn 25
Burgoon Sandstone ....... ...ttt i i et e e 26
Shenango Formation through Oswayo Formation, undivided ................ 27
Catskill FOrmation .. .....cvtitt ittt ettt ettt ettt e aaaennnnn 27
Foreknobs FOrmation ..........c.couitniuiinitne ittt ettt 29
Groundwater QUAlItY . ... ..ottt i e e 29
ClassiICatION o . vt ettt et e e e e e 29
Chemical analysis .. ..ottt ittt it e et et e 29

iii





Management of water supplies ..........co i e 30
Protection from overdraft ............ .. 0 i 30
Existing and potential problem areas .............. ... i, 31

Impact of coal and coal mining on groundwater...............cciiiien.... 32
Availability .. ... 32
Characteristics and genesis of acid mine drainage .......................... 32
Influence of acid mine drainage and unmined coal seams on groundwater quality 33
Laurel Run site study ... i e 37

CONCIUSIONS . oot ittt e it ettt e e et e 38

Sources of information about water................. ... ... ... ... ... 4]

References . ... o 41

GlOSSaTY vttt e 42

Factors for converting inch-pound units to International System units (SI)...... 44

ILLUSTRATIONS
FIGURES

Figure 1. Maps showing the location of Fayette County, and physiographic divi-
sions, landmarks, and stream-gaging stations within the county .. ... 3
2. Photograph of Fayette County topographic settings ............... 4
3. Photograph of Chestnut Ridge.............. ..o .. 4
4. Photograph of the Youghiogheny River gorge .................... 5
5. Graph showing annual precipitation at Uniontown ................ 5
6. Graph showing monthly mean temperatures at Uniontown ......... 6

7. Diagram showing the annual hydrologic cycles and water budgets of
Fayette County .......ouuiiii e e 7
8. Isopach map of sedimentary rock in Fayette County .............. 9
9. Diagram showing relationship of topography to water level ........ 10

10. Graph showing percent frequency distribution of well yields from wells
grouped by topographic position ............ ... ... . ... 12

11. Stiff diagram showing the median chemical character of groundwater
from alluvium ... ... 18

12. Stiff diagram showing the median chemical character of groundwater
from the Washington Formation ................................ 19

13. Stiff diagram showing the median chemical character of groundwater
from the Waynesburg Formation....................cviuvnnnn.. 20

14. Map showing areas of Fayette County susceptible to dewatering by deep
mining of the Pittsburgh coal................... ... ........... 21

15. Stiff diagram showing the median chemical character of groundwater
from the Monongahela Group ................. .. ... 21

16. Stiff diagram showing the median chemical character of groundwater
from the Casselman Formation ................................. 22

17. Stiff diagram showing the median chemical character of groundwater
from the Glenshaw Formation .............. .. ... ... ..coo.. ... 23

18. Stiff diagram showing the median chemical character of groundwater
from the Allegheny Group .......... .. ... ... 24





Figure 19.
20.

Plate

Table

21.
22.
23.
24,
25.
26.
27.
28.
29.
30.
31.

32.
33.

wi bW N —

S

Page

Photograph of Homewood Sandstone, Ohiopyle Falls ............. 25
Stiff diagram showing the median chemical character of groundwater
from the Pottsville Group ... 25
Photograph of crossbedding in the Loyalhanna Limestone ......... 26
Photograph of a quarry in the Loyalhanna Limestone ............. 26
Stiff diagram showing the median chemical character of groundwater
from the Mauch Chunk Formation.............................. 26
Stiff diagram showing the median chemical character of groundwater
from the Burgoon Sandstone ............... ... ... .. ... 27
Photograph of sandstone and shale of the Shenango Formation through
Oswayo Formation, undivided .................................. 28
Photograph of a typical outcrop of the Catskill Formation......... 28
Graph of well yield versus thickness of penetrated coal seam ....... 32
Photograph of acid mine drainage .............................. 33
Graph showing iron (Fe) and sulfate (SO,) concentrations in acid mine
drainage ... ..ot e e 34
Stiff diagram showing the median chemical character of acid mine
Arainage .....oii i e e 34
Graphs showing median concentrations of and results of Mann-Whitney
U tests for chemical constituents in wells......................... 36

Map showing the locations of wells and springs in the Laurel Run site 38
Graphs showing median concentrations of and results of Mann-Whitney
U tests for chemical constituents in the Laurel Run site study ...... 40

PLATES

(in envelope)

Geologic map of Fayette County, Pennsylvania, showing the locations of wells
and springs.

Mined-out areas and land disturbed by mining operations in Fayette County,
Pennsylvania.

TABLES

Page
Annual water budgets, Fayette County.......... ... ..., 8
Summary of data on water-bearing zones ..............c.coian. 11
Occurrences of water-bearing zones in sandstone, limestone, and shale 11
Summary of well construction and yield data..................... 13
Source and significance of selected dissolved constituents and proper-
ties Oof groundwater. .. ... ... it e e 14
Methods of water treatment .. ......oueevnnneneeneneeneneeannns 17
Summary of chemical analyses of water from wells................ 30
Summary of chemical analyses of water from springs.............. 31
Chemical analyses of acid mine drainage . ............ ... .. ... .... 35

Chemical analyses of springs and wells at Laurel Run site.......... 39

\Y





Table 11.
12.
13.
14.

Correlation coefficients, Laurel Runsite .........ccvveenrennn.... 39
Chemical analyses of water fromwells........................... 45
Chemical analyses of water from springs............coovuueev.... 48
Record of wells ...t e, 49

vi





GROUNDWATER RESOURCES OF
FAYETTE COUNTY, PENNSYLVANIA

by

Thomas A. McElroy

ABSTRACT

Fayette County has two climatic regimes,
aresult of the two topographic settings in
the county. Eastern Fayette County lies in
the Allegheny Mountain section of the Ap-
palachian Plateaus physiographic province,
which is characterized by prominent ridges.
Rolling uplands of the Pittsburgh Plateaus
section are present in the west. Rainfall is
lower and temperatures are higher in the
western half of the county. In western Fay-
ette County, more than half of the stream-
flow is supplied by groundwater, and in
eastern Fayette County two thirds of the
streamflow is derived from groundwater.
Total groundwater availability in the coun-
ty ranges from 350 to 500 gallons per min-
ute per square mile.

Aquifers in Fayette County consist of se-
quences of siltstone, claystone, and sand-
stone, and minor amounts of limestone,
coal, and shale. The median depth to water
is 50 feet. Topography is the most impor-
tant factor in well yield; valley wells have
approximately 75 percent greater yields
than wells in other topographic settings.
Lithology is a relatively minor factor in ex-
plaining variations in yield.

Groundwater and acid mine drainages
were sampled throughout the county. Wa-
ter from 64 percent of the wells tested failed
to meet established drinking water stan-
dards for at least one constituent. Iron and
manganese were the most common con-
stituents found in overabundance. There is
no strong evidence that unmined coal seams
have had an effect on well yield or water
quality. Mined coal seams, however, have

had an effect on both. Extensive deep min-
ing of the Pittsburgh coal seam has resulted
in low yields from wells in the overlying Mo-
nongahela Group. Acid mine drainage was
characterized by extremely hard water con-
taining very high concentrations of alumi-
num, calcium, magnesium, and zinc. Lead,
a toxic heavy metal, was also found in high
concentrations in some samples. Acid mine
drainage may also be enriched in nickel,
cadmium, or chromium. The data indicate
that acid mine drainage has not had as se-
vere an effect on the quality of groundwater
as it has had on the quality of surface water.

INTRODUCTION
PURPOSE AND SCOPE

For decades it has been reported that mining
may have a deleterious effect on groundwater
availability and quality. Thus it is thought that
anticipated increases in production of coal in
Pennsylvania may have a detrimental impact on
the groundwater resources of Fayette County.
This report was prepared for two purposes:
(1) to provide information on the quantity and
quality of groundwater in Fayette County; and
(2) to provide information on the impact of coal
mining on groundwater.

Data from several sources were used to pre-
pare this report. Well depth, depth to water,
yield, and lithology were obtained from drillers’
reports, well owners, and field measurements.
There were 116 wells and springs sampled for
chemical analysis. Eight samples were taken
from flowing acid mine drainage. Five samples
were collected from piezometers penetrating
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abandoned mines. Chemical data were also taken
from field engineers’ reports on mine-drainage
permit applications.

LOCATION AND DESCRIPTION
OF AREA

Fayette County is in southwestern Pennsylva-
nia (Figure 1). It is bounded on the south by the
Mason-Dixon line, which separates Pennsylvania
from West Virginia and Maryland, on the west
by the Monongahela River, on the north by Ja-
cobs Creek, and on the east by the crest of Laurel
Hill and the Youghiogheny River. It is roughly
square in shape and has an areal extent of 802
square miles. The county is bisected north to
south by Chestnut Ridge.

TOPOGRAPHY AND DRAINAGE

Fayette County has two distinct topographic
settings. These settings correspond to two physio-
graphic sections of the Appalachian Plateaus
province in Pennsylvania: the Pittsburgh Pla-
teaus section, in the western half of the county,
and the Allegheny Mountain section, in the east-
ern half of the county. The photograph in Fig-
ure 2, taken from an overlook on U.S. Route 40,
shows the two topographic settings.

The Pittsburgh Plateaus section is a maturely
dissected plateau made up of ridges, hills, and
open valleys. Typical relief is from 200 to 350
feet, but the major rivers in this section, the Mo-
nongahela and the Youghiogheny, have eroded
valleys 600 to 950 feet deep. The lowest altitude
is 740 feet above mean sea level, where the Mo-
nongahela River exits the northwest corner of the
county (Figure 1). The highest point, approxi-
mately 1,565 feet above mean sea level, is the top
of Fort Hill, which is located 1.75 miles east of
Layton.

The Allegheny Mountain section of Fayette
County is delineated by Chestnut Ridge on the
west and Laurel Hill on the east (Figures 1 and 3).
Both trend north-northeast. The Ligonier Valley
lies between them. This valley has an intricately
dissected terrain and an average relief of 600 feet.

The maximum altitude of Chestnut Ridge is
2,778 feet, at the Pondfield Two lookout tower
located 5 miles south of Summit. The ridge
gradually decreases in altitude to the north and
has a minimum altitude of approximately 2,100
feet at the northern border of the county. The
altitude of Laurel Hill increases gradually from
south to north; it is about 2,300 feet on the
Mason-Dixon line and 2,994 feet in the northeast
corner of the county.

There are two major rivers draining most of
Fayette County: the Monongahela and Yough-
iogheny Rivers (Figure 1). The Monongahela,
which defines the western boundary of the coun-
ty, drains the Pittsburgh Plateaus section. It
receives water from several westward-flowing
streams whose headwaters are on the west flank
of Chestnut Ridge. The northeastern portion of
the Pittsburgh Plateaus section of Fayette Coun-
ty and the majority of the Allegheny Mountain
section are drained by the Youghiogheny River
(Figure 4), which traverses the county from
southeast to northwest. The southern quarter of
the county is drained by several streams, most
of which are tributaries of the Cheat River. The
Cheat enters the Monongahela at Point Marion,
about 1.5 miles north of the Pennsylvania-West
Virginia border.

POPULATION AND LAND USE

In 1980 there were 160,395 residents in Fayette
County, an increase of 3.7 percent since 1970
(U.S. Department of Commerce, 1981). This was
the first population increase since 1940. The
population is predominantly rural. About 82 per-
cent of the area is either forest or farmland (Davis
and Christman, 1980). The only cities, Union-
town and Connellsville, have a combined popula-
tion of 24,892. One third of the land has been
deep or strip mined (Plate 2).

CLIMATE

Fayette County has a humid continental cli-
mate. At Uniontown, west of Chestnut Ridge,
the average precipitation is 40.05 in./yr (inches
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Figure 1. Location of Fayette County, and physiographic divisions, landmarks, and stream-gaging
stations within the county.
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Figure 2. Fayette County topographic settings. Topography of the Allegheny Mountain section
of the Appalachian Plateaus physiographic province is in the foreground. Topography
of the Pittsburgh Plateaus section is on the horizon.

Figure 3. Chestnut Ridge, south of Connellsville, looking southeast.

per year) (Figure 5). At Confluence, just east
of the Fayette-Somerset County border, 42.67
in./yr is the norm. The increase in precipitation
at Confluence occurs as a result of weather sys-

tems from the west rising over Chestnut Ridge;
the lower temperature and pressure encountered
at the higher altitude decreases the amount of
water vapor the atmosphere can hold and causes
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the excess vapor to condense into raindrops or
snowflakes.

Average temperatures in eastern Fayette Coun-
ty are lower than average temperatures in the
western half of the county. The average annual
temperature in Uniontown is 53.3 °F (Figure 6).
No long-term temperature records exist for east-
ern Fayette County, but in 1979 the average tem-
perature in Confluence was 2.1 °F lower than the
average temperature in Uniontown. Uniontown
is coldest in January and warmest in July, when
temperatures average 32.3 °F and 73.4 °F, respec-
tively.

WATER USE

Groundwater in Fayette County is used most-
ly for domestic purposes. A few businesses use
well water, but only for drinking and sanitation.
There are no major industrial users of ground-
water, and only one community in the county
uses groundwater for a portion of its municipal

supply.

m
(o))
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1960
1965
1970
1975
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Annual precipitation at Uniontown.
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Figure 6. Monthly mean temperatures at
Uniontown.

PREVIOUS INVESTIGATIONS

A study of groundwater in western Pennsyl-
vania was done by Piper (1933). The geology and
mineral resources of Fayette County were studied
by Hickok and Moyer (1940). Shaffner (1963)
studied the geology and mineral resources of the
Donegal quadrangle located in the northeastern
part of the county.
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HYDROLOGY
GENERAL

Groundwater is part of a dynamic system
known as the hydrologic cycle. All water on earth

is subject to this continuous process of circula-
tion. Water evaporated from open bodies of wa-
ter is returned to the surface as precipitation. If
the precipitation falls on land, several things can
happen to it. It may be reevaporated, or it may
be taken up by vegetation and transpired back
into the atmosphere. These two processes, evapo-
ration and transpiration, are commonly dis-
cussed together under the term evapotranspira-
tion. Precipitation may also become surface run-
off, flow overland into streams, and eventually
enter the ocean. Lastly, some precipitation will
infiltrate through the soil, percolate downward
through rock to the zone of saturation, and be-
come groundwater. The groundwater then moves
laterally through interconnecting voids in the
rock, to be discharged into springs, streams, or
lakes, and to flow toward the ocean. These sur-
face waters will once more be evaporated to be-
gin another journey through the hydrologic cy-
cle. Figure 7 is a generalized representation of
the hydrologic cycles of Fayette County.

WATER BUDGETS

The water budget is a quantification of the
hydrologic cycle in a drainage basin for a given
period of time. It may be represented by the fol-
lowing equation:

P =R, + R, + ET + ASM + AGW + U - I

where
P = precipitation
surface runoff
R, = base flow (groundwater discharge in-
to stream)
ET = evapotranspiration
ASM change in soil moisture
AGW change in groundwater storage
U = natural groundwater flow out of the
basin
I = imported water
Because of the difference in precipitation and
geologic structure between eastern and western
Fayette County, two water budgets have been
calculated: one for the basin drained by Redstone
Creek in western Fayette County, and the other
for a basin at the headwaters of Stony Fork in
eastern Fayette County (see Figure 1).

=
Il
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Figure 7. The annual hydrologic cycles and water budgets of Fayette County.

Western Fayette County—
Redstone Creek

To calculate the water budget for Redstone
Creek, U.S. Geological Survey gaging station
03074500 in Waltersburg was used for stream-
flow records, and the U.S. Weather Bureau sta-
tion in Uniontown was used for precipitation
records. Years having precipitation close to the
long-term annual average were chosen in order
to minimize changes in soil moisture (ASM) and
groundwater storage (AGW), which were as-
sumed to be negligible. Natural groundwater

flow out of the basin (U) and imported water (D
were also assumed to be zero, although the large
number of deep mines in the basin may invalidate
this assumption. (Groundwater flows more easily
through deep mines than through undisturbed
rack, so that the flow direction of the water is
controlled by the slope of the mines instead of
the topography. If a mine is not entirely within
a basin it can either bring groundwater into the
basin or remove groundwater from the basin de-
pending upon the slope of the mine.) The water
budget for Redstone Creek is listed in Table 1.
As the geology, structure, and climate is similar
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Table 1. Annual Water Budgets, Fayette County
Surface Evapo-
Water Precipitation Base flow runoff transpiration
year P (inches) = Rg (inches) + R, (inches) + ET (inches)
Redstone Creek (Western Fayette County)
(28%) (13%) (59%)
1947 39.97 = 11.32 + 5.03 + 23.62
(27%) (11%) (62%)
1959 40.21 = 10.73 + 4.48 + 25.00
(27 %) (15%) (58%)
1967 40.13 = 10.74 + 6.30 + 23.09
(27%) (13%) (60%)
Mean 40.10 = 10.93 + 5.27 + 23.90
Stony Fork (Eastern Fayette County)
(24 %) (22%) (54%)
1978 59.90 = 14.68 + 13.04 + 32.18
(25%) (23%) (52%)
1979 59.10 = 14.60 + 13.76 + 30.74
(32%) (17%) (51%)
1980 52.08 = 16.87 + 8.55 + 26.66
(27 %) (21%) (52%)
Mean 57.03 = 15.39 + 11.78 + 29.86

throughout western Fayette County, the water
budget calculated for Redstone Creek should be
representative of all of Fayette County west of
Chestnut Ridge. The significance of the base
flow (R) is apparent; it makes up two thirds of
the total streamflow (base flow + surface run-

off).

Eastern Fayette County—Stony Fork

For the basin at the headwater of Stony Fork,
streamflow records are from U.S. Geological
Survey gaging station 03070455, located 0.9 mile
east of Elliotsville (see Figure 1). Precipitation
records are from the National Weather Service
precipitation gage at Chalkhill. As in the analy-
sis for Redstone Creek, the change in soil mois-
ture and groundwater storage, and the natural
groundwater flow out of and into the Stony Fork
basin, were assumed to be negligible. Calcula-
tions were based on the consecutive water years

1978, 1979, and 1980, as these were the only
years for which streamflow data were available.
The groundwater proportion of the budget (27
percent) is the same as that for Redstone Creek,
but it makes up only 56 percent of the total
streamflow (Table 1). Evapotranspiration is 8 per-
cent lower in the Stony Fork basin than in the
Redstone Creek basin, the result of fewer days
between killing frosts in the highlands.

AVAILABILITY OF GROUNDWATER

The base flow of a basin can be used to es-
timate the volume of groundwater available.
Base flow is commonly reported in inches per
year, whereas groundwater availability is usual-
ly given in gallons per minute per square mile
[(gal/min)/mi?]. Multiplying the inches per year
of groundwater discharge by 33.06 converts
groundwater availability to gallons per minute
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per square mile. The volume of groundwater
available in the Redstone Creek basin is the
amount of base flow (10.93 in./yr) multiplied by
33.06, which amounts to 361 (gal/min)/mi2.
The volume of groundwater available in the
Stony Fork basin is 508 (gal/min)/mi2.

The greater amount of available groundwater
in the Stony Fork basin is at least partly a con-
sequence of the greater precipitation and shorter
growing season in eastern Fayette County. This
difference may be exaggerated because precipita-
tion for the 3 years of record at Chalkhill (east-
ern Fayette) may be higher than the true long-
term precipitation average. The mean annual
precipitation at Confluence, which is also in the
Allegheny Mountain section, is 42.67 inches—
14.36 inches less than the 3-year mean at Chalk-
hill and only 2.57 inches greater than the 3-year
mean in Uniontown (western Fayette).

HYDROGEOLOGY
GEOLOGIC SETTING

Fayette County is underlain by a sequence of
sedimentary rocks. The major rock types present
are sandstone, siltstone, claystone, and limestone.
This sequence thins from east to west, decreas-
ing in total thickness from 28,000 to 20,000 feet
(Figure 8).

The geologic structure is characterized by sim-
ple, open folds (synclines and anticlines). These
folds display a nearly uniform axial trend of
N30°E. They include four major anticlines and
four major synclines, which from east to west
are as follows: the Laurel Hill anticline, Ligonier
syncline, Chestnut Ridge anticline, Uniontown
syncline, Fayette anticline, Lambert syncline,
Brownsville anticline, and Port Royal syncline.

The Chestnut Ridge anticline delineates the
western boundary of the Allegheny Mountain
section of the Appalachian Plateaus province (see
Figure 1). The amplitude of folding in the Alle-
gheny Mountain section approaches 3,000 feet.
The bedding commonly has a 5-degree dip. On
the western flank of Chestnut Ridge the bedding

Figure 8. Thickness of sedimentary rocks in
Fayette County (from Faill, in prepa-
ration).

steepens to an average of 8 degrees (see Figure
25), and it approaches 25 degrees approximately
2 miles west of Summit. West of Chestnut Ridge,
in the Pittsburgh Plateaus section of the Appala-
chian Plateaus province, folding is more gentle;
the maximum amplitude between the Fayette
anticline and the Uniontown syncline is 900 feet,
and the maximum amplitude between the Lam-
bert syncline and the Brownsville anticline is 250
feet.

No major faults extend to the surface in Fay-
ette County, although Hickock and Moyer (1940)
reported three minor faults. Seismic sections and
gas well logs indicate that faults exist at a depth
of about 5,000 feet beneath Chestnut Ridge. A
moderate amount of jointing may be found in
some limestone and sandstone beds. Sandstone
jointing is commonly confined to thick, homo-
geneous beds.

OCCURRENCE AND MOVEMENT
OF GROUNDWATER

Groundwater is defined as subsurface water
that is in the zone of saturation. In humid re-
gions, such as Fayette County, precipitation that
infiltrates through the unsaturated zone is the
most common source of groundwater. Infiltrat-
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ing precipitation moves vertically downward un-
til it encounters the water table (that is the top
of the zone of saturation). It then moves laterally
toward areas of lower head and is discharged into
streams, springs, or lakes. The shape of the water
table is generally a subdued image of the land
surface, the water table being deeper under hills
and shallower under valleys. Figure 9 demon-
strates this relationship.

Land surface

Formation C

Formation C

Water table Formation A

Figure 9. Relationship of topography to water
level.

The median depth to the water table in Fayette
County is 50 feet. Reported depths range from
flowing to 240 feet. There is no significant dif-
ference in the depth to the water table between
the consolidated rock formations; however, wa-
ter levels in alluvium are shallow because allu-
vium lies in valley bottoms.

The water table fluctuates with the seasons and
amount of precipitation. During the period of
time between Kkilling frosts, plants absorb most
precipitation before it reaches the water table.
Consequently, the water table is lowered. In win-
ter, frozen ground and snow cover inhibit per-
colation to the saturated zone. The lack of re-
charge results in a drop of the water table. In
springtime after the ground has thawed but
before the last killing frost, and in autumn after
the first killing frost but before the ground
freezes, replenishment to the groundwater system
is greatest. It is during these two periods that the
water table rises. A decrease or increase of rain-
fall in spring or autumn will have a more pro-

found effect on the water-table level than aber-
rations of precipitation in winter or summer.
Groundwater in Fayette County principally
moves through fractures and bedding-plane open-
ings in the rock (secondary porosity) rather than
through intergranular pores in the rock (primary
porosity). Many of the intergranular pores in the
rocks have been filled by natural cement and do
not transmit significant quantities of water. In
limestone, fractures and bedding-plane openings
may be enlarged by solution. A water-bearing
fracture in a well will increase the yield signifi-
cantly, and the depth at which the fracture is en-
countered is reported by the driller as a water-
bearing zone. In Table 2, the water-bearing zones
are summarized according to depth and rock
unit. In Fayette County approximately 65 per-
cent of the reported water-bearing zones occur
within a given lithology, along joints or bedding-
plane separations. The remaining water-bearing
zones coincide with bedding-plane separations
associated with changes in lithology.

FACTORS THAT INFLUENCE THE
YIELD OF WELLS

Lithology

In most places, lithology is considered the
most important factor in well-yield variation.
Data gathered for this report do not support that
generality. Two methods were employed to test
the importance of lithology. The first method
was to analyze the yield of water-bearing zones
reported within a given lithology, using drillers’
logs. It was found that 35 wells yield water from
shale,! 25 yield water from sandstone, and 14
yield water from limestone. The median yields
for all three of these lithologies are very close:
water-bearing zones in shale had a median of 7.2
gal/min; in sandstone, 8.5 gal/min; and in lime-
stone, 9.5 gal/min.

In the second method, the total thicknesses of
sandstone, shale, and limestone were divided by

'Drillers describe siltstone, claystone, and clay shale as shale.
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Table 2. Summary of Data on Water-Bearing Zones

Number of water-bearing zones reported for a specified depth range

Total Total
number  number Depth range (feet)

Rock unit' of wells of zones 0-50 51-100 101-150 151-200 201-250 251-300 301-350
Washington 8 12 1 7 2 2 — — —
Formation
Waynesburg 13 20 8 9 3 — — — —
Formation
Monongahela 20 26 11 12 2 1 — — —
Group
Casselman 31 40 18 18 2 2 — — —
Formation
Glenshaw 27 42 16 13 5 4 4 — —
Formation
Allegheny 39 67 17 29 13 7 — 1 —
Group
Pottsville 14 25 2 10 9 2 1 — 1
Group
Mauch Chunk 5 6 2 2 1 — — 1 —
Formation
Burgoon 5 8 1 3 1 1 2 — —
Sandstone

'Includes only those rock units for which data were obtained.

the total number of water-bearing zones within
each lithology, yielding the average number of
feet one would have to drill in a given lithology
to encounter a water-bearing zone. Results are
presented in Table 3. Sandstones, which are brit-
tle and hard, tend to develop and sustain more
fractures than shales, which may behave plasti-
cally and ‘‘heal’’ fractures. The difference, how-
ever, is not pronounced. On the average, one must

Table 3.  Occurrence of Water-Bearing Zones
in Sandstone, Limestone, and Shale

Number Average number
of water- of feet

bearing  Thickness between water-

Lithology zones (feet) bearing zones
Sandstone 60 6,828 114
Limestone 17 2,134 126
Shale 59 8,590 146

drill through 28 percent more shale than sand-
stone to encounter a water-bearing zone. The dif-
ference between the occurrences of water-bearing
zones in these lithologies and in limestone is even
less pronounced.

Geologic Structure

Geologic structure refers to the shape or ge-
ometry of rock units and includes features pro-
duced by movement after deposition. Two ma-
jor features having an effect on well yields are
fractures and folds. Fractures in the rock include
faults, joints, and cleavage. Fracture openings
may yield significant amounts of water to a well.
Fold hinges may be associated with areas of in-
creased fracturing. The attitude of beds affects
the water that flows along bedding-plane separa-
tions. Since bedding-plane separations coincide
with the dip of the rocks, direction of flow along
these bedding-plane separations will be controlled
by the regional structure.
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Topography

It has been established that there is a relation-
ship between the topographic setting of wells and
their yields (Meisler and Becher, 1971; Becher
and Taylor, 1982; Taylor and others, 1983).
Wells in valleys and draws have higher yields
than those on hillsides and hilltops. Valleys and
draws are commonly formed along zones of
weakness, which are susceptible to more rapid
erosion. These zones may be be due to the
presence of joints, faults, cleavage, or bedding-
plane separations, all of which increase well yield
by providing secondary porosity. It has also been
suggested that the removal of rock by erosion
allows fractures to open by relieving the weight
of the overburden (Wyrick and Borchers, 1981).

Figure 10 s a frequency-distribution graph of
yields from wells that have been grouped by
topographic position. The graph shows that val-
ley wells are approximately 75 percent more pro-

100 T T T T T T T T T T T

YIELD (gal/min)

0.5

EXPLANATION
® Hilltop (39 wells)
® Hiliside (121 wells)
A Valley (26 wells)
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1 L 1 1 1 1 1 1 1

20 30 40 50 60 70 80O 90 95 98
FREQUENCY

(percent of yields equal to or less than value shown)

!
"2 5 10

Figure 10. Percent frequency distribution of
yields from wells grouped by topo-
graphic position.

ductive than hillside and hilltop wells. Yields of
hilltop and hillside wells are nearly identical.

STRATIGRAPHY AND
WATER-BEARING PROPERTIES
OF THE ROCKS

The geology and geologic structure of Fayette
County and the locations of wells and springs in
the county are shown on Plate 1. Stratigraphic
nomenclature is modified from Berg and others
(1980).

Descriptions of the water-bearing properties
of the rocks and information on groundwater
quality are based on data gathered for this re-
port. For the discussions that follow, refer to Ta-
ble 4 for a summary of well construction and
yield data for each rock unit; well construction
and yield data are given for each well in Table
14. Also, refer back to Table 2 for a summary
of depths to water-bearing zones. The results of
chemical analyses of water from wells in each
rock unit are listed in Table 12. Medians and
ranges of water-bearing and water-quality data
give, respectively, the most common reported
values and the magnitude of variation of the
reported values for a given parameter.

The mandatory and recommended limits for
public water supplies (Department of Environ-
mental Resources [DER], 1986) and the signifi-
cance of chemical constituents in groundwater
are given in Table 5. Methods of treatment for
constituents that are present in objectionable
concentrations are presented in Table 6.

ALLUVIUM

Description

Alluvium consists of unconsolidated deposits
of gravel, sand, silt, and clay of Pleistocene to
Holocene age. These deposits occupy the flood-
plains of streams and, in some places, form low
terraces above the floodplains. The maximum
known thickness is 40 feet and occurs in Layton,
which is adjacent to the Youghiogheny River (see
Figure 1).
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Table 5. Source and Significance of Selected Dissolved Constituents and Properties of
Groundwater'
Constituent

or property

Source or cause

Significance®

Alkalinity
(as CaCOJ)

The major cause of alkalinity is the bicarbonate
(HCO’) and to some extent the carbonate
(COy ions, which are dissolved from car-
bonate rocks and cement by carbon dioxide in
the groundwater.

Bicarbonates of calcium and magnesium decom-
pose in steam boilers and other hot-water facilities
to form scale and release corrosive carbon diox-
ide gas (see ‘‘Hardness’’). The typical concentra-
tion in groundwater is 100 to 400 mg/L.}

Aluminum (Al)

Dissolved in small quantities from aluminum-
bearing rocks. Water having a low pH com-
monly contains large amounts.*

May form scale in boiler tubes. There is no recom-
mended limit in the United States. Maximum limit
recommended for drinking water in Great Britain
is 200 ug/L.> The typical concentration in
groundwater is 1 to 60 ug/L.}

Ammonia (NHI)

Found in many waters but usually only in trace
amounts. Found in waters polluted with sewage
and other organic waste.?

Generally indicates organic pollution. Ammonium
salts are destructive to concrete made from port-
land cement and, in concentrations exceeding 0.02
mg/L of NH, as N, are toxic to freshwater
aquatic life.’

Arsenic (As)

Dissolved in small quantities from arsenic-
bearing rocks. Excessive concentrations are
generally due to improper waste disposal prac-
tices. Arsenic is also present in certain insec-
ticides and herbicides.

Concentrations above 50 ug/L® may be toxic and
are considered grounds for rejection of a water
supply. The typical concentration in groundwater
is less than 1 ug/L.

Cadmium (Cd)

Dissolved in small quantities from cadmium-
bearing rocks. Excessive concentrations are
generally due to contamination by industrial
wastes from metal-plating operations.

Concentrations above 10 ug/L° may be toxic and
are considered grounds for rejection of a water

supply.

Calcium (Ca) and
magnesium (Mg)

Dissolved from practically all rocks and soils,
especially from limestone, dolomite, and
gypsum.

Cause of most of the hardness and, in combina-
tion with bicarbonate, of scale formation in steam
boilers, water heaters, and pipes (see ‘‘Hardness™’).
Water low in calcium and magnesium is desired
in electroplating, tanning, dyeing, and textile
manufacturing. Maximum limits recommended for
drinking water are 100 mg/L for calcium and 50
mg/L for magnesium.?

Chloride (Cl)

Dissolved from rocks and soils in small quan-
tities. Relatively large amounts are derived
from sewage, industrial wastes, and highway
salting.

In large quantities chloride increases the corrosive-
ness of water. Large amounts in combination with
sodium give a salty taste. Maximum limit recom-
mended for drinking water is 250 mg/L.

Chromium (Cr)

Dissolved in minute quantities from chromium-
bearing rocks. Excessive concentrations are
generally due to contamination by industrial
wastes.

Maximum limit recommended for drinking water
is 50 ug/L.6

Fluoride (F)

Dissolved in small to minute quantities from
most rocks and soils.

About 1.0 mg/L of fluoride in drinking water is
believed to be helpful in reducing the incidence of
tooth decay in small children; larger concentrations
cause mottling of enamel. Where the 5-year aver-





STRATIGRAPHY AND WATER-BEARING PROPERTIES 15

Table 5. (Continued)

Constituent
or property

Source or cause

Significance?

Fluoride (F)
(continued)

age of daily maximum air temperature ranges from
53.7°F (and below) to 90.0°F, it is recommended
that fluoride not exceed 2.4 to 1.4 mg/L, respec-
tively.®

Hardness
(as CaCO,)

In most water nearly all of the hardness is due
to calcium and magnesium. All of the metallic
cations other than the alkali metals also cause
hardness. There are two classes of hardness—
carbonate (temporary) and noncarbonate (per-
manent). Carbonate hardness refers to the
hardness resulting from cations in association
with carbonate and bicarbonate; it is called
temporary because it may be removed by boil-
ing the water. Noncarbonate hardness refers
to the hardness resulting from cations in asso-
ciation with other anions.

Hardness consumes soap before a lather will form
and deposits soap curds on bathtubs. Carbonate
hardness is the cause of scale formation in boilers,
water heaters, radiators, and pipes, resulting in a
decrease in heat transfer and restricted flow of
water. Water of hardness up to 60 mg/L is con-
sidered soft; 61 to 120 mg/L, moderately hard;
121 to 180 mg/L, hard; and more than 180 mg/L,
very hard. Very soft water that has a low pH may
be corrosive to plumbing. The number of milli-
grams per liter divided by 17.1 yields the concen-
tration in grains per gallon.

Iron (Fe)

Dissolved from practically all rocks and soils.
May also be derived from iron pipes, pumps,
and other equipment.

On exposure to air, iron in groundwater oxidizes
to a reddish-brown precipitate. More than about
300 pg/L stains laundry, porcelain, and utensils
reddish brown. Objectionable for food process-
ing, textile processing, beverages, ice manufactur-
ing, brewing, and other processes. Maximum limit
recommended for drinking water is 300 ug/L.

Lead (Pb)

Dissolved in small quantities from lead-bearing
rocks. Less than 10 ug/L is generally found in
natural waters. Excessive concentrations can
be caused by corrosion of lead plumbing.

Lead is accumulated by the body, and excessive
concentrations may cause sickness or death. Maxi-
mum limit recommended for drinking water is 50
ug/L.6

Manganese (Mn)

Dissolved from many rocks and soils. Com-
monly found associated with iron in natural
waters, but is not as common as iron.

More than 200 ug/L precipitates upon oxidation.
Manganese has the same undesirable character-
istics as iron but is more difficult to remove. Maxi-
mum limit recommended for drinking water is 50
ug/L.

Nickel (Ni)

Dissolved from nickel-bearing rocks, common-
ly associated with iron and manganese.

Nickel is considered to be nontoxic to man. The
typical range of concentration in groundwater is
less than 1 to 50 pg/L.}

Nitrate (NOJ)

Decaying organic matter, sewage, and fer-
tilizers are principal sources.

Small concentrations have no effect on the useful-
ness of water. Most groundwater contains less than
2 mg/L of NO, as N. Maximum limit recom-
mended for drinking water is 10 mg/L of NO, as
N.% Water containing more than this level may
cause methemoglobinemia (a disease that may be
fatal in infants) and, therefore, should not be used
in infant feeding.

Nitrite (NO,)

Found in sewage and other organic wastes.
Unstable in the presence of oxygen, and only
present in small amounts in most waters.*

Presence of nitrite is generally an indication of
organic pollution. Undesirable in water for some
dyeing and brewing processes.*
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Table 5. (Continued)

Constituent

or property Source or cause Significance?

Sodium (Na) and
potassium (K)

Dissolved from practically all rocks and soils.
Sewage and industrial wastes are also major
sources.

Concentrations of less than 50 mg/L have little
effect on the usefulness of water for most pur-
poses. More than 50 mg/L may cause foaming in
steam boilers and limit the use of water for irri-
gation.

Sulfate (SO,) Dissolved from rocks and soils containing gyp-  Sulfates in water containing calcium may form
sum, iron sulfides, and other sulfur com- hard calcium sulfate scale in steam boilers. Maxi-
pounds. Commonly present in some industrial  mum limit recommended for drinking water is 250

wastes and sewage. mg/L.

Zinc (Zn) Dissolved from zinc-bearing rocks. May be
dissolved from galvanized pipe and is present

in many industrial wastes.

Concentrations greater than 30 mg/L have been
known to cause nausea and fainting and may im-
part a metallic taste and milky appearance to
water. Maximum limit recommended for drink-
ing water is 5 mg/L.

Dissolved solids (total)—A measure of all of the chemical constituents dissolved in a particular water. Maximum limit recom-
mended for drinking water is 500 mg/L, but water containing up to 1,000 mg/L may be used where less mineralized supplies
are not available.

pH—The negative logarithm of the hydrogen-ion concentration. A pH of 7.0 indicates neutrality of a solution. Values higher
than 7.0 denote alkaline solutions; values lower than 7.0 indicate acidic solutions. Corrosiveness of water generally increases
with decreasing pH. The recommended range for pH is from 6.5 to 8.5.

Specific conductance—A measure of the capacity of water to conduct an electrical current, given in micromhos per centimeter
at 25°C. It varies with the concentration and degree of ionization of the constituents. It may be used to estimate the dissolved-
solids concentration of water.

Temperature—The temperature of groundwater that occurs between the water table and about 60 feet below the water table
is approximately the same as the average annual air temperature’; below this point, groundwater temperatures increase with
depth about 1°F for each 50 to 100 feet.

'Lloyd and Growitz (1977), p. 51-54.

2 Recommended and mandatory drinking-water limits are from Department of Environmental Resources (1986), p. I-15 and
1-18, except where otherwise indicated.

iCook and Miles (1980).
Ward and Wilmoth (1968), p. 20-22.

$U.S. Environmental Protection Agency (1976), p. 10.

$Mandatory drinking water limit.

7 Lovering and Goode (1963), p. 5.

Water-Bearing Properties (gallons per minute per foot of drawdown). The

Three wells completed in alluvium have been differences in the yields of these three wells were

inventoried. The yields of these wells were as
follows: well Fa-15, in the Monongahela River
valley, 300 gal/min; well Fa-191, in Layton, 50
gal/min; and well Fa-69, at the confluence of
Indian Creek and Wash Run, 3 gal/min. Well
Fa-191 had a specific capacity of 2.5 (gal/min)/ft

a consequence of varying proportions of gravel,
sand, silt, and clay in the alluvium. Clay, which
is very fine grained, has a very low hydraulic con-
ductivity; coarser grained sediments have higher
hydraulic conductivites. Thus, a well penetrating
alluvium containing a significant percentage of
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Table 6. Methods of Water Treatment

Table 6. (Continued)

Constituent

Treatment'
(Commercial units are available
for home installation)

Treatment'
(Commercial units are available

Constituent for home installation)

Aluminum (Al)

Arsenic (As)

Cadmium (Cd)
Calcium (Ca)

Chloride (Cl)

Chromium (Cr**)

Chromium (Cr*")

Dissolved solids,
total

Fluoride (F)
Hardness

(as CaCOs)

Iron (Fe) and/or
manganese (Mn)

Lead (Pb)

Magnesium (Mg)
Nitrate (NOJ)

Sulfate (SO))

.2
Reverse osmosis.
Electrodialysis.z

Ferric sulfate coagulation; works
best for a pH range of 6 to 8.
Alum coagulation; works best for a
pH range of 6 to 7.

Ferric sulfate coagulation; works
best if pH is greater than 8.

lon exchange.

Reverse osmosis.
lon exchange.
Electrodialysis.

Ferric sulfate coagulation; works
best for a pH range of 6 to 9.
Alum coagulation; works best for a
pH range of 7 to 9.

Ferrous sulfate coagulation; works
best for a pH range of 7 to 9.5.

Reverse osmosis.
Ion exchange.
Electrodialysis.

lon exchange using activated alu-
mina or bone char media.

Ion exchange.

Polyphosphate feeders (less than
2 mg/L).

lon exchange softeners (less than
2 mg/L).

Water must first be chlorinated or
softener will become clogged.
Greensand filter (less than 2 mg/L).
Continuous chlorination (any con-
centration).

Ferric sulfate coagulation; works
best for a pH range of 6 to 9.
Alum coagulation; works best for a
pH range of 6 to 9.

Reverse osmosis.

Ion exchange.

Reverse osmosis.
lon exchange.
Electrodialysis.

Reverse osmosis.
Ion exchange.
Electrodialysis.

Zinc (Zn) Reverse osmosis.
lon exchange.
Electrodialysis.

Softening.

Description of methods

Alum coagulation. Alum (aluminum sulfate) is mixed with
the water to be treated, causing negation of the repulsive
forces between particles. This allows the smaller particles to
join together to form larger particles that settle readily.

Continuous chlorination. Chlorine is added to water to con-
vert dissolved constituents to insoluble oxidized forms that
can be filtered.

Electrodialysis. Water is demineralized by the removal of ions
through membranes that have a direct current applied to
them.

Ferric/ferrous sulfate coagulation. The same as alum coagula-
tion except that iron sulfates are used instead of alum.

Greensand filter. Also known as zeolite, greensand filters ox-
idize and filter water. The greensands must be backwashed
periodically and reoxygenated by the addition of a solution
of potassium permanganate.

lon exchange. Objectionable ions are removed by exchang-
ing them with other ions. Ion exchangers are most commonly
used as water softeners, having calcium and magnesium,
which are the principal causes of hardness, exchanged for
sodium. Ion exchangers must be periodically regenerated by
backwashing, applying a salt solution, and rinsing. These
units are not recommended for individuals on low-sodium
diets. Ion exchangers may also be used to remove ions other
than calcium and magnesium.

Polyphosphate feeder. Polyphosphate is added to water either
by diverting part of the water through a chamber of powdered
chemical or by injecting a small amount of concentrated solu-
tion into the line. It does not remove iron or manganese, but
it does prevent the formation of the solid oxides of these
metals.

Reverse osmosis. Pressure is applied to heavily mineralized
water, causing relatively pure water to flow through a
semipermeable membrane.

"Treatments are from Landers (1976) and U.S. Environmen-
tal Protection Agency (1977a, b).

*There is no United States standard for aluminum, and lit-
tle work has been done on removing dissolved aluminum
from water. These treatments should be effective, but treated
water should be tested to insure adequate aluminum removal.
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sand and gravel will have a considerably greater
yield than a well completed in clay-rich alluvium.

Water Quality

Water from only one well, Fa-191, has been
analyzed. The results show moderately hard wa-
ter and a neutral (7.0) pH. Manganese was pres-
ent in a concentration exceeding the suggested
DER drinking water standards. The concentra-
tion of aluminum was in excess of the British
guideline (there are currently [1988] no limits,
suggested or mandatory, for aluminum in the
United States). Figure 11 is a Stiff diagram of
the analysis, which is used to show differences
or similarities in water composition. The width
and scale of the pattern are approximate indica-
tions of the total ionic content. The figure shows
that the water tends to be a calcium sulfate type.
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Figure 11. Median chemical character of
groundwater from alluvium (based
on one analysis).

Evaluation of the Aquifer

Large yields may be obtained from wells in
alluvium, particularly those that penetrate sedi-
ment having a high percentage of coarse-grained
materials and that are hydrologically connected
to a large stream. Quality may be a problem.

CARMICHAELS FORMATION

Description

The Carmichaels Formation is the oldest un-
consolidated deposit in Fayette County. It is

composed of gravel, sand, silt, and clay, and
occupies abandoned meanders of the Mononga-
hela and Youghiogheny Rivers. The base of the
formation is approximately 910 feet above sea
level and about 150 feet above the current level
of the Monongahela River (Kent, 1969). The east-
ernmost exposure of the Carmichaels is at the
base of the western slope of Chestnut Ridge.
Some deposits are 60 to 80 feet thick, but most
are thinner. Clay from the Carmichaels in Greene
County has been quarried for brick making.

Water-Bearing Properties

There was no data on wells completed in the
Carmichaels Formation in Fayette County. Wells
tested in a recent groundwater study in adjacent
Greene County were found to have a wide range
of yields. One well, completed in sand and grav-
el, had a yield of 42 gal/min; but where the Car-
michaels Formation is made up primarily of silt
and clay, yields were adequate only for domestic
use.

Water Quality

Water from five wells analyzed in Greene
County had specific conductances ranging from
105 to 580 umho/cm (micromhos per centimeter
at 25°C); the median was 195 umho/cm. The pH
ranged from 5.1 t0 6.5, and the median was 5.5.

Evaluation of the Aquifer

Although there is a potential for drilling high-
yield wells in the Carmichaels Formation, the
probability is low because the locations of de-
posits of sufficient thickness and favorable com-
position are not known. Water quality appears
to be adequate based on the limited data avail-
able.

GATES-ADAH DIKE

A mica-peridotite (dark, coarse-grained, igne-
ous rock containing the minerals olivine and py-
roxene) dike is the only igneous rock found in
Fayette County. It is located in southwestern Fay-
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ette County, near the towns of Adah and Gates.
It has been known as both the Masontown dike
and the Gates-Adah dike and is actually a swarm
of three or more dikes, the thickest of which is
from 1 to 3 feet across. Two K-Ar dates have
yielded ages of 185 + 10 million years, indicating
that the dike was emplaced not long after the ba-
saltic activity in the Triassic basins to the east
(Pimentel and others, 1975). However, there is
a possibility of excess argon in the samples dated,
so the true emplacement date may be later. There
was no groundwater data available. Because peri-
dotite has a very low permeability, the dike may
be a barrier to groundwater flow.

GREENE FORMATION

The Greene Formation is found on isolated
hilltops on the axis of the Lambert syncline. It
consists of predominantly greenish-gray, thin
beds of fine- to very fine grained sandstone, silt-
stone, clay shale, claystone, limestone, and im-
pure coal. Freshwater ostracodes, Spirorbis, and
plant fossils are found in the formation. Its maxi-
mum thickness in Fayette County is approxi-
mately 100 feet. The base of the formation is the
top of the Upper Washington limestone. None
of the inventoried wells tap the Greene Forma-
tion. The few inventoried wells that penetrate the
formation are located in places where the water
table is below the base of the formation.

WASHINGTON FORMATION

Description

Outcrops of the Washington Formation are
found along the Uniontown and Lambert syn-
clines. This predominantly greenish-gray forma-
tion contains mudstone, siltstone, fine- to very
fine grained sandstone, two limestone units, red
clay shale, and coal. Beds are commonly 2 feet
or less in thickness. The Washington Formation
contains ostracodes, Spirorbis, and plant fossils.
The total thickness is approximately 220 feet.
The base of the Washington Formation is the
bottom of the Washington coal.

Water-Bearing Properties

Reported yields of eight wells ranged from 1.5
to 17 gal/min. The median yield was 4.5 gal/min.
The depths of the inventoried wells ranged from
100 to 260 feet; the median was 145 feet, and the
mean was 165 feet. Six of the wells had water-
bearing zones less than 150 feet from the surface.
The other two wells had water-bearing zones be-
tween 151 and 200 feet deep.

Water Quality

Three water samples were taken from wells
tapping the Washington Formation. Total dis-
solved solids were high in all three samples, rang-
ing from 346 to 422 mg/L (milligrams per liter),
but within DER drinking water standards. The
concentration of calcium in water from well Fa-
168 was 11.1 percent over the DER recommend-
ed limit for drinking water supplies. Two wells
(Fa-168 and Fa-176) had very hard water, and
one well (Fa-164) had hard water. All pH values
were within 0.1 of neutral. The composite Stiff
diagram of the analyses of groundwater from the
Washington Formation shows that the water is
generally of the alkaline calcium type (Figure 12).
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Figure 12. Median chemical character of

groundwater from the Washington
Formation (based on three analy-
ses).

Evaluation of the Aquifer

The Washington Formation generally yields
adequate amounts of water for domestic use.
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Supplemental storage may be required, either in
the well or in a catch tank. The limited data indi-
cate that hardness may be a problem.

WAYNESBURG FORMATION

Description

The Waynesburg Formation is exposed along
the Uniontown, Lambert, and Port Royal syn-
clines. It consists of gray to olive-gray siltstone,
claystone, mudstone, sandstone, limestone, and
coal. Bedding is typically 2 feet in thickness or
less. The sandstone is locally massive, medium
to coarse grained, and in places fills channels cut
through the mudstone. Freshwater ostracodes
and plant fossils are found in the formation,
which is 140 to 160 feet thick. The base of the
formation is the base of the Waynesburg coal,
which is the only commercially valuable coal in
the formation.

Water-Bearing Properties

The median reported yield of 15 wells tapping
the Waynesburg Formation was 6 gal/min. The
lowest reported yield was 2 gal/min; the highest
was 27 gal/min. Depths of the wells ranged from
54 to 160 feet, and the median depth was 120
feet. Eighty-five percent of all reported water-
bearing zones were within 100 feet of the surface.

Water Quality

Ten water samples were collected for complete
analysis. Water from six of the wells exceeded
DER drinking water standards for iron and man-
ganese. Three wells produced water that exceed-
ed the DER standard for suifate and total dis-
solved solids. Well Fa-283 had calcium and mag-
nesium concentrations above the DER recom-
mended limit for public water supplies. Well
Fa-167 had a concentration of lead twice that
of the DER mandatory standard. The concentra-
tion of aluminum in well Fa-148 was almost four
times the maximum recommended British lim-
it. The Waynesburg Formation generally yields

groundwater of the alkaline sulfate calcium type
(Figure 13).
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Figure 13. Median chemical character of
groundwater from the Waynesburg
Formation (based on 10 analyses).

Evaluation of the Aquifer

The Waynesburg Formation should yield an
adequate amount of water for domestic use.
However, water quality is a definite problem.
Wells should be tested for sulfate, total dissolved
solids, aluminum, and lead.

MONONGAHELA GROUP

Description

The Monongahela Group, formerly known as
the Upper Productive Measures, has been divid-
ed into two formations: the Uniontown Forma-
tion and the Pittsburgh Formation. These forma-
tions have not been differentiated on the geologic
map (Plate 1). The Monongahela Group is pres-
ent in all of western Fayette County, except
where it has been eroded along the axis of the
Fayette anticline. It is covered by younger rocks
over about half of its areal extent. The group
consists of black to light-gray, massive limestone;
olive-gray argillaceous limestone having hackly
cleavage and local yellow or yellow-orange stain-
ing; thin-bedded to massive, light- to very light
gray, fine- to medium-grained sandstone; carbo-
naceous shale; and coal. Ostracodes, Spirorbis,
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fish remains, and plant fossils are present. The
base is the bottom of the Pittsburgh coal, which
has been almost completely mined out. In addi-
tion to the Pittsburgh coal, the group contains
two other major coals, the Redstone and the
Sewickley. The group is 335 to 410 feet thick.

Water-Bearing Properties

The median reported yield of 23 wells in the
Monongahela Group was 3 gal/min. The lowest
reported yield was 0.1 gal/min; the highest was
50 gal/min. The low median yield may be a con-
sequence of extensive deep mining of the Pitts-
burgh coal and subsequent dewatering of wells
that are completed 300 feet or less above min-
ing. Figure 14 depicts the mined-out regions in
Fayette County where overburden is known to
be thin enough to make wells susceptible to de-
watering. The median depth of wells in the Mo-
nongahela Group was 125 feet. The shallowest
well, a dug well, was 15 feet deep; the deepest
was 280 feet. Nearly 90 percent of all water-
bearing zones were less than 100 feet deep.

ow

Figure 14. Areas of Fayette County suscep-
tible to dewatering by deep min-
ing of the Pittsburgh coal.

Water Quality

Four complete chemical analyses of water
from wells in the Monongahela Group were used

to evaluate the groundwater. Three samples ex-
ceeded DER recommended drinking water stan-
dards for total dissolved solids, iron, and man-
ganese. Two samples were above the DER rec-
ommended standards for calcium and magne-
sium; one had a concentration of chlorine greater
than that recommended by DER. Well Fa-280,
which is adjacent to a mine fire, contained a sul-
fate concentration sufficient to give the water
laxative properties. Two of seven wells analyzed
had hard water; the remaining five had very hard
water. The pH ranged from 6.8 to 7.0. The
groundwater type from the Monongahela Group
is generally calcium sulfate alkaline (Figure 15).
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Figure 15. Median chemical character of
groundwater from the Mononga-
hela Group (based on four analy-
ses).

Evaluation of the Aquifer

The Monongahela Group is a poor aquifer.
Wells usually produce only a minimum yield for
domestic use. The quality of the water may be
very poor.

CASSELMAN FORMATION

Description

The Casselman Formation is the upper forma-
tion of the Conemaugh Group. There are a few
outcrops along the eastern border of Fayette
County and extensive outcrops west of Chestnut
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Ridge. The bulk of the exposures are along the
axis of the Fayette anticline. In southwestern Fay-
ette County the Casselman Formation is continu-
ally exposed from the Monongahela River to 2.5
miles east of the Uniontown syncline. It can also
be found in the northern reaches of the Monon-
gahela River valley. The Casselman Formation
consists of thin-bedded, green and red, common-
ly calcareous claystone; thin-bedded, gray silt-
stone; locally massive, fine- to medium-grained,
gray sandstone; locally massive limestone; and
thin, nonpersistent coal. Plant fossils are found
in the formation. The thickness varies from 250
to 300 feet. The base is at the top of the Ames
Limestone.

Water-Bearing Properties

Reported yields of 40 wells ranged from 0.1 to
200 gal/min. The median yield was 10 gal/min.
The median depth of wells in the formation was
117.5 feet. The shallowest well was 25 feet deep;
the deepest was 376 feet. Ninety percent of the
reported water-bearing zones were 100 feet or less
in depth.

Water Quality

Nineteen complete chemical analyses and one
partial analysis were performed. Half of the wells
tested exceeded DER recommended drinking wa-
ter standards for iron and manganese. Four of
the wells had concentrations of calcium and total
dissolved solids above the DER guidelines. A
partial analysis of well Fa-121, which is located
near a mine fire, showed that the water exceed-
ed DER drinking water standards for every con-
stituent analyzed. Two thirds of the wells tested
had hard to very hard water and a pH range from
6.3 to 8.0. The Casselman Formation generally
yields calcium alkaline type groundwater (Figure
16).

Evaluation of the Aquifer

There was a wide range of yields in the Cassel-
man Formation. Three wells yielded less than |
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Figure 16. Median chemical character of
groundwater from the Casselman
Formation (based on 19 analyses).

gal/min. Two wells yielded 100 gal/min or more.
Wells drilled into the Casselman Formation are
likely to produce hard water having high levels
of iron and manganese.

GLENSHAW FORMATION

Description

The Glenshaw Formation is the lower forma-
tion of the Conemaugh Group. Extensive out-
crops are found in the Ligonier Valley, located
between Laurel Hill and Chestnut Ridge. It also
crops out at the western base of Chestnut Ridge
and east and west of the axis of the Fayette anti-
cline. There are small outcrops at Waltersburg
and Point Marion. The Glenshaw Formation con-
sists of olive- to dark-gray, thin-bedded, fossilif-
erous marine limestone and clay shale; red clay-
stone; locally massive, fine- to coarse-grained
sandstone; minor amounts of freshwater lime-
stone; and thin, but generally persistent, coals.
Plant fossils are found in the formation, which
is 340 to 360 feet thick. The base is the top of
the Upper Freeport coal.

Water-Bearing Properties

The median reported yield of 36 wells in the
Glenshaw Formation was 7 gal/min; 16 wells
yielded 5 gal/min or less. The greatest yield re-





STRATIGRAPHY AND WATER-BEARING PROPERTIES 23

ported was 75 gal/min; the lowest was 0 gal/min.
Well depths ranged from 55 to 298 feet; the me-
dian was 100 feet. Eighty percent of the reported
water-bearing zones were within 100 feet of the
surface.

Water Quality

Fourteen complete and seven partial analyses
of water from the Glenshaw Formation were per-
formed. Three fourths of the analyses revealed
excessive concentrations of manganese. Over half
of the tested wells produced water having high
iron concentrations. Six of the 21 wells analyzed
exceeded the British standard for aluminum.
Two of 14 wells exceeded DER mandatory drink-
ing water standards for lead, a very toxic heavy
metal. Groundwater from the Glenshaw Forma-
tion is typically hard to very hard. The water is
generally of the alkaline calcium magnesium type
(Figure 17).
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Figure 17. Median chemical character of
groundwater from the Glenshaw
Formation (based on 14 analyses).

Evaluation of the Aquifer

More than 40 percent of the reported yields
from wells in the Glenshaw Formation were 5
gal/min or less, which indicates that wells in this
formation may provide inadequate amounts of
water for domestic use unless storage is pro-
vided. The water quality tends to be poor. Dis-
solved metals are a particular concern, especial-
ly aluminum and lead.

ALLEGHENY GROUP

Description

The Allegheny Group, formerly known as the
Lower Productive Measures, is divided into three
formations: from youngest to oldest these are the
Freeport Formation, which has its base at the top
of the Upper Kittanning coal; the Kittanning
Formation, which has its base at the bottom of
the Lower Kittanning coal; and the Clarion For-
mation, which has its base at the bottom of the
Brookville-Clarion coal. Because the coals used
to distinguish formations in the Allegheny Group
are not persistent throughout Fayette County,
the formations have not been differentiated on
the geologic map (Plate 1). The Allegheny Group
is present everywhere in Fayette County except
near the crests of Chestnut Ridge and Laurel
Hill. It is widely exposed in the Ligonier Valley
and also crops out where the Youghiogheny Riv-
er and Jacobs Creek cut through the Fayette anti-
cline. The Allegheny Group consists of olive- to
dark-gray nodular claystone; light-gray, thin- to
massively bedded, fine- to coarse-grained sand-
stone containing stylolites; gray siltstone; nodules
of limestone and siderite; local gray conglom-
erate; coal; and clay. Nodular limestone is found
in the upper half of the group, and conglomer-
ates are found in the lower part of the group.
The rocks in the Allegheny Group between the
Lower Kittanning coal and the Johnstown lime-
stone were generally deposited in a brackish en-
vironment. The total thickness ranges from 280
to 300 feet. Included in the Allegheny Group are
the Upper Freeport, Lower Freeport, Upper Kit-
tanning, Middle Kittanning, Lower Kittanning,
and Brookville-Clarion coals, all of which have
been mined in Fayette County. Fireclays associ-
ated with the coals are also mined. Ostracodes,
Spirorbis, and plant fossils are found in the
group.

Water-Bearing Properties

Reported yields of 45 wells ranged from 0.5
to 25 gal/min. The median yield was 6 gal/min.
Forty-two percent of the wells had a reported
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yield of S gal/min or less. The range of reported
well depths was from 35 to 315 feet; the median
was 125 feet. Eighty-eight percent of the reported
water-bearing zones were 150 feet or less in
depth.

Water Quality

Nineteen wells in the Allegheny Group were
sampled for complete chemical analysis, and
three were sampled for partial analysis. The per-
centage of wells having iron and manganese con-
centrations in excess of DER limits was very
high, 73 percent and 77 percent, respectively.
Aluminum was also a problem; 18 percent of the
wells tested had concentrations in excess of Brit-
ish drinking water standards. Two samples had
concentrations of zinc above the DER suggested
standard. Well Fa-219 exceeded DER suggested
standards for total dissolved solids, magnesium,
and sulfate. The lead concentration in well Fa-
104 was more than twice the DER mandatory
limit for drinking water. Approximately equal
percentages of wells in the Allegheny Group had
water in the soft, moderately hard, hard, and
very hard classifications. The pH ranged between
6.4 and 7.8. Groundwater from the Allegheny
Group is generally of the calcium alkaline type
(Figure 18).

Evaluation of the Aquifer

The Allegheny Group is a poor aquifer. Yields
are low, and a majority of the groundwater re-
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Figure 18. Median chemical character of
groundwater from the Allegheny
Group (based on 19 analyses).

quires treatment to meet Pennsylvania’s water
quality standards.

POTTSVILLE GROUP

Description

The Pottsville Group contains, from youngest
to oldest, the Homewood Sandstone, Mercer
coal, and Connoquenessing Sandstone. A Penn-
sylvania Geological Survey drilling program in
the Ligonier Valley yielded no evidence that two
coals commonly present in the Pottsville Group,
the Quakertown and the Sharon, are present in
Fayette County. The Pottsville Group crops out
low on the flanks of Chestnut Ridge and Laurel
Hill. The thickness decreases, south to north,
from 200 to 180 feet. The Pottsville Group con-
sists predominantly of gray to light-gray, cross-
bedded sandstone, quartz-pebble conglomerate,
and siltstone; dark-gray, carbonaceous clay shale
and claystone; and thin, nonpersistent coal. Mas-
sive beds of sandstone, up to 100 feet thick, are
not uncommon. The coal and commercially valu-
able high-alumina clays are locally minable. The
Homewood Sandstone (Figure 19) has been
quarried for glass sand.

Water-Bearing Properties

The median reported yield of 17 wells was 5
gal/min. The minimum reported yield was 3
gal/min; the maximum was 15 gal/min. The
shallowest reported well depth was 85 feet; the
deepest was 275 feet. The median well depth was
150 feet. Eighty-four percent of all reported
water-bearing zones were 150 feet or less in
depth.

Water Quality

Ten wells in the Pottsville Group were sam-
pled for complete analysis. One well was field
tested. Iron and manganese may be a problem.
Seventy percent of the wells tested exceeded DER
recommended drinking water standards for iron,
and 80 percent exceeded the standards for man-
ganese. The median concentration of iron in the
tested wells was 2.72 mg/L (nine times the rec-
ommended standard), and the median concentra-
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Figure 19. Ohiopyle Falls cascading over the
Homewood Sandstone. The fall de-
terred George Washington from
using the Youghiogheny River for
transport of supplies when he was
exploring the area.

tion of manganese was 0.41 mg/L (eight times
the recommended standard). Three wells con-
tained concentrations of aluminum greater than
the British recommended standard. Four of the
tested wells had moderately hard to hard water;
all others had soft water. Well Fa-252 had 170
pg/L (micrograms per liter) of chromium, 120
ug/L over the drinking water standard. The
range of pH in water from the wells was 6.6 to
7.2. The concentration of total dissolved solids
was lower in the Pottsville Group than in all of
the other rock units tested. Groundwater from
the Pottsville Group is generally of the alkaline
calcium type (Figure 20).

Evaluation of the Aquifer

The Pottsville Group should yield adequate
amounts of water for domestic use. The water
would probably have to be treated for iron and
manganese, but would probably be low in total
dissolved solids. The source of the chromium in
well Fa-252 is not known.

MAUCH CHUNK FORMATION

Description

Exposures of the Mauch Chunk Formation are
limited to Chestnut Ridge and Laurel Hill. The
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Figure 20. Median chemical character of
groundwater from the Pottsville
Group (based on 10 analyses).

formation is predominantly grayish red and con-
sists of shale, siltstone, sandstone, and some con-
glomerate. There are some local nonred zones.
The formation is 400 feet thick in southern Fay-
ette County, thinning to 270 feet at the north-
ern border of the county. The formation contains
the fossiliferous Wymps Gap Limestone and the
Deer Valley Limestone. The thickness of the
Wymps Gap Limestone is variable, ranging from
5 to 30 feet. Outcrops of the Deer Valley Lime-
stone have been confirmed only in the extreme
eastern part of Fayette County. The maximum
thickness of the Deer Valley is 4 feet. Norman
Flint (personal communication, 1981) found
what may be a I-inch-thick feather edge of the
Deer Valley in Laurel Caverns, on the western
flank of Chestnut Ridge. At the base of the
Mauch Chunk Formation is the Loyalhanna
Limestone, a highly crossbedded, gray siliceous
limestone. Figure 21 shows the crossbedding in
the Loyalhanna Limestone. The thickness of the
Loyalhanna ranges from 50 to 70 feet. Figure 22
is a photograph of a quarry in the Loyalhanna
Limestone.

Water-Bearing Properties

The median reported yield of five wells was
8 gal/min. Two wells yielded 3 gal/min and two
yielded 20 gal/min. Well depths ranged from 45
to 320 feet. The median depth was 85 feet. Two
thirds of the reported water-bearing zones were
within 100 feet of the surface.
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Figure 21. Crossbedding in the Loyalhanna
Limestone.

Figure 22. A quarry in the Loyalhanna Lime-
stone (located 3 miles south of
Connellsville).

Water Quality

Two wells were sampled for complete chemical
analysis. One well yielded soft water, and the
other hard water. All constituents in the tested
wells were within drinking water standards. The
Mauch Chunk Formation generally yields ground-
water of the alkaline calcium type (Figure 23).
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Figure 23. Median chemical character of
groundwater from the Mauch
Chunk Formation (based on two
analyses).

Evaluation of the Aquifer

The Mauch Chunk Formation yields water of
good quality in amounts adequate for domestic
use. However, the rugged, steep terrain in the
outcrop area makes it unlikely that this aquifer
will be utilized to any great extent.

BURGOON SANDSTONE

Description

The Burgoon Sandstone is exposed on Chest-
nut Ridge and Laurel Hill. The thickness of the
formation varies from 200 feet in the southern
part of the county to 300 feet in the northern
part. It is a buff, medium-grained, crossbedded
sandstone containing plant fossils and some basal
conglomerate.
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Water-Bearing Properties

Reported yields of five wells ranged from 0.5
to 46 gal/min; the median yield was 4 gal/min.
Well depths ranged from 120 to 550 feet. The
deepest well had the lowest yield. Water-bearing
zones were evenly distributed down to 250 feet
beneath the surface. No water-bearing zones
have been reported below 250 feet.

Water Quality

Four wells were sampled for complete chemi-
cal analysis. Well Fa-178 had iron and man-
ganese concentrations in excess of DER recom-
mended guidelines. All other constituents tested
were within the guidelines. Two of the wells test-
ed had soft water; the other two had moderately
hard water. The pH range of water from these
wells was from 6.8 to 7.4. Figure 24 shows that
the principal type of groundwater from the Bur-
goon Sandstone is sodium alkaline.
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Figure 24. Median chemical character of

groundwater from the Burgoon
Sandstone (based on four analy-
ses).

Evaluation of the Aquifer

The aquifer yield is variable; in places, suffi-
cient quantities of water are produced for non-
domestic use, but at other locations not even
enough water is produced for domestic use. This
makes drilling in the Burgoon questionable if

large quantities of water are required. Ground-
water from the Burgoon Sandstone is of good
quality.

SHENANGO FORMATION THROUGH
OSWAYO FORMATION, UNDIVIDED

Description

The rocks included in the interval of the She-
nango Formation through Oswayo Formation
are composed of varying proportions of greenish-
gray, olive, and buff sandstone and siltstone, and
gray shale. These rocks are exposed near the bot-
tom of deep gorges in Chestnut Ridge and Laurel
Hill where these mountains have been breached
by the Youghiogheny River (Figure 25). There
also are several small exposures on both flanks
of Chestnut Ridge. The total thickness of all of
the rocks in this undivided sequence is approxi-
mately 550 feet.

Water-Bearing Properties

There was only one reported well, which had
a yield of 5 gal/min and a depth of 200 feet. The
rugged terrain and limited areal extent of out-
crop make the aquifer of questionable value in
Fayette County.

CATSKILL FORMATION

The Catskill Formation is exposed in the gorg-
es of the Youghiogheny River where the river
crosses Chestnut Ridge and Laurel Hill. Figure
26 is a photograph of sandstone in the Catskill
Formation that was taken in the Youghiogheny
River gorge of Chestnut Ridge at the anticlinal
axis. There is also a small outcrop south of U.S.
Route 40 on the west flank of Chestnut Ridge.
The Catskill Formation is a predominantly grayish-
red, 400-foot sequence of sandstone, siltstone,
shale, and local conglomerate. The upper part
contains local gray sandstone.

There were no reported wells in the Catskill
Formation in Fayette County. Taylor and others
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Figure 25. Sandstone and shale of the Shenango Formation through Oswayo Formation, undi-

vided. The typical 8-degree westward dip of the west flank of Chestnut Ridge is clearly
seen.

Figure 26. Typical outcrop of the Catskill Formation in Fayette County. The dip of the rocks is
horizontal.
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(1983) reported that wells in the Catskill Forma-
tion in the basin of the West Branch of the Sus-
quehanna River had marginally adequate yields
for domestic use and, except for high amounts
of iron and manganese, good quality.

FOREKNOBS FORMATION

The only exposure of the Foreknobs Forma-
tion is in the Youghiogheny River gorge where
the river cuts through Laurel Hill. Only about
1 square mile is exposed. Berg and others (1980)
described the formation as predominantly gray
to olive-gray, interbedded sandstone, siltstone,
and shale, having red near the top of the forma-
tion and substantial amounts of brownish-gray
sandstone. There are some marine fossils, and
a few conglomerate beds occur at the top and
bottom of the formation. Data from a gas well,
Snee and Eberly #1, indicate a thickness of about
1,250 feet for the formation. Not surprisingly,
there are no reported wells in the Foreknobs For-
mation. The area of outcrop is remote, and the
very limited exposure all but precludes any de-
velopment of the Foreknobs as an aquifer.

GROUNDWATER QUALITY
CLASSIFICATION

The majority of the groundwater in Fayette
County can be placed into three chemical classi-
fications: calcium alkaline, calcium magnesium
sulfate, and sodium alkaline. The most common
type is calcium alkaline water, which probably
represents groundwater of stable quality in a re-
charge zone. Calcium magnesium sulfate water
is the second-most abundant. High levels of cal-
cium, magnesium, and sulfate are typical of acid
mine drainage. However, it cannot be conclusive-
ly demonstrated that mine drainage is responsi-
ble for this water type because the concentrations
of these constituents in the wells are much lower
than those found in acid mine drainage and there
is no consistent increase in iron levels accompa-
nying the high sulfate levels. The third-most
common groundwater type, sodium alkaline, oc-
curs in wells averaging 48 feet deeper than the
mean depth of wells inventoried in the county.

This may account for the increased amount of
sodium. The longer the residence time of ground-
water in the earth (a function of the depth), the
more likely it is that a cation-anion exchange will
take place. The calcium and magnesium (cations)
in the groundwater will drop out of a solution
and be replaced by sodium (anion).

CHEMICAL ANALYSIS

Table 7 is a summary of chemical analyses of
water from wells in Fayette County. Of the wells
tested, 64 percent had at least one constituent
that exceeded DER or British drinking water
standards. (Data are from samples collected in
this study and from DER mine drainage per-
mits.) Iron and manganese, which are chemically
similar, are the elements most commonly found
in concentrations above DER drinking water
standards. More than half of the wells sampled
had excess iron and/or manganese. Fifteen per-
cent of the wells had concentrations of alumi-
num above the established British limit. Total
dissolved solids in 12 percent of the sampled wells
exceeded DER drinking water standards. The
portion of wells having concentrations of calcium
and sulfate above the DER recommended stan-
dards were 7 percent and 6 percent, respectively.
Three of the 86 wells tested for lead had concen-
trations in excess of the DER standard, and three
of 96 wells exceeded the DER standard for mag-
nesium. Concentrations of chloride and chromi-
um above DER established limits were found in
one well each. (Table 6 lists methods of water
treatment.)

The preponderance of chemical data for the
springs has been taken from DER mine drainage
permits. The detailed chemical analyses of water
from springs is given in Table 13, and a summary
of the analyses can be found in Table 8. Two of
the springs, Fa-Sp-41 and Fa-Sp-46, had very
high concentrations of iron and sulfate and low
pH values, indicating acid mine drainage. Of the
remaining springs tested, 46 percent had concen-
trations of aluminum above British drinking wa-
ter standards; 38 percent and 22 percent, respec-
tively, had iron and manganese concentrations
above the DER recommended limit; and one
spring exceeded the DER standard for sulfate.
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Table 7. Summary of Chemical Analyses of Water from Wells
Number of  Percent of
wells wells
exceeding exceeding
established  established Concentrations
Number of drinking drinking (in milligrams per liter except
wells water water where otherwise indicated)
Constituent tested standards standards High Low Median Mean

Specific conductance 117 ! ! 950 65 290 328
(umho/cm at 25°C)
pH (units) 108 s 1 1 8.0 5.7 6.9 6.9
Hardness (as CaCO3) 113 57 50 1,276 20 121 166
Alkalinity (as CaCO,) 83 : : 350 8 140 143
Aluminum (Al) 97 15 16 2.39 .01 .07 .17
Cadmium (Cd) (ug/L) 79 0 0 40 ; - —
Chromium (Cr) (ug/L) 86 1 1 170 - -
Iron (Fe) 143 73 51 35.16 .02 .47 2.26
Manganese (Mn) 103 60 58 3.8 .01 .095 .30
Nickel (Ni) 86 ! ! 1.08 .01 .01 31
Lead (Pb) (ug/L) 86 3 4 121 0 2.9 7.6
Zinc (Zn) 96 2 2 9.30 .01 .07 .34
Dissolved solids, total 93 11 12 1,930 22 223 303
Nitrite (NO,, as N) 86 : : .03 .002 .002 .003
Nitrate (NO,, as N) 86 0 0 8.8 .01 .01 .59
Ammonia (NH,, as N) 86 0 0 3.15 .01 .08 .19
Calcium (Ca) 96 7 7 415 1.7 37.25 47.1
Magnesium (Mg) 96 3 3 60.8 .6 9.15 12.6
Sulfate (SO,) 143 8 6 1,200 4 25 68
Chloride (Cl) 96 1 1 352 1 4 14
Fluoride (F) 86 0 0 1.5 .1 .15 .24
Potassium (K) 86 0 0 10 2 1.42 2.11
Sodium (Na) 86 0 0 210 3 6.2 20.7
Arsenic (As) (ug/L) 86 0 0 21 ’ — —

'No established standard.
*Hard to very hard.
*Majority of wells below detection limits.

Brine has been encountered at depths ranging
from 650 to 1,800 feet in oil and gas wells drilled
in western Fayette County—far below the depths
of water wells in the county. Brine is most com-
monly first encountered in the Pottsville Group,
which is close to the surface and crops out in
eastern Fayette County. There are no data avail-
able from oil and gas wells in eastern Fayette
County (John Harper, personal communication,
1982). None of the reported water wells drilled
in the eastern part of the county produced briny
water.

MANAGEMENT OF
WATER SUPPLIES

PROTECTION FROM OVERDRAFT

There is only one major user of groundwater
in Fayette County, and only a small portion of
the total groundwater available is being used. In
no area is there any indication of a progressive
decline in water levels as a result of overpump-
ing; however, deep mining has depleted many
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Table 8. Summary of Chemical Analyses of Water from Springs

Number of  Percent of
springs springs
exceeding exceeding
established  established Concentrations
Number of drinking drinking (in milligrams per liter except
springs water water where otherwise indicated)
Constituent tested standards standards High Low Median Mean

Specific conductance 11 : : 470 25 145 190
(umho/cm at 25°C)
pH (units) 56 14 25 9.5 2.6 6.7 6.5
Alkalinity (as CaCO)) 49 ! ! 245.0 0 20 61.9
Aluminum (Al) 13 6 46 5.7 .03 .33 .69
Iron (Fe) 49 11 22 23 .04 12 1.09
Manganese (Mn) 13 5 38 3 .01 .05 .07
Sulfate (SO, 53 . 6 2,035 5 30 115
Hardness (as CaCO,) 3 ‘0 ‘0 40 20 — —
Cadmium (Cd) (ug/L) 3 0 0 ’ } — —
Chromium (Cr) (ug/L) 3 0 0 ! ! — —
Nickel (Ni) 3 ' : .02 <.01 — —
Lead (Pb) (ug/L) 3 0 0 : ! — —
Zinc (Zn) 3 0 0 .02 .02 .02 .02
Dissolved solids, total 4 0 0 410 28 80 150
Nitrite (NO,, as N) 3 ! : .014 .002 .002 .006
Nitrate (NO,, as N) 3 0 0 5.71 9 1.76 2.79
Ammonia (NH;, as N) 3 0 0 12 .07 .06 .08
Calcium (Ca) 4 0 0 57.3 2.1 7.1 18.4
Magnesium (Mg) 4 0 0 18.7 1.4 3.5 6.8
Chloride (Cl) 3 0 0 12 3 4 6.3
Fluoride (F) 3 0 0 ’ ! - —
Potassium (K) 3 0 0 4.6 9 1.68 2.39
Sodium (Na) 3 0 0 2.7 7 1.7 1.7
Arsenic (As) (ug/L) 3 0 0 3 3 — —

'No established standard.
*Hard to very hard.
JAll samples below detection limits.

shallow aquifers in western Fayette County (see
‘‘Monongahela Group,’’ p. 21).

EXISTING AND POTENTIAL
PROBLEM AREAS

Iron and manganese were the principal constit-
uents found in concentrations above DER drink-
ing water standards. In part, the contamination
was probably a result of the extensive coal min-

ing in the county. However, not all of the high
levels of iron and manganese can be attributed
to mining. Both metals are naturally abundant
and widespread constituents of rocks and soils
in the county. In addition, the low transmissivi-
ty of the rocks results in groundwater moving
very slowly, allowing a long period of time for
the groundwater to dissolve iron and manganese
from the rocks. Even so, to minimize the possi-
bility of iron and manganese contamination,
wells should not be drilled downslope from
mines.
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IMPACT OF COAL AND COAL
MINING ON GROUNDWATER

AVAILABILITY

Both strip and deep mining may cause dewa-
tering of the aquifers in Fayette County. Strip
mining can physically remove or cause some de-
watering of an aquifer, or the aquifer may be
purposely dewatered to provide a dry working
face. Removal or dewatering of an aquifer in a
strip mine may induce inflow to the strip mine
from other aquifers, causing a lowering of ground-
water levels in adjacent areas. Once strip min-
ing has been completed and the land reclaimed,
yields of wells drilled into the spoils used for
reclamation will commonly be higher than yields
of wells in adjacent undisturbed rock—a result
of the increased porosity of the fractured rock.

In deep mining, air shafts, fractures caused by
blasting, and subsidence may increase infiltra-
tion to deep aquifers by dewatering shallow aqui-
fers; or the water may be intercepted and dis-
charged at the mine openings. Also, it is usually
impractical to drill into the deep aquifers because
they commonly yield highly mineralized water
and brine. In his study of deep mining activities
in the Pittsburgh coal in Monongalia County,
West Virginia, Ahnell (1977) reported that verti-
cal air shafts are the biggest single factor contrib-
uting to well dewatering. He reported (p. 32-33):
“Some wells up to 1.5 miles away from an air
shaft can be affected by the shaft. Such wells ex-
perience dewatering during time intervals rang-
ing up to at least two years after a shaft is con-
structed, depending on the nature and thickness
of the strata and the proximity of fracture zones
. .. . Ahnell also reported that wells having less
than 300 feet of overburden above the Pittsburgh
coal (as measured from the bottom of the wells)
are prone to dewatering as a result of fracturing
and subsidence induced by mining. This relation-
ship is also true in Fayette County where deep
mining of the Pittsburgh coal has caused dewa-
tering of wells in the Monongahela Group. When
deep mining is completed, recovery of water lev-
els to their premining depths is possible if access
and air shafts are sealed.

In the western United States some coals are
sufficiently permeable to be used as aquifers.
This is not the case in Fayette County. Wells that
penetrate coal seams have a lower average yield
(6.4 gal/min) than wells that do not penetrate
coal seams (8.8 gal/min). The difference between
the specific capacity of water from wells that
penetrate coal and wells that do not penetrate
coal is even greater, 0.17 (gal/min)/ft versus 0.38
(gal/min)/ft, respectively. There is no correla-
tion between the yields of wells penetrating coal
and the thickness of the coal penetrated (Figure
27).
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Figure 27. Graph of well yield versus thick-

ness of penetrated coal seam.

CHARACTERISTICS AND GENESIS
OF ACID MINE DRAINAGE

Acid mine drainage is formed when iron sul-
fides (the minerals pyrite and marcasite) associ-
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ated with coal and adjacent rocks are exposed
to atmospheric oxygen by mining operations. In
deep mines, which are generally below the pre-
mining water table, the iron sulfides are exposed
when the water table is lowered to below the mine
workings. Figure 28 shows a typical drainage
from an abandoned deep mine. In strip mines,
iron sulfides may be exposed to atmospheric oxy-
gen either by dewatering or by oxygen infiltra-
tion through the rock broken up by mining.
Iron sulfide, which is insoluble, is oxidized via the follow-
ing reaction:

2FeS, + 70, + 2H,0 — 2Fe*? + 4H* + 450,°? )

iron 0Xy- water ferrous sulfuric acid
sulfide gen iron

The ferrous iron may be further oxidized:

2Fe*? + %0, + H* — 2Fe*? + %H,0 (2)
fer- oxy-  hydro- ferric water
rous gen gen iron

iron

It is believed that the second reaction is accelerated by the
bacteria Thiobacillus ferrooxidans. This bacteria thrives in
water having a pH below 4, which is common because of
the sulfuric acid released in reaction (1).

Free ferric iron then reacts with water:

Fe*? + 3H,0 — Fe(OH), + 3H* (3)
ferric water iron free
iron hydroxide hydro-

gen

The free hydrogen in the third reaction contributes to acidi-
ty. Iron hydroxide, which is insoluble, is the ‘‘yellowboy™
found in streams contaminated by acid mine drainage.

Free ferric iron may also oxidize more iron sulfide:
FeS, + 14Fe*? + 8H,0 — I5Fe*? + 16H* + 2S0,72 (4)

iron ferric water ferrous sulfuric acid
sul- iron iron
fide

(The four reactions are from U.S. Army Corps of Engineers,
1969.)

The close relationship between iron and sulfate
concentrations in acid mine drainage is illustrated
in Figure 29,

High concentrations of aluminum, calcium,
magnesium, zinc, and hardness (as CaCO,) are
a common consequence of the reaction between
the sulfuric acid in acid mine drainage and the
rock and soil with which it comes into contact.
Manganese, a metal having chemical properties
similar to iron, is also a common constituent of
acid mine drainage. In some instances, the con-
centration of manganese may exceed that of iron.
Mine drainages in Fayette County were sampled

Figure 28. Acid mine drainage from an aban-
doned deep mine. An outcrop of
the Pittsburgh coal seam is on the
right.

for trace elements, and lead was found in con-
centrations up to 2,020 ug/L. The mandatory
limit for public drinking water supplies is 50
pug/L. Lead may cause sickness and even death
in excessive concentrations. The samples of acid
mine drainage taken in Fayette County also indi-
cate enrichment in nickel, cadmium, and chro-
mium. Figure 30 is a Stiff diagram of the median
chemical character of these samples. Note that
the total scale is much greater than that used for
well water (see, for example, Figures 9 through
11). Table 9 lists the concentration of constitu-
ents in the samples taken from acid mine drain-
age in Fayette County.

INFLUENCE OF ACID MINE DRAINAGE
AND UNMINED COAL SEAMS ON
GROUNDWATER QUALITY

It is obvious that oxidation of iron sulfides as-
sociated with coal and the surrounding rock can
cause serious surface-water contamination. Two
goals of this report were to ascertain the impact
of acid mine drainage on groundwater in un-
disturbed rock adjacent to mining, and to deter-
mine whether the presence of unmined coal has
an impact on groundwater quality. To achieve
these goals, each sampled well that had a drill-
er’s log was placed into one of four categories:
(1) no coal seam penetrated and not near min-
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Figure 29. Iron (Fe) and sulfate (SO,) concentrations in acid mine drainage entering Cucumber

Run.
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Figure 30. Median chemical character of acid
mine drainage (based on 13 analy-
ses).

ing; (2) no coal seam penetrated and near min-
ing; (3) coal seam penetrated and near mining;
and (4) coal seam penetrated and not near min-

ing. A well was classified as near mining if it met
the following criteria: it was within 0.25 mile of
a mine; it had no hydrologic boundaries (stream
or water divide) between itself and the mine; and
if it was upslope from a mine, it penetrated to
the depth of the mine. The wells were not segre-
gated by formation because the formations are
distinguished by coals rather than lithology. Al-
so0, the very high concentrations of constituents
in all acid mine drainages sampled, regardless of
which coal seam was mined, indicated that wells
affected by acid mine drainage would be easily
distinguishable.

Analyses of acid mine drainage in Fayette
County demonstrated that the concentrations of
iron, manganese, sulfate, lead, aluminum, zinc,
magnesium, calcium, hardness (as CaCO,), and
total dissolved solids are highly elevated (Table
9). If contamination by acid mine drainage af-





IMPACT OF COAL AND COAL MINING ON GROUNDWATER 35

Table 9.

Chemical Analyses of Water from Acid Mine Drainage

(Quantities are in milligrams per liter except where otherwise indicated)
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P6 520 7.3 242 3.78 5.52 60 15.45 41 .05 470 4 476 88.7 7.0 120 6 2140 17.6 5
P7 1,500 4.2 1,056 37.30 .25 100 345.80 4.71 36 2,020 63 2,520 393.0 133.0 2,280 1| 7.16 3.9 40.9
P8 1,750 3.5 1,661 31.40 30 50 226.10 6.10 .60 670 09 2,894 393.0 136.0 1,920 2 794 43 5
P9 950 3.5 486 8.01 77 20 61.18 730 013 1,900 .26 932 130.0 20.0 450 2 208 2.1 5

lP5—9 are samples taken from piezometers at Cucumber Run, Ohiopyle State Park.

fects groundwater then wells that are not near
mining (categories 1 and 4) should have lower
concentrations of the tested constituents than
wells that are near mining (categories 2 and 3).
If the presence of unmined coal introduces con-
taminants to the groundwater, then wells that do
not penetrate coal seams (categories 1 and 2)
should have lower concentrations than wells that
do penetrate coal seams (categories 3 and 4). The
Mann-Whitney U statistical test was used to de-
termine whether the four categories have sig-
nificant differences in the concentrations of each
constituent. This test does not depend upon the
distribution of the data to yield a reliable calcula-
tion (Siddiqui and Parizek, 1972). The categories
were tested against each other as follows: cate-
gory 1 versus categories 2 and 4, category 2 ver-
sus category 3, and category 3 versus category
4. A 95 percent probability that the samples from
different categories come from different popu-
lations was regarded as significant. In Figure 31,
the median of each constituent in each category
is shown, and significant results of the Mann-
Whitney U test are listed.

Sulfate is a particularly good indicator of acid
mine drainage contamination, as it is generated
by the oxidation of iron sulfide and is not re-

moved by any known natural process. Test re-
sults show that water from wells classified as be-
ing near mining have elevated concentrations of
sulfate. There is no evidence that coals penetrated
by the wells contribute sulfate to the ground-
water.

The analyses of iron concentrations yielded
contradictory results. Two tests show significant
differences: category 1 has concentrations of iron
lower than concentrations in both categories 2
and 4, indicating that both mining and the pres-
ence of a coal seam can increase iron concentra-
tion. The results of tests on category 3 versus
categories 2 and 4 indicate that mining and the
presence of coal have no significant effect on
dissolved-iron concentration in groundwater.
Manganese test results are the same as those of
iron.

The concentration of total dissolved solids in
water from wells near mining is significantly
higher than its concentration in wells not near
mining. The presence of a coal seam near min-
ing has no significant effect on the concentra-
tion of total dissolved solids in the groundwater.
Water from wells not near mining that penetrate
coal seams has significantly lower concentrations
of total dissolved solids than water from wells
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that are not near mining and do not penetrate
a coal seam.

The concentration of magnesium in water from
wells near mining is significantly higher than its
concentration in water from wells not near min-
ing. The results of tests on category 1 versus cate-
gory 4 and category 2 versus category 3 indicate
that the presence of coal has no effect on mag-
nesium concentration in the groundwater.

Calcium concentrations in water from wells in
category 1 are not significantly higher than con-
centrations in water from wells in category 2, in-
dicating that mining does not increase calcium
levels in groundwater. Test results on category
3 versus category 4, however, show significantly
greater concentrations of calcium in water from
wells near mining. Data on the effect of coal
seams are also ambiguous. Results of tests on
category 1 versus category 4 suggest that coal
seams decrease calcium concentration, but results
of tests on category 2 versus category 3 do not
show a significant difference.

Tests on hardness do not produce clear-cut
results. Test results on category 1 versus category
2 and category 2 versus category 3 indicate that
neither mining nor coal seams have an effect on
groundwater hardness. Test results on category
1 versus category 4 indicate that hardness is sig-
nificantly lower in groundwater from wells that
penetrate coal seams, and test results on category
3 versus category 4 indicate that mining increases
hardness in the groundwater.

Results of tests on category 1 versus category
2 and category 2 versus category 3 indicate that
mining and coal seams do not increase zinc con-
centrations in the groundwater. Results of tests
on category 1 versus category 4 and category 3
versus category 4 suggest the opposite—that both
mining and coal seams increase zinc concentra-
tion in the groundwater.

The tests on lead and aluminum concentra-
tions in the groundwater do not show any signifi-
cant differences that may be attributed to prox-
imity to mining or the presence of a coal seam.

By changing the distance of the near-mining
category definition to 0.10 mile, three wells
changed from category 2 to ! and one well
changed from category 3 to 4. Four tests are

affected by the change. For iron, manganese,
and total dissolved solids, the samples from
categories 1 and 2 no longer have significant
differences, indicating that mining does not in-
crease the concentrations of these constituents.
Aluminum concentrations in samples from cate-
gory 2 become significantly higher than alumi-
num concentrations in samples from category 1,
which indicates that mining increases the concen-
tration of aluminum in groundwater. However,
all other tests for aluminum, at both 0.25 and
0.10 mile, show that neither mining nor coal
seams increase the groundwater concentration of
aluminum.

If the distance of the near-mining category is
extended from 0.25 to 0.50 mile, none of the
wells change categories. This is largely because
of the hydrologic-boundary constraint.

In summary, the tests indicate that sulfate, to-
tal dissolved solids, and magnesium concentra-
tions are increased in groundwater by mining.
There is little evidence in Fayette County that
contaminants are introduced into groundwater
by undisturbed coal seams.

LAUREL RUN SITE STUDY

One site-specific study was done in the course
of the countywide study. The area, which is
drained by Laurel Run, is located in Lower Ty-
rone Township 3 miles north-northwest of Daw-
son in the Pittsburgh Plateaus section (see Figure
1). It is 1 mile west of the axis of the Fayette
anticline. The dip of the rocks in the Glenshaw
Formation at the site is 2 degrees to the south-
east. Seven wells, all of which are in use and five
of which are sealed, and five springs were sam-
pled. A map of the area is shown in Figure 32.
None of the wells penetrate a coal seam (James
Shaulis, personal communication, 1981).

The area was first strip mined in the 1950’s.
In the late 1970’s the Bortz Coal Company did
some additional strip mining. The coal mined
was the Lower Bakerstown. The springs tested,
except for Fa-Sp-61, discharge groundwater that
has passed through the strip mines. Wells tap the
regional groundwater flow. If the strip mines
have an impact on groundwater quality, then the
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Figure 32. Locations of wells and springs in

the Laurel Run site.

springs, except for Fa-Sp-61, should show evi-
dence of the impact (as there has been no mining
upslope of Fa-Sp-61, it should have better water
quality than the other springs). The wells may
be relatively unaffected, as the acid mine drain-
age would be diluted by the regional flow. The
direction of regional flow could not be deter-
mined. The results were as expected. The results
of chemical analyses of water from the springs
and wells at the Laurel Run site are listed in
Table 10.

Mann-Whitney U tests indicate that the con-
centrations of hardness, total dissolved solids,
calcium, magnesium, and sulfate in the springs
below mining are significantly higher than their
concentrations in water from the wells, and that
the concentration of iron in the springs below
mining is significantly lower than its concentra-
tion in water from the wells (Figure 33). Nor-
mally, the amount of mineralization in springs

is lower than the amount of mineralization in wa-
ter from wells because of the shorter time spring
water is in contact with the rocks. The U test does
not show a significant difference between the
concentrations of aluminum, manganese, or
zinc. However, the high correlation coefficients
between the pairs calcium-sulfate, aluminum-
sulfate, manganese-sulfate, and total dissolved
solids-sulfate for the springs below mining indi-
cate that they are influenced by acid mine drain-
age (Table 11). The same correlation coefficients
for the wells are significantly lower. Neither the
wells nor the springs show a significant correla-
tion between iron and sulfate. This may be a con-
sequence of iron precipitating out as iron hydrox-
ide before it reaches the springs.

CONCLUSIONS

Fayette County has abundant groundwater
resources available, ranging from 350 to 500
(gal/min)/mi2. However, low yields of individu-
al wells in the county make development of the
groundwater resource difficult. Calcium alkaline
is the main groundwater type, and 55 feet is the
median depth of groundwater in the county. Fac-
tors that influence well yields include topog-
raphy, lithology, and structure. Topography is
the most important factor in well yield. Wells lo-
cated in valleys yield about 75 percent more
groundwater than wells located on hillsides and
hilltops. The effect of lithology is relatively mi-
nor. Sandstones have 28 percent more water-
bearing zones than shales and only 11 percent
more than limestones. The structures that control
water flow include fractures and folds. Bedding-
plane separations constitute at least one third of
the water-bearing zones in Fayette County.

Alluvium has the potential for large yields, but
quality may be questionable. The Carmichaels
Formation has adequate water quality, but yields
are variable and unpredictable. The Washington
Formation has an adequate supply of water in
most cases for domestic use; it tends to yield hard
water. The Waynesburg Formation generally has
poor quality water, but the yield is adequate for
domestic use. The Monongahela Group is a poor
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Table 10. Chemical Analyses of Water from Springs and Wells at Laurel Run Site
(Quantities are in milligrams per liter except where otherwise indicated)
Specific
conduc- Dis-
Temper- tance Hardness Alu- Man- solved Cal- Mag- Sul-  Well
Well ature (umho/cm (as CaCO,) minum Iron ganese Zinc solids, cium nesium fate depth
number (°C) at 25°C) (gr/gal)’ (Al)  (Fe) (Mn) (Zn) total (Ca) (Mg) (SO,) (feet)
312 15 270 8 0.11 023 0.06 10 686 47.4 10.9 100 122
313 13 410 18 .35 .68 .04 70 574 96.9 34.0 290 80
314 13 290 7 .04 47 .06 40 356 35.2 8.9 35 150
315 14 320 9 .01 .21 .04 20 272 47.6 9.9 5 175
316 15 240 — 45 L.77 .09 70 278 15.3 35.1 150 75
317 13 110 3 28 414 6.10 640 110 3.8 12.1 25 —
318 13 150 5 .21 3.5 33 240 120 4.9 27.2 10 —
Mean — 256 8 .21 1.61 .96 156 342 359 19.7 88 —
Spring
number
57 12 700 >30 42 .66 .73 10 1,602 299.0 - 85.0 1,050
58 12 500 27 .03 .08 .06 30 1,010 159.9 49.0 480
59 12 750 >30 .48 .09 2.17 100 2,036 317.0  122.0 1,350
60 13 510 23 .02 .07 .02 10 806 109.2 54.0 455
61 13 220 8 7 .83 .03 30 238 40.1 12.1 125
Mean — 615 >19 .24 .23 .75 38 1,614 221.3 77.5 834
(without
Sp-61)

'One grain per gallon is cquivalent to 17.1 milligrams per liter.

aquifer. The quality may be very poor, and
yields, as a result of the extensive deep mining
of the Pittsburgh coal, are low. The Casselman
Formation has a wide range of yields, from less
than 1 gal/min to 100 gal/min. Water from the
Casselman is likely to be hard and have objec-

Table 11. Correlation Coefficients, Laurel Run
Site
Springs
below
Correlation pair mining Wells
Iron-sulfate (Fe-SO)) 0.351 -0.329
Manganese-sulfate (Mn-SO)) 941 -.284
Aluminum-sulfate (Al-SO,) 983 .620
Calcium-sulfate (Ca-SO)) .963 722
Total dissolved 991 .620

solids-sulfate (TDS-SO,)

tionable concentrations of iron and manganese.
More than 40 percent of the wells in the Glen-
shaw Formation yield 5 gal/min or less; the qual-
ity is often poor. Yields in the Allegheny Group
are low, and a majority of the wells require treat-
ment to meet water-quality standards. The Potts-
ville Group yields adequate amounts of water for
domestic use. Total dissolved solids are low, but
iron, manganese, and aluminum may be a prob-
lem. The Mauch Chunk Formation yields water
of good quality in amounts adequate for domes-
tic use, but it is exposed only in rugged, steep
terrain. Yields in the Burgoon Sandstone are
variable; the quality is good. The remaining for-
mations exposed in Fayette County are seldom
utilized because of their small areal extent and/or
the rugged terrain in which they are exposed.
Sixty-four percent of the wells tested exceed
DER or British drinking water standards for at
least one constituent. Iron and manganese are
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the most common constituents found in excess
of DER limits. They are not health threatening,
but they can stain water fixtures and laundry as
well as impart an unpleasant taste to the water.
Treatment systems are readily available for home-
owners,

Complete analyses of acid mine drainage show
that it is extremely hard and has very high con-
centrations of iron, manganese, sulfate, alumi-
num, total dissolved solids, calcium, magnesium,
and zinc. Lead, a toxic metal, is also found in
high concentrations in some of the samples. Acid
mine drainage may also be enriched in nickel,
cadmium, and chromium.

Coal mining has caused increased levels of sul-
fate, total dissolved solids, and magnesium in
some wells within 0.25 mile of mining; however,
evidence indicates that contamination of ground-
water by mining has not occurred in wells beyond
0.25 mile. Acid mine drainage is generated in
mines or spoil piles associated with mines. In
both cases transmissivity is higher than in undis-
turbed rock. Acid mine drainage tends to move
through mines and spoil piles to their interface
with undisturbed rock, and then, because of the
much lower transmissivity of undisturbed rock,
it primarily flows along the interface until it
emerges at the surface. There is little evidence
that unmined coal seams have an effect on water
quality or well yield.

The Laurel Run site study demonstrates that
where groundwater passes through a mine, con-
tamination of nearby springs by acid mine drain-
age can result. However, wells located approxi-
mately the same distance from mining as the
springs show little or no contamination from acid
mine drainage.

SOURCES OF INFORMATION
ABOUT WATER
A variety of information on water supplies is

available from the government agencies listed
below. When requesting information it is impor-

tant to give an accurate location of the site for
which information is desired.

The Bureau of Topographic and Geologic Sur-
vey, Department of Environmental Resources,
Harrisburg, has information on the geology of
Fayette County and has published reports that
describe in detail the rocks that underlie the area.
Well drillers’ logs and reports on newly drilled
wells are also available.

The Bureau of Community Environmental Con-
trol, Department of Environmental Resources,
Harrisburg, can supply information on well con-
struction requirements, biological reports on well
water, and data on the chemical quality of the
groundwater. The Bureau, through various re-
gional offices, can test water samples for bacte-
rial pollution and advise on effective corrective
measures when pollution is reported.

The Division of State Water Plan, Bureau of
Water Resources Management, Pennsylvania
Department of Environmental Resources, Har-
risburg, has information on stream discharges,
floods, reservoir requirements, and power plant
discharges.

The Public Utility Commission, Bureau of
Rates and Research, Harrisburg, has informa-
tion on some of the municipal water supplies,
including source, average daily use, total annual
use, and estimated future needs.

The U.S. Geological Survey, Federal Building,
Harrisburg, has data on wells, springs, streams,
and the chemical quality of water.

Local well drillers and pump installers can usu-
ally provide prices and suggest the type of equip-
ment needed to develop a water supply. They can
also suggest the proper well diameter for the nec-
essary pumping equipment. Pump installers can
supply information concerning the size of the
pump, depth of the pump setting, and pressure-
tank capacity.

If a chemical analysis of the well water indi-
cates that treatment is necessary, commercial
water-treatment companies can provide informa-
tion and equipment. Equipment for water treat-
ment can be purchased or rented, and it will
generally be serviced by the supplier if desired.
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GLOSSARY

Anticline. A fold that is convex upward.
Aquifer. A formation that yields significant
quantities of water to wells and springs.
Argillaceous. Term applied to rocks composed
of clay minerals or having a significant propor-

tion of clay.
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Base flow. Discharge entering stream channels
as flow from the groundwater reservoir; the
fair-weather flow of streams.

Bedding plane. The division plane that separates
the individual layers, beds, or strata.

Correlation coefficient. A mathematical ratio
used to determine whether two variables have
a relation to one another. It ranges from + 1
to — 1. A correlation of + 1 indicates a perfect
direct relationship between the two variables.
A correlation of — 1 indicates that one variable
changes inversely in relation to the other.

Dip of beds. The angle at which the beds are in-
clined from the horizontal, measured at a right
angle to the strike or trend of the bed.

Discharge, groundwater. The process by which
water is removed from the saturated zone; also
the quantity of water removed.

Drawdown. The lowering of the water level in
a well caused by pumping.

Fault. A fracture or fracture zone along which
there has been displacement of the two sides
relative to each other. The displacement may
range from a few inches to many miles.

Fireclay. Any clay capable of resisting very high
heat without altering to a glassy clay.

Fold hinge. Line along which the maximum cur-
vature of a fold occurs.

Formation. A fundamental unit in rock-strati-
graphic classification. It is a body of rock
characterized by lithologic homogeneity. A
formation is prevailingly tabular and is map-
pable at the earth’s surface or traceable in the
subsurface.

Fracture. A break in the rock.

Group. A stratigraphic unit consisting of two or
more formations.

Head. The altitude to which unconfined ground-
water will rise.

Igneous rock. A rock that solidified from molten
material.

Iron sulfides. A group of minerals that consist
of iron and sulfur. The most common is pyrite
(fool’s gold).

Joint. A break in the rock in which there has
been no movement on one side of the break
relative to the other side.

K-Ar dating. Radioactive age based on the deter-
mination of the potassium-40 to argon-40
ratio.

Lithology. The physical character of a rock.

Mean. Arithmetic average calculated by dividing
the sum of the variables by the number of vari-
ables.

Median. The value midway in the frequency dis-
tribution. Half of the values are lower than the
median, and half are higher.

Mica. A mineral group that has a sheetlike struc-
ture.

Overdraft. An excessive lowering of the water lev-
el or artesian head in an aquifer caused by ex-
cessive withdrawal of water from the aquifer.

Ostracode. A small crustacean.

Permeability. The capacity of a material to trans-
mit a fluid.

Plateau. A relatively clevated area of compara-
tively flat land.

Porosity. The ratio of the volume of openings
in a rock to its total volume.

Primary openings. Openings or voids that existed
when the rock was formed. In sedimentary
rocks, the openings result from the shape and
nature of the original sediment and the way
the particles are fitted together.

Secondary openings. Voids produced by solu-
tion, weathering, or breaks subsequent to the
formation of a rock.

Specific capacity. The yield of the well, in gallons
per minute, divided by the drawdown of water
level in the well, in feet.

Spirorbis. The fossilized shell of a small coiled
worm.

Stiff diagram. A diagram used to illustrate water
composition. The width of the pattern is an
approximate indication of the total ionic con-
tent.

Streamflow. The total amount of water flowing
in a stream, equivalent to surface runoff plus
base flow.

Stream-gaging station. A gaging station where
a record of discharge of a stream is obtained.
Within the U.S. Geological Survey this term
is used only for those gaging stations where
a continuous record of discharge is obtained.
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Surface or overland runoff. Water that flows
over the land surface due to direct precipita-

tion.

Syncline. A fold that is concave upward.
Transpiration. The process by which vapor es-

capes from a living plant.

Water year. The 12-month period beginning on
October 1 and ending on September 30, desig-

nated by the calender year in which it ends.

Water table. The upper surface of the zone of

saturation.

Zone of saturation. The zone in which intercon-
nected openings are filled with water.

FACTORS FOR CONVERTING INCH-POUND UNITS TO
INTERNATIONAL SYSTEM UNITS (SI)

Multiply inch-pound units
inch (in.)

foot (ft)

mile (mi)

square mile (miz)

gallon per minute (gal/min)

gallon per minute per foot
[(gal/min)/ft]

gallon per minute ger square
mile [(gal/min)/mi”]

grains per gallon (gr/gal)
micromhos (umho)
degree Fahrenheit (°F)

By
2.540
.3048
1.609
2.590
.06309
.2070

.2436

17.12
1.0
°C = 5/9(°F - 32)

To obtain SI units
centimeter (cm)

meter (m)

kilometer (km)

square kilometer (kmz)
liter per second (L/s)

liter per second per meter
[(L/s)/m]

liter per second per square
kilometer [(L/s)/km?]

milligram per liter (mg/L)
microsiemens (uS)
degree Celsius (°C)
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48 GROUNDWATER RESOURCES OF FAYETTE COUNTY
Table 13. Chemical Analyses of Water from Springs
(Quantities are in milligrams per liter except where otherwise indicated)
Altitude Specific
above conduc- Alka-
mean Topo- Temper- tance linity Alu- Man-
Spring location sea level graphic ature { umho/cm pH {as minum lron ganese Sulfate
Number Lat-Long (feet) Aquifer setting (°C) at 25°C) (units) CaCOj) (A1) (Fe) {Mn) W)
Fa=Sp- 1 391107-793837 2,395 Burgoon Ss. S 11 - - e- - - - -
395747-795556 1,090 Waynesburg Fm. v 12 - -— - .- L - -
3 395400-793927 1,275 Mauch Chunk Fm. v 12 .- —-- -—- == --= --- -
4 395738-795142 1,040 Washington Fm. S -—- .- 8.1 200 —-- 23 -—- 95
5 400319-795148 1,120 Allegheny Gp. v .- - 6.8 12 .- .1 -—- 35
6 394959-793751 1,860 do. S -— -—- 6.0 3 -—- <.05 - <5
7 400238-792909 2,050 Pottsville Gp. S --- --- 4.3 50 -—- .6 —-- 13
8 400232-792904 2,170 Allegheny Gp. S - - 4.5 30 - <.05 --- 30
9 394800-794435 1,480 do, S - 110 1.5 18 5.70 3.96 0.08 20
10 395934-795318 920 Monongahela Gp. v -— - 7.3 324 .- 0 .- 170
11 395901-795607 1,040 Waynesburg Fm. S e -—- 7.8 5 --- .24 - 88
12 400034-793327 1,335 Pottsville Gp. S e -— 5.8 6 e .1 .- 38
13 400033-793325 1,370 do. S --- --- 5.7 4 .3 - 28
14 400546-794332 1,130 Glenshaw Fm. S .- -—- 6.4 50 <.05 - 170
15 400555-794151 1,420 do. S - - 6.2 15 <.05 o= 42
16 400345-792721 2,000 Allegheny Gp. S - 210 7.4 38 .l .06 50
17 400338-792747 2,000 do. S - 60 5.8 0 .7 .06 10
18 400334-792721 1,940 do. S --- 390 6.5 15 .1l .1 165
19 400531-794914 1,080 Monongahela Gp. v -—- 470 7.7 182 1.43 .3 75
20 400257-795219 1,090 do. S - - 7.4 228 <,05 .2 .02 30
21 400305-795120 1,040 do. v - - 7.4 245 0 .05 .02 45
22 395815-792425 2,060 Allegheny Gp. S -— 272 9.5 37 .32 .32 <.05 18
23 394404-792759 2,190 do. S -—- o= 5.6 11 .- - ——— 16
24 394402-792801 2,200 do. S .- - 5.6 12 .- - .- 16
25 394428-795212 1,060 Casselman Fm., v -- --- 7.6 54 --- <,05 --- 40
26 400818-792940 1,160 Glenshaw Fm, S .- --- 6.8 18 - .15 .- 10
27 400820-792935 1,200 do. S - - 6.7 7 -— .15 Lt 10
28 400820-792939 1,155 do. S - .- 6.7 7 .- .30 — 10
29 395034-795455 1,000 Monongahela Gp. S .- -—- 7.8 169 .05 .- 90
30 395729-792609 1,580 Allegheny Gp. S - - 3.9 0 1.30 - 540
K} 395342-795140 1,100 Monongahela Gp. S --- .-- 8.0 170 .20 --- 40
32 395849-794459 1,080 Casselman Fm. S -— -—- 7.8 195 -— <.05 - 50
33 394946-792937 2,300 Allegheny Gp. v -— - 4.5 18 -—- .50 - 17
33 395219-794829 1,140 Casselman Fm, v - Rt 6.4 104 .- .80 -— 40
35 400442-793605 1,090 Monongahela Gp. S - --- 6.7 o= .- .30 .- 75
36 400233-793037 1,900 Mauch Chunk Fm, S - .- 7.1 184 .60 28
37 400543-793132 1,300 Pottsville Gp. S ——- 110 7.0 15 .34 25
38 400415-793141 1,220 Allegheny Gp. S - -— 6.7 122 .10 95
39 400414-793148 1,220 do. S -— --- 5.4 10 .10 20
40 395217-794826 1,140 Casselman Fm, S -— - 6.8 142 -— 1.30 - 30
41 384853-795128 1,170 do. v - - 3.1 198 - 4.20 - 2,035
42 394556-795134 1,040 do. S - - 7.4 60 - <,05 —-- 30
43 394553-795130 1,050 do. S ~—- .- 8.0 100 —-- .20 --- 20
44 394534-795144 1,050 do. S - - 7.5 135 - .10 - 10
45 395454-793311 2,260 Allegheny Gp. S .- --- 4.6 10 .05 - 5
46 395742-794340 1,040 Monongahela Gp. S - --- 2.6 1,230 125 --- 1,015
47 394445-795337 1,060 Casselman fm. S --- --- 6.6 14 <,05 --- 28
48 394445-795343 1,050 do. S —-- .- 7.3 135 e .05 .- 60
49 395937-795237 920 Monongahela Gp. v - - 6.3 20 -— 1.20 -— 125
50 395019-795030 1,190 Casseiman Fm, v -— -—- 6.5 40 .- .10 -—- 210
51 395453-793308 2,260 Aliegheny Gp. S .- .- 5.5 S -—- .05 - 5
352 395738-795142 1,020 Washington Fm, v -——- - 7.8 150 - 13.5 .-- 75
353 394915-793255 1,710 Allegheny Gp. ¥ S 145 6.2 15 .39 1.12 .16 15
354 394954-793156 1,870 Glenshaw Fm. S 11 <50 5.4 8 .37 .12 .04 5
355 395002-793147 1,975 do. S 11 <50 6.1 12 .04 .04 .01 <5
56 395050-795036 1,230 Casselman Fm. S 12 260 7.2 --- .03 .09 .03 160
Hard- Cad- Chro- Dis= Ni= Ni- An- Mag- Po- Ar-
ness mium mium Lead solved trite trate monia Cal-  ne- Chlo- Fluo- tas- So- senic
Spring (as (Cd) (cr) Nickel (Pb)  Zinc solids, (N0, (NO;,  (NHy, cium  sium ride ride sium  dium  (As)
number CaC03) (uwg/L) (ug/L) (Ni) (uvg/L) (Zn)  total as N) as N) as HN) (Ca) (Mg} (C1) (F) (K) (Na) (ug/L)
Fa-Sp-53 46 <1 10 <0.01 <5 0,02 130 0.014 5,71 0.120 2,1 1.7 12 <0.10 4.60 2.7 <5
54 <20 <l <10 .02 <5 .02 30 .002  1.76 .060 1.6 5.3 3 <10 1.68 .7 <5
55 <20 <1 <10 <.01 <5 .02 28 .002 .90 .070 2.6 1.4 4 <10 .90 1.7 <5
56 205 - —— .- - .06 410 -——- —— - 57.3 18.7 -—- - .- ——— e=

1Springs from Laurel Run site not included (see Table 10).
S, hillslope; V, valley flat,
Spring was analyzed for additional constituents; results are listed below.





RECORD OF WELLS

Table 14. Record of Wells

Well Jocation: The number is that assigned to identify the well. It is prefixed by a two-letter abbrevia-
tion of the county. The lat-long is the coordinates, in degrees, minutes, and seconds, of

the well,

Use: C, commercial; F, fire; H, domestic; I, irrigation; N, industrial; P, public supply; R, recreational;

S, stock; T, institution; U, unused,

Topographic setting: F, flat; W, hilltop; S, hillside; V¥, valley flat.

Aquifer: Qal, alluvium; Pw, Washington Formation; PPw, Waynesburg Formation; Pm, Monongahela Group; Pcc,
Casselman Formation; Pcg, Glenshaw Formation; Pa, Allegheny Group; Pp, Pottsville Group;
Mmc, Mauch Chunk Formation; Mb, Burgoon Sandstone; MDso, Shenango Formation through Oswayo

Formation, undivided.

Lithology: 1s, limestone; sg, sand and gravel; sh, shale; ss, sandstone,

Static water level: Depth--F, flows but head is not known; minus sign indicates that water level is above
land surface,

Date--month/last two digits of year,

Reported yield: gal/min, gallons per minute,

Specific capacity: (gal/min)/ft, gallons per minute per foot of drawdown.

Hardness: gr/gal, grains per gallon.

Specific conductance: wmho/cm at 25°C, micromhos per centimeter at 25 degrees Celsius.
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GROUNDWATER RESOURCES OF FAYETTE COUNTY

Table 14.
Alti-
tude of
Well location land Topo-
Year surface | graphic | Aquifer/
Number Lat-Long Qwner Driller completed Use (feet) setting | lithology
Fa- 1 395400-794300 Hagan Ice Cream Co. 1945 u 980 F Pm/-==
2 395058-793912  Summit Hotel 1940 1} 2,300 S MDso/=--=
3 395348-794354  North Pole Ice Co. 1915 o 1,010 v Pa/1s
4 395650-793838  Eureka Fire Brick --- 1945 F 1,160 v Pcc/---
5 395650-793838 do. --- 1938 P 1,160 v Pcc/---
6 400051-793554  Auburn Rubber Co. -—- 1950 C 900 v Pee/---
7 400050-793530 Farmers Co-op .- 1934 c 940 v Pcc/---
8 400121-793523  Connellsville Ice Co. .- 1910 C 900 v Pcc/---
9 400321-793857  Dawson Borough e 1947 P 970 F Pcc/---
10 400328-793800 do. .- 1945 P 970 F Pcc/-=-
11 400326-793851 do. --- 1935 P 990 F Pcc/-=-
12 400458-794300  General Refractories - 1918 C 1,180 H Pcg/e--
13 400528-794350 Layton Fire Clay Co. -—- 1950 c 810 v Pcg/---
15 400114-795357  Distillery Inc. -—- 1902 C 770 v Qal/sg
16 400027-795936  Jones and Laughlin Steel - 1948 F 760 v Pec/---
Corp. ---
17 394843-793514  U.S. Geological Survey --- 1967 U 1,910 S Pa/---
18 394844-793507  U.S. Department of the -—- 1968 P 1,885 S Pa/---
Interior ---
19 400646-792731  David Kinneer -e- 1912 H 2,070 S Paf---
20 400558-792608  Mount Zion Church --- 1917 T 1,985 H Pa/ss
22 400227-793436  J. E. Henderson --- .- H 950 v Pec/---
23 400227-793436  Clark Balsley - -—- H 950 v Pcc/=--
24 400055-793521  Yough Brewing Co. -—- 1915 N 910 v Pcc/ss
37 395017-794454  H. C, Frick Coal Co. --- 1915 ] 1,075 v Pcc/==-
45 400120-795058  Pittsburgh and Erie 1926 v 930 S Pm/---
Railroad
51 395002-795457  Bessemer Coke Co. 1920 P 900 S Pec/---
52 394827-795145  Samuel Mosier --- 1924 H 1,175 S Pec/=---
62 400514-794510  John Armstrong --- 1912 H 1,020 H Pec/sh
63 400450-794517  Jack Flannagan -—- 1908 H 975 F Pcc/sh
66 394350-795417  Point Marion Ice Co. --- 1920 N 820 S Pcc/ss
69 400229-792418  Sam Kalp -—- 1926 H 1,425 v Qal/---
70 400316-792326  Melcroft Coal Co. --- 1917 H 1,425 v Pa/ss
71 400236-792416  Sam Kalp -—- 1925 H 1,450 v Pa/---
75 395956-792701  Ear) Brooks —-- 1923 H 1,705 H Pcg/---
76 395702-792718 A, Stickel --- 1918 H 1,390 v Pa/ss
80 394514-795128  F, Dulier --- 1924 H 1,180 S Pm/---
81 394433-794930  Protzman --- 1924 H 1,025 S Pec/=---
85 400500-794945  George Bender -—- 1924 H 800 v Pcc/==-
86 395040-793700 Emma Raymond --- 1926 H 2,070 H Pcg/ss
87 394907-793513  William Burley --- 1925 c 1,950 S Paf---
88 394840-793430  James Fike --- 1924 H 1,910 F Pa/---
89 394816-793333  Gorley's Lake Hotel --- 1921 c 1,750 S Pp/--~
94 395706-792718  William Bigan -—- --- c 1,380 v Pa/---
103 394629-793546  Bauer Enterprises --- 1945 H 1,660 v Pa/---
104 394627-793549 do. --- 1978 H 1,665 S Pa/---
120 395614-793839  John Lancaster Harold E. Raymond 1975 H 1,285 S Pcg/sh
121 395100-795043  David Morgan --- 1981 H 1,230 S Pcg/---
122 394627-793545  Bauer Enterprises --- 1978 H 1,660 S Pa/---
123 395115-793508  Mary Gentile Harold E. Raymond 1976 H 1,990 H Pa/---
124 394704-793458 S, Semsey --- 1980 H 1,795 S Paf---
125 394658-793500 R, Seiler Harold E. Raymond 1977 H 1,745 S Pa/---
126 394636-793501  Walter Hager --- 1980 H 1,805 H Paf---
127 394634-793506  Jack Hager -—- 1980 H 1,810 H Pajfee-
128 395216-793254  Martha Fernico -e- 1980 H 2,270 S Pcg/---
129 394716-793440  Carolyn Carrier Harold E. Raymond 1980 H 1,790 S Pa/---
130 394710-793156  Priscilla Morrison do. 1980 H 2,140 H Pa/---
131 394726-793122  Richard Friend P and R Coal Co. 1976 H 2,040 S Paf---
132 395044-793617  Harold Raymond Harold E. Raymond 1979 H 2,000 F Pafe-~
133 394554-795524  James Devinny .e= 1960 H 1,020 S Pec/---
134 394954-793156  Fred Sproul Harold E. Raymond 1980 H 1,870 H Pcg/e=-
135 394552-795520  Ruth Leitter --- 1930 H 1,060 S Pec/--~
136 395510-793925  Harold Raymond Harold E. Raymond 1940 H 1,105 v Pcg/--=
137 395947-793712  B. Kominsky Dean Lenhardt 1981 H 1,050 S Pm/ls
138 395032-793559  Allen Langley P and R Coal Co. 1976 H 2,015 S Pcg/---
139 395114-793438  James Schifbauer Harold E, Raymond 1974 H 2,020 S Pa/ss
140 400015-795059  Owayne Whetzel McCormick Drilling 1975 H 1,035 S PPuf=-=--
141 400214-794615 Blaney Farms William Mills 1979 C 1,050 S Pcc/ls
142 400100-795025  Paul Kubina Paul Kubina 1967 H 1,090 H PPw/1s
143 400047-795012  John Dorazio McCormick Drilling 1966 H 1,020 H PPu/1s
144 395938-794957  H. Burke .- 1966 H 1,080 S Pu/ls
145 400132-795131  William Vereb R. E. Shonts 1970 H 775 v Pcc/---
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(Continued)
Static water
level
Total Depthn(s)
depth to Depth Specific
below Casing water- below conduc~
land bearing land Date Reported Specific Hard- tance
surface | Depth | Diameter zone(s) surface | measured yield capacity ness | (umho/cm pH Well
{feet) (feet) | (inches) (feet) (feet) (mo/yr) | (gal/min) | [(gal/min)/ft] [(gr/gal)| at 25°C) |(units) | number
200 --- --- --- 8 6/50 --- .- --- .- - Fa- 1
200 .- .- --- 28 6/50 5 .es --- --- e 2
15 .- .- - 14 6/50 20 ——- - ~-- .- 3
60 --- .- .- 5 1/45 8 --- == --- .- 4
95 .- .- --- 5 8/50 8 “-e - - - 5
190 - —-- - 1 8750 50 --- - --- - 6
376 .- - --- 50 8/50 100 .- ~-- --- .- 7
225 --- - . 14 1746 25 . . . - 8
325 75 6 .—- - --- 10 --- --- --- --- 9
120 - --- --- .- --- 10 —-- ~-- -=- --- 10
115 --- - --- -.- --- 10 --- --- --- --- 1l
175 150 3 --- .- --- 7 --- --- --- --- 12
99 60 6 --- 35 6/50 1 .- --- --- .- 13
56 - ~-- “-- 15 1/02 300 —-- .o —-- --- 15
150 47 12 ~-- 30 10748 50 2.44 --- --- --- 16
100 19 6 --- 41 8/67 2 .- --- - .- 17
--- --- .- --- --- --- --- -e- 68 220 .- 18
62 11 4 50;62 50 10/26 6 --- - --- --- 19
62 18 4 62 31 10/26 5 - --- .- - 20
40 - 6 - 3 - - .- --- .- --- 22
100 —-- 6 ~-- 20 --- --e --- --- --- .- 23
150 30 8 --- 50 1/26 25 .31 --- - --- 24
165 150 6 --- -5 --e - --- --- --- --- 37
250 140 8 --- 65 10/26 50 .-- --- —-- --- 45
70 16 6 --- 20 10/26 20 - --- -ee .-- 51
140 57 6 --- 115 10/26 .1 --- -—- --- - 52
80 - 6 .-e 40 aee --- --- -—- --- --- 62
130 85 4 .- 20 -e- 3 -- - .- ~e- 63
300 20 8 165;177 15 --- 50 5.0 --- - - 66
26 - 48 - 20 .ee 3 —.- --- “ee .- 69
58 25 ) --- 10 --- - --- --- --- --- 70
200 160 6 - 80 10/26 - .e- --- - --- 71
70 20 6 .- 30 10/26 - oee --- .- --- 75
35 20 6 - 3 1/18 3 - --- .- --- 76
110 32 6 --- 70 10/26 1 .ee .- - - 80
90 33 6 50 40 10/26 .5 --- - --- --- 81
34 - 6 -—-- --- --- - --- --- --- - 85
75 12 6 --- 3 10/26 .5 --- -—- --- --- 86
80 15 6 --- 30 --- 3 --- - -—- .- 87
315 20 6 200;300 90 10/26 25 .36 --- --- - 88
393 302 6 --- 90 --- 11 --- - .- ~e- 89
150 --- - --- .- --- .- ... --- - - 94
48 --- - - H 9/78 --- --- 304 380 6.9 103
38 --= --- --- - 9/78 2 - 384 480 6.5 104
250 55 5 - 60 5/75 6 .03 103 415 --- 120
- -— ——- -— - -—- .- - - 950 8.0 121
-— - .- - 9 11/80 --- .e- 188 320 6.8 122
145 20 6 95;128 95 6/76 8 —-- 142 250 6.8 123
—-- - - -— .- .- --- .o 97 295 6.8 124
125 --- - -— --- .- 13 -ee 51 115 7.8 125
100 - - -— --- - ——- --- 188 360 6.7 126
“e- — - - - -—- —— —-- 174 295 7.1 127
.u - -— - .- - --- ene 50 80 7.3 128
.- -— - -— .- --- --- eee 107 230 1.7 129
172 .- --- 62 11/80 4 --- 40 82 7.7 130
125 20 67;95 -- - 9 --- 117 215 7.1 131
100 - 60 --- --- 10 - 94 180 6.7 132
40 --- —-- 10 10/81 --- --- 151 290 6.5 133
——— - “a- —— ——- --- --- -—- 76 170 6.7 134
30 -—- .- --- 11 10/81 - --- 81 220 —-- 135
——— .- ——- --- a—- —- - --- 53 290 8.2 136
100 21 6 50 16 10/81 5 --- 308 450 --- 137
140 50 6 103 --- --- 3 -=- w-- --- --- 138
70 18 6 60 .- == --- --- -=- - --- 139
120 21 6 60 --- --- 4 - 154 440 --- 140
60 20 6 30 25 5/79 10 .20 --- --- --- 141
120 17 6 42;49 50 11767 27 .- 183 700 7.2 142
140 20 6 --- 80 3/66 20 .-- 315 540 6.9 143
100 - ——- 24;78 24 10/66 17 -—- -—- --- - 144
25 20 6 - 10 1/70 15 --- 400 760 7.0 145
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Table 14.
Alti-
tude of
Well location tand Topo-
Year surface | graphic | Aquifer/
Number Lat-Long Owner Driller completed Use (feet) setting | lithology
Fa-146 400132-795136  Andy Tressa R. E. Shonts 1977 H 780 v Pec/-=-
147 400034-795127  Campbell Farms McCormick Drilling 1976 4 1,100 S PPw/-==
148 400229-794959  Bruce Bateman R. E. Shonts 1976 H 1,120 H PPw/sh
149 400349-~794615 Cecil Fisher Fred R, Clark 1971 H 1,080 S Pm/1s
150 400337-794549  Bernard Sweets James Reho 1970 H 1,060 v Pm/---
151 400355-795104  R. Geller George Shonts 1978 H 1,140 S Pm/sh
152 400356-794920 1. Lester William Mills 1979 H 960 S Pm/1s
153 400246-794457 €. Grinarml do. 1977 H 1,350 H Pcc/1s
154 400315-794648  A. Xovack Fred R, Clark 1977 H 1,245 H Pm/ls
155 400504-794712  George Cowan do. 1967 1] 1,040 S Pm/1s
156 400729-794632  Dominick Diamond McCormick Drilling 1975 H 1,075 S Po/1s
157 400718-794748  C. Rhodes do. 1978 H 1,000 S Pm/1s
158 400719-794746  R. Horne do. 1978 H 1,000 S Pm/---
159 395941-795007  A. Petrosky do. 1979 H 1,220 S Pu/ls
160 395907-794605 George Kerkovac do. 1975 H 920 S Pcg/-==
161 395529-794511  Thomas Hunchuck --- 1981 H 1,050 S Pcc/ ===
162 395533-794513  Delores Kazmiercza - 1981 H 1,120 S Pcc/---
163 395525-794507  Frank Obrovak Harold E. Raymond 1980 H 1,050 S Pcc/ss
164 395856-795111 M. Maleta McCormick Drilling 1979 H 1,180 S Pw/ss
165 395835-795128  C. Shillingsburg do. 1978 U 1,170 S Pw/ls
166 395828-795154 8. Deleanibus R. E. Shonts 1977 H 1,060 S Pw/---
167 395827-795157  Albert Ludwig P and R Coal Co. 1981 H 1,020 S PPw/=--
168 395534-795206  J. Christofer McCormick Drilling 1979 H 1,265 H Pw/ls
169 395336-795010  J. Bukovich do. 1978 H 1,190 H Pce/sh
170 395343-794842  John Gearing Cummings Well Service 1977 H 1,280 H Pecc/--=
171 395407-793930 D, Fecek Harold €. Raymond 1977 H 1,280 N Pp/ss
172 395030-794021  S. Harshman do. 1978 H 1,210 H PPw/ss
173 395233-794101 R, Gergely Dean Lenhardt 1978 H 1,300 S Pa/ss
174 395533-793850 Clove Run Church Harold £. Raymond 1975 T 1,235 v Pcg/sh
175 395612-793811  J, Halfhill Dean Lenhardt 1981 H 1,500 S Pcg/---
176 395649-794044 K, Bolish Harold E. Raymond 1978 H 1,105 H Pw/ls
177 395653-794046 D, Clymer 0. 1978 H 1,105 H Pw/ -~
178 395639-793447  Pennsylvania Game McCormick Drilling 1977 4 1,275 v Mb/ss
Commission
179 395811-793614  Ernest Bolish Harold £. Raymond 1977 u 1,070 S Paf--=
180 395912-793801 Charles Speekman do. 1976 H 1,055 S Pm/---
181 395817-794127  Albert Ferris Jim Tyger Orilling 1975 H 1,140 S PPw/sh
182 395848-793924  Concern of McCormick Drilling 1975 U 1,210 H PPw/ss
Pennsylvania, Inc.
183 400123-793829 K. Wolfe William Mills 1977 H 1,200 S PPw/sh
184 400426-793754  Randy Rumbaugh Fred R. Clark 1971 H 1,045 v Pcc/ss
185 400415-794006  Gary Baird Gary W. Baird 1972 H 1,000 v Pcg/---
186 400411-793955  Thomas Williams do. 1972 H 1,095 H Pcg/sh
187 400316-793951  William Fletcher Jim Tyger Drilling 1973 H 865 S Pcc/---
188 400357-793822  George Ruth Fred R. Clark 1979 H 1,135 S Pm/---
189 400104-794239  Pete Zitney William Mills 1979 H 1,260 S Pec/ls
190 400628-794413 G, Marynchak James Reho 1980 H 1,160 S Pcc/sh
191 400527-794322  Dorothy Hixenbaugh do. 1972 H 810 v Qal/sg
192 400558-794214  Harold Knight Paul Kubina 1972 H 1,375 H Pcg/---
193 400421-794045  Andrew Luckey Gary W. Baird 1973 H 1,070 v Pcg/---
194 400652-794448  George Walters George Walters 1966 H 995 S Pcc/sh
195 400713-794515  Francis Machupa do. 1966 H 790 v Pcc/sh
196 400429-794427  Donald Lynch Gary W, Baird 1976 H 1,045 S Pcg/sh
197 400322-794446  Ed Elnikar McCormick Drilling 1972 H 1,335 H Pcc/ss
198 400245-794450  Jack Filak William Mills 1980 H 1,290 v Pcc/ls
199 400233-794223  Larry Thomas do. 1980 H 1,400 H Pcg/---
200 400319-794037  Mark Wilson Gary W. Baird 1974 U 880 v Pcg/---
201 400256-794033  Nelson Timme Jim Tyger Drilling 1974 H 880 S Pcg/sh
202 400108-793759 R, Galida Dean Lenhardt 1981 H 1,100 S PPw/---
203 400107-793758 J. McElfresh do. 1981 H 1,100 S PPw/e=-
204 400114-793341 R, Hughes do. 1978 H 1,300 S Pcg/---
205 400112-793336  Dora Hager Jim Tyger Drilling 1975 H 1,325 S Pcg/---
206 400102-793244  Byron Bishop W. E. Glunt 1972 H 1,830 S Mmc/sh
207 400034-793302  Davidson Stone Co. Dean Lenhardt 1980 c 1,430 S Mmc/---
208 400052-793026  Eugene Prinkey Jim Tyger Drilling 1974 H 2,200 H Pp/ss
209 400356-793128  H, Shultz Dean Lenhardt 1979 H 1,290 S Pp/sh
210 400355-793128 do. do. 1979 H 1,280 S Pp/---
211 400358-793128 K, Shultz do. 1979 H 1,300 S Pp/ss
212 400356-793131 B, Shultz do. 1979 H 1,280 S Pp/---
213 400444-793102 R, Mardis do. 1979 H 1,220 S Pp/ss
214 400455-793114  Howard Gillott Jim Tyger Drilling 1976 H 1,350 H Pa/sh
215 400450-793122  D. Caldwell Dean Lenhardt 1978 u 1,325 S Pa/ss
216 400515-793302  James Minerd Jim Tyger Orilling 1976 H 1,160 F Pcc/ss





RECORD OF WELLS

(Continued)
Static water
level
Total Depth(s)
depth to Depth Specific
below Casing water- below conduc-
land bearing land Date Reported Specific Hard- tance
surface | Depth |Diameter zone(s) surface | measured yield capacity ness | {umho/cm pH Well
(feet) (feet) | {inches) (feet) (feet) (mo/yr) | (gal/min) | [(gal/min)/ft] | (gr/gal)| at 25°C) | (units) | number
57 -—- - --- -—- -—- .- --- --- .- .- Fa-l46
120 29 6 60 60 1/76 5 .- ——- e ——- 147
54 28 6 14;29 14 4/76 2 0.13 308 560 5.7 148
128 20 5 60 -——- .- . - - --- -- 149
125 20 5 25;95 25 6/70 20 .20 169 750 6.8 150
75 15 6 --- 50 10/78 .- .- - .- ae- 151
65 10 6 35 -—- .- 6 —.- - —— - 152
115 20 6 65395 80 10/77 3 .15 .- - --- 153
118 15 6 95 62 12/1 1 .- - --- -— 154
60 18 6 50 27 5/67 45 ae —- —— . 155
100 21 6 50 40 7715 4 .08 -—- - ——- 156
140 21 6 80 80 8/78 2 .04 --- 740 - 157
140 21 6 80 80 8/78 1 .02 - --- ~ee 158
120 21 6 60 60 3/79 4 .08 -— - --- 159
100 21 6 40 40 6/75 4 .08 —— - . 160
——- —-- .- - F 6/81 .- .- 340 450 7.5 161
- .- .- —— F 6/81 ——- - 187 425 6.6 162
105 63 6 80;95 39 6/81 20 --- 284 590 6.7 163
250 21 6 150 115 6/81 2 .02 70 410 7.0 164
260 21 6 160 160 1/78 2 .02 --- --e --- 165
115 20 6 70 70 11/77 1 - - - --- 166
130 24 6 92;110 113 1/81 ) --- 49 625 6.9 167
160 21 6 100 80 10/81 5 .10 256 450 7.1 168
260 63 6 160 160 3/78 3 .03 31 520 . 169
115 35 5 43;63 3 S/17 6 27 --- ——- .- 170
90 42 6 70;85 13 6/81 15 --- 139 280 6.6 171
80 26 6 55 35 4/78 15 -—- 110 225 6.7 172
125 38 6 43;104 F 6/81 8 --- 40 90 6.8 173
95 44 6 80 20 11775 15 .75 -—- - .- 174
185 21 6 66;111;155 .- --- 10 --- 132 255 6.8 175
130 42 6 60;90;110 50 5/78 15 .30 244 380 . 176
185 26 6 60;185 15 5/18 12 .10 —-- -=- L 177
120 23 6 45 40 6/17 15 1.50 76 115 7.4 178
83 25 6 30375 53 3/ 11 --- --- --- --- 179
48 42 6 45;47 0 12/76 3 --- .e- - --- 180
160 20 6 34;48 90 3775 4 .06 308 320 7.1 181
100 20 6 42 40 6/75 10 --- --- --- --- 182
100 20 6 55,65 60 9/77 2 .07 175 200 7.1 183
50 18 6 35 13 8/71 5 --- 246 440 6.8 184
60 20 10 30;50 18 1/72 3 .07 292 440 6.7 185
95 20 6 85 30 8/72 15 .23 282 400 6.4 186
90 22 6 75 60 3/73 10 .40 --- --e --- 187
130 “-- --- --- 16 9/79 3 --- -e- 500 --- 188
75 20 6 45 40 319 8 .40 --- --- --- 189
110 20 6 45;70 45 4/80 3 .05 --- --- --- 190
40 20 6 --- 20 10/72 50 2.50 120 255 7.0 191
50 20 6 42 30 6/72 --- .- --- 185 --- 192
65 18 6 25;50 0 6/73 4 .06 --- 160 “-- 193
150 18 7 50 20 10/66 1 .01 184 460 7.1 194
66 23 7 35 12 10/66 10 2.50 388 580 6.4 195
90 20 6 40 22 10/76 7 .10 .-e --- --- 196
123 18 6 60 --- - 2 --- 426 700 6.3 197
55 12 6 32 9 6/81 21 1.00 38 115 6.6 198
55 17 6 30 25 4/80 10 .50 —ee --- --- 199
127 33 6 90;115 40 5/74 10 .12 ——- - --- 200
225 20 6 583203 160 12/74 4 .06 —-- 650 --- 201
130 21 6 101 --- - 6 “-- 398 500 6.9 202
105 21 6 --- --- .- 17 .- 202 500 7.1 203
145 21 6 --- 2 --- 202 400 7.0 204
85 20 6 60 5 .14 308 440 6.8 205
320 21 6 275 3 - - --- --- 206
45 3 6 33 20 --- --- --- --- 207
150 22 6 60 3 .03 32 65 6.8 208
105 20 6 --- --- 3 --- 51 105 6.7 209
115 20 6 -— .- - 6 --- 50 100 6.8 210
225 20 6 —-- - --- 6 .- 46 90 6.8 211
85 20 6 - --- --- 8 --- --- --- .- 212
105 35 6 85 - - 6 --- 53 135 6.7 213
125 20 6 79;114 70 1/76 3 .05 192 300 6.4 214
145 21 6 25;96;110 - - 11 --- == - == 215
225 20 6 120 100 5/76 2 .02 132 280 7.1 216
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GROUNDWATER RESOURCES OF FAYETTE COUNTY

Table 14.
Alti-
tude of
Well location land Topo-
Year surface | graphic | Aquifer/
Humber Lat-Long Quner Driller completed Use (feet) setting | lithology
Fa-217 400510-793153  R. Crouse Dean Lenhardt 1980 H 1,095 S Pcg/---
218 400640-793106  G. Lilley W, E. Glunt 1978 H 1,150 S Peg/---
219 400015-793302 G, Harvey James Reho 1977 H 1,400 H Pa/---
220 400316-793326 T. Leighty do. 1978 H 960 S Pcc/---
221 394824-793248  Fred Dean P and R Coal Co. 1975 H 2,010 F Pa/sh
222 394713-793148  Church of God do. 1979 H 2,150 H Pa/ss
223 394715-793443 P, Gleason Harold E. Raymond 1978 H 1,830 S Pa/---
224 394648-793157  J. Hayden do. 1978 H 2,170 H Pa/ss
225 400741-792909 L. Rath W. £. Glunt 1980 H 1,580 S Pa/sh
226 400729-792903  E. Springer Gary W. Baird 1972 H 1,605 S Pa/sh
227 300519-792940 J. Miller W. E. Glunt 1978 H 1,800 H Mmc/sh
228 400459-792922  B. Wiltrout Dean Lenhardt 1979 H 1,670 v Mmc/ss
229 395953-792654  Fire Hall Millers Drilling 1971 P 1,665 S Pcg/ss
230 400034-792624  Randall Firestone Harold E. Raymond 1975 H 1,795 S Pcg/ss
231 400659-792736  Matthew Krajnak Jim Tyger Orilling 1975 H 2,075 S Pa/ss
232 400725-792747 K. Buchsbaum Dean Lenhardt 1980 H 1,985 S Pa/ss
233 400816-792821  G. Sichara do. 1980 H 1,370 S Pa/---
234 400726-792746  G. Lloyd do. 1980 H 1,980 S Pa/ss
235 400333-792611  Howard Hickman Jim Tyger Drilling 1974 u 1,920 S Pa/sh
236 400351-792201  Made Sisson William Lamberson 1966 H 1,465 v Pa/=--
237 400417-792133  Richard Ritenour Oean Lenhardt 1977 U 1,520 S Pa/sh
238 400225-791923  Milt Neiderheis Herbert Lamberson 1973 1] 2,500 S Mb/ss
239 400223-791926 do. William Lamberson 1974 H 2,500 S Mo/ -==
240 400129-792117  Marty Yurchinson Gerald E. Carpenter 1971 H 2,150 S Mnc/ ===
241 400238-792218  Wilbur Satcho Jim Tyger Drilling 1975 ] 1,535 v Pa/sh
242 400332-792151  J. Monroe Dean Lenhardt 1979 H 1,490 S Paj---
243 395858-792544 K. Firestone do. 1978 H 1,660 H Pcg/-=--
244 395548-792733 R, Bryner Millers Drilling 1977 H 1,620 S Pcg/---
245 394559-793456  W. Wylie Harold E. Raymond 1978 H 1,865 S Pa/ss
246 395523-792758 L. Miller Dean Lenhardt 1980 H 1,625 H Pa/sh
247 395551-792724 A, Bottomley do. 1978 H 1,605 S
248 395529-792804  David Bittner Millers Drilling 1977 H 1,610 H Pcg/---
249 395727-792907 M. Bryner do. 1977 H 1,725 H Paj---
250 395422-792737  Western Pennsylvania do. 1968 4 1,500 S Pa/ae=
Conservancy
251 400752-793008 William Zelmore W. £, Glunt 1974 H 1,180 S Pcg/sh
252 394839-792912  Pressliey School P and R Coal Co. 1975 1 2,100 S Pp/ss
253 394835-792432  Albert Porterfield Sperry Drilling Service 1974 H 2,020 S Pa/---
254 394357-792716  Ray Workman Harold E. Raymond 1980 H 2,025 S Pa/ss
255 395221-795231  J. Perseby McCormick Drilling 1978 H 1,075 S Pm/sh
256 395132-795357  Masontown Professional do. 1979 C 1,080 S Pm/sh
Building
257 394853-794504  Elsie Reggan Tri-State Drilling 1975 H 1,215 S Pcc/==-
258 394654-794626  George Jordan do. 1975 H 1,140 S Pcg/---
259 394656-794630 A, Moats Harold E. Raymond 1978 H 1,405 H Pcg/---
260 394842-793922 L. Large do. 1978 H 2,000 S Pp/---
261 394843-793921  Jerry Rosner do. 1978 H 1,980 S Pp/---
262 395220-793833  Dale Kantorik P and R Coal Co. 1976 H 2,420 H Mb/=--
263 394851-794512  James Abraham Harold E. Raymond 1974 H 1,185 S Pcc/ss
264 394857-794504  Samuel Banlon do. 1974 H 1,200 S Pcc/sh
265 394514-792642  Ringer Petroleum John 8renneman 1971 H 1,900 S Pa/sh
266 394638-792955 Conway Coach Ford and Gaskill 1977 C 2,400 F Pa/---
267 394555-792848  Ed Anderson Sperry Drilling Service 1978 H 2,415 F Pa/---
268 394547-792715  Thomas Murphy Harold E. Raymond 1980 H 2,295 S Paf---
269 395040-793657  Artie Barclay Lynn Van Sickle 1966 H 2,075 H Pa/---
270 395750-795903  Fred Baily McCormick Drilling 1966 H 1,060 v Pm/---
21 400405-795235  Stanley Sobek do. 1975 H 1,020 S Pm/ls
272 394322-794551  U.S. Department of the Cummings Well Service 1980 4 2,100 F Mp/-=-
Interior
273 400037-795140 Irene Beeman McCormick Drilling 1980 U 1,070 S Pm/---
274 400634-794626  Thomas Crownover James Reho 1981 H 1,110 S Pm/---
275 395926-793809 M. Wasak Dean Lenhardt 1979 H 1,085 S PPW/ ==~
276 400304-793329 0, Keller William T. Martin 1974 H 1,205 S Pcc/---
21 400454-793940  Richard Conn William Mills 1980 H 1,250 H Pcg/---
2178 400434-793920 C. Hughes James Reho 1979 H 1,240 S Pcc/sh
279 400153-794220  Hilliam Mills William Mills 1980 H 1,270 S Pcg/ss
280 400146-794012  Thomas Baker --- 1980 H 1,060 S Pm/ ==~
281 400645-794623  Patwel Co. McCormick Drilling 1980 C 1,120 H Pm/ls
282 395032-793122 Dale Leonard W. E. Glunt 1978 H 1,820 F Pcg/sh
283 400052-795032  Phil Dorazio McCormick Drilling 1978 H 1,080 S PPw/1s
284 400428-794430  W. Buchanan Floyd Carroll 1976 H 1,040 S Pcg/---
285 395750-794817  R. Stako R. E. Shonts 1979 H 1,200 H Pm/sh
286 395923-794339  R. Broadwater McCormick Drilling 1980 H 1,020 S Pcc/-=--





RECORD OF WELLS

(Continued)
Static water
level
Total Depth(s)
depth to Depth Specific
below Casing water- below conduc-
tand bearing land Date Reported Specific Hard- tance
surface | Depth | Diameter zone(s) surface | measured yield capacity ness | (umho/cm pH Well
(feet) (feet) | (inches) (feet) (feet) (mo/yr) | (gal/min) | [(gal/min}/ft] (gr/gal)| at 25°C) | (units)| number
285 28 6 185;232 -~ - 3 .- 120 285 6.7 Fa-217
140 31 6 65;90 - --- 15 - - 625 --- 218
130 25 6 -—- 55 5/77 5 0.07 420 600 6.9 219
135 20 6 42;75 42 4778 3 .03 34 550 6.8 220
210 30 6 174 174 1175 1 17 S .- - 221
83 50 6 63 45 4/79 5 .18 - - - 222
180 33 6 60;165 90 5/78 7 .08 - - - 223
80 17 6 50,78 60 6/78 14 .93 34 70 7.0 224
260 54 6 80;195 136 6/81 15 - - 220 - 225
150 50 7 70;140 44 5/72 6 .06 - 280 - 226
155 21 6 110 --- --- 3 - ——- a—- - 227
85 3 6 40;60 - - 20 - 128 230 1.0 228
100 10 6 .- - .e- 10 - .- .o --- 229
95 66 5 85 35 5/75 10 .29 154 250 6.9 230
140 23 6 68 85 1775 3 .05 - -- --- 231
175 20 6 42;133 e - 5 ot 30 90 7.0 232
150 24 6 82,126;140 53 7/81 5 - ——- . - 233
125 21 6 67574 --- .- 5 --- a- — .- 234
100 43 6 70 65 1714 5 .15 --- - - 235
71 20 6 29334 -e- --- 8 a—- R, - - 236
185 28 6 78,126 .- --- 4 - - .- — 237
550 29 6 250 129 7/81 .5 --- --- ces - 238
420 20 6 240 240 1/74 2 .01 75 180 6.8 239
73 42 6 53 53 8/71 8 .-- 57 115 7.0 240
45 30 6 35;41 20 1/75 10 .40 - - --- 241
165 27 6 87;120 --- --- 5 - .- - - 242
185 27 6 27 - ae- 5 --- --- --- --- 243
70 30 6 .- . .e- 5 .- . .- - 244
215 73 6 --- 3 7781 5 .05 60 100 6.7 245
145 21 6 705118 -—-- .- 5 - 145 220 7.2 246
145 21 6 102;130 - .- 6 - 163 300 6.7 247
75 18 5 T een - - 20 - 75 155 6.8 248
80 23 5 68 .- --- 4 - - --- - 249
70 24 6 45;65 20 4/68 --- --- .- - - 250
260 38 6 80;194 - -—- 3 --- --- -—- --- 251
110 27 6 48;64 64 9/175 3 .07 73 130 7.2 252
73 21 6 57 - -—- 15 -—- .-- -—- --- 253
90 22 6 40,80 -—- --- 15 --- e- .- --- 254
100 21 6 40 40 7/18 1 .02 .- --- - 255
170 21 6 40 40 /79 2 .03 --- --- --- 256
105 21 5 74 --- -—- 25 -—- 137 220 7.3 257
85 21 5 46 - --- 5 - 120 290 6. 258
110 21 6 98 30 4/78 8 W27 -—- - - 259
125 27 6 80;115 35 7/81 6 .09 64 140 6.9 260
110 39 6 - .- --- --- --- --- - .-- 261
125 20 6 65;82 82 6/76 4 ce- 54 110 7.4 262
75 12 5 65 10 1774 10 .15 - -—- -—- 263
100 21 5 42 60 5/74 10 .25 --- .-- -—- 264
180 43 5 133;162 - 1/81 4 - 36 100 6.8 265
220 20 6 90;115;185 .- - 10 --- .= -—- -— 266
110 21 6 30;100 28 7/81 6 .- 32 65 6.9 267
145 15 6 65;130 .- - 2 .- --- -—- --- 268
87 13 5 65 21 8/66 .5 .01 86 220 6.8 269
123 22 6 100 - --- .- .- 257 405 7.0 270
160 21 6 100 100 6/75 2 .04 - --- — 271
184 47 8 55;134;170 30 11/80 4% 3.83 26 400 7.0 272
123 21 6 50 - 2 --- .- - --- 213
106 20 6 40;85 1/81 28 --- - —e- - 274
105 28 6 25;82 - 10 --- --- --- --- 275
122 21 6 35 .e- 3 -—- 90 190 7.0 276
110 16 6 72;85 5/80 5 .20 320 330 7.3 217
115 22 6 70,90 8/81 15 .43 244 360 6.9 218
75 20 6 40 8/81 .- -—- 137 240 7.0 279
-— .- - --- -—- ——- - .- 1,276 875 6.9 280
280 21 6 200 200 9/80 1 .0l 600 725 6.8 281
298 42 6 140;200 140 11/78 3 .03 101 180 7.0 282
160 21 6 90 90 6/78 3 .05 582 570 6.9 283
70 20 6 50 -—- - 10 - 188 360 7.1 284
175 20 5 75 100 7719 1 .01 137 240 7.0 285
120 21 6 60 60 8/80 3 .06 162 340 6.9 286
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GROUNDWATER RESOURCES OF FAYETTE COUNTY

Table 14,
Alti-
tude of
Well location land Topo-
Year surface | graphic | Aquifer/
Number Lat-Long Owner Driller completed Use (feet) setting | lithology
Fa-287 400348-793614 K, Eutsey Dean Lenhardt 1979 H 995 S Pcc/---
. 288 400704-792716  J. Enos do. 1981 H 2,170 H Pp/ss
289 400712-792756 B, Foley do. 1981 H 1,920 S Pp/ss
290 400750-792821  Bear Rocks Construction do. 1981 H 1,680 S Pp/e==
291 400806-792826  D. Curiale do. 1981 H 1,380 S Pp/=-=
292 400725-792756  J. Bazzari do, 1981 H 1,950 S Pp/ss
293 395330-795019  G. Hajak McCormick Drilling 1978 H 1,140 S Pcc/is
294 395528-793853 Al Halek Cumnings Well Service 1979 u 1,240 S Pcg/sh
295 395220-795253 L. Bursn Harold E. Raymond 1980 H 1,070 S Pm/ ===
296 395313-794103  T. Kendrick Cummings Well Service 1979 H 1,100 S Pcg/1s
297 395846-793839  S. Shimatzski Dean Lenhardt 1981 H 1,120 S PPw/---
298 400332-793255  G. Boyd do. 1980 H 990 v Pcg/sh
299 400456-793654 R, Berank do. 1979 H 1,100 S Pcc/---
300 400435-794515  George Framelli William Mills 1980 H 1,100 S Pcc/ss
301 400443-794507  Rudy Gearhart do. 1980 H 1,105 S Pcc/ss
302 400327-794842  J. Legg Harold €. Raymond 1980 H 1,110 H Pmf---
303 394643-793740  C. Guthrie do. 1980 H 1,610 S Pm/---
304 395101-793702 W. Peterson Cumnings Well Service 1979 H 2,040 S Pa/-=-
305 400413-792323 M. Hensel Dean Lenhardt 1979 H 1,810 H Pcg/---
306 395104-793001  Pennsylvania Department Pennsylvania Drilling Co. 1973 P 1,440 S Paj-=-
of Environmental
Resources
307 394833-794800  R. Drobny == 1971 H 1,060 S Pec/---
308 394838-794754 Ohiopyle State Park Pennsylvania Drilling Co. 1969 |4 1,580 S Pcg/-=--
309 395122-793150 do. do. 1975 4 1,400 v Paf---
310 395118-793059 do. do. 1975 P 1,400 v Pa/sh
31l 395116-793104 do. do, 1975 P 1,395 v Pa/sh
312 400450-794053  Gilbert Eutsey —e- 1981 H 1,210 S Pcg/ ===
313 400448-794054 Larry Keffer Gary W. Baird 1981 H 1,200 S Pcg/---
314 400446-794057  William Keffer . 1981 H 1,200 S Pcg/---
315 400503-794109  John Phillips Connellsville Construction 1975 H 1,335 S Pcg/==-
316 400501-794109  John Miller - 1960 H 1,330 N Pcg/=---
7 400458-794112  Steve Loya --- 1969 H 1,300 S Pcg/=--
318 400452-794108  Walter Spink --- 1981 H 1,275 S Pcg/-==
319 394906-793540  Great Meadows --- 1972 4 1,880 S Pcg/-=-
Amphitheater
320 394907-793546 do. —-- 1972 P 1,880 S Pcg/---






RECORD OF WELLS

(Continued)
Static water
lTevel
Total Depth(s)
depth to Depth Specific
below Casing water- below conduc-
land bearing land Date Reported Specific Hard- tance
surface | Depth | Diameter zone(s) surface | measured yield capacity ness | (wmho/cm pH Well
(feet) (feet) | (inches) (feet) (feet) (mo/yr) | (gal/min) | [(gal/min}/ft] {gr/9an)| at 25°C) | (units) | number
205 42 6 85;140;162 -—-- -—- 6 .- a-- —-- - Fa-287
275 20 6 225 181 9/81 7 --- 157 240 7.0 288
175 35 6 85;150 - --- 5 - - -—- --- 289
200 21 6 122;160 -—- .- 3 --- --- --- --- 290
225 32 6 122;146 - .- 5 -—- --- - .- 291
175 21 6 150;171 130 9/81 10 --- 34 65 6.9 292
160 21 6 90 90 3/78 4 0.07 --- - --- 293
124 --- -~ --- -—- ~e- 0 .- --- --- - 294
135 31 6 90;125 80 6/80 10 .20 - --- --- 295
105 22 6 48;92 -—- .- - .- --- --- --- 296
125 21 6 70 -—- .. 7 -—- -—- --- ne 297
75 22 6 74 -—- .- 10 -—- --- -—- ~-- 298
225 21 6 - -—- --- --- -—- -—- --- .ea 299
85 27 6 30 32 9/81 -—- --- 188 400 7.0 300
80 32 6 35;65 .- --- - --- --- .- .- 301
165 61 6 45;80;150 120 5/80 12 .30 393 520 6.9 302
50 17 6 40 25 10/80 12 .60 120 190 7.1 303
166 24 6 45;100;152 53 9/81 5 .- --- --- -—- 304
145 21 6 45;50 - -—- 7 .- 86 150 7.0 305
168 71 8 - 27 5/73 21 .36 --- --- --- 306
28 -—- --- —-- --- - - .- 68 110 7.0 307
267 39 8 40;134;220 40 12/69 75 2.65 --- .- -—- 308
88 53 6 --- 15 1/15 10 .41 68 120 7.1 309
150 58 6 --- 22 7/75 16 1,03 51 110 7.2 310
150 53 6 --- 18 /15 14 .65 34 120 7.2 311
122 ~e- --- - - --- 20 .- 137 270 7.5 312
80 L --- .- --- 10 .-~ 308 410 7.1 313
150 -—- -—— .- 55 .- - 120 290 - 314
175 -—- --- --- 78 7 - 154 320 .- 315
- -—- .—- --- 4 ——- --- .- 240 --- 316
15 -—- - --- --- - - 51 110 --- 317
e-- — .- --- --- .- --- 86 150 -—- 318
60 --- ——- --- -—- .- 15 - 124 --- 7.9 319
142 .- .ee .-- -—- .- 15 ~-- 136 --- 7.9 320
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EXPLANATION
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UNIT

GEOLOGIC DESCRIPTION

WELL YIELDS

QUALITY OF WATER'

QUATERNARY

Unummhdshddapndﬂofgmvd sand, silt, and

not available; however, in ad-

3 Qual be a problem, but data are
Reported yields of three wells ity may
in some places, form low terraces above the | ranged from 3 to 300 gal/min. insufficient to determine the extent of
Daia from Fayette County are & %

JURASSIC

PERMIAN

coal. The sandstone is locally massive and
medium to coarse grained.

o 27 gal/min; the median is 6
gal/min,

clay that occupy abandoned meanders of the | jacent Greene County tested mm(; iy it icer
Honm@ha]aendl’on@og‘benymm wells had a wide range of 5
vields.
Mica-peridotite dike, the only igneous rock found
at the surface in Fayette County; actually con- | No data available. No data available. -
sists of a swarm of three or more dikes.
Predominantly greenish-gray, thin beds of fine-
to very fine grained sandstone, siltstone, clay | No data available. No data available.
m.elmhmummdmnmm '
Predominantly greenish-gray, thin beds of mud- 23 Based on a limited number of samples,
stone, w%wnw.ardﬁn&h,vwmw mpmmﬁ water is hard to very hard; high concen-
two units, red GLEW trations of dissolved golids may be a
| Oflﬂwdlﬂfﬂlrhd,sdmnthinm
T, ,AH thinbedlufgny‘m 1 : i o, i — cnnrmhuna of iron and mnn,g;n;;a |
! dard for gulfste and

tntaldmu!vedunﬁds,w&zupermt

have an excess of caleium, magnesium,
lead, and n!'ummm

Bkﬂtwlighbwnm limestone; olive-gray
argillaceous limeston hﬂnghaek}ye%a\mge
and local yellow or yellow-orange staining; thin-
bedded to massive, light- to very light gray, fine-
o med i h

shale; and coal.

quent dewatering of the wells.

Wntarixhndmwhard high eon-
centrations of dissclved solids, iron,
manganese, calcium, and magnesium
are common.

‘Thin-bedded, green and red, commonly calcare-

PENNSYLVANIAN

locally massive, fine- to coarse-grained sand-
stone; minor amounts of freshwater limestone;
and thin, but generally persistent, coal.

to 75 gal/min; the median is 7
gal/min.

ous claystone; thin-bedded, gray siltstone; locally | Reported yields range from Ww&wymﬂm h‘i
| massive, fine- to m: , gray - - | 0.1 to 200 gal/min; the median md“‘“'“m mmn'me'wm

stone; locally massive limestone; md thin, non- | is 10 gal/min. standards

persistent coal. . ganese.

Olive- to dark-gray, thin-bedded, fossiliferous, ‘Water is mostly hard to very hard; con-

marine limestone and clay shale; red claystone; ﬁeyonadyieldarmxem)mﬂ centrations of iron and manganese ex-

ceeding drinking water standards are
common; unsafe concentrations of
aluminum and lead h]w oceur.

z
<
i

R
0
4
n
4
=

DEVONIAN

has a limited exposure of about 1 square mile in
Fayette County.

| Wmmmmmvmm
Onu-wwkw mdtﬂa:dwmae;h#ﬂfm 5
. bedded, fine- Reported yields range from m%ﬁmm
| nmmmmmmuﬂmwm 0.5 to 25 galimin; the median
nodules of limestone and siderite; local gray con- | is 6 gal/min. tions of zine, M dissolved solids,
glomerate; coal; and clay. magnesium, and sulfate also ocour.
Gray to light-gray crossbedded sandstone, ‘Water is generally soft; very high con-
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WATER RESOURCES AND THE EFFECTS OF COAL MINING,
GREENE COUNTY, PENNSYLVANIA

by

Jeffrey D. Stoner, Donald R. Williams, Theodore F. Buckwalter,
John K. Felbinger, and Kenn L. Pattison

ABSTRACT

Drainage and collapses of active and
abandoned coal mines have reduced the
quantity and changed the quality of the
water resources in the eastern third of
Greene County. Development of the coal
resource, mostly at depths exceeding 500
feet, is expected to continue in western
Greene County, possibly impacting water
resources. In unmined areas, the rural water
supply is predominantly obtained from
wells less than 100 feet deep or from hill-
side springs that tap water-bearing units in
the Greene, Washington, and Waynesburg
Formations. The coal-bearing sedimentary
rocks that underlie the area contain alter-
nating and discontinuous layers of sand-
stone, siltstone, shale, and limestone, all of
which have low primary permeability. Ac-
cording to test drilling, geophysical logs,
aquifer tests, and water-level fluctuations,
most groundwater moves through fracture
openings, some of which occur along bed-
ding planes. Median yields from wells and
springs are generally less than 4 gallons per
minute and are relatively independent of
geologic formation. Well yields exceeding
25 gallons per minute have been measured
or reported from coal-bed and sandstone
water-bearing units in the Washington and
Waynesburg Formations where they are
less than 200 feet below land surface. Re-
sults from four aquifer tests indicate that
the storage coefficient of confined aquifers
ranges from 0.6 x 10~ to 8 x 10™*. Average
hydraulic conductivity ranges from 2.4 x
10~% to 50 feet per day, based on 29 well
tests. Differences in fracture density, li-

thology, and depth cause the large variation
in hydraulic conductivity.

Hydraulic conductivity of aquifers de-
creases at an average rate of one order of
magnitude per 100 feet of depth. Water-
level fluctuations and aquifer test results
suggest that most groundwater circulates
within 175 feet of land surface. Calculations
from a digital-flow model, oriented in cross
section, indicate that only 0.5 percent of
total groundwater circulation occurs in
aquifers located deeper than 175 feet.

Groundwater in unmined areas has good
quality and generally contains less than 500
milligrams per liter of dissolved solids.
Downgradient along the groundwater-flow
path, principal ions change from mostly cal-
cium, magnesium, and sulfate to sodium,
bicarbonate, and chloride. The concentra-
tions of dissolved solids generally increase
with residence time. The major ground-
water-quality problems of well and spring
owners are high concentrations of iron
and manganese, and high hardness. These
quality problems are common in the
groundwater of bedrock and unconsoli-
dated aquifers throughout Greene County.
Minor groundwater-quality problems in-
clude hydrogen sulfide gas (rotten-egg
odor), methane gas, and local high concen-
trations of chloride.

Water-level response, a seepage analy-
sis, and flow-model results indicate that
future underground mining of the Pitts-
burgh coal at the base of the Pittsburgh
Formation, in which overlying rocks are not
fractured to the depth of the mine, will not
appreciably affect groundwater quantity.
The model results indicate that mean an-
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nual base flow could be reduced by 10 per-
cent along streams above active mines. In
less than 5 percent of the unmined part of
Greene County, where the Pittsburgh coal
is less than 300 feet deep, mining may
reduce and deplete the yield of wells less
than 150 feet deep. Vertical fractures that
occur naturally or are caused by mine sub-
sidence may enhance the hydraulic connec-
tion between a deep mine and the shallow
aquifer. Model simulations indicate that
mine-intercepted fractures or collapsed
mine workings may cause water loss to
wells and streams in isolated circum-
stances. Future monitoring is needed to
provide a more statistically sound basis for
prediction of water-quantity changes at-
tributed to underground mining, especially
where aquifer permeability and storage are
altered by mining and where subsidence
occurs.

Comparison of measured precipitation
amounts with runoff shows that generally
about half of the annual precipitation in the
Whiteley Creek and Enlow Fork basins and
about 40 percent in the Castile Run basin
reached these streams in the 1980 and 1981
water years. The computed 7-day, 10-year
low-flow frequencies of 18 selected sites
throughout the county ranged from 0.00052
to 0.032 cubic foot per second per square
mile. Streams having the highest 7-day,
10-year low-flow values were in the north-
eastern corner of Greene County.

Flow-duration analyses at five gaging
stations showed Castile Run in north-
eastern Greene County to have the highest
sustained base flow per square mile, and
Whiteley Creek in south-central Greene
County to have the lowest sustained base
flow per square mile. The sustained base
flow in Dunkard Creek in southeastern
Greene County was 1.8 times greater from
1961 through 1981 than from 1942 through
1960. This is attributed to deep-mine dis-
charges into the streams in the period
1961-81.

Surface water-quality data show that
many of the sampled streams in eastern
Greene County were affected by acid mine
drainage. Field and laboratory analyses
show that many of these streams had pH
values below 6.5, dissolved-solids concen-
trations greater than 1,000 milligrams per
liter, sulfate concentrations greater than
250 milligrams per liter, and dissolved-iron
and -manganese concentrations greater
than 1,000 micrograms per liter.

Water-quality monitoring conducted in
three small basins indicates that sulfate,
chloride, and dissolved-solids concentra-
tions were much higher in the two mined
basins than in the unmined basin. The pH
values were always highest in the strip-
mined basin and lowest in the deep-mined
basin, but never were below 7.1. High
dissolved-manganese concentrations in the
deep-mined basin are attributed to accel-
erated weathering of manganese minerals
in mine spoils and refuse piles.

A noticeable increase in the suspended-
sediment discharge in Castile Run is at-
tributed to an increase in land disturbance
from strip mining. A decrease in the
suspended-sediment discharge from 1980
to 1981 in both Whiteley Creek and Enlow
Fork is attributed to a decrease in precipi-
tation.

INTRODUCTION

Active and abandoned surface and under-
ground coal mines are mostly concentrated in the
eastern third of Greene County. Drainage from
the coal mines historically has caused water con-
tamination, which in turn has affected the en-
vironmental quality of streams, public water sup-
plies, and recreational opportunities. Ground-
water has been the predominant premining
source of domestic water, but in eastern Greene
County, where this source has been reduced, the
water supply is obtained primarily from the
Monongahela River (Table 1).
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Table 1. Water Use from Public-Supply Systems'

Average
daily con-
Population sumption
Water authority Water source served (gal/d)
Municipal Authority of the Monongahela River 5,000 350,000
Borough of Carmichaels
Dunkard Valley Joint Water do. 1,800 125,000
Authority
East Dunkard Water do. — 250,000
Association
Brave Water and Sewage Dunkard Creek and wells 250 —
Authority
Southeast Franklin Southwestern Pennsylvania — 53,000
Authority Water Authority
Mather Water Authority do. 1,000 —
Mt. Morris Water and Sewage Morgantown (W. Va.) 400 67,000
Authority Water Authority
Southwestern Pennsylvania Tenmile Creek; Browns, 40,000 790,000

Water Authority

Wisecarver, and

Pencraft Reservoirs;
Monongahela River

ISource of data: 1978 Water Supply Inventory (V. A. Cole, oral communication, 1982), Greene

County Planning Commission.

About 20 percent of Pennsylvania’s minable
bituminous coal reserves underlie Greene Coun-
ty, representing what many industry officials
consider to be one of the last major deposits of
high-quality, high-Btu coal to be found anywhere
in the nation (Davis and Christman, 1980, p. 45).
Development of this coal resource has fostered

concern for the potential effects on the water re-.

sources, especially in the western part of the
county, where much of the coal remains. In re-
sponse, this study was undertaken in cooperation
with the Pennsylvania Geological Survey and the
Greene County Board of Commissioners.

PURPOSE AND SCOPE

The purpose of the 3Y:-year study was to
define the hydrogeology and water resources
throughout Greene County, Pennsylvania, and

to evaluate the impact of surface and subsurface
coal mining on the hydrologic environment.

The report contains a description of the water-
bearing units (aquifers), the occurrence, move-
ment, and chemical quality of groundwater and
surface water, and the results of a groundwater-
flow model used to understand the effects of sub-
surface mining. Maps showing geology, well and
spring locations, and locations of stream-
monitoring and water-quality sites are also
included.

DESCRIPTION OF THE STUDY AREA

Greene County is in the extreme southwest
corner of Pennsylvania and lies within the Ap-
palachian Plateaus physiographic province. The
577-square-mile county is drained to the east by
tributaries of the Monongahela River (Figure 1)
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Figure 1. Major drainage basins in Greene County.

and to the west by tributaries of the Ohio River.
The local topographic relief ranges from 200 to
600 feet. In general, north-facing slopes are much
steeper than south-facing slopes.

Western Greene County is dissected by nar-
row valleys having steep slopes and rounded to
flat ridges, whereas eastern Greene County has
broader valleys and hills of widely varying slopes.
Small tributary streams generally lie in V-shaped
valleys, and their gradients are much steeper than
those of the major streams. Almost 90 percent
of the county is considered nondevelopable due
to slopes in excess of 15 percent.

The 1980 population of Greene County was
40,476 (Greene County Planning Commission,
personal communication, 1982). About 63 per-
cent of the population is in and around Waynes-
burg, Carmichaels, and other communities in the
northeastern part of the county. The 1980 rural
population density was less than seven persons
per square mile.

Agricultural land and woodlands collectively
account for 92 percent of the total land use.
Ryerson Station State Park, State Game Lands,
community parks, and areas of commercial, in-
dustrial, and residential development make up
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the remaining land use. The agricultural land is
split between crop farming and pasturing. The
woodlands contain second- and third-order
growths of mixed hardwoods.

The climate of Greene County is humid con-
tinental. Precipitation is distributed evenly
throughout the year, and the average annual
precipitation ranges from 39 to 42 inches. From
1941 to 1980, the average annual precipitation
was 39.4 inches at Waynesburg and 39.8 inches
at Greensboro. Summers are mild to warm and
humid, and there are occasional heavy thunder-
showers. Winters are generally cold and have
short periods of temperatures below 0°F. The
mean annual temperature at Waynesburg dur-
ing the period 1941-70 was 50°F; the mean
winter temperature is 31°F and the mean sum-
mer temperature is 70°F.

The principal mineral resources developed in
1980 were coal, natural gas, and oil. Total coal
production in 1980 exceeded 10 million tons,
most of which was mined by underground meth-
ods (Figure 2). The principal coal beds mined are

the Pittsburgh and Sewickley coals in the Pitts-
burgh Formation. The Pittsburgh coal has an
average thickness of between 6 and 7 feet and
is the major coal resource mined by subsurface
methods. The thinner Sewickley coal, which
overlies the Pittsburgh coal, has been mined to
a lesser extent by subsurface methods. The Pitts-
burgh coal crops out in extreme southeastern
Greene County and is as deep as 1,400 feet in
the west-central part of the county. In the eastern
third of Greene County, the Pittsburgh coal has
been removed, largely by subsurface mining.
Subsurface mining has generally occurred to
depths of less than 500 feet in' Greene County.
Strip mining is done mostly in the eastern part
of the county along outcrops of the Waynesburg
and Waynesburg A coals of the Waynesburg
Formation and the Sewickley coal and Pittsburgh
rider coal of the Pittsburgh Formation.

Since the late 1800’s, natural gas and, to a
limited extent, oil have been produced from
sandstones located 400 feet or more below the
Pittsburgh coal. Small quantities of methane gas
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Figure 2. Annual coal production in Greene County (surface mining production from 1950 to 1970
was less than 0.1 million tons; no data are available for the period 1953-54). The source
of the data is the Pennsylvania Department of Environmental Resources (1950-80).
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in the Pittsburgh coal and overlying formations
have also been developed. Commercial produc-
tion of oil was 24,800 barrels in 1980. Data are
not available for annual natural gas production
by county.

Small amounts of limestone from the Pitts-
burgh Formation have been quarried for road
material and agricultural lime, but the large
amounts of silica, magnesium, and clay minerals
in the limestone restrict any extensive use.

PREVIOUS STUDIES

A geologic reconnaissance of southwestern
Pennsylvania was carried out by the First Penn-
sylvania Geological Survey between 1836 and
1847 (Rogers, 1858). This survey provided the
first general description of the major strati-
graphic, structural, and mineral resource features
of the area.

The first detailed description of Greene Coun-
ty topography and geology was presented in three
15-minute-quadrangle folios (Campbell, 1502;
Stone, 1905; Clapp, 1907). Stone (1932) pub-
lished a report on the geology and mineral re-
sources of the county. The most recent detailed
geologic maps include nine 7%2-minute quad-
rangles that completely cover the county east of
longitude 80°15 ‘W (Berryhill, 1964; Berryhill
and Schweinfurth, 1964; Kent, 1969a, 1969b,
1971, 1972, 1973; Roen, 1970, 1972). Berryhill
and others (1971) further defined the stratig-
raphy, sedimentation, and economic and engi-
neering geology of the coal-bearing Upper Penn-
sylvanian and Lower Permian rocks in the area
of Washington, Pennsylvania, just north of
Greene County.

Groundwater was not described in the early
geologic investigations. Piper (1933) published
the first comprehensive groundwater investiga-
tion of southwestern Pennsylvania. In Piper’s
words (p. 1), ‘““The investigation of ground water
consisted largely in collecting well data, inter-
preting the occurrence, head, quantity, and
quality of the water with respect to the rock for-
mations and structure and studying the best
methods of constructing wells and recovering the
water.”’ Poth (1962) summarized the occurrence

and chemical quality of brine in western Penn-
sylvania. Chester Engineers (1971) conducted a
water resources study that included Tenmile
Creek basin in northeastern Greene County. This
study provided information on streamflow,
flood flows and frequencies, water quality, and
water supply. Page and Shaw (1977) examined
selected sites in Greene County as part of their
work on the low-flow characteristics of Penn-
sylvania streams.

Munkittrick (1979) published water-quality
data and summaries of plant, animal, and
aquatic resources in his environmental impact
study of the Wheeling Creek watershed project.
From 1979 to 1981 the U.S. Geological Survey
measured streamflow and sampled water chemis-
try and aquatic invertebrates at selected stream
sites in the coal region of Greene County (Herb
and others, 1981; Roth and others, 1981).
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HYDROGEOLOGIC FRAMEWORK

The geology of Greene County includes sedi-
mentary rocks of Pennsylvanian and Permian
age (Plate 1). Alluvial deposits of Quaternary age
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occupy the valley bottoms of the dissected topog-
raphy. The oldest bedrock unit is the Glenshaw
Formation, which crops out in the extreme
southeast corner of the county along the Mo-
nongahela River. The youngest sedimentary bed-
rock unit is the Greene Formation, which under-
lies most of the western half of the county. The
lithologic composition of nonmarine units may
vary both laterally and vertically, often within
distances of less than 500 feet. A geologic cross
section of Greene County is shown on Plate 1.
On a regional scale, the sedimentary rocks in
Greene County are generally flat lying. Locally,
the sedimentary rocks are gently folded and form
a series of subparallel anticlines and synclines
that have axes trending in a northeast direction.

The Pittsburgh coal is generally continuous
across the county and is easily identifiable in test
borings. The altitude of the base of the Pitts-
burgh coal at the base of the Pittsburgh Forma-
tion was contoured from records of oil, gas, and
coal exploratory drilling to show the shape of
folding (Plate 1). The dips of fold limbs range
from 15 ft/mi (feet per mile) in the south-central
part of Greene County to 250 ft/mi near
Graysville between the Nineveh syncline and the
Washington anticline. The base of the Pittsburgh
coal is highest in the extreme southeast corner
of the county and lowest along the axis of the
Nineveh syncline.

Fractures are breaks in rocks due to mechani-
cal failure caused by stress. They include joints
(breaks along which there has been little or no
movement) and faults (breaks along which there
has been noticeable differential movement).
Rocks in Greene County are commonly fractured
parallel to layers, especially at places where rock
types change. Fractures also occur perpendicular
to rock layers. The ability of water to move
through rocks is greatly enhanced by such frac-
tures. Therefore, knowledge of fracture spacing,
distribution, and character is useful in under-
standing groundwater movement.

The density and orientation of joints are
dependent on rock type and the nature and direc-
tion of stress. Kohl (1980) collected joint data
from several rock outcrops in a three-county area
just north of the study area. Many outcrops

studied in that investigation were Upper Penn-
sylvanian rocks similar to those in Greene
County.

According to Kohl (1980), joint spacing for
coal beds in western Pennsylvania is commonly
less than 3.5 inches. Coal has the greatest frac-
ture density of the rock types exposed in the area.
Sandstone has the widest average joint spacing,
about 8 feet. Average joint spacings in limestone
and shale are 2.5 and 6 feet, respectively. Joints
in coal and sandstone are generally planar, well
developed, and open. In contrast, joints in shale
are commonly irregular, tight, and filled with
clay. The shape and openings of joints in lime-
stone also are irregular, and are dependent on
grain size of the rock.

The orientation of joint sets, or cleat, in the
Pittsburgh coal tends to follow the direction of
regional structure in and around Greene Coun-
ty (Diamond and others, 1976). The predominant
joint sets trend N70°W, or perpendicular to
folds. A secondary joint set is approximately
parallel to folds that trend N27°E. Surface joint
orientations, principally of sandstone and lime-
stone, also tend to follow regional structure. In
addition, many straight stream valleys and river
courses align with geologic structure and prob-
ably are the result of major fractures or zones
of fracturing.

Another predictable fracture pattern found in
valleys is related to local stress relief of natural
rock pressures. In the Appalachian Plateaus
region such fractures are generally horizontal
beneath valley floors and vertical along valley
walls (Ferguson, 1974; Wyrick and Borchers,
1981). The pattern and vertical extent of these
fractures are controlled by local rock lithology
and the attitude of the beds. Fracture frequency
generally diminishes with increasing depth and
distance from the valley walls.

Faults are possible conduits for groundwater.
A fault zone trending N51°W was mapped in
northeast Greene County (Plate 1) and adjoin-
ing areas in Fayette County. The zone is about
9 miles long (of which 4.6 miles is in Greene
County) and is locally up to 500 feet wide. It con-
sists of a series of parallel to subparallel, vertical
to almost vertical fractures and small strike-slip





8 WATER RESOURCES OF GREENE COUNTY

faults that truncate a sequence of nearly flat ly-
ing rocks. The map of this fault system is based
on both surface and subsurface data, but most
information came from underground mines in
the Pittsburgh coal. Data from exposures along
Muddy Creek northwest of Stringtown and from
underground coal mines indicate minor (proba-
bly less than a few tens of feet) left-lateral strike-
slip movement. About 2.7 miles of the fault zone
was intruded by a group of mica-peridotite (kim-
berlite) dikes. (See Roen, 1968, and Kent, 1969a.)

Fracture traces are linear fracture zones that
intersect the land surface and are identified by
topographic, vegetational, or soil tonal align-
ments, particularly noticeable on aerial photo-
graphs and topographic maps. Traces may be

discontinuous where fractures are not concen-

trated. Field studies by Blanchet (1957) indicated
that fractures associated with traces are nearly
vertical in attitude. On the land surface, fracture
traces may appear as shallow, straight-line
depressions that may be found in any topograph-
ic setting.

Lincament information from Kowalik and
Gold (1976) has been transferred to a larger scale
map (1:250,000) which includes Greene County
(Briggs and Kohl, 1976). Most lineaments are ex-
pressions of topographic features such as con-
tinuous or segmented river or stream valley
reaches. The most pronounced lineaments in
Greene County were along stretches of the
Monongahela River valley and stream valleys
drained by Garners Run, Wisecarver Run, and
Toms Run.

Groundwater moves readily through fractures
in bedrock. Therefore, the location of fracture
traces and lineaments may be helpful in selecting
well sites for optimum yield. Suggestions and
precautions regarding the use of linear features
for siting wells are discussed in the section
*‘Guidelines for Developing Groundwater Sup-
plies.”

Additional geologic information may be ob-
tained from Stone (1932), Piper (1933), and the
U.S. Geological Survey Geologic Quadrangle
Maps of Greene County (Berryhill, 1964; Ber-
ryhill and Schweinfurth, 1964; Kent, 1969a,
1969b, 1971, 1972, 1973; Roen, 1970, 1972).

The stratigraphy, water-bearing properties,
and quality of the water in the geologic forma-
tions of the county are discussed in the follow-
ing sections. The stratigraphy section includes a
description of the color, texture, thickness, and
lithology of the formations. The water-bearing
properties of the rocks are described primarily
by means of specific-capacity data and well and
spring yields. Groundwater quality is summa-
rized using statistics on pH, specific conduc-
tance, and water-quality constituents including
iron, manganese, and sulfide.

The bedrock geologic map, generalized geo-
logic column, and geologic cross section shown
on Plate 1 complement the discussion of this sec-
tion. The thickness, relative position, and gener-
alized lithology of the formations are shown on
the geologic column. The cross section on Plate
1 shows the changes in extent and thickness of
the formations along the trace of the section. A
brief summary of the lithology and hydrologic
characteristics of the rocks is also included on
Plate 1.

PENNSYLVANIAN

The Upper Pennsylvanian bedrock consists of
the Conemaugh and Monongahela Groups. The
combined exposed thickness is between 645 and
895 feet.

Conemaugh Group

The Glenshaw and Casselman Formations
make up the Conemaugh Group in Greene
County. The maximum exposed thickness of the
group is approximately 400 feet.

Glenshaw Formation

About 70 feet of the uppermost section of the
Glenshaw Formation is exposed in the extreme
southeast corner of the county along the Monon-
gahela River. Most of the lower 60 feet of strata
is poorly exposed and consists predominantly of
mudstone. The uppermost unit of the Glenshaw
Formation is the Ames marine zone. The unit is
predominantly limestone, is highly fossiliferous,
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and is from 5 to 10 feet thick. It is the youngest
marine unit deposited in the area. All younger
units were deposited in fresh or brackish water,
or under subaerial conditions on a delta plain.

Due to the limited number of wells tapping the
Glenshaw Formation, no water-quality data or
water-bearing properties of this geologic unit
were obtained.

Casselman Formation

The Casselman Formation ranges in thickness
from 300 to 330 feet and crops out in the south-
eastern corner of the county. The formation con-
sists chiefly of light-gray sandstone and gray
shale, and contains some thin limestone units and
coals. The sandstone and shale are locally mas-
sive. Coal stringers and coal beds are generally
less than 24 inches thick.

Few hydrologic data are available for the
Casselman Formation because of its small areal
extent. One well located across the Monongahela
River in Fayette County has a 1-hour specific
capacity of 0.34 (gal/min)/ft (gallons per minute
per foot of drawdown). Two laboratory analyses
indicate that the water is very hard.

Monongahela Group

The Monongahela Group consists of the Pitts-
burgh and Uniontown Formations and ranges in
thickness from 275 to 495 feet. The Mononga-
hela Group overlies the Conemaugh Group and
is exposed in the eastern third of the county.

Pittsburgh Formation

The Pittsburgh Formation in Greene County
is divided into four members, which in ascending
order are as follows: Redstone Member and lower
member, undivided; Fishpot Member; Sewickley
Member; and upper member. The thickness of the
Pittsburgh Formation ranges from 225 to 365 feet.
The formation consists chiefly of limestone, sand-
stone, shale, and coal.

The Redstone Member and lower member, un-
divided, consists of sandstone, siltstone, shale,
limestone, carbonaceous shale, and coal; it ranges
in thickness from 100 to 140 feet. The basal unit

is the Pittsburgh coal, which is the most valuable
coal in Greene County. The Pittsburgh coal con-
sists of two to four benches separated by clay or
shale partings; the lower, or main, bench ranges
from 36 to 104 inches in thickness, including minor
clay partings up to 1 inch thick. Locally, the coal
bed is eroded by overlying sand-filled channels.
Alight-gray sandstone above the Pittsburgh coal
and below the Pittsburgh rider coal occurs both
as sheetlike and as channel-fill deposits. The sand-
stone attains its greatest thickness, 20 to 60 feet,
in the east-central part of the county, where it oc-
curs in a belt approximately 4 miles wide that
trends roughly north-south (McCulloch and
others, 1975, Figure 11, p. 18). The Pittsburgh
rider coal of Hickok and Moyer (1940) is locally
minable in the southeastern corner of the county.
There the coal may exceed 48 inches in thickness,
and the interval between the base of the Pittsburgh
rider coal and the base of the underlying Pitts-
burgh coal is locally greater than 60 feet. Else-
where in the county, the interval between the two
coals thins, and the thickness of the Pittsburgh
rider is commonly less than 12 inches. The sand-
stonein the lower part of the member is light gray
and fine to medium grained; the shale is greenish
gray and light gray to dark gray; the siltstone is
light gray and thin bedded; and the limestone is
olive gray. The upper part of the member consists
of olive-gray crystalline and argillaceous lime-
stone, light- to greenish-gray shale containing
limestone and siderite nodules, and sandstone.
The Fishpot Member, which is from 0to 40 feet
thick, consists chiefly of sandstone, shale, car-
bonaceous shale, and, where present, a basal coal.
Mostly limestone, shale, sandstone, siltstone,
and coal form the Sewickley Member, which
ranges in thickness from 40 to 110 feet. The basal
unit is the Sewickley coal. The Sewickley coal is
generally in one bench but in some placesisin two
benches having a total thickness of up to 110
inches; the coal contains clay and shale partings
up to 27 inches thick. The Sewickley coal is min-
able in some areas. Above the Sewickley coal is
a sandstone bed, where present. The uppermost
limestone sequence of the Sewickley Member is
the Benwood limestone of Campbell (1903). The
limestone units are light gray to medium gray,
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have hackly cleavage and a brecciated appear-
ance, vary in thickness, and may be interbedded
with shale, siltstone, and sandstone.

The upper member consists predominantly of
limestone, sandstone, and shale and ranges in
thickness from 50 to 115 feet. The upper member
is roughly divisible into four more-or-less persis-
tent units of light-olive-gray argillaceous lime-
stone (Kent, 1969a), which are separated by
shale, siltstone, and sandstone units. The sand-
stone is greenish gray and locally massive, and
occurs in some places as crossbedded channel
deposits.

Scanty data from existing wells tapping the
Pittsburgh Formation indicate that yields are suf-
ficient for most domestic needs in the eastern
quarter of the county. However, well Gr-810
had a 1-hour specific capacity of only 0.01
(gal/min)/ft. Wells having specific capacities less
than 0.05 (gal/min)/ft are considered poor for
domestic purposes (U.S. Department of the In-
terior, 1977). In the central and western parts of
the county, the Pittsburgh Formation is not used
because it is too deep below the land surface for
domestic water supplies and most likely contains
undesirable concentrations of chlorides and dis-
solved solids. Water containing chloride concen-
trations of about 2,000 mg/L (milligrams per li-
ter) is pumped from several deep Pittsburgh coal
mines in the north-central part of the county.

Uniontown Formation

The Uniontown Formation, which ranges in
thickness from 50 to 130 feet, consists of a lower
member and an upper member.

Limestone, shale, siltstone, sandstone, and
coal make up the lower member, which is from
30 to 90 feet thick. The basal unit is the Union-
town coal, where present. The coal bed is com-
monly less than 24 inches thick. The Uniontown
coal is impure and bony and contains car-
bonaceous shale in places. The sandstone is light
gray, fine grained, and locally massive. The shale
is greenish gray to medium gray and locally
calcareous. The limestone is light olive gray and
argillaceous.

The upper member consists of shale, siltstone,
sandstone, and coal and has a thickness of be-
tween 5 and 50 feet. The basal unit is the Little
Waynesburg coal, where present. This is a thin,
impure coal associated with carbonaceous shale.

The reported median yield of wells in the
Uniontown Formation is 8 gal/min (gallons per
minute). A 24-hour pumping test conducted on
well Gr-8 at a discharge rate of 27 gal/min
resulted in a specific capacity of 1.4 (gal/min)/ft.
However, a 1-hour pumping test performed on
well Gr-320 at a pumping rate of 4 gal/min
resulted in a specific capacity of only 0.05
(gal/min)/ft. Well Gr-320 is 374 feet deep and
flows with a persistent discharge of about 0.1
gal/min; most of its flow, as indicated by geo-
physical logs, is from the Uniontown Formation.

Total iron concentration in six water samples
ranged from 410 to 55,000 ug/L (micrograms per
liter). Manganese concentrations in four of the
six water samples exceeded the 50 pug/L recom-
mended limit (U.S. Environmental Protection
Agency, 1977) and ranged from 60 to 560 ug/L.
A high chloride concentration of 2,700 mg/L was
found in a water sample from well Gr-320. The
range of pH of water from sampled wells was
from 6.2 to 7.8; the median was 6.9. The specific
conductance of water from sampled wells ranged
from 165 to 8,150 ymho/cm (micromhos per cen-
timeter at 25°C) and had a median of 590
pmho/cm. Seven aquifers in Greene County were
sampled for total sulfide; the highest concentra-
tion (3.2 mg/L) was found in well Gr-902, which
tapped the Uniontown Formation. The high
sulfide concentration probably results from
drainage from the overlying Waynesburg coal,
which was surface mined within 150 feet of the
well. The owner of well Gr-902 reported a strong
sulfur smell after surface mining was completed.

PENNSYLVANIAN AND PERMIAN
Dunkard Group

The Dunkard Group of Pennsylvanian and
Permian age is divided into the Waynesburg,
Washington, and Greene Formations. The thick-
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ness of the Dunkard Group is generally more
than 1,000 feet.

Waynesburg Formation

The Waynesburg Formation is divided into
three members: lower, middle, and upper. The
thickness of the formation ranges from 140t0 245
feet. ‘

The lower member consists chiefly of medium-
gray shale, sandstone, and siltstone and ranges in
thickness from 50 to 100 feet. The Waynesburg
coal is the basal unit of the lower member. The
coal bed is commonly in two benches but in some
placesis in three benches. Where two benches are
present, the upper bench ranges from 3 to 33
inches in thickness, and the lower, or main, bench
ranges from 15 to 64 inches in thickness; the two
benches are separated by a claystone parting up
to 48 inches thick. Locally, a single bench is as
much as 84 inches thick. The greatest thickness
of the Waynesburg coal occurs in the eastern part
of the county, where it is mined. The coal is over-
lain in some places by a dark shale, which is as
much as 12 feet thick and contains abundant plant
fossils. The light-gray, massive sandstone above
the Waynesburg coal is the Waynesburg sand-
stone. The Waynesburg sandstone is generally
light gray, fine to coarse grained, massive, and
crossbedded and locally grades laterally and ver-
tically to siltstone and shale. In places, the sand-
stone fills channels cut into the shale and locally
into the coal. The sandstone varies in thickness.

The middle member is predominantly me-
dium-gray shale, sandstone, and light-gray silt-
stone, and ranges in thickness from 50 to 110
feet. The basal unit is the Waynesburg A coal.
This coal bed is up to 84 inches thick, and local-
ly occurs in two benches. The Waynesburg A
coal is minable in some areas. In some places this
coal bed is split by a claystone parting 12 to 36
inches thick, but it is commonly in one bench as
much as 24 inches thick. Locally the coal is im-
pure and shaly and grades laterally to carbon-
aceous shale. The Waynesburg B coal generally
occurs about 30 feet below the Little Washington
coal of the upper member. The Waynesburg B

coal is 0 to 12 inches thick and is locally impure
and shaly.

The upper member consists chiefly of gray to
black, locally calcareous shale containing siderite
nodules, and medium- and light-gray sandstone.
The upper member ranges in thickness from 5
to 50 feet. The basal unit, where present, is the
Little Washington coal. The coal bed is typical-
ly thin and impure, and locally grades laterally
to carbonaceous shale. Overlying the Little
Washington coal is a gray to black shale, which
is locally calcareous and contains siderite nod-
ules.

The median reported yield of wells tapping the
Waynesburg Formation is 3.8 gal/min. The
range of reported yields of 35 wells is from 0.2
to 40 gal/min. About 25 percent of the wells had
reported yields greater than or equal to 20.5
gal/min. Wells Gr-813 and Gr-814, which tap
the lower member of the Waynesburg Forma-
tion, produced 1-hour specific capacities of 3.7
and 4.4 (gal/min)/ft, respectively (pumping rates
of 24 and 32 gal/min). These specific capacities
are the two highest values determined in the
study. Well Gr-118, tapping the Waynesburg
sandstone and Waynesburg coal and located in
an upland draw, has a 1-hour specific capacity
of 3.5 (gal/min)/ft (pumping rate 14.9 gal/min).
The range of 1-hour specific capacities of wells
in the Waynesburg Formation was from 0.01 to
4.4 (gal/min)/ft. The yield was low from rocks
composed principally of siltstone and shale at the
stratigraphic level of the Waynesburg sandstone.
The median discharge of 35 springs in the
Waynesburg Formation is 0.50 gal/min. The
range of discharge of springs is from 0.0 to 6.0
gal/min.

Iron and manganese concentrations were
above recommended limits in about one half and
one third, respectively, of the wells sampled.
Water from two wells had a strong hydrogen
sulfide odor (rotten-egg smell); concentrations of
total sulfide were 0.2 and 0.7 mg/L, which are
above the recommended 0.05 mg/L limit. Three
valley wells between 190 and 220 feet deep had
chloride concentrations ranging from 3,100 to
3,700 mg/L (recommended limit 250 mg/L).
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Most wells and springs had water within the
recommended pH range of 6.5 to 8.5. However,
at selected sites where the Waynesburg coal has
been surface mined, groundwater discharges at
seeps have low pH values and high concentra-
tions of sulfate, iron, manganese, and dissolved
solids.

PERMIAN
Dunkard Group

Washington Formation

The Washington Formation overlies the
Waynesburg Formation conformably and is di-
vided into the lower limestone member, middle
member, and upper limestone member. The
thickness of the Washington Formation ranges
from 160 to 260 feet.

The lower limestone member consists chiefly
of limestone and coal and ranges in thickness
from 10 to 30 feet. Limestone beds range in
thickness from 0.5 to 2 feet and are commonly
interbedded with shale, carbonaceous shale, clay-
stone, and nonpersistent thin coal beds. The
Washington coal is at the base of the Washington
Formation. The coal, where present, is as much
as 48 inches thick but is commonly less than 24
inches. It is impure and shaly, and its horizon
is locally represented by carbonaceous shale.
Locally, where a light-gray sandstone overlies the
Washington coal, the middle and lower members
can be indistinguishable. The top of the lower
limestone member is an olive- to medium-gray,
argillaceous, and in part detrital limestone.

The middle member ranges in thickness from
120 to 225 feet and is chiefly shale, sandstone,
and siltstone. The sandstone is light gray to olive
gray, micaceous, and in some places massive.
The Jollytown coal of Stevenson (1876) is com-
monly less than 24 inches thick, is locally impure,
and in some places grades laterally to carbon-
aceous shale.

The upper limestone member consists chiefly
of limestone and shale. The thickness of this
member ranges from 0 to 50 feet. The member
generally has basal and upper limestones. In-

dividual olive- to dark-gray limestone beds are
from 0.5 to 2 feet thick, are locally argillaceous,
and contain freshwater ostracodes and some fish
remains in places. Beds weather to a character-
istic white color. The basal and upper limestones
are generally separated by shale.

The median reported yield of 39 wells is 3.0
gal/min; the yields range from 0.08 to 26
gal/min. About 25 percent of the wells had a
reported yield greater than or equal to 10
gal/min. Specific-capacity tests of 1-hour dura-
tion on four wells showed a range from 0.02 to
0.86 (gal/min)/ft. Springs are commonly used
for watering stock and domestic supply; most are
perennial. The median discharge of 120 springs
is 0.50 gal/min. About 25 percent of the springs
have discharges less than 0.19 gal/min. Only 10
percent of the springs have discharges greater
than 2.0 gal/min.

About half of the wells and springs sampled
had hard to very hard water. Two samples from
wells had concentrations of hydrogen sulfide
above the recommended limit of 0.05 mg/L.
About half of the samples from wells had iron
and manganese above recommended limits. The
pH of 50 well samples ranged from 5.9 to 9.5;
the median was 7.1. The pH of 113 spring sam-
ples ranged from 5.0 to 9.8; the median was also
7.1. Medians of specific-conductance measure-
ments from well and spring samples were 486 and
388 umho/cm, respectively.

Greene Formation

The Greene Formation has a maximum thick-
ness of more than 800 feet. Most of the western
half of the county is covered by the Greene For-
mation, except for valley bottoms in the north-
west corner, where the Washington Formation
crops out. The Greene Formation usually caps
the crests of ridges in the eastern part of the
county. It consists chiefly of soft shale, sand-
stone, siltstone, and thin limestone. The sand-
stone beds are generally thickest and most per-
sistent in the southern part of the county. The
limestone beds become thicker and more con-
tinuous toward the north and east as the forma-
tion thickens (Piper, 1933).
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The Ten Mile coal of Clapp (1907) occurs 20
to 50 feet above the base of the Greene Forma-
tion and is the lowermost mappable unit. The
coal is impure and lenticular and is commonly
less than 24 inches thick.

Shale is locally interbedded with siltstone and
sandstone. The shale locally has siderite nodules,
is calcareous, and in part is silty. Carbonaceous
shale is generally thin and lenticular. Sandstone
beds are light to olive gray, micaceous, fine to
medium grained, and planar to crossbedded. Lo-
cally massive sandstone beds may be lenticular
or sheetlike, or have the form of channel de-
posits. Light- to medium-gray siltstone is mica-
ceous, thin bedded, and ripple bedded to planar
bedded, and locally contains ironstone and
limestone nodules. Light- to dark-gray limestone
beds are thin and discontinuous. Fossils in the
limestone include freshwater ostracodes, Spiror-
bis, and fish remains. Claystone is light to dark
gray, generally in layers less than 1 foot thick,
and associated with limestone, coal, and car-
bonaceous shale beds. Coal beds are thin, im-
pure, lenticular, and shaly, and are commonly
associated with carbonaceous shale.

Wells tapping the Greene Formation are com-
mon, especially in the western part of the county,
because of its wide areal extent and thickness
(Plate 1). The Greene Formation is generally a
poor aquifer having low well yields; the median
reported yield of 55 wells is only 2 gal/min. A
few wells, especially along hilltops, were aban-
doned after drilling because yields were less than
several tenths of a gallon per minute. Yields from
the Greene Formation are commonly so low that
drillers report yields in units of gallons per hour.
About 25 percent of the wells have a reported
yield of 1 gal/min or less. About 25 percent of
the wells have yields greater than or equal to 5
gal/min. About 10 percent of the wells have
yields greater than or equal to 10 gal/min. Well
Gr-654, located on a valley bottom and only 60
feet in depth, had the highest 1-hour specific
capacity, 1.2 (gal/min)/ft (pumping rate 6.6
gal/min), of wells tested in the Greene Forma-
tion. This well also penetrates valley alluvium.
Water from the alluvial aquifer may have con-

tributed most of the total well yield during the
specific-capacity test, and the results could be
misrepresentative of the Greene Formation. The
median discharge of 335 springs in the Greene
Formation is 0.25 gal/min. The discharge of
springs ranges from 0.0 to 20 gal/min. Only 6
percent of the springs have yields greater than
3.0 gal/min. Use of springs for domestic supply
is common.

About 75 percent of the wells have iron and
manganese above recommended limits. About
half of the wells have very hard water. The
median pH of samples from 319 springs was 7.3.
The pH of water from wells and springs was
generally within the recommended range from
6.5 to 8.5. The median specific conductance of
samples from 58 wells was 469 umho/cm; the
median specific conductance of 329 springs was
320 ymho/cm.

JURASSIC

Gates-Adah Dike

The Gates-Adah dike represents a group of
vertical to subvertical mica-peridotite (kimber-
lite) dikes that had intruded along 2.7 miles of
the strike-slip fault zone trending N51°W in
northeast Greene County (Plate 1) and neighbor-
ing parts of Fayette County. Within Greene
County, the Gates-Adah dike is believed to crop
out over a distance of more than half a mile from
the county line along the Monongahela River to
just southeast of Stringtown. The dike may con-
tinue farther to the northwest in the subsurface,
but no mica peridotite was observed cropping out
in excellent exposures along Muddy Creek. (See
Roen, 1968.)

Because of the absence of wells tapping the
Gates-Adah dike, no hydrologic data are availa-
ble for this geologic unit.

QUATERNARY

The Quaternary System contains both Pleis-
tocene and Holocene deposits. These deposits
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rest unconformably above the previously de-
scribed bedrock units.

Pleistocene

Carmichaels Formation

The Carmichaels Formation is up to 80 feet
thick and consists of alluvium, unconsolidated
and poorly sorted clay, silt, sand, gravel, cob-
bles, and boulders of sandstone. Small limonite
nedules are abundant locally. The base of the
deposit is about 910 feet above sea level, and
about 140 to 150 feet above the present Mo-
nongahela River level. Deposits are in ancient
abandoned river channels and on rock terraces
related to this ancient drainage network (Kent,
1969a). The Carmichaels Formation is limited in
areal extent to the eastern half of the county.

Limited data from wells drilled in the Car-
michaels Formation indicate that yields range
widely. Well yields are as much as 42 gal/min
where the formation is composed of sand and
gravel. Where the formation is composed pri-
marily of silt and clay, wells are only adequate
for domestic use. The small saturated thickness
of the aquifer commonly reduces well yields
because groundwater storage is low.

Specific conductance of samples from five
wells ranged from 105 to 580 umho/cm; the me-
dian was 195 yumho/cm. The pH of water from
these wells ranged from 5.1 to 6.5, and the me-
dian was 5.5.

Holocene

Alluvium

The alluvium consists of clay, silt, sand,
gravel, and cobbles in and adjacent to streams.
The material is derived mostly from local
bedrock and may be up to 20 feet thick.

Few of the wells inventoried were completed
in the alluvium. The data indicate wide variabili-
ty in specific capacity. Well Gr-804 taps a thin
layer of gravel and has a 1-hour specific capaci-
ty of 1.6 (gal/min)/ft (pumping rate 4.6
gal/min). Well Gr-809, which mostly penetrates
clay, has a 1-hour specific capacity of 0.18

(gal/min)/ft (pumping rate 0.9 gal/min). Some
shallow dug wells are used for domestic needs;
most owners report sufficient water, although
conservation is often necessary during long dry
periods. In valleys and upland draws where
saturated alluvium overlies bedrock, the yields
of wells penetrating the shallow bedrock are
usually adequate for domestic needs. In a few
cases data indicate that the water may exceed
recommended limits of 300 ug/L for iron and 50
pg/L for manganese. The median specific con-
ductance of six wells sampled is 255 umho/cm.

HYDROLOGIC SETTING

Water enters the hydrologic system in Greene
County mainly as precipitation or streamflow.
A large part of the water entering the system
moves out of the county within a few days. Of
the remaining water, a small portion is held as
soil moisture and is stored in ponds or small
reservoirs, and the rest moves slowly through
subsurface material as groundwater. Ground-
water eventually discharges to perennial streams
within the county and streams bordering the
county. The hydrologic system is thus composed
of dynamically related parts, and the quantities
of water that occur in and move through each
part place natural limits on the development and
management of the water resources.

PRECIPITATION

The mean annual precipitation ranges from 39
to 42 inches across the county. The Waynesburg
precipitation station, located near the center of
the county, perhaps best indicates average con-
ditions for the county. The average annual pre-
cipitation at this station during the period
1941-80 was 39.36 inches (U.S. Department of
Commerce, 1941-81). The cumulative departure
of annual precipitation from this average shows
long-term trends in climate (Figure 3). Low
points in the graph suggest a period of drought
(from 1966 to 1973), and high points suggest a
wet period (from 1956 to 1962). The recent
record indicates near-average rainfall conditions.
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Figure 3. Cumulative departure of annual
precipitation from the average an-
nual precipitation at Waynesburg,
Pennsylvania, 1941-80.

Usually, precipitation does not vary with season.
However, short periods (months) or a year of dry
conditions do occur even during long-term (cli-
matic) wet conditions. Such periods have in-
cluded late-summer droughts in 1957, 1959, and
1981 and an autumn drought in 1982.

SURFACE WATER

As shown in Figure 1, the surface-water
drainage system of Greene County is made up
of two major basins and five minor ones. Al-
though there are many miles of streams, surface
water is the primary source of water supplies in
the eastern third of the county, where mining of
coal has adversely affected the groundwater.

Streamflow (runoff) consists of overland flow
and groundwater discharge. During the dry
season, groundwater discharge provides nearly
all of the stream base flow.

GROUNDWATER

When precipitation hits the ground, some is
evaporated, some flows overland, and some per-
colates into the soils. Of the portion that enters
the soils, some is returned to the atmosphere by

transpiring plants and some satisfies the re-
quirements of the soil-moisture content. The re-
mainder percolates downward through the un-
saturated zone to the saturated zone. The
saturated zone is that part of the subsurface in
which all voids are filled with water. Ground-
water is that part of the saturated zone in which
the water in the voids is under pressure equal to
or greater than atmospheric pressure. The water
table is the level in the saturated zone at which
the pressure is equal to the atmospheric pressure.

An aquifer is a water-bearing layer of rock that
will yield water in usable quantities to a well or
a spring. Groundwater is present in aquifers un-
der two different conditions: (1) unconfined, in
which the aquifer is only partly filled and the sur-
face of the saturated zone (water table) is free
to rise and decline; and (2) confined, in which
the aquifer is completely filled and overlain by
a layer through which water cannot readily
move. This aquifer is also known as an artesian
aquifer. Water levels in tightly cased wells tap-
ping an artesian aquifer will rise above the top
of the aquifer. If the aquifer is under enough
pressure to cause the water level to rise above
land surface, the well is referred to as a flowing
artesian well.

ANNUAL HYDROLOGIC BALANCE

The components of the hydrologic system are
balanced within a specified area and interval of
time such that water input is equal to water out-
put plus or minus a change in storage. Because
few lakes or reservoirs exist in Greene County,
groundwater storage is the principal component
of water storage in the hydrologic balance.
Assuming no groundwater transfer across basin
boundaries, the annual water balance (also
termed water budget) for a particular watershed
may be expressed simply as:

P =R+ ET*AS

where
P = precipitation,
R = runoff,
ET = evaporation and transpiration, and

AS

change in groundwater storage.
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The annual water budget was computed for
a part of South Fork Tenmile Creek, which
drains about a fourth of Greene County. Annual
runoff was obtained from records of the U.S.
Geological Survey gaging station on South Fork
Tenmile Creek at Jefferson (Plate 1, site 103).
Annual precipitation figures were obtained from
data for the U.S. Weather Bureau station in
Waynesburg. The portion of annual precipita-
tion (P) that became runoff (R) ranged from 22
to 61 percent and averaged 39 percent, accord-
ing to calendar-year records from 1941 to 1980.
Annual groundwater levels needed to estimate
annual changes in groundwater are not available
for Greene County from 1941 to 1980. However,
for those 39 years, the sum of annual storage
changes is probably negligible and the compo-
nent of change in groundwater storage (AS) can
be ignored for such a long period when compar-
ing average values of the other components of
the water-balance equation. Therefore, the aver-
age evaporation and transpiration (ET) is 61 per-
cent of annual precipitation for the period
1941-80. Subsurface mining of coal, which has
been done at different times and locations in the
lower part of the South Fork Tenmile Creek
basin, may have affected the water budget.
Municipal water systems within this basin were
estimated to alter the annual water budget by less
than 0.1 inch (0.25 percent of annual precipi-
tation).

A water budget was also computed from 1980
and 1981 water year' records of streamflow and
precipitation collected for a part of Enlow Fork.
For this 38-square-mile basin, runoff (R) aver-
aged 48 percent and evaporation and transpira-
tion (ET) averaged 52 percent of annual pre-
cipitation. Enlow Fork was unaffected by mining
or municipal water-supply systems during this
period. A water budget for the same two water
years (1980 and 1981) was computed for South
Fork Tenmile Creek. Runoff averaged 44 per-
cent and evaporation and transpiration averaged
56 percent of annual precipitation.

'A water year is a 12-month period beginning on October 1
and ending on September 30 and is designated by the cal-
endar year in which it ends.

Although mining in the South Fork Tenmile
Creek basin may have affected the water budget,
the difference between this basin and the Enlow
Fork basin is most likely due to other factors
such as topography, vegetative cover, and land
use.

GROUNDWATER SYSTEM

Groundwater is the subsurface water in the
zone of saturation—the zone in which all voids
in the rock are filled with water. The surface of
this zone is the water table. An aquifer is a for-
mation, group of formations, or part of a for-
mation that contains sufficient saturated perme-
able material to yield usable quantities of potable
water to wells and springs. In Greene County,
a single water-bearing unit rarely is capable of
providing enough water to a well for domestic
and livestock uses. Data from water well drillers’
records and test drilling indicate that aquifers
usually are composed of several water-bearing
units within a geologic formation or formations.
The term aquifer is used in this report in strictly
the generic sense, and a formation name associ-
ated with the term is not meant to imply the for-
mation as part of a formal aquifer name.

The permeability of rocks is a measure of the
relative ease with which they can transmit water.
The size and interconnection of pore and frac-
ture openings control the permeability of rock
materials. Unconsolidated sand and gravel de-
posits, which have relatively large and well con-
nected intergranular pores, are more permeable
than unfractured, consolidated bedrock. Frac-
ture openings along bedding planes and per-
pendicular to bedding can greatly enhance bed-
rock permeability.

Rocks that have the largest intergranular
(primary) permeability are sandstone and silt-
stone. However, sandstone and siltstone layers
underlying Greene County commonly are ce-
mented with siliceous material and are highly
compacted, which effectively minimizes primary
permeability. Limestone, coal, and shale (or
claystone) have a primary permeability much
lower than that of siltstone. Without fracturing,
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very few rock units in Greene County could be
classified as aquifers.

Fortunately for those who rely on wells and
springs for water supply, all rock types are frac-
tured to some degree. Coal beds and sandstone
layers have the largest effective fracture (second-
ary) permeability. Fracture density for coal beds
is commonly greater than three fractures per
foot. Fracture densities for limestones, shales,
and siltstones may be comparable or slightly less
than the fracture density of coal beds. However,
the fracture openings in limestone, shale, and
siltstone are usually filled with clay, which ef-
fectively reduces their water-bearing capability.
Limestone may be exceptionally permeable near
the water table, where weakly acidic recharge
water, derived from the soil zone, dissolves the
limestone to form cavities.

Water commonly enters wells through fracture
openings oriented along bedding planes. For ex-
ample, the driller’s log and geophysical logs for
test well Gr-813 indicated that water-bearing
zones occur at three distinct horizons within the
middle and lower members of the Waynesburg
Formation (Figure 4). Each principal water-
bearing zone occurs at bedding-plane openings
between different rock types: shale and coal,
limestone and sandstone, and shale and sand-
stone. The water-bearing units tapped by well
Gr-813 include two sandstone layers and a coal
bed, but they are manifested in the well as
discrete zones of water yield.

AVAILABILITY
Wells

Information on the availability of ground-
water in Greene County is given in the ‘“Hy-
drologic Properties’’ column on Plate 1 and in
Table 20. The data in Table 20 were obtained
from several sources, including consulting firms,
water-well completion reports from drillers, U.S.
Geological Survey observation wells, and field
measurements. Locations of wells in Table 20 are
found on Plate 1.

Well data supplied by drillers generally includ-
ed total depth, reported yield, casing depth and

diameter, and depths to water-bearing zones.
Drillers’ reports generally indicate one, two, or
three water-bearing zones in a well. Less than 10
percent of these reports are for wells greater than
150 feet deep. Most wells had less than 25 feet
of steel casing installed primarily to seal off un-
consolidated rock and soil and to prevent sur-
face contamination. The water-bearing zones
were generally reported at depths greater than
25 feet; thus the shallow surface casing general-
ly did not reduce total well yield. Most wells
penetrated only one geologic formation (Plate 1).
If more than one formation was penetrated, the
aquifer listed in Table 20 was the aquifer or
geologic unit producing the highest yield in the
well.

The specific capacity of a well is the rate of
discharge (gallons per minute) of water from a
well divided by the drawdown of water level
(feet) in the well during pumping. In low-
permeability aquifers such as those in Greene
County, specific capacity decreases with in-
creased pumping rates and time. Therefore, a
well pumped at 3 gal/min with 10 feet of draw-
down will not necessarily discharge 6 gal/min
with a 20-foot drawdown. Additionally, with
prolonged pumping time, the water level will
continue to decline. Although specific-capacity
values change with test duration, comparison of
tests with the same duration (such as 1-hour tests)
can be used to evaluate relative specific capacities
among aquifers and locations. During this study
specific-capacity data were obtained mostly from
1-hour tests.

Many reported well yields were determined
during well development and are from pumping
durations of several hours. Driller-reported yields
are considered less reliable than the specific-
capacity data obtained from planned 1-hour
pumping tests.

Fifteen observation wells were drilled by the
U.S. Geological Survey to provide a better un-
derstanding of the availability of groundwater
in Greene County. These wells were drilled to
(1) augment the limited information provided by
the well inventory; (2) determine aquifer heads
and properties as related to depth of occurrence;
and (3) investigate stream-aquifer interrelation-





WATER RESOURCES OF GREENE COUNTY

18

"€18-19 ||2M is8y Jo sauoz Bulinag-saipm pub sbBoj |odisAydoss) -y ainbiy

900ds 4p|nyup uo::c:\I«

010Y0J0q JO}OWDIP —youli-g 0} -9
SU01400S, PeDI0)s0d 84DOIPUI
8%914 *BuUISDI QAd Youl-H
11143909 puD ‘Juswed yosu ‘4nolgy
Bujsoo |e8)s zos..mﬂw

19%00d
/volowsoy

18a0]
1040M

afnuiw Jad suo||ob ul ‘p|aIk e—

pup euoz bujipaq-soppp O suoisyis FEEE]
2u0}spuDg 8|0Ys %o0|g M

suojsawl) @ a|byg m

1009 l woo _H_

g\\\\n 1 |

(+) (-) (+) (=) NOILINYLSNOD

ALIALLSISTY ds
$907 21410373

T13M OGNV
A9OTOHLIT

W

A&
-— Iw.«_.— ] ] 1 w_o.: 1 i1 o..__
(Dutsnosout) (sayou) (90)
d3d17vo JHNLIVY3dW3L

(®2041ns pup| mojaq 98y)

Hld34





GROUNDWATER SYSTEM 19

ships. Lithologic descriptions, well construction,
yields and depths of water-bearing zones, and
depths to water are given for these wells in Ap-
pendix 2. Evidence from the well drilling in-
dicated that the yield and number of water-
bearing zones decreased with depth. Of the test
holes drilled more than 200 feet, the first 150 feet
produced most of the groundwater. However,
yields and depths of water-bearing zones are
highly variable even over distances as short as
50 feet in the same geologic unit because of
numerous changes in lithology and fracture
distribution; well clusters Gr-802/Gr-803 and
Gr-807/Gr-808, located in the northwestern and
central parts of the area, respectively (Plate 1),
are examples of this variability. Water-bearing
zones commonly occur at the interface between
sandstone and shale, and sometimes occur at the
interface between other rock types. Most shale,
claystone, siltstone, and limestone were not water
bearing. The most productive water-bearing units
were commonly composed of sandstone or coal.
The Waynesburg coal produced variable yields;
the maximum was 25 gal/min in well Gr-814.
The Little Washington coal yielded about 30
gal/min at a depth of 160 feet in well Gr-808.
A fractured sandstone about 6 feet thick that
contained a trace of coal yielded about 40
gal/min in well Gr-803. The Waynesburg sand-
stone discharged about 10 gal/min at a depth of
96 feet in well Gr-813. In wells Gr-802, 803, 807,
and 813, discharges of 8, 5, 20, and 15 to 20
gal/min, respectively, came from sandstone
crevices along bedding planes with apparent
openings as large as 2 feet.

Well depth, reported yield, water level, and
specific-capacity data from the well inventory
and test drilling are statistically summarized in
Table 2. Only 1-hour tests of constant discharge
were used in the calculation of the ranges and
medians of specific-capacity tests. Well-yield
statistics are based mostly on data from drillers’
records. Yields of wells drilled for this study are
more completely described in the ‘‘Hydraulic
Properties”’ section and Appendix 3 of this re-
port.

The principal water-bearing units being tapped
for groundwater supplies are in the Greene,
Washington, and Waynesburg Formations; this
is primarily due to the areal extent and depth of

the formations. The most productive water-
bearing units are the sandstones and coal beds
in the Washington and Waynesburg Formations
located less than 200 feet below land surface;
yields are low where these formations are deeper
than 200 feet below land surface or where wells
tap only shale, siltstone, and limestone.

The maximum difference between the median
values of reported yields in these three forma-
tions is only 1.8 gal/min, indicating similar
hydraulic characteristics. However, an analysis
shows that 25 percent of wells have reported
yields greater than or equal to 10 and 20.5
gal/min for the Washington and Waynesburg
Formations, respectively, whereas only yields
greater than or equal to 5 gal/min are obtained
in the Greene Formation. On the basis.of this
high-yield data, the Washington and Waynes-
burg Formations are considered the most pro-
ductive.

Geologic units of minor importance for
groundwater supply include the Uniontown For-
mation and Carmichaels Formation. Limited
data from three wells tapping the Uniontown in-
dicate that where wells are less than 200 feet deep
(only in eastern areas of the county) yields as high
as 27 to 30 gal/min may be obtained, but are not
common. Where the Carmichaels Formation is
composed of sand and gravel, well yields can be
as high as 42 gal/min, but wells having these high
yields are not common.

Water levels in wells of the same depth and
construction will vary due to topographic setting
and head in the water-bearing zones. Water levels
in wells in valleys-and upland draws generally are
shallow, whereas water levels become deeper
with increasing elevation to hilltops. The median
measured water levels and median depths of wells
located in valleys, upland draws, hillsides, and
hilltops are as follows:

Median depth

to water Median well
level (feet depth (feet
Topographic  below land below land Number of
setting surface) surface) wells

Valley 6 64 42
Upland draw 9 35 37
Hillside 18 4?2 45
Hilltop 38 96 19
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Most wells in this report that have well
numbers lower than Gr-116 are from an earlier
study of groundwater that included Greene
County (Piper, 1933). Data from that study were
collected before 1930. An attempt was made in
this study to revisit these wells so that current
groundwater conditions could be compared to
the earlier data. Many of the wells were either
buried or destroyed, or the current landowner
had no knowledge of the existence of the well.
Among the wells that were found, some were still
in use and some were abandoned.

Water levels reported by Piper were compared
to recent water-level measurements at five wells
(Table 3). Water levels from the Piper study were
reported by the well driller or well owner between
1914 and 1926. Furthermore, the recent water
levels were measured at different times and the
effects of recent precipitation could vary among
the well locations. Nevertheless, the water levels
in Table 3 provide a limited opportunity to com-
pare relative water-level conditions at the two
periods of time.

The head in Gr-41, a flowing well, was mea-
sured after a 14-hour shut-in test. This well was
reported to flow about 30 gal/min when it was
drilled in 1914 and has been flowing freely ever
since. The well was discharging at a rate of 3.8
gal/min on September 2, 1981, before it was
shut-in to measure the head. The 7-foot decline
in water level between 1914 and 1981 probably

resulted from continuous flow from the well,
which slowly reduced the pressure head in the
aquifer during the 67-year period.

The other recently measured water levels
ranged from 17 feet above to 21 feet below the
earlier reported level. Only well Gr-78 was af-
fected by mining during the period of com-
parison. The owner of the well reported that the
water level was lowered to a depth of 24 feet as
a result of underground mining in 1975, and went
dry (well depth 28 feet) in 1976. By 1980, the
water level had recovered about 11.5 feet (Table
3). The results of this small sample size suggest
that between the 1920’s and 1980, the ground-
water-level conditions generally have not
changed more than can be explained by seasonal
fluctuations and errors due to reported informa-
tion in unmined parts of the county.

Springs

Developed springs are a common water supply
throughout most of Greene County. Locations
of springs are shown on Plate 1. Information
concerning springs, including location, dis-
charge, date of measurement, and aquifer, is
given in Table 21. Developed springs are fre-
quently used as a water supply for livestock; a
common practice of farmers is to develop three
to five springs in pasture areas. Springs are also
used for public and domestic supply (Table 21).

Table 3. Comparison of Water Levels Reported by Piper (1933) and Water Levels of This Study

Reported Measured Change from
depth to water depth to water earlier reported
Well Topographic (feet below (feet below water level

number setting Date land surface)’ Date land surface)' (feet, rounded)’
Gr- 41 Valley 1914 -10 9- 2-81 —3.07 -7
61 Terrace 1926 20 8- 1-80 6.8 +13
78 Valley 1925 9 7-31-80 16.5 -7
91 Terrace 1926 17 7-21-80 38.4 -21
107 Valley 1926 20 7-29-80 3.2 +17

Negative number indicates water level is above land surface; positive number indicates water level is below land

surface.

2Minus sign denotes decrease and plus sign denotes increase in water-level altitude.
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Information on construction methods and devel-
oping a spring for optimum vyield is discussed in
the section ‘‘Guidelines for Developing Ground-
water Supplies.”’

Discharge data from springs were collected in
all townships of Greene County and during all
months of the year. Although spring discharges
were commonly less than 1 gal/min, three
fourths of all springs inventoried were reported
by the owners to be perennial. Some springs were
reported to have no flow during dry periods;
these springs were classified as intermittent
(Table 21). If a spring had no discharge at the
time of field inventory, a zero discharge value
was recorded for that date. Springs were found
to be dry or were reported to go dry most often
during the late summer and early fall, and
especially if the precipitation was below normal
during these periods.

The results of discharge measurements at 496
springs are summarized by aquifer in Table 4.
The number of springs measured for the Greene
and Washington Formations is high because of
the large areal extent of these formations (Plate
1). The frequency distribution in Table 4 in-
dicates that spring discharges in the Washington
and Waynesburg Formations are similar; median
discharges were 0.50 gal/min. The median dis-
charge of 0.25 gal/min of the Greene Formation
was half of the median of the Washington or
Waynesburg Formations. This lower median

spring discharge of the Greene Formation is due
in part to the topographic settings of the springs
and lithology of their aquifers. Over 95 percent
of all springs in bedrock formations were on
hillsides; most were believed to be perched con-
tact springs. Few springs were located or inven-
toried directly on hilltops or valley bottoms.
Most Greene Formation springs were closer to
hilltops than valley bottoms; most Washington
and Waynesburg Formation springs were closer
to valley bottoms. Springs close to valley bottoms
and upland draws generally were perennial and
had higher discharges than springs near the
hilltops. These higher discharges probably are
due to the greater volume of bedrock aquifer
available to the downhill springs. Bedrock was
exposed at less than about 5 percent of all springs
inventoried. Thus, few conclusions can be pre-
sented about the influence of lithology on dis-
charge rates of springs based on field observa-
tions. However, descriptions of lithology from
drilling records and geologic literature indicate
that among the geologic formations the Greene
Formation has a higher percentage of shale, and
spring yields are expected to be larger in the
Washington and Waynesburg Formations, which
are composed of more sandstone and coal.
Twenty of the 335 springs (6 percent) located
in the Greene Formation and six of the 120
springs (5 percent) in the Washington Formation
had discharges greater than or equal to 3

Table 4. Summary of Spring-Discharge Data

(Discharge is reported in gallons per minute)

Percentage of springs in which indicated

Number Dis- discharge is equaled or exceeded
of charge
Aquifer springs range 90 75 50 25 10
Alluvium 1 0.0 — C— — — —
Carmichaels Formation 3 .0-.50 — — — — —
Greene Formation 335 0-20 0 0.10 0.25 0.65 2.0
Washington Formation 120 0-6.0 0 .19 .50 1.0 2.0
Waynesburg Formation 35 0-6.0 03 .20 .50 1.0 1.7
Uniontown Formation 2 2.0-4.5 — - — — —
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gal/min. Such springs are commonly used in
place of wells for domestic supply. Where
storage facilities are constructed, springs that
have lower steady yields are also used for do-
mestic supply.

WATER-LEVEL FLUCTUATIONS

Water levels were recorded monthly and con-
tinuously at selected wells to improve the un-
derstanding of aquifer response to recharge and
discharge (Plate 1). Private wells and drilled
observation wells were used. Each well was tested
to ensure that the well had a good hydraulic con-
nection with the aquifer.

Daily

Water levels in wells fluctuate daily in response
to changes in barometric pressure and to the re-
charge and discharge to and from the aquifer.

Daily water levels and precipitation are com-
pared for various topographic positions in Figure
5. The well depth ranges from 58 feet for well
Gr-814 to 102 feet for well Gr-811. Most of the
wells have less than 20 feet of sealed surface cas-
ing and in most of these, water-level fluctuations
are below this casing. Daily water-level fluctua-
tions were the largest in the hilltop well (Gr-602)
and in the upland draw well (Gr-814). Well
Gr-602 (depth 74 feet) taps a water-table aquifer
and receives recharge directly from percolation
of rain water. Well Gr-814 taps a shallow con-
fined aquifer that readily responds to precipi-
tation. In contrast, daily fluctuations are smallest
in well Gr-815 (depth 78 feet), which taps a con-
fined aquifer underneath a valley. Intermediate
daily fluctuations of water levels are indicated
for the hillside settings. The monthly pattern of
water-level fluctuations in wells Gr-811 (depth
102 feet) and Gr-658 (depth 88 feet) is similar,
because the bottom of each well ends in the
Waynesburg Formation beneath the same hill-
side. However, daily fluctuations are larger in
well Gr-811, which is upslope and has 27 more
feet of tightly sealed casing.

Water-level fluctuations within a shallow aqui-
fer and a deep aquifer were compared at three

locations in Greene County (Figure 6). The three
pairs of wells (Gr-805 and Gr-806, Gr-810 and
Gr-811, and Gr-808 and Gr-809) represent hill-
top, hillside, and valley locations, respectively.
The water level in each well fluctuates within
tightly sealed casing, except for wells Gr-811 and
Gr-809. Water levels in the bedrock aquifer of
well Gr-811 (depth 102 feet) and in the alluvial
aquifer of well Gr-809 (depth 19 feet) fluctuate
below their tightly sealed casings.

Water-level fluctuations are greatest in shallow
wells and least in deep wells. Wells that have
depths generally less than about 150 feet are con-
sidered shallow. The decrease of water-level fluc-
tuations with depth is largely attributed to the
decrease in hydraulic conductivity of the aquifer
with depth, which limits effective recharge. The
slow recovery of pumping wells Gr-805 (depth
652 feet) and Gr-810 (depth 271 feet) is a result
of very low hydraulic conductivity.

The effects of topography on water-level fluc-
tuation are generally similar to results from
shallow cased wells (Figure 5). However, the
deeper tightly cased wells show a lack of direct
response to rainfall. For example, well Gr-806
(depth 158 feet) had a water-level rise of 5 feet
in January 1982, which apparently correlated
with a 1-inch rainfall in that month. However,
in April 1982 the water-level rose when the rain-
fall for that month was deficient. Therefore,
both water-level rises probably resulted from the
delayed response to rainfall or snow melt. The
low transmissivity of the aquifer probably part-
ly caused the delayed response of the water levels.

Based on aquifer tests, the storage coefficient
for the alluvial aquifer penetrated by the shallow
well Gr-809 was estimated to be two orders of
magnitude higher than the storage coefficients
(approximately 1 x 10~%) for the deeper bedrock
wells. For well Gr-809 the closeness of the water
table to the land surface and direct recharge off-
sets the effects of the high storage coefficient on
water levels. The low storage coefficients for
wells Gr-805 and Gr-806, deep and shallow wells
respectively, cause a greater rise in water levels
for a small amount of recharge.

Daily barometric pressure changes were closely
correlated to the water-level fluctuations in an
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Figure 5. Relationship of water-level fluctuations in wells to daily rainfall and topographic position.
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Figure 6. Relationship of water-level fluctuations in tightly cased wells to depth of aquifer and

daily rainfall.
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aquifer of the Greene Formation, as shown in
Figure 7. The well (Gr-806) is on a hilltop, has
a total depth of 158 feet, and is tightly cased to
a depth of 100 feet. The barometric pressure/
water-level relationship clearly indicates confined
aquifer conditions such that an increase in baro-
metric pressure causes a decline in water levels.
The water level fluctuated by as much as 0.40
foot due to changes in the barometric pressure.
This barometric pressure effect was observed in
several observation wells. Barometric pressure
has little effect on water-level fluctuations in
shallow unconfined aquifers.

The stream-aquifer interrelationship at the
Enlow Fork valley near Burdette is shown in
Figure 8. High water levels in the alluvium at well
Gr-804 (depth 19 feet) are related to the high
stream stages of the adjacent stream (Enlow Fork
gage). The well (Gr-804) is 57 feet from the
stream bank. The stage is measured 90 feet
downstream from the well. During low flows, the
stream level near the well is about 1.0 foot below

the water levels in the well. The stream flows over
a bedrock channel, and the well taps an alluvial
fill which is deeper than the present stream bot-
tom. Figure 8 shows stream recharge to the al-
luvial aquifer only during peak flows. At other
times the aquifer slowly releases groundwater to
the stream (base flow). However, a three-hour
pumping test at well Gr-804 did not show a
hydraulic connection between the stream and the
alluvial aquifer. Groundwater probably returns
to the stream at some downstream location where
the stream cuts through the alluvial fill.

Seasonal and Long Term

Digital recorders were installed on several
water wells (Plate 1) to obtain hourly water
levels. The monthly minimum water levels (max-
imum depth to water during the month) for
selected observation wells are shown in Appen-
dix 4. Water levels are generally the lowest in
September, October, and November, and highest
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Figure 7. Effect of barometric pressure change on the water level in well Gr-806 (Greene
Formation).
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Figure 8. Relationship of water levels in the alluvial aquifer at the Enlow Fork valley near Burdette

to daily rainfall and stream stage.

in February, March, and April. Pumping tests
have affected some monthly minimums as in-
dicated. Fluctuations of water levels in well
Gr-801 are higher than normal due to pumpage
of public-water-supply well Gr-116 located 435
feet away. Annual water-level fluctuations usu-
ally range from less than 3 feet beneath a valley
to about 16 feet beneath a hilltop.

The wells show the effects of evapotranspira-
tion. During late summer and early fall, water
levels are generally the lowest. The evaporation
of surface water and the transpiration of plants

are usually highest during this period, and poten-
tial recharge to the aquifers by precipitation is
reduced. During the winter and spring the water
levels tend to recover due to recharge from snow
melt and rainfall, when evaporation and tran-
spiration are at a minimum.

Water levels were measured continuously from
1973 to 1981 in well Gr-118. Figure 9 shows
mean monthly water levels based on daily low
levels. Because daily water-level fluctuations are
commonly less than 0.3 foot in well Gr-118, the
average of daily low levels for each month closely
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Figure 9. Monthly mean of daily maximum depth to water in well Gr-118.

approximates the actual monthly mean. With
regard to general trends, Figure 9 indicates that
groundwater levels changed little between 1973
and 1977 and gradually rose between 1977 and
1980. This general trend closely correlates with
climatic trends indicated by Figure 3. Having a
total depth of 104 feet, well Gr-118 taps an
aquifer that is relatively close to recharge to the
water table. For this reason, the general water-
level trend is believed to be directly related to the
climatic trend from 1973 to 1980. However, a
longer period of water-level data is required to
determine actual lag time between climatic and
groundwater-level trends.

Superimposed on the long-term trend of water
levels were seasonal low levels in 1973, 1975,
1981, and 1982. These short-term lows were the
result of dry periods that occurred in late sum-
mer or early fall. The lowest recorded water level
occurred in November 1982. The graph of
monthly precipitation shows that the driest sum-
mer for the period of record was in 1982. Dry
periods, which coincided with low evapotran-
spiration periods, did not cause a decline in the
water level. An example of this is the winter of
1979 and 1980.

HYDRAULIC PROPERTIES

Storage coefficient and transmissivity are
hydraulic properties of aquifers needed to quan-

tify changes in groundwater storage and flow
rates that occur naturally or are affected by
man’s activities. These properties may be used
to estimate mine inflow and water-level declines
in aquifers caused by pumping in wells or mines.
Determination of transmissivity and storage co-
efficient of several aquifers was made using stan-
dard aquifer testing procedures.

Average values of specific storage and hy-
draulic conductivity were also determined from
the well tests. In this report, specific storage was
determined from aquifer tests by dividing the
storage coefficient by the thickness of the water-
bearing formation. Horizontal hydraulic conduc-
tivity was determined from well tests by dividing
the transmissivity by the thickness of the aquifer
tested, thus representing an average formation
property. (Appendix 3 contains descriptions, site
conditions, assumptions, and analyses for multi-
ple- and single-well hydraulic tests conducted for
this study.)

Storage coefficients determined from aquifer
tests (Table 5) range from 0.6 x 1074 to 8 x
10~%. All values indicate confined aquifer con-
ditions. The storage coefficients of confined
aquifers in the other formations are estimated
to be similar to values determined from the
aquifers in the Waynesburg Formation. The
water level in the pumping wells at the Garards
Fort site and Ryerson Park site was lowered
below the top of the tested aquifer, resulting in
a delayed yield from storage response in each





29

GROUNDWATER SYSTEM

‘[1om padwng,

‘op 101 34 9-01X¢ p-01 X ¢ 124 00§ - - ‘op 0bsS-1D
auoispues
Sinqsaudkepm
{auoispues
‘uonewsoy
sed awos $1339)j2 dingsaufem Jo
Arepunoq 3jqeswiaduw] - 981 - - - - 91T 1'v7 18-€ -§ J1oqudw JPPIN  £18-10,  3ingsaufem
‘op 334 6€°L 9-01 XL y-01 X 9 L90° 'S - - ‘op 108-1D0
auoispues jed
‘op - 879 - - [1% +'6 §T 8'6 18-§T-9 finqsaukem  911-1D, uos1aAy
‘op 96 1 ¢-01 X 01 p-01 X8 I 99 - - ‘op 8$9-10
auoispues
ingsauiep,
a8e1018 ‘leOd VY 104
woyy ppth pakeRa el (44 - - 80’ 0t ra [ 18-L1-9 8inqsaukepy  118-1D, spleren
‘op Sy 9'8l 9-01 X L0 ,.01X60 9T 0tt - - ‘op £08-10
Jpeys
pue Juoispues
asea|as ‘uotiewsog
sed adie| 1109352 3ingsauiep jo
A&1repunoq s|qeswsaduw] - $°9¢ - - 0l 0tl 6'¢l L't 18-67-L 12quiaw PPIN  TO8-1D, maping
syrewy (193)) (133)) (- 1WADLYJ20D (p/W) G\NE (simoy) (unu/ed)  pauels (shun lquinu ealy
(124 padwnd umop a8ei018 a8es015  AwAnonpuod  Kuaissiw  Surdwind jo et aeq 8unieaq IELN
wolj dueISyy -Mmeip syadg stnelpAy -suel] uonein( Suduing -191eM uoliea
QoL a8riony fedutd -135qQ

uoyowJso4 Bingsauhbp ay Ul S|jOM UOHDAIBSTO YHM 531 184inby jo Aowwng ‘g 8|qoL





30 WATER RESOURCES OF GREENE COUNTY

pumping well. This condition is not believed to
have a significant effect on the storage-
coefficient results determined from the observa-
tion well data. Storage coefficients of unconfined
aquifers (specific yield) were not determined.
However, based on the type of aquifer materials
in the area, the specific yield is expected to range
from 0.05 to 0.3.

Results from single-well pumping and slug-
injection-type aquifer tests are greatly influenced
by aquifer conditions close to the test well. For
this reason, the transmissivity value determined
from a single-well pumping test represents a
relatively small volume of the aquifer. Thus, the
value of transmissivity is not as reliable as a value
determined from an aquifer test in which obser-
vation wells were at some distance from the
pumping well. Slug-test results represent still a
smaller volume of aquifer. However, for wells
tightly cased in low-transmissivity aquifers, the
slug test can provide more accurate results than
the single-well pumping test because of the dif-
ficulty of pumping continuously from the unit.
Despite the lower reliability of results from
single-well tests, the test methods were consis-
tent from well to well. Therefore, comparisons
of results with respect to depth, lithology, and
topographic setting are expected to be valid.

The average hydraulic conductivity ranges
from 2.4 x 107% to 50 ft/d (feet per day) ac-
cording to the results of all hydraulic testing
(Tables 5 and 6). Hydraulic conductivity is con-
trolled by secondary and primary permeability
of the rocks tested. The wide range of measured
hydraulic conductivity within each geologic for-
mation is the result of various combinations of
the permeability components. Secondary perme-
ability, the dominant component, is related to
the number and size of opening of fractures in
the aquifer, whereas primary permeability is
related to the rock types in the aquifer. These
controlling primary and secondary permeability
factors are interrelated insofar as rock type af-
fects the nature and degree of fracturing,.

Secondary permeability and, to a lesser extent,
primary permeability decrease with depth. This
relationship was evident at three specific loca-
tions where a deep aquifer and a shallow aquifer

were tested by using well clusters—Gr-805/Gr-
806; Gr-807/Gr-808; and Gr-810/Gr-811 (Plate
1). These site-specific results suggest that average
hydraulic conductivity decreases one order of
magnitude for every 100 feet of depth. Also,
when hydraulic conductivities measured in each
formation are compared in terms of average
depth of testing, a relationship of decreasing
permeability with depth is apparent.

In addition to depth of occurrence, aquifer
lithology directly and indirectly affects the aver-
age hydraulic conductivity. The ranking of
hydraulic conductivity from highest to lowest
among bedrock water-bearing units is as follows:
(1) coal, (2) sandstone, (3) siltstone and shale,
and (4) limestone. Coal beds commonly have the
greatest density of fractures. Sandstone has the
highest primary permeability among the water-
bearing units. Most of the permeability of silt-
stone and shale is attributed to fracturing, which
is commonly filled by clay. Limestone, due to
high density and clay content, has the lowest
relative permeability among the water-bearing
units. However, limestone may become highly
permeable near the water table where chemical
weathering causes solution openings.

Depth and lithology can be used to explain the
variability of hydraulic conductivities in Tables
5 and 6. For instance, the average hydraulic con-
ductivities in wells tapping shallow coal and
sandstone water-bearing units (wells Gr-118,
Gr-602, Gr-813/Gr-540, Gr-814, and Gr-815)
are among the highest of all wells tested. Con-
versely, wells tapping deep water-bearing units
composed of any lithology (wells Gr-805, Gr-
807, Gr-810, and Gr-812) have average hydrau-
lic conductivities that are among the lowest of
all wells tested. A shallow limestone unit, such
as that tapped by well Gr-250, can be more
permeable than a coal and sandstone unit located
at greater depth, such as that tapped by well
Gr-807.

The average hydraulic conductivity appears to
be related to the topographic setting of the well.
An aquifer located at a certain depth below a
valley commonly has a higher average hydraulic
conductivity than the same aquifer located at a
similar depth below a hilltop. Aquifers beneath
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hillsides or upland draws tend to have average
hydraulic conductivities that are between the
values of the same aquifers located at similar
depths below valleys and hilltops. For example,
wells Gr-523, Gr-116, and Gr-802 are respec-
tively located at a hilltop, upland draw, and
valley. The principal water-bearing unit in each
of these wells is a sandstone in the Waynesburg
Formation located at an average depth of 85 to
100 feet. The valley site has the largest hydraulic
conductivity and the hilltop site the smallest. A
difference of practically an order of magnitude
occurs between average hydraulic conductivities
determined at the hilltop and upland draw sites
and between values determined at the upland
draw and valley sites. The correlation of topo-
graphic setting to hydraulic conductivity is be-
lieved to be the result of variations in fracture-
controlled permeability. Fractured bedrock is
more susceptible to the erosional forces that
create valleys. Existing valleys, in turn, promote
potential stress-relief fracturing (Wyrick and
Borchers, 1981).

According to two aquifer tests, values of hy-
draulic conductivity in alluvial aquifers are com-
parable to the highest conductivity values found
in the bedrock aquifer tests. The alluvial aquifers
tested were composed mostly of silt and clay. Un-
doubtedly, the gravel layer, which is less than a
foot thick at well site Gr-804, caused the dif-
ference between hydraulic conductivities de-
termined for both alluvial aquifers tested (Table
6). The 7'4-hour pumping test at well Gr-804 did
not indicate a hydraulic connection to Enlow
Fork located about 57 feet away. Note that well
Gr-654 taps an alluvial aquifer in addition to a
limestone unit in the underlying Greene Forma-
tion. The average hydraulic conductivity of
strictly the bedrock aquifer tapped by well Gr-
654 is probably smaller than the average hy-
draulic conductivity reported for the well.

The unconsolidated Carmichaels Formation
was not tested for hydraulic properties. Because
the composition of the Carmichaels Formation
is similar to that of alluvium, average hydraulic
conductivities are probably on the same order of
magnitude as the alluvium aquifer results. Con-
ceivably, at its largest reported thickness of 80

feet, a completely saturated Carmichaels Forma-
tion could have a transmissivity greater than 500
ft2/d (square feet per day).

Comparison of test results on aquifers grouped
by topographic setting and similar depths sug-
gests that average hydraulic conductivity is
highest in aquifers of the Waynesburg Forma-
tion and lowest in aquifers of the Greene For-
mation. Alluvium aquifers rank closely with the
aquifers in the Waynesburg Formation, and
aquifers in the Washington Formation are more
comparable to aquifers in the Greene Formation.
Lack of test data precludes the specific ranking
of aquifers within the Uniontown, Pittsburgh,
and Casselman Formations. In general, sand-
stones in the Pittsburgh Formation and the
Morgantown sandstone bed of the Casselmar
Formation are similar in composition to the
sandstones in the Waynesburg Formation.
Hence, hydraulic properties of these untested
sandstones are expected to be similar to values
determined from the aquifers in the Waynesburg
sandstone of the Waynesburg Formation. How-
ever, the remainder of the Uniontown, Pitts-
burgh, and Casselman Formations is composed
chiefly of low-permeability limestone, shale, and
mudstone.

Vertical hydraulic properties of the rock for-
mations were not directly determined in this
study. Available data imply that vertical hy-
draulic conductivity (measured across bedding)
is much smaller than horizontal hydraulic con-
ductivity (measured along bedding) of rock for-
mations. At three locations, test wells were con-
structed to tap different aquifer horizons within
a small area (Plate 1). Wells in each of the
aquifer horizons at these well-cluster sites were
pumped at different times while water levels were
measured in the unpumped aquifer horizons.
Water-level change due to pumping of either the
overlying or underlying aquifer was not detected
in any of the tests. Probably the largest vertical
stress by such pumping tests was imposed on the
rocks separating the aquifer tapped by wells
Gr-808 and Gr-809. The distance between the
wells is 41 feet. The bottom of the shallow well
aquifer, Gr-809, is 24 feet above the top of the
open interval of the deeper well, Gr-808, and
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represents the minimum possible thickness of
rocks between the aquifer horizons. Well Gr-808
was pumped at 20 gal/min for 75 minutes, re-
sulting in a maximum drawdown of 37 feet in
the pumped aquifer. For most of that time a gra-
dient of 1 ft/ft (foot per foot) was imposed
across the interaquifer rocks near the pumping
well. Yet, no decline in water level was detected
in the shallow aquifer at well Gr-809.

Large differences between static water levels
in shallow wells and deep wells located along
hilltops are another indication of low vertical
permeability. The indicators discussed above sug-
gest that the ratio of horizontal to vertical hy-
draulic conductivity probably is greater than
10:1.

FLOW

A conceptual model of the groundwater-flow
system was developed to estimate regional effects
of stresses such as drought, pumping, or min-
ing. Geology, topography, groundwater levels,
aquifer hydraulic properties, and water-level
fluctuations were among the factors used in the
design of the conceptual groundwater-flow
model.

The source of groundwater is that portion of
precipitation that escapes evaporation, transpira-
tion, and overland runoff and seeps downward
through soil and rock to the zone of sat'iration.
Below the water table, the surface of the satu-
rated zone, groundwater moves downward and
laterally from elevated recharge areas to dis-
charge locations such as springs and streams, and
then upward again to major stream valleys
(Figure 10). Groundwater movement can be
categorized into two general flow systems—a
shallow, local aquifer system and a deeper, re-
gional aquifer system. Most groundwater circula-
tion occurs within the local aquifer system, which
is composed of the more permeable bedrock
aquifers. The boundary between these aquifer
systems is not a definitive surface but a zone of
transition in which the differences in flow rate
are subtle.

The overall thickness of the local aquifer
system is limited by the bedrock permeability.

Aquifer test data indicate an order of magnitude
decline in hydraulic conductivity for every 100
feet of depth. The depth of existing water wells
inventoried in the area rarely exceeds 200 feet.
Therefore, the bottom of the local aquifer system
roughly parallels the land surface at a depth of
150 to 175 feet.

Local

Rainfall and snow melt pass vertically through
the soil zone and enter the local flow system at
the water table. Once below the water-table sur-
face, water flows toward areas of lower head
along paths of least resistance. Beneath hills,
downward movement is retarded by low-
permeability confining layers such as shale,
mudstone, and unfractured limestone. At shal-
low depths above the water table, these confin-
ing layers can cause perching of groundwater,
and flow is directed laterally along bedding
planes toward hilisides, where the water dis-
charges at springs or seeps (Figure 10). At greater
depths, the hydraulic head is commonly great
enough to force vertical leakage through confin-
ing layers into the underlying confined water-
bearing units.

Water levels in wells less than 100 feet deep
and spring and seep discharges respond readily
to changes in precipitation. In contrast, water-
level fluctuations in deeper, tightly cased wells
have a much slower or negligible response to
precipitation changes. These observations sug-
gest that recharge is rapid in the upper 50 to 75
feet of the local flow system, probably through
fractures, and the dominant groundwater move-
ment is lateral along water-bearing units. Base
flow of small- and intermediate-sized streams is
groundwater discharge principally derived from
the local flow system beneath adjacent hills.
Many upland valleys and draws cannot sustain
a base flow because the water table fluctuates
below the stream bottom for a certain part of
the year. During these periods of low fluctuation,
groundwater moves out of the upland valleys and
draws as subsurface flow along the valley floors
and is termed underflow.
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Figure 10. Schematic cross section showing local and regional groundwater movement.

The characteristic of confining layers to retard
downward movement of groundwater is indi-
cated by head differences between water-bearing
units located at various depths. A cluster of
wells, in which each of two wells taps different
bedrock horizons, was installed at three topo-
graphic positions: a hilltop, an upland valley,
and the edge of an intermediate-sized valley

(Plate 1). At each cluster location, the poten-
tiometric head of the shallow water-bearing unit
was higher than the potentiometric head of the
deeper. The vertical head gradient between the
water-bearing unit (difference in potentiometric
head divided by vertical distance between the
aquifers) was greatest beneath the hilltop site.
The earlier analysis comparing water levels to
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well depth also provides evidence of decreasing
head with depth of water-bearing unit beneath
hills and upland valleys. A more quantitative
analysis of head gradient and distribution is pre-
sented in the flow-model section.

Regional

Some water leaves the local flow system by
slow downward vertical leakage into the underly-
ing regional flow system. Groundwater move-
ment in this deeper system is predominantly
lateral toward major valleys and is stagnant
relative to the circulation in the local flow sys-
tem. Discharge from the regional aquifer system
is by upward leakage beneath major valleys
(Figure 10).

According to oil and gas drilling reports, briny
water (greater than 35,000 parts per million
dissolved solids) is first encountered at depths
ranging from 1,700 to 2,000 feet below land sur-
face. The top of this briny water marks the base
of the freshwater (less than 10,000 parts per
million dissolved solids) flow system.

Little is known about the regional flow system
because few water wells penetrate the deep
aquifers. For this investigation, two wells were
installed to determine potentiometric heads in
deep aquifers in unmined areas. One well,
Gr-805, was drilled to a depth of 652 feet and
has casing sealed to a depth of 438 feet. This well
is near White Cottage (Plate 1), a possible
recharge area to the regional flow system, along
the drainage divide between the Ohio and
Monongahela Rivers. In 1981, the potentiometric
head in well Gr-805 was 1,074 feet above sea
level. Another well, Gr-803, was drilled to a
depth of 218 feet and has casing sealed to a depth
of 87 feet. It is about 10 miles north of well
Gr-805 and is in the valley drained by Enlow
Fork, a possible discharge area for the regional
system. In 1981 the potentiometric head in well
Gr-803 was 942 feet or about 2 feet above the
level of Enlow Fork during low-flow conditions.
If this differential head (132 feet) is represent-
ative of the maximum range of head values in
the regional aquifer system, and considering the
distance between the wells and the low hydraulic

conductivity of the rocks, then the lateral flow
rate within this system is very low.

Flowing wells, Gr-320, Gr-402, and Gr-654,
penetrate relatively deep water-bearing units
beneath valleys and provide evidence of upward
groundwater flow and possible discharge from
the regional flow system. Well Gr-402 is between
the Waynesburg syncline and the Bellevernon an-
ticline; well Gr-654 is between the Washington
anticline and the Nineveh syncline (Plate 1).
Valley well Gr-366, which is in the same struc-
tural setting as well Gr-654, recently stopped
flowing probably as a result of groundwater
withdrawals for commercial use. Flow in these
three wells could be influenced by geologic struc-
ture whereby the aquifer is recharged at some
altitude above the land-surface altitude at the
well. However, flowing well Gr-320 is near the
axis of the Amity anticline, which clearly in-
dicates groundwater movement driven by a
regional head condition. Well Gr-814, which
flows in response to heavy rainfall, and flowing
well Gr-41 are both less than 70 feet deep. These
wells actually tap the local aquifer system but
flow due to unusually rapid recharge, perhaps
through fractures.

Based on data from deep wells, the natural
discharge of groundwater from the regional flow
system is relatively small, and probably occurs
in stream valleys that are below the 1,000-foot
altitude in western and central Greene County.
Presumably, discharge from regional flow in
eastern Greene County is controlled by the level
of the Monongahela River, which has an altitude
of about 770 feet. Well data to support this hy-
pothesis are unavailable or are unreliable because
both abandoned and active underground mines
in eastern Greene County may affect the ground-
water-flow system.

Simulation

A numerical model was developed to improve
the conceptual understanding of groundwater
flow in the bedrock. A numerical model of
groundwater flow allows one to solve a series of
equations by using known hydrologic factors and
estimates of poorly known factors. The results
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are compared to the real aquifer system. The
model is calibrated by adjusting the values of
estimated factors, such as hydraulic properties
of aquifers, until the computed heads match the
water levels or potentiometric heads measured
in the real system. Once calibrated for conditions
of steady and nonsteady flow, the model may be
used to evaluate the effects of hydrologic stresses
such as drought, pumping, or mining. However,
the determination of the ‘‘goodness’’ of the
match of model-generated water levels and ac-
tual water-level and head measurements in the
calibration procedure can be a very subjective
operation. The uncertainties involved in the cali-
bration procedures must be kept in mind when
using the model to evaluate effects of hydrologic
stresses. Details regarding model construction,
assumptions, and calibration are discussed in
Appendix 5. A glossary of groundwater-model
terms is provided on page 113.

Description and Calibration of Model

The distribution of hydraulic conductivity in-
dicated in Figure 11 and a horizontal to vertical
hydraulic conductivity (K,/K)) ratio of 200 gave
the best overall model calibration. Model-
computed heads were within 20 feet of all
calibration points shown in Figure 12. All
vertical-head gradients were within the range of
gradients measured or estimated in the upper 600
feet of the actual aquifer system. This combina-
tion of hydraulic-conductivity distribution and
anisotropy also provided a reasonable distribu-
tion of flow rates to the constant-head nodes,
which represented groundwater discharge and
recharge along the water table and discharge to
a 2,000-foot-wide mine entry.

According to available data, the conditions of
hydraulic conductivity selected for the best
overall calibration may not be the most suitable
for the entire cross-sectional area model. The
most reliable data for adjustment of hydraulic
conductivity for model calibration were near the
upper part of the model for depths less than 150
feet. For depths greater than 150 feet, the
hydraulic conductivity shown in Figure 11 is ac-
tually larger than values indicated by available

500 —

1000 -

DEPTH
(feet below land surfoce}

- {k,=5.0x 107 feet per day
1500 |- -

- Tl\(;&im_u'm depth of model -

2000 1 1 1 I 1 1 1

1x10° 1x10* 1x102 1x10° 1x102
HORIZONTAL HYDRAULIC CONDUCTIVITY
(feet per day)

Figure 11. Distribution of hydraulic conduc-
tivity that produced the best over-
all calibration of the cross-section
flow model.

aquifer test data. A K,/K, ratio of about 50
gave the best head matches at points located less
than 200 feet below hilltops, whereas a K,/K,
ratio of 400 provided the best head match at the
deepest calibration points. Even though the
model does not simulate these specific conditions
exactly, the general agreement between observed
and computed values of hydraulic conductivity,
head, and mine inflow is sufficient for the model
to approximate flow within the cross-sectional
area.

Figure 13 shows the distribution of potentio-
metric heads produced by the calibrated model.
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Figure 12. Position of calibration points used in the steady-state cross-section flow model (numbers
identify wells from which relative heads were obtained).

Flow lines, which indicate the general direction
of groundwater movement, have been qualita-
tively constructed from the potentiometric con-
tours by considering aquifer anisotropy, non-
homogeneity, and vertical exaggeration of the
section. The resulting flow net is not intended
for quantitative analysis, but can provide insight
to relative flow conditions in different parts of
the groundwater aquifer system.

Figure 13 indicates that most groundwater cir-
culation occurs in a local flow pattern where
water moves from high points on the water table
to adjacent valleys. Flow is predominantly par-
allel to the water-table surface, and head gra-
dients are greatest beneath the water-table slopes
and in a vertical direction. On the other hand,
water in the deeper regional aquifer system
moves principally in a horizontal direction from
major drainage divides to a major valley. Some
recharge to the regional system also occurs by
slow vertical leakage beneath the center of the
water-table highs.

The relative rates and distribution of recharge
(and discharge) can be determined from the
model results by analyzing net flow rates in or
out of the model at each constant-head node.
Along each water-table slope, recharge to the
local aquifer system was about 1% times greater
near the hilltop than near the valley. The slopes
of the hillsides subtly affected net rates of re-
charge and discharge such that specific recharge
(rate per unit area) decreases and specific dis-
charge increases with an increase in hillside slope.

Flow in the local aquifer system converges
toward the valley bottoms where discharge is
concentrated. Model discharge at the valley-
bottom nodes was proportional to the size and
depth of the valley (water-table depression).
Specific discharge was about 2.1 (ft"‘/s)/mi2
(cubic feet per second per square mile) at the bot-
tom of valleys C, D, and E, which represent
intermediate- and major-sized valleys in Greene
County. Specific discharge at valley A was about
1.3 (ft’/s)/mi’ and at valley B was less than 0.06
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Figure 13. Distribution of potentiometric head computed from the calibrated steady-state model.

(ft/s)/mi’. Upward leakage was indicated in all
valleys except valley B, which represents a draw
or upland valley setting. The water that leaks
downward beneath this valley apparently aug-
ments the discharge at the bottom of valley C,
which, owing to its size alone, would not other-
wise discharge as much as valleys D or E.
About 36 percent of the total model discharge
occurs at the valley-bottom nodes, which con-
stitute only 18 percent of the model length.
Therefore, 64 percent of the model discharge oc-
curs at the nodes that represent hillside springs.
This translates into a specific model discharge
of 0.54 (ft/s)/mi’. About 30 percent of this

rate reentered the model as recharge along the
hillside nodes, leaving a net specific spring
discharge of 0.38 (ft>/s)/mi’. This model spring
discharge is over two orders of magnitude greater
than any measured rates. The discrepancy is be-
lieved to be the result of inability to measure the
actual total spring discharge in the field, and the
inability of the model to resolve complex flow
conditions near the water-table boundary. Along
any given hillside, many springs are in the form
of undeveloped seeps, which are difficult to lo-
cate and measure. Furthermore, water flows in
and out of the upper few feet of the shallow
aquifer system along hillslopes, where the water
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table commonly crosses a number of water-
bearing units and confining layers. This water,
for all practical purposes, is delayed discharge
from the shallow aquifer system, which ulti-
mately supplements base flow in the nearest
stream. The model spring discharge is in the same
order of magnitude as small basin seepage mea-
sured in the Whiteley Creek watershed. Hence,
the distribution of model-computed discharge for
the local aquifer system is believed to be reason-
able.

The total discharge from the regional aquifer
system occurs at the constant-head nodes in the
bottom of valley D in Figure 13. However, the
net discharge to the bottom of valley D is only
slightly larger than the discharge at valleys C or
E, which have no regional discharge compo-
nents. The difference in specific discharge be-
tween valley D and valleys C or E is about 0.5
percent of the total model discharge and may be
interpreted as the relative proportion of model
discharge that is of regional origin.

The results of the steady-state cross-section
model are believed to represent the general
groundwater conditions in Greene County. How-
ever, three specific conditions are possible in the
real aquifer system that are not fully simulated
by the above model. These conditions are that
(1) the ratio K,/K, is probably not uniform
throughout the aquifer system, (2) a regionally
extensive aquifer layer may be present, and
(3) vertical zones of high permeability might oc-
cur along fracture zones.

The ratio of horizontal to vertical hydraulic
conductivity used in the model is least represen-
tative of field values near the water-table boun-
dary, where vertical fracturing due to stress relief
or weathering would effectively reduce the model
ratio K, /K, from 200 to about 50. The digital
model does not contain the flexibility to vary
anisotropy across the finite-difference grid;
therefore, model calibration to field-recorded
head data was less representative at points closest
to the water table. By knowing that a decrease
in the K,/K, ratio would result in a decrease in
vertical-head gradient, calibration at points
where field data exist could be approximated.
Even with these approximations for model cali-

bration, the errors to the general flow concept
and subsequent mine simulations are expected to
be insignificant.

Extensive aquifers that have transmissivities
much larger than surrounding water-bearing
rocks (condition 2) are possible in Greene Coun-
ty. The Waynesburg sandstone (Piper, 1933) and
the underlying Waynesburg coal of the Waynes-
burg Formation commonly constitute a single
confined aquifer that is 30 to 60 feet thick. Ac-
cording to test holes, these rock units are known
to extend several square miles. In addition, the
occurrence of vertical fracture zones (condition
3) has been speculated as the cause of a number
of straight valleys, stream channels, and other
linear features detectable on aerial photographs
or satellite imagery. Owing to the possible oc-
currence of conditions (2) and (3), thin zones of
high hydraulic conductivity oriented in a hori-
zontal and vertical direction were independent-
ly simulated in the cross-section model. The
results were evaluated to determine the possible
effects of such features on the groundwater-flow
regime.

Flow in Regional System

An extensive aquifer was represented in the
cross-section model by specifying values of
hydraulic conductivity larger than calibrated-
model values along a row of finite-difference
blocks. Such a row was simulated at three levels
in the cross section (Figure 14). At each row, two
simulations were made to represent a 50-foot-
thick aquifer having a hydraulic conductivity that
is (1) 100 times, and (2) 10 times the block values
of the original calibrated model. For each simu-
lation, all remaining model input properties were
unchanged from the calibrated model. Head
changes caused by the extensive aquifers were
then compared with the calibrated model.

Row 6 simulates an aquifer about 150 feet
above the major drainage level (Figure 14). An
increase in hydraulic conductivity of 100 times
the calibrated-model value decreased heads at all
nodes in and just above row 6, causing vertical-
head gradients to increase slightly above the
simulated aquifer. Directly below row 6, heads
remained unchanged or increased slightly, except
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near the water table, where the head declined
slightly.

The row 6 aquifer simulation effectively re-
distributed model recharge and discharge along
the hillside nodes. Net discharge decreased above
the aquifer and increased at and below the
aquifer. Recharge increased along hillside nodes
near row 6. Discharge to valley bottom nodes in-
creased less than 5 percent in all but valley B,
which intersects the aquifer layer. At valley B,
discharge was 20 times the discharge without the
aquifer layer. The simulation in which row 6 was
adjusted by a 10-fold increase produced a similar
redistribution of heads and constant-head flow
rates, but magnitudes were smaller.

These results are generally representative of the
conditions that could be expected in Greene
County where an exceptional aquifer such as the
Waynesburg sandstone is above the major drain-
age level. Spring discharges and water availability
would increase at or directly downgradient from
such an aquifer. However, above the aquifer,

rocks would be partially drained, the water table
could be lowered, and the availability of ground-
water would decrease. Model results indicate that
this type of aquifer would have little effect on
the regional flow system.

An aquifer that would be about 100 feet below
the major drainage level was simulated along row
11 (Figure 14). With a 100-fold increase in hy-
draulic conductivity along this row, heads de-
creased at all nodes along and adjacent to the
layer except directly beneath valley D, where they
increased. The largest decline in the model-
computed head, 27 feet, was in row 11 beneath
the major divide at the right model boundary.
The largest increase in the model-computed
head, 13 feet, occurred within row 11 beneath
valley D.

The total model discharge was unaffected by
changes in hydraulic conductivity in row 11.
However, flow to individual valley bottoms was
altered. Specific discharges to valleys C and E
were decreased by about 10 percent and to valley
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A by about 7 percent. At valley B, where base
flow was small to begin with, specific discharge
was decreased by about 31 percent. Specific
discharge to valley D was increased by about 27
percent. Row 11 adjusted by a 10-fold increase
produced similar results but with smaller mag-
nitudes.

The model results suggest that a regionally ex-
tensive aquifer located about 100 feet below ma-
jor drainage level could effectively reduce local
discharge to both small- and intermediate-sized
drainages. Model results indicate that the aquifer
would redirect local and regional flow toward
major drainages, where base flow would in-
crease.

A regionally extensive aquifer that would be
about 440 feet below major drainage level was
simulated by the model at row 16 (Figure 14).
For a 100-fold increase in hydraulic conductivity,
model-computed heads decreased to a maximum
of 14 feet in row 16 at regional flow system boun-
daries of the model and increased by 14 feet
beneath valley D. A 10-fold increase in model
hydraulic conductivity in this row resulted in no
significant change in head or discharge. Accord-
ing to the model results, an extensive aquifer
located more than 400 feet below major drainage
level would have little effect on steady-state flow.
However, heads would be slightly redistributed
in the regional system.

Flow in Vertical Fracture Zone

A zone of fractured rock generally has higher
hydraulic conductivity than the surrounding un-
fractured rock. A vertical fracture zone was rep-
resented in the cross-section model (Figure 15)
by assigning values of hydraulic conductivity
larger than the calibrated-model values along a
column of finite-difference blocks. At each of
these different column positions, a steady-state
simulation was made to effectively represent a
500-foot-wide zone having vertical and horizon-
tal hydraulic conductivities 10 times the values
of the original calibrated model described earlier.
This representation could be equivalent to a
much narrower zone that has larger hydraulic
conductivity; for example, a 25-foot zone hav-
ing a 200-fold increase. In addition to these

simulations, a 100-fold increase in hydraulic con-
ductivity was modeled at each of the zones
beneath a valley setting. As with the horizontal-
aquifer simulations, values for all other parame-
ters in the original calibrated model remained
unchanged.

Simulating increased hydraulic conductivity
along column 21 of the model would represent
a vertical fracture zone beneath a major valley.
Increasing the hydraulic conductivity by a fac-
tor of 100 caused computed heads to be redis-
tributed mostly within the lower part of the cross
section. Heads were depressed a maximum of 35
feet along column 21. Figure 16 shows the new
distribution of potentiometric head resulting
from the increase in hydraulic conductivity along
column 21, Heads along column 21 are practical-
ly uniform such that the upward gradient toward
the bottom of valley D was reduced to less than
0.004 ft/ft.

Total model discharge was increased by less
than 0.6 percent as a result of the column 21 ad-
justment. The discharge was concentrated in
valley D, and there was a specific-discharge in-
crease of less than 8 percent to the valley bot-
tom nodes. Most of this flow was derived local-
ly at shallow depths below the water table.

Column 21 adjusted by a factor of 10 pro-
duced a head redistribution that was not signifi-
cantly different from the 100-fold adjustment.
Total model discharge was about 15 percent
smaller than that produced by the 100-fold
adjustment.

A vertical fracture zone was simulated along
column 12 (Figure 15) below valley C, which
represents an intermediate-sized valley. An in-
crease in the hydraulic conductivity of column
12 by a factor of 100 produced a S- to 10-foot
decrease of computed heads in the lower part of
the model section. Unlike the previously de-
scribed vertical fracture-zone simulation beneath
valley D, the heads were depressed in an asym-
metrical manner where only nodes located along
and to the left of the adjusted column were
altered. Total model-computed discharge in-
creased by 0.9 percent with a 15-percent increase
of specific discharge to the bottom of valley C.
As before, most of the increased discharge to the
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Figure 15. Positions of the vertical fracture zone simulated in the calibrated cross-section model

(letter identifies valley).

fracture-intersected valley was caused by redi-
rected flow from nodes located near the water-
table boundary. A 10-fold increase in the hy-
draulic conductivity to column 12 produced a
model-computed head distribution that was prac-
tically identical to the results of the 100-fold in-
crease. The total and specific model discharges
were smaller for the 10-fold simulation by less
than 10 percent.

The model results suggest that a vertically
oriented fracture zone beneath a valley would
slightly depress potentiometric heads and most
of this change would occur in the regional aqui-
fer system. The resulting head distributions show
that regional flow would be perpendicular to the
fracture zone. However, where a fracture zone
intersects an intermediate-sized valley adjacent
to a major valley, regional flow would still be
directed past the smaller valley to the major
valley.

Model results also indicated that a fracture
zone could redirect a small amount of shallow

groundwater to increase base flow. However, an
order of magnitude difference in effective per-
meability of the fracture zone would produce
only a small change in base flow to the valley.
Furthermore, a fracture zone beneath a small
valley could produce a larger specific discharge
than the same fracture zone located beneath a
larger valley. This effect probably results from
greater flow convergence in the smaller valley,
which has steeper slopes than the major valley.

Although a valley fracture zone may not
significantly change the flow conditions of the
aquifer system, well yields from such locations
presumably would be larger. In addition, short-
term sustained yields (less than 6 hours) would
probably be directly related to the magnitude of
permeability associated with the fracturing.
However, owing to the reduced vertical-head gra-
dients, a well constructed in a fracture zone
would probably not flow. The occurrence of ver-
tical fracture zones may be a possible reason why
deep valley wells commonly do not flow in
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hydraulic-conductivity zone along column 21.

Greene County. Other effects of fracture zones
on groundwater availability are addressed in the
section ‘‘Hydrologic Effects of Coal Mining.”
A fracture zone beneath a hilltop was repre-
sented in the model by a 10-fold increase in the
hydraulic conductivity along column 16 (Figure
15). The largest head increase along column 16
was above the drainage level. Practically no head
change was observed below this level.
Recharge increased to the model mostly
through the water-table node intersected by col-
umn 16, where the rate was more than 8 times
the calibrated-model rate. This recharge, in turn,
increased discharge at all nodes representing
springs along the hill bisected by column 16.

Specific discharge rates were largest near the
hilltop and gradually diminished downslope.
The recharge computed from the model along
the hilltop was equivalent to an annual rate of 70
inches. The maximum probable annual rate of
recharge (assuming no runoff and no change in
evapotranspiration) would be less than 18 inches
for Greene County. If the model recharge were
restricted to this smaller rate, the head along col-
umn 16 would be much lower. At shallow depths
below the water table, heads would be even less
than in the unfractured case, and horizontal flow
would be toward column 16. Heads would still
be larger than those for the nonfractured condi-
tion at the deeper nodes, and column 16 would
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be a conduit for lateral recharge to adjacent
nodes. Restricted model recharge would also
redistribute and reduce spring discharge. Overall,
spring discharge would increase along hillsides
near hilltop fractured zones.

Vertical fracture zones along hilltops are
believed to be possible but not common in
Greene County. A 100-fold increase in hydraulic
conductivity was expected to be particularly un-
common and was not simulated. Nevertheless,
the model results illustrate the possible hydro-
logic effects that a fracture-intersected hill would
have on the deep local and regional aquifer
systems.

GUIDELINES FOR
DEVELOPING SUPPLIES

The individual homeowner generally has little
choice in the selection of a well site. Usually the
well location is restricted to the proximity of the
residence and a power supply, and the only con-
sideration given to well siting is the prevention
of possible contamination. Siting of a ground-
water supply for stock, commercial, or public use
may not be as restricted. For both situations, an
understanding of the geologic and hydrologic in-
formation given in this report, combined with
proper well construction, usually can make the
difference between a successful and unsuccessful
well or spring. The following facts and pro-
cedures, listed in order of importance, may be
helpful when considering a groundwater supply.

General Procedures

1. The yields and quality of water of nearby
wells and springs often indicate what can
be expected at a site. The depth of existing
wells and the altitude of springs mark the
location of aquifers and water-bearing
units in a specific area.

2. Wells installed and tested during dry pe-
riods, when water levels are lowest, permit
the optimum setting of pumps. Also, the
adequacy of the well is best tested at that
time, and the quality of water is common-

ly at its worst. The relative permanence of
a proposed spring is also best established
during this period.

. Most aquifers in Greene County include

fractured rocks located within 200 feet of
land surface. Generally, drilling a well
beyond this depth does not increase well
yield, and water quality commonly be-
comes worse. Furthermore, the depth to
water usually increases with greater well
depth, which in turn increases the pump-
ing cost. Only in valley settings, where well
depth does not significantly affect the
depth to water in the well, would the drill-
ing to depths greater than 200 feet be
practical.

. Where wells yield meager supplies of water,

as much storage capacity as possible is
desirable. Storage tanks or reservoirs may
be used to provide necessary storage. Con-
sideration may also be given to drilling
wells with a larger than usual diameter to
provide as much storage capacity as possi-
ble in the well itself. For example, each foot
of water in a 6-inch-diameter well repre-
sents about 1% gallons. Each foot of water
in an 8-inch-diameter well represents about
2V gallons. Thus, wells that contain 50 feet
of water have 75 gallons in storage in a
6-inch-diameter well and 125 gallons in an
8-inch-diameter well. The cost of drilling
a well that is more than 8 inches in diameter
may become prohibitive below a certain
depth. The cost of well storage needs to be
compared to that of ground-level storage.

Site Selection Restricted

. Target aquifers—Bedrock aquifers con-

taining sandstones commonly have high
yields and good-quality water. Coal beds
also produce high yields but water may be
undesirable because of its sulfur content.
The best sandstone and coal water-bearing
units are found in the Waynesburg Forma-
tion. Sand and gravel deposits in the Car-
michaels Formation and valley bottom
alluvium are potentially good shallow
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aquifers; however, these unconsolidated
aquifers commonly are limited in saturated
thickness and are susceptible to drought.
Plate 1 can be used to locate possible target
aquifers at a particular site. Along hilltops
and hillsides, the geologic map shows sur-
face exposures of favorable aquifers that
can be used to estimate the well depth in
a particular area.

The structure map on the base of the
Pittsburgh coal (Plate 1) can also be used
to estimate the depth to a specific aquifer.
This method is especially useful in valley
sites where the aquifer depth is more dif-
ficult to obtain from a surface geologic
map. As an illustration, the depth to the
bottom of the Waynesburg sandstone can
be estimated at Graysville in western
Greene County. The generalized geologic
column on Plate 1 indicates that the aver-
age thickness of rocks between the bottoms
of the Pittsburgh coal and the Waynesburg
sandstone is about 360 feet. At Graysville,
the altitude of the bottom of the Pittsburgh
coal is 400 feet (Plate 1). By adding 360 feet
to this altitude, the altitude of the bottom
of the Waynesburg sandstone (760 feet) can
be estimated. The topographic contours of
Plate 1 show that the land-surface altitude
at Graysville is about 1,100 feet. The depth
to the bottom of the Waynesburg sand-
stone would therefore be 1,100 minus 760,
or 340 feet. This depth, drilling costs, and
the potential for low yield might discourage
the development of the Waynesburg sand-
stone aquifer at Graysville. Sandstones in
the overlying Washington Formation might
be selected as an alternative target aquifer.

The accuracy of this method of deter-
mining the depth to the aquifer is limited
by the estimate of the rock thickness be-
tween the Pittsburgh coal and the target
aquifer, which is variable across the coun-
ty. In addition, this procedure only allows
one to estimate the expected depth to a par-
ticular aquifer, but does not guarantee that
the aquifer is present; owing to lateral

discontinuity, the aquifer can be absent in
any given location. There is no substitute
for data from nearby wells for the best
estimate of the presence and depth of a par-
ticular aquifer.

. Topographic setting—Procedures pertinent

to the general topographic position of a

groundwater supply follow.

(a) Hilltop: Wells are commonly drilled
only to the depth of sufficient yield.
Increasing the well depth for added
yield or storage commonly results in
water-level decline and sometimes
complete loss of well yield. Also, an
uncased deep well can often reduce the
yield of a nearby shallow well.

(b) Hillside: In addition to procedures for
the hilltop setting, wells need to be
sited at some distance from potential
contamination points such as septic
tanks, trash dumps, or stock pens
located upgradient. At many hillside
locations, springs are a suitable alter-
native to wells as a potable water sup-
ply. However, care must be exercised
to eliminate contamination when using
springs for domestic supply. For stock-
water supply, the spring box and stor-
age tank construction used by the Soil
Conservation Service, U.S. Depart-
ment of Agriculture (1969) has proven
to be successful. In some places,
several springs can be developed and
the combined discharge piped to the
desired location. Where conservation
is critical, multiple storage tanks may
be used.

(c) Valley: Highly mineralized ground-
water is shallowest beneath valleys.
This condition commonly limits the
depth of valley wells to be used for
domestic supply. High-yielding shal-
low wells are possible in the alluvium
of major valleys, but groundwater is
susceptible to contamination by sur-
face activities. Tightly cased deep wells
in large valleys may be free flowing.
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Site Selection Unrestricted

1. Well sites can be located near target aqui-

fers containing sandstones or coal beds dis-
cussed previously. On any given hillslope,
springs developed farthest downhill are
most likely to produce the highest sustained
yields during drought periods.

. Of all the topographic positions, wells in
valleys have the greatest probable success
of producing high well yields. These high
yields are commonly due to fracturing be-
neath the valley bottom. This fracturing is
expected to diminish beneath adjacent hills,
thereby limiting the effective areal extent
and yield of such aquifers. Therefore, an
aquifer test of more than 24-hours dura-
tion needs to be done on valley wells pro-
posed for public or commercial use. Such
a test can also be used to document the pos-
sible interference of heavy pumping on
nearby wells. The effective drawdown from
a high-capacity valley well is expected to
extend greatly along the axis of the valley.
. As most wells are completed in bedrock
and water primarily moves through frac-
tures, the locations of fracture traces can
help in choosing sites of optimum yield.
The most conspicuous linear features can
be identified and plotted on aerial photo-
graphs of the general area of interest. These
aerial photographs can then be taken into
the field to help locate possible fracture
traces. The best site for a well is reported
to be at the intersection of two or more
traces. Parizek and others (1971) deter-
mined that the width of fracture zones
ranged from 15 to 60 feet and averaged 39
feet in the siltstones and shales of western
Pennsylvania. A trained professional hy-
drogeologist could be consulted to accu-
rately locate such narrow zones by this
method. The groundwater-flow model in-
dicated that a fracture zone beneath a hill-
top may actually serve to drain the shallow
aquifers. So a well drilled to shallow depth
on a hilltop fracture trace may not always
be successful.

General information on the development of
small well-supply systems may be obtained from
a manual prepared by the U.S. Environmental
Protection Agency (1974) entitled Manual of In-
dividual Water Supply Systems. The manual in-
cludes sections on drilled and dug well construc-
tion, spring development for domestic use, and
sanitary protection of water supplies. The publi-
cation may be obtained from the Superintendent
of Documents, Government Printing Office
(stock number 055-001-00626-8), Washington,
D.C. 20402.

SURFACE WATER

The surface-water characteristics of Greene
County streams were analyzed using streamflow
and precipitation data collected at the sites shown
on Plate 1. Each surface-water site is listed in
Table 7.

Long-term streamflow records were used to
estimate the magnitude and distribution of future
streamflow. Short-term records were adjusted
through correlation with the long-term records
to estimate low-flow frequencies. The two long-
term gaging stations in Greene County were
South Fork Tenmile Creek at Jefferson, Penn-
sylvania (site 103, 48 years of record), and Dunk-
ard Creek at Shannopin, Pennsylvania (site 211,
40 years of record). Streamflow data from
Wheeling Creek at Elm Grove, West Virginia
(site 519, 40 years of record), were also used for
correlation purposes. Two years of streamflow
data were available from three short-term gag-
ing stations established specifically for this study.
These stations were Whiteley Creek near Kirby,
Pennsylvania (site 311), Castile Run at Clarks-
ville, Pennsylvania (site 111), and Enlow Fork
near West Finley, Pennsylvania (site 503). Base-
flow discharge measurements taken at 93 addi-
tional surface-water sites throughout the coun-
ty were also used for streamflow analyses.

Precipitation data were collected at five sites.
Three sites were operated by the U.S. Geological
Survey and two by the National Weather Service.

Streamflow characteristics of the five con-
tinuous gaging stations and the 93 intermittent
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Table 7. Station Names and Drainage Areas for Surface-Water Sites
Site number Station Location Drainage area
(see Plate 1) number Latitude Longitude Station name (square miles)
101 03072840 39°59'51" 80°02'31" Tenmile Creek near Clarksville 133
102 03073540 39°58'21" 80°0202" Tenmile Creek at Clarksville 334
103 03073000 39°55'23" 80°04'22" South Fork Tenmile Creek at 180
Jefferson
104 03072990 39°54'30” 80°05'10” Mine outflow 1 near Jefferson Seep
105 03072995 39°54'36” 80°05'06" Mine outflow 2 near Jefferson Seep
106 03073003 39°55'42" 80°05'02" Abandoned mine drainage at Mather Seep
107 03073005 39°56'20" 80°04'36" Unnamed tributary at Mather .14
108 03073007 39°56'31” 80°03's51”" do. 17
109 03073012 39°57'19” 80°03'08" Unnamed tributary near Clarksville .04
110 03073009 39°57'08” 80°03'40" Unnamed tributary near Jefferson 1.04
111 03073030 39°57'44” 80°03'12" Castile Run at Clarksville 6.21
112 03073028 39°57'37” 80°03'21" Unnamed tributary at Clarksville .03
113 03073026 39°57'51" 80°03'59" do. .06
114 03073024 39°57'54” 80°04'17" do. .19
115 03073022 39°57'58" 80°04 '44" Unnamed tributary near Clarksville 77
116 - 03073019 39°57'57" 80°04'48" Castile Run near Clarksville 3.35
117 03073016 39°58'37" 80°06'30" Unnamed tributary near Clarksville 17
118 03073014 39°58'36” 80°06'50" Castile Run near Clarksville .81
119 03072770 39°53'06” 80°04'02" Muddy Creek near Khedive 3.61
120 03072985 39°55'12" 80°06'54" Ruff Creek near Mather 2.62
201 03072810 39°57'01" 79°58'50" Neel Run at Rices Landing 2.19
202 03072803 39°55'02" 79°56'56" Unnamed tributary 1 near Seep
Carmichaels
203 03072805 39°55'11"  79°56'47" Unnamed tributary 2 near Seep
Carmichaels
204 03072765 39°53'20" 79°55'23" Pegs Run at Nemacolin .76
205 03072763 39°53'16” 79°55'17" Unnamed tributary at Nemacolin Seep
206 03072776 39°52'48” 79°59'50" Unnamed tributary near Carmichaels .18
207 03072777 39°52'50" 79°59'S1" Muddy Creek near Carmichaels 19.1
208 03072807 39°55'44"  79°56'12" do. 31.6
209 03072755 39°51'34"  79°56'47" Little Whiteley Creek at Paisley 8.34
210 03072740 39°48'02" 79°58'39" Unnamed tributary near Mapletown 47
210A 03072742 39°48'05" 79°58'29” do. .14
211 03072000 39°45'38” 79°58'24" Dunkard Creek at Shannopin 229
212 03071950 39°45'00" 79°57'56" Unnamed tributary near Bobtown 75
213 03071945 39°44'53" 79°58'20" Unnamed tributary at Taylortown 17
214 03071940 39°44 45" 79°58'05" do. 12
215 03062966 39°43'17" 79°55'33" Crooked Run near Point Marion —
216 03071704 39°45'00" 79°55'06" Unnamed tributary at Dillner .52
217 03071706 39°45'05" 79°55'30" do. .35
218 03071708 39°45'28" 79°55'59” Unnamed tributary at Poland Mines 1.03
219 03072750 39°49'16” 79°57'08" Whiteley Creek near Mapletown 524
220 03071935 39°44'45" 79°58'52" Unnamed tributary at Taylortown .03
221 03071930 39°44 22"  79°59'07" do. .58
301 03071800 39°437'42" 80°19'54" Garrison Fork at Jollytown 6.51
302 03071805 39°43'52" 80°16'53" Toms Run at Brave 17.7
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Site number Station Location Drainage area
(see Plate 1) number Latitude Longitude Station name (square miles)
303 03071815 39°43'18” 80°16'21" West Virginia Fork at Brave 27.1
304 03071807 39°43'19” 80°16'14" Pennsylvania Fork Dunkard Creek 38.0
at Brave
305 03071820 39°43'38” 80°15'49" Hoovers Run at Brave 11.3
306 03071825 39°943'16" 80°12'53" Roberts Run near Brave 12.3
307 03071830 39°43'39” 80°10'39” Rudolph Run near Brave 9.44
308 03071840 39°43'55” 80°05'48" Shannon Run near Mount Morris 9.76
309 03071860 39°44'10” 80°03'58" Dunkard Creek at Mount Morris 203
310 03071925 39°43'55" 80°00'43" Unnamed tributary near Mount A2
Morris
311 03072670 39°47'39” 80°08'10" Whiteley Creek near Kirby 5.95
312 03072660 39°48'03” 80°10'51" Whiteley Creek near Oak Forest .66
312A 03072665 39°47'52" 80°09'14" Patterson Run near Kirby 2.90
313 03072710 39°48'47" 80°03'58" Frosty Run near Garards Fort 4.70
314 03072773 39°51’13" 80°01'37" South Branch near Garards Fort 4.96
315 03072715 39°48°'58” 80°01'39" Minor Run near Garards Fort 2.63
316 03072720 39°48 '44”  80°00'48" Whiteley Creek near Garards Fort 39.6
317 03072725 39°48'52" 80°00'30" Unnamed tributary at Garards Fort 1.36
318 03071920 39°45'59” 80°01'15" Meadow Run at Davistown 5.92
319 03071803 39°46'30" 80°19'06" Toms Run near Pine Bank 3.99
320 03072705 39°48 20" 80°05'08" Dutch Run near Kirby 3.89
321 03072703 39°48°31” 80°05'47" Dyers Fork near Kirby 9.76
401 03072850 39°53'00" 80°18'59" South Fork Tenmile Creek near 18.7
Rogersville
402 03072847 39°53'43" 80°20'29" Grays Fork near Graysville 8.54
403 03072879 39°56 26" 80°17'25" Patterson Creek near Nineveh 7.33
404 03072875 39°57'18” 80°18'25" Browns Creek at Nineveh 6.89
405 03072975 39°56'35” 80°07'33" Ruff Creek near Mather 22.2
406 03072970 39°56'37" 80°07'58” Unnamed tributary near Ruff Creek .27
407 03072965 39°57'07"” 80°08'46" Craynes Run near town of Ruff Creek 5.31
408 03072945 39°57'47" 80°11'37" Ruff Creek near town of Ruff Creek 6.31
409 03072895 39°55'38” 80°14'45" Bates Fork at Sycamore 13.6
410 03072905 39°54'14" 80°12'37" Wisecarver Run near Waynesburg 3.98
411 03072910 39°53'56"” 80°12°23" Browns Creek at Waynesburg 45.7
412 03072865 39°52'40" 80°13'46" Pursley Creek near Waynesburg 12.5
413 03072920 39°53'54” 80°10'57" Purman Run at Waynesburg 2.47
414 03072930 39°53'38” 80°09'34" Laurel Run at Morrisville 4.93
415 03072915 39°53'24” 80°11'06" Smith Creek at Waynesburg 10.7
416 03072925 39°53'26” 80°10'27” Sugar Run at Waynesburg 1.10
501 03111570 39°58'40” 80°23'48" Enlow Fork near Graysville 6.87
502 03111580 39°58 '40” 80°26'46" Templeton Fork near West Finley 20.8
503 03111585 39°58'06" 80°26'53” Enlow Fork near West Finley 38.1
504 03111590 39°57'18" 80°30'34" do. 48.1
505 03111830 39°55'31” 80°30'20" Dunkard Fork near Wind Ridge 72.4
506 03114105 39°44°'49" 80°29'50" Pennsylvania Fork Fish Creek near 23.5
Deep Valley
507 03111805 39°55°'00” 80°29'C6”" Mine drainage 1 near Wind Ridge Seep
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Table 7. (Continued)

Site number Station Location Drainage area
(see Plate 1) number Latitude Longitude Station name (square miles)
508 03111807 39°55'02" 80°29'06" Mine drainage 2 near Wind Ridge Seep
509 03114093 39°45'34" 80°25'48" Pennsylvania Fork Fish Creek at 7.42

New Freeport
510 03114098 39°45'05” 80°27'59" Bissett Run at Deep Valley 3.25
511 03111705 39°49'47" 80°26'49" South Fork Dunkard Fork at Aleppo 8.14
512 03072860 39°52'03" 80°17'17" McCourtney Run at Rogersville 14.2
513 03072855 39°52'00” 80°17'20" Hargus Creek at Rogersville 7.22
514 03111680 39°51'32” 80°23'09" Job Creek near Bristoria 8.99
515 03111685 39°52'04" 80°24'55" North Fork Dunkard Fork at 18.4
Bristoria
516 03111700 39°53'31” 80°28'33" North Fork Dunkard Fork near 28.0
Wind Ridge
517 03111800 39°53/27" 80°23'38" South Fork Dunkard Fork near 26.7
’ Wind Ridge
518 03111820 39°55'03" 80°29'06" Crabapple Creek near Wind Ridge 7.80
519 03112000 40°02'40" 80°39'40" Wheeling Creek at Elm Grove, 282
W. Va.

sites were used to describe the quantity, occur-
rence, and distribution of discharge through the
use of hydrograph analysis, runoff analysis, flow
durations, and low-flow frequencies.

HYDROGRAPH ANALYSES

Precipitation intensity and duration probably
have the greatest effect on streamflow, but other
climatic conditions, such as season, temperature,
and relative humidity, also affect the streamflow.
Physiographic factors that affect streamflow in-
clude geology, topography, vegetative cover,
soils, and land use.

Streamflow hydrographs and precipitation for
the three short-term gaging stations for the 1981
water year are presented in Figures 17 to 19. The
1981 water year was chosen because it was typical
of the seasonal streamflow variations normally
observed in southwestern Pennsylvania. The
precipitation shown in the figures was measured
at a nearby rain gage. All three hydrographs in
Figures 17 to 19 indicate similar streamflow
variations throughout the year. The hydrographs
show the typical low flow in October and early

November; an increase in flow in late November
and December as evapotranspiration decreased
and winter rains and snowfall increased; a de-
crease in flow in late December and January
when ice formed on the streams; an increase in
flow in February due to thawing and an increase
in rainfall; a slight decrease in flow in March due
to a decrease in precipitation; an increase in flow
in April resulting from increased rainfall and
snow melt; a decrease in flow in May as rainfall
decreased and evapotranspiration increased; an
unusually high flow in June due to large amounts
of rainfall; and generally low flow in July, Au-
gust, and September, interrupted by high flows
in late July and early September caused by thun-
derstorms.

RUNOFF ANALYSES

Total runoff in a stream is composed of base
flow, which is groundwater discharge, and sur-
face runoff, which is the part of the runoff that
travels over the soil surface to the nearest stream.
Measured total runoff for the five gaging stations
in Greene County for the 1980 and 1981 water
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Figure 17. Streamflow hydrograph and precipitation for Castile Run at Clarksville, Pennsylvania

(site 111), for the 1981 water year. For months having 30 days, each bar represents
total precipitation for a 5-day period, and each point on the hydrograph represents
total discharge for a 5-day period; each bar or point at the end of months having 31
days represents a 6-day period, and each bar or point at the end of February represents

a 3-day period.

years is listed in Table 8. Runoff decreased from
1980 to 1981 at all five gaging stations; this was
due to the decrease in precipitation. Measured
precipitation in the Whiteley Creek, Castile Run,
and Enlow Fork drainage basins decreased by 20
percent, 11 percent, and 8.5 percent, respective-
ly, from 1980 to 1981. The decrease in total
runoff from 1980 to 1981 in these three basins
was about 30 percent in Whiteley Creek, 20 per-
cent in Castile Run, and 20 percent in Enlow
Fork. Comparing the measured precipitation
amounts with the inches of runoff (Table 8) for

both the 1980 and 1981 water years shows that
51 percent of the annual precipitation reached
Whiteley Creek, 48 percent reached Enlow Fork,
and only 40 percent reached Castile Run.

LOW-FLOW FREQUENCY

The suitability of streams for water supply is
generally determined by the magnitude of low
flows. Understanding low-flow characteristics of
streams is essential in determining the adequacy
of streamflow for extended periods of little or
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Figure 18. Streamflow hydrograph and precipitation for Whiteley Creek near Kirby, Pennsylvania
(site 311), for the 1981 water year. See Figure 17 for explanation of time periods

represented by bars and points.

no rainfall. Low flow at a location depends on
(1) the distribution of precipitation over the
drainage basin; (2) the temperature regimen,
which may permit the storage of water as snow
for considerable periods, and which also in-
fluences the evapotranspiration rates; and (3) the
soil and geologic characteristics, which control
the recharge and discharge of groundwater in the
basin (Riggs, 1972, p. 2).

A low-flow frequency curve is a graph relating
the magnitude and frequency of annual mini-
mum flows for a given number of consecutive
days. The 7-day, 10-year low flow is the index
most commonly used as a critical-flow factor and
as a minimum dilution flow in the design of
waste-water treatment plants. This index repre-
sents the lowest 7-consecutive-day mean flow

that is expected to occur once every 10 years, or
that has a 10 percent probability of occurring in
any one year. The 7-day, 10-year low flows for
three long-term stations, two in Greene Coun-
ty, Pennsylvania, and one in Marshall County,
West Virginia, are 0.36 ft/s (cubic feet per
second) for South Fork Tenmile Creek (site 103),
1.34 ft’/s for Dunkard Creek (site 211), and
0.60 ft*/s for Wheeling Creek (site 519) in West
Virginia (Figure 20).

Regression analyses of daily mean base flows
from long-term gaging stations with concurrent
base flows of short-term gaging stations can be
used to estimate low-flow characteristics at short-
term gaging stations. For example, a regression
analysis of selected daily mean base flows from
Castile Run (site 111, 2 years of record, 1980-81)
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Figure 19. Streamflow hydrograph and precipitation for Enlow Fork near West Finley, Pennsylvania
(site 503), for the 1981 water year. See Figure 17 for explanation of time periods

represented by bars and points.

with corresponding daily mean base flows at
South Fork Tenmile Creek (site 103, 49 years of
record, 1933-81) was used to estimate the 7-day,
10-year low flow for Castile Run (Figure 21).
This method was also used for the other two
short-term stations. The computed 7-day,
10-year low flows for the Whiteley Creek, Castile
Run, and Enlow Fork stations were 0.03 ft'/s,
0.2 ft*/s, and 0.3 ft’/s, respectively.

One or more base-flow discharge measure-
ments taken each year at partial-record stations
can provide nearly as much low-flow informa-
tion for comparison as a complete flow record
of a few years length (Riggs, 1972, p. 10). Base-
flow measurements taken at selected partial-
record stations were plotted against concurrent
discharges from nearby long-term stations, and

7-day, 10-year low-flow discharge values were
computed for the partial-record stations (Figure
22; Table 9).

FLOW DURATION

The flow distribution and variability of
streams may best be shown by a flow-duration
curve. The flow-duration curve is a cumulative-
frequency curve that shows the percentage of
time during which specified discharges were
equaled or exceeded in a given period of record.
This curve provides a means of comparing one
basin response with another basin response.

The shape of the flow-duration curve is a result
of the hydrologic and geolcgic characteristics of
the drainage basin. A curve having a steep slope
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Table 8. Measured Runoff and Precipitation for the Five Greene County Gaging Stations for the

1980 and 1981 Water Years

1980

1981

Drainage
area

Mean runoff
Station

(see Plate 1) (mi) ft*/s)  [(f/s)/mi?]

(inches)

Measured
precipi-
tation

(inches)

Measured
precipi-
tation
(inches)

Mean runoff

(ft’/s)  [(ft*/s)/mi®]  (inches)

Whiteley Creek 5.95 10.7 1.80 24.51
near Kirby

(site 311)
Castile Run at 6.21 7.93 1.28
Clarksville

(site 111)
Enlow Fork near 38.1
West Finley

(site 503)
South Fork 180 305 1.69
Tenmile Creek
at Jefferson

(site 103)
Dunkard Creek 229 425 1.86
at Shannopin

(site 211)

17.38
67.0 1.76 23.93

23.09

25.26

45.42 7.45 1.25 17.00 36.28

41.28 6.32 1.02 13.83 36.75

46.85 53.8 1.41 19.18 42.85

- 226 1.26 17.06 —

- 310 1.35 18.40 —_

denotes a highly variable streamflow that is
mainly from direct surface runoff, whereas a
curve having a flat slope indicates streamflow
that is mainly from surface-water or ground-
water storage, such as permeable rocks, lakes,
and reservoirs. A flat slope at the lower discharge
end of the curve indicates sustained base flow,
and a steep slope indicates a negligible base flow
(Searcy, 1959). Flow-duration curves for South
Fork Tenmile Creek at Jefferson (site 103) and
Dunkard Creek at Shannopin (site 211) are
shown in Figure 23. The South Fork Tenmile
Creek curve is based on data collected from
October 1933 through September 1981 and the
Dunkard Creek curve on data collected from
October 1942 through September 1981. Since
these two duration curves are based on long-term
flow data, they can be considered probability
curves and used to estimate the percentage of
time that a specified discharge will be equaled
or exceeded in the future.

Both curves have a relatively steep slope in the
middle and upper discharge ends, indicating a
highly variable streamflow. The slope of the

Dunkard Creek curve is somewhat flatter at the
lower end than the South Fork Tenmile Creek
curve. The Dunkard Creek basin has much more
mining than the South Fork Tenmile Creek
basin, and pumped water from the deep mines
during the low-flow periods probably contributes
most of the sustained base flow. Figure 23 also
shows the flow-duration curves developed for
Whiteley Creek (site 311), Castile Run (site 111),
and Enlow Fork (site 503). The curves are based
on data collected from October 1979 through
September 1981. The curves show that 10 per-
cent of the time, the flow was less than 7.3 ft3/s
in Enlow Fork, less than 1.2 ft*/s in Castile
Run, and less than 0.8 ft*/s in Whiteley Creek.

GROUNDWATER CONTRIBUTION

Based on an analysis of streamflow records of
South Fork Tenmile Creek and Enlow Fork and
groundwater levels in alluvium adjacent to En-
low Fork, groundwater discharge (base flow) to
the stream is about half of the total runoff, or
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Figure 20. The 7-day, 10-year low-flow curves for Dunkard Creek at Shannopin, Pennsylvania (site
211), Wheeling Creek at ElIm Grove, West Virginia (site 519), and South Fork Tenmile
Creek at Jefferson, Pennsylvania (site 103).

about 21 percent of average annual precipitation.
As indicated in Table 10, records from three dif-
ferent water years were used in the analysis. For
South Fork Tenmile Creek, data in the 1940’s
represent premining or early mining conditions,
and data in 1981 are probably affected by min-
ing. Streamflow data for Enlow Fork represents
conditions in an unmined basin in 1981. Water

levels from six observation wells in Greene Coun-
ty indicate that the change in groundwater
storage was insignificant in water year 1981. The
1942 and 1948 water years were chosen for com-
parison to 1981 because rainfall and runoff pat-
terns appeared to be similar for the two periods.

Analysis of the 1940’s data for South Fork
Tenmile Creek suggests that the percentage of
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Figure 21. Relationship of concurrent flows in South Fork Tenmile Creek (site 103) and Castile
Run (site 111) for the 1980 and 1981 water years.

annual runoff and precipitation that is ground-
water discharge does not change appreciably. In
terms of climatic trends, Figure 3 indicates that
groundwater levels were about normal in the
1940’s. Water levels in 1981 were either normal
or still recovering from a climatic dry period.
Based on records from 1941 to 1980, precipita-
tion was above normal in 1981. If groundwater
levels were low in 1981, base flow would have
been a smaller percentage of runoff than during
years of normal groundwater levels and pre-
cipitation. For these reasons, the results for
South Fork Tenmile Creek are believed to show
the effects of mining, which are generally most
noticeable during low-flow periods. The dif-
ference between the 1940’s groundwater dis-
charge for South Fork Tenmile Creek and the
groundwater discharge for Enlow Fork may be
attributed to natural differences between the
basins such as area, local relief, and vegetative
cover,

WATER QUALITY
PRECIPITATION

Samples of precipitation were collected at
three sites during storms in March 1980 and June
1981 to show the natural quality of rainfall in
Greene County. Laboratory analyses of the
samples are given in Table 11. Sulfate, nitrate,
and pH are commonly used to assess the ‘‘acid
rain problem.”” The low pH values correspond
to data collected by the U.S. Environmental Pro-
tection Agency (1979), indicating that the average
annual pH of rainfall is less than 4.5 over most
of the eastern United States. The average sulfate
and nitrate concentrations measured at the three
precipitation sites were 3.5 mg/L and 0.39 mg/L,
respectively. These concentrations are very simi-
lar to concentrations reported by Pack (1980) in
a study of the northeastern United States from
August 1978 through June 1979. Pack reported
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Table 9. Computed 7-Day, 10-Year Low Flows
for Long-Term, Short-Term, and
Partial-Record Sites

7-day, 10-year
7-day, 10-year Drainage discharge per
Site number  discharge area square mile
(see Plate 1) (ft%/s) (mi?) (((ft*/s)/mi?) x 10~3)-

101 1.5 133 1

103 .36 180 2.0
11 2 6.21 32

115 02 a7 26

116 .05 3.35 15

207 01 19.1 .52
211 1.3 229 5.7
212 .01 .75 13

219 .07 52.4 1.3
303 .02 27.1 74
309 5 203 2.5
311 .03 5.95 5.0
404 .06 6.86 8.7
405 .06 22 2.7
407 .08 5.31 15

408 01 6.31 1.6
409 .03 13.6 2.2
2503 3 38.1 7.9
1519 .60 282 2.1

'Long-term station.
2Short-term station.

that the average sulfate and nitrate concentra-
tions for southwestern Pennsylvania were 3.36
mg/L and 0.42 mg/L, respectively.

GROUNDWATER

The constituents and properties commonly
used to evaluate water quality include specific
conductance, pH, acidity, alkalinity, chloride,
hardness, sulfate, iron, and manganese. Concen-
trations of these constituents and other major
and minor anions and cations are given in Tables
18 and 19 for the wells and springs sampled dur-
ing this study, and for a few wells sampled by
Piper (1933).

The major groundwater-quality problems are
high concentrations of iron, manganese, and
hardness. Minor problems include hydrogen sul-
fide gas, methane gas, and occasional high con-
centrations of chloride.

Concentrations of more than 300 ug/L of iron
stain laundry and porcelain. The taste of iron
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Figure 23. Flow-duration curves for Dunkard
Creek (site 211), South Fork Ten-
mile Creek (site 103), Enlow Fork
(site 503), Whiteley Creek (site
311), and Castile Run (site 111).

may be detected readily at concentrations as low
as 1,800 ug/L (U.S. Environmental Protection
Agency, 1976). The U.S. Environmental Protec-
tion Agency (EPA) recommended drinking water
limit for iron was established at 300 ug/L for
esthetic reasons (U.S. Environmental Protection
Agency, 1977). The EPA recommended limit for
manganese was established at 50 ug/L because
at higher concentrations it can cause brown spots
in laundry, form dark precipitates, and impart

99.99
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Table 10. Base Flow Computed from Analysis of Streamflow Hydrographs

.. Base. flow
Precipi-
Water tation Percentage of Percentage of
Watershed year (in./yr)" (in./yr) total runoff precipitation
South Fork Tenmile Creek 1942 35.34 6.64 53.7 18.5
do. 1948 40.08 7.44 51.2 18.6
do. 1981 42.56 9.82 57.2 23.1
Enlow Fork 1981 42.56 10.1 52.6 23.6

'Waynesburg, Pa., National Weather Service station; records are for indicated water year.

an unpleasant taste (U.S. Environmental Protec-
tion Agency, 1977).

Groundwater in the principal water-bearing
units in the county commonly has concentrations
of iron and manganese above the EPA recom-
mended limits. Most concentrations are a result
of oxidation processes and are unrelated to coal
mining. Iron and manganese can be removed
from drinking water by water treatment, in-
cluding oxidation procedures followed by filter-
ing or ion exchange processes. About 75 percent
of wells sampled tapping the Greene Formation
have iron and manganese concentrations above
recommended limits. In wells tapping the Wash-
ington Formation about half of the samples had
iron and manganese concentrations above rec-
ommended limits. In the Waynesburg Forma-
tion, iron and manganese concentrations were
above recommended limits in about one half and
one third, respectively, of the wells sampled.

Hardness is due mostly to calcium and mag-
nesium. Hardness descriptions are related to con-
centrations of calcium carbonate ranges as fol-
lows (Brown and others, 1970, p. 95):

Hardness range

Hardness description (mg/L of CaCO,)

Soft 0-60
Moderately hard 61-120
Hard 121-180
Very hard More than 180

Hard to very hard water was found in wells
and springs throughout the county. About half
of the sampled wells that tap the Greene Forma-

tion had very hard water. In the Washington and
Waynesburg Formations, about half of the wells
and springs sampled had hard to very hard water.

Hydrogen sulfide (H,S) gas, characterized by
its distinctive rotten-egg odor, was occasionally
reported by well owners. During pumping tests,
the odor was present in the discharge of a few
wells. Total sulfide concentrations (Table 18)
ranged from 0 to 3.2 mg/L in 14 wells sampled;
six of the wells had detectable concentrations of
sulfide. In six samples that came from wells that
tap the Washington, Waynesburg, Uniontown,
and Pittsburgh Formations, the concentrations
of total sulfide were above the EPA (1977)
recommended limit of 0.05 mg/L. The highest
concentration of total sulfide of 3.2 mg/L was
found at well Gr-902, tapping the Uniontown
Formation. This high concentration is probably
the result of surface mining of the Waynesburg
coal in the Waynesburg Formation within 150
feet of the well. The owner of well Gr-902 re-
ported a strong sulfur smell after surface min-
ing was completed. The offensive hydrogen sul-
fide odor can be detected in water containing on-
ly a few tenths of a milligram per liter of sulfide
(Hem, 1970). Hydrogen sulfide gas may cause
black staining of utensils and plumbing fixtures.

Concentrations of arsenic, cadmium, chromi-
um, lead, mercury, selenium, and copper for
wells and springs sampled were below drinking
water limits established by the EPA (1975, 1977).
At observation well Gr-802, however, a concen-
tration of 5,000 ug/L of barium did exceed the
EPA (1975) limit of 1,000 ug/L. This well pro-
duced moderately saline water at a shallow depth
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from the Waynesburg Formation. Concentra-
tions of barium in very saline or briny water can
be from 25 to 500 times the 1,000 pg/L limit
(Poth, 1962); therefore, the concentration of
5,000 ug/L present in moderately saline water
does not appear to be unusual.

The pH of most of the wells and springs
throughout Greene County was within the EPA
recommended drinking water range of 6.5 to 8.5
(U.S. Environmental Protection Agency, 1977).
The range and frequency distribution of pH in
sampled wells and springs are presented in Table
12 by geologic formation. Few pH values were
outside the wider range of from 5 to 9, an EPA
(1976) water-quality criterion for domestic water
supply. The low pH values that were measured
at springs are attributed to mining activities. The
data in Table 12 indicate that the pH values of
water from wells and springs in the same forma-
tion are fairly similar. The pH of spring samples
is slightly lower than the pH of well samples for
the Waynesburg Formation, about equal for the
Washington Formation, and slightly higher for
the Greene Formation.

Salinity

As defined in Hem (1970), terms for waters
having high dissolved solids are as follows:

: Dissolved solids

Term (mg/L)
Slightly saline 1,000-3,000
Moderately saline 3,000-10,000
Very saline 10,000-35,000
Briny More than 35,000

Saline water is present at varying depths be-
neath the entire area. Salinity increases with
depth and is a function of the rate of flushing
of saline water by fresh water.

Data on wells containing saline water are
scarce because these wells are either destroyed
or plugged to prevent entry of saline water into
the freshwater aquifers. In addition, water well
drillers familiar with the situation are careful to
avoid drilling into saline water.

The upper limit of 35,000 mg/L of dissolved
solids in the classification of saline water was set

to be the same as ocean water. Brines are con-
centrated ocean water containing mostly sodium
chloride. According to oil and gas drilling reports
from Greene County, briny water is first encoun-
tered at depths ranging from 1,700 to 2,000 feet
below land surface.

Five wells were sampled that contained mod-
erately saline water (Gr-251, Gr-320, Gr-802,
Gr-803, and Gr-810). Four of the five wells were
in valleys; the other was on a hillside. Well depths
of the five wells ranged from 193 to 374 feet and
averaged 254 feet. Three of the wells tapped the
Waynesburg Formation, and Gr-320 and Gr-810
tapped the Uniontown Formation and the upper
part of the Pittsburgh Formation, respectively.
The dissolved-solids concentrations ranged from
3,350 to 6,670 mg/L. Chloride concentrations
ranged from 1,600 to 3,700 mg/L. The moder-
ately saline water at wells Gr-802 and Gr-803
was at depths of less than 100 feet. This shallow
depth of occurrence may have been a result of
upward migration of briny water through frac-
tures in the bedrock of the valley and partial dilu-
tion of the brines by fresh water. Another cause
of the moderately saline water may be the migra-
tion of briny water from deeper oil and gas hori-
zons to shallow aquifers through nearby aban-
doned oil and gas wells. Well Gr-116 (138 feet
deep) is in a valley and produced slightly saline
water (dissolved-solids concentration of 1,240
mg/L). The chloride concentration from this well
tapping the lower member of the Waynesburg
Formation was 290 mg/L. Although saline water
was not found at many wells, wells drilled in
valleys to depths greater than 100 feet may pro-
duce water containing dissolved solids in unde-
sirable concentrations.

Figure 24 shows data from 50 wells where
specific conductance and dissolved solids were
measured. The distribution of these data is
shown with respect to the 500 mg/L recommend-
ed limit for dissolved solids (U.S. Environmen-
tal Protection Agency, 1977) and the classifica-
tion of saline water by Hem (1970). Most wells
that have high specific conductance, especially
those containing saline water, were subsequent-
ly sampled. The water was analyzed in the lab-
oratory for major anions and cations, and dis-
solved solids. No water wells were found that
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Table 12.  Summary Statistics of pH and Specific-Conductance Data of Groundwater

Number of samples
from wells (W)

Percentage of wells or springs
in which indicated value is

equaled or exceeded

Aquifer or springs (S) Range 90 75 50 25 10
pH
Alluvium w 3 6.3-7.4 — — — — —_
S 1 - 1.7 — — _ —_ —_
Carmichaels Formation w 5 5.1-6.5 — — 5.5 — -
S 2 6.5-7.0 - — — — —
Greene Formation w 4 5.9-9.1 6.3 6.7 7.0 7.4 7.7
S 319 5.5-9.5 6.5 6.9 7.3 7.8 8.2
Washington Formation W 50 5.9-9.5 6.5 6.8 7.1 7.6 8.7
S 113 5.0-9.8 6.5 6.8 7.1 7.4 7.8
Waynesburg Formation w 38 6.2-8.8 6.8 7.0 7.2 7.6 8.5
S 32 3.4-79 6.0 6.6 7.0 7.3 7.5
Uniontown Formation w 8 6.2-7.8 — - 6.9 - -
S 2 2.8-7.0 - — — — —
Pittsburgh Formation W 6 6.4-8.4 — —_ 1.3 — —
Casselman Formation w 2 7.1 — — - — —
Recommended range for pH
(U.S. Environmental Protection
Agency, 1977) 6.5-8.5
Specific conductance (umho/cm at 25°C)
Alluvium w 6 175-725 _ — 255 - —
S 1 200 — — — — -
Carmichaels Formation W 5 105-580 — — 195 — —
S 3 300-530 — — — - —
Greene Formation w 58 250-1,900 309 378 469 635 803
S 329 100-950 200 260 320 410 470
Washington Formation w 61 125-1,485 278 388 486 632 897
S 124 87-890 210 286 388 470 534
Waynesburg Formation w 41 77-11,700 232 450 580 796 1,680
S 37 190-4,100 209 271 480 675 880
Uniontown Formation w 8 165-8,150 — — 590 — -
S 2 720-7,000 — — — — —
Pittsburgh Formation w 6 185-6,700 — — 582 - —
Casselman Formation w 3 530-900 — — — — —
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Figure 24. Classification of salinity of water, based on the relationship between specific conduc-
tance and dissolved solids (Hem, 1970). Dots represent samples collected for the Greene

County study.

contained very saline or briny water. The dis-
tribution of data in Figure 24 shows that most
wells tapped fresh water. Twelve of the 19 wells
having dissolved-solids concentrations greater
than 500 mg/L were either unused wells or test
wells drilled by the U.S. Geological Survey.

Approximate dissolved-solids concentrations
can be estimated from specific-conductance
values. Specific conductance was measured in
188 wells. Dissolved-solids concentrations were
determined in the laboratory for 50 of these
wells. The ratio of dissolved solids to specific
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conductance ranged from 0.50 to 0.76; the me-
dian was 0.62. Thus, a dissolved-solids concen-
tration for a well may be estimated by multiply-
ing the specific conductance by 0.62. A similar
evaluation of specific conductances and dis-
solved-solids concentrations of 10 springs also
produced a median ratio of 0.62.

Specific-conductance data for wells and
springs are summarized in Table 12. The specific
conductances for the wells and springs are given
in Tables 20 and 21, respectively. Within a for-
mation, well water generally has a higher median
specific conductance than spring water. As the
residence time of groundwater increases from
recharge areas to discharge areas, the concentra-
tion of dissolved solids also generally increases.
Much of the flow of springs, especially those on
hillsides close to hilltops, is derived from water
that had short groundwater-flow paths and resi-
dence times. Wells drilled in valleys and deeply
in hilltops and hillsides made up over two thirds
of those sampled. These wells commonly derived
much of their flow from water having longer
flow paths and residence times than water from
springs. Shallow wells on hilltops, however, may
have water of lower dissolved-solids concentra-
tions than water from contact springs on hillsides
close to streams.

In summary, evaluation of specific-conduc-
tance data indicates that about 16 percent of the
wells and 1 percent of the springs sampled have
dissolved-solids concentrations greater than 500
mg/L. It can be concluded from these data that
upward migration of briny water to shallow aqui-
fers through either bedrock fractures or oil and
gas wells is not widespread.

Natural Gas

Natural gas, primarily methane, was observed
in abandoned water wells, in domestic wells, and
during drilling of observation wells. Many local
drillers and residents of the area are aware of
natural gas and will usually vent a buried or
capped water well to bleed off the gas. This safe-
ty precaution is taken because methane (a col-
orless, odorless, flammable gas) can explode if
mixed with oxygen and exposed to a fire source
such as an electric spark.

Methane is an end product of the anaerobic
decay of plants. High concentrations of methane
often occur in coal seams. During drilling of ob-
servation wells, natural gas (probably methane)
was released from coal beds and carbonaceous
shale, in some places at depths of less than 100
feet from land surface. Results of chemical anal-
yses of five gas samples are given in Table 13.
The wells were selected for sampling because of
the observation of natural gas. Methane was
present in concentrations ranging from 25 to 74
mg/L in four of the five samples (Table 13).

Changes Along Flow Path

The chemical characteristics of 57 samples of
wells are shown on Figure 25 in a trilinear water-
analysis diagram. Cations in solution are as-
sumed to be calcium, magnesium, sodium, and
potassium, and anions are assumed to be bicar-
bonate, carbonate, sulfate, and chloride.

Trilinear diagrams can be used to identify the
chemical type of a water sample. The water is
classified according to the ion that makes up 50
percent or more of the cations and anions. For
example, all samples from Group V represent a
sodium chloride water. When no ion composes
50 percent or more of the cationic or anionic
group, the hydrochemical type is designated by
the first and second most abundant ions.

The principal topographic settings and depths
of typical wells are shown in the table included
in Figure 25. Residence time appears to be a con-
trol of principal ions for most samples. Evalua-
tion of the data of Figure 25 shows a general
trend along the groundwater-flow path. Moving
from recent recharge (Group I) through in-
termediate residence time (Group III) to regional
discharge (Group V), the principal ions change
from mostly calcium, magnesium, and sulfate to
sodium, bicarbonate, and chloride. The decrease
in calcium and magnesium and the correspond-
ing increase in sodium concentrations are prob-
ably due to ion exchanges, especially common
in claystones. The increase in sodium can prob-
ably be attributed to the continued solution of
calcium and magnesium and the subsequent ex-
change of the calcium and magnesium for sodi-
um. As water moves to greater depths, the chem-
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Table 13. Dissolved-Gas Analyses of Water from Selected Wellis

(Gas samples were collected at land surface; concentrations are in milligrams per liter)

Depth
of Draw- Water Carbon
Well intake down temperature Nitrogen Oxygen Argon Methane dioxide Ethane
number Date (feet) (feet) (°C) (N,) 0,) (Ar) (CH) (Co,) (CHY
Gr-251 8-25-81 61 15.0 13.0 39 <0.06 0.16 43 41 0.08
320 8-27-81 82 43.4 13.0 1.7 <.06 .13 54 32 9
802 7-29-81 90 8.8 12.5 2.7 <.05 12 74 26 1.0
808 9- 1-81 80 4.7 12.5 27 <.03 .96 1.7 3.9 .02
813 8- 3-81 58 6.5 11.6 18 <.05 .65 25 1.6 .02

ical environment changes from an oxidizing to
a reducing condition. Sulfate is reduced and bi-
carbonate increases. Chloride increases from dis-
solution of minerals along the flow path and is
relatively mobile. The concentration of dissolved
solids generally increases with groundwater resi-
dence time. In Group V, five of six wells con-
tained moderately saline water; the dissolved-
solids concentrations ranged from 3,350 to 6,670
mg/L, and chloride concentrations ranged from
1,600 to 3,700 mg/L.

Water types generally appear to be indepen-
dent of geologic formations sampled. Further-
more, no distinct water type was evident in
samples from specific lithologies such as sand-
stone, shale, limestone, and coal. The vertical
movement and mixing of groundwaters passing
through fractured bedrock composed of a variety
of rock types probably contribute to the vari-
ability of water types within lithologies and for-
mations.

In aquifers containing coal beds, especially the
lower member of the Waynesburg Formation,
sulfate concentrations were frequently higher
than in aquifers not containing coal beds.

SURFACE WATER

The water quality of streams in any area is
affected by many natural and man-made factors.
The water quality for some basins is relatively
stable and consistent, whereas for others it is dif-
ficult to describe or quantify because it varies as

the streams respond to man’s activities and to
daily and seasonal weather conditions.

Most of Greene County has been affected by
man’s activities, which include farming, mining,
logging, industry, and rural development.
Therefore, none of the streams that were sam-
pled were considered to be pristine.

Water quality in rural Greene County can be
defined by the historic and current water-quality
data collected at South Fork Tenmile Creek near
Rogersville (site 401) in central Greene County.
The watershed has a drainage area of 18.7 square
miles, consisting mostly of farmland and forest
land. Water-quality data have been collected in-
termittently at this site since 1960. Most of the
data were collected during base-flow conditions
and are assumed to represent the quality of
groundwater inflow to the stream. The data in
Table 14 show that the water quality is relatively
good and has not changed significantly through-
out the 21 years of record. The pH ranged be-
tween 6.9 and 8.5. The highest specific conduc-
tances, as expected, were measured during peri-
ods of very low flow. The highest measured
specific conductance was 378 umho/cm. Sulfate
concentrations were fairly low and changed very
little throughout the period of record. Sulfate is
often used as an indicator of pollution from acid
mine drainage. Stream alkalinities were between
50 and 110 mg/L, which are concentrations
capable of neutralizing the inflow of moderate
amounts of acid mine drainage.

In the section in this report entitled ‘‘Hydro-
logic Effects of Coal Mining,”’ the overall water-
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IV Group identification in table
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quality characteristics of surface streams through-
out Greene County are explained in further de-
tail, and particular emphasis is given to the ef-
fects of coal mining and acid mine drainage on
the water quality.

HYDROLOGIC EFFECTS OF COAL
MINING

Most coal mining has occurred in the eastern
third and extreme southern part of the county.
The Pittsburgh coal at the base of the Pittsburgh
Formation has been removed largely by under-
ground mining where the thickness of over-
burden is generally less than 500 feet (Figure 26).
The Sewickley coal in the middle part of the
Pittsburgh Formation (locally named the Maple-
town coal) overlies the Pittsburgh coal, and has
also been mined by underground methods. Un-
derground mining methods include room-and-
pillar, pillar recovery, longwall, and a combina-
tion of these. In the room-and-pillar method,
coal is excavated from rooms, and rectangular
blocks or pillars of coal are left to support the
overlying rocks. In the pillar-recovery method,
the pillars are removed as mining is completed
in an area. In the longwall method, coal is re-
moved along a long face, or wall, that is blocked
out between two panel or butt entries. The long-
wall face is commonly 200 to 600 feet long.
Powered self-advancing roof supports are used
so that coal can be safely removed from the
longwall. As the mining face advances, the mine
roof breaks and caves behind the advancing sup-
ports. Shallow beds of coal have been surface
mined mostly in the eastern half of the county.
The Pittsburgh coal has been mined where it is
shallow, but most active surface mines are along
outcrops of the Waynesburg and Waynesburg A
coals in the Waynesburg Formation and along
outcrops of the Sewickley coal. Thinner coal
beds exposed in the county (Plate 1) have been
stripped locally. Abandoned small drift mines
along outcrops of the Waynesburg coal in the
Dunkard Fork and Enlow Fork basins constitute
the only known mining in western Greene
County.

The removal and processing of coal has
changed the quantity and quality of water in the
Appalachian Plateaus region. The extent of some
of these changes was estimated in this investiga-
tion by comparing general hydrologic conditions
between mined and unmined areas. A ground-
water-flow model was used to estimate the effects
of anticipated mining in the western part of the
county on groundwater quantity.

GROUNDWATER
In Storage near Underground Mines

Measured Water-Level Changes

Water loss due to mining of the Pittsburgh
coal in eastern Greene County has been reported
by many well owners. Groundwater levels were
recorded in wells over three different active
underground mines. The type of mining and the
distance between the well bottom and the mined
coal bed differ at each site (Figure 27). Generally,
the magnitude of water-level decline is expected
to be inversely proportional to the thickness of
bedrock between the mine and the well bottom,
as indicated by the hydrographs of wells Gr-253
and Gr-543. A 200-foot water-level drop was
measured in well Gr-253, which is 90 feet above
coal-pillar removal, and an 8-foot decline was
measured in well Gr-543, which is 608 feet above
a longwall mine. However, no decline was ob-
served in well Gr-118, which is 240 feet above
room-and-pillar mining. Mine-roof collapse as-
sociated with the longwall method fractures the
overlying strata. This fracturing might have re-
directed groundwater flow from the shallow
aquifer tapped by well Gr-543 to the deep Pitts-
burgh coal mine.

A part of the hydrograph of well Gr-543 has
been expanded in Figure 28 for detailed analysis.
The position of active mining with respect to the
vertical projection of the well is schematically
shown above the expanded hydrograph. The de-
cline and recovery at well Gr-543 denoted by
““W” in Figure 28 correlate closely with data
from test drilling that penetrated the same for-
mation 845 feet away. A large quantity of water
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Figure 26. Cumulative extent of mining of the Pittsburgh coal at the base of the Pittsburgh Forma-
tion in Greene County, 1978 (mining is more than 90 percent complete in the shaded

area).

was reportedly removed during drilling before
the test hole was cased.

The water-level decline and recovery observed
during March and April 1982 occurred when
longwall mining was directly beneath well
Gr-543 (Figure 28). The rapid decline was prob-
ably due to increased vertical permeability caused
by mining-induced fracturing. The drawdown
was interrupted by aquifer recharge from rain-
fall and permeability variations related to min-
ing disturbance. In less than one day, the water
level recovered 7 feet. At that time, mining had
advanced beyond the vertical projection of well
Gr-543 by about 100 feet. The rate and ap-
pearance of the recovery could be related to the
reduction of the vertical permeability of the
strata overlying the mine complex coupled with
interflow between various water-bearing units

tapped by the open-hole well. As the longwall
panel advanced beyond well Gr-543, mining-
induced fractures may have been reclosed by
strata settlement, which effectively reduced
groundwater flow to the mine or to deeper aqui-
fers. In addition, the shallow aquifer tapped by
well Gr-543 may have subsided with respect to
the water level in the unsubsided aquifer. Subse-
quent recovery of the water level in the subsided
aquifer would then be possible. A sharp decrease
in the recovery rate occurred in mid-April at a
level close to the expected contact between the
alluvium and bedrock aquifers. Differences in
aquifer storage and permeability between such
aquifers are probably the cause of the observed
water-level response.

The 9-foot water-level decline from July
through October 1981 was probably caused by
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Figure 28. Correlation of water level to horizontal distance between longwall mining and ver-

tical projection of well Gr-543.

drought. The closest longwall mining was about
620 feet from the vertical projection of well
Gr-543 during this period, and the water-level
changes closely approximated those of well Gr-
118, which is outside the mining area. Five test
wells (Gr-808, Gr-810, Gr-811, Gr-812, and Gr-
814) were installed above abandoned under-
ground mines. In these wells, the thickness of
rock between the well bottom and the Pittsburgh
coal ranged from 220 feet at well Gr-810 to 520
feet at well Gr-812. The monthly water-level
fluctuations at each of these well sites resemble
the fluctuations over unmined areas (see Appen-
dix 4). These results together with those at well
Gr-543 after April 1982 suggest that water-level
conditions generally stabilize after underground
mining has been completed.

Discharge in Whiteley Creek Basin

A seepage run in the Whiteley Creek basin was
done during base-flow conditions on November
3, 1980. Nine discharge measurements were made
along Whiteley Creek, and 48 discharge mea-
surements were made on its tributaries. Compar-
ison of streamflow measurements made during
a seepage run can show the distribution of base
flow within the basin and the effects of mining
and geology on base-flow losses or gains. Early
November was chosen for the seepage run be-
cause (1) streamflows at nearby long-term sta-
tions (sites 103 and 211 in eastern Greene Coun-
ty) were 11 and 14 percent of mean annual flow,
which indicated that Whiteley Creek was at base
flow; (2) surface-water runoff would have little
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effect on base-flow discharges because no rain
fell during the four days prior to the seepage run;
and (3) heavy frost during late October killed
much of the plant cover, significantly reducing
the effects of evapotranspiration.

The Whiteley Creek basin is within eastern
Greene County (Plate 2). Most of the western
half of the basin has been unaffected by mining,
but the eastern half has been extensively mined.
However, only a few of the deep mines in the
eastern half of the basin discharge into Whiteley
Creek or its tributaries. Most of the mines be-
neath Whiteley Creek discharge water to adja-
cent watersheds.

The Whiteley Creek basin was divided into the
57 subbasins shown on Plate 2. Twenty-four sub-
basins were in unmined areas and 33 subbasins
were in mined areas. Streamflow was measured
or computed for each subbasin, and a discharge
per square mile [(ft3/s)/mi2] was also determined.

The average discharge of subbasins in unmined
areas was 0.06 (ft’/s)/miz. The distribution of
base flow was fairly uniform. No subbasins in
the unmined areas had zero flow or a water loss
and only one subbasin had a discharge less than
0.02 (ft*/s)/mi’.

The average discharge of subbasins in mined
areas was also 0.06 (ft’/s)/mi’. However, the
range of discharges was greater than that in the
unmined subbasins; the mined subbasins had a
low of —0.082 (ft*/s)/mi” and a high of 0.464
(ft/s)/mi*. A negative discharge indicates a
water loss within the basin. Four subbasins had
discharges greater than 0.10 (ft3/s)/mi2. Ten
subbasins had discharges of 0.02 (ft*/s)/mi? or
less. Of these ten subbasins, three had zero flow
and four had a water loss within the subbasin.

The variations in base-flow rates among sub-
basins are believed to be primarily caused by the
effects of geology and the presence or absence
of mining. In the eastern half of the basin, where
the Pittsburgh coal has been extensively deep
mined, the pumping of the mines has probably
resulted in some subbasins having minor losses
of streamflow. The bedrock geology in the basin
changes from the Greene and Washington For-
mations, which predominate in the western half,
to the Waynesburg, Uniontown, and Pittsburgh

Formations, which predominate in the eastern
half. Information from aquifer-testing and well-
inventory data indicate that the water-bearing
properties of the Waynesburg and Uniontown
Formations probably tend to increase base-flow
rates in the eastern half of the basin. The effects
of mining and geology are difficult to quantify
with the limited information. In addition, other
effects on base flow such as land use, slope,
stream withdrawals, and storage of water in
alluvium are uncertain. Thus, no conclusions
about differences in base flows between specific
subbasins can be presented.’

However, general trends in discharge varia-
tions of the subbasins do seem to exist. Base-flow
discharges in subbasins west of Garards Fort,
which come from the Greene and Washington
Formations, are fairly uniform, and there ap-
pears to be no significant difference in base flows
between subbasins in mined or unmined areas.
The largest variation in discharges is among sub-
basins east of Garards Fort, where mining has
been extensive.

Simulation of Effects

The general cross-section model used to im-
prove the understanding of groundwater flow in
unmined areas was used to estimate the effects
of underground coal mining on groundwater
quantity. Boundary conditions and the distribu-
tion of hydraulic conductivity that produced the
calibrated steady-state model were used for all
mine simulations. A hypothetical underground
mine was represented along the center of a row
of finite-difference grid blocks that are 2,000 feet
long and 75 feet thick. To effectively simulate
a 5- to 10-foot void that would result from
mining, the model value of hydraulic conduc-
tivity was multiplied by 100 at each grid block
representing the mine location. The hydraulic
head in an active underground mine is main-
tained at the altitude of the mine floor. For
modeling purposes, drawdown at each mine was
specified as the difference between premining
head, as determined by the calibrated steady-
state model results, and the altitude of the mine.

Cross-section model results may somewhat
misrepresent the effects caused by actual min-
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ing conditions. Flow in the model is restricted
to the planes of the cross section, whereas flow
toward a real mine is three dimensional. The
errors caused by this discrepancy are smallest if
the long axis of the mine is assumed to be at a
right angle to the model cross-section plane. An
additional error of the mine simulations may
result from the fixed water-table boundary,
which is specified in the model. The model-
produced drawdowns may be slightly reduced
near this boundary. In all mine simulations, the
specific flow rate to and from this water-table
boundary was compared against the premining
rates to evaluate possible differences in water
balance. These assumed flow and boundary con-
ditions are expected to cause only small errors
in the computed results and should not affect the
practical value of the model simulations.

Data were not available to calibrate the model
for nonsteady flow to underground mines. How-
ever, with the calibrated steady-flow model and
a reasonable range of specific-storage values, the
probable hydrologic effects of underground min-
ing can be estimated.

Several values of the ratio K,/K, (horizontal
to vertical hydraulic conductivity) were tested
with the nonsteady mine simulations. Small dif-
ferences in drawdown and flow rate resulted
from K, /K, ratios that ranged from 100 to 400.
Therefore, the value accepted for the calibrated
steady-state model (K,,/K,=200) was used for
all mine simulations. A more complete descrip-
tion of the construction and assumptions for the
cross-section flow model may be found in Ap-
pendix 5.

When Overlying Rocks Do Not Collapse. Over
80 percent of the reserves of the Pittsburgh coal
in Greene County lie more than 500 feet below
land surface. Cross-section model simulations
were made to represent general conditions where
a mine opening was 490 feet below valley level.
The distribution of drawdown, flow rates into
the mine, and flow rates out of the water-table
boundary were computed for seven different
times in a period representing 20 years. The
distribution of drawdown around the 490-foot-
deep mine after 15 days and after 6 years of min-

ing is illustrated in Figures 29 and 30, respective-
ly. For this simulation, a uniform specific storage
of 1 x 10~5/ft was used and represents the me-
dian of test results in shallow aquifers (Table 6).

A sensitivity analysis of specific storage was
tested with the mine simulations to determine the
significance of variation from the 1 x 10~6/ft
value. The range of 1 x 1077 to 1 x 1073/ft
probably brackets the range of actual specific
storage in bedrock aquifers in Greene County.
In Figure 31, the rate of drawdown at node (9,
13) is indicated for simulations representing a
period of 20 years using three values of specific
storage. During the first year of mining, the rate
of drawdown increases as specific storage de-
creases. However, the maximum drawdown is
unaffected by the value of specific storage used.

Specific mine inflow was also plotted against
time for the various specific-storage values
(Figure 32). Like the drawdown curves, the rate
of response differs, but the result of a simula-
tion representing a period of 20 years is unaf-
fected by specific storage. Figures 31 and 32
therefore illustrate the probable range of re-
sponses that could occur for most conditions in
the county. The median value of specific stor-
age (1 x 10~%/ft) will be used for all subsequent
simulations to represent the general condition.

Model results indicate that an underground
mine located at about 490 feet below valley level
would have little effect on water levels in the
shallow aquifer system. Node location (9, 13) of
the model could effectively represent the loca-
tion of the bottom of a 100-foot-deep well lo-
cated above the mine. Figure 31 indicates that
the maximum water-level decline in such a well
would be less than 3 feet, and that most of that
decline (about 90 percent) would occur within the
first 2 years of mining.

Assuming that drawdown had reached near-
stable conditions after 6 years, Figure 30 can be
used to show the maximum probable drawdown
effects around the underground mine. For the
typical well in Greene County, a water-level de-
cline of more than 10 feet is expected to affect
the water supply noticeably. By this criterion, on-
ly wells in the valley bottom directly over the
mine and more than 130 feet deep would be
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Figure 31. Time-drawdown curves for node (9,13) located about 450 feet above a hypothetical

mine.

noticeably affected by mining (valley C in Figure
30). Note that drawdown does not exceed 1 foot
anywhere above the level of that valley bottom.

Model-computed specific mine inflow was
within the range of inflow data for active Greene
County mines. Reduction in mean annual base
flow to the undermined valley stream would be
less than 10 percent.

A simulated mine having the same dimensions
at a depth of about 260 feet below valley level
showed that after 6 months, drawdown at node
(9, 13) exceeded 20 feet (Figure 33). Figure 34
shows that the shallow mine affects the draw-
down of the shallow aquifer system more than
the 490-foot-deep mine does. Valley wells more
than 25 feet deep and located in the vicinity of
the mine would be noticeably affected. In con-

trast, hilltop and hillside wells less than 150 feet
deep would not be noticeably affected.

Simulated mine inflow is again within the
range of reported information. Mean annual
base flow to the valley stream could be reduced
by 40 percent.

This shallow-mine simulation closely parallels
the actual conditions of mining beneath well
Gr-118, which was discussed earlier. However,
drawdown in well Gr-118 as a result of the room-
and-pillar mining was not detected. Apparently,
rocks between the bottom of well Gr-118 and the
mine have a much lower hydraulic conductivity
than specified by the cross-section model. There-
fore, in the specific example, a more severe hy-
draulic effect was predicted from the model than
was actually measured. Mine simulations deeper
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Figure 32. Time-specific discharge curves for a hypothetical mine located 490 feet below valley

level.

than the 490-foot depth were not tested. With
the same geologic conditions, the hydraulic ef-
fects of the deeper mines would be smaller than
those predicted from the model of the 490-foot-
deep mine.

The effect that mine drainage could have on
a regionally extensive aquifer was tested with a
hypothetical mine located at the 490-foot depth
below valley level. The methods and three posi-
tions (Figure 14) used to simulate such an aquifer
in the calibrated steady-state model were incor-
porated with the mine simulations. An extensive
aquifer located above drainage level had no ef-
fect on the mine simulation results. An aquifer
positioned about 100 feet below drainage level
caused a slight reduction of drawdown along the
aquifer directly above the mine and a slight re-
duction of base flow in the overlying valley (val-
ley C).

The effect of a regionally extensive aquifer
along the mined coal bed is indicated in Figure
35. Such a condition laterally extends the draw-

down effect of the small mine. However, as
Figure 36 indicates, the water-level decline in the
shallow aquifer directly above the mine would
not be greatly affected. Long-term mine inflow
would be doubled (Figure 37), and loss to mean
annual base flow would still be less than 10 per-
cent at the valley directly above mining, but the
stream loss would be extended to adjacent valleys
(valleys A, D, and E in Figure 35). These results
would probably be the same if the mine were
along the entire 16,500-foot length of the model
cross section.

Cross-section model simulations were also
made to reflect the possible effects of a vertical
fracture zone that would interconnect the mine
to the overlying valley bottom (Figure 38) and
a vertical fracture zone located at some distance
away from the mine (Figure 39). For each test,
the fracture zone was assigned a hydraulic con-
ductivity of 100 times the calibrated-model val-
ues. Model simulations indicate that drawdown
would increase locally along the mine-intersected
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Figure 37. Specific inflow curves for a hypothetical mine located 490 feet below valley level and
intersected by a regional aquifer layer or a vertical fracture zone.

fracture and would expand into the shallow
aquifer system above the mine. With the frac-
ture zone through the mine, base flow would be
depleted at valley C, and drawdowns would
therefore be even larger than those shown in
Figures 36 and 38. Steady mine inflow would in-
crease by 20 times because of the fracture zone
(Figure 37). Contrarily, no change of mine in-
flow rates would occur from a fracture zone lo-
cated at some distance from the mine. The
only effect would be shortening of the draw-
down extent within the regional aquifer system
(Figure 39).

The model was also used to predict changes
in the groundwater-flow system after a mine that
was open for 20 years was abandoned and then
flooded. Figure 40 shows that after 10 years of

flooding, the water level in the shallow aquifer
system located directly above the abandoned
mine would be almost back to its premining level.

When Overlying Rocks Collapse. With only one
exception, the drawdown and recovery curves
produced by the model simulations fail to match
the hydrograph of well Gr-543 (Figure 28). The
early rate of drawdown predicted by the simu-

" lation of a mine-intersected fracture zone (2.2

feet in 3.6 days, Figure 36) is similar to the draw-
down indicated in the hydrograph. However, the
simulated recovery rate of the shallow aquifer
(Figure 40) is not even close to the 7-hour recov-
ery observed at well Gr-543.

A number of model simulations were made to
test some of the possible causes of the rapid
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water-level response observed over the longwall
mining. For each simulation the mine was repre-
sented in the model as having a depth of 770 feet
below valley level and a 500-foot width. The ac-
tual mine is about 730 feet below valley level at
the Gr-543 well site. To simulate increased per-
meability that is expected to occur above the col-
lapsed mine working, hydraulic conductivity
above the mine node was factored by 10 to 1,000
times the calibrated-model values. Simulations
were also tried in which a constant hydraulic con-
ductivity of 1 ft/d was specified along the entire
length of blocks above the mine node. Increased
storage in the overlying aquifers may also be
created by mine collapse. Therefore, several
simulations were made in which the specific
storage was increased by 10 to 100 times the

calibrated-model value (1 x 10~%/ft) along the
column of finite-difference blocks above the
simulated mine. For those simulations that pro-
duced drawdown rates that matched the Gr-543
hydrograph, the aquifer properties that were
altered were restored to the calibrated-model
values and a recovery simulation was made. In
this way, the model would represent the closure
of fractures that may be associated with com-
pleted settlement of the collapsed strata.

The test simulation in which the specified value
of hydraulic conductivity was 1 ft/d above the
mine and specific storage was unchanged pro-
duced the best overall match to observed draw-
down, recovery, and reported mine inflow.
Water-level recovery predicted from the model
took more than 35 days after simulated over-
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burden settlement instead of the 7-hour recovery
observed in well Gr-543, and represents the
feature that was least reproducible by the simula-
tion. The simulation in which hydraulic conduc-
tivity was factored by 1,000 times and specific
storage was factored by 10 times the calibrated-
model values above the mine actually produced
the best match to observed drawdown and re-
covery rates. However, this simulation resulted
in a computed mine inflow that was more than
25 times the reported extreme values of inflow.

Projection of Future Effects

The following general predictions can be made
based on limited observations and the results of
the cross-section flow model:

1. Future underground mining of the Pitts-
burgh coal, in which overlying rocks are
not fractured to the depth of the mine, will
not appreciably affect the quantity of
groundwater in Greene County. Mean an-
nual base flow to undermined streams
could be reduced by 10 percent. Only where
the mining is less than 300 feet below land
surface will it reduce the yield of wells that
are less than 150 feet deep. In general, the
Pittsburgh coal is 300 feet deep where the
Uniontown Formation is indicated on
Plate 1.

2. The presence of a 50-foot-thick regionally
extensive aquifer above underground min-
ing will not significantly change the hydro-
logic effects of mining. Such an aquifer
located at the mine level will increase mine
inflow and extend the effective drawdown
horizontally along the aquifer.

3. The presence of vertical fracture zones or
the occurrence of fractures over collapsed
mine workings could increase and acceler-
ate drawdown in adjacent aquifers and in-
flow to the mine. Streams intersected by
such fractures would dry up during average
flow conditions.

4. Recovery of water levels in the shallow
aquifer system will be greatly accelerated
if mining-induced fractures close or be-
come plugged a short time (less than a few

months) after being opened by mine-roof
collapse.

Actual conditions related to mine-intersected
fractures or mine-caused rock collapse obviously
are more complex than can be reproduced by the
generalized cross-section model. The effect of
land subsidence commonly associated with pillar
recovery and longwall mining and the three-
dimensional extent of fracturing above the mine
are examples of factors that need more study.
Nevertheless, the model results sufficiently in-
dicate that mine-intercepted fractures or col-
lapsed mine workings may cause water loss to
wells and streams in isolated circumstances.

In Storage Near Surface Mining

Reports of water loss in wells near active sur-
face mines have been common in eastern Greene
County. Well Gr-814, which taps the Waynes-
burg coal aquifer, was the closest observation
well to active surface mining that was monitored
during this investigation. Mining of the Waynes-
burg coal came within about 4,000 feet of this
well, but no water-level decline could be at-
tributed to this activity.

Based on the values of aquifer properties
determined in this study, some statements can
be made about the effect of surface mining on
groundwater quantity. For this discussion, the
mined coal bed is assumed to be below the water
table. An open-pit coal mine serves as a drainage
point for local groundwater. This drainage ef-
fect will be greatest on aquifers located along and
above the mined coal bed on the highwall side
of the mine. In general, water-level declines due
to mining several thousand feet away can be ex-
pected in wells that tap water-bearing units ex-
posed in the mine highwall. Aquifer properties
specific to a given site will largely determine the
ability of a nearby well to maintain a water sup-
ply during and after mining.

Under no circumstances can the water level in
a nearby well be lowered below the level of the
mine floor as a result of mine drainage. For this
reason, wells that tap water-bearing units below

-the mined coal bed may continue to supply water

despite nearby active mining. This condition is
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illustrated by well Gr-902 located just north of
Mather, Pennsylvania. Well Gr-902 penetrates
the Waynesburg coal and taps as the principal
aquifer about 50 feet of the underlying Union-
town Formation. The Waynesburg coal was re-
moved by surface mining within 150 feet on two
sides of the well site. Yet, the well owner reported
that the well continued to supply water adequate
for household use throughout the year of min-
ing. The water level in the well was not measured
before or during mining. However, four years
after the mining, the water level was only 10 feet
above the base of the Waynesburg coal, which
is probably lower than the premining level.

Before a surface mine is closed, the pit is com-
monly backfilled. Such backfilling will usually
reduce groundwater drainage to the mined area,
and some recovery of groundwater levels can be
expected. However, the water level probably will
not reach premining levels, and water quality in
adjacent aquifers may be degraded. Water-
quality changes due to mining and backfilling did
occur at well Gr-902 and will be explained in
greater detail subsequently.

Water Quality

Underground-Mine Effects

To thoroughly document changes in ground-
water quality due to underground mining,
groundwater should be sampled for several years
prior to mining, during mining, and for several
years after mining. Continuous water-level moni-
toring during these periods is also suggested.
Sampling during pre- and post-mining periods
should be conducted during times of above av-
erage, average, and below average recharge. A
water-quality data base established before min-
ing is .necessary to make a meaningful com-
parison with data collected during and after
mining.

Changes in groundwater quality due to under-
ground mining were investigated at the only well
(Gr-118) where pre- and post-mining data were
available. The limited data consisted of two pre-
mining samples and one post-mining sample
(Tables 18 and 19). This well was in an area

where there was room-and-pillar mining of the
Sewickley coal in 1977. No effects on water levels
were observed and, except for possible slight in-
creases in several constituents, there were no ap-
parent effects on water quality.

Well owners report an objectionable sulfur
odor and an iron taste in their water during and
after underground mining. Where mining has
lowered water levels in wells, oxidation of iron
and manganese in the shallow aquifer system
may result. The withdrawal of water from the
deeper aquifer system that usually has higher
dissolved-solids concentrations may also cause
the water quality to deteriorate due to increased
concentrations of iron, manganese, sulfur (as
sulfate and sulfide), and dissolved solids.

Surface-Mine Effects

Two springs were sampled at reclaimed sur-
face mines to illustrate the effects of mining on
the water quality. The springs flowed from
hillsides near the elevation of the underclay to
the mined coal. Sampling was done during a long
dry period in late summer. Samples taken in late
summer after an extended period of no precipita-
tion are probably the best indicators of the max-
imum dissolved-solids concentrations in springs.

The spring samples (Gr-Sp-250 and Gr-Sp-
599) had low pH values and high concentrations
of sulfate, iron, and manganese (Tables 18 and
19). The sample from Gr-Sp-599 had a pH of
2.8, a dissolved-iron concentration of 270,000
pg/L, a dissolved-manganese concentration of
260,000 ug/L, a dissolved-sulfate concentration
of 5,800 mg/L, and a dissolved-solids concen-
tration of 9,630 mg/L. A lime-treatment facili-
ty was constructed to collect and continuously
treat the acid mine drainage at this surface mine.
The sample from Gr-Sp-250 had a pH of 3.4,
a dissolved-iron concentration of 120,000 ug/L,
a dissolved-manganese concentration of 98,000
ug/L, a dissolved-sulfate concentration of 2,600
mg/L, and a dissolved-solids concentration of
4,080 mg/L.

The low pH and high concentrations of iron
and sulfate result from the oxidation of iron
sulfide (commonly pyrite, FeS,), associated with
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the coal and in adjacent rock, through contact
with water and air. The major products of the
oxidation are ferrous sulfate (FeSO,) and sul-
furic acid (H,SO,). Ferrous sulfate is further
oxidized to ferric sulfate [Fex(SO,),], which
then hydrolyzes to insoluble ferric hydroxide
[Fe(OH),] and more sulfuric acid. The follow-
ing equations summarize the reactions:

2FeS, + 70, + 2H,0 — 2FeSO, + 2H,S0,
4FeSO, + 2H,50, + 0, = 2Fe,(SO,), + 2H,0
Fe,(SO,), + 6H,0 —~ 2Fe(OH), + 3H,S0,

No premining data were collected at these sur-
face mines for comparison. However, ground-
water samples from the Uniontown and Waynes-
burg Formations from other unmined parts of
the county indicate that the water quality of the
two springs at the surface mines is markedly dif-
ferent from the quality of springs in unmined
areas. It was not within the scope of this study
to sample springs at all surface mines in the coun-
ty. The data are indicative of only two site-
specific cases and may not represent groundwater
quality at surface mines throughout the county;
these springs do, however, show the effects that
surface mines can have on the quality of ground-
water.

SURFACE WATER

Streamflow

Coal-mining activities in the four basins in
Greene County where continuous streamflow
data were collected created no significant
surface-water quantity problems. Site 103 on
South Fork Tenmile Creek, site 111 on Castile
Run, site 211 on Dunkard Creek, and site 311
on Whiteley Creek were all downstream from ac-
tive coal mines. Site 503 on Enlow Fork was in
a basin unaffected by mining. The flow charac-
teristics of these five streams with regard to run-
off analyses, low-flow frequencies, and flow
durations are discussed in the ‘“‘Surface Water”’
section of this report (p. 47-52). Examination of
the surface-water records at all five sites indicates
that the streamflow never reached abnormally
low levels (U.S. Geological Survey, 1981, 1982).

Of the five basins monitored, coal mining was
most extensive in the Dunkard Creek basin. In
this basin, coal production has been at a maxi-
mum for the last 20 years. Figure 41 shows the
flow-duration curves for site 211 on Dunkard
Creek and site 103 on South Fork Tenmile Creek
for the periods 1942-60 and 1961-81. The flat-
ter slope and higher base discharge at the lower
end of the Dunkard Creek curve for 1961-81 in-
dicates a higher sustained base flow during a
period of greatest coal-mining activity. This
probably resulted from the contribution of
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pumped water from the deep mines throughout
the basin into Dunkard Creek and its tributaries.
Precipitation data, collected at the long-term
weather station at Waynesburg, in central Greene
County, indicate that precipitation was not a
contributing factor to the higher base flow for
1961-81. The average yearly precipitation for
1942-60 was 39.74 inches and the average for
1961-81 was 39.32 inches.

Although mining was not as extensive in the
South Fork Tenmile Creek basin, the duration
curves plotted for this stream for the same two
periods also indicate a higher base flow for the
last 21 years of record. Table 9 shows that the
7-day, 10-year low flow per square mile for site
211 on Dunkard Creek was almost three times
greater than for site 103 on South Fork Tenmile
Creek. This was probably the result of water be-
ing pumped out of the deep mines in the
Dunkard Creek basin and into Dunkard Creek
and its tributaries.

Water Quality

The 98 surface-water sampling sites were es-
tablished to (1) depict the water quality through-
out the county; (2) show the degree and extent
of acid mine drainage; (3) describe the base-flow
quality of the streams; and (4) show how cur-
rent mining practices affect the water quality and
suspended-sediment discharge. Ninety-five of the
sites were intermittently sampled sites, and three
were continuously sampled with water-quality
monitors and automatic sediment samplers
(Plate 1).

Countywide Base Flow and Runoff

Four base-flow sampling runs were conducted
throughout the study at all of the surface-water
sites. Three sampling runs were completed within
two days, and it did not rain during the three
days prior to, and during, the sampling. The first
sampling run (August 28-30, 1979) took three
days to complete, and it rained midway through
sampling in several parts of the county. There-
fore, only data collected on the three subsequent
sampling runs were used for comparison.

Figures 42 through 47 give an areal view of the
relative magnitude of selected constituents sam-
pled during base flow. The constituents included
dissolved solids, pH, acidity, alkalinity, sulfate,
iron, and manganese.

Sedimentary rocks throughout Greene County
contain pyrite (FeS,). Pyrite is also commonly
associated with biogenic deposits such as coal.
The weathering and leaching of pyrite provide
the mechanisms for the formation and move-
ment of sulfate and iron ions into the ground-
water system. Eventually they are discharged into
streams. When the coal is mined, the pyrite is
exposed to water and air, and the oxidation pro-
cess is accelerated, which in turn accelerates the
production of sulfate, iron, and hydrogen ions.
It is, therefore, common to find high concentra-
tions of sulfate and iron, and low pH values in
streams draining coal-mined areas. Although the
natural alkalinity of the streams has a neutraliz-
ing effect on the acid water, the neutralization
does not change the concentration of sulfate;
therefore, sulfate persists as an indication of acid
mine drainage. Figures 42 and 43 show that the
highest sulfate and iron concentrations were
found in the eastern third of Greene County. The
iron ion is usually in the ferric (Fe*3) or trivalent
form. The bivalent form, or ferrous iron (Fe'?),
commonly exists in groundwaters void of dis-
solved oxygen and may occur in high concentra-
tions in deep mines. When this water is pumped
or seeps to the land surface, the ferrous iron is
readily oxidized to the ferric form and usually
precipitates out as ferric hydroxide, a yellow-
orange precipitate. This precipitate, or ‘‘yellow
boy’’ deposit, is found in many of the Greene
County streams draining coal-mined areas.

Manganese does not occur naturally as a
metal, but is found in various salts and minerals,
frequently in association with iron compounds.
In mined areas, the consumption of oxygen in
the oxidation of pyrite produces a reducing en-
vironment that increases the concentration of
soluble manganese. In streams receiving acid
mine drainage, dissolved-manganese concentra-
tions often exceed 1,000 ug/L. These concentra-
tions usually persist in streams for greater
distances downstream from the pollution source
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than do iron concentrations (Hem, 1970). Figure
44 shows that manganese concentrations ex-
ceeding 1,000 ug/L were found in streams where
acid mine drainage is prevalent. Concentrations
in the unmined areas were generally less than 150
ug/L.

The dissolved-solids concentration is often
used in evaluating water quality. Individual ions,
pairs of ions, and complexes made up of several
ions contribute to the dissolved-solids concentra-
tion. Figure 45 shows that the sites where maxi-
mum concentrations exceeded 1,000 mg/L were
generally in the eastern part of the county, where
most of the past and present coal mining has
taken place. Because these sites had high concen-
trations of sulfate, iron, and manganese, the high
dissolved-solids concentrations were most likely
the result of the weathering and oxidation of
pyrite and other minerals, which were exposed
to air in underground mines and spoil piles of
surface mines. The oxidation produced sulfuric
acid and soluble mineral salts. The acidic drain-
age reacted with other minerals as it entered the
stream, producing high dissolved-solids concen-
trations. Streams having dissolved-solids concen-
trations less than 500 mg/L were most common
in central and western Greene County, where
coal mining has not yet developed extensively.
Two isolated exceptions were at sites 507 and 508
in western Greene County, which had dissolved-
solids concentrations in excess of 1,000 mg/L.
These two sites were in areas where drift mines
were abandoned many years ago and the water
seeping from the mines was still highly mineral-
ized.

A functional relationship exists between the
dissolved-solids concentration of a stream and
its corresponding specific conductance. In most
of the streams sampled, the dissolved-solids con-
centration was generally between 55 and 75 per-
cent of the specific-conductance value. For
streams that had very high sulfate concentra-
tions, the dissolved-solids concentration was be-
tween 80 and 95 percent of the specific con-
ductance.

The normal range of pH in streams is con-
sidered to be between 6.5 and 8.5, and this range

was typical of most of the streams sampled in
Greene County (Figure 46). In coal-mining areas,
pH values below 6.5 usually indicate acid mine
drainage. A pH of less than 4.5 is usually in-
dicative of untreated acid mine drainage. Four-
teen of the 98 sites had a minimum pH of less
than 4.5. Figure 46 shows that most of these sites
were in the eastern part of the county.
Acidity and alkalinity were measured in the
field at the surface-water sites. Figure 47 shows
the sites where the acidity exceeded the alkalini-
ty and the sites where the maximum alkalinity
was greater than 50 mg/L. According to
Biesecker and George (1966), alkalinities of less
than 50 mg/L are relatively incapable of neu-
tralizing large quantities of acid mine water. The
natural alkalinity of receiving streams and the
added alkalinity from downstream tributaries
have a neutralizing effect on most acid inflow
and ultimately produce water of better quality.
Alkalinity exceeded 50 mg/L in most of the
streams that were sampled. The problem of acid
mine drainage is particularly serious in eastern
Greene County near active and abandoned
mines. Alkalinity contributions from streams
both in and out of the mined areas measurably
improve the quality of many affected streams.
Whiteley Creek (site 311), Castile Run (site
111), and Enlow Fork (site 503) were sampled
prior to and during storms in March 1980 and
June 1981 to determine water-quality changes
due to overland runoff. Results are given in
Table 15. The streams were sampled on March
7, 1980, and June 2, 1981, prior to the rainfall
on March 8, 1980, and on June 4, 5, and 9, 1981,
respectively. The most noticeable water-quality
change due to the runoff was the significant in-
crease in both total-iron and total-manganese
concentrations at all three sites. The increases in
the total concentrations were substantially higher
than those in the dissolved concentrations, in-
dicating that most of the iron and manganese was
carried in suspension, probably on sediment.
Concentrations of chloride, sulfate, dissolved
solids, and total alkalinity generally stayed the
same, or decreased slightly because of dilution.
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Small Watershed

Chemical Constituents and Properties. The water
quality of three streams was monitored con-
tinuously for 2 years to determine the effect of
deep mining (Whiteley Creek, site 301), strip
mining (Castile Run, site 111), and no mining
(Enlow Fork, site 503) on the water quality.

The Whiteley Creek basin monitor (site 301)
was about 1.0 mile downstream from a 150-acre
deep-mine facility. This facility included slope
shafts, coal storage silos, a coal preparation
plant, a railroad loading station, water treatment
ponds, and a refuse dumping area. Coal produc-
tion from the mine began in August 1977.

The Castile Run basin monitor (site 111) was
about 1.5 miles downstream from an active strip
mine. Land disturbance from the strip mine
began in July 1979. Approximately 265 acres of
land were disturbed during the 1980 and 1981
water years. Also in the headwaters of the Castile
Run basin was a deep-mine portal that dis-
charged treated mine water into the stream.

Sampling site 503 was in the Enlow Fork
basin, which was unaffected by any type of min-
ing during data collection.

The effect of the different types of mining on
the water quality is shown by comparing mea-
sured concentrations of various water-quality
constituents at each site. Continuous data were
collected for stream discharge, water tempera-
ture, specific conductance, pH, and suspended-
sediment discharge. From February 1980
through September 1981, samples were collected
monthly at each site and analyzed for acidity,
alkalinity, sulfate, chloride, iron, manganese,
and total dissolved solids.

Daily mean temperatures at the three sites
were similar and varied similarly during the dif-
ferent seasons of the study period.

Acidities (total acidity as CaCO,) were very
low at all three sites, particularly on Castile Run.
At this site only one sample had a measured
acidity greater than 0.0 mg/L. Acidities on
Whiteley Creek never exceeded 8.0 mg/L, and
those on Enlow Fork never exceeded 6.0 mg/L.

Figure 48 shows that the specific conductances
and dissolved-solids concentrations were higher

and more variable in the two mined basins than
in the unmined basin. Treated water from both
of the mined basins, and brine water pumped out
of the deep mines, contributed significantly to
the higher specific conductances and dissolved-
solids concentrations.

Figure 49 indicates that (1) the average month-
ly pH values at the three sites were between 7.3
and 8.7, and (2) monthly alkalinities at the three
sites were generally greater than 50 mg/L. The
PH was consistently highest in Castile Run (strip-
mined watershed), but never exceeded 8.7, and
was consistently lowest in Whiteley Creek (deep-
mined watershed), but never went below 7.1. If
the mining activities in the Castile Run and
Whiteley Creek basins were creating any acid
mine drainage, either adequate measures were
taken to correct the problem, or the streams had
the capability of neutralizing the acid.

Figure 50 shows the large variability of the
sulfate and chloride concentrations at the two
mined sites as compared to the unmined site. The
high sulfate and chloride concentrations mea-
sured at site 111 are primarily due to the deep-
mine discharge into Castile Run in the upper part
of the basin. Site 117 (Plate 1) is on the small
tributary of Castile Run that carries the deep-
mine discharge. Maximum measured sulfate and
chloride concentrations at site 117 were 3,900
mg/L and 2,200 mg/L, respectively. Site 118,
which is on the main stem of Castile Run just
upstream from the small tributary, had maxi-
mum sulfate and chloride concentrations of 100
mg/L and 34 mg/L, respectively. Sites 113, 114,
and 115 (all tributaries of Castile Run that drain
the strip-mined area) had much lower sulfate and
chloride concentrations than site 117. The maxi-
mum sulfate concentrations at sites 113, 114, and
115 were 190 mg/L, 310 mg/L, and 560 mg/L,
respectively. The maximum chloride concentra-
tions at sites 113, 114, and 115 were 14 mg/L,
24 mg/L, and 8.4 mg/L, respectively. The
cumulative effect of the deep-mine discharge and
all of the small tributaries draining the strip-
mined areas is measured at site 111. The high
sulfate and chloride concentrations on Whiteley
Creek are also due to the deep-mine discharge
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Creek (site 311), and Enlow Fork (site 503).
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in the upper part of the basin. Figure 50 also
shows that the sulfate and chloride concentra-
tions measured on Enlow Fork were consistent-
ly low throughout the study period.

Figure 51 shows no significant trends or con-
sistency for the dissolved-iron concentrations
measured at all three sites. Dissolved iron from
acid mine drainage precipitates rapidly, and con-
centrations decrease rapidly downstream from
the sources due to oxidation and dilution. There-
fore, unless a sampling site is very near an acid
mine drainage source, high concentrations of
dissolved iron would be unlikely.

Figure 51 shows that dissolved-manganese
concentrations measured at site 311 on Whiteley
Creek were considerably higher than the concen-
trations measured on Castile Run or Enlow Fork.
The higher dissolved-manganese concentrations
in Whiteley Creek could be attributed to the
rapid weathering of manganese minerals in mine
spoils and refuse piles near the deep-mine prep-
aration plant.

Suspended-Sediment Discharge. Suspended-
sediment data were collected from October 1979
through September 1981 on Whiteley Creek (site
311), Castile Run (site 111), and Enlow Fork (site
503). The relationship between water discharge
and suspended-sediment discharge is expressed
by daily-sediment-transport curves that were
developed for each sediment station (Figures 52
to 54). The transport curves were used to esti-
mate periods of missing sediment data. The
transport curves can also be used for estimating
sediment discharges in the future when the water
discharge is known. The data used to develop the
sediment-transport curves were published in the
U.S. Geological Survey Water-Data Reports for
Pennsylvania, Volume 3 (U.S. Geological Sur-
vey, 1981, 1982). Methods used in this report for
analyzing sediment concentrations and sediment-
transport characteristics generally are those de-
scribed by Porterfield (1972).
Suspended-sediment discharge is affected, in
part, by several environmental factors that in-
clude topography, land use, soils, and climate.
The drainage basins of the three streams are
characterized by hilly terrains with moderate to

steep slopes. Land use in the three basins is
similar except for the deep-mine surface facility
in the Whiteley Creek basin and the strip mine
in the Castile Run basin. Otherwise, land use is
basically divided into three major categories:
cropland (17 percent), pastureland (28 percent),
and woodland (55 percent). Aerial photographs
taken by the Agricultural Stabilization and Con-
servation Service show that woodland and pas-
tureland occupy most of the steep slopes, and the
flatter areas in the valleys are in cropland and
pastureland. Soils in the three basins are pre-
dominantly silty loams that are moderately deep
and well drained. The climate in the three basins
is similar; however, rainfall amounts and inten-
sities may differ from basin to basin.

The suspended-sediment loads measured on
Whiteley Creek for the 1980 and 1981 water years
were 3,900 tons (655 tons per square mile) and
2,940 tons (494 tons per square mile), respective-
ly. The water discharges for the same 2 years
were 3,920 ft*/s (1980) and 2,720 ft*/s (1981).
From 1980 to 1981, the suspended-sediment load
decreased 25 percent and water discharge de-
creased 31 percent. The much higher water and
sediment discharges in 1980 are attributed to two
large storms that occurred during the periods
August 10-12 and 18-20. The total rainfall for
those two storms was 5.48 inches. The total
suspended-sediment load for the two storms was
1,012 tons, which was 26 percent of the
suspended-sediment load for the year. The maxi-
mum suspended-sediment concentration mea-
sured on Whiteley Creek was 7,120 mg/L on
April 11, 1981.

Figure 55 shows the double-mass accumula-
tion of suspended-sediment discharge versus
water discharge for Whiteley Creek. This curve
is a plot of the cumulative bimonthly sediment
discharge against the cuamulative bimonthly water
discharge for the period of record. A straight-
line (constant slope) relation is indicative of a
constancy in proportionality between the two
variables. A change in the slope of the relation
is indicative of a change in proportionality of the
variables. Because water discharge is considered
the independent variable, an increase in slope

from the previous slope indicates an increase in
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sediment discharge, whereas a decrease in slope
indicates a decrease in sediment discharge.

Although the slope of the curve for Whiteley
Creek changes throughout the study period, the
changes are not considered significant, indicating
a relatively constant relationship between water
discharge and sediment discharge. During the
winter months there is generally no sediment pro-
duced because of snow cover and frozen ground,
which is the reason for the flat slope during these
periods.

In Table 16, the results of particle-size analyses
of sediment samples collected at the three sedi-
ment stations are listed. The size sample collected
on March 8, 1980, on Whiteley Creek was taken
at the peak of a 0.9-foot rise in stage. The sam-
ple collected on June 9, 1981, was taken on the
recession of a 0.8-foot rise in stage. Both analyses
indicate that little sand is being transported; most
of the load is composed of silt and clay.

Sediment-data collection on Castile Run began
in September 1979. The suspended-sediment
loads measured on Castile Run for the 1980 and
1981 water years were 2,920 tons (470 tons per
square mile) and 3,440 tons (554 tons per square

mile), respectively. The water discharges for 1980

and 1981 were 2,900 ft*/s and 2,310 ft*/s, re-
spectively. From 1980 to 1981, there was an 18
percent increase in the suspended-sediment load

and a 20 percent decrease in the water discharge.
The decrease in water discharge is attributed to
an 11 percent decrease in precipitation from 1980
to 1981. The increase in sediment discharge is at-
tributed to the increase in land disturbance from
strip mining in the basin. In the 1980 water year,
about 90 acres of land in the Castile Run basin
was disturbed from strip mining and about 175
additional acres was disturbed in the 1981 water
year. The mining activities in the basin included
removal of forest cover, construction of haul
roads, and the creation of spoil areas. These ac-
tivities greatly increased the exposure of material
to weathering and provided large volumes of un-
consolidated material for erosion.

Figure 55 shows the double-mass suspended-
sediment load and water discharge relationship
for Castile Run. The significant increase in the
slope of the curve between May 1980 and Sep-
tember 1980 reflects a substantial increase in the
sediment discharge for that period, which was
attributed to an unusually high number of in-
tense thunderstorms. The increase in the slope
of the curve for the last 6 months of record
reflects the increase of sediment discharge due
to strip mining.

The maximum suspended-sediment concentra-
tion measured on Castile Run was 33,290 mg/L
on August 30, 1981. Table 17 gives the precipita-

Table 16.  Particle-Size Distribution of Suspended Sediment from the Three Sediment Stations

(Locations are shown on Plate 1)

Suspended-sediment

Percentage of suspended sediment

Instantaneous  Suspended-sediment in size class
streamflow concentration discharge
Date (ft’/s) (mg/L) (ton/d) Sand Silt Clay

Whiteley Creek near Kirby (site 311)

3-8-80 74 1,560 312 7 47 46

6-9-81 48 222 29 5 43 52
Castile Run at Clarksville (site 111)

3-8-80 25 166 11 2 28 70

6-9-81 31 1,110 93 2 44 54

Enlow Fork near West Finley (site 503)
3-8-80 231 624 389 8 46 46
6-4-81 545 1,100 1,620 9 50 41
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tion, suspended-sediment concentrations, and
water and sediment discharges for a storm on
August 30, 1981, and a storm on August 18,
1980. Although the daily water discharge on
August 30, 1981, was less than one tenth of the
water discharge recorded on August 18, 1980, the
daily suspended-sediment load was 22 percent
higher. Precipitation charts also indicate that the
intensity and duration of rainfall was greater for
the storm on August 18, 1980. These data along
with the suspended-sediment/water-discharge
relationship shown in Figure 55 verify a substan-
tial increase in sediment discharge during the sec-
ond year of data collection.

Particle-size analyses for samples taken on
March 8, 1980, and June 9, 1981, on Castile Run
are given in Table 16. Both size samples were
taken at the peak of a 0.5-foot rise in the stream
stage after 0.30 inch of rainfall. The sediment
concentration on June 9, 1981, was significant-
ly higher than the sediment concentration on
March 8, 1980. The data show that the sand frac-
tion of each sample was the same but that there
was a difference between the silt and clay frac-
tions. Nevertheless, the data indicate that most
of the sediment transported is fine material.

The suspended-sediment loads measured on
Enlow Fork for the 1980 and 1981 water years
were 30,600 tons (803 tons per square mile) and
22,800 tons (598 tons per square mile), respec-
tively. The water discharges for the same 2 years
were 24,500 ft*/s (1980) and 19,600 ft*/s (1981).
From 1980 to 1981, there was a 25 percent de-
crease in the suspended-sediment load and a 20

percent decrease in the water discharge. Within
a 4-week period in July and August 1980, six ma-
jor storms produced about 13 inches of rainfall
in the Enlow Fork basin. These storms accounted
for 14,300 tons, or 47 percent, of the suspended-
sediment load for the 1980 water year.

Figure 55 shows the double-mass suspended-
sediment/water-discharge relationship for Enlow
Fork. The slope indicates no significant trend
toward an increasing or decreasing sediment dis-
charge. The slope of the curve for the periods
of June through September 1980 and April
through July 1981 are similar, and the water dis-
charges for these two periods were within 6 per-
cent of each other. A similar slope for the two
periods indicates no significant trend toward an
increasing or decreasing sediment discharge in
the basin.

The maximum suspended-sediment concentra-
tion measured on Enlow Fork was 8,630 mg/L
on June 3, 1980.

Particle-size analyses on samples taken on
March 8, 1980, and on June 9, 1981, on Enlow
Fork indicate a similar distribution of sand, silt,
and clay (Table 16). The particle-size sample of
March 8, 1980, was taken at the peak of a
1.0-foot rise in stage. The particle-size sample of
June 4, 1981, was taken at the peak of a 2.9-foot
rise in stage.

SUMMARY

The nearly flat lying sedimentary rocks that
underlie Greene County are chiefly composed of

Table 17. Precipitation, Water Discharge, and Sediment Data Collected During Two Storms on

Castile Run (Site 111)

(Location of site is shown on Plate 1)

Average
Daily Peak daily
Peak average sediment sediment Daily
Precipi- water water concen- concen- sediment
tation discharge discharge tration tration load
Date (inches) (f6/s) (ft*/s) (mg/L) (mg/L) (tons)
August 18, 1980 2.00 247 71 7,100 600 208
August 30, 1981 1.53 66 6.8 33,290 2,770 254
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sandstone, coal, siltstone, shale, and limestone
of low permeability. Groundwater is available
mostly from fracture openings that occur along
bedding planes. Coal beds and sandstone layers
commonly have the largest effective fracture
(secondary) permeability. The depth to water in
wells generally ranges from 6 feet below valleys
to 38 feet below hilltops. In Greene County, most
groundwater is obtained from wells less than 100
feet deep or from hillside springs that tap water-
bearing units in the Greene, Washington, and
Waynesburg Formations. Well yields are typi-
cally less than 4 gal/min. The most productive
aquifers include coal beds and sandstones of the
Waynesburg and Washington Formations where
they are less than 200 feet below land surface.
Such water-bearing units are known to yield
more than 25 gal/min. Groundwater availability
in unconsolidated deposits, such as the alluvium
and the Carmichaels Formation, is limited due
to small saturated thickness. However, well
yields are as much as 42 gal/min where the Car-
michaels Formation is composed of sand and
gravel.

Results from four aquifer tests indicate that
the storage coefficient of confined aquifers
ranges from 0.6 x 1074 to 8 x 10~*. Specific
yield is expected to range from 0.05 to 0.3.
Average hydraulic conductivity ranges from 2.4
x 107 to 50 ft/d. A wide range of measured
hydraulic conductivity occurred within each geo-
logic formation as a result of various combina-
tions of permeability control, such as depth, frac-
turing, and rock type. Secondary permeability
and, to a lesser extent, primary permeability de-
crease with depth of aquifer at an average rate
of one order of magnitude for every 100 feet of
depth. In terms of lithology, the ranking of
hydraulic conductivity from highest to lowest
among bedrock water-bearing units is as follows:
(1) coal; (2) sandstone; (3) siltstone and shale;
and (4) limestone. Owing to a larger density of
fractures, the permeability of water-bearing units
is commonly larger beneath a valley than beneath
a hill. The permeability of alluvial aquifers was
about the same as the higher permeabilities
measured for bedrock aquifers.

In response to annual variations of recharge,
groundwater levels commonly fluctuate from less
than 3 feet beneath valleys to about 16 feet
beneath hilltops. Daily barometric pressure
changes can cause 0.40-foot water-level fluctu-
ations.

Most groundwater moves within the local
aquifer system composed of the most permeable
bedrock. Relatively little groundwater circulates
through the regional aquifer system, which
generally occurs at depths greater than 175 feet
below land surface. The base of the regional
aquifer system ranges from 1,700 to 2,000 feet
below land surface, where the upper limit of
briny water is reported to be. According to a
cross-section flow model, the average ratio of
horizontal to vertical hydraulic conductivity is
200. Water that enters the local aquifer in a basin
is discharged locally within that same basin. The
model also indicated that only 0.5 percent of
total groundwater circulation occurs in the
regional aquifer system. :

Model results show that a 50-foot-thick aqui-
fer, such as the Waynesburg sandstone in the
Waynesburg Formation, can effectively drain
overlying rocks and increase spring discharges if
the layer is above stream level. Below stream
level, such an aquifer would have negligible ef-
fect on the flow system. A vertical zone of high
permeability, such as a vertical zone of fractur-
ing, could drain the shallow aquifer system
located beneath a hilltop. A zone below a valley
(where such zones are commonly located) would
not significantly alter the flow system, but well
yields would increase. Reduction of head gra-
dients by vertical fracture zones in valleys could
also explain the lack of flowing wells in Greene
County.

For future groundwater development, the
most favorable bedrock aquifers are fractured
rocks located within 200 feet of land surface. On-
ly in valley settings, where well depth does not
significantly affect the depth to water in the well,
would drilling to depths greater than 200 feet be
practical. In situations for which site selection
is restricted, bedrock aquifers composed of sand-
stone (such as commonly occur in the Wash-
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ington and Waynesburg Formations) and uncon-
solidated aquifers composed of sand and gravel
(such as occur in alluvium and the Carmichaels
Formation) provide the better quality water to
wells and springs. Coal beds produce high yields,
but sulfur in the water may make it undesirable.
If the site selection is unrestricted, wells located
in valleys generally provide the highest yields.
However, high-yielding aquifers below valleys
are commonly caused by fractures of limited ex-
tent, and a long-term (greater than 24 hours)
aquifer test is needed before a valley-site well is
considered for public or commercial use. For
spring development along a given hillslope, sites
farthest downhill are most likely to produce the
highest sustained yields during droughts.

The major groundwater-quality problems of
well and spring owners are high concentrations
of iron, manganese, and hardness. These high
concentrations are common in the groundwater
of bedrock and unconsolidated aquifers through-
out Greene County. Minor problems of ground-
water quality include hydrogen sulfide gas (rot-
ten egg odor), methane gas, and occasional high
concentrations of chloride. Moving from re-
charge areas to discharge areas, the principal ions
in groundwater change from mostly calcium,
magnesium, and sulfate to sodium, bicarbonate,
and chloride. Mineralization and the concentra-
tion of dissolved solids increase with ground-
water residence time. The water from most wells
and springs has a dissolved-solids concentration
of less than 500 mg/L.

Future underground mining of the Pittsburgh
coal, where overlying rocks are not fractured to
the depth of the mine, will not appreciably af-
fect groundwater quantity in Greene County.
Mean annual base flow could be reduced by 10
percent along streams above active mines. In less
than 5 percent of the unmined part of Greene
County, where the Pittsburgh coal is less than
300 feet deep, mining may reduce or deplete the
yield of wells that are less than 150 feet deep.
Exceptions to this general prediction will occur
where vertical fracture zones or fractures caused
by collapsed mine workings effectively connect
shallow aquifers to a deep mine. An 8-foot

water-level decline was documented about 600
feet above a longwall operation, which may have
fractured the overlying rock. However, complete
collapse of the rocks surrounding the well may
have been the cause of a 1-day recovery of water
level in the well. Although fractures will extend
the hydrologic effects of deep mining, these ef-
fects will be isolated and less than those that have
been reported in the past where the mining has
generally not been as deep. Further observations
are needed to provide a more statistically sound
basis for prediction of groundwater-quantity
changes attributed to underground mining, es-
pecially where aquifer permeability and storage
are altered by mining and where subsidence
occurs.

Surface mining of coal has reduced and, in
some cases, eliminated the water supply from
nearby wells. In general, the surface mining of
a coal bed that lies below the water table will
cause water levels to drop at wells located several
thousand feet away from the mine highwall.
Aquifer properties specific to a given site will
largely determine the ability of a nearby well to
maintain a water supply during and after min-
ing. The water level will not drop below the mine-
floor level, and adjacent wells that tap water-
bearing units deeper than the mined coal bed may
continue to supply water despite nearby mining.

Changes in groundwater quality due to un-
derground mining have not been documented.
Reports of increased sulfur odor or iron taste in
wells above active mines generally are from areas
where the lowering of water level in the well
causes the oxidation of water in shallow aquifers.
In contrast, increased concentrations of iron,
manganese, and sulfate and decreased pH can
result from direct groundwater migration away
from active or reclaimed surface mines.

The 7-day, 10-year low-flow discharge for 18
selected surface-water sites ranged from 0.00052
to 0.032 (ft’/s)/mi’. The 7-day, 10-year low
flows were generally highest in the northeastern
corner of the county. Comparison of the mea-
sured precipitation with the runoff showed that
about half of the annual precipitation in the
Whiteley Creek and Enlow Fork watersheds and
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about 40 percent in the Castile Run watershed
reached the streams in the 1980 and 1981 water
years.

Flow-duration curves plotted for five gaging
stations showed Castile Run (site 111) to have
the highest sustained low flow per square mile.
The sustained base flow for the period 1961-81
in Dunkard Creek (site 211) was 1.8 times greater
than that for the period 1942-60. The higher sus-
tained base flow for 1961-81 was attributed to
discharge from deep mines in the Dunkard Creek
basin.

None of the streams were considered to be of
high quality, according to samples collected at
the 98 surface-water sites throughout the coun-
ty. Data collected at the South Fork Tenmile
Creek near Rogersville (site 401) since 1960 were
considered to be typical of the rural water quality
throughout the county. The water quality at this
particular site was relatively good; the pH ranged
between 6.9 and 8.5, the maximum measured
specific conductance was 378 umho/cm, and
alkalinities ranged between 50 and 110 mg/L.

Acid mine drainage into streams was prevalent
in the eastern third of the county, where much
of the past and present coal mining has occurred.
Many streams in eastern Greene County had
dissolved-solids concentrations that exceeded
1,000 mg/L, pH values of less than 6.5, and high
acidity. Dissolved iron, manganese, and sulfate
concentrations were also high. The alkalinity in
many of the streams exceeded 50 mg/L, and
therefore measurably improved the quality of the
streams affected by acid mine drainage. Stream-
water quality in the western two thirds of the
county was reasonably good, except for a few
isolated sites. Most of this area has been unaf-
fected by coal mining.

The water quality of streams draining three
small watersheds showed that the specific con-
ductances and dissolved-solids concentrations
were higher and varied considerably more in the
two mined watersheds than in the unmined
watershed. The pH was consistently highest in
Castile Run (strip-mine watershed), but never ex-
ceeded 8.7, and was consistently lowest in
Whiteley Creek (deep-mine watershed), but never
went below 7.1. Sulfate and chloride concentra-

tions were higher in both Castile Run and
Whiteley Creek and were consistently low in
Enlow Fork (unmined watershed). There were no
distinct differences in dissolved-iron concentra-
tions among the three watersheds. Dissolved-
manganese concentrations, which were higher in
Whiteley Creek than in both Castile Run and
Enlow Fork, were attributed to the accelerated
weathering of manganese minerals present in
mine spoils and refuse piles near the deep-mine
preparation plant.

The surface facilities of the deep mine in the
Whiteley Creek watershed did not appear to
significantly affect the suspended-sediment dis-
charge in Whiteley Creek. An increase in sedi-
ment discharge in Castile Run was attributed to
the increase in land disturbance from strip min-
ing in the watershed, in which about 90 acres of
land was disturbed in 1980 and an additional 175
acres in 1981.
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GLOSSARY

Acidity. The capacity of a water for neutraliz-
ing a basic solution. Acidity, as used in this
report, is primarily caused by the presence of
hydrogen ions produced by hydrolysis of the
salts of strong acids and weak bases.

Alkalinity. The capacity of a water for neutraliz-
ing an acid solution. Alkalinity in natural wa-
ter is caused primarily by the presence of car-
bonate and bicarbonate.

Alluvium. Sand, gravel, or other similar parti-
cle material deposited by running water.
Anticline. An upfold or arch of stratified rock
in which the beds dip in opposite directions

from the crest.

Agquifer. A geologic formation, group of forma-
tions, or part of a formation that contains suf-
ficient saturated permeable material to yield
significant quantities of water to wells and
springs.

Base flow. Discharge entering stream channels
as effluent from the groundwater reservoir;
the dry-weather flow of streams.

Bedrock. A general term for the rock that un-
derlies soil or other unconsolidated or semi-
consolidated surficial material.

Cleat. A vertical breakage plane in coal.

Confined aquifer. An aquifer that is bounded
above and below by relatively impermeable
rocks.

Cubic feet per second (ft3/s). The rate of dis-
charge representing a volume of 1 cubic foot
passing a given point during 1 second (equiva-
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lent to 7.48 gallons per second or 448.8 gallons
per minute).

Cubic feet per second per square mile
[(fts/s)/miZ]. The average number of cubic
feet of water per second flowing from each
square mile of area drained by a stream,
assuming that the runoff is distributed uni-
formly in time and area.

Dip. The angle or rate of drop at which a layer
of rock is inclined from the horizontal.

Dissolved. Refers to the material in a represent-
ative water sample that passes through a
0.45-um membrane filter. This is a convenient
operational definition used by federal agencies
that collect water data. Determinations of
“‘dissolved”’ constituents are made on sub-
samples of the filtrate.

Dissolved solids. The dissolved mineral con-
stituents in water; they form the residue after
evaporation and drying at a temperature of
180°C; they may also be calculated by adding
concentrations of anions and cations.

Drawdown. The lowering of the water table or
potentiometric surface caused by pumping (or
artesian flow) of a well.

Evapotranspiration. Evaporation of water from
land and water surfaces plus transpiration by
vegetation.

Flow-duration curve. A cumulative frequency
curve that shows the percentage of time that
specified discharges are equaled or exceeded.

Fold. A bend or flexure produced in rock strata
by forces operating after deposition of the
rock. '

Formation. The fundamental unit in rock-
stratigraphic classification. It is a body of in-
ternally homogeneous rock; it is prevailingly
but not necessarily tabular and is mappable at
the earth’s surface or traceable in the sub-
surface.

Groundwater. That part of the subsurface water
in the zone of saturation.

Groundwater discharge. Release of water in
springs, seeps, or wells from the groundwater
reservoir.

Groundwater recharge. Addition of water to the
groundwater reservoir by infiltrating precipi-
tation or seepage from a streambed.

Hardness. A physical-chemical characteristic that
is commonly recognized by the increased
quantity of soap required to produce lather.
It is attributable to the presence of alkaline
earths (principally calcium and magnesium)
and is expressed as equivalent calcium car-
bonate (CaCO,).

Hydraulic conductivity (K). The volume of water
(at the existing viscosity and temperature) that
will move at right angles through a unit cross-
sectional area in unit time and by a unit hy-
draulic gradient. It is a measure of the capaci-
ty of the material to transmit fluid. The hy-
draulic gradient is expressed in feet of hy-
draulic head per foot of flow distance (di-
mensionless), and hydraulic conductivity is ex-
pressed in cubic feet per day per square foot
[(f3/d)/ft%] or feet per day (ft/d). The hy-
draulic conductivity was determined from well
tests by dividing the determined value of
transmissivity by the thickness of the aquifer
tested, thus representing an average formation
property measured in a horizontal direction.

Joint. A fracture in a rock, generally more or
less vertical, along which no differential move-
ment has taken place.

Lithology. The physical characteristics of a rock,
generally as determined by examination with
the naked eye or with the aid of a low-power
magnifier.

Micrograms per liter (ug/L). A unit expressing
the concentration of chemical constituents in
solution as mass (micrograms) of solute per
unit volume (liter) of water. One thousand
micrograms per liter is equivalent to 1 mil-
ligram per liter.

Milligrams per liter (mg/L). A unit for express-
ing the concentration of chemical constituents
in solution. Milligrams per liter represents the
mass of solute per unit volume (liter) of water.
Concentration of suspended sediment also is
expressed in milligrams per liter and is based
on the mass of sediment per liter of water-
sediment mixture.

pH. A measure of the acidity or alkalinity of wa-
ter. Mathematically, the pH is the negative log-
arithm of the hydrogen ion activity; pH=
—log,, [H*], where [H*] is the hydrogen-ion
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concentration in moles per liter. A pH of 7.0
indicates a neutral condition. An acid solution
has a pH of less than 7.0, and a basic or
alkaline solution has a pH of more than 7.0.
Permeability. The capacity of a porous rock,
sediment, or soil to transmit a fluid under a
hydraulic head; it is a measure of the relative
ease of fluid flow under unequal pressure.
Primary permeability. The permeability of a
material due to its soil or rock matrix.
Secondary permeability. The increase or de-
crease in permeability in the soil or rock due
to fracturing, solution, or cementation.

Potentiometric surface. A surface that represents

the static head of an aquifer.

Runoff. That part of the precipitation that ap-
pears in streams. It is the same as streamflow
unaffected by diversions, storage, or other
works of man in or on the stream channels.
Sediment. Particles that originate mostly from
disintegrated rocks and are transported by,
suspended in, or deposited from water; in-
cludes chemical and biochemical precipitates
and decomposed organic material such as hu-
mus. The quantity, characteristics, and cause
of the occurrence of sediment in streams are
influenced by environmental factors. Some
major factors are degree of slope, length of
slope, soil characteristics, land usage, and
quantity and intensity of precipitation.
Specific capacity. The well yield divided by the
drawdown (pumping water level minus static
water level) necessary to produce this yield. It
is usually expressed as gallons per minute per
foot [(gal/min)/ft].

Specific conductance. A measure of the ability
of a water to conduct an electrical current. It
is expressed in micromhos per centimeter at
25°C. Specific conductance is related to the
type and concentration of ions in the solution
and can be used for approximating the
dissolved-solids content of the water. Com-
monly, the concentration of dissolved solids
(in milligrams per liter) is about 65 percent of
the specific conductance (in micromhos). This
relation is not constant from stream to stream,
and it may vary in the same source with
changes in the composition of the water.
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Specific storage (S,). The volume of water re-

leased from or taken into storage per unit
volume of the porous material per unit change
in head. Specific storage may be expressed per
foot (ft™"). In this report, specific storage is
determined from pumping tests by dividing the
storage coefficient by the thickness of the
tested water-bearing formation.

Storage coefficient (S). The volume of water that

an aquifer releases from, or takes into, storage
per unit surface area of the aquifer per unit
change in head normal to that surface. Be-
cause volume, area, and hydraulic head are ex-
pressed in consistent units, storage coefficient
is a dimensionless quantity.

Streamflow. The discharge that occurs in a natu-

ral channel. Although the term “‘discharge”’
can be applied to the flow of a canal, the word
“streamflow’’ uniquely describes the discharge
in a surface stream course. The term *‘stream-
flow” is more general than ‘‘runoff,” as
streamflow may be applied to discharge
whether or not it is affected by diversion or
regulation.

Suspended sediment. The sediment that at any

given time is maintained in suspension by the
upward components of turbulent currents or
that exists in suspension as a colloid.

Suspended-sediment concentration. The velocity-

weighted concentration of suspended sediment
in the sampled zone (from the water surface
to a point approximately 0.3 foot above the
bed), expressed as milligrams of dry sediment
per liter of water-sediment mixture (mg/L).

Suspended-sediment discharge. The rate at which

dry weight of sediment passes a section of a
stream, or the quantity of sediment, as mea-
sured by dry weight or volume, that passes a
section in a given time, expressed in tons per
day (ton/d). It is computed by multiplying
discharge times concentration times 0.0027.

Syncline. A downfold or depression of stratified
rock in which the beds dip inward toward the
axis of the fold.

Transmissivity (T). The rate at which water is

transmitted through a unit width of an aquifer
under a unit hydraulic gradient. It may be
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expressed in cubic feet per day per foot
[(ft3/d)/ ft], or feet squared per day (ftzld).
Unconfined aquifer. An aquifer that contains the
water table.
Water table. The upper surface of the zone of
saturation.

GLOSSARY OF GROUNDWATER-
MODEL TERMS

Boundary conditions. The condition of flow at
the aquifer limits in a groundwater-flow mod-
el. Specific types of boundaries used in this
report are defined below:

Constant-head boundary. Head does not
change with time, but flow across the boun-
dary is possible.

No-flow boundary. Groundwater does not
flow across the boundary.

Calibration. The matching procedure used to
refine initial estimates of aquifer properties
and boundary conditions. Input data are mod-
ified as necessary until model-computed heads
and flow compare sufficiently closely to field-
observed values of head and flow at specific
locations. Steady-state calibration is accom-
plished assuming no change in aquifer storage.

Finite-difference method. An approximation
technique for solving a system of nonlinear
equations of groundwater flow. The aquifer
system is subdivided into discrete blocks at
which the equation variables are specified or
computed.

Grid block, finite-difference. The subdivision of
the aquifer system by rows and columns into
rectangular blocks in which aquifer properties
such as transmissivity and storage coefficient
are specified for model input data.

Mesh, finite-difference. Same as grid block.

Node. The central point within each grid block
at which a value of head is specified for or
computed by a finite-difference model. Nodes
in this report are identified by row and column
number.

Numerical model. A system of mathematical
equations generally solved with the use of a
computer to represent a physical process. The
numerical model used in this report solves
groundwater flow in a generalized cross sec-
tion of the aquifer system.

Sensitivity analysis. A method in modeling in
which several simulations are made to deter-
mine the sensitivity of computed heads to
specific changes in input data.
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FACTORS FOR CONVERTING INCH-POUND UNITS TO
INTERNATIONAL SYSTEM UNITS (SI)

Multiply inch-pound units

inch (in.)
foot (ft)
mile (mi)

acre
acre

square inch (in.z)
square foot (ftz)

square foot (ftz)

square mile (mi®)

gallon (gal)
gallon (gal)

foot per day (ft/d)

cubic foot per second (ft3/s)

cubic foot per second per
square mile [(ft*/s)/mi?]

gallon per minute (gal/min)

- gallon per day (gal/d)

ton, short
degree Fahrenheit (°F)

gallon per minute per foot
[(gal/min)/ft]

micromhos (umho)
foot per day (ft/d)

square foot per day (ft2/d)

by

2.540
.3048
1.609

Area
4,047
.4047
6.452
929.0
.09290
2.590

Yolume
3.785
.003785

Flow

.3048
.02832
.01093

.06308
.003785

Mass
9072

Temperature
°C = 5/9(°F-32)
Specific Capacity

.2070

Specific Conductance
1.0

Hydraulic Conductivity
.3048
Transmissivity
09290

To obtain SI units

centimeter (cm)
meter (m)
kilometer (km)

square meter (mz)
hectare

square centimeter (cmz)
square centimeter (cmz)
square meter (mz)
square kilometer (kmz)

liter (L)

cubic meter (m3)

meter per day (m/d)

cubic meter per second (m3/s)

cubic meter per second per
square kilometer [(m3/s)/km2]

liter per second (L/s)

cubic meter per day (m3/d)

megagram (Mg)
degree Celsius (°C)

liter per second per meter
[(L/s)/m]

microsiemens (uS)
meter per day (m/d)

square meter per day (mz/d)
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APPENDICES

APPENDIX 1. METHODS
OF INVESTIGATION

A description of the geology was needed to
establish the framework for groundwater occur-
rence, movement, and quality. The surface
geology of Greene County and structure con-
tours on the base of the Pittsburgh coal at the
base of the Pittsburgh Formation were compiled
from several existing geologic maps onto a single
map. Drillers’ logs of selected oil and gas wells
and coal-resource test holes were used to modify
the structure contours on the base of the Pitts-
burgh coal in western Greene County. An inset
map on Plate 1 provides an index to geologic
mapping used in the compilation of this plate.
More than 350 wells and 600 springs were inven-
toried to define the availability of groundwater
with respect to geologic formation and topo-
graphic position. To help quantify groundwater
occurrence and flow, pumping tests, slug tests,
and geophysical logs were run on 13 existing
wells and 15 newly drilled wells. Observation
wells were available for only four of 28 aquifer
tests. At four different sites, nine wells were in-
stalled in clusters of two and three to determine
flow and water-bearing characteristics in a verti-
cal profile. Water-level recorders were installed
at 20 wells to determine characteristics of
groundwater recharge, premining water-level
fluctuations, and, for two locations, the effects
of active underground mining.

Groundwater seepage into streams was mea-
sured across the Whiteley Creek watershed in
November 1981 to compare groundwater dis-
charge from various geologic formations and
mining conditions. A groundwater-flow model
was developed for a generalized cross section to
improve the understanding of the groundwater-
flow system and to estimate the future regional
effects of underground mining.

Continuous surface-water monitoring stations
and recording precipitation gages were estab-

lished in three basins to monitor the effects of
deep mining, strip mining, and no mining on the
surface-water hydrology. About 95 intermittent
surface-water sampling sites and three contin-
uous sampling sites were established in mined
and unmined areas to define the countywide
surface-water quantity and quality.

Field measurements of water quality of
groundwater and surface water included acidity,
alkalinity, specific conductance, pH, and tem-
perature. Most water samples from wells were
collected by pumping only after specific conduc-
tance and pH had stabilized. Single water sam-
ples from 50 wells and 10 springs were analyzed
for common ions to establish the chemical quali-
ty of groundwater along the flow path. Some of
the water samples were also analyzed for dis-
solved trace metals, total sulfide, and dissolved
organic carbon. Dissolved gas samples were col-
lected at some wells in which methane occurrence
was suspected.

Water samples were collected four times
throughout the study at all surface-water sites
during base-flow periods. Monthly samples were
collected at the three continuous surface-water
monitoring sites from February 1980 through
September 1981. Samples were also collected
during high flows in March 1980 and June 1981
at the three continuous monitoring sites and at
intermittent sites above and below the monitored
sites. Water-quality monitors recorded specific
conductance, pH, and water temperature every
15 minutes at the three continuous sites. Lab-
oratory analyses for most of the surface-water
samples included sulfate, chloride, iron, man-
ganese, and dissolved solids.

Suspended-sediment samples were collected
with PS-69 automatic sediment samplers at the
three stream monitoring sites. Hand-held sam-
plers were used periodically to collect samples at

.monitoring sites for comparison with auto-

matically collected samples. Hand samplers were
also used to collect sediment samples at other
locations.
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APPENDIX 2. DESCRIPTION OF
LITHOLOGY, WELL
CONSTRUCTION,

AND OTHER FEATURES OF
TEST WELLS

Wells numbered Gr-801 to Gr-815 were
drilled by the U.S Geological Survey for this
study. General well construction for all wells is
described below. The wells were drilled by the
rotary method. Generally an 8-inch-diameter
roller-cone bit was used to the depth where the
steel casing ends, and a 6%-inch-diameter roller-
cone bit was used to drill the rest of the well to
total depth. The wells were cased to the depth
of the well (except where noted) with 4-inch (in-
side diameter) schedule 40 polyvinylchloride
(PVC) plastic pipe. Four-inch (inside diameter)
schedule 80 PVC was used in well Gr-805 from
502 to 652 feet and in well Gr-807 from 383 to
393 feet. Except where noted, factory-cut per-
forations having a 0.030-inch slot size were used.
The open area of the slots was 5.15 square inches
per linear foot of casing. Steel casing was in-
stalled to protect the plastic casing above the land
surface. One or more rubber formation packers
were attached to the plastic pipe and installed to
an appropriate position above the aquifer to be
isolated in the observation well. The annular
space, between the well bore and plastic casing,
was sealed with bentonite powder or pellets, neat
cement, and well cuttings from the uppermost
formation packer to the land surface.

An explanation of the headings used on the
following tables is given below.

Well depth: Measured depth of well after

borehole has been cased and developed.

Land-surface altitude: Above sea level; ac-
curacy is within 10 feet.

Depth to water: Depth is below land sur-
face (in feet); date measured is in paren-
theses (month, day, and year).

Lithologic description: Name of coal or sand-
stone unit is in parentheses; discharge, in
gallons per minute, is the estimated yield
from the water-bearing zone at the depth
indicated.

Well Gr-540

Latitude: 39°54'02”

Longitude: 80°11'00”

Aquifer: Waynesburg Formation
Date drilled: 12-20-79

Well depth: 176 feet

Land-surface altitude: 946.5 feet
Depth to water: 6.73 feet (12-2-81)

Depth
interval
(feet) Lithologic description’

0-4 Loam.

4-14 Shale, dark-gray to black.

14-24.3  Sandstone, light-gray, medium-grained.
24.3-28.2  Shale, black.
28.2-29.6 Shale, carbonaceous.

29.6-30.1 Coal, vitreous (Waynesburg B).

30.1-33.1 Shale, carbonaceous.

33.1-39.0 Shale, silty; gray mottled layer from 35.8 to
39.0 feet.

39.0-43.3  Siltstone, light-gray, shaly, alternating thin
beds.

43.3-46.5 Sandstone, light-gray, fine- to medium-
grained.

46.5-49.8 Shale, gray; sandstone streaks.

49.8-50.9 Limestone.

50.9-70.0 Shale, gray to dark-gray, sandy; sandstone
streaks.

70.0-71.4 Shale, carbonaceous.

71.4-74.6  Limestone; shale partings at 73.5 and 74.1 feet.

74.6-78.0  Shale, black.

78.0-82.2 Limestone, shaly, mottled; clay-healed fracture
at 78.8 feet.

82.2-85.1 Shale, dark-gray, limy.

85.1-87.4 Coal, dirty; shale parting at 87.1 feet.

87.4-95.3 Claystone, gray, hard; moderate breakage.

95.3-101.8 Sandstone, fine-grained; numerous shaly
layers; gypsum on horizontal fractures.

101.8-103.8 Shale.

103.8-142.8 Sandstone, light-gray, fine- to medium-
grained; massive with few fractures from 118
to 138.6 feet (Waynesburg).

142.8-149.0 Shale, black; sandy streaks from 144.3 to 145.7
feet and 147.9 to 148.4 feet.

149.0-149.3 Shale, carbonaceous.

149.3-156.8 Coal (Waynesburg).

156.8-157.6 Shale, black.

157.6-159.0 Sandstone, light-gray, fine-grained.

159.0-174.0 Shale, silty; sandstone streaks.

174.0-180.0 Shale, gray.

'Lithologic description taken from core samples.

Well construction: Hole drilled with 3-1/8-inch-diameter
diamond drill bit to 1,439 feet; backfilled and sealed with
cement to 180 feet; cased with 2-inch schedule 40 plastic pipe
perforated with hacksaw cuts from 93 to 156 feet, and cased
with 4-inch steel casing from 1.7 feet above ground to 2.3
feet; cement and gravel seal from 0 to 3 feet.
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Latitude: 39°52'59"

Longitude: 80°27 06"

Aquifer: Waynesburg Formation
Date drilled: 9-10-80

Latitude: 39°58‘12"

Longitude: 80°26'49"

Aquifer: Waynesburg Formation
Date drilled: 9-17-80

Well depth: 216.2 feet

Well depth: 158.7 feet
Land-surface altitude: 1,011 feet
Depth to water: 50.70 feet (12-3-81)

Depth
interval

(feet) Lithologic description

0-2 Top soil.

2-19 Clay, gray; gray and green, fine-grained,
micaceous, 3/4-inch-diameter, rounded sand-
stone pebbles between 15 and 19 feet.

19-25 Shale, gray and black.
25-26 Coal.
26-29 Shale, gray, sandy.
29-31 Coal, impure.
31-48 Shale, gray and black, fissile, silty.
48-56 Shale, calcareous; limestone; gas at 53 feet.
56-62 Limestone, gray; light-gray, fine-grained sand-
stone (water at 56 feet).
62-63 Limestone.
63-82 Shale, gray.
82-88 Shale, dark-gray, calcareous.
88-94 Shale, dark-gray, fissile (water at 89 feet).
94-102 Shale, dark-gray, calcareous.
102-108  Shale, gray, calcareous, interbedded with lime-
stone.
108-118  Shale, gray, calcareous.
118-150  Sandstone, gray, silty, interbedded with gray silty
shale.
150-155 Coal (Waynesburg); 1-foot-thick shale parting
between 152 and 153 feet.
155-163  Shale, light-gray, silty.

Well construction: Hole drilled with air and water circula-
tion to 163 feet; cased with plastic pipe perforated from 90
to 95 feet, 105 to 110 feet, 120 to 125 feet, 135 to 140 feet,
and 150 to 155 feet, and cased with 6Y2-inch steel casing from
0.9 feet above land to 10 feet; formation packer at 69 feet.

Land-surface altitude: 946 feet
Depth to water: 9.70 feet (12-3-81)

Depth

interval

(feet) Lithologic description

0-2 Loam, tan.

2-15 Clay, tan; gray sandstone; subangular gravel.
15-28 Claystone, gray (1 gal/min at 15 feet).
28-34 Sandstone, gray, medium-grained, micaceous.
34-43 Shale, gray; gas at 38 feet (4 gal/min at 34 feet).
43-44 Limestone.

44-44.5 Coal (Washington).
44.5-48 Shale, black, carbonaceous.
48-60 . Sandstone, dark-gray to black, medium-
grained, interbedded with black shale.
60-61.5 Coal (Little Washington).
61.5-87 Shale, dark-gray to black, fissile, interbedded
with siltstone.
87-93 Limestone, gray.
93-108  Shale, gray (5 gal/min at 98 feet).

108-118  Sandstone, gray, medium-grained, micaceous;
gray shale; crevice, 116 to 118 feet (8 gal/min
at 118 feet).

1118-133  Shale, gray; gray, fine- to medium-grained
sandstone.

133-135  Shale, black.

135-136  Coal, less than 1 foot thick (Waynesburg A).

136-138  Shale, black.

138-144 Limestone, gray; shale.

144-190  Siltstone, gray, grading into dark-gray, fine-
to medium-grained, micaceous sandstone.

190-194  Coal (Waynesburg).

194-198  Sandstone, shaly.

198-218  Shale, gray, interbedded with siltstone.

'Poor sample of well cuttings due to problems with air cir-
culation in hole, from 118 to 218 feet.

Well construction: Hole drilled with air circulation to 218
feet; cased with plastic pipe to 90 feet, open hole to 218 feet,
and cased with 7-inch steel casing from 2 feet above land to
20 feet; formation packers at 83, 85, and 89 feet.
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Well Gr-803

Well Gr-804

Latitude: 39°58 12"

Longitude: 80°26'49”

Aquifer: Waynesburg Formation
Date drilled: 9-18-80

Well depth: 218 feet

Land-surface altitude: 944 feet
Depth to water: 7.92 feet (12-3-81)

Depth
interval
(feet) Lithologic description

0-2 Loam, tan, moist.

2-9 Clay, tan to brown.

9-15 Claystone, gray; gray, subangular gravel.
15-27 Claystone, gray; shale (1 gal/min at 20 feet).
27-31 Sandstone, gray, medium-grained, micaceous.
31-41 Shale, gray, limy; light-gray claystone.

41-42 Limestone,

42-43 Coal (Washington).

43-46  Shale, gray to black.

46-52 Sandstone, gray, medium-grained, micaceous;
trace of coal at 47 feet (about 40 gal/min at 50
feet).

52-57 Shale, gray to black.

57-60 Coal (Little Washington).

60-80 Shale, dark-gray to black; trace of limestone.

80-94 Limestone, tan, interbedded with gray shale; gas
at 83 feet.

94-109  Shale, gray; sandy shale (5 gal/min at 95 feet).

109-117  Sandstone, gray, medium-grained; 1-foot-thick
crevice at 115 feet (5 gal/min at 115 feet).

117-132  Shale, dark-gray to black; gas at 128 feet.

132-134  Coal (Waynesburg A); low-grade coal.

134-135  Limestone.

135-144  Shale, gray, interbedded with gray limestone.

144-187  Shale, gray, sandy; dark-gray to black shale.

187-194  Coal, vitreous luster (Waynesburg); 1-foot-thick
shale parting at 189 feet.

194-197  Shale, black.

197-199  Sandstone, gray.

199-211  Shale, gray to black, interbedded with gray
sandstone.

211-213  Limestone, tan.

213-218  Shale, gray; siltstone.

Well construction: Hole drilled with air circulation to 218.3
feet; cased with plastic pipe perforated from 98.3 to 198.3
feet, and cased with 6%5-inch steel casing from 1.8 feet above
land to 21.2 feet; formation packers at 87 and 91 feet.

Latitude: 39°58'07"

Longitude: 80°26'52"

Aquifer: Alluvium

Date drilled: 9-22-80

Well depth: 19 feet

Land-surface altitude: 939 feet
Depth to water: 4.67 feet (12-3-81)

Depth
interval
(feet) Lithologic description

0-2 Loam.
2-14 Clay, tan; flat, subangular, 1- to 1%-inch-
diameter sandstone gravel (3.5 gal/min at 8

feet).
14-14.5  Limestone.
14.5-19 Shale, gray.

Well construction: Hole drilled with air circulation to 19
feet; cased with plastic pipe perforated from 4 to 14 feet,
and cased with 6Y2-inch steel casing from 1.5 feet above land
to 3 feet; formation packer at 3 feet.

Well Gr-805

Latitude: 39°49'08”

Longitude: 80°21°10”

Aquifer: Washington Formation
Date drilled: 10-16-80

Well depth: 652 feet

Land-surface altitude: 1,424 feet
Depth to water: 357.48 feet (12-3-81)

Depth
interval
(feet) Lithologic description

0-3 Loam.

3-15 Shale, light-brown and gray, sandy, calcareous.
15-26 Claystone, light-brown; sandy shale.
26-30 Sandstone.
30-33 Shale.
33-34 Limestone.
34-45 Sandstone, gray, fine-grained (water at 35 feet).
45-50 Shale, gray, sandy.

50-62.5  Sandstone, gray, fine-grained; gray shale; gas
odor at 60 to 62 feet (water at 50 feet).
62.5-64.5 Limestone.
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Well Gr-805 (Continued)

Depth
interval
(feet) Lithologic description
64.5-76  Sandstone, red and gray, fine- to medium-

grained, micaceous.

76-88  Shale, gray.

88-92 Sandstone, gray, medium-grained, calcareous,
micaceous.

92-93 Limestone.

93-102 Sandstone, gray, fine-grained, micaceous.

102-153  Shale, maroon and dark-gray, sandy; dark-gray
sandstone.
153-167 Limestone, gray and tan; gray shale.

167-187 Shale, gray, interbedded with limestone; black
shale, almost a coal, at 169 feet.

187-196  Limestone.

196-242  Shale, gray to dark-gray, interbedded with lime-

stone.

242-271 Limestone.

271-299  Shale, gray; trace of black shale at 297 feet; gas
at 297 feet.

299-319 Shale, maroon and gray, limy.
319-326 Limestone; gas at 320 feet.
326-349  Shale, gray and maroon, limy.

349-355 Limestone.
355-436  Shale, gray and maroon, interbedded with lime-
stone.

436-484  Sandstone, dark-gray, fine-grained; gray sandy
shale; gas at 462 feet.
484-498  Sandstone, greenish-gray, micaceous.

498-501 Limestone, tan.

501-513  Sandstone, greenish-gray, fine-grained; biotitic,
maroon and brown shale.

513-518  Shale, black, pyritic; greenish-gray siltstone.

518-524 Sandstone, greenish-gray.

524-546  Siltstone, dark-gray, interbedded with gray shale.

546-567 Sandstone, light-gray, coarse-grained, mica-
ceous, containing silica cement.

567-571 Clay, red.

571-631 Siltstone, gray and maroon, interbedded with
gray and olive-gray silty shale and gray shale.

631-635  Shale, black, carbonaceous; coal(?); gas at 634

feet.
635-639  Shale, olive-gray.
639-644 Limestone, tan to brown.
644-652 Sandstone, gray; black silty shale; limestone(?).

Well Gr-806

Well construction: Hole drilled with air, water, and foam
circulation to 652 feet; cased with plastic pipe perforated from
502 to 652 feet, and cased with 6%2-inch steel casing from
1.0 foot above land to 10 feet; formation packers at 438, 448,
and 483 feet.

Latitude: 39°49'08"

Longitude: 80°21'10”

Aquifer: Greene Formation

Date drilled: 10-22-80

Well depth: 158 feet

Land-surface altitude: 1,433 feet
Depth to water: 94.70 feet (12-3-81)

Depth
interval
(feet) Lithologic description
0-2.5 Loam.
2.5-10  Claystone, brown to reddish-brown; gray lime-

stone.

10-13  Sandstone, greenish-gray and brown, medium-
to coarse-grained, micaceous, friable.

13-19  Shale, brown, sandy.

19-21 Limestone.

21-25 Sandstone, light-gray, coarse-grained, mica-
ceous.

25-32  Shale, brown, sandy, silty.

32-34  Limestone, gray.

34-36 Shale, dark-gray, sandy (water at 34 feet).

36-39 Limestone, gray.

39-42 Shale, dark-gray, sandy.

42-54  Sandstone, greenish-gray and light-brown,
medium- to coarse-grained; contains quartz
crystals (water at 43 feet).

54-70  Shale, dark-gray and brown, sandy.

70-74 Limestone, gray.

74-84 Shale, gray and maroon, calcareous.

84-88  Sandstone, gray, fine-grained, calcareous.

88-97 Shale, dark-gray, calcareous.

97-111  Sandstone, gray, fine-grained, calcareous; con-
tains quartz crystals.

111-124  Shale, gray, sandy.

124-128 Shale, reddish-gray.

128-136 Sandstone, light-gray, fine-grained, calcareous.

136-152  Shale, gray; gray calcareous sandstone.

152-158 Sandstone, reddish-gray; reddish-gray shale.

Well construction: Hole drilled with air circulation to 158
feet; cased with plastic pipe perforated from 112 to 143 feet,
hacksawed slots approximately 0.1 foot thick from 143 to152
feet, and cased with 6%2-inch steel casing from 1.8 feet above
land to 9 feet; formation packers at 88 and 99.5 feet.
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Well Gr-807

Well Gr-807 (Continued)

Latitude: 39°47’55”

Longitude: 80°10'26"

Aquifer: Waynesburg Formation
Date drilled: 10-29-80

Well depth: 393 feet

Land-surface altitude: 1,097 feet
Depth to water: 80.37 feet (1-15-81)

Depth
interval
(feet) Lithologic description

0-12 Loam.

12-20 Shale, gray and maroon, sandy; gray siltstone.

20-32 Shale, gray, silty.

32-51 Sandstone, light-gray, fine- to medium-grained;
gray shale (5 gal/min at 34 feet).

51-59  Shale, gray.

59-68 Sandstone, gray, fine-grained, shaly.

68-73.5 Shale, dark-gray to black.

73.5-74  Coal, poor-quality.

74-84  Sandstone, gray, medium-grained.

84-98  Shale, gray; gray sandy shale.

98-110  Sandstone, brown and gray, fine-grained; 2-foot-
thick crevice from 100 to 102 feet (20 gal/min
at 100 feet).

110-122  Shale, brown and gray.
122-124  Limestone.

124-129  Shale, brown and gray, sandy.
129-132  Coal(?), impure.

132-138  Limestone.

138-142  Shale.

142-145 Coal (Washington).

145-157  Shale, black.

157-160  Coal (Little Washington) (water at 160 feet).
160-170  Shale, dark-gray.

170-177  Shale, dark-gray, sandy.

177-182  Shale, black, vitreous; trace of coal (Waynesburg
B).

182-211  Sandstone, gray, fine-grained; gray shale.

211-218  Sandstone, gray, friable.

218-234  Shale, gray; gray sandstone.

234-237 Sandstone, gray, calcareous.

237-243  Shale, gray, calcareous.

243-244  Coal (Waynesburg A).

244-250 Shale.

250-305  Sandstone, gray, medium-grained (Waynesburg).

305-325  Shale; sandstone.

325-334  Coal (Waynesburg), gray shale partings between
327 and 328.5 feet and 329.5 and 331 feet (water

at 334 feet).
334-342  Shale, gray to brownish-gray.
342-351 Limestone.

351-360 Shale, brown, interbedded with tan limestone.

360-370 Limestone, tan, interbedded with brown shale.

370-386  Shale, gray; brownish-gray, fine-grained sand-
stone.

Depth
interval
(feet) Lithologic description

386-400 Sandstone, brownish-gray, fine-grained;
greenish-gray siltstone.

400-419  Siltstone, gray.

Well construction: Hole drilled with air circulation to 419
feet; cased with plastic pipe perforated from 263 to 393 feet,
and cased with 6'-inch steel casing from 2 feet above land
to 20 feet; formation packers at 234, 251, and 262 feet.

Well Gr-808

Latitude: 39°47'55"

Longitude: 80°10'26”

Aquifer: Washington Formation
Date drilled: 10-31-80

Well depth: 167 feet

Land-surface altitude: 1,096 feet
Depth to water: 11.20 feet (12-3-81)

Depth
interval
(feet) Lithologic description
0-12.5 Loam.
12.5-19 Claystone, gray; maroon siltstone.

19-33 Shale, maroon and gray, silty.

33-50  Sandstone, gray, fine-grained, micaceous; gray
shale (3 to 5 gal/min at 33 feet, 4 to 5 gal/min
at 50 feet).

50-58 Shale, gray, maroon, and brown.

58-68 Sandstone, gray, micaceous; shaly sandstone.

68-72  Shale, light-brown; black shale; gas at 69 feet.

72-82  Sandstone, dark-gray, micaceous; dark-gray to
black shale (about 10 gal/min at 72 feet).

82-86  Shale, gray to dark-gray.

86-87 Limestone.

87-94 Sandstone, gray; small crevice at 90 feet (water
at 90 feet).

94-98 Shale; shaly sandstone.

98-108 Sandstone, gray.

108-122  Shale, gray to dark-gray.

122-124 Limestone.

124-128  Shale, gray and brown.

128-131  Coal, impure; black shale.

131-137  Limestone, brownish-gray; gas at 134 feet (water
at 131 feet).

137-141  Shale.

141-144  Coal (Washington).

144-155  Shale, gray to black; gas at 149 feet.

155-157  Shale, black; gas at 155 feet.

157-160  Coal (Little Washington); gas at 160 feet.

160-164  Shale, black (30 gal/min at 160 feet).

164-169  Shale, gray, sandy.

Well construction: Hole drilled with air circulation to 169
feet; cased with plastic pipe perforated from 36 to 166 feet,
and cased with 6%:-inch steel casing from 1.8 feet above land
to 10.2 feet; formation packer at 32.5 feet.
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Well Gr-809

Well Gr-810 (Continued)

Latitude: 39°47'55"

Longitude: 80°10'26”

Aquifer: Alluvium

Date drilled: 11-3-80

Well depth: 19 feet

Land-surface altitude: 1,097 feet
Depth to water: 0.52 foot (12-3-81)

Depth
interval
(feet) Lithologic description
0-9 Loam, brown.

9-19 Shale, gray; red siltstone.

Well construction: Hole drilled with air circulation to 19
feet; cased with plastic pipe perforated from 2 to 12 feet,
and cased with 6'2-inch steel casing from 1.2 feet above land
to 2.3 feet; formation packer at 1.5 feet.

Well Gr-810

Latitude: 39°49°03"

Longitude: 80°02°15"

Aquifer: Pittsburgh Formation, upper member
Date drilled: 11-10-80

Well depth: 271 feet

Land-surface altitude: 1,017 feet

Depth to water: 66.72 feet (12-2-81)

Depth
interval
(feet) Lithologic description

0-5 Loam, brown, slightly moist; shale.
5-23 Shale, gray and brown; gray and brown, fine-
grained sandstone.
23-34 Sandstone, gray, medium- to coarse-grained;
gray sandy shale.
34-36 Limestone, brown (1 gal/min at 34 feet).
36-44 Shale, gray and black; trace of coal.
44-45 Limestone (1 gal/min at 44 feet).
45-48 Coal (Waynesburg A).
48-56 Shale, gray, limy.
56-58 Limestone, dark-tan.
58-62 Shale, gray.

62-110  Sandstone, gray, fine- to medium-grained, mi-
caceous (Waynesburg).

110-119  Shale, dark-gray to black; dark-gray sandstone.

119-126  Coal (Waynesburg); 2-foot-thick, dark-gray to
black shale parting from 121 to 123 feet (1
gal/min at 123 feet).

126-138  Shale, gray to dark-gray, sandy; gray, fine- to
medium-grained sandstone.

138-144  Shale, black; trace of coal.

144-152  Sandstone, gray to dark-gray; dark-gray shale.

Depth
interval
(feet) Lithologic description
152-154  Limestone, brown; gas.
154-185  Shale, tan and gray.
185-202  Sandstone, gray, fine-grained.
202-205  Shale, black.
205-207 Coal (Uniontown) (water at 205 to 207 feet).
207-218  Shale, gray to dark-gray.
218-233  Limestone, tan to brown.
233-243  Shale, gray, silty.
243-248 Limestone, tan and gray.
248-260 Limestone, olive-green and gray; gray to dark-
gray shale.
260-264 Shale, dark-gray to black.
264-278 Limestone, bluish-green and gray.

Well construction: Hole drilled with air circulation to 278
feet; cased with plastic pipe perforated from 195 to 271 feet,
and cased with 6/2-inch steel casing from 0.5 foot above land
to 6 feet; formation packers at 192 and 194 feet.

Well Gr-811

Latitude: 39°49'02"

Longitude: 80°02'13”

Aquifer: Waynesburg Formation, lower member
Date drilled: 11-12-80

Well depth: 102 feet

Land-surface altitude: 1,013 feet

Depth to water: 43.62 feet (12-2-81)

Depth
interval
(feet) Lithologic description

0-7 Loam; shale.
7-17 Claystone, gray; brown siltstone.
17-20 Claystone, gray, soft.
20-25 Claystone, gray, soft; siltstone.
25-31 Sandstone, brown; gray sandy shale.
31-36 Shale, dark-gray; gray sandy shale.
36-40 Sandstone, gray (<1 gal/min at 40 feet).
40-42 Shale, black.
42-44 Coal, impure (Waynesburg A) (<1 gal/min at
43 feet).
44-51 Shale, gray to black.
51-57 Shale, gray; thin tan limestone.
57-59 Limestone(?).
59-102 Sandstone, light-gray to gray, fine- to coarse-
grained; tan to brown quartz crystals (Waynes-
burg) (2 gal/min at 64 feet).

Well construction: Hole drilled with air circulation to 102
feet; cased with plastic pipe perforated from 42 to 102 feet,
and cased with 6%2-inch steel casing from 1.2 feet above land
to 2.3 feet; formation packer at 38 feet.
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Well Gr-812

Latitude: 39°50'47"

Longitude: 80°05‘16"

Aquifer: Washington Formation
Date drilled: 11-14-80

Well depth: 239 feet

Land-surface altitude: 1,230 feet
Depth to water: 145.34 feet (12-2-81)

Depth
interval
(feet) Lithologic description

0-22 Loam, dark-brown and gray; subangular gravel;

trace of gray sandstone; brown claystone.

22-29 Mudstone, light-brown; brown claystone.

29-36 Siltstone, gray.

36-41 Limestone, gray.

41-46 Shale, gray to dark-gray.

46-48 Coal (Jollytown) (water at 46 feet).

48-50 Shale, dark-gray.

50-56 Sandstone, gray to dark-gray, medium-grained,
micaceous.

56-58 Shale, gray, silty.

58-64 Sandstone.

64-75 Shale, gray; gas at 74 feet.

75-76 Limestone.

76-80 Sandstone, gray, medium-grained (water at 77
feet).

80-92 Shale, gray to greenish-gray.

92-120  Shale, red, reddish-brown, and gray, sandy;
gray, fine- to medium-grained sandstone.

120-128  Limestone, gray; contains calcite crystals.
128-154  Shale, gray, brownish-gray, and black.
154-156 Coal (water at 154 feet). :
156-168  Shale, gray to dark-gray.

168-188  Shale, gray; brown sandy shale.
188-204  Shale, gray, limy.

204-208 Limestone, tan to brown.

208-214  Shale, gray to dark-gray.

214-216 Limestone.

216-220  Shale, gray to dark-gray.

220-223  Limestone, tan.

223-229  Shale, dark-gray to black.

229-232  Coal (Washington).

232-239  Shale, dark-gray to black.

Well construction: Hole drilled with air circulation to 239
feet; cased with plastic pipe perforated from 113 to 153 feet
and from 173 to 233 feet, and cased with 8-inch steel casing
from 1 foot above land to 2 feet; formation packers at 61.5
and 63 feet.

Well Gr-813

Latitude: 39°54'03”

Longitude: 80°11'00"

Aquifer: Waynesburg Formation, middle and lower mem-
bers

Date drilled: 11-21-80

Well depth: 159 feet

Land-surface altitude: 947 feet

Depth to water: 7.34 feet (12-2-81)

Depth
interval
(feet) Lithologic description

0-4 Loam.
4-15 Shale, gray, dark-gray, and black; trace of coal
at 9 feet (Little Washington).
15-24 Sandstone, gray, fine-grained, micaceous.
24-31.5 Shale, gray to dark-gray.
31.5-32.5 Coal, impure (Waynesburg B) (< 1 gal/min at
31.5 feet).
Shale, gray to dark-gray; silty shale; brown
hard siltstone.
44-46 Sandstone, light-gray to gray, fine-grained.
46-50 Shale, gray.
50-52 Limestone, tan.
52-55 Sandstone, gray; crevice from 53 to 54.5 feet
(15 to 20 gal/min at 53 feet).

55-73 Shale, gray; gray silty shale.
73-76 Limestone, tan.
76-79 Shale, gray.
79-83 Limestone, tan.
83-87 Shale, dark-gray to black.
87-89 Coal, impure (Waynesburg A).
89-96 Shale, gray, sandy.

32.5-44

96-144  Sandstone, light-gray, fine- to medium-grained
(Waynesburg) (10 gal/min at 96 feet).
144-153  Shale, dark-gray to black.

153-158.5  Coal (Waynesburg); 1-foot-thick shale parting
at 155 feet.

158.5-159 Shale, black.

Well construction: Hole drilled with air circulation to 159
feet; cased with plastic pipe perforated from 49 to 69 feet
and from 99 to 149 feet, and cased with 6V2-inch steel cas-
ing from 1.5 feet above land to 6 feet; formation packers
at 28 and 44 feet.
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Well Gr-814

Well Gr-815

Latitude: 39°58'41"

Longitude: 80°04'21"

Aquifer: Waynesburg Formation, lower member
Date drilled: 11-25-80

Well depth: 58 feet

Land-surface altitude: 1,030 feet

Depth to water: 6.65 feet (12-2-82)

Depth
interval
(feet) Lithologic description

0-6 Loam.
6-11  Shale, gray.

11-18  Sandstone, gray to dark-gray, fine-grained,
micaceous (1 gal/min at 12 feet).

18-25  Shale, gray, silty.

25-33  Coal, vitreous (Waynesburg); 2-foot-thick shale
parting at 28 feet (10 gal/min at 25 feet; 15
gal/min at 32 feet).

33-39  Claystone, light-gray, soft.

39-48  Shale, gray.

48-50  Sandstone.

50-52  Shale, dark-gray.

52-58  Sandstone, gray, fine-grained, micaceous.

Well construction: Hole drilled with air circulation to 58
feet; cased with plastic pipe perforated from 8 to 58 feet,
and cased with 6%-inch steel casing from 1.5 feet above land
to 7.5 feet; formation packer at 6 feet.

Latitude: 39°56 '09”

Longitude: 80°13'53"

Aquifer: Washington Formation, middle member
Date drilled: 11-24-80

Well depth: 78 feet

Land-surface altitude: 1,035 feet

Depth to water: 12.18 feet (12-2-81)

Depth
interval
(feet) Lithologic description

0-12  Loam, brown; sandstone gravel.

12-15  Shale, brown; gray silty shale.

15-17  Limestone, tan (<1 gal/min at 15 feet).

17-21 Shale, gray and maroon.

21-23  Coal (Jollytown).

23-28  Shale, gray; gray sandy shale.

28-41  Sandstone, light-gray, fine-grained, micaceous
(1 gal/min at 35 feet).

41-66  Shale, gray to dark-gray, sandy; greenish-gray
claystone.

66-69  Sandstone, gray, fine- to medium-grained (2
gal/min at 66 feet).

69-71  Shale, black and gray.

71-75  Siltstone, greenish-gray.

75-78  Shale, red and gray.

Well construction: Hole drilled with air circulation to 78
feet; cased with plastic pipe to 23.5 feet, open hole to 78 feet,
and cased with 6%2-inch steel casing from 1 foot above land
to 11 feet; formation packers at 19 and 23 feet.
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APPENDIX 3. HYDRAULIC TESTS

An aquifer test is a controlled field experiment
made to determine the hydraulic properties of
water-bearing and associated rocks (Stallman,
1971). The basic concept of an aquifer test is to
impose a flow in the aquifer in which the ex-
pected response can be determined mathemati-
cally, to measure the observed aquifer response,
and to determine the hydraulic properties by
matching the measured response to the mathe-
matically derived responses.

Most aquifers were tested by pumping a well
at a constant flow rate and measuring the water
levels in the pumping well and, where available,
in nearby observation wells. Variations in aquifer
testing included (1) the injection of a known vol-
ume into a well (slug test) and the measurement
of the water-level changes with time, and (2) the
measurement of water-level changes in the well
after the pump was turned off (recovery test).
Figure 56 illustrates, in cross section, the use of
a pumping well and an observation well to test
a confined aquifer. The potentiometric surface
represents the static head of an aquifer and is
defined as the level to which water will rise in
tightly cased wells tapping the same aquifer. For
unconfined aquifers, the water table is the poten-
tiometric surface. Withdrawal of water from a
well causes a cone of depression in the poten-
tiometric surface. The shape and rate of expan-
sion of this depression can be defined by the
transmissivity and storage coefficient of the
aquifer tapped by the well. .

Theoretical plots of drawdown versus time for
constant-rate pumping tests and slug tests on
aquifers have been developed based on the
following ideal conditions and assumptions:
(1) the aquifer is homogeneous, isotropic, and
horizontal and has uniform thickness; (2) the
aquifer is infinite in areal extent; (3) the pump-
ing well has an infinitesimal diameter and is open
to the aquifer throughout the aquifer thickness;
(4) water is released from storage instantaneously
with a decline in head; and (5) the lowering of
the hydraulic head created by the pumping well
is the only cause of flow in the aquifer system
during testing.

During some aquifer tests, the cone of depres-
sion may intercept an aquifer boundary. An im-
permeable boundary prohibits lateral flow in the
aquifer, such as where a sandstone or coal bed
pinches out into a shale or where an aquifer is
cut off by a fault. A recharge boundary, such
as a stream or lake, serves to restrict drawdown
by providing unlimited recharge. Flow in the ver-
tical direction can occur during the early stages
of a pumping test in an unconfined aquifer as
a result of gravity drainage. Theoretical time-
drawdown curves are available for nonideal con-
ditions such as the interception of a single im-
permeable or recharge boundary (Stallman,
1963) and delayed yield from storage (Boulton,
1963). Graphical techniques that involve match-
ing one of the theoretical plots (based on the ideal
or nonideal conditions outlined above) to plots
of drawdown or recovery in wells versus time
were used to compute transmissivity and storage
coefficient for tested aquifers.

Two-Well Tests

Aquifer tests involving one pumping well and
one observation well tapping one or more con-
fined aquifer units of the Waynesburg Forma-
tion were made at four locations (Table 5 and
Plate 1). Prior to testing, the water level in one
well at each site was continuously monitored with
a float-type recorder to determine the trend of
water-level change with time. The influence of
barometric pressure change on water-level fluc-
tuations also was determined at each site. Dur-
ing testing at each site, the pumping rate was
maintained within 3 percent of the rate indicated
in Table 5 after 1 minute of pumping. Water
levels in both wells and barometric pressure
change were measured. Specific details regarding
site conditions and data analysis for each test are
discussed below.

Burdette Test Site

The Burdette test site involved two wells drilled
near the center of the valley drained by Enlow
Fork near Burdette. At this site, the valley bot-
tom is 300 feet wide and has about 300 feet of
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Figure 56. Schematic cross section of a pumping test using two wells tapping a confined aquifer.

relief. Both wells tap the same rock formations,
which include 105 feet of the Waynesburg For-
mation and the upper 14 feet of the Uniontown
Formation. According to the well driller, most
of the water came from a sandstone and the
overlying shale within the middle member of the
Waynesburg Formation. About half of the yield
for the aquifer comes from a crevice (bedding-
plane separation), which was at a depth of 116
feet in well Gr-802 and a depth of 115 feet in
well Gr-803 (Appendix 2). Throughout the dura-

tion of the test, drawdown occurred within the
tightly cased parts of both wells. Natural gas was
expelled intermittently with the water at the
pumped well. An analysis of a dissolved-gas sam-
ple collected from the pumping well discharge
indicated that 2.6 atmospheres of methane (at
12.5°C) was present. During pumping of well
Gr-802, natural gas also was being expelled from
the observation well, Gr-803.

After 11 hours of pumping well Gr-802, the
drawdown in Gr-803 was 18.6 feet. Thereafter,
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the water level in the observation well began to
oscillate within a range of 0.6 foot and then rose
as the pumping well continued to discharge at
a constant rate (23.7 gal/min). After 15 hours
of pumping, the water level in the observation
well had reached the top of the casing. Shortly
thereafter, the observation well flowed at about
2 gal/min. The water level in the pumped well
continued to decline without oscillation. At a
pumping time of 15.9 hours, a sudden surge of
gas was released from the observation well with
enough velocity to lift water from the well to
more than 10 feet into the air. Gas and water
continued to flow from the observation well
several minutes after the pump was turned off.
Presumably, the lowering of fluid pressure due
to the pumping caused gas to migrate toward the
pumping well from the north, and the gas was
released to land surface through the first avail-
able exit point—the observation well, which is
due north of the pumped well. The source of the
gas could be the shallow coal-bearing rocks.
However, sandstone formations located several
thousand feet below the aquifer-test site are used
to store commercial natural gas. Small amounts
of storage gas could have leaked through the cas-
ing of injection wells, or through fracture zones,
into the shallow aquifers.

The gas in the aquifer, either dissolved or in
a separate phase, could have seriously affected
the time-drawdown plots of the Burdette aquifer
test. Furthermore, the drawdown plots from
both wells indicated that one or more imper-
meable boundaries were intercepted. For these
reasons, the values of hydraulic properties deter-
mined by the aquifer test probably represent
approximations accurate to one order of mag-
nitude.

Garards Fort Test Site

The Garards Fort aquifer test site was on a
gentle hillside in which the land surface at the
pumped well, Gr-811, is 13 feet above the land
surface at the observation well, Gr-658. The bot-
tom of both wells was in the same stratigraphic
horizon within the lower member of the Waynes-
burg Formation. The static water level was below

the bottom of casing in each well and was 13 feet
higher in well Gr-811 than in well Gr-658. Rocks
open to well Gr-811 below the static-water level
were 63 feet thick and included the Waynesburg
A coal and most of the Waynesburg sandstone.
Drilling data from well Gr-811 (Appendix 2) in-
dicated that most of the water (about 2 gal/min)
came from the upper 5 feet of the sandstone. In-
formation concerning the water-bearing units for
well Gr-658 was not available. The rate of draw-
down in the pumped well decreased after two
hours of pumping, which possibly indicates
delayed yield from storage of the water-table
aquifer. Thereafter, the rate of drawdown
changed three more times before the pump was
shut off. This nonuniform drawdown could be
the result of (1) differing hydraulic properties of
thin water-bearing units intercepted by the cone
of depression during the test, or (2) change from
confined to unconfined water conditions in the
water-bearing units as they were dewatered, or
(3) a combination of the above two factors. The
transmissivity reported for the pumped well,
Gr-811, represents an average value for the lower
Waynesburg aquifer.

The pumping well and observation well are
believed to be aligned along the maximum water-
table gradient at the Garards Fort site, a condi-
tion which probably affects the drawdown plots
of both wells. Although the effect on the results
from the pumped well may be insignificant, the
value of transmissivity computed from the obser-
vation well, Gr-658, is probably high. A short-
term pumping test on well Gr-658 indicated a
transmissivity of only 0.94 ft>/d (Table 6). The
value of storage coefficient determined from the
observation well could be as much as 20 percent
higher than the actual storage coefficient and
represents the average storage property of a com-
bined set of unconfined and confined water-
bearing units.

Ryerson Test Site

The Ryerson test site is several thousand feet
southwest of the Ryerson Station State Park
reservoir. The pumped well, Gr-116, is in a small
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valley and the observation well, Gr-801, is
around a hill from the valley. Land-surface
altitude at each well is almost the same. The
aquifer tapped by the pumped well is 96 feet
thick and includes limestone and shale of the
middle member of the Waynesburg Formation
and the Waynesburg sandstone. The rocks open
to the observation well are 91 feet thick and are
slightly lower in the stratigraphic section, which
includes the Waynesburg coal and the upper 10
feet of the Uniontown Formation (Appendix 2).
The aquifer thickness common to both wells is
81 feet. In well Gr-116, most of the water is from
the Waynesburg sandstone, which is fine to
coarse grained and is 54 feet thick. Contrarily,
the stratigraphically equivalent rocks in well
Gr-801 were mostly shale and siltstone and
yielded much lower quantities of water. Before
and during the aquifer test, the water level re-
mained below the casing in the pumped well and
within the casing in the observation well.

The time-drawdown plot of the pumping-well
water levels matched a type curve that assumes
delayed yield from storage. After 4 hours of
pumping, the drawdown of the observation well
closely correlated with the theoretical (Theis) type
curve for a confined aquifer. However, during
the first 2 hours of pumping, the water level in
the observation well steadily rose a maximum of
0.04 foot. Reduction of fluid pressure in the
Waynesburg sandstone aquifer could have re-
duced the pressure on the underlying Waynes-
burg coal aquifer. This pressure reduction, which
would be largest beneath well Gr-116, may have
caused gas to migrate toward the pumped well.
Such a gas drive may have caused the water level
to rise in the observation well during pumping.

Transmissivity computed from a pumping test
on well Gr-801 alone (Table 6) is an order of
magnitude less than the transmissivity computed
from Gr-801 when used as an observation well
for the pumping of Gr-116 (Table 5), clearly in-
dicating aquifer nonhomogeneity at the Ryerson
Park site. The hydraulic properties computed
from the observation well are representative
values for a large volume of the lower member
of the Waynesburg Formation.

Waynesburg Test Site

The two wells used in the Waynesburg aquifer
test site are aligned along the center axis of the
valley drained by Purman Run. The valley is
1,000 feet wide, from hilltop to hilltop, and has
a valley-to-hilltop relief of 170 feet to the west
and 50 feet to the east. The bottom of the valley
is only about 100 feet wide and is filled with
about 4 feet of unconsolidated material. Purman
Run cuts through this fill and flows over bed-
rock.

The pumped well at the Waynesburg aquifer
test site taps 115 feet of the Waynesburg Forma-
tion, including all of the lower member and most
of the middle member. The observation well is
open to the same stratigraphic units and 37 feet
of rock above and 17 feet of rock below the unit.
Drilling data from well Gr-813 (Appendix 2)
showed that most water came from the upper
foot of two different sandstones: an unnamed
sandstone in the middle member of the Waynes-
burg Formation, and the Waynesburg sandstone.
Water yield was not reported during the drilling
of test well Gr-540, but the lithologic logs (Ap-
pendix 2) are practically identical and the prin-
cipal water-bearing zones tapped by each well are
presumed to be similar.

The static water levels in both wells were about
2 feet below the stream level prior to testing.
Although the potentiometric surface of the aqui-
fer is not known beyond the test wells, it is ex-
pected to be sloping toward the valley beneath
the hillsides and to be relatively flat beneath the
valley bottom. During the aquifer test, the water
level remained within the tightly sealed casing in
the pumped well and below the bottom of the
sealed casing in the observation well.

The time-drawdown plots of both wells clearly
indicate nonideal aquifer conditions (Figure 57).
The plot for the pumped well, Gr-813, falls
nearly on a straight line, whereas the plot for the
observation well, Gr-540, is a gentle curve that
poorly fits the theoretical drawdown of an ideal
aquifer (Theis-type curve). The rate of draw-
down in both wells was practically equal after
300 minutes of pumping. The well discharge was
over 35 percent higher than the desired pumping
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Figure 57. Plot of drawdown versus time in
wells Gr-813 and Gr-540 during an
aquifer test.

rate during the first minute of pumping, which
probably affected the drawdown response in the
pumping well during the first 3 to 6 minutes of
pumping and in the observation well during the
first 1 to 2 minutes of pumping.

The drawdown response of the Waynesburg
aquifer test could be explained by boundary ef-
fects related to reduced aquifer transmissivity
away from the valley floor. Fracture openings
that may exist in an aquifer beneath a valley are
expected to close or diminish in size beneath ad-
jacent hills as a result of greater pressure from
overlying rocks. Such an aquifer, in effect, would
have a given transmissivity that is relatively
homogeneous beneath the entire length-of the
valley bottom and would be bounded on both
sides by aquifers of lower permeability beneath
the valley sides. A theoretical drawdown curve
for a single-impermeable boundary hypotheti-
cally located parallel to, and 75 feet away from,
the line of test wells is shown for well Gr-540
as a dashed line on Figure 57. According to the
same hypothetical method of analysis, draw-
down would be much larger than the actual
drawdown of well Gr-540 if the wells were
bounded by two impermeable boundaries 150
feet apart. A two-dimensional finite-difference

model was used to simulate the aquifer test. The
model represented confined conditions with a
center aquifer that was infinite in one direction,
100 feet wide, and bounded on both sides by
aquifers having transmissivities that were two
orders of magnitude less than the center aquifer.
Using values of transmissivity and storage coef-
ficient similar to those computed from the Theis-
curve fit (Figure 57 and Table 5), the model pro-
duced time-drawdown curves at the locations of
the test wells that were shaped like the time-
drawdown plots of the actual test. Although the
model result does not provide a unique solution
to the aquifer test analysis, it does show that the
aquifer conditions hypothesized above are a
possibility.

Single-Well Tests

Transmissivity and average hydraulic conduc-
tivity were determined for water-bearing units in
alluvium and bedrock formations using single-
well test methods (Table 6). Values of storage
coefficient as determined by single-well tests are
not reliable and therefore were not reported in
Table 6. Transmissivity was determined from
drawdown or recovery analysis of a pumped well
or recovery analysis of a slug injection in a well
(Cooper and others, 1967). Average hydraulic
conductivity was determined by dividing trans-
missivity by the saturated thickness of the rocks
tapped by the well. For wells in which the bot-
tom of the casing was below the static water
level, the saturated thickness was considered to
be the distance from the bottom of the casing
to the bottom of the well. In all other wells, the
saturated thickness was assumed to be the
distance from the static water level to the bot-
tom of the well. Within each tested interval, the
principal water-bearing aquifer units (as deter-
mined from drillers’ reports, geophysical logs,
and pumping test analysis) are also indicated.
Because of the low total yield of each well tested,
the proportion of yield contributed by the prin-
cipal water-bearing units with respect to the yield
of the other rocks within the tested interval could
not be resolved. Therefore, the hydraulic con-
ductivities in Table 6 are the average for the rock
interval open to the well.
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Over half of the transmissivities were less than
5 ft2/d, which is considered low. In low-trans-
missivity aquifers, the drawdown and recovery
response of a pumping well is seriously affected
by well-bore storage, meaning that discharge
from the well is derived from storage within the
well bore as well as from depletion of storage in
the aquifer. This effe~t diminishes as pumping
time increases and the well discharge more closely
represents aquifer discharge. On tests in which
borehole storage effects could be detected, the
value of transmissivity was determined from data
collected late in the pumping test in an effort to
reduce errors in the results. Practically all water
derived from wells Gr-713 and Gr-806 during
pumping was from well storage, and only maxi-
mum limits of transmissivity could be calculated
(Table 6). Transmissivity is probably accurate to
within an order of magnitude for values less than
1 ft2/d as a result of nonideal test conditions
related to low transmissivity. Other transmis-
sivities are expected to be within 20 percent of
the reported value.

The drawdown curves of four pumping tests
indicated the presence of aquifer boundaries. The

drawdown plots from pumping tests at wells
Gr-814 and Gr-815, located in bedrock valleys,
were similar to the drawdown plot of well Gr-813
(Figure 57), also located in a bedrock valley. The
nonhomogeneous character of an aquifer be-
neath the valley and adjacent hills as previously
described for the Waynesburg aquifer test site
is believed to exist at the Gr-814 and Gr-815 well
sites. In contrast to Figure 57, the drawdown
plots flattened during pumping of wells Gr-543
and Fa-501, indicating the presence of a recharge
boundary. Well Gr-543 taps the Washington
Formation near the edge of an alluvium-filled
valley. The cone of depression probably inter-
cepted a more permeable alluvial aquifer, which
was reflected as a recharge boundary in the
drawdown plot. Well Fa-501 is 40 feet from a
small perennial stream which flows directly over
bedrock. The water level in the well was about
5 feet above stream level prior to pumping and
was depressed to about 8 feet below stream level
near the end of the pumping test. Proximity of
the well to the stream and the shape of the
drawdown plot strongly suggest that the aquifer
tested is hydraulically connected to the stream.
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APPENDIX 4.  MINIMUM MONTHLY DEPTH TO WATER IN SELECTED OBSERVATION
WELLS HAVING A CONTINUOUS RECORD
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APPENDIX 5. CROSS-SECTION
FLOW MODEL

A two-dimensional finite-difference model
(Trescott and others, 1976) was used to simulate
groundwater flow through a vertical section. This
digital model was selected because of its ability
to treat heterogeneous and anisotropic aquifer
systems and because of its thorough documen-
tation. The complex groundwater-flow system in
Greene County could be best represented with
a three-dimensional model. However, the
amount of model input data for Greene County
is limited and, for the purposes of this study, the
difference between the results of a two-dimen-
sional cross-section model and a more complex
three-dimensional model is probably small. Fur-
thermore, the complexity of the hydrologic and
hypothetical mining conditions in Greene County
is portrayed by a generic section-type model.

Model Design

The cross section was designed to generalize
the geometry and hydrogeology of western and
central Greene County, where future under-
ground mining is expected. Although the section
is hypothetical, it closely approximates different
bedrock aquifer conditions in the deeply incised
Appalachian Plateaus region. A primary as-
sumption of this type of two-dimensional model
is that the plane of the section must be oriented
parallel to the groundwater-flow path. To ac-
commodate this assumption, the cross-section
trace can be made along the expected flow path
of the local aquifer system, which generally
follows the steepest land slope from hilltop to
adjacent valley. For many locations, the flow
direction of the regional aquifer system may be
along the axis of a stream valley or perpendicular
to the local flow direction. Because local flow
rates are fast relative to regional flow rates, the
orientation of the cross section is most critical
for the local flow direction. The errors contrib-
uted by the misalignment of regional flow direc-
tion to the model cross section are expected to
be insignificant for equilibrium conditions.
However, the model results for nonsteady-flow

problems, such as mining simulations to be
discussed later, may partially misrepresent actual
conditions.

Boundary Conditions

Figure 58 shows the boundary conditions used
to build the steady-state model. The uppermost
boundary is the water table, which is represented
by constant-head nodes having infinite storage.
These nodes are roughly located along the water
table and were assigned values of head that ap-
proximate the altitude of the water table. The
average depth to water from well data was used
to construct the general position of the water
table from a land-surface datum. The shape,
slope, and relative altitude of land surface used
in the model were derived from actual cross-
section traces made across valleys in the county
(see Plate 1). All traces were made along the
steepest slope from hilltop to valley to adjacent
hilltop. In an effort to canvass a broad range of
land slopes, local relief, valley slopes, and valley
widths, the representative section traces were
selected at several compass directions and valley
positions. The results were grouped and averaged
by valley position (upper or lower part of water-
shed) and used to construct the hypothetical sec-
tion for modeling. From this land-surface ge-
ometry, the water table was drawn.

The depth to the water table ranges from less
than § feet below valleys to 65 feet below hilltops.
The scale of the model is not amenable to
detailed representation of complex local condi-
tions such as perched-water-table aquifers. The
water-table position in the model is intended to
represent the top of the saturated local aquifer
system. Because data from hilltop wells that are
less than 75 feet deep may only represent perched
aquifers, those data were excluded.

The basal and lateral boundaries of the model
are no flow, which means the flow is not allowed
to cross the plane of the boundary. The bottom
is about 1,700 feet below average land surface,
which is the average base of the freshwater
aquifer system. The total length of the cross sec-
tion, 16,500 feet, was chosen as an optimum
dimension to sufficiently represent flow condi-
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tions in both the local and regional aquifer
systems. This length could also accommodate a
number of topographic settings and mine ge-
ometries and positions. The lateral boundaries
have been positioned directly beneath the center
of hilltops which represent groundwater divides
within the local aquifer system. Lateral flow
within the regional aquifer system is possible
beneath such topographic highs, but the flow is
small, and the errors attributable to the no-flow
assumption are expected to be insignificant.

Node Spacing

For modeling purposes, horizontal bedding
was assumed to coincide with the finite-
difference grid. Node spacing in the x direction
is 500 feet and uniform. Spacing in the z direc-
tion, which increases with depth, ranges from 50
to 220 feet. Coarser grids were tested, but did
not adequately represent the flow system near the
undulating water-table boundary. Node spacing
in the z direction was designed to be smallest at
shallow depth where the greatest vertical-head
gradients are anticipated for the natural flow
system.

Common practice in cross-section modeling is
to specify a unit width for the model and use
hydraulic conductivity and specific storage as in-
put parameters. Recharge and discharge are thus
scaled by the unit width. A 1-foot width was used
accordingly for most model simulations in this
investigation. For some nonsteady flow simula-
tions, the use of small values of input parameters
caused a numerical problem. This problem was
solved by expanding the model width to 1,000
feet and adjusting the hydraulic-conductivity and
specific-storage data to the nonunity width. For
these simulations, recharge and discharge were
also scaled to the 1,000-foot width.

Hydraulic Conductivity

Hydraulic conductivity was varied as an input
parameter in the cross-section model in order to
represent nonhomogeneous and anisotropic coRr-
ditions in the aquifer system. Data from aquifér
tests were used to set the initial framework of

distribution of hydraulic-conductivity values
throughout the model. These tests indicated that
average hydraulic conductivity decreased with
depth below land surface and was relatively in-
dependent of geologic formation. Exceptional
water-bearing units with higher than average
permeability, such as sandstone or coal, can be
simulated by adjusting the hydraulic-conduc-
tivity values along a row (or rows) of finite-
difference blocks.

In regard to hydraulic conductivity, the resolu-
tion of field data closely approximates the di-
mensions of the finite-difference blocks. Recall
that hydraulic conductivity was determined from
aquifer tests by dividing transmissivity by the
thickness of rock tested. Most rock thicknesses
were between 50 and 100 feet, no more than two
heights of any finite-difference block. The close
correlation between tested rock thickness and the
height of finite-difference blocks reduces possi-
ble misrepresentation due to scaling of hydraulic-
conductivity data.

The nonhomogeneity indicated by the enlarged
finite-difference block in Figure 59 will affect the
ratio of horizontal to vertical hydraulic conduc-
tivity of the aquifer system. The average horizon-
tal and vertical hydraulic conductivity of the
aquifer system may be computed by the follow-
ing formulas:

Kh=(K,bl+bi2+...+Knbn)/bl+b2+...+bn)

b, b b
Kv=(bl+b2+...+b")/(_’+__2_+...+ ")
Kl KZ Kn

where K, = mean horizontal hydraulic conductivity,
K, = mean vertical hydraulic conductivity,

b = mean vertical thickness of each zone of differing
hydraulic conductivity, and

K = hydraulic conductivity of each unit (K assumed to
be isotropic).

It is possible to obtain a K,/K, ratio of
greater than 300 using strata thicknesses and
hydraulic conductivities well within the range of
field evidence in the above equations. The
K,/K, ratio resulting from this large-scale
nonhomogeneity may be augmented by aniso-
tropic conditions that occur within each water-
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bearing unit. Contrarily, vertical fracturing
would effectively reduce the ratio of horizontal
to vertical hydraulic conductivity in the aquifer
system.

Field determinations of aquifer anisotropy
were not available. Therefore, knowledge of the
sensitivity of the cross-section model to aniso-
tropy is important. The ratio of horizontal to
vertical hydraulic conductivity (K,/K,) was
varied in the cross-section model by keeping the
absolute values and distribution of K, un-
changed and by varying K, in each of four
simulations to obtain K,/K, ratios from 1 to
1,000. To represent conditions indicated by
aquifer tests more closely, horizontal hydraulic
conductivity was decreased with depth at a rate
of one order of magnitude per 240 feet. Horizon-
tal hydraulic conductivity was not allowed to be
less than S x 1078 ft/d, a reasonable minimum
value for sedimentary rocks. With the above rate
of decrease, this minimum value was reached at
a depth of about 1,200 feet. Below this depth,
horizontal hydraulic conductivity was held con-
stant at the minimum value. The results (Figure
60) were evaluated in profile beneath a hilltop
and valley. Head changes in the vertical direc-
tion were greatest beneath the local recharge area
or hilltop setting, but tended to diminish with
depth. A deflection of the curve for a X,/K,
ratio of 1 (isotropic condition) occurs near 1,200
feet, the depth below which horizontal hydraulic
conductivity no longer decreases at a steady rate
but becomes constant. This effect apparently
diminishes for K,/K, ratios greater than 10
where the deflection is only slight. Relative heads
differ little beneath the valley setting for all
K,/K, ratios tested.

Figure 60 indicates that large differences in
vertical-head gradients can be produced across
nodes located above the lowest constant-head
nodes (valley water table) from a realistically
possible range of K,/K, values (50 to 500). Ap-
parently, the effect of anisotropy on head dis-
tribution is directly related to the vertical stress
imposed by the upper boundary condition of
these simulations. Considering the lack of field
data, anisotropy of the aquifer system is a weak
link among the better known aquifer properties

needed to produce reasonably accurate model
results.

Calibration of Steady-State Model

The steady-state model was calibrated by ad-
justing the distribution and anisotropy of hy-
draulic conductivity to produce computed heads
and flow that closely matched measured heads
and groundwater discharge for similar field con-
ditions. The calibrated cross-section model is in-
tended to represent general groundwater condi-
tions throughout Greene County. Therefore, the
hypothetical model was calibrated to a range of
measured data rather than to specific data that
might be affected by anomalous local conditions.

Head data from specific locations in Greene
County were assigned to positions in the hypo-
thetical section model according to topographic
characterization and hydrologic datums. The
potentiometric heads were obtained mostly from
test wells designed to determine heads in confined
aquifers below the water table. Each of these
wells was classified by general topographic set-
ting to determine the appropriate location for use
in the model (Figure 12). Owing to the similari-
ty of some hydrologic settings within the model
section, the same relative head data could be used
at more than one location (such as well Gr-806
data). The midpoint of the interval open to each
well was chosen as the location within the aquifer
from which the water level in the well represented
the mean aquifer head. The vertical position of

" this midpoint was measured from (1) land sur-

face at the well and from (2) the local drainage
level. These points were then transferred to the
hypothetical model section according to both
datums. In this way, actual head conditions,
which are affected by local hydrologic geome-
tries, have been reasonably represented in the
generalized model section.

The model results were also compared to
measured and estimated vertical-head gradients.
Downward-head gradients determined from well
clusters ranged from 0.15 ft/ft beneath the edge
of a principal valley to 0.60 ft/ft beneath a ma-
jor watershed divide. An upward-head gradient
of 0.014 ft/ft was determined by comparing the
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of horizontal to vertical hydraulic conductivity in the cross-section model.

head of the confined aquifer tapped by well
Gr-803 to the level of the adjacent stream, Enlow
Fork.

Vertical-head gradients were estimated from
well inventory data by comparing water level to
total well depth at sites grouped by topographic
position. In each group, the water levels in the
shallowest wells presumably represent water-
table altitudes. Owing to the short length of cas-
ing, commonly less than 20 feet, the water level
in a deeper well probably represents the mean
head of several confined water-bearing units
below the water table. For several well pairs, con-
sisting of a shallow and a deep well in each

topographic group, vertical-head gradients were
estimated by dividing the difference between
water levels by the difference between well
depths. The results indicate the following ranges
of vertical-head gradients by general topographic
setting: (1) 0.28 to 0.94 ft/ft, beneath hilltops,
(2) 0.20 to 0.92 ft/ft, beneath hillsides, (3) 0.067
to 0.91 ft/ft, beneath upland valleys, and (4) 0.52
to —0.17 ft/ft, beneath valleys (positive values
indicate downward gradient).

Steady-state groundwater discharges were also
used to calibrate the model. The mean annual
groundwater contribution to streamflow, scaled
to the dimensions of the cross-section model, was
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compared to the total discharge computed at the
constant-head boundary of the model. The re-
sults of hydrograph separations presented ear-
lier (Table 10) indicated that the mean rate of
groundwater discharge was about 21 percent of
- annual precipitation in watersheds having little
or no disturbance by man’s activities. Using
mean annual precipitation computed from 1941
to 1980 at Waynesburg, the mean groundwater
discharge would be 8.3 in./yr (inches per year),
or 0.61 (ft‘,’/s)/mi2 (0.21 x 39.36 in./yr). This
annual flow was chosen as the steady ground-
water condition against which the model was
calibrated. In addition to total model discharge,
the distribution of net recharge and discharge
was analyzed along the length of the water-table
boundary. The qualitative check insured against
unreasonable distributions of flow that would
not be discovered by inspection of total model
discharge alone.

Long-term inflow data for underground mines
were used to improve calibration in the lower
part of the model section. The operator of each
underground coal mine in Greene County peri-
odically reports mine discharges (outfalls) to the
Commonwealth of Pennsylvania. Although the
weekly and monthly discharges were commonly
sporadic, annual discharges appeared to be con-

stant. Many of these mines are over 20 years old,
and the surface discharges probably reflect
steady inflow. The annual discharges from the
five oldest Pittsburgh coal mines were summed
for 1979 and 1980. A specific flow for each mine
was computed by dividing the mine area into
mine discharge. The values of s}pecific discharge
ranged from 0.060 to 0.37 (ft’/s)/mi’.

A hypothetical underground coal mine can be
simulated in the model with constant-head nodes
having values set to the altitude of the mine
(Figure 12). While maintaining the same horizon-
tal position, a mine opening was simulated at
three depths, 262, 488, and 788 feet below valley
level. In each test, the mine was 2,000 feet in
length along a row of finite-difference blocks.
The coal-bed thickness was not actually specified
in the model, but was located near the center of
a 75-foot-thick zone and assigned a horizontal
and vertical hydraulic conductivity 100 times the
calibrated model value. In this way, the model
better represented a 5- to 10-foot void caused by
mining. Discharge to the mine nodes was com-
pared to the actual mine inflow scaled to the
modeled-mine dimensions (2,000 feet by 1 foot
for unit thickness). Model simulation of under-
ground mines is discussed more thoroughly in the
section of the report entitled ‘‘Simulation of Ef-
fects.”
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Table 18. Chemical Analyses

Hell or spring aunber: Prefix Sp identifies spring numbers; other numbers are well numbers.

Aquifer: Qal, Quaternary alluvium; Qcm, Carmichacls Formation; Pg, Greene Formation; Pw, Washington Formation; Pwm, Washington Formation, middle member;
PPw, Waynesburg Formation; PPwu, Waynesburg Formation, upper member; PPwl, Waynesburg Formation, lower member; Pu, Uniontown Formation; Ppb,
Pittsburgh Formation; Ppbu, Pittsburgh Formation, upper member; Ppbs, Pi ttsburgh Formation, Sewickley Member.

Oapth to Speciftc

Depth top of conduc-
¥ell or Date of sanpled tance Temper- Hard- X Magne- .
spring o well interval {umho/em pH ature ness Acidity Calcium sfum Sodiun
nuaber sample Aquifer {feet) (feet) at 25°C) {units) (*c) (CaC0y) (CaC0y) {Ca) (m) (Ka)
Gr- 3 10-20-26 PPwl 118 - eae .- 1.4 132 aee 33 12 589
23 10-21-26 P 38 2l one — 11.1 178 .- 50 13 7.4
24 8-26-81 Pw 60 15 563 6.7 14.0 293 79 9% 13 13
41 10-25-26 PPl 50 8.0 -—- s il.0 119 - 34 8.4 m
8-26-81 PPwl 50 8.0 735 8.0 12.0 62 5.0 20 2.9 150
55  10-26-26 Py 87 -ee - - 10.6 298 - 93 16 10
58  10-20-26 PPwl 36 20 .e- .- 12,5 163 - 39 16 54
66 10-27-26 Qm 26 —e- -~ - 12,2 11 -— 18 16 20
85  10-20-26 Pg 7 — - oo 11.1 236 ——— 78 10 7.1
87  10-22-26 Pg 92 20 - - 1.7 n - 21 4.5 62
8-27-81 Pg 92 20 660 8.7 wee 7 -— 2.2 .4 150
110  10-20-26 Pw 53 bad ot -—- 12.2 157 - 43 12 67
116  6-25-81 PPwt 138 42 2,190 8.6 13.5 0 .0 2.5 .9 500
118 7-11-73 Pw 104 22 304 1.9 127 - 38 7.8 13
6-11-74 Pw 104 22 360 6.8 135 --- 40 8.5 15
10-19-79 Pw 108 22 425 7.0 159 25 47 10 20
250  5-28-80 Pw 120 13 810 9.3 7 -—- 2.0 .4 230
251  8-25-81 PPw 193 18 11,760 7.5 363 45 %6 30 2,400
320 8-27-81 Pu 374 21 8,150 134 115 35 28 11 2,000
337 8-25-81 ka 10 - 175 5.6 49 60 9.3 6.2 .2
401 8-28-81 Pu 150 45 680 6.6 278 60 80 19 3
402 8-26-81 Ppb 600 7.0 735 7.9 73 9.9 23 .9 140
514  8-26-81 Pg 100 19 540 7.2 2n 30 96 8.0 9.2
516 8-26-81 Py 53 18 350 6.4 157 65 43 12 10
523  10-17-79 PPw 122 22 805 - 309 -—- 89 21
525 11-14-19 Py 1 22 7.6 151 3.0 49 7.0 1o
530 8-24-81 Pg 64 20 420 7.4 223 15 63 16 7.5
533 3- 5-80 Pg 184 22 425 15 156 9.9 50 7.6 47
540 11-20-80 PPw 176 2.0 925 8.5 63 wee 18 4.5 200
841 4-15-80 Pw 7 20 0 1.8 127 9.9 36 9.1 76
3 4-16-80 P 127 18 750 1.9 74 5.0 22 4.7 160
581 8-20-81 Qe 18 -— 178 6.0 73 5.0 22 4.4 3.5
583  8-20-81 Ppbs 350 - 920 8.5 34 aen 10 2.1 220
538 8-25-81 PPl 150 -—- 710 1.2 335 S0 93 25 49
589 8-25-81 PPl >50 .- 775 1.2 406 40 110 32 2
604  8-25-81 Py 13 - 270 6.6 - 11 30 31 8.2 5.2
608 8-25-81 Ppbu 27 545 7.4 13.0 240 9.9 68 17 8.3
654  5-15-80 P 68 690 9.1 13.0 7 .0 2.3 .3 160
658  7-31-80 PPwl 88 230 6.8 - 82 15 22 6.5 8.4
703 8-27-81 Pg 50 500 1.7 -—- 88 5.0 27 5.0 75
711 8-27-81 60 330 7.1 -—— 124 9.9 39 6.4 25
73 8-26-81 Pg 65 370 1.2 - 194 20 S8 12 7.0
745 8-28-81 167 630 12 - 279 15 82 18 15
754 8-27-81 PPwl 42 21 6.9 13.0 97 15 30 5.4 3.8
755  8-28-81 100 435 8.0 e 23 .0 7.0 1.3
1 10- 7-80 PPw 158 1,750 8.6 13.5 5 .0 1.0 .5 430
802 10- 2-80 P 216 11,000 1.6 12.0 14 60 24 15 2,700
803 9-12-80 Pw 218 11,500 8.0 12.0 118 9.9 24 14 2,300
804 9-29-80 Qal 19 7.4 1.5 199 1.4 (1] 8.6 74
805  10-14-80 652 990 8.5 12.0 24 -~ 7.0 1.5 280
806 2-11-81 Pg 158 1,110 8.8 1.0 4 -— 1.3 .2 300
807 7-16-81 PPw 393 8.2 13.5 74 .0 22 4.4 14
808 2-19-81 Pw 167 480 8.7 12.0 a4 -— 14 2.1 100
809 5-14-81 Qal 19 310 6.3 1.5 110 35 2 N2 10
810  6-18-81 Ppbu 27 6,700 8.4 14.0 45 .0 9.0 4.9 1,400
811 5-12-81 PPwl 102 870 7.7 14,5 184 35 a5 7 130
812  6- 2-81 Pw 239 900 8.7 12.0 3 - 1.0 .2 260
813 4. 2-81 PPl 159 1,050 8.8 12.0 5 .- 1.3 .3 210
814  12-10-80 PPwl 58 72 7.1 10.5 315 40 89 22 23
815  5-12-81 Pwa 78 565 8.5 12.0 38 - 11 2.3 120
901 8-25-81 Pu 86 - 945 7.8 --- 195 15 45 140
902  8-25-81 Pu 132 .- 840 7.5 14.5 130 30 34 n 150
Sp- 200  8-26-B1 -— - 5 7.3 we- 26! 9. 73 0 1
Sp- 250 8-26-81 PPwl - - 4,100 3.4 - 1,895 596 330 260 13
Sp- 319 8-28-81 PPwu -— -—- 2. 14 .. 9 . 32 4.0 4.0
Sp- 413 8-28-81 Pw -— -—- 1.9 -— 142 .0 41 9.5 22
Sp- 599 8-27-81 Pu -—- - 7,000 2.8 ——- 2,497 1,837 390 370 11
Sp-1010 8-26-81 PPw - -—- 190 6.1 een 30 7.2 3.6
Sp-1523 9. 1-B1 Py --- cee 775 6.5 - 353 50 100 25 5
Sp-1798 8-28-81 Pg e -— 450 7.3 -—- 231 15 n 13 6.6
Sp-2000 9- 1-81 Pg .- -—— 235 7.5 e 101 5.0 34 3.8 5.2
Sp-2305 8-27-81 Pg - --- 325 8.2 --- 137 .0 46 5.4 3.0
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>f Groundwater

Specific conductance: umho/cm at 25°C, microshos per centimeter at 25 degrees Celsius.

Chenical analyses: Quantitfes are in milligrams per liter unless otherwise indicated.

Dis-
Dis- solved
solved solids Nitro- Ortho-
Potas- 8icar- Car- Alka- Sulfide, Chlo- Fluo- solids {sun of gen, phos- ¥ell or
siun beonate bonate linity total Sulfate ride ride Silica {residue constit- {NOy phorus spring
(x) (HC03) (C0y) (CaC0y3) 13} {s0.} fcn (F) {510;) at 180°C) uents) as N) [13] nucber
1 450 0 370 --- 3.1 752 -—- 10 1,654 1,632 .00 - Gr- 3
2.0 170 ] 140 - 20 18 - 17 218 216 1.20 - 23
1.9 230 -—- 190 .-. 40 18 <.1 11 366 306 . 020 24
5.6 430 0 350 --- 3.0 102 -—- 12 562 548 .00 -— 41
1.5 350 -—- 280 -—- 1.4 73 .6 11 435 433 .- .030
2.8 250 0 200 .- 36 26 ——- 10 365 360 9.50 -—- 55
4.0 29 0 24 .—- 120 37 -— 12 350 394 22.0 -— 58
4.0 4 0 4.0 .- 71 18 m—— 10 214 226 15.0 e 66
2.2 220 [ 180 --- 15 7.2 -— 15 274 213 6.60 - 85
3.4 200 0 170 -— 25 15 -— 15 246 245 . -— 87
.6 280 24 250 -— 5.4 45 1.0 7.7 3717 399 -—— 040
1.4 320 0 260 - 26 4.0 .- 7 325 331 .57 -— 1o
1.4 760 22 640 .2 7.0 290 1.8 7.6 1,240 1,230 -—- .130 116
1.1 110 0 90 -— 46 12 -2 9.7 200 183 .16 .010 us
1.2 110 0 90 --- 51 14 .3 9.7 210 197 .01 <.010
1.3 170 140 - 45 16 .1 11 243 238 -— e
.7 450 450 -— 11 20 1.3 7.7 517 597 - .130 250
7.4 880 720 .- 18 3,200 .3 9.6 6,100 6,194 - <.010 251
5.4 1,000 830 14 2,700 < 6.9 5,090 5,258 - <.010 320
3.2 10 8.0 28 19 <.1 17 120 97 .en <.010 337
1.5 170 140 63 84 <1 20 444 369 - <010 401
1.7 380 310 .9 64 .7 11 433 432 -—- .060 402
1.2 270 220 45 8.1 <.1 10 358 310 e <.010 514
2.2 83 - 68 91 5.5 .2 8.4 230 219 --- <.010 516
3.9 400 -—- 330 54 36 .3 16 462 483 -— - 523
2.3 220 - 180 54 100 .3 8.4 461 430 - - 525
1.4 260 - 210 25 2.4 .1 9.9 255 253 -—- <.010 530
1.5 260 .- 210 - 35 1.2 1 8.9 281 279 - soe 533
2.3 460 12 400 “e- 7.8 50 .8 8.8 530 543 .060 540
1.6 320 - 260 -—- 22 9.0 .2 11 299 22 010 541
1.3 450 -— 370 -— 22 a7 1.1 11 483 471 .010 543
1.4 44 o 6 - 36 4.1 <1 18 134 111 <.010 581
1.6 500 8 420 - 62 3.5 9 8.7 594 572 020
2.5 420 ——- 340 .- 96 3.2 .2 13 511 490 <.010 588
3.2 410 -— 330 -— 100 3.0 2 1 524 489 030 589
1.0 7 - 58 .- 62 2.5 <1 13 190 158 <.010 604
17 190 wee 150 - 38 28 <.l 6.3 412 276 <.010 608
.6 380 26 350 - 6.8 29 .7 9.1 412 449 --- 654
6.3 49 - 40 -— 54 8.3 .2 3.6 146 134 .020 658
.9 240 .- 200 - 15 21 .3 9.9 294 272 <.010 703
1.0 180 -— 150 -— 16 7.3 .2 11 194 195 <.010 m
1.6 220 .- 180 -—- 2 1.5 .1 7.2 226 217 020 713
1.8 180 .- 140 -—- 38 84 .1 13 381 340 <.010 745
3.8 63 - 52 - 23 3.8 <.1 11 151 113 <.010 754
1.2 280 oe= 230 m—- 2.3 5.1 .3 12 268 261 <.010 755
1.5 910 29 770 0 5.2 93 1.5 7.7 1,060 1,053 - .140 801
6.2 960 --- 790 0 19 3,700 1.5 7.6 6,670 6,958 - .020 802
8.4 730 aee 600 - 1 3,100 1.2 8.0 6,020 5,826 e == 803
1.5 250 PXss 200 0 15 .2 13 364 396 e .030 804
4.7 410 1 340 -— 46 97 .7 7.1 646 647 -—- ——- 805
.9 640 26 550 --- 33 18 2.1 6.9 702 731 -— .10 806
1.2 260 s 210 .0 17 7.2 .4 15 288 268 ——- <.010 807
.9 390 12 340 -2 1 6.1 .5 13 301 367 —-— .040 808
2.2 85 == 70 .0 45 21 <.l 6.8 187 168 -— 020 809
4.6 890 12 740 .1 39 1,600 1.4 6.2 3,350 3,530 s .030 810
3.1 450 - a0 .0 -5 12 532 - <.010 a1
.5 530 14 460 2 52 9.1 1.6 1.7 569 622 - .050 812
1.0 530 19 450 .7 8.6 63 1.2 8.8 629 655 - .220 813
3.5 320 .- 260 0 120 6.1 .2 12 456 436 - .020 814
1.1 300 2 270 -0 15 J .3 11 354 ar - .020 815
2.1 520 --- 420 o= 3 49 1.1 13 597 559 —- <.010 901
2.5 520 - 420 3.2 53 2.2 5 8.5 537 518 .- .020 902
1.3 200 o 160 -—- 100 1.5 -3 9.9 347 315 .. <.010 Sp- 200
6.3 0 .- 0 -—- 2,600 7.9 1.7 33 4,080 3,470 .- <.010 Sp- 250
3.2 73 - 60 - 11 <.l 2.4 144 128 -—= <.010 Sp- 19
.8 200 - 170 -— 28 2.8 .1 11 222 214 .- .010 Sp- 413
1.5 .- —— == .- 5,800 9.1 <l 120 9,630 -— -—- .330 Sp- 599
2.2 59 .- 48 - 6.1 <.1 12 107 89 - <.010 Sp-1010
1.8 210 --- 180 - 190 2.9 -2 21 514 460 -—- <.010 Sp-1523
.9 250 - 200 .- 30 1.1 .2 6.9 254 253 - <.010 Sp-1798
1.2 81 - 66 - 42 1.4 .1 11 148 139 - .030 $p-2000
1.3 150 - 120 aen 29 2.8 .1 9.2 196 m -— .030 Sp-2305
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Table 20. Record of Wells

Well location: The number is that assigned to identify the well. It is prefixed by a two-letter abbreviation of
the county. The lat-long is the coordinates of latitude and longitude, in degrees, minutes, and

seconds.

Use: C, commercial; H, domestic; P, public supply; S, stock; U, unused; Z, destroyed.

Topographic setting: H, hilltop; S, hillside; T, terrace; V, valley flat; W, upland draw.

Aquifer: Qal, Quaternary alluvium; Qcm, Carmichaels Formation; Pg, Greene Formation; Pw, Washington Formation;
Pwu, Washington Formation, upper member; Pwm, Washington Formation, middle member; PPw, Waynesburg
Formation; PPwu, Waynesburg Formation, upper member; PPwl, Waynesburg Formation, lower member; Pu,
Uniontown Formation; Ppb, Pittsburgh Formation; Ppbu, Pittsburgh Formation, upper member; Ppbs,

Pittsburgh Formation, Sewickley Member; Pcc, Casselman Formation.

Lithology: clsd, ¢lay and some sand; ls, limestone; Issh, limestone and shale; sdgr, sand and gravel; sgc, sand,

gravel, and clay; sh, shale; ss, sandstone; sssh, sandstone and shale.

Static water level: Depth--F, flows but head is not known.

Date--month/last two digits of year.

Reported yield: gal/min, gallons per minute.

Specific capacity: (gal/min)}/ft, gallons per minute per foot of drawdown.

Specific conductance: umho/cm at 25°C, micromhos per centimeter at 25 degrees Celsius.
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Table 20.
Alti-
tude of
Well locatfon land Topo-
Year surface | graphic | Aquifer/
Number J Lat-Long Owner Driller completed Use (feet) setting | lithology
FAYETTE
Fa-501 394644-795539 National Park Service .- -—- u 880 W Pcc
502 394632-795554 o, --- --- u 1,030 H Pcc
503 394642-795539 do. --- -— 1] 968 S Pcc
GREENE
Gr- 1 395326-801109 Manning -—- -—- 930 v PPw/~--
2 395322-801110 Waynesburg Creamery Edward Ketchum 1948 940 v PPW/ <=~
3 395318-801112 Waynesburg Ice Co. do. 1500 940 v PPW) /---
4 395402-795906 Carmichaels Bor. do. 1939 997 v Pu/1ssh
5 395357-795907 . . 1945 982 v PPw/1ssh
6 395354-795916 do. do. 1946 975 v PPw/1ssh
7 395351-795913 do. do. 1947 -—- 972 v Pu/1ssh
8 395356-795904 do. do. 1948 -—- 970 v Pu/1ssh
9 395354-795746 Federal Public Housing Layne-New York Co. Inc. 1944 u 980 T Qem/sdgr
10 395354-795739 do. do. 1944 1} 980 T Qem/sdgr
21 395350-795829  Home Hotel Edward Ketchum 1926 H 1,000 T Pu/1ssh
23 395253-801620  John Wllom Joseph Grubb 1925 .- 990 v Pw/e--
24 395243-801625 Harold Hemnen Edward Ketchum 1921 H 1,040 S Pw/---
27 395121-801921 Harley Huffman Joseph Grubb 1926 u 1,025 v Pw/ss
28, 395109-801855  John Keffer do. 1926 H 1,015 v Pw/ss
37 395345-801252 Herbert Staggers E. Byron Braddock 1977 H 980 v Pw/---
38 395457-800738 Stanley Cree Edward Xetchum 1922 H 1,000 S PPw/--
39 395327-800723 Elijah Waters J. M. Ketchum 1900 H 1,000 W PPw/ss
40  395238-800630  J. Ketchem do. 1915 7} 1,365 H Pg/---
41 395127-801158 Charles Orndoff --- 1914 I} 982 v PPW1/aue
44 394512-801816 William Meighen Mack Steel 1918 u 1,005 v Pwu/---
45 394327-801811 Charles Smith do. 1918 u 1,005 v Pw/---
54 394750-802203 Max McMillen Joseph Grubb 1925 u 1,500 H Pg/ss
55 394820-801832 Law Lewis Mack Steel 1922 H 1,410 H Pg/ss
58 395547-800340 Littens Service Edward Ketchum 1905 U 965 T PPwl/ss
59 395554-800327 Don White . 1924 H 985 T Ppbu/---
61 395622-800054 Roy Mateucci do. ——- u 1,025 T Pw/ss
74 395721-802049 W. Harsh Mack Steel 1926 1] 1,125 W Pg/sh
75 395708-802028 Alfred Rutan Edward Ketchum 1926 H 1,200 W Pg/sh
78 394513-801040 Willis Rinner Mack Steel 1925 1} 1,010 W Pw/e==
85 395447-802604  John Burns Edward Ketchum 1922 u 1,425 H Pg/sh
87 394518-802805 Edgar Dawson Joseph Grubb 1925 H 1,020 W Pg/ss
90 395633-801126 Paul Riess Edward Ketchum - H 1,350 H Pg/sh
91 394820-801434 Dan Hopkins Mack Steel 1923 u 1,520 H Pg/ss
93 394710-801321 + Hoy do. 1926 H 1,075 L] Pw/eee
94 394637-801315 Josephus Nichols do. 1921 H 1,060 o Pw/ss
95 394350-801650  Mathew Cole do. 1918 /] 990 S Pw/sh
98 394334-801257  John Johnson do. 1923 v 950 v Pw/ss
104 395400-801127 Don Patton Edward Ketchum 1500 b4 1,050 S Pw/sh
105 395324-802622 Ryerson Station State --- 1962 u 1,280 S Pg/---
Park
106 395347-801120 Greene Produce Co. Edward Ketchum 1925 b4 1,020 T PPw/sh
107 395021-801030 D. Vandruff . 1926 H 1,135 W Pw/sh
108 394742-800951 Stevens School House do. 1926 H 1,085 v Pw/sh
110 394811-800706  Whiteley Township do. 1926 H 1,010 v Pw/-==
116 395257-802700 'Ryerson Station State Pennsylvania Drilling Co. 1962 P 999 v PPwl/sssh
Park
17 395313-802641 . do. 1962 /] 1,000 S PPwl/ss
118 394655-800143 U.S. Geological Survey Ford and Gaskfill 1973 u 1,000 W PPwl/ss
119 394842-800304 Pennsylvania Game . 1973 u 1,110 v Qem/---
Commission
201 395204-801132 Carole Treasure -—- 1970 U 1,330 H P/~
250 395117-801619 Harry Durbin Allen Burns 1980 H 1,065 W Pw/-==
251 395144-801658 Virginia Corbly -—e 1976 u 950 v PPw/---
253 395515-795549 J & L Steel .- 1966 U 1,051 H Ppb/---
254 394828-800952  John Eckerd —- - H 1,076 v Qal/---
255 395320-800729 Greene County Historical .- 1870 1] 1,025 T PPwl/eee
Socie
256 395320-800729 Y do. --- - u 1,025 T PPwWl /===
257 395320-800729 do. - . 1] 1,020 T PPwu/ ===
320 395528-801537 Jay Closser .- .- u 962 v Pu/ss
321 395115-802939 Edward Franko €. Byron Braddock 1976 H 1,060 W Pw/ss
322 395543-802352  David Ross do. 1977 H 1,154 S Pw/ss
323 395142-802224  Arthur Swidelsky --- - H 1,150 s Pg/e-~
324 395036-801913 William Grinage - 1961 H ,040 L] Pg/---
325 394936-802056 David Huntley - -— H 1,160 S Pg/---
326 396149-802210  Jerry Pettit - .- H 1,180 W Pg/---
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(Continued)
Static water
level

Total Depth(s)

depth to Depth Specific Specific

below Casing water- below capacity conduc-

land bearing land Date Reported | [(gal/min)/ft]/ tance

surface | Depth | Diameter zone(s) surface | measured yield pumping rate (umho/cm pH Well

(feet) | (feet) | {inches) (feet) (feet) (mo/yr) | (gal/min) {gal/min) at 25°C) {units) number

COUNTY
109 18 6 —-- 3 9/79 -- .34 -- - Fa-501
25 25 72 --- 8 8/79 - .- 530 7.1 502
168 26 6 -—- 28 9/79 -—- -— 900 -—- 503

COUNTY
122 --- 6 --- 13 9/49 --- - Gr- 1
117 8 --- 17 9/49 40 2
118 6 115 17 9/49 40 3
13 - 8 - 44 7/48 30 - 4
54 25 8 .- 29 7/48 18 —-- .- .- 5
54 25 8 ~—- 22 7/48 22 -—- -—- --- 6
115 37 8 93 2 8/50 28 - .-- —-- 7
113 31 8 98 - 8/50 27 1.4/27 .=e .- 8
32 25 16 --- 19 8/50 35 - - -—- 9
30 22 16 --- 16 3/45 42 --- - .- 10
220 65 5 100;140 25 1/22 2 -—- - . 21
38 21 5 12;31 8 - - - -—- ——- 23
60 15 4 50 30 1721 - --- 560 6.7 24
71 43 5 64 12 8/26 - - - —— 27
48 32 5 a5 9 --- 25 --- .- ——- 28
136 10 5 —-- -—- --- .1 --- 885 37
120 20 5 60;100 30 - 2 --- --- 38
60 10 5 --- 25 - --- - --- 39
72 20 5 - 45 1/15 1 -—- --- 40
67 8 6 - 4 9/81 --- - 675 41
50 20 ] -—- 10 1/18 --- -—- -—- 44
52 20 5 --- 21 7/80 - ae- - - 45
120 22 5 .-~ 90 7/2% --- .e= -=- --- 54
87 20 5 --e 60 .e- .5 --- 620 7.0 55
36 20 5 - 13 - 5.0 --- --- - 58
167 70 5 .n- 25 --- 1 - . - 59
39 20 5 --- 6 8/80 10 - ~e- --- 61
70 8 5 35 3 8/80 1 --- -.- 74
53 12 5 40 15 10/26 10 --- 75
28 12 ) 21;29 16 7/80 1 --- 78
77 9 5 - 35 1/22 .5 -—- 85
92 20 5 40;85 17 7/25 5 --- 660 8.7 87
80 10 5 oo 25 e 1 - 685 - 90
76 27 5 70 38 7/80 5 -—- -—- .- 91
52 34 5 -—- 20 1/26 5 - - - 93
80 20 5 70 10 1721 4 .- - -—- 94
69 20 5 65 50 1/18 - --- .ee --- 95
600 .- ——- -—- 6 1723 --- —-- m_- --- 98
40 15 5 ——- 9 --- 2 -—- --- - 104
400 20 8 22 . . - - --- - 105
186 186 8 35 11 --= 35 --- -mn --- 106
41 30 5 -es 3 7/80 10 -— 335 107
65 18 5 -— 20 7/26 10 1.00/10 --- 108
53 9 5 --- 15 10/26 10 -— I 110
138 42 8 42;70;95;115 36 8/62 --- .40/9.8 2,190 8.6 116
265 44 8 17;70;103 47 8/62 --- -—- --- .- 117
104 19 6 --- 33 6/73 —— 3.5/14.9 425 7.0 118
20 20 1 -—- 15 7/713 --- e -ee -—- 119
108 20 6 -—- 10t 10/79 --- .ee == - 201
119 13 8 107 56 5/80 - .10/2.5 810 9.3 250
193 22 4 -—- --= 5/80 - .- 11,700 7.5 251
354 -—- -—- .- 85 7/80 - - -——- .e= 253
15 15 30 —-- 8 10780 J— . 197 6.9 254
26 .- 6 -—- --- 7/80 --- .- --- —-—- 255
45 --- 6 20 7/80 R a-- —-- - 256
32 --- 8 9 7/80 -—- ——- --= === 257
374 21 6 F -—- 5 .05/4 8,150 7.7 320
68 14 8 - - 10 ——- 412 7.4 321
80 17 8 30 9/79 16 -—- 435 --- 322
150 - - ——- 30 1/79 -— --- 380 6.9 323
60 20 6 == 8 1/79 - -— 326 6.6 324
60 - .- --- -—- --- - -— 380 6.2 325
25 .- 36 -- - - ——- —-- 325 6.0 326
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Table 20.
Alti-
tude of
¥ell location land Topo-
Year surface | graphic | Aquifer/

Number Lat-Long Owner Oriller completed Use (feet) setting | 1{thology
Gr-327 395135-802225 Roseanna Lane - - H 1,115 W Pg/---

328 395539-801503 Karl Niederwerfer - -—- H 990 v Pu/==e

329 395833-802637 Raymond Anderson - --- 1} 860 v Pw/=ee

330 395328-802657 Ryerson Statfon State .- -— v 958 v Pw/-=-

Park

331 395618-795911 James Woodring Gasper Impfccint 1970 H 1,000 T Pu/~--

332 395616-795509 Saundra Motzer - -— 1] 1,000 T Pu/---

333 395615-795905 John Motzer -— - H 1,000 T

334 395609-795853 John Morgan .- --- I} 1,000 T

335 395605-795846 Kenneth Rex .- H 1,000 T

336 395604-795846 Stella Walters .- H 1,000 T

337 395603-795847 do. --- H 1,000 T

338 395621-795909 Mark Harbough - v 1,000 T

342 395535-795835  James Mathawky - u 1,000 S PPwl/coal

343 395555-795938  George Woodring .- 1] 940 T Qcm/---

344 395242-801721 Viola Stewart Allen Burns H 980 v Pw/-=-~

345 395529-801842 James lams E. Byron Braddock H 1,340 S Pg/---

346 395403-801702 Harold Ely - - H 1,075 y Pw/~ee

347 395335-801648 Dick Ely .- P 1} 1,020 W Pw/==

348 395241-801726 Howard Ely Allen Burns 1969 H 995 S Pw/---

349 395259-801442 HeathcViff Corp. - --- .- 965 v Pw/e-c

350 394526-801855 Glenn Morris -—- 1970 7] 999 v Pw/---

351 395421-800236 Irene Davis e -—-- H 1,100 S

352 395941-801807 James Mooney .- - H 1,330 S

353 395739-801827 Samue) Hopkins Allen Burns 1967 c 1,020 v

354 395740-801827 do. do. 1970 [ 1,020 v

355 395527-801541 Earnest Closser Paul McClure 1969 H 970 W

356 395135-802424 J. Nice Allen Burns 1978 H 1,047 v

357 395838-800446 Anna Addleman J. D. Widdup 1968 H 1,120 S

358 395834-800459 Williem Crawford --- --- [V} 995 W

359 394753-800659 Howard Eslinger Brave Drilling 1977 H 1,035 S

360 395127-801656 Adol1f Deynzer Allen Burns 1959 H 1,000 S

361 395118-801748 do. . 1978 H 1,420 H

362 395102-801808 do. do. 1975 H 1,460 H

363 395619-802257 Edward Mitchell E. Byron Braddock 1977 H 1,143 v

364 395621-802258 Elmer Ealy do. 1978 H 1,154 S

365 395617-802258 Robert HMinton do. 1977 v 1,136 v

366 395550-802308 Thomas Moore --- ~es c 1,089 v

368 394558-800823 Willis Blaker - 1974 H 1,020 v

400 395525-801229 D. Taylor L. P. Shipman 1968 H 1,004 S

401 395356-800830 John Burke Pioneer Orilling 1972 P 1,020 S

402 395132-801158 Charles Orndoff .- --- S 973 v

403 395128-801127 do. —-- - H 1,000 S

405 395542-801037 Ralph Blaker J. D. Widdup -—-- H 1,100 S

406 395552-801040 Pauline Barnhart .- 1834 H 1,285 H

407 395346-801248 John Hughes E. Byron Braddock 1977 H 1,010 S

408 395357-801234 Jere Pecvak --- -es H 960 S

409 395356-801238 Frances Gensler Brave Drilling 1974 H 1,000 S

410 395351-801242 Clarence Williams Hal E. Funke 1964 H 1,020 S

411 395348-801247 Cecil White - 1953 H 1,020 S

412 395358-801240 G. Gensler Brave Drilling --- H 1,080 S

414 395031-801248 Robert Krency -—- --- H 1,080 W

415 395025801240 Edwin Deems Brave Drilling 1976 H 1,120 S

417 395122-801100 Rodney Roher - - H 1,060 v

418 395250-801042 Charles Montgomery - - H 1,060 S

419 395227-801048 Fred Dulaney Allen Burns 1978 H 1,060 S

420 395124-801032 Ralph Varner .- - H 1,390 H

421 395303-801127 William Ireland -—- u 920 v

422 395144-801242 Carl Smouse --- 1] 1,080 S

423 395143-801242 do. - --- U 1,100 W

424 394852-801135 Robert Kerns --- -—- H 1,060 W

425 395634-800955 William Weghley William J. McCormick 1978 H 1,280 S

426 396644-800942 Joseph Trempus do. 1978 H 1,200 S

427 395638-800948 David Koffman do. 1978 H 1,280 S

428 395842-800952 Susan Martin .- -—- H 1,060 Y

429 395740-800928 Charles Simmons - .- 1} 1,100 W

430 395714-800905 Roy Phillips Brave Drilling 1978 H 980 v

431 395257-801444 Heathc1{ff Corp. Allen Burns .- H 970 v

450 395622-801709 Charles Stoner do. 1979 H 1,160 S Pg/sh

451 395721-801511 Beulah Goslin do. 1978 H 1,020 S Pw/1ssh

455 395056-802706 W. Cheek Wilson Stoneking and Sons 1978 H 1,020 W Pg/---

457 395032-802419 Grace Patterson E. Byron Braddock 1977 H 1,140 L] Pg/---

458 395026-802428 Paul Braddock --- --- H 1,150 W Pg/---

460 395030-801204 Charles Bump Brave Drillin? - S 1,010 v PPw/---

475 395559-800759 John McIlvaine Pioneer Drilling 1972 H 1,075 s PP/~
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(Continued)
Static water
level
Tota) Depth(s)
depth to Depth Specific Specific
below Casing water- below capacity conduc-
1and bearing land Date Reported | [(ga)/min)/ftl/ tance
surface | Depth | Diameter 2one(s) surface | measured yleld pumping rate (umho/cm pH Well
(feet) | (feet) | (inches) (feet) (feet) (mo/yr) | (gal/min) (gal/min) at 25°C) (units) number
--- --- .-- - --- --- --- --- --- 6.4 Gr-327
127 20 6 -—- 30 .-- .5 -—- ~—- - 328
15 15 36 --- 11 1/80 -—- —— - a—- 329
29 --- 5 --- 7 10/79 --- --- -—- -—- 330
60 14 [ 45 40 10/70 ae- --- .ee .- 331
90 .es --- --- --- .- -=- -—- 332
54 --- --- --- --- —- 400 - 333
110 -—- --- - - --- .- --- --- .- 334
24 24 24 .- --- .- --- --- 230 5.1 335
29 - 24 —- 6 8/79 . .- 195 5.5 336
10 --- 24 - 3 8/81 --- .- 175 5.5 337
65 --- -—- --- --- .en .- --- .- - 338
40 .- - --- --- --- vee .- --- --- 342
28 -—- --- --- --- .- --- --- --- --- 343
-—- --- on- .- .- - .- --- 800 9.3 344
- --- - - --- --- .- --- 320 6.9 345
~-- .- - -—- --- --—- .- .- 495 7.1 346
15 - - .- 9/79 - - —ee - 347
70 - 8 .- - - - 365 5.9 348
54 - 6 --- - .-= --- --- -- 349
63 - 4 --- 4/80 --- --- aen - 350
13 - 24 .- -—- - --- 320 --- 351
22 .- 2 - - --- --- - 420 6.3 352
100 --- 8 --- 9 - 9 -—- 800 --- 353
100 .- 8 - 30 - 4 — --- —- 354
85 - 6 --- 30 - .-- -—- - 8.5 355
63 12 8 18:42 —- - 5 - --- - 356
200 --- --- --- —-- --- --- --- --- .-- 357
44 --- 6 --- 34 2/80 -—- --- --= - 358
60 —— . - .- ——— 15 o= 460 7.3 359
45 - -— - --- --- --- --- 460 7.1 360
58 30 10 -—- 38 1/79 —-e .- --- --- 361
130 - --= 15 1/79 -e= --- == .- 362
44 21 8 12 11/77 3 - 830 -—- 363
103 21 8 70 1718 3 --- 773 364
76 23 8 30 9/77 4 -—- --- 365
270 .- 8 5 10/79 26 --- 825 366
65 -e- - 23 6/74 --- .- --- 368
39 17 8 10 9/79 3 --- 420 400
150 43 10 42 9/79 7 --- 700 401
600 7 3 3 9/81 - --- 780 402
35 -—- --- -- --- --- --- 380 403
75 ——- 6 --- --- --- --- 529 405
50 --- 12 --- .- --- --- 695 406
90 .e- 8 -—- ca- 1 --- 520 407
35 —ee 36 20 - - 510 408
135 - - - --- --- - 1,000 409
83 - 6 - .- - - 486 410
130 - .- --- .- --- .- --- 419 411
205 .- -—-- - .- .- --- --- 875 412
16 - - - 8 - - - 490 414
172 20 6 - 112 - - e 870 415
40 18 6 --- --- .- -e- --- 450 417
.-- --- .- --- --- .- --- 11 418
51 13 8 38 --- 5 - 479 - 419
- --- 36 --- --- --- -—- 600 --- 420
22 - 6 5 6/79 --- -—- - .- 421
26 - 36 19 6/79 - .- — - 422
--- --- ae= --- 8 6/79 --- --- 423
4 —- 36 - - - 470 7.1 424
160 160 6 ——- 85 1/78 —-- 580 6.8 425
167 -—- 8 - - --- --- 520 7.0 426
140 110 6 .- 110 12/78 .7 650 7.4 427
- - -— -—- - .- -—-- - 600 7.5 428
80 .- 6 - 20 1/78 --- - -e- - 429
- . ——- -- --- - - 400 7.0 430
96 a-- 8 - --- - .- 1,200 7.6 431
101 14 8 --- --- 2 —e- 525 7.4 450
100 16 8 18 3/80 2 - 505 7.3 451
57 18 8 7 3/80 10 --- --- --- 455
38 18 10 -- .- 20 --- 280 7.1 457
9 9 24 3 3/80 - .- 250 6.8 458
86 --- 8 32 3/80 -— -—- 248 6.8 460
99 27 8 29 §/80 3 - 600 7.2 475
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Table 20.
Alti-
tude of
Well location land Topo-
Year surface | graphic | Aquifer/
Kumber Lat-Long Owner Briller completed Use {feet) setting | 1ithology
Gr-476 395417-800654 Edward Burnfield L. P. Shipman 1970 H 1,050 S PPw1 /coa)
477  395442-800657 Ernie Burnfield Allen Burns 1977 H 1,080 S Pu/---
478  395529-800728 Charles Bedillfon William J. McCormick 1977 H 1,065 S PPw/--~
479  395704-800615 Charles Price do. 1977 H 1,180 S PPw/coal
481 395532-800555 Melvin Butler do. 1977 H 1,070 H Pu/=--~
482 395531-800017  Melfssa Miller .- -ee H 1,015 S PPW/--~
483  395548-801442  Warren Lemley E. Byron Braddock 1977 H 960 W Pw/ls
484  395632-800726  Willis StiliweN G. Young 1967 H 980 S PPw/ss
485 395533-800728 Albert Davis William J. McCormick .- H 1,140 S PPw/---
486 355318-800257  Adolf Mohr do. ~—- H 1,120 v PPw/«--
490 395245-801607  J. Moore Allen Burns 1977 H 1,040 S Pw/e==
491 395753-802059  Arthur Webster E. Byron Braddock 1974 H 1,200 W Pg/sh
492 395806-802045 Harry Kebster . 1969 H 1,220 L] Pg/1s
493  395232-802033 William Zoric do. 1970 H 1,200 L] Pg/ss
494 395236-801703 Arthur Scott do. 1966 H 980 v PPW/---
495 395249-801618 Richard Walton Allen Burns 1977 H 985 \ Pw/-=-
497 396721-800327  J. Portler Ford and Gaskill 1977 H 1,130 H PPw/---
498 395654-800835 Robert Mitchell L. P. Shipman 1969 H 960 v PPwu/1s
500  395648-802143 Lalla Stollar —— 1977 H 1,295 S Pg/---
501 395146-802540 Richard Staelin E. Byron Braddock 1978 H 1,431 H Pg/=-
502 395146-802540 do.- -—- - H 1,440 H Pg/---
503 395223-802347 Jokn Yoders Allen Burns 1978 H 1,042 v Pg/---
504 395415-802854 David Buckland E. Byron Braddock 1977 H 1,110 S Pw/ss
505 395416-802851 Joe Buckland -—- “—e H 1,090 H PPwW/e-=
506 395654-802924 Thomas Parson €. Byron Braddock 1977 H 1,358 H Po/ss
507 395500-802947 Austin Frye . 1977 H 1,161 H Pw/ss
508 395636-802414 Robert Fletcher do. 1977 H 1,210 W Pw/ss
509 395406-802414 Dave Harris do. 1978 u ,420 H Pg/ss
510 395243-802313 Barbara Robinson Allen Burns 1976 H 1,210 S Pg/1s
511 395403-802618 Lloyd Tyler E. Byron Braddock 1975 H 1,387 H Pg/ss
512 395358-802617 do. --- -se H 1,360 H Pg/---
513 395655-802730 Nebo Church E. Byron Braddock 1969 H 1,376 H Pg/sssh
514 395634-802632  Glenn Amos do. 1969 H 1,340 H Pg/---
515 395636-802633 do. - --- ] 1,348 H Pg/---
516 395456-802916 Frank Farley E. Byron Braddock 1977 H 912 v PPw/ss
517 395657-802645 Charles Baily . 1976 H 1,260 H Pg/ss
518 395446-802606 Laura Cooper do. 1967 H 1,443 H Pg/--~
519 395439-802614 Anna Staggers do. 1969 H 1,380 S Pg/sh
520 395433-802430 Fairview Church Allen Burns 1968 H 1,365 H Pg/1ssh
521 395418-802727 Hazel Hewitt E. Byron Braddock 1974 H 1,287 H Pw/ss
522 395416-802827 Ronald Cambel) do. 1977 H 1,090 W Pw/ss
523 395510-795810 Art Biddle Gasper Impiccini 1979 H 1,110 S PPw/---
524 395513-795807 do. L - S 1,100 S PPW/ <=~
525 395502-802520  John Burns .- 1979 1} 1,482 H Pg/sssh
526 395458-802533  Carl Burns .- 1979 S 1,296 H Pw/---
§30  395913-801521 Raymond Lidey -—- 1967 1] 1,143 S Pg/---
531 395919-801523 do. E. Byron Braddock 1971 u 1,142 S Pg/---
533 395309-802933 Roger Weekly do. 1978 H 1,340 H Pg/---
540 395402-801100  Waynesburg College --- 1979 ] 946 v PPw/ss
541 394738-800721 Harold Vandruff - --- u 1,062 S Pw/sssh
543 394343-801952 Diana Renner .- U 1,016 v Pw/e=-
544 394433-801850  J. Wilison --- u 1,061 v Pg/e=--
545 394418-802136 Joseph Kennedy -—- u 1,044 v Pg/---
546 394423-802157 Blaine Kennedy - u 1,054 v Pyf——-
547 394449-802159 do. .- 1} 1,080 W Pg/---
548 394444-802330 Hibbs ~—- - [} 1,170 W Pg/---
549 394542-802243 A. Jones -—- -—- v 1,157 1] Pg/---
550 394801-801028 Wilbur Orndoff - 1900 H 1,115 S Pw/--~
551 394811-801108 Verona Shahan -— 1973 H 1,150 1] Pwf-eo
553 394827-800941 James Garber --- -=- u 1,100 b Pw/---
554 394829-800546 Ronald Fisher --- 1973 H 990 v Pw/---
555 394828-800558  Frank Headly Hal E. Funke 1958 H 1,000 v Pw/---
556 394829-800700 Lola Fox --- 1971 H 1,130 S Pw/---
557 394832-800704 Bromley Brave Drilling 1978 H 1,080 S Pw/~~-
558 394953-800727 Kebner Allen Burns 1970 H 1,030 | PPwu/---
559  394738-800720 Harold Vandruff - 1970 H 1,060 W Pw/---
560  394900-800526 Dan McCoy - - H 1,010 v ===fene
562 394946-800543 Juanita Hylkema - .-- U 1,035 \ Pw/ee
563 394956-800556 Bob Valenson Brave Drilling 1975 H 1,030 v Pw/---
564 395012-800606 Wayne Mefford ——- --- H 1,060 v Pw/---
565 394840-800445 Dan McCoy - - .- 1,030 S Pw/---
566 394904-800353 Betty Martin .- 1958 H 1,010 v PPw/ -~
567 394903-800356 Ul'son —--- 1973 H 990 v PPw/---
568 395000-800628 David Keller —-—- -—- H 1,180 S Pw/---
571 395052-800448 Robert Fabrey -— 1978 H 1,165 W PW/eun
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(Continued)
Static water

Total Depth(s)

depth to Depth Specific Specific

below Casing water- below capacity conduc-

land bearin land Date Reported | [(gal/min)/ft]/ tance

surface | Depth | Diameter zone(s surface | measured yleld pumping rate {umho/cm pH Well

{feet) | (feet) | (inches) (feet) (feet) {mo/yr) | (gal/min) (gal/min) at 25°C) (units) number
204 19 8 45 55 6/80 .2 .003/.25 398 7.0 Gr-476
158 --- - . 63 6/80 --- --- -—- 7.0 477
165 === .- --= --- --- --- --- 860 7.0 478
160 21 6 95 100 5/17 3 --- 620 7.1 479
160 21 6 85 80 1/n 1 .01/1 480 6.8 481
—ee - --- --- .- - - --- 680 7.2 482
68 22 8 38 --- -—- 9 --- 625 7.2 483
80 42 6 35;56;76 35 9/67 40 LTS 465 7.2 484
108 20 6 --- --- --- .- .- 670 7.2 485
110 - .—- --- --- --- - .- 520 7.4 486
121 19 8 93 - -—- 3 .= 640 7.2 490
65 19 8 35 -~ -—- 10 -—- 580 7.0 491
61 20 8 22;35 22 9/69 2 -—- 460 7.0 492
62 22 8 30;45 - --- --- --- 620 6.8 493
168 63 8 18;38;153 20 7/66 1 - 560 7.2 494
50 17 8 35 --- --- 3 --- 660 7.0 495
225 21 -6 31;85;149 - --- . -—- .- - 497
61 18 8 28;51 17 8/69 20 .51/20 --- - 498
87 25 8 25,87 -—- --- 1 --- 478 - 500
127 20 8 80 89 9/79 2 --- - --- 501
14 --- - ——- 14 9/79 - - - — 502
62 9 8 36 26 8/79 2 - aee .- 503
60 18 8 30;45 15 9/79 10 --- 460 -—- 504
126 -—- --- --- --- - .5 .- .- .- 505
129 23 8 80;100 .- - .5 -—- 450 —-—- 506
137 18 8 96 . .5 -- 465 —- 507
80 20 8 38 9/79 1.5 385 -—- 508
131 21 8 65 --- .6 ——- - 509
74 25 8 35;51 --- 2 --- 580 - 510
130 21 8 85 --- --- 1 --- --- -—- 511
30 - 30 “ee 21 10/79 --- --- -—- --- 512
104 24 8 55;80 48 7/69 2 0472 -~ -—- 513
100 19 8 20;60 26 10/79 1.5 -—- 610 --- 514
30 30 40 --- 25 10/79 --- --- --- -—- 515
53 18 10 32 18 10/79 1.5 .- — - 516
105 22 8 55 - - .8 - --- - 517
100 23 8 33;73 -—- 3 1173 --- .- 518
40 --- 8 26 3/69 20 .80/20 1,675 .- 519
117 37 8 42;68 - 20 - o - 520
105 33 8 55 --- 1 .- 1,485 --- 521
107 21 8 55 - —- .6 - - - 522
122 22 6 --- 43 10/79 --- .08/2.5 805 -- 523
95 - --- --- --- -—- - --- --- -e- 524
160 22 8 105 81 10/79 - .05/1 800 7.6 525
157 a—- 8 - 65 11779 - .- —m o 526
64 20 6 -- 35 11779 ——- .16/1.2 400 7.6 530
60 -— 8 --- 32 11/79 --- --- --- --- 531
184 22 8 85 54 2/80 --- .08/2.6 425 7.5 533
176 176 2 --- 3 12/80 -e- --- 925 8.5 540
72 20 6 --- 23 5/80 --- .12/1.8 520 7.8 541
126 18 4 --- 3 4/80 --- 750 7.9 543
48 -—- 6 --- 2 4/80 --- .-= -—- 544
14 - ] --- 7 4/80 --- --- 545
200 --- --- --- 3 4/80 --- --- -- 546
99 ——- ] - 18 6/80 - aee - - 547
19 - [ - 12 4/80 - - - - 548
28 - 6 .- 1 7/80 -—- --- 252 -— 549
20 - -—- .- 2 3/80 - --- 355 7.2 550
126 .ee -—- -—- 100 --- 6 --- -—- e 551
16 — .- --- - 3/80 -— - 190 6.5 553
-—- .- -—- -—- 40 1/80 -— --e 185 9.5 554
100 - - — - - .- .- - -—- 555
134 — - ae- ——- - - —— 270 6.6 556
50 -—- --- - - - - .- -—- --- 557
120 --- -— -—- -—- .- .- --- --- - 558
35 - --- --- 2 3/80 - .- 375 7.1 559
-—- .- -—- -—- - -— - -—- == 560
19 - - 1 3/80 - 620 6.6 562
65 -—- ——- 30 - - -— - 563
-—- -— -—- --- -—- —-— e 345 7.5 564
- - - - - .- --- --- .- --- 565
--- - - --- --- -—- --- - --- --- 566
63 .- . -—-- --- - - .- - - 567
100 - - - - - .- - . ——- 568
100 - .- - 30 1/78 - -—- 125 6.5 571
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Table 20.
Alti-
tude of
1 i land Topo-

Mell location Year surface | graphic | Aquifer/
Number Lat-long Owner boriller completed Use (feet) setting | lithology
6r-572  395053-800449 Curtis .- - === 1,165 W Pw/---

574  395120-800437  Fred Noak --- .e- H 1,145 S Pu/~~-

575  395122-800520  Jim Dean --- -=- U 1,090 W

576 394811-800347 Howard Glidden -—- 1964 H 990 v

577  394833-800336  Paul Kaufman --- --- u 990 v

579 394934-800306 Clark Spitznogle - --= H 1,040 W

580 394916-800130 Linda Smith - 1978 H 1,015 T

581 394916-800130 do. - --- v 1,015 T

582 394933-800132 Henry Sharphack - 1970 " 1,040 S

583 395016-800125 Charley Brooks William J. McCormick - H 1,030 S

584 395039-800129 Alice Fredrick do. 1946 H 1,190 S

585 395040-800130  Macie do. --- H 1,205 H

587 394854-800028 Charles Taylor - .- 1} 980 S

588 394919-800025 Curtis Johnson Ford and Gaskill 1973 H 1,125 S

589 394956-800013 Hyde --- 1950 H 1,090 S

590 394956-800015 do. -—- -—- v 1,090 S

591 394853-795927 C. Mosser --- 1955 S 995 S

592 394802-800142 Virgfl Frankenberry --- -—- H 1,330 H

593 395054-800630  Jobe Grimm --- --- H 1,080 v

594 395131-800649 Richard Beling --- --- ] 1,160 ]

595 395131-800649 do. -—- —-- H 1,160 ]

598 394951-800936 Richard Yandruff Gasper Impiccini 1975 H 1,170 v

599 395047-801045 Efsenminger - -—- H 1,360 S

600 395048-801047 do. .- 1952 S 1,360 S

602 394851-795803 Clarence Barclay - 1946 u 1,160 H

603 394853-795806 Don Swartz --- - u 1,150 H

604 395008-795818 Harry Hil1 -—- --- H 1,035 W

605 394954-795751 William Smitley --- -—- u 990 S

607 394947-795732  Anthony Ruscitti - .- H 1,000 H

608 394915-795651 Richard Robbins --- - ] 960 H

609 394930-795557 Hallicks Gresco .- - U 1,020 S

610 394837-795637 Butcher --- - H 940 v

611 394819-795650 Arlie Minor --- 1936 1] 910 H

613 394813-795613 Wilber Cumpson - - 1] 1,015 S

616 394901-800213 Clarence Johnson --- --- 1] 995 T

617 394508-800139  Juracko - - u 1,095 S

618 394509-800147 Carl Hartley - 1958 1] 1,060 S

620 394514-800123  Mary Beard - 1956 u 1,110 S Ppbu/---

622 394539-800211 Ratliff - -—- U 1,065 S PPwu/---

623 394543-800210 Frank Henderson - -—- u 1,080 S PPwu/---

624 394636-800235 Gladis Harrington -——- - ] 1,050 L] PPwu/---

625 394641-800252  Willey Shehl - --- u 1,070 S PPwu/---

626 394516-800118 Yost -—- --- u 1,130 S PPwWl/e--

627 394623-800059 Edward Srbinovich .- 1980 1] 1,135 S PPw/---

628 394716-800315 Yost PEey ——- H 1,055 S PPwy/---

650 395544-800845  Orville Dayton --- -— u 1,105 W PPwu/«~-

651 394355-801849  Arthur Patterson .- .- [} 1,000 v Pw/---

652 394317-802340  John Renner --- -— Y} 1,100 W Pg/=-~=

653 394330-802422  John Kenner --- --- /] 1,135 W Pg/~~-

654 395538-802226 D. Miller --- 1978 1} 1,070 v Pg/---

655 395838-801048 Thomas Stewart oen --- H 1,040 v Pw/we=

656 394859-800200  Charles Reid -—- - ] 1,005 S Qem/---

657 394902-800201 do. - - U 1,015 S Qem/---

658 394902-800213 Clarence Johnson - - U 1,000 S PPwl/---

659 395841-800422 Russell Robinson - -—- H 1,040 S PPW1 /<<~

660 395501-801134 William Wentzel Allen Burns 1978 H 1,265 H Pg/---

700 394832-802308 Robert Hudson E. Byron Braddock 1978 H 1,485 H Pg/--~

701 395016-802854 Lonnie Riley Wilson Stoneking and Sons 1978 H 1,040 v Pg/---

702 394536-802546 George Bradley do. 1978 H 1,040 v Pg/---

703 394907-802624 Howard Simms Allen Burns 1978 H 1,075 v Pg/---

704 395203-802645 Everett Riggs E. Byron Braddock 1976 H 1,240 s Pg/=~-

705 394702-802338 John Berdine Wilson Stoneking and Sons 1978 s 1,180 v Pg/---

706 394803-802321 M. Willey do. 1978 H 1,520 S Pg/---

707 395431-802648 Joseph McCracken E. Byron Braddock 1969 H 1,300 H Pw/sssh

708 395620-802510 Harry Coffield do. 1967 H 1,220 S Pu/1s

709 395450-802602 Harry Braddock do. 1970 H 1,420 S Pg/l1s

710 395700-802958 Gladys Day Allen Burns 1967 H 1,365 H Pg/sh

711 395053-803022 Harold Morris E. Byron Braddock 1978 H 1,140 S Pg/---

712 395243-803101 John Lucey - -——- /] 1,460 S Pw/---

713 394351-802605 Roger Stalmaker Hilson Stoneking and Sons 1978 u 1,480 H Pg/--~

714 395220-802607 V. Mozina - -— H 1,260 S Pg/---

715 395018-802857 Lonnie Riley - -—— H 1,050 v Pg/---

716 394701-802522 Dave Himel Tri-State Orflling Co. -—- H 1,140 W Pg/===

n7 394522-802517  Forest Miller -e- - u 1,070 v Pg/---

718 394920-802642 Robert Sims -—- -—- u 1,130 v Pg/---
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Static water
level
Total Depth(s)
depth to Depth Specific Specific
below Casing water- below capacity conduc-
land bearing land Date Reported | [(gal/min)/ft]l/ tance
surface | Depth | Diameter zo0ne(s) surface { measured yield pumping rate (umho/cm pH Kell
(feet) | (feet) | (inches) (feet) (feet) {mo/yr) | (gal/min) (gal/min) at 25°C) (units) number
40 . - - - - — - Gr-572
68 --- .- --- 1/70 - - 310 6.8 574
12 --- --- --- 4/80 --- --- 270 7.1 575
87 --- .- .../ 4/80 .- .- 450 7.8 576
73 .- ——- - 5/80 - --- -— -— 577
90 --- --- --- 1/80 --- --- --- --- 579
70 - - - - 40 - 520 6.5 580
18 --- --- --- 4/80 -—- - 105 6.5 581
22 --- --- -e- --- -—- 380 7.1 582
350 - --- - - 840 7.1 583
200 --- --- 2.5 --- -—- - 584
160 .- .- - 3.5 .- --- - 585
90 ——- .- - - - - - - J— 587
150 --- --- --- 100 --- -—- --- 710 7.2 588
--- --- --- --- 26 8/81 --- --- 760 7.3 589
30 —-- - --- --- - - 460 7.3 590
97 - --- --- --- - --- --- -—- --- 591
300 --- --- --- --- -—- 2 .- --- --- 592
40 --- --- --- --- --- 5 - 390 7.4 593
13 --- --- --- 2 5/80 --- --- 340 6.1 594
20 - --- --- -—- - --- --- 595
90 .- 45 —- - - J 598
--- --- .- --- --- 440 7.3 599
50 - 18 —- . - 295 7.1 600
74 -- 55 5/80 - - - .- 602
87 -—- --- 33 5/80 --- - -ee .ee 603
13 -—- - --- 5 5/80 —-- ——- 165 6.2 604
23 - - --- 18 1/80 --- --- 375 6.7 605
- - - --- --- --- -— -—- 185 6.4 607
27 - .- --- 25 8/81 - --- 385 1.7 608
26 --- - - —- - --- - - - 609
14 -—- -—- --- 6 5/80 -—- --- 580 6.3 610
21 - .- --- .- .- --- -— —— ——- 611
64 .- aee -ee 59 5/80 --- --- - ——- 613
14 .- - 11 5/80 --- --- - 616
18 --- --- 1 5/80 --- 7 6.7 617
150 --- -—- 50 - --- - --- 618
200 --- -- --- --- - “-- --- -—- - 620
38 - - - --- -—- --- --- --- -— 622
55 - .- e - -a- --- --- --= ae 623
8 —-- 24 --- 2 5/80 --- --- 145 6.2 624
30 - - -—- —-- -— --- - -— - 625
36 --- - —-- .- - - --- -— -— 626
100 - - - .- --- --- -— -— -— 627
48 - - .- --- --- -—- - -—- 628
82 - 6 - - - - - 650
19 - 3 - - - - - 651
28 - 6 - .- --- - 652
42 - 5 .- - - ——- 653
60 60 4 - 1.2/6.6 690 9.1 654
100 --- .- - --- -—- 960 9.3 655
22 --- 28 --- --- --- - --e 656
27 - 28 --- - -— .- --- 657
88 11 8 --- .- .03/2.1 230 6.8 658
72 --- 6 --- 10 --- 770 7.1 659
100 100 6 ——- -—- --- 375 7.4 660
118 14 6 56 3.5 - 380 -—- 700
35 15 6 .-~ 20 -—- -—- - 701
30 18 6 .-- 2 -—- -—— .- 702
50 20 8 — 4 .- 510 — 703
64 21 8 33 3 - 460 6.6 704
40 20 6 --- 5 - - - 705
80 20 6 --- 8 - - o 706
100 32 10 55;80 4 —-- 520 6.5 707
70 25 8 28;50 12 .26/12 510 6.4 708
91 31 8 75 .-- 2 - 1,900 6.7 709
106 21 8 6183 -—- .- 1 --- 340 6.8 710
60 20 8 35 --- - 4 --- 330 7.1 711
174 --- ——- - - --- .3 - - - 712
65 20 6 - 22 7/80 2 .03/1 70 7.2 713
38 - 26 - ) 7/80 --- ——- 420 6.9 714
35 .- 6 --- 6 7/80 --- -—- 300 6.6 715
65 .- 6 40 8 7/80 .- - 460 7.5 716
25 .- 6 -—- 6 7/80 --- -—- === --- n7
64 . ——- 13 7/80 --- - --- - 718
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Table 20.
Alti-
tude of
Well location land Topo-
Year surface | graphic | Aquifer/

Number Lat-long Owner Driller completed Use (feet) setting | lithology
Gr-719 395112-802614 Pau) Braddock --- .- u 1,130 W Pg/---

720 394356-801857 Arthur Patterson .- - H 1,030 S Pw/e=~

721 394445-801503 J. Willison -=- -—-- H 1,100 W Pg/---

722 394340-802616 Roger Stalmaker --- -— u 1,480 H

723 394509-802206 W. Lemmon --= -—- H 1,095 S

724 394509-802208 do. -—- - H 1,100 S

725 394835-802051 H. Blake an- - H 1,365 S

726 395002-802133 Jean Lambright .- -e H 1,410 H

727 395510-802928 Harold Barnhart E. Byron Braddock 1977 H 920 S

728 394505-802009 Jackson Township Allen Burns - H 1,100 W

729 394540-802635 Jacob Hennen .- --- u 1,050 S

730 394803-802015 R. Marisa Wilson Stoneking and Sons 1978 H 1,150 v

731 394748-802257 J. Phillips do. 1978 H 1,490 H

740 394620-802716 James Wyckoff --- 1972 H 1,095 W

741 394618-801620 Gerald Braun ——- -—- H 1,035 v

742 394823-801434 M. Talpas .e- 1930 u 1,520 H

743 394348-801302 Homer Johnson - --- 1} 980 v

744 394519-801041 B. Barber --- 1930 H 1,040 S

745 395105-800809 Margaret Moore --- 1920 H 1,310 H

746 394459-801031 Okle Kiger --- --- H 1,000 v

747 394436-801037 Dwight Headly 1927 H 995 v

748 395719-800545 J. Thisewaite 1900 U 1,185 S

750 395556-800324 Thomas Redgers 1890 u 980 T

751 394810-800659 James Hayes --- 1830 H 1,040 S

752 394703-800723 Joseph Stoffa - -— u 1,120 S

753 395248-801624 Carrol Phillips -—- 1970 H 1,015 T

754 395458-800749 Charles Adamson - 1957 u 1,050 H

755 395746-801136 Charles Tarner Pioneer Drilling 1978 H 1,010 v

756 394347-801650 Anna Addison .- 1500 H 965 v

775 395422-802254 George Conners --- .- U 1,320 S

779 395228-802300 William Whipkey - ~-- S 1,290 S

780 395302-802310  Joe Headley -—- —-- R 1,380 S

781 395140-802944 Lloyd Jacobs --- 1911 ] 1,390 H

782 395052-802638 Jasper Jackson - - H 1,055 S

783 394933-802820 Regis Maley .- .- H 1,220 S

784 394928-802512 James Pierson - .- H 1,440 S

788 395603-802330 Alice Hinds - --- H 1,110 v

789 395638-800028 Victor Stickovich --- -e- H 1,080 S

790 395210-795736 Helen Hart -e- --- S 1,130 S

791 395212-795740 do. - --- u 1,150 S

792 395252-800140 Clifford Reynolds - - H 1,010 v

793 395246-800132 Helen Davis - --- 1} 1,010 v

794 395233-800154 Deborah Reynolds -—- --- H 1,100 S

795 395024-801436 Ralph Wilson --- --- H 1,020 v

796 395327-802228  James Pettit --- --- H 1,460 H

801 395259-802706 U.S. Geological Survey Stockert Drilling Co. 1980 v 1,011 S

802 395812-802649 do. do. 1980 1} 945 v

803 395812-802649 do. do. 1980 /] 943 v

804 395807-802652 do. do. 1980 u 939 v

805 394908-802110 do. do. 1980 v 1,424 H

806 394908-802110 do. do. 1980 u 1,433 H

807 394755-801026 do. do. 1980 u 1,096 v

808 394755-801026 do. do. 1980 [} 1,096 v

809 394755-801026 do. do. 1980 I} 1,097 v

810 394903-800215 do. do. 1980 1} 1,016 S

811 394902-800213 do. do. 1980 ] 1,013 S PPwl/sssh

812 395046-800516 do. do. 1980 U 1,230 S Pw/sh

813 395403-801100 do. do. 1980 u 947 v PPwl /sssh

814 395841-800421 do. do. 1980 I} 1,030 \ PPwl/sssh

815 395609-801353 do. do. 1980 u 1,035 W Pwm/sssh

825 395858-801552 Raymond Connoly - -— H 1,390 S Pg/---

826 395606-801954 John Hildreth -— ——- H 1,065 S Pg/=-=

827 395821-802146  James Martin --- - H 1,230 S Pg/---

828 395821-802146 do. .- .e- H 1,230 S Pg/---

830 395608-801904 Donald Bedfllion - -=- H 1,050 S Pg/---

831 394532-800411 Clyde Lindsay --- aae H 1,020 W PPwu/---

833 394603-800927 William Morriss --- - H 1,430 H Pg/---

836 394420-800723 Edwin Prugh -—- ——- H 980 W PPwu/---

838 395603-800550 Santino Barchiesi -—- --- H 1,100 S PPw/<--

839 395722-800308 Finley Mahle .- --- U 1,040 S Pu/===

s01 395759-800428 William Wriggle --- 1981 H 965 S Pu/---

802 395626-800434 Don Neroni Williem J. McCormick 1966 H 1,050 S Puf---
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(Continued)
Static water
level
Total Depth(s)
depth to Oepth Specific Specific
below Casing water- below capacity conduc-
land bearing land Date Reported | [(gal/min)/ftl)/ tance
surface | Depth | Diameter zone(s) surface | measured yield pumping rate {umho/cm pH Kell
(feet) | (feet) | (inches) (feet) {feet) {mo/yr) (ga1/miﬂ (gal/min) at 25°C) (units) number
25 --- 6 --- 7 7/80 --- --- - --- Gr-719
12 --- 24 -—- 3 6/80 --- - -~ 720
49 - 6 - 8 6/80 --- -—- --- 721
96 --- 8 - 25 7/80 —- .- 722
8 .- 24 --- 3 6/80 -— - 723
15 -—- 12 --- 6 6/80 - -—- 460 6.8 724
82 --- 3 --- 42 7/80 -—= - 790 7.0 725
-~ --- 28 - 24 7/80 -—- a= 630 6.9 726
79 .- 5 - 63 7/80 1 --- 330 7.2 127
62 --- 6 -—- 9 6/80 --- -— 450 6.3 728
16 --- 6 -- 5 7/80 --- --- 505 --- 729
45 20 6 --- --- --- 8 --- 490 --- 730
95 20 6 --- 27 7/80 2 - --= --- 731
29 .e- 6 --- 9 7/80 --- --- 340 --- 740
35 - 6 m-- 5 7/80 --= .- 400 7.6 741
80 - 6 - I - - 380 7.4 742
41 . 8 - 3 7/80 ——- - - 743
55 .a= 6 --- 5 --- --- 240 --- 744
158 - 6 --- 122 --- --- --- 410 --- 745
15 - --- --- 4 7/80 --- --- 175 --- 746
12 - --- - 5 7/80 - - 250 -- 747
33 .- --- .- 17 7/80 -—- --- - --- 748
18 --- --- --- 6 7/80 --- --- cm- -—- 750
22 - - . 1 7/80 - - - - 751
14 —-- - --- 4 8/80 --- - . . 752
45 6 8 --- 25 --- --- -— --- .- 753
41 -—- 6 -—- 31 8/80 .- - 217 6.9 754
100 21 8 20 --- --- --- 435 8.0 755
20 - - 3 8/80 ae- - 260 ae- 756
80 - --- --- --- -e- --- --- --- --- 775
-- --- .- --- .- --- --- --- .- --- 779
80 - - ——- --- - .- .- - 780
48 -— --- - 10 - --- --- --- 781
18 .- --- --- --- .- -—- --- - 782
48 --- .- .- .- -—-- - - —— 783
100 --- --- -—- --- --- .- .- --- --- 784
130 - . - - - -- ——- 500 8.2 788
80 -—- --- --- --- --- .- --- 850 7.1 789
85 “on .- --- .- --- --- - --- --- 790
55 .- .- - --- --- --- - -—- --- 791
55 . -- - - - - - - 792
--- --- --- 1 2/81 -—-- .- 540 7.6 793
- - .- - 5 2/81 - —e- 180 7.7 794
250 --- —— - - - - --- --- 795
110 - .- —_— 10 4/81 .- — 600 7.8 796
158 158 4 9 50 12/81 --- .02/1.2 1,750 8.6 801
216 90 4 98;118 9 12/81 - 2.3/23.7 11,000 7.6 802
218 218 4 95;115;135 7 12/81 - 2.8/12.0 11,500 8.0 803
19 19 4 8 4 12/81 --- 1.6/4.6 725 7.4 804
652 652 4 - 357 12/81 - - 990 8.5 805
158 158 4 --- 94 12/81 -- .02/.5 1,110 8.8 806
393 393 4 334 80 1/81 --- .02/1.5 450 8.2 807
167 167 4 34;73;90;132 11 12/81 - .86/14 480 8.7 808
19 19 4 --- .- 12/81 .- .18/.9 310 6.3 809
271 271 4 204 66 12/81 -—- .01/1.7 6,700 8.4 810
102 102 4 40;43;64 43 12/81 --- .08/1.2 870 7.7 811
239 239 4 77;154 145 12/81 .02/1.0 900 8.7 812
159 159 4 53;96 7 12/81 3.7/24 1,050 8.8 813
58 58 4 12;25;32 6 12/81 --- 4.4/32.5 720 7.1 814
78 23 4 35;66 12 12/81 .- .60/5.8 565 8.5 815
95 --- --- --- --- == --- --- -== --- 825
--- e --- - --- --- --- - 340 5.9 826
35 --- - - --- —- --- 310 6.5 827
115 - - . .- - - - 625 7.1 828
-—- -—-- - - .- .- - - 800 7.2 830
85 — - - - - - . 530 7.1 831
200 - - .- - - - - .- - 833
30 --- .- -—- .- .- .- --- --- --- 836
96 --- --- --- --- -—-- - --- 838
125 --- .- - --- -—- .- .- 839
86 —_— - - - - 945 7.8 901
132 - 4 - 7 8/81 - - 840 7.5 902
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RECORD OF SPRINGS
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FONE-FRHI GRI Map Document

Explanation
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Graphic from source map: PAGS Water Resource Report 63.
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Symbols

-l

Contact
Includes approximately located and gradational contacts,

\\
o
Fault mm.:-

Dashed where inferred; dotted where concealed; queried where
uncertain, Arrows show direction of movement.

e ghoisT™ =

Structure contour
Altitade on the base of the Pittsburgh coal, in feet above mean

sea lovel. Contour interval 20 feet. Contours are above land
surface locally, where coal has been removed by ercsion,

s

Anticline
Showing axial plane trace and dirsction of plunge.

_,4//%,

Syncline
Showing axial-plane trace and direction of plunge.

e
Line of geologic cross section

SYMBOLS

051.‘:

Water well and county well number
Number preceded by Fa designates s well in Fayette County.

1508
o
Spring and county spring number

2,2

o802 05,
806
Test well and Cluster of test wells
county well Upper numbers represent namber of
number wolls and namber of different aquifers

tested at each site, respoctively, Lower
mumbers are county well pumbers.

Test wells used to determine hydraulie proper-
ter-quality analysis

ties of aquifers sampled for wa

With the exception of wells Gr-540 and Gr-802, all wells are
equipped with a continuous water-level recorder, Wells Gr-801
through Gr-816 were installed by U.5. Geological Survey in
1980,

TR
S

Landowner well used for groundwater testing
Letters indicate types of ests conducted: T, hydraulic test; R,
econtinuous water-level recorder; and M, monthly water-level
measurement. Hall-closed symbol indicates that the water sam-
ple was collected during the period 1879 to 1981. Number is
oounty well number; ruml Fa designates & well
in Fayette County.

173

Spring or seep sampled for water-quality analysis
in 1981 and county spring number

Graphic from source map: PAGS Water Resource Report 63.

WAYNESBURG

National Weather Service precipitation gage
ENLOW FORK
U.8. Geological Survey precipitation gage

103

03073000
SOUTH FORK TENMILE CREEK

Continuous-record streamflow gaging station
Three-digit number is site number, Eight-digit number is down-
stream order station number.

503

O 0311585
ENLOW FORK

Continuous-record streamflow station having
water-quality itor and ic sediment
sampler

ligit number is site number. Eight-digit nomber is down-
stream order station number.

AiO&

Low-streamflow sampling site and identification
number

E E'

Line of representative cross section used to con-
struct generalized vertical-section model

2021 NPS Geologic Resources Inventory Program
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Location of Area
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Graphic from source map: PAGS Water Resource Report 63.
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Index of Geologic Mapping
Kent Berryhill and
(1972y* Schweinfurth
(1964)
Company (1881
and Store :IDH; (1968b) Kent (1968a)
and Roen (1968)**
Roen Kent Kent
(ar2)* 11971} (1873

INDEX TO GEOLOGIC MAPPING

Geology modified by C. H. Dodge and A. D. Glover, Penn-
by C. H. Dodge. Information not field checked.
*Structure contours slightly modified by C. H. Dodge.
**Fault and Gates-Adah dike slightly modified by C. H.
Dodge.

Graphic from source map: PAGS Water Resource Report 63.
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FONE-FRHI GRI Map Document

GRI Digital Data Credits

This document was dewveloped and completed by Stephanie O'Meara (Colorado State University) for the
NPS Geologic Resources Division (GRD) Geologic Resources Inventory (GRI) Program. Quality control
of this document by Ron Karpilo (Colorado State University)

The information in this document was compiled from GRI source maps, and is intended to accompany
the digital geologic-GIS maps and other digital data for Fort Necessity National Battlefield and Friendship
Hill National Historical Site, Pennsylvania (FONE-FRHI) dewveloped by Stephanie O'Meara (see the GRI
Digital Maps and Source Map Citations section of this document for all sources used by the GRI in the
completion of this document and related GRI digital geologic-GIS maps). The initial GRI digital geologic-
GIS data was produced by Heather Stanton and Georgia Hybels (Colorado State University).

GRI finalization by Stephanie O'Meara.

GRI program coordination and scoping provided by Bruce Heise, Jason Kenworthy and Tim Connors
(NPS GRD, Lakewood, Colorado).
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