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HYDROGEOLOGY OF THE CARBONATE ROCKS,
FREDERICK AND HAGERSTOWN VALLEYS, MARYLAND

by

Larry J. Nutter

ABSTRACT

The Frederick and Hagerstown Valleys in western Maryland are underlain predominantly by Cam-
brian and Ordovician limestones and dolomites and contain many karst features (sinkholes, large springs,
subsurface drainage, and closed depressions) characteristic of carbonate-rock terranes.

Analysis of the water budget of a principal basin in the Hagerstown Valley indicates that precipita-
tion is about 35 inches, total runoff about 12 inches, and evapotranspiration about 23 inches. Hydrograph
separation at three gaging stations in the Hagerstown Valley for 1967 showed that base flow (ground-
water discharge) is about 80 percent of the total runoff.

Ground water in the carbonate rocks is recharged by precipitation percolating through the soil and
residuum, through alluvial sediments along stream channels, and by direct flow into sinkholes. The
mountain wash, composed of a mixture of boulders, cobbles, pebbles, sand, silt, and clay, is found along
the mountain areas bordering the Hagerstown Valley. The mountain wash stores considerable quantities
of water that slowly recharge the underlying carbonate rocks. Streams that flow off South Mountain on
the east side of the Hagerstown Valley are important sources of recharge. Many of these streams lose a
substantial part of their flow to the underlying carbonate rocks, and a few flow directly into sinkholes.
Hydrographs of observation wells show that recharge can occur even during the growing season in the
study area.

Nearly all the major springs in Maryland are in the Frederick and Hagerstown Valleys. Most of the
first-order streams can be traced upstream to one or more discrete springs. Comparison of the hydro-
graphs of a stream draining carbonate rocks and one draining noncarbonate metamorphic rocks indicates
that for the carbonate-rock basin the discharge peaks are not as sharp, the recession curve after a peak is
flatter, and the base flow during the growing season is substantially higher than in the basin draining
metamorphic rocks.

One of the most prominent features of most carbonate-rock terranes is the low density of streams
in comparison with areas underlain by most other rock types. In the study area many valleys shown as
having perennial streams on quardrangle maps contain streams that flow only during the early spring
or that are underdrained and carry only surface runoff after periods of heavy rain.

Several problems in carbonate-rock terranes relate to the hydrogeology including instability of the
ground, unsuitable conditions for disposal of wastes, poor environment for construction of surface
reservoirs, and scarcity of perennial streams.

Factors relating to the occurrence and availability of ground water in carbonate-rock terranes include
the following: geologic structure, solution-cavity development, topography, lithology and texture, and
thickness of residuum. The geologic structure is extremely important in governing ground-water occur-
rence because the joints, fractures, and faults provide the framework for the gross secondary permeabil-
ity. The principal reason that carbonate rocks are more permeable than other crystalline rocks is that
their soluble nature permits development of solution cavities along joints, faults, bedding planes, and
certain beds. Topography is controlled largely by joints, faults, and bedding and is very useful for select-
ing well sites where high-yielding wells are likely. Water wells in valleys have a median specific capacity
of 1.0 gpm per ft (gallons per minute per fcot) compared with 0.09 gpm per ft for wells located on
hilltops and upland areas. Lithology is important in development of solution cavities because beds of nearly
chemically pure limestone are more soluble than adjacent less pure beds. Well yields in general increase
with increasing thickness of residuum, although the relationship is somewhat obscure.

The hydraulic properties of carbonate rocks differ greatly from place to place. The transmissivity,
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ABSTRACT, (Cont.)

as determined from aquifer tests, ranges from less than 10 to 31,000 square feet per day in the study area.
However, the results of aquifer tests in carbonate-rock aquifers are useful only as an approximation of the
transmissivity in the vicinity of the wells tested.

The chemical quality of the ground water in the study area is influenced by the mineralogy of the
carbonate-rock aquifers. The water is almost always hard or very hard, and the use of water softeners is
fairly common. Nitrate concentration exceeded the limit recommended by the U. S. Public Health Service
of 45 mg/1 (milligrams per liter) in 37 of the 139 samples analyzed. High nitrate content is often an
indication of organic pollution, and most of the samples that exceeded the recommended limit for nitrate
were from dug wells, which are generally more susceptible to pollution than drilled wells.



INTRODUCTION

Carbonate-rock terranes are underlain predom-
inately by limestone and dolomite. The surface
and subsurface features of most carbonate-rock
terranes are determined by the characteristic re-
sponses of soluble rocks to weathering and ero-
sion. The term “karst” is used by European scien-
tists to refer to certain carbonate-rock terranes,
and this term has become commonly used in the
United States. Karst is defined as ‘“terrain, gen-
erally underlain by limestone, in which the topog-
raphy is chiefly formed by the dissolving of rock,
and which is commonly characterized by Karren,
closed depressions, subterranean drainage, and
caves” (Monroe, 1970, p. 11).

“No rock differs more radically with respect to
yield of water than limestone” (Meinzer, 1923, p.
131). Under optimum conditions carbonate rocks
are among the most productive of aquifers, but
the extreme variability of ground-water occur-
rence makes selection of productive areas difficult.

PURPOSE AND SCOPE

This study was a 3-year segment of a continu-
ing investigation of the ground-water hydrology
in consolidated rocks in Maryland. The study was
confined mainly to the two principal carbonate-
rock outcrop areas in Maryland, the Frederick and
Hagerstown Valleys. The study afforded an oppor-
tunity to investigate in some detail the ground-
water hydrology and the characteristics of streams
in an area underlain by one particular rock type.

The report describes some of the features of
carbonate terranes and outlines the factors that
relate to the occurrence and availability of ground
water in these areas. It appraises the factors gov-
erning well yields and describes methods for select-
ing areas of maximum ground-water availability.
The geology of the Frederick and Hagerstown
Valleys is briefly described, because it directly
affects well yields, recharge, and discharge of
springs. The hydraulic properties of carbonate
rocks are discussed, in order to supply general
information concerning the quantities of water
that can be expected and to emphasize the varia-
bility of its occurrence. A considerable amount of
chemical-quality and well and spring data is pre-
sented in tabular form (tables 1-4) to supplement
those data already published for the study area.
The report also touches on some of the problems
associated with karst areas, such as high pollution
potential, instability of the ground, and scarcity
of perennial streams. A glossary of technical terms

is included in order to minimize definitions within
the report.

LOCATION AND GEOGRAPHIC SETTING

This report covers the area of carbonate-rock
outcrop in the Hagerstown Valley (Great Valley)
in Washington County and the Frederick Valley in
Frederick County (fig. 1). The Hagerstown Valley
occupies more than two-thirds of the area of
Washington County and extends from South
Mountain in the east to Powell and Fairview
Mountains in the west. The Frederick Valley oc-
cupies about one-third of Frederick County; the
carbonate rocks are covered by Triassic sedimen-
tary rocks in more than half of this area.

METHODS OF INVESTIGATION

During this investigation an inventory of ap-
proximately 550 wells and 70 springs was made.
The records of these wells and springs are listed
in Tables 1-4, and their locations are shown on
Plates 1 and 2. In addition, previously published
records of 500 wells and 125 springs were avail-
able for study. Using data from these well records,
various factors such as topographic position, lith-
ology, structural position, and residual soil thick-
ness were analyzed statistically to determine their
relationship to well yield and specific capacity.

Water-level measurements from 10 observation
wells, three of which were equipped with contin-
uous recorders, were analyzed. Streamflow records
on Marsh Run and Antietam Creek were studied,
and miscellaneous discharge measurements were
made on several small streams to determine the
amount of water being recharged along selected
reaches. A fairly detailed reconnaissance of the
stream network was made in both the Frederick
and Hagerstown Valleys to determine the extent
of perennial streams during periods of high base
flow. Study of the stream network also helped out-
line the distribution of springs and recharge areas.

Color infrared and conventional aerial photo-
graphs were studied briefly to outline fracture
traces and reaches of streams that were flowing
when the photographs were taken. Selected well
records and two test wells were useful in evalu-
ating the water-yielding properties of the Toms-
town Dolomite beneath thick mountain wash
immediately west of South Mountain. Joint-
orientation measurements, cavern maps, and orien-
tation of straight stream reaches were useful in
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Figure 1.—Map of Maryland showing study area.

studying the relationship between joints and
solution-cavity development. Chemical analyses of
ground-water samples and field determination of
hardness and specific conductance were useful in
studying the variability of the chemical quality of
ground water in the study area.

PREVIOUS INVESTIGATIONS

The ground-water resources of the Frederick
and Hagerstown Valleys were first described by
Clark and others (1918) as part of a description
of the water resources of Maryland. Cloos (1951a)
briefly summarized the ground-water occurrence
in the Hagerstown Valley as part of a volume
describing the physical features of Washington
County. Slaughter (1962) provided a fairly de-
tailed description of the water resources of the
Hagerstown Valley as part of a study of the water
resources of Allegany and Washington Ccunties.
The data contained in the report by Slaughter
have been used extensively in the present study,
especially the comprehensive inventory of wells
and springs. A study of the caves of Maryland by
Davies (1950) provides valuable data regarding
the orientation and extent of solution openings in
the Hagerstown Valley. A later report by Franz

and Slifer (1971) contains a more comprehensive
inventory and description of the caves of Mary-
land.

The ground-water resources of the Frederick
Valley were briefly summarized by Bennett (1946)
as part of a volume describing the physical fea-
tures of Carroll and Frederick Counties. A study
of the ground-water resources of the Frederick
Valley was made by Meyer (1958) as part of a
study of the water resources of Carroll and Fred-
erick Counties. The data in the report by Meyer
proved valuable in the present study.
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CLIMATE

The climate in the Hagerstown and Frederick
Valleys is temperate and moderately humid. The
mean annual temperature is about 53°F, and the
mean annual precipitation ranges from 37 inches
in the central Hagerstown Valley to 41 inches in
the Frederick Valley. The precipitation is fairly
evenly distributed throughout the year; the fol-
lowing table shows the mean monthly precipita-

tion at Frederick and east of Hagerstown during
1931-60.

WELL-LOCATION SYSTEM

Wells in Maryland are identified and may be
located on the basis of a numbering system
adopted by the Maryland Geological Survey. The
first two or three letters of the identification num-
ber are the county prefix; for example, for Wash-
ington County the prefix is Wa and for Frederick
County the prefix is Fr. Each county has been
divided into 5-minute quadrangles of latitude and
longitude. Each quadrangle, from north to south,
is designated by an upper-case letter, and east to
west by a lowercase letter. The wells are numbered
in chronological order within the 5-minute quad-
rangle. Thus, Wa-Bc 14 is the fourteenth well in-
ventoried in the Be 5-minute quadrangle of Wash-
ington County.

Average monthly precipitation in inches
(from National Weather Service climatic summaries)

STATION J F M A M J A S (0] N D  Annual
Frederick

Airport

Precip 298 255 353 3.67 391 360 392 430 342 3.13 293 289 40.83
Chewsville-

Bridgeport

Precip 250 2.01 3.08 305 4.01 355 3.60 4.00 3.03 38.02 262 2.61 37.08

GEOLOGY'

GENERAL FEATURES

The Frederick and Hagerstown Valleys, both
underlain by Cambrian and Ordovician carbonate
rocks, lie within different physiographic provinces.
The Frederick Valley lies on the west edge of the
Piedmont province and is structurally and strati-
graphically related to the Hanover-York-Lancaster
Valleys in Pennsylvania (Stose and Stose, 1946,
p. 52). The Hagerstown Valley lies on the east
edge of the Valley and Ridge province and is part
of the Great Valley, which extends from central
Virginia northward into Pennsylvania. The Fred-
erick and Hagerstown Valleys are separated in
Maryland by the Blue Ridge physiographic prov-
ince.

'The stratigraphic nomenclature used in this report is
that of the Maryland Geological Survey and does not nec-
essarily follow the usage of the U. S. Geological Survey.

In the course of collecting well data during the
present study a few discrepancies in published
geologic maps were observed. Most of these dis-
crepancies were in areas where thick soil cover
overlies the bedrock and outerops are nonexistent
or poor.

In the Frederick Valley nearly all the discrep-
ancies are along the Triassic border fault north-
west of the city of Frederick. The existence of
carbonate rocks beneath residuum or mountain
wash was verified on the southeast edge of Yellow
Springs on Route 73 (apparently the Frederick
Limestone) and half a mile southwest of Bethel
on Bethel Road (possibly shaly Tomstown Dolo-
mite).

In the Hagerstown Valley the most significant
discrepancy noted was in the valley of Sharmans
Branch south of Mt. Briar along Chestnut Grove



Road. This valley is mapped as Harpers Forma-
tion (Cloos, 1941), but carbonate rock (presum-
ably Tomstown Dolomite) was verified in two
wells and reported in three others. Apparently
Tomstown Dolomite occurs in the valley for about
1.5 miles south of Mt. Briar. The geologic struc-
ture in this area is extremely complex.

STRUCTURE—FREDERICK VALLEY

The rocks of the Frederick Valley form a syn-
cline, which is bounded on the west by a major
high-angle reverse fault and on the east by the
so-called “Martic Line.” The Triassic border fault
bounding the Frederick syncline on the west side
has downdropped the Triassic rocks several hun-
dred feet (Stose and Stose, 1946, p. 28) with
respect to the crystalline rocks of Catoctin Moun-
tain. The Martic Line has been the subject of
considerable controversy for many years. Jonas
and Stose (1938) mapped the Martic Line as an
overthrust, but other geologists question the exist-
ence of an overthrust. The rocks on the east side
of the Frederick syncline may represent a normal
stratigraphic sequence, the Ijamsville Phyllite be-
ing equivalent to the Harpers Formation on the
west side of the Frederick syncline.

The minor folds in the Frederick syncline trend
N20°E. The carbonate rocks are covered to the
north, northwest, and west by Triassic sedimen-
tary rocks, but the Frederick Limestone exposed
in the vicinity of Thurmont is also part of the
syncline. The Frederick Valley was apparently at
one time completely covered by Triassic sedimen-
tary rocks.

STRATIGRAPHY—FREDERICK VALLEY

Carbonate rocks of three formations are ex-
posed in the Frederick Valley. The stratigraphic
sequence of these rocks and their relation to the
carbonate rocks of the Hagerstown Valley is given
in the following table (after Rasetti, 1961, and
Whitaker, 1955) :

Frederick Valley Hagerstown Valley

Conococheague
Limestone

(Upper Cambrian and
Lower Ordovician)

Grove Limestone
(Upper Cambrian and
Lower Ordovician)

Elbrook Limestone or
lower part of
Conococheague
Limestone

(Upper Cambrian)

Frederick Limestone
(Upper Cambrian)

Waynesboro Formation
(Lower Cambrian)

Tomstown Dolomite
(locally absent)
(Lower Cambrian)

Tomstown Dolomite
(Lower Cambrian)

The Frederick and Grove Limestones apparently
correlate with the Conestoga Limestone of the
Hanover-York-Lancaster Valleys of Pennsylvania
(Stose and Stose, 1946, p. 51).

Tomstown Dolomite

The Tomstown Dolomite of Early Cambrian age
is exposed in a narrow belt along the eastern foot-
hills of Catoctin Mountain (fig. 2). The Toms-
town, lying between the ridges of the Antietam
Formation and the Triassic border fault, is poorly
exposed and in many areas covered by mountain
wash of Quaternary age. The Triassic border fault
cuts off all but the lower 200 feet or so of the
Tomstown in the Frederick Valley.

The Tomstown consists of light-gray to white
fine-to medium-grained, mostly thin-bedded dolo-
mite and some gray dolomitic limestone. It weath-
ers to reddish-brown residual clay.

Frederick Limestone

The Frederick Limestone of Late Cambrian age
is exposed in the central and southern parts of
the Frederick Valley and in a small area around
Thurmont. In the northern part and along the
west margin of the valley, the Frederick and
Grove Limestones are overlain by fairly thick de-
posits of Triassic sedimentary rocks (fig. 2).

The Frederick Limestone is composed of dark-
gray thin-bedded argillaceous limestone, which
weathers to slabby medium-gray layers; the lime-
stone is used extensively for stone walls in the
Frederick Valley. The limestone contains numer-
ous small fractures filled with white secondary
calcite. About 50 feet of dark-gray to black shale
occurs in the lower part of the formation (Stose
and Stose, 1946, p. 44). The total stratigraphic
thickness is approximately 500 feet. The Frederick
weathers to reddish-brown silty residual clay,
which differs markedly in thickness over short
distances.

Grove Limestone

The Grove Limestone of Cambrian and Ordo-
vician age is exposed in a linear strip about a mile
wide in the central part of the Frederick syncline.
Small parallel outcrops along the west side of the
valley have been mapped as Grove Limestone, but
Rasetti (1961) questioned the correlation of these
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outcrops of thick-bedded limestone with the Grove
on the basis of fossil evidence.

The Grove Limestone is composed of thick-
bedded nearly pure limestone with massive beds
of fine-grained dolomite in the lower part and
highly quartzose limestone at the base. The total
thickness of the formation is about 600 feet. The
Grove is extensively quarried for crushed stone,
cement, and agricultural lime. Solution cavities
are more common in the Grove than in the Fred-
erick, presumably because of the greater purity
of the Grove. It weathers to reddish-brown resi-
dual clay except for the quartzose limestone, which
weathers to sand or sandy clay.

New Oxford Formation
(basal limestone conglomerate)

The basal limestone conglomerate member of
the New Oxford Formation crops out in the south-
ern part of the Frederick Valley and is best ex-
posed and thickest in the Point of Rocks area. This
unit is exposed adjacent to the Frederick Lime-
stone and Tomstown Dolomite and seems to func-
tion hydrologically much as other carbonate units.
For this reason, the limestone conglomerate is
included in the present study.

The unit is composed of pebbles and some cobbles
of white and gray limestone in a fine-grained gray
and red matrix containing grains of quartz. Drill-
ers refer to the unit as “calico rock,” and it is also
known as “Potomac marble.” North of Frederick
it grades to a quartz-pebble conglomerate (Jonas
and Stose, 1938).

A limestone conglomerate of small areal extent
crops out in the Thurmont area and is apparently
part of the Gettysburg Shale (of Late Triassic
age).

STRUCTURE—HAGERSTOWN VALLEY

The Hagerstown Valley is in a broad synclinal
structure, striking approximately N15°E, and
known as the Massanutten synclinorium. It in-
cludes the area between South Mountain and Elk
Ridge on the east and Fairview and Powell Moun-
tains on the west. Cloos (1951b) showed that the
eastern part of the valley is related to the South
Mountain anticlinorium to the east because the
small folds are overturned asymmetrically west-
ward and show axial-plane cleavage, which dips
uniformly eastward. The rocks in the valley are
highly contorted and contain numerous minor
folds and faults. The west margin of the valley is
marked by two major reverse faults which have
thrown Cambrian rocks against Upper Ordovi-

cian, Silurian, and Devonian rocks. The major
structural features of the Hagerstown Valley can
be seen in the geologic cross section in figure 3.

Sando (1957) mapped numerous faults in the
Hagerstown Valley. Cross faults slightly outnum-
ber strike faults, but strike faults are more im-
portant in stratigraphic throw and lateral extent
(Sando, 1957, p. 8).

STRATIGRAPHY—HAGERSTOWN VALLEY

Tomstown Dolomite

The Tomstown Dolomite of Early Cambrian age
is exposed along the east margin of the Hagers-
town Valley in a band that ranges in width from
1 to 3 miles. The Tomstown is composed of alter-
nating massive and thin beds of dolomite and lime-
stone and some shale beds. Some white and pink
marble is reported in the Eakles Mills-Locust
Grove area. The Tomstown is estimated to be
about 1,000 feet thick.

Waynesboro Formation

The Waynesboro Formation of Early Cambrian
age is exposed in a narrow belt that forms low
ridges in the eastern part of the Hagerstown Val-
ley. It is composed of a lower unit of interbedded
gray and red shale and thin-bedded dolomite and
an upper unit of red, gray, and yellowish-brown
thin-bedded siltstone, shale, and crossbedded sand-
stone. The formation is about 600 feet thick.

Elbrook Limestone

The Elbrook Limestone of Cambrian age is ex-
posed in a belt that ranges from about half a mile
to more than 2 miles wide in the eastern part of
the Hagerstown Valley, and in a narrow belt on
the west edge of the valley. It consists of light-
blue and gray laminated argillaceous limestone,
calcareous shale, and some dolomite. The thickness
ranges from about 1,400 to 3,000 feet.

Conococheague Limestone

The Conococheague Limestone of Cambrian age
is exposed in a wide belt in the valley east of
Conococheague Creek and in a narrower belt west
of Conococheague Creek. The formation is com-
posed of slate-blue silty laminated limestone with
interbedded dolomite in the basal sandy part. The
thickness is estimated to be 2,000 to 2,600 feet.

Beekmantown Group

Stonehenge Limestone: The Stonehenge Lime-
stone, the basal unit of the Ordovician Beekman-



town Group, is exposed in narrow outcrop belts
over a wide area of the Hagerstown Valley. It is
composed of a lower massive nearly pure algal
limestone member and an upper thin-bedded silty
mechanical limestone member (Sando, 1957). The
Stonehenge is about 750 feet thick in the Hagers-
town Valley.

Rockdale Run Formation: The Rockdale Run
Formation is the most extensively exposed forma-
tion of the Beekmantown Group. The lower two-
thirds of the formation consists of silty mechan-
ical limestone and algal limestone and subordinate
mottled dolomitic limestone and dolomite. The
upper one-third of the formation consists of dolo-
mite and mottled dolomitic limestone. Nodular and
irregular chert is common throughout the forma-
tion. The Rockdale Run is between 1,700 and 2,500
feet thick in the Hagerstown Valley.

Pinesburg Station Dolomite: The Pinesburg Sta-
tion Dolomite, the upper formation of the Ordo-
vician Beekmantown Group, is exposed in one nar-
row outcrop belt immediately east of Conoco-
cheague Creek and in two narrow belts west of
Conococheague Creek. The formation consists of
cherty, mostly laminated dolomite and some
mottled dolomite. The thickness ranges from about
370 to 500 feet.

St. Paul Group

The St. Paul Group of Middle Ordovician age
is divided into the Row Park Limestone and the
overlying New Market Limestone, but is mapped
as a unit in Maryland. The Row Park Limestone
is composed of dark granular limestone and dove-
colored fine-textured limestone. The New Market
Limestone is composed of dove-colored fine-
textured limestone with dark dolomitic limestone
in the lower part of the formation (Neuman,
1951). The St. Paul Group ranges in thickness
from approximately 400 to 1,400 feet.

Chambersburg Limestone

The Chambersburg Limestone of Middle Ordo-
vician age is exposed in narrow bands on both
sides of the Martinsburg Shale outcrop belt in the
Conococheague Creek valley. The Chambersburg
is composed of dark-gray fine-to-medium-grained
thinbedded argillaceous limestone. The thickness
ranges from about 100 to 225 feet. The outcrop
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belt west of Conococheague Creek is characterized
by an abundance of sinkholes.

Mountain Wash (Quaternary)

The mountain wash occurs on the east side of
the Hagerstown Valley, near the base of South
Mountain, along a belt half a mile wide, and gen-
erally overlies the contact between the vertically
dipping Antietam Formation, composed chiefly of
quartzite, and the Tomstown Dolomite. It also
occurs on the west side of the Hagerstown Valley
near the base of Fairview and Powell Mountains,
although the thickness and extent are considerably
less there than on the east side of the valley.
Mountain wash also overlies carbonate rocks in a
few places on the west side of the Frederick
Valley.

The mountain wash is composed of a mixture
of sand, silt, clay, pebbles, cobbles, and boulders.
The thickness varies greatly over short distances
and is greatest directly over the contact between
the Antietam Formation and Tomstown Dolomite.
Most of the coarser material was derived from the
Weverton and Antietam Formations on South
Mountain, but much of the finer material, espe-
cially the clay, apparently forms by the reactions
of the downward percolating ground water with
the Tomstown. The clay is derived, at least in
part, from impurities in the Tomstown in much
the same way as residuum forms. The ground
water has low dissolved-solids concentration and
relatively low pH as it comes into contact with
the Tomstown Dolomite. Thus, solution of the
carbonate rocks is greatly facilitated. It is believed
by the author that the great thickness (more than
400 feet in places) of the mountain wash is ex-
plained by this hypothesis. The thickness of the
mountain wash west of South Mountain is shown
on figure 4.

In some places the apparent thickness of the
mountain wash may be caused by thick clayey
residuum beneath colluvium, similar to the de-
posits near the contact between the Antietam
Quartzite and Tomstown Dolomite in the Shenan-
doah Valley of Virginia described by Hack (1965,
p. 67). Drillers’ logs form the basis for most of
the data points on figure 4, and precise description
of the material is available in only a few locations.
Distinction between colluvium and residuum might
be justified if more data were available, but is not
made in this report; figure 4 shows the thickness
of material above bedrock.



39°
40/

39°L

357

39°
307

77°40/ 77°35/ 77;301
T T

PENNSYLVANIA

AL
&
~
~
N
4.01‘ 3
= 4%:N;.5 5
§ 474, 33+ g
s S
U
&
(G
al
3 S
D
(=]
[
EXPLANATION
A
280, Well. Number is thickness of mountain wash,

in feet.

'“0% Well. Number is thickness in feet, based on

or well ending in mountain wash
/ // U/D Fault. U- upthrown side

S D-downthrown side

/

—300—— Line of equal thickness in feet. Dashed where

approximately located. Interval 100 feet.

BOONSBORO

DIAGRAMATIC CROSS SECTION
(Not to scale)

i\ \\
SH ANTIETAM
FO‘R'.IAT!ON

b . Base modified from geologic map of
e— T Washington County (Cloos,1941)

1 1 !
7740/

39°
40/

39°
35/

39°
307/

773517 77°30°

Figure 4.—Map showing approximate thickness of the mountain wash west of South Mountain.

11



HYDROLOGY

HYDROLOGIC CYCLE

Precipitation is the source of all ground water
in the Frederick and Hagerstown Valleys. The
precipitation is an element in a gigantic circula-
tion system of the waters of the earth known as
the hydrologic cycle. This system is operated by
the energy of the sun; water is evaporated from
the oceans and bodies of water on the land and
transpired from trees and other plants. It con-
denses in the atmosphere and falls to the earth,
where some of it returns to the ocean as surface
runoff and some percolates through the soil to
saturate the underlying rocks. Much of the water
percolating into the soil does not reach the zone
of saturation but either evaporates directly or is
transpired. In the study area, as in most karst
areas, overland flow may flow directly into sink-
holes, substantially increasing the volume of water
reaching the zone of saturation.

The following hydrologic equation describes the
hydrologic cycle.

P=Rg+Rs+ET+AS
where:

P = precipitation

Rg = ground-water runoff

R, = surface runoff

ET = evapotranspiration

AS = change in ground-water storage

An analysis of the hydrologic equation was
made for the Antietam Creek basin using the
records from the gage at Sharpsburg and the
U. S. Weather Bureau precipitation records at
Hagerstown and Chewsville, both for the period
1951-66. The stream discharge, expressed in
inches, represents the Rg + R_terms; the relative
proportion of Rg and R, was determined on the

Figure 5.—Photograph showing a stream flowing into a sinkhole at Jugtown, Washington County.



basis of hydrograph separation. The change in
ground-water storage (AS) over a long period is
considered to be zero. During years of above-
normal precipitation, AS is positive, and during
years of below-normal precipitation, AS is nega-
tive. The value of AS for short periods can be
determined from observation-well records or it
can be computed as a residual if the other ele-
ments in the equation are known. Evapotranspira-
tion (ET) is commonly computed as a residual, or
it can be determined by certain formulas involving
heat energy.

For the Antietam Creek basin the following
quantities were determined for the hydrologic
equation.

P= (Rg+Rs) + ET + AS
(34.82 inches) = (11.43 inches) + ET + (0)
therefore

ET = 23.39 inches (computed as a residual)

On the basis of hydrograph separation it was
determined that ground-water discharge (Rg) is
normally 80 to 90 percent of the total discharge in
the Hagerstown Valley. In Marsh Run at Grimes
in 1967 Rg was 88 percent. Therefore, using 80
percent for Rg, the value of Rg is 9.15 inches, and
the value of R, is 2.28 inches. These values indi-
cate the large amount of recharge in the study
area and help explain the high base flow during
the growing season in most carbonate-rock ter-
ranes.

RECHARGE

Ground-water bodies are recharged by precipi-
tation percolating through soil, residuum, and
alluvial sediments along stream channels and by
direct flow into sinkholes. The mountain wash
along the mountain areas bordering the carbon-
ate rocks east and west of the Hagerstown Valley
is believed by the author to store a considerable
quantity of water that slowly recharges the under-
lying carbonate rocks.

Streams that flow off South Mountain to the
east of the Hagerstown Valley and Powell and
Fairview Mountains to the west are major sources
of recharge, Several of these streams are influent
(losing) within the reach adjacent to the moun-
tains and lose considerable quantities of water
within a mile of the mountains. A stream flowing
into a sinkhole at Jugtown 1,200 feet west of the
base of South Mountain is shown in figure 5. The
flow of this perennial stream was 220 gpm (gal-
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lons per minute) on June 1, 1970. On the basis of
the inferred slope of the water table, this water
probably resurges in a spring 1.2 miles down a
dry valley oriented parallel to the strike of the
rocks. The flow of Black Rock Creek at Bagtown
was 250 gpm on June 1, 1970, but 0.8 mile down-
stream it was only 50 gpm. An unnamed tributary
to Little Antietam Creek north of Edgemont
flowed 300 gpm on July 14, 1970, but 1 mile down-
stream it flowed only 60 gpm.

A large sinkhole that collapsed in June 1969 and
captured a small stream is shown in figure 6. The
stream previously flowed about 25 yards behind
the position from which the photograph was taken
and was obviously perched. The stream was flow-
ing about 75 gpm on July 2, 1969.

In areas where there is a considerable concen-
tration of sinkholes, such as the outcrop area of
the Chambersburg Limestone and St. Paul Group
west of Conococheague Creek, a considerable part
of the overland runoff flows into sinkholes. Sags
and depressions, common in all karst areas even
where sinkholes are not abundant, cause overland
flow to collect temporarily in pools and thereby
increase the amount of recharge to the aquifer.

The localized recharge typical of karst areas is
shown diagrammatically in figure 7. Note that
although precipitation is constant over the area,
it is concentrated by overland flow into a sinkhole

Figure 6.—Photograph showing a sinkhole and a cap-
tured stream in Carroll County.



OVERLAND

e
SR

BN

3

SO
=

LT

INTERMITTENT
STREAM
q:p_.~o +
) Voo

RESIDUUM

2.

S

N

¥,

N
N

S
R

RS

3

Nl
&
N

LRSS
TS

TN X

o

-\
;{"\'\'
QK

R
SN
RIK

§\
NS,
2

SN
AN |
SN
\\§
R

53

AN

i
3

AN

Ay,

5

QAN

=

NN

R
N

S
S

Figure 7.—Diagram showing localized recharge and control of solution cavities by joints and bedding in folded

carbonate rock.

and an intermittent stream channel. Recharge is
concentrated in these two areas and moves through
the carbonate rock principally through solution
channels localized by joints and bedding.

Seasonal variation in the amount of recharge is
significant. During the growing season evapo-
transpiration consumes a large proportion of the
precipitation that percolates into the soil. How-
ever, in the study area, runoff often directly re-
charges the aquifer through sinkholes or along
intermittent stream channels, even during the
growing season. As a result, a larger proportion
of the precipitation becomes ground-water re-
charge in the study area than in most other hydro-
geologic environments in Maryland, at least dur-
ing the growing season.

Hydrographs of wells in carbonate-rock aqui-
fers (fig. 8) demonstrate that recharge quickly
follows major precipitation and that recharge is
possible even during the period of maximum
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evapotranspiration in July and August.

GROUND-WATER MOVEMENT

Ground water is continuously in motion, flowing
laterally under the influence of gravity from areas
of high hydraulic potential and discharging as
springs and seeps in areas of low hydraulic po-
tential. The rate at which ground water moves
is ge7nerally slow (a few inches or feet per day)
and 'depends on the permeability of the aquifer
and the hydraulic head. The rate of movement in
carbonate aquifers is in some places greater than
in many other rock types, because cavernous open-
ings provide large conduits through which water
can move fairly rapidly. Studies in the Nittany
Valley, Pennsylvania, a hydrogeologic environ-
ment similar to that of the study area, show, on
the basis of dye tracings (Jacobson and Langmuir,
1970), that the ground water moves roughly 4,000
feet in 2 to 6 days.
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WATER-TABLE FLUCTUATIONS

The distance from the land surface to the water
table in the study area averages 42 feet and ranges
from zero, where springs or seeps discharge, to
180 feet immediately west of South Mountain near
Jugtown. It cannot always be assumed that the
water table coincides with the stream level because
several places were noted where streams flow in
a sealed channel, especially near South Mountain.
Several factors affect the depth to the water table,
including topographic position, time of year,
length of time since last recharge, proximity to
recharge or discharge points, and transmissivity
of the aquifer.

The effect of topographic position on the depth
to the water table is well known in carbonate as
well as in other hydrogeologic environments; the
depth to water in wells is greatest on hilltops and
uplands and least in valleys and lowlands. Most
of the wells having water levels greater than 80
feet, excluding those affected by heavy pumping,
are located adjacent to South Mountain or on a
fairly high ridge underlain by the Waynesboro
Formation. Wells on hilltops and uplands show
greater fluctuation in water levels than those in
valleys.
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Seasonal fluctuations in the water table range
from a few feet to more than 25 feet and correlate
closely with seasonal fluctuations in stream dis-
charge. Water levels usually reach a seasonal high
in March or April and in general decline through-
out the spring and summer, reaching a low in
October or November, when the growing season
ends. The seasonal fluctuation in a typical well
(fig. 8) depends on the amount, intensity, and
seasonal distribution of precipitation but is often
within fairly narrow limits. The seasonal fluctua-
tion is nearly always greater than the year-to-year
variation for a particular month.

Water-table fluctuations show the effect of long-
term variations in precipitation; the effect of the
drought between 1961 and 1966 can be seen in
figure 9, a graph of the water level in well Wa-Ch
1 at Bakersville. The effect of the drought is seen
most clearly by the progressive decline in the
spring water-level high from 1962-66 (fig. 9).

The water table in the study area responds
promptly to precipitation (fig. 8), such as on July
10, 1970, December 17 and 22, 1970, January 4
and 5, 1971, and April 7, 1971. The portion of the
hydrograph from June through September 1970
illustrates that recharge is possible during the
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Figure 9.—Hydrograph of well Wa-Ch 1 at Bakersville,
Washington County, showing water-level re-
sponse to 1961-66 drought.

period of maximum evapotranspiration, although
large amounts of precipitation are necessary to
cause a rise in the water table during that period.
A substantial rise such as that on July 10, 1970, is
uncommon in other hydrogeologic environments
in Maryland during the growing season and illus-
trates the capacity of carbonate aquifers to receive
substantial recharge during the growing season.
During the nongrowing season, such as in Febru-
ary 1971, a smaller amount of precipitation than
that in July 1970 resulted in a much greater rise
in the water table.

The effect of aquifer transmissivity on the slope
of the water table and the magnitude of water-
table fluctuations is difficult to demonstrate di-
rectly. However, it is clear that in permeable
carbonate-rock aquifers steep water-table slopes
cannot be maintained. The permeable nature of
the carbonate-rock aquifers probably partly ex-
plains the generally flat water table in carbonate-
rock terranes compared with noncarbonate-rock
terranes in the Piedmont and Valley and Ridge
provinces.

Maps showing generalized water-level contours
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in the Frederick and Hagerstown Valleys (fig. 10
and 11) were prepared using data from well and
spring records as well as topographic maps on
which the network of perennial streams were
fairly accurately mapped.

DISCHARGE

One of the most prominent features of carbon-
ate-rock terranes is the abundance of springs,
many of which discharge substantial quantities of
water. The Frederick and Hagerstown Valleys
contain most of the large springs in Maryland,
the only significant exceptions being the Potomac
Blue Spring (All-Ce 1) and the Bottle Spring
(All-Ae 35), which issue from limestone, west of
the Hagerstown Valley (Slaughter, 1962).

Most of the first-order streams in the study area
can be traced upstream to one or more discrete
springs, and most of the discharge of the streams
originates from springs, in contrast to seepage
along the channel, which is commonly the source
of dry-weather flow in streams in most other geo-
logic terranes in Maryland. The discharge of 11
springs inventoried in Rocky Fountain Run basin
near Buckeystown (fig. 12) totaled 860 gpm in
May 1970 which approximately equaled the dis-
charge of Rocky Fountain Run (900 gpm) just
above its confluence with the Monocacy River.
Slaughter (1962, p. 51) similarly reported that in
the Marsh Run basin, which discharges into the
Potomac River above Sharpsburg, almost all the
water discharged by the stream during the sum-
mer is from springs.

The springs in the study area are fairly evenly
distributed geographically, but there is a notice-
able concentration of springs discharging more
than 200 gpm in an area 2 or 3 miles west of
South Mountain in the Hagerstown Valley.
Streams flowing off South Mountain recharge sub-
stantial quantities of water to the carbonate aqui-
fers, and this water emerges in several large
springs, one exceeding 3,000 gpm at times.

The following table lists the springs discharging
100 gpm or more in the Hagerstown Valley, ac-
cording to formation and three discharge classes.
The significance of this distribution is inconclu-
sive, but the Tomstown Dolomite, which crops out
adjacent to South Mountain, contains the largest
number of major springs.

Comparison of the hydrograph of a stream
draining a carbonate terrane and one draining
a noncarbonate-crystalline-rock terrane reveals
some interesting features (fig. 13). Antietam
Creek at Sharpsburg drains a carbonate-rock ter-



Major springs—Hagerstown Valley

Number of springs

Number of springs

Number of springs

Group or Formation (100-199 gpm) (200-699 gpm) (699 gpm or more) Total
Chambersburg 1 0 1 2
St. Paul 0 3 0 3
Rockdale Run 7 6 0 13
Stonehenge T 0 2 9
Conococheague 5 4 3 12
Elbrook 6 0 3 9
Tomstown 8 8 3 19
Total 34 21 12 67

rane in the Hagerstown Valley and Linganore
Creek near Frederick drains an area underlain
by metamorphic rocks.

One of the most obvious differences between
the two hydrographs is the flashier nature of the
runoff peaks of Linganore Creek as compared with
those of Antietam Creek. When the amounts of
precipitation in the two basins are similar, the
rise in Linganore Creek is substantially greater
because of the higher rate of surface runoff in the
metamorphic-rock basin. Surface runoff is less in
the carbonate rocks because infiltration and re-
charge to the ground-water reservoir occurs much
more readily than in the metamorphic-rock basin.
This is true especially where numerous sinkholes
provide conduits for direct recharge of surface
runoff to the underlying aquifer.

Another feature of figure 13 is the substantially
flatter slope of the recession after a peak in An-
tietam Creek as compared with Linganore Creek.
This indicates that more precipitation is recharged
to the aquifers and then is slowly released to
Antietam Creek.

From October through March the discharge per
square mile of Linganore Creek slightly exceeds
or is about the same as that of Antietam Creek,
but from April through September the discharge
of Antietam Creek exceeds that of Linganore
Creek. During July and August, the period of
maximum evapotranspiration, the flow of Antie-
tam Creek exceeds that of Linganore Creek by a
substantial amount. This same condition can be
seen when other streams draining carbonate ter-
ranes are compared with streams draining non-
carbonate crystalline-rock terranes. The explana-
tion for the higher summer base flow of Antietam
Creek basin may be threefold: 1) the carbonate-
rock aquifers have greater storage capacity than
the noncarbonate crystalline-rock aquifers; there-
fore, the streams exhibit slower recession, as
plants, especially phreatophytes, use large quan-
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tities of water during the height of the growing
season, 2) recharge is easier in the carbonate-rock
basin because overland flow can be recharged di-
rectly through sinkholes and because temporary
ponding in sags and depressions increases infiltra-
tion, and 3) the slope of the water table is flatter
in the Antietam Creek basin, which is conducive
to fairly slow drainage, even though the carbonate
rock may be more permeable than the metamor-
phic rock (Linganore Creek basin).

STREAM NETWORK

One of the most prominent features of areas
underlain by carbonate rocks is the low density of
perennial streams compared with areas underlain
by most other rock types. Detailed study of the
stream network in the Frederick and Hagerstown
Valleys reveals that most 714-minute quadrangle
maps show more perennial streams than actually
exist. Many of the valleys shown on quadrangle
maps as having perennial streams are actually
“underdrained” and carry only surface runoff im-
mediately after heavy rain; other valleys contain
streams that flow only during the early spring. In
fact, older editions of quadrangle maps often show
the stream network more accurately, presumably
because aerial photographs were not used and
more field checking was done.

The distribution of springs in a part of the
Frederick Valley (fig. 12) illustrates that stream-
flow originates at nearly the same altitude within
a given area. All springs in figure 12 are below
300 feet, and flow is not perennial above that alti-
tude, except in Tuscarora Creek on the west edge
of the map. The water table slopes toward the
east, as shown by the altitude of the springs west
and south of Buckeystown. All intermittent
streams shown in figure 12 were mapped as per-
ennial on the quadrangle map.

Many of the dry valleys that are underdrained
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probably contained perennial streams at some
time in the past, but, subsequently, permeability

HYDROGEOLOGIC PROBLEMS IN

Several problems in karst areas relate to hydro-
geology. These problems include instability of the
ground, unsuitable condition for disposal of
wastes, poor environment for construction of sur-
face reservoirs, and scarcity of perennial streams.
Another problem, the extreme variability in per-
meability of the carbonate rocks, is discussed in
another section of this report.

The ground in karst areas is unstable in some
places because of the development of solution
channels, which weaken the structure of the rock
and residuum. Excessive pumping of water from
wells or heavy structural loading on the surface
may cause subsidence or collapse of the ground.
A ground collapse near Frederick was apparently
triggered by an intense rainstorm (fig. 14). Part
of a street in Walkersville in the Frederick Valley
collapsed in July 1964 during the test pumping of
a well 200 feet to the southeast (fig. 15). The well
had been pumped at 200 gpm for several hours
before the collapse, which was apparently caused
by the pumped well dewatering a solution channel,
resulting in unstable ground conditions. The well
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along joints and other fractures has increased and
the water table has progressively dropped.

CARBONATE-ROCK TERRANES

has not subsequently been pumped except for brief
periods; the collapse area was filled, and no further
damage has occurred. Collapse sinks sometimes
develop around quarries where the water table has
been lowered in the surrounding area by pumping
from the quarry.

The problem of waste disposal, both solid and
liquid, is acute in some areas underlain by carbon-
ate rocks. Two of the most important criteria for
the selection of sanitary-landfill sites are deep
water table and thick residuum; the latter require-
ment is often difficult to satisfy in karst areas.
Disposal of solid wastes in the carbonate rocks of
the Frederick and Hagerstown Valleys could re-
sult in problems of ground- and surface-water pol-
lution, especially where the overlying residuum is
thin. The major disposal sites in the Frederick
and Hagerstown Valleys are presently outside the
outcrop area of carbonate rocks. Another aspect
of the solid-waste-disposal problem concerns the
filling of sinkholes with trash and debris. Sink-
holes are a nuisance and potential hazard to farm-
ers and other property owners, and they are



Figure 14.—Photograph showing ground collapse near Frederick after an intense rainstorm.

usually filled—sometimes with brush, junked auto-
mobiles, and even garbage. Sinkholes are natural
points of recharge and water recharged through
them receives little if any filtering.

Problems related to disposal of liquid wastes,
especially from domestic septic tanks, are poten-
tially serious in some areas in the Frederick and
Hagerstown Valleys. The extension of sewer lines
and construction of sewer systems tend to decrease
the chance of ground-water pollution, but in some
suburban developments having individual septic
tanks and individual wells the potential for pollu-
tion of some wells is high. An investigation involv-
ing resampling of wells for coliform bacteria,
nitrate, and other evidence of pollution a few years
after septic systems have been in operation would
be helpful in evaluating the pollution potential in
limestone areas. The extreme range in permea-
bility of the rocks and the variable thickness and

irregular distribution of residuum suggest that
individual wells and septic systems may not be
compatible in some carbonate terranes.

The construction of surface reservoirs in karst
areas often presents serious engineering problems
owing to extremely localized permeability caused
by solution channels. Where limestone is extremely
cavernous and sinkholes are abundant, construc-
tion of watertight reservoirs is difficult. An excel-
lent description of these problems in the Tennes-
see Valley is provided by Moneymaker (1969).

The scarcity of perennial streams in parts of the
study area is discussed in the section of this report
dealing with the stream network. The scarcity of
streams may cause water-supply and waste-
disposal problems in some karst areas, but is not
a serious problem in the study area because all
trunk streams have perennial flow.

FACTORS AFFECTING GROUND-WATER OCCURRENCE AND AVAILABILITY IN
CARBONATE-ROCK TERRANES

Several factors affect the occurrence and avail-
ability of ground water in carbonate-rock ter-

ranes, including the following: geologic structure
(joints, faults, and proximity to axes of anticlines
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Figure 15.—Photograph showing ground collapse at Walkersville during a pumping test.

and synclines), bedding-plane partings, solution-
cavity development, topography, lithology, and
thickness of the residuum.

The occurrence and availability of water from
wells ultimately depend on the size, number, and
interconnection of water-yielding joints, fractures,
and solution channels (gross secondary permea-
bility) intersected during drilling.

Most of the well data available for analysis in
this report are from domestic wells. Because the
quantity of water required for household use is
small, domestic well sites are selected only with
regard to the location of the house and septic
system, and drilling is usually stopped when an
adequate quantity is obtained. On the other hand,
sites for municipal and industrial wells are usually
drilled for maximum yields, and often only the
most productive of several test wells are used for
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the water supply. Consequently, a more reliable
estimate of the maximum potential yield of wells
in an aquifer probably can be determined from
municipal and industrial well data, rather than
from those data relating to domestic wells.

GEOLOGIC STRUCTURE

Geologic structure is an extremely important
factor governing ground-water occurrence and
availability because joints, faults, and bedding-
plane partings provide the framework for the
gross secondary permeability. The proximity of
wells to axes of anticlines and synclines also seems
to have some relation to well yields.

Joints
Joints are planes of separation between rock
masses where little or no displacement has taken
place. Joints never occur alone but are found in



series of parallel planes known as joint sets. Gen-
erally there are two or more sets forming a joint
system. First-order joints originated as a direct
result of strain, and second-order joints results
from readjustment of stress after the first-order
jointing, folding, and faulting (Hills, 1963, p.
150).

In the study area there are three to six joint
sets, two or three of which are generally domi-
nant. The joint set parallel to the strike of the
bedding (strike joints) is nearly always present
and seems to be most important in controlling
solution-channel development. This conclusion was
reached after examining several quarries and out-
crops and is in agreement with data relating to
cavern-passage orientation (Davies, 1950).

Another set of near vertically dipping joints,
which strike approximately normal to the strike
of the bedding (cross joints), is generally present.
Other sets of vertical joints are present in varying
degrees of development at most localities; joint
sets are most numerous in dolomites, attaining
maximum frequency along the west edge of re-
cumbent folds on the east side of the Hagerstown
Valley, near the western limit of the South Moun-
tain anticlinorium (Davies, 1968). This may be
responsible for the large number of high-yielding
wells and the apparent concentration of major
caverns in the Tomstown Dolomite. The two most
extensive caverns in the study area, Crystal Grot-
toes and Mount Aetna Cave, are in the Tomstown
Dolomite.

The stream network in the Frederick and Hag-
erstown Valleys is definitely structurally con-
trolled, primarily by joints. Antietam Creek in
the Hagerstown Valley is a classic example of a
joint-controlled drainage pattern (fig. 16). Rose
diagrams showing the orientation of straight
stream reaches, measured from 714-minute quad-
rangles, and joint strikes, measured in quarries
and outcrops, indicate a rather good correlation
between joint strikes and stream azimuths. The
same structural control, although not as well de-
veloped, can be seen on Beaver Creek (fig. 16).

Bed competence and thickness seem to be re-
lated to joint development (Drummond, 1964, p.
226) ; maximum fracture porosity and permeabil-
ity seem to develop where beds are fairly thick
and competent.

Faults
Faults are almost certainly more extensive and
numerous in the study area than shown on most
published geologic maps because very detailed
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Figure 16.—Map showing drainage pattern of a reach of
Antietam Creek and rose diagrams of the
orientation of straight stream segments and
joints.

geologic mapping is required to locate all but the
largest or most obvious faults. Sando’s work
(1957, p. 8) showed a much greater number of
faults than had previously been mapped. Sando
reports that most faulting is accompanied by
intense shearing, contortion of bedding, and (or)
brecciation and that most faults have fairly steep
dip. Strike faults are apparently reverse, whereas
cross faults are normal. Cross faults slightly out-
number strike faults, but strike faults are more
important in displacement and lateral extent.
Cross faults strike in two major directions, one
averaging N79°E and the other averaging N56°W
(Sando, 1957, p. 9).

Faults seem to be much less important than
joints in providing avenues for ground-water
movement. Davies (1960, p. 6) observed that
cavern passages are joint controlled and that
faults exert little control. However, shear joints,
which often form parallel to faults (Hills, 1963,
p. 155), may be more closely spaced in the vicinity
of a fault, and thus a fault may increase the
secondary permeability indirectly. Data from the
8-mile-long Wachusett-Marlborough Tunnel in
Massachusetts indicate that the intensity of both



fault and joint development increases with dis-
tance toward a master fault in the area (Skehan,
1968).

Proximity to axes of anticlines and synclines

Data regarding the relative development of
secondary permeability in anticlines as compared
with synclines seems to favor anticlines, although
some geologists present conflicting opinions. Sid-
diqui and Parizek (1969, p. 154) report that the
mean specific capacity per foot of saturated rock
penetrated in wells on anticlines is significantly
greater than that for wells in synclines.

The data from the Frederick and Hagerstown
Valleys are inconclusive, but it seems logical that
tension joints along anticlinal axes should be more
conducive to solution because they would be likely
to remain open, because the convex side of a folded
slab is subject to tension and the concave side
subject to compression (Hills, 1963, p. 223). In
the central Hagerstown Valley 80 wells were
selected that were near the axes of anticlines or
synclines. The median yield of wells near the axes
of anticlines was 20 gpm, whereas the median
vield of wells near axes of synclines was 8 gpm.
These data are by no means conclusive but sug-
gest anticlines are more favorable sites for water
wells in the study area.

Bedding-plane partings

Bedding-plane partings are planes of separation
between beds of rock. They can be smooth or
somewhat irregular surfaces and are often along
thin shale beds or silty streaks in the rock.
Bedding-plane partings are an extremely impor-
tant factor in localizing solution in flat-lying car-
bonate rocks, but they are less important than
joints in the tightly folded rock of the study area.

SOLUTION-CAVITY DEVELOPMENT

In carbonate rocks, unlike most other rocks,
secondary permeability tends to develop through
circulation of water and solution of the rocks. In
consolidated clastic rocks, as well as in igneous
and metamorphic rocks, secondary permeability
networks consist of systems of joints, bedding-
plane partings, and faults; but in carbonate rocks
the network is enlarged by solution, forming an
aquifer that is more permeable but whose perme-
ability is variable.

Carbonate rocks are easily dissolved because
calcite and dolomite, the chief minerals constitut-
ing carbonate rocks, are soluble in the weak acids
formed by solution of CO2, SO2, and organic com-
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pounds in the water that circulates through the
rocks. Circulation of water and the amount of
solution tend to be concentrated in the upper part
of the zone of saturation. However, large water-
table fluctuations may cause this zone to be fairly
thick. Solution along joints, bedding-plane part-
ings, and faults definitely decreases with depth.
Below about 300 feet, solution cavities are appar-
ently fairly rare (Burchett and Moore, 1971, p. 16;
Moneymaker, 1969 ; Meisler, 1963, p. 37).

The study of cavern-passage networks provides
an excellent tool for understanding solution-cavity
development, and cavern surveys by various spele-
ologists have been useful in the present study
(especially Davies, 1950).

As stated previously, joints are the most impor-
tant single factor controlling the formation of
solution channels in carbonate rocks. In the Hag-
erstown Valley, strike joints seem to be the best
developed of the three to six joint sets present.
Solution also occurs along bedding-plane partings,

o : - {

—

o NC .

-

Figure 17.—Photograph showing solution along a verti-
cally dipping bed west of Sharpsburg along
Chesapeake and Ohio Canal.



and in some places solution proceeds rapidly be-
cause a certain bed is more easily dissolved than
others because of its greater chemical purity. Solu-
tion along a vertically dipping bed, which was
apparently more soluble than the adjacent beds,
is shown in figure 17.

Caliper logs, which record borehole diameter,
provide an excellent means of studying solution
channels in wells. Most high-yielding wells on
which caliper logs were run showed good correla-
tion between water-bearing zones and solution
zones in the wells. A caliper log of a well east of
Hagerstown (fig. 18) shows that most of the
water comes from solution zones between 129
and 146 feet.

Topography
Topography has long been recognized as an
important factor in locating productive wells in

carbonate- and crystalline-rock terranes. Many
well drillers have learned by experience that wells
in valleys are usually more productive than those
on hilltops or uplands. Knowledge of the effect of
the topographic position of a well site is probably
the single most useful tool available for locating
productive wells. Some geologists have developed
methods of outlining fracture traces on aerial
photographs (Lattman and Parizek, 1964), but
the fracture traces observed on aerial photgraphs
seem to be due largely to topographic alignment
and natural linear drainage. There seems little
doubt that fracture-trace methods are extremely
useful in locating productive wells, but some sub-
tle topographic features may be more easily ob-
served in the field than on aerial photographs.
The topography in carbonate-rock terranes re-
flects differential solution along joints, faults,
bedding-plane partings and along individual more
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Figure 18.—Lithologic and caliper logs of well Wa-Bk 25 showing solution cavities.
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PERCENTAGE OF WELLS WHOSE SPECIFIC CAPACITY IS EQUAL TO OR GREATER THAN VALUE SHOWN

Figure 19.—Specific capacity versus cumulative frequency graphs of valley and hilltop wells in the Frederick and
Hagerstown Valleys.
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soluble beds. This differential solution results in
the topographic alignments, straight stream
reaches, and alignment of sinkholes that can be
observed as fracture traces on aerial photographs
and with less precision on topographic maps.

Well data were analysed statistically, and yield
versus cumulative frequency graphs and specific
capacity versus cumulative frequency graphs were
prepared in the following manner. The specific-
capacity data from wells in valleys and wells on
hilltops or uplands were arranged in order from
highest to lowest, and frequencies were computed
by a method described by Kimball (1946, p. 846).
The ordered specific capacities for valley wells
were plotted against cumulative frequency on log-
probability paper, and the data for wells on hill-
tops and uplands were plotted in the same manner
(fig. 19). The position of the two graphs shows
that valley wells have substantially higher specific
capacities than hilltop wells; the median specific
capacity of valley wells is 1.0 gpm per foot com-
pared with 0.09 gpm per foot for hilltop wells.
The median yield of valley wells is 40 gpm com-
pared with 6 gpm for hilltop wells.

Lithology

Lithology is an important factor, but not the
most important, controlling the water-yielding
capacity of the carbonate rocks of the study area.
In folded carbonate rocks, geologic structure is
more important than bedding or chemical purity
in controlling solution-cavity development (Dav-
ies, 1960, p. 8; Moneymaker, 1948, p. 95).

Well yields and specific capacities were tabu-
lated and studied to evaluate the relative water-
yielding properties of the formations (table 5).
These formations, for the most part, contain
strata that are lithologically similar, so compari-
son of well yields and specific capacities of differ-
ent formations is also a means of comparing lith-
ology.

The formations are listed in approximate order
of productivity, although the order is not certain
in some instances. For example, the Stonehenge
Limestone has a higher mean and median yield
than the other formations, but the specific capac-
ity of the Grove, Frederick, and Tomstown is
higher than that of the Stonehenge. However, the
drawdown of a few exceptionally productive wells

Table 5.—Average yields and specific capacities of the carbonate aquifers—Frederick and Hagerstown Valleys.

e < b 3
. £ £ Mean specific g8 e £ £ Median specific £&
Mean yield S capacity 5 " Median yield = capacity =
Formations (gpm) “ (gpm/ft) iz (gpm) Z (gpm/ft) iz
Stonehenge
Limestone 54 64 11l 29 20 64 0.43 29
Grove
Limestone 41 94 43 58 15 94 .50 58
Frederick
Limestone 29 169 34 93 12 169 .50 93
Tomstown
Dolomite 28 79 1.5 60 13 79 .50 60
Conococheague
Limestone 20 160 .85 111 10 160 21 111
St. Paul Group o 4 .62% 3 20%* 4 b4* 3
Rockdale Run
Formation 13 96 .79 61 10 96 .28 61
Elbrook
Limestone 15 50 .50 28 10 50 .16 28
Pinesburg Station
Dolomite 15* 4 44%* 3 12¥ 4 40* 3
Waynesboro
Formation 13 19 .62 16 9 19 .33 16
Chambersburg
Limestone 11%* 10 Bl T 6* 10 20" 7

* Sample too small to be significant.
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Figure 20.—Yield versus cumulative frequency graphs of the carbonate-rock aquifers in the Frederick and Hagerstown
Valleys.
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in the Stonehenge was not measured and, there-
fore, the speciflc capacity of these wells is not
known. The Stonehenge and the Grove, which
seem to be the most productive formations, both
contain high percentages of nearly pure calcium
carbonate and are extensively quarried for that
reason.

In the Nittany Valley in Pennsylvania it has
been observed that cavern development is en-
hanced by the purity of the limestone and small
grain size (Rauch and White, 1970, p. 1191)
and that cavern development in dolomite units is
uncommon. Table 5 shows that in the Hagerstown
Valley the Tomstown Dolomite is one of the more
productive aquifers, an apparent contradiction to
the work in the Nittany Valley. However, geologic
structure is apparently far more important than
lithology in the Tomstown in controlling solution-
cavity development, as discussed in the section on
joints. In some places the lithology probably in-
directly controls the secondary porosity because
thick, massive beds are more highly jointed and
fractured. The location of the outcrop area of the
Tomstown adjacent to South Mountain may be
conducive to the development of solution cavities
because the area receives more surface runoff than
carbonate-rock areas farther from the mountain.

The well-yield data, grouped by formation, were
ordered from highest to lowest, and frequencies
were computed for each well yield by a method
used by Kimball (1946). For each formation the
vields were plotted against cumulative frequency
on log-probability paper. The graphs thus derived
are convenient for comparing the relative water-
yielding properties of different aquifers and their
variability (Nutter and Otton, 1969, p. 25). The
position of the graphs with respect to those of
other aquifers shows the relative water-yielding
properties, and the slope of the graphs indicate
the yield wvariability; steeper slope indicates
greater variability. Yield versus cumulative fre-
quency graphs for the aquifers in the study area
are shown in figure 20.

The graphs for the St. Paul Group, the Pines-
burg Station Dolomite, the Chambersburg Lime-
stone, and the Waynesboro Formation are not
shown because the sample of well data is too small
to define their water-yielding properties properly.
Wells in the Stonehenge and Grove are most likely
to have high yields, and wells in the Elbrook and
Rockdale Run are least likely (fig. 20). Most of
the graphs have a steeper slope in their lower
part, probably because of a few wells that produce
almost no water.
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Nature and Thickness of Residuum

Residuum is a residual mantle that has lost vol-
ume on weathering and occurs typically on shale
and carbonate rocks (King, 1943, p. 54). Some
of the original structural and textural features
of the parent rock are often preserved in the
residuum, but in some areas it is completely strue-
tureless. The term ‘‘saprolite” refers to the weath-
ered mantle overlying igneous and metamorphic
rocks and is generally not applied to karst areas.
The term “residual soil” is used by some geolo-
gists.

One of the characteristic features of karst ter-
ranes is the extreme variability in thickness of
residuum. It is typically thick where joints are
closely spaced and where solution cavities are well
developed, but in adjacent areas it may be thin or
absent. The residuum in carbonate terranes is
typically separated from the rock by a rather
sharp discontinuity in contrast to silicate crystal-
line-rock terranes, where the break between sapro-
lite and bedrock is often fairly gradual. In car-
bonate terranes wells may be drilled through alter-
nating residuum and unweathered Ilimestone
boulders.

The thickness and permeability of residuum
affects the yield of wells, but the relationship is
somewhat obscure. The thickness of residuum was
taken from well records and grouped into four
classes (0-10 feet, 11-20 feet, 21-30 feet, and over
30 feet). The well yields of each class were ar-
ranged in order from highest to lowest and the
median selected. It was found that the median
yield increases as the residuum thickness increases
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Figure 21.—Graph showing median yield for each of four
residuum-thickness classes.



(fig. 21), but the range of yields in each class does
not differ significantly. When the yields are
grouped into three classes and expressed as per-
centage of wells in each of the four residuum-
thickness classes, the relationship between yield
and residuum thickness still holds (fig. 22) but
is not as obvious as in figure 21. Thickness of
residuum is related in part to topography, as
pointed out by Moore, Burchett, and Bingham
(1969, p. 42), because the residuum tends to be
thicker in lowlands than in uplands or on slopes.

The chances of obtaining high-yielding wells is
clearly increased by drilling in areas where the
residuum is thick. However, because residuum
thickness is extremely variable, areas having thick
residuum are difficult to locate by other than geo-
physical methods.

EXPLANATION

Yield of wells, in
gallons per minute

More than 50

60
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40+
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0-10 |11 2 30
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RESIDUUM THICKNESS,
IN FEET

11-20]|21-30

Figure 22.—Graph showing relation between well yields
and residuum thickness.

HYDRAULIC PROPERTIES OF CARBONATE ROCKS

GENERAL CHARACTERISTICS

The two hydraulic properties of an aquifer most
commonly described are its capacity to store and
to transmit water. In consolidated carbonate rocks
most of the water is stored in joints, bedding
planes, irregular fractures, and solution openings,
and at many places in the intergranular pores of
the residuum. However, in the study area storage
in the residuum is less important than it is in the
saprolite on the noncarbonate crystalline rocks
because the residuum is thinner and less evenly
distributed than the saprolite. The number, size,
and degree of interconnection of the joints, solu-
tion cavities, and other secondary openings of the
carbonate rocks determine their capacity to trans-
mit water.

The mountain wash near the east and west
borders of the Hagerstown Valley, and to a lesser
extent near the west border of the Frederick
Valley, is believed by the author to be important
for storing water and releasing it to the under-
lying carbonate rocks. The mountain wash is prob-
ably especially effective for storing water near the
eastern border of the Hagerstown Valley, where
its thickness exceeds 300 feet in some places
(fig. 4).
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POROSITY

Primary porosity in the carbonate rocks of the
Hagerstown and Frederick Valleys is small. Sec-
ondary porosity in the form of joints, bedding-
plane partings and faults and in solution openings
developed along these features is the means by
which water is transmitted and stored in the rock.
Data regarding the porosity of the carbonate rock
are sparse, but inspection of the Cambrian and
Ordovician limestones and dolomites in road cuts
and quarries clearly demonstrates the small pri-
mary porosity. There is no reliable method for
determining by laboratory tests the original vol-
ume of fractures or solution cavities before a
sample is removed because samples are broken
during coring operations. The following table lists
some porosity data from carbonate-rock cores
from areas outside Maryland.

Individual cores of carbonate rocks usually have
low porosity, as shown in the above table, but a
large mass of carbonate rock may have a sub-
stantial gross porosity, as is clearly demonstrated
in areas of large limestone caverns.

The porosity of the residuum exceeds that of
the rock, although the permeability (hydraulic
conductivity) is often low, owing to the high clay



Porosity data from carbonate-rock cores

Rock type Geologic age Location (I;ggz%
Limestone? Silurian England 1.4-6.3

Do. 1 — Michigan 9
Ophair Formation ! Cambrian Utah 0-1.0

(limestone)
Bighorn Dolomite ! Ordovician Wyoming 8.6
Limestone 2 — — .27-4.36
Dolomitic limestone * — — 2.08

Do. 3 = Ohio 1.3-6.4
Limestone 3 —_ do. 2.7

L Adapted from table compiled by Birch and others (1942)
2 Adapted from table compiled by Griffith (1937)
3 Adapted from table compiled by Windes (1950)

content. The following table lists data on resi-
duum porosity and hydraulic conductivity ob-
tained from samples taken in Maryland.

SPECIFIC YIELD

Not all the water in the fractures and solution
openings in the saturated rock and in the inter-
stices in the saturated residuum can be withdrawn
through wells, drains, springs, and seeps. Part of
the water is retained by the forces of molecular
attraction, adhesion, and cohesion. The retaining
force, chiefly adhesion, increases with the aggre-
gate area of the surfaces in contact with the water
(Meinzer, 1923 p. 63). Therefore, the smaller the
interstices, the smaller the amount of water that
will be yielded to wells and springs. Carbonate
rocks have fairly low porosity but are often excel-
lent sources of water because the interstices (frac-
tures and solution cavities) are large and hence
yield freely nearly all the water being held against
gravity. The residuum and the mountain wash
retain a substantial percentage of the water stored
in their interstices.

Specific yield is a measure of the water-yielding
capacity of a rock or soil, and specific retention
is a measure of the water-retaining capacity of a
rock or soil. The porosity of a rock or soil is equal
to the sum of the specific yield and the specific

retention. Gravity drainage of the interstices is
not instantaneous, and the water-yielding capac-
ity increases at a diminishing rate as the time of
draining increases (Walton, 1970, p. 35). As time
progresses the specific yield is gradually ap-
proached. Rasmussen and Andreasen proposed the
term gravity yield, which they define as the ratio
of volume of water yielded by gravity to the vol-
ume of a rock or soil during the period of ground-
water recession (Rasmussen and Andreasen, 1959,
p. 83).

STORAGE

The storage properties of an aquifer are ex-
pressed by the storage coefficient, which, under
unconfined conditions, can be considered equiva-
lent to the specific yield (Ferris and others, 1962,
p. 78), provided gravity drainage is complete.

On the basis of available pumping-test data, the
storage coefficient in the Frederick and Hagers-
town Valleys ranges from 0.145 to 0.0014. These
values indicate that conditions range from uncon-
fined (water table) to confined (artesian), and
the leaky artesian formula can probably be applied
to many pumping-test data (Meyer, 1958, p. 81).
Values for the storage coefficient are difficult to
obtain in carbonate rocks and may have only local
significance owing to the heterogeneity and aniso-
tropy of the aquifers.

Laboratory analyses of core samples of residuum

(analyses by U. S. Geological Survey, Denver, Colo.)

Underlying

rock unit Site
Frederick Limestone Eastalco Plant

Do. do.

Do. do.

Do. do.

Depth below Hydraulic
land surface Porosity conductivity
(feet) (percent) (feet per day) i
7.0- 75 53.2 0.004
10.0 - 10.5 50.9 027
14.0 - 14.5 47.5 .009
16.0 - 16.5 52.1 .001
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HYDRAULIC CONDUCTIVITY
(COEFFICIENT OF PERMEABILITY)

Permeability refers to an aquifer’s capacity to
transmit water through its interstices. The co-
efficient of permeability is the rate of flow in gal-
lons per day through a cross sectional area of 1
square foot under a hydraulic gradient of 1 foot
per foot at a temperature of 60°F. In field prac-
tice the adjustment to standard temperature is
usually ignored, and the permeability is under-
stood to mean the field coefficient at the prevailing
temperature.

Recently the U. S. Geological Survey has offi-
cially redefined several hydraulic terms, among
them the coefficient of permeability. Hydraulic
conductivity now replaces the field coefficient of
permeability. Lohman and others (1972, p. 4)
define hydraulic conductivity as follows: “If a
porous medium is isotropic and the fluid is homo-
geneous, the hydraulic conductivity of the medium
is the volume of water at the existing kinematic
viscosity that will move in unit time under a unit
hydraulic gradient through a unit area measured
at right angles to the direction of flow.” The units
are in feet per day or meters per day. The purpose
of the redefinition is simply to use consistent units
of length and time. The reader is referred to Loh-
man and others (1972) for more detailed explana-
tion of the above redefinition as well as others in
this report.

TRANSMISSIVITY
(COEFFICIENT OF TRANSMISSIBILITY)

The coefficient of transmissibility indicates the
capacity of an aquifer to transmit water through
its entire saturated thickness and is equal to the
coefficient of permeability multiplied by the thick-
ness of the aquifer, in feet. Theis (1935) defined
the coefficient of transmissibility as the rate of
flow of water, at the prevailing temperature, in
gallons per day, through a vertical strip of the
aquifer 1 foot wide extending the full saturated
thickness of the aquifer under a hydraulic gradi-
ent of 100 percent. The term transmissivity was
introduced by Lohman and others (1972), and the
term is expressed in consistent units of length and
time. The units for transmissivity are area per
time. Transmissivity is the rate at which water is
transmitted through a unit width of the aquifer
under unit hydraulic gradient (Lohman and
others, 1972).

The methods of determining the transmissivity
and its range for carbonate aquifers in the Fred-
erick and Hagerstown Valleys are given in the
following section.
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AQUIFER TESTS

The storage coefficient (S) and the transmis-
sivity (T) are most commonly determined by
means of aquifer tests in which a well is pumped
at a constant rate and the drawdown is measured
in the pumped well and in one or more observation
wells at accurately measured times after pumping
began. These data are used to prepare a time-
drawdown graph from which 7 and S are com-
puted.

When water is pumped from a well the balance
between natural recharge and natural discharge
is disturbed, and a new state of equilibrium is
established by the propagation of a cone of de-
pression. Equilibrium occurs where the natural
recharge is increased or the natural discharge is
decreased by an amount equal to the withdrawal
from the well (Ferris, 1959, p. 152). The manner
and rate at which the cone forms and its ultimate
shape can be used to determine the hydraulic
characteristics of an aquifer.

The methods most commonly used for comput-
ing T and S are the nonequilibrium formula
(Theis, 1935) and the modified nonequilibrium
formula (Cooper and Jacob, 1946).

In the nonequilibrium formula 7' and S are com-
puted by plotting the rate of drawdown as a func-
tion of time. The Theis equation is solved graphic-
ally by superimposing a plot of the field measure-
ments of drawdown versus time upon a type curve,
both the type curve and the field data being on
log-log paper. A matchpoint is obtained and sub-
stitution is made into the Theis equation to obtain
T and S.

The nonequilibrium formula is based on the fol-
lowing principal assumptions:

1) the aquifer is homogenous and isotropic;

2) the aquifer has infinite areal extent;

3) the discharge well penetrates and receives
water from the entire thickness of the
aquifer; and
water removed from storage is discharged
instantaneously with declining head.
These assumptions, particularly 1 and 3, are usu-
ally not attained in carbonate-rock aquifers, but
in some cases they are approached if the cone has
spread over a large area. As the cone expands a
continually larger volume of aquifer contributes
to the overall hydraulic response. As the time of
pumping increases, the relative contribution of
any given feature to the overall hydraulic regimen
progressively diminishes. However, where uncon-
fined conditions predominante, the cone does not
expand to the extent it would if confined condi-
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tions existed. The results of many aquifer tests in
unconfined carbonate-rock aquifers are useful only
as an approximation of the 7" and S values in the
vicinity of the wells tested.

Another consideration somewhat limiting the
application of the nonequilibrium and modified
nonequilibrium formulas is the fact that these
formulas were derived for confined conditions.
The formulas have been widely used where water-
table conditions prevail, but several workers have
pointed out that they are not valid for the early
phases of aquifer tests under unconfined condi-
tions. This is because the condition of instantane-
ous release of water from storage simultaneously
with a decline in head is not satisfied. During the
early phase of an aquifer test the water level de-
clines rapidly and as pumping continues the rate
of water-level decline decreases because of slow
drainage of water from the poorly permeable
residuum or in some cases mountain wash or al-
luvium. This limitation makes it difficult to sep-
arate the initial effects of slow drainage from
boundary conditions.

In the study area ground water is generally
confined to solution cavities formed along joints
and other fractures, so that confined conditions
often occur near individual wells. The conditions
in a particular pumping test may be unconfined,
confined, or leaky artesian. However, over a large
area carbonate rocks should be thought of as a
complex, heterogenous, water-table aquifer.

On the basis of available data, T ranges from
less than 10 to 36,000 square feet per day in the

Frederick and Hagerstown Valleys. Table 6 lists
aquifer-test data collected during the study and
some heretofore unpublished data collected during
a test-drilling program along the Chesapeake and
Ohio Canal.

A brief discussion of two selected aquifer tests
follows.

Smithsburg test

A test well (Wa-Bk 25) was drilled immediately
south of Smithsbhurg to evaluate the water-bearing
properties of the mountain wash and the under-
lying Tomstown Dolomite. An 11-hour pumping
test confirmed the expected highly permeable
nature of the Tomstown Dolomite in the area. The
pumping test suggests that there is some leakage
from the overlying mountain wash, which is ap-
proximately 122 feet thick at the test site (fig. 23).

Taylors Landing
(Chesapeake and Ohio Canal) test

The time versus drawdown graph for a pump-
ing test run at Taylors Landing on the Chesa-
peake and Ohio Canal (fig. 24) illustrates the
effect of a recharging hydraulic boundary that
became effective at about 150 minutes after pump-
ing began. The recharging boundary may be the
nearby Potomac River. In fact, 6 of the 8 wells
in carbonate rock along the Chesapeake and Ohio
Canal for which reliable pumping-test data are
available showed the effect of a recharging bound-
ary.

Table 6.—Aquifer-test data, Frederick and Hagerstown Valleys.

Specific Approximate

Well Length of Yield capacity transmissivity

number test (hours) Aquifer (gpm) (gpm/ft) (ft*/day)
Wa-Bf 28 24 Conococheague Ls 4.5 0.05 7
Wa-Bk 25 11 Tomstown Dol. 200 15.0 1,600
Wa-Ch 42 4 Stonehenge Ls 20 5.8 2,000
Wa-Dh 51 24 Conococheague Ls 30 51 27
Wa-Dh 52 24 do. 16 .8 270
Wa-Di 86 24 Elbrook Ls 17 94 80
Wa-Di 87 21 do. 50 3.5 400
Wa-Eh 1 24 Tomstown Dol. 100 19.8 1,200
Fr-Ee 45 24 Grove Ls 52 1.3 130

GEOCHEMISTRY OF CARBONATE-ROCK TERRANES OF MARYLAND

atmosphere as rain falls and those dissolved from
the soil and rocks through which the ground water
moves. Factors that control the chemical quality

INTRODUCTION
The dissolved mineral matter and gases in
ground water include those dissolved from the
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Figure 23.—Time versus recovery graph of well Wa-Bk 25 showing leakage.

of ground water include the following: composi-
tion of the soil; composition of the bedrock;
amount and seasonal distribution of precipitation;
temperature; rate at which the water moves
through the soil and bedrock; disposal of sewage,
industrial waste and solid waste; and use of fertil-
izers and pesticides.

Organic pollution (coliform and other forms of
bacteria, viruses, and so forth) seriously affects
or has the potential to affect the quality of ground
water in carbonate-rock terranes. Time and re-
sources in the present study, however, did not
permit extensive consideration of organic pollu-
tion. This investigation was limited mainly to the
chemical quality of the ground water, although
certain constituents, such as nitrate, may indicate
organic pollution.

Rainwater contains traces of carbon dioxide,
oxygen, and several other chemical constituents.
Rainwater samples at Washington, D. C. con-
tained the following constituents (Carroll, 1962,
p. 6):

constituent:

Nat+t K+ Cat+ Cl— SOs— NO3;— NH:++
concentration (mg/1):

23 .18 23 35 133 214 .43
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Rainfall throughout the world is almost always
acidic because the pH of rainwater in equilibrium
with atmospheric carbon dioxide at 25°C is 5.7
(Carroll, 1962, p. 8). The source of this acidity
(Fisher, 1968, p. 12) is attributed to the oxida-
tion of sulfur oxides, hydrogen sulfide, and car-
bon dioxide in the atmosphere to form hydrogen
ions in the form of sulfuric acid (H280:) and
carbonic acid (H2CO0s3).

As water percolates through the soil zone it
may absorb organic acids and carbon dioxide
which further increase the capacity to dissolve the
underlying rock, which is chiefly calcite (CaCOs)
and dolomite (CaMg (CO3)2). As the ground water
moves through the carbonate rocks, appreciable
quantities of calcite and dolomite are dissolved,
resulting in a calcium bicarbonate type water. The
major cations in order of abundance are calcium,
magnesium, sodium, and potassium; the major
anions in order of abundance are bicarbonate,
sulfate, nitrate, chloride, and fluoride.

Chemical analyses of water from 139 wells and
springs from carbonate-rock aquifers in the Fred-
erick and Hagerstown Valleys are available.
Tables 7 and 8 list chemical analyses from 93 wells
and springs that have not previously been pub-
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lished. Forty-six additional analyses are included
that were previously published by Slaughter
(1962, p. 146-148) and by Meyer (1958, p. 50-51) ;
the reader is referred to the cited reports for spe-
cific well locations. In addition 75 field determina-
tions of hardness and specific conductance were
made during the study. The analyses were made in
the Quality of Water Laboratory of the U.S. Geo-
logical Survey in Washington, D. C., unless other-
wise indicated. Analyses are given in milligrams
per liter (mg/1), which is equivalent to parts
per million (ppm) at concentrations normally
occurring in fresh water.

CHEMICAL CONSTITUENTS AND
PROPERTIES OF GROUND WATER

lonic nature of chemical constituents

Most of the chemical constituents of ground
water are present in the form of ions, atoms, or
groups of atoms having an electrical charge.
Metallic ions such as calcium, magnesium, sodium,
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potassium, and iron have a positive charge and
are called cations; ions such as bicarbonate, sul-
fate, chloride, nitrate and fluoride have a negative
charge and are called anions. In addition, sub-
stances such as silica may be in the colloidal rather
than the ionic state. A brief discussion follows of
the major chemical constituents of ground water
in the Frederick and Hagerstown Valleys, with
comments regarding the effect of each constituent
on the use of the water.

Calcium and magnesium

Calcium and magnesium are the most common
cations in ground water from carbonate-rock aqui-
fers. These constituents are derived from calcite
(CaCO0s) and dolomite (CaMg(COs)2), the major
minerals composing limestone and dolomite. Cal-
cium and magnesium are the principal constitu-
ents that cause hardness in water and contribute
to the formation of boiler scale and deposits in
plumbing systems.

The analyses show a range in calcium content



of 22 mg/l to 156 mg/l, with a median of 84
mg/l. Analyses show a range in magnesium con-
tent of 2.4 mg/1 to 60 mg/l, with a median of 19
mg/l. As expected, water from dolomite aquifers
has a higher magnesium content than water from
limestone aquifers.

Sodium and potassium

Practically all ground water contains some so-
dium and potassium because their compounds are
abundant in nature and highly soluble. When
ground water has a low dissolved-solids content,
sodium and potassium are usually present in ap-
proximately equal amounts, but higher concentra-
tions of sodium are usually accompanied by smaller
relative amounts of potassium (Hem, 1959, p. 91).

Moderate quantities of sodium and potassium
have little effect on the use of water for domestic
purposes and most industrial purposes. A salty
taste is caused by concentrations of more than
500 mg/1 sodium.

The analyses show a range in sodium content
of 0.9 mg/l to 90 mg/]l, with a median of 12
mg/l. Potassium ranged from 0.05 mg/l to 83
mg/], with a median of 9.7 mg/I.

Iron and manganese

Iron is present in most rocks and soils and is an
objectionable and common constituent in ground
water. Manganese is somewhat less common but
is also objectionable, even in small concentrations.
Iron and manganese are often associated, and iron
is usually present in higher concentrations than
manganese. However, several analyses from the
study area show higher concentrations of man-
ganese than iron.

The Public Health Service (1962) recommends
that no more than 0.3 mg/l iron or 0.05 mg/I
manganese should be present in a water supply
where other more suitable supplies are readily
available. In concentrations as low as 0.3 mg/],
iron causes reddish-brown stains on white porce-
lain or enameled ware. In concentrations as low as
0.2 mg/l, manganese may cause a dark-brown or
black stain on fabrics or porcelain fixtures.

Analyses from the study area show a range in
iron content of 0.00 mg/l to 1.8 mg/l1 with a
median of 0.02 mg/l; manganese content ranges
from 0.00 mg/1 to 2.0 mg/1 with a median of 0.02
mg/l. Six water samples contained more than the
recommended limit of 0.3 mg/l iron; ten water
samples contained more than the recommended
limit of 0.05 mg/l manganese. Seven analyses
show more than 0.2 mg/l manganese, which seems
to be the limit above which problems of staining
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are really troublesome. Manganese seems to cause
more water-quality problems than does iron in the
study area, but compared with many other areas,
few wells contain excessive iron or manganese.

Carbonate and bicarbonate

Carbonate does not normally occur in natural
water unless the pH is above 8.2 (Hem, 1959, p.
96), but bicarbonate is the most abundant anion
in ground water in carbonate-rock aquifers.

The concentration of bicarbonate in the study
area ranges from 53 mg/l to 573 mg/l, with a
median of 285 mg/l. Only one sample contained
a measurable carbonate concentration (6.5 mg/1).

Sulfate

Sulfate is a common constituent in natural
water and may be dissolved in large quantities
from gypsum-bearing rocks and rocks containing
metallic sulfides such as pyrite. However, sulfate
concentration is normally not high in karst areas.
Sulfates of calcium and magnesium contribute to
the formation of hard boiler scale. The Public
Health Service recommended limit for sulfate is
250 mg/1.

The sulfate concentration ranged from 2.9 mg/1
to 149 mg/1, with a median of 25 mg/1.

Chloride

Chloride is present in practically all ground
water, although in small quantities in the study
area. The fairly high chloride concentration in
water from several wells appears to be due to con-
tamination by domestic sewage. High chloride con-
centration, as well as high nitrate concentration,
is far more common in dug wells, indicating the
generally greater susceptibility of dug wells to
contamination from septic tanks. None of the
analyses from the study area exceeded the U. S.
Public Health Service recommended limit of 250
mg/l.

The chloride concentration ranged from 0.4 mg/1
to 141 mg/1 with a median of 9.0 mg/l. The median
concentration in water from drilled wells is 7.5
mg/l compared to 14 mg/l from dug wells.

Fluoride

Fluoride is an important constituent in water
because of its tendency to inhibit tooth decay,
especially in children, but if present in concentra-
tions greater than 1.0 mg/] it may cause mottled
enamel in children’s teeth. Many public water sup-
plies add fluoride because of the beneficial effect
in preventing or inhibiting tooth decay. Fluoride is
normally a minor constituent of most natural
water.



The concentration of fluoride ranged from 0.0
mg/l to 1.0 mg/l, with a median of 0.3 mg/l.
Twelve samples contained no measurable fluoride
concentrations, and no sample exceeded the recom-
mended upper limit of 1.2 mg/l for the annual
average of maximum daily air temperatures in
the study area (U. S. Public Health Service, 1962,
p. 8).

Nitrate

Because most rocks contain little nitrate, most
nitrate in ground water is derived from the soil.
Nitrate is a relatively sizable constituent in rain-
fall compared with other constituents (Carroll,
1962, p. 6). Nitrate is normally present in small
quantities in ground water, and concentrations of
more than a few milligrams per liter may indicate
contamination from nitrate fertilizers, sewage, or
barnyard wastes. Nitrogen is an essential part of

living organisms, and nitrate is the final product
of oxidation in the nitrogen cycle.

Studies by health officials indicate that nitrate
concentrations exceeding 45 mg/l in drinking
water may contribute to or be the main cause of a
condition in infants known as methemoglobinemia
(“blue babies”). Therefore, water containing ni-
trate in excess of 45 mg/l, the limit recommended
by the U. S. Public Health Service (1962 p. 49),
should not be used for infant feeding.

The nitrate concentration in water from the
study area ranged from 0.0 mg/l to 336 mg/l,
with a median of 22 mg/l. Thirty-seven samples
exceeded 45 mg/l, of which 24 were from dug
wells.

Silica
Silica is a common constituent of most ground
water but is seldom present in large quantities.
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Silica is abundant in the rocks of the earth’s crust.
It occurs in water in the colloidal state and does
not enter into the ionic balance.

Silica has little effect on domestic use of water
but affects industrial use because it contributes to
the formation of boiler scale.

In the analyses silica ranged from 6.1 mg/1 to
21 mg/l, with a median of 11 mg/1.

Hardness

Hardness is generally associated with the effects
observed in the use of soap or with incrustations
left by water when heated. Hardness is caused
almost entirely by compounds of calcium and mag-
nesium, but other constituents such as iron, man-
ganese, aluminum, barium, strontium, and free
acid also cause hardness. Hardness is recognized
by the excessive amount of soap required to obtain
a lather and by deposits of scale on vessels in
which water has been boiled or in plumbing sys-
tems.

The total hardness (calcium magnesium hard-
ness) includes the effect of all hardness-forming
constituents that are present in significant quan-
tities; the noncarbonate hardness is that which is
in excess of the equivalent bicarbonate.

A commonly used classification of water with
respect to hardness is as follows:

Hardness as CaCOg3 in mg/1 Classification of water

0- 60 soft
61 -120 moderately hard
121 - 200 hard
more than 200 very hard

Most of the analyses from the study area were
very hard or hard, and the use of water softening
equipment is fairly common. In the analyses hard-
ness ranged from 18 mg/1 to 580 mg/l, with a
median of 271 mg/l.

The distribution of hardness in ground water
in the Hagerstown Valley is shown in figure 25.
The samples with hardness of less than 200 mg/1,
with a few exceptions, occur very near the east-
ern and western boundaries of the carbonate
rocks. Ground water moves into the carbonate
aquifers from the quartzose rocks forming the
eastern and western boundaries of the wvalley
where the hardness of the ground water is much
less.

Dissolved solids

Dissolved solids represent the quantity of dis-
solved mineral matter in a sample. Dissolved
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solids are measured by evaporating to dryness a
given volume of water and weighing the residue.
Ordinarily water containing more than 500 mg/1
dissolved solids is not recommended for public-
water supplies, but dissolved solids as much as
1,000 mg/l are acceptable if better water is not
available. The analyses from the study area show
a range from 58 mg/1 to 876 mg/1, with a median
of 345 mg/l; the values in seventeen analyses ex-
ceeded 500 mg/1.

Specific conductance

The specific conductance of water is a measure
of its capacity to conduct an electric current. The
degree of ionization of the various minerals, and,
therefore, the concentration of dissolved constitu-
ents, affect the conductance. Measurement of spe-
cific conductance provides a convenient method of
approximating the dissolved-solids concentration.
A plot of specific conductance versus dissolved
solids (fig. 26) is used to approximate the dis-
solved solids from specific-conductance data by
reading horizontally to the intersection of the
line of regression and then vertically to the ap-
proximate dissolved-solids value. For example, a
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Figure 26.—Relation between specific conductance and
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sample with a specific conductance of 700 microm-
hos has a dissolved-solids concentration of approx-
imately 430 mg/L.

The specific conductance of the samples analyzed
ranged from 168 to 1,230 micromhos with a
median of 582 micromhos.

CONCLUSIONS

This study was undertaken to investigate in
some detail the hydrogeology in the Frederick and
Hagerstown Valleys, the major carbonate-rock
areas in Maryland.

The hydrology in carbonate-rock terranes is
complex. The recharge is unevenly distributed
areally along certain stream channels, and in some
areas by direct flow into sinkholes, as well as by
percolation through the residuum. Streams that
flow off South Mountain on the east side of the
Hagerstown Valley are important sources of re-
charge to the carbonate-rock aquifers. In areas
underlain by carbonate rocks a larger part of the
precipitation is recharged than in many other
geologic terranes in Maryland. It was determined
on the basis of hydrograph separation that in the
Hagerstown Valley about 80 percent of the total
streamflow is ground-water discharge.

Nearly all the major springs in Maryland are
located in the Frederick and Hagerstown Valleys.
Most streams in the study area originate from
discrete springs, whereas in most noncarbonate
geologic terranes seepage along the channel is the
source of dry-weather flow. The springs account
for the bulk of the discharge of streams in basins
underlain by carbonate rocks. One of the most
prominent features of carbonate-rock terranes is
the low density of perennial streams compared
with areas underlain by most other rock types.

The factors that affect the occurrence and avail-
ability of ground water in carbonate-rock terranes
are complex and variable. These factors include
the geologic structure, solution-cavity develop-
ment, topographic and geomorphic factors, lith-
ology, and residuum thickness.

GLOSSARY

Anticline—a fold that is convex upward.
Artesian—see confined aquifer.

Azial plane—a plane that intersects the crest or
trough of a fold in such a manner that the limbs
of the fold are more or less symmetrically ar-
ranged with reference to it.

Confined aquifer—one in which ground water is
confined under pressure. The term is synonymous
with artesian.

Colluvium—material that has moved downslope
some distance by creep or slope wash (Hack,
1965, p. 31).

Dip—angle between the bedding or any planar
feature and a horizontal plane.
Evapotranspiration—water withdrawn from a
land area by evaporation from water surfaces and
moist soil and by plant transpiration.

Fault—a rupture along which the opposite walls
have moved past each other.

Fault, normal—a fault in which the hanging wall
has apparently gone down relative to the footwall.
Fault, reverse—a fault in which the hanging wall
has apparently gone up relative to the footwall.
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Fault, thrust—a reverse fault that is characterized
by a low angle of inclination from the horizontal.
First-order streams—smallest unbranched mapped
tributaries.

Gravity yield—the ratio of the volume of water the
rock or soil will yield by gravity to its own volume
during the period of ground-water recession (Ras-
mussen and Andreasen, 1959, p. 83).
Ground-water runoff—that part of the runoff
which has passed into the ground, has become
ground water, and has been discharged into a
stream channel as spring or seepage water.
Hydraulic conductivity— (see also permeability) —
a measure of the ease of movement of ground
water through a rock or soil. The units used to
express the hydraulic conductivity are in feet per
day or meters per day.

Joint—a plane of separation between rock masses
where little or no displacement has taken place.
Karren—channels or furrows, caused by solution
on massive bare limestone surfaces.

Karst—a terrain, generally underlain by limestone,
in which the topography is chiefly formed by the



dissolving of rock, and which is commonly charac-
terized by Karren, closed depressions, subterran-
ean drainage, and caves.

Mean, arithmetic—a value that is computed by
dividing the sum of a set of terms by the number
of terms, often referred to as mean or “average.”
Median—a value in an ordered set of values below
and above which there are an equal number of
values.

Overland flow—the flow of rainwater or snowmelt
over the land surface toward stream channels.
After it enters a stream, it becomes runoff.
Perennial stream—one that flows continuously.
Permeability, coefficient of—(see also hydraulic
conductivity) —a measure of a material’s capacity
to transmit water. It is the rate of flow of water
in gallons per day through a cross sectional area
of 1 square foot under a hydraulic gradient of
1 foot per foot at a temperature of 60°F.
pH—the negative logarithm of the hydrogen ion
concentration used to express both acidity and
alkalinity on a scale that runs from 0 to 14 with
seven representing neutrality. Numbers less than
seven represent increasing acidity whereas num-
bers greater than seven represent increasing alka-
linity.

Porosity—percentage of the total volume not occu-
pied by solid material.

Porosity, primary—refers to openings in the rock
when it was originally deposited or emplaced.
Porosity, secondary—refers to openings in the
rock, such as fractures or solution channels, which
formed after the rock was deposited.
Potentiometric surface—a surface which repre-
sents the static head. The term replaces piezomet-
ric surface as previously used by the U. S. Geo-
logical Survey.

Recharge—the process by which water is absorbed
and is added to the zone of saturation.

Recumbent fold—one in which the axial plane is
essentially horizontal.

Resurgence—point at which an underground
stream reaches the surface.

Residuum—a residual mantle that has undergone
loss of volume on weathering and occurs typically
on shale and carbonate rocks.

Rose diagram—a circular or semicircular diagram
for plotting strikes of planar features, such as
joints.

Runoff—that part of the precipitation that appears

in surface streams (Langbein and Iseri, 1960, p.
17).

Saprolite—unconsolidated material that is derived
from the rock on which it rests, preserves the
structure of the original material, and has under-
gone little or no loss of volume on weathering.
Such material is characteristic of weathered igne-
ous and metamorphic rocks (Hack, 1965).

Shear joint—a joint that results from stresses that
tend to shear one part of a specimen past the
adjacent part.

Sinkhole—a general term for closed depressions.
They may be basin, funnel, or cylindrical shaped.
Specific capacity—the discharge of a well ex-
pressed as rate of yield per unit of drawdown.
Specific retention—as applied to a rock or soil is
the ratio of (1) the volume of water which, after
being saturated, it will retain against the pull of
gravity to (2) its own volume.

Specific yield—as applied to a rock or soil is the
ratio of (1) the volume of water which, after
being saturated, it will yield by gravity to (2) its
own volume.

Storage coefficient—the volume of water an aquifer
releases from or takes into storage per unit sur-
face area of the aquifer per unit change in head.
Stream reach—in general, any length of a stream.
Strike—the direction of a line formed by the inter-
section of a bedding plane or joint surface and a
horizontal plane.

Surface runoff—that part of the runoff which
travels over the soil surface to the nearest stream
channel.

Syncline—a fold that is concave upward.
Transmissibility, coefficient of— (see also trans-
missivity) —rate of flow of water at the prevailing
water temperature, in gallons per day, through a
vertical strip of aquifer 1 foot wide extending the
full saturated height of the aquifer under a hy-
draulic gradient of 100 percent.
Transmissivity—the rate at which water of the
prevailing kinematic viscosity is transmitted
through a unit width of the aquifer under unit
hydraulic gradient. It replaces the coefficient of
transmissibility.

Underdrained valley—a valley that contains no
perennial stream. Term is synonymous with dry
valley.

Water table—that surface in an unconfined water
body at which the pressure is atmospheric.
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Table 1.—Records of wells in the Frederick Valley

Water use codes

Pump type codes

Remarks codes

Well number: See text for description of well-numbering system. Well locations are C Commercial P Public supply B Bucket A Aquifer test run
shown on Plates 1 and 2. }F{‘ ge i g sR:cr;ationnl g Jet H Field hardness, in mg/l
estic N
Static water level: Reported depths are given in feet; measured depths are given in I Irrigation g 4 In::itutional P Pi::on % Z::izzziizdmﬁzts
feet and tenths or hundredths. N Industrial U Unused S Submergible in micromhos !
T Turbine Z Well destroyed
Length
State Depth |Diameter | of ([ Vater: lavel tae
Well permit Date  [Altitude |of well | of well |casing | Water-bearing eet below land surface) |yy iy |Hours |Specitio | of | Pumping
_ number number Owner Driller completed | (feet) [ (feet) |(inches) |(feet) formation Static Date Pumping | (gpm) | pumped | capacity |water | equipment Remarks
Bd 45 FR690274 Mary E. Smith Cline 1969 465 320 6 52 Gettysburg Sh 4o 3/21/69| 320 3 1 <0.01 H s
(Ls congl)
Bd 46 FR700206 Elmer Sweeney do. 1969 525 75 5 72 do. 35 12/18/69 75 25 3 .62 H s
Bd 47 FR690114 Robert Harne do. 1968 455 370 6 98 do. ho 9/30/68 | 370 1 1 <.01 H s
Bd 48 FR690437 Ellis Hurley Keyser 1969 510 115 6 81 do. 30 7/31/69 - 12 3 - H s
Be 35 40827 Town of Thurmont Kohl Bros. 1960 495 303 6 103 Frederick Ls 18.75 | 12/5/60 72 350 22 6.5 U N Nearby house collapsed
when well pumped.
Be 36 PE7W623 Henry Miller Keyser 1967 455 49 6 49 alluvial mtn wash | 13.60| 9/14/67 - 20 ¥ - H N
Be 37 F68W3L49 David Wright do. 1968 460 307 6 35 Gettysburg Sh 8.21 | 10/3/69 - 2 1 - U N
(Ls congl)
Be 38 FR690518 Town of Thurmont do. 1969 470 105 8 29 do. 5 7/16/69 b7 500 13 1.4 P T Q
cd 20 FR690021 Hubert Brown, Jr. Cline 1968 Los 270 6 20 Grove Ls 30 8/1/68 270 2 i <.01 H s Mt. Prospect Estates.
cd 21 FR6Q0524 Charles W. Carty Green 1969 505 67 6 Ll Frederick Ls 35 10/-/69 65 3 3 .10 H s
cd 22 FR700173 Lee Saylor, Inc. Keyser 1969 460 122 6 19 do. 30 11/17/69 - 25 1 - H S Crestview Estates.
cd 23 FR690040 do. do. 1969 450 130 6 40 do. - - - b E - H s »
cd 2k FR690039 do. do. 1969 450 115 6 43 do. 30 - - 5 1 - H S Do.
cd 25 FR700239 do. do. 1970 450 182 6 17 do. 30 2/27/70 - 5 1 - H N Do.
cd 26 FR710159 | Joseph Carty do. 1970 470 52 6 18 do. 6.95 | 11/17/70 45 300 1 6.7 H s
Ce 18 FR690150 William M. Spahr Cline 1968 350 395 6 41 Grove Ls 30 10/12/68 | 395 %G9 |l a <.01L H S
Ce 20 FR690384 | Cavco Homes Cromwell 1969 345 58 6 16 do. - - - 30 2 - H s
Ce 21 FR700124 Harry Rippeon do. 1969 320 145 6 77 do. 60 10/6/69 100 20 5 .50 H s
Ce 22 F66W596 James M. Stup Reider & 1966 340 325 6 25 do. 28 4/8/66 325 35 | x .01 U s
Son
Ce 23 FR700789 do. Cline 1970 340 395 6 L2 do. 1/29/70| 395 3 1 <.01 H s
cf 36 F68W470 John Gilbert do. 1968 355 95 6 23 Frederick Ls 10 ?7/3/68 95 50 1 .59 H J H 305, § 752,
cf 37 FHEWLLO Le Gore Lime Co. York Drlgd 1966 4oo 386 6 62 Grove Ls - - - 2 5 - N s Used for steam generator
cf 39 FR690250 Rudell Angeberger Green 1968 395 154 6 34 Frederick Ls 30 12/12/68 | 150 6 b .05 s s
cf 4o FR700254 Carmen Lookingbill Cromwell 1969 450 145 6 b2 Grove Ls 25 12/28/69 65 10 3 .25 H S
Dd 82 - Yellow Springs Elem. Keyser 1961 510 200 6 L6 Frederick Ls 35 12/9/61 - 35 8 - T ]
School
Dd 83 - Martz Coram 1952 460 84 6 - Antietam Fm (?) - - - 3 - - U -
Dd 84 FR700232 Harold Martz Cline 1969 420 320 6 - New Oxford Fm - - - 9| & <.01 U N %3 also penetrated
(Ls congl) limestone.
Dd 85 FR700232 do. do. 1969 450 220 6 - Antietam Fm (2) - - - 3 - - U N
Dd 86 FR700232 do. do. 1969 430 129 6 83 Frederick Ls 50 12/12/69| 129 100 1 13 s S
Dd 88 FR690034 Roland Long Keyser 1968 L4s 204 6 39 Tomstown Dol (?) 35 8/20/68 - 5 1 - S S Near Triassic Border
Fault; Geol. Map shows
Triassic.
Dd 89 FR700417 Marilyn Bruchey do. 1970 530 255 6 124 Frederick Ls 51 5/20/70 - 15 2 - N
Dd 90 FR700355 Frederick Community Easterday 1970 360 160 6 48 do. 30 3/27/70| 160 12 1 .09 - s Used for construction.
College
Dd 91 FR700017 Cloverhill Civic Assoc.| Cline 1969 360 2ks 5 25 do. 15 7/23/69| 245 5 i .02 R s
Dd 92 FR690430 Ken Spurrier do, 1969 370 45 6 28 do. 30 5/5/69 45 50 ) 353 H s Cloverhill,
Dd 93 FR690183 Elma Reese do. 1968 370 70 6 4g do. 35 10/29/68 70 50 1 1.4 H s .
Dd ok FR700151 | William Weiss do. 1969 385 220 5 57 do. 35 11/6/69 | 220 3 1 .02 H s Do.




Table 1. Records of wells in the Frederick Valley--Continued

Ly

Water use codes Pump type codes Remarks codes
Well number: See text for description of well-numbering system. Well locations are
shown on Plates 1 and 2, L g‘ gi:l:er(-‘ial 1‘: ;‘:i::t:‘o‘::i, ? ?::ket Q ?‘g:ilge;a:;::s:?nin mg/1
H Domestic S Stock N None See chemical analysis
Static water level: Reported depths are given in feet; measured depths are given in I Irrigation T Institutional P Piston g Specific COM“Ct&lylch
feet and tenths or hundredths. N Industrial U Unused S Submergible in micromhos
T Turbine Z Well destroyed
Length
State Depth |Disueter | of Yater loval Use
Well permit Date Altitude [ of well | of well |casing | Water-bearin {feet below 1and surfacs) {yy.g |g Specifi £
number number Owner Driller completed | (feet) | ( ) - i oure | 2 Punping
plete ee feet (inches) |(feet) formation Static Date Pumping | (gpm) | pumped | capacity | water | equipment Remarks
Dd 95 FR700353 Francis Biddinger Cline 1970 380 145 5 4o Frederick Ls 35 4/7/70 1hs 20 g 0.18 H s Cloverhill.
Dd 96 FR700380 Morgan & Keller, Inc. Keyser 1970 380 150 6 18 do. - - - 40 1 - H s West Hills.
Dd 97 FR700031 do. do. 1969 380 162 6 17 do. 30 11/15/69 - 20 1 - H S Do.
Dd 98 FR700236 do. do. 1970 370 9 6 38 do. - - - 50 1 - H S Do.
Dd 99 FR700093 Church of the Nazarene do. 1969 330 98 6 83 Grove Ls 45 9/29/69 - 40 1 - H S Do.
Dd 100 FR700470 Stephan A, Stouffer do. 1970 370 100 6 39 Frederick Ls 20 8/24/70 - 50 1 - H S Do.
Dd 101 FR700060 Wayne Swartwood do. 1969 380 142 6 86 do. 35 11/10/69 - 8 1 - H s Do.
Dd 102 FR690k29 John Ritmiller Cline 1969 380 320 6 61 Grove Ls 40 6/2/69 320 5 3 .02 H s Cloverhill.
Dd 103 FR690479 | James Welch do. 1969 380 81 6 7% do 40 6/6/69 81 100 1 2.4 H s Do.
Dd 104 FR700023 Robert Reid do. 1969 380 195 5 73 do. 35 8/22/69| 195 10 1 .06 H s Do.
Dd 105 FR700024 Vernon Damsteegt do. 1969 380 102 6 103 do 35 9/13/69( 102 8 1 12 H s Do.
Dd 106 FR700073 | Robert Saunders do. 1969 380 210 5 50 do. 40 9/19/69( 210 6 1 Ok H 5 Do.
Dd 107 FR700113 | Jack Reddicliff do. 1969 375 220 6 ko do. 35 10/10/69 | 220 4 1 .02 H 5 Do.
Dd 108 FR700362 Ausherman Const. Co. do. 1970 380 88 5 86 do. 35 4/29/70 88 30 1 +57 H ] Do.
Dd 109 FR690334 Dr. Dan Johnson do. 1969 375 58 6 48 Frederick Ls ko 3/3/69 58 20 1 11 H s Do.
Dd 110 FR690247 Neil Lamb do. 1969 380 2ko 6 20 do. ko 1/25/69| 240 6 <8 .03 H s Do.
Dd 111 FR690372 Robert Ferguson do. 1969 380 95 6 41 do. 35 5/1/69 95 5 1 .25 H s Do.
Dd 112 FR690331 Alfred Tavares do. 1969 375 395 6 Ly do. 35 4/7/69 395 2 1 <.01 H s Do.
Dd 113 FR690067 Howard Bausum do. 1968 375 315 6 41 do. 35 8/28/68( 315 50 1 .18 H s Do.
Dd 114 FR690215 Merhl A. Adams do. 1968 375 60 6 20 do. 30 11/19/68 60 50 1 1.7 H s Do.
Dd 115 FR690530 Bruno Luscri do. 1969 380 145 6 28 do. 35 7/2/69 145 20 1 .18 H s Do.
Dd 116 FR690529 Robert Sandbower do. 1969 380 220 6 20 do. 4o ?7/1/69 220 7 p Rl H S Do,
Dd 117 FR690428 Samuel Hays do. 1969 375 83 6 37 do. 38 5/27/69 83 50 1 p L H S Do.
Dd 118 FR700295 George Bruchey do. 1970 380 133 5 71 Grove Ls 35 3/2/70 133 10 i .10 H S Do.
Dd 119 FR700393 | Nickey Harner do. 1970 380 70 6 27 do. 32 5/25/70| 70 100 1, 2.6 H s Do.
Dd 120 FR690362 Roger Johnson do. 1969 380 145 6 61 do. 35 3/28/69| 145 40 % .36 H S Do.
Dd 121 FR700328 | Otha F, Barnett do. 1970 380 220 6 78 do. ko 3/9/70 220 5 1 .03 H s Do.
Dd 122 FR700370 | Norman Carroll do. 1970 375 100 5 95 do. 32 5/16/70| 100 20 | 1 .29 H s Do.
Dd 123 FR690373 | Gilmore House do. 1969 koo 80 6 61 do. 35 4/30/69( 80 ho [ 1 .88 H s Do.
Dd 124 FR690046 Millard Mastrino do. 1968 390 105 6 69 do. 35 8/10/68| 105 25 3 .36 H s Do.
Dd 125 FR690213 | John Bradicich do. 1968 390 395 6 8k do. 40 11/16/68| 395 5 i) .01 H s Do.
Dd 126 FR700202 Ronald Johnson do. 1969 400 100 5 5% do. 35 12/9/69 100 15 o +23 H s Do.
Dd 127 FR69O427 Audrey Pressler do. 1969 390 365 6 lily Frederick Ls 35 5/8/69 365 4 3 .01 H s Do.
Dd 128 FR690374 Albert Schultz do. 1969 390 245 6 50 do. 35 4/29/69| 245 4 1 .02 H S Do.
Dd 129 FR690478 Lewis Wade do. 1969 380 85 6 31 do. 35 6/7/69 85 50 1 1.0 H s Do,
Dd 130 P67W289 William Simmons do. 1966 400 170 6 115 Grove Ls 4s 10/21/66( 170 100 1 .80 H S Do.
Dd 131 FR690531 Terry Miller do. 1969 390 185 6 30 Frederick Ls 35 7/5/69 185 15 1 .10 H 5 Do.
Dd 132 FR700072 | Gilmore McDonald do. 1969 390 180 5 35 do. 35 9/20/69| 180 50| 1 34 H S Do.
Dd 133 FR700359 Ausherman Const. Co. do. 1970 390 70 5 27, do. 30 5/13/70 70 50 1 1.25 H S Do.
Dd 134 FR700155 William C. Summers Cromwell 1970 395 45 6 28 do. 25 2/27/70 4o 20 5 1.3 H s
De 43 FR690404 Ben Rosenstock Keyser 1969 320 595 6 123 do. 72.79| 5/13/69 - 18 1 - s S Replacement for contam=
inated well.
De 4k - Town of Walkersville D. Brown About 290 92 8 - Grove Ls 16 1969 2k 100 6 12.5 P S
1945
De 45 - Adam E. Mercer - Very old 310 31 48 - do. 21.00| 7/28/6k - - - - u N Dug well.
De 46 - Town of Walkersville - About 310 134 6 - do. 23.75| 7/24/64 - - - - U N Observation well.
1920
De 47 FE5W17 do. Keyser 1964 310 165 8 15 do. 2h,13|  7/27/64 35.41 135+ 6 11.9 U T *Estimated capacity
200 gpm; caused caving
when pumped in 1964,
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Table 1.

Records

of wells in the Frederick Valley--Continued

Water use codes

Pump type codes

Remarks codes

Well number: See text for description of well-numbering system. Well locations are C Commercial P Public supply B Bucket A Aquifer test run
shown on Plates 1 and 2, F Fire R Recreational J Jet
H Domestic S Stock N Nonme H Field hardness, in mg/l

Static water level: Reported depths are given in feet; measured depths are given in I Irrigation T Institutional P Piston 9 See chemical analysis
feet and tenths or hundredths. N Industrial U Unused S Submergible S Spei;iﬁ:r:::ducm”'

{e]-)

T Turbine 7 Well destroyed

Length
State Depth |Diameter og Vater level Use
Well permit Date Altitude | of well | of well |casing Water-bearing (feet below land surface) Yield | Hours |Specific | of Pumping
- number number Owner Driller completed | (feet) | (feet) | (inches) |(feet) formation Static Date Pumping | (gpm) | pumped | capacity | water | equipment Remarks

De 48 FE6WS55 Town of Walkersville Keyser 1966 295 72 8 56 Grove Ls 15 1966 20 250 |48 50 P T Q

De 49 FR700002 Horace C. Wright Cromwell 1969 360 105 6 47 Frederick Ls 30 7/14/69 | 100 7 2 .10 H s

De 50 - Microbiological Assoc. - 1903 295 65 6 - Grove Ls - - - 100 |18 - - J H 248, S 708; used for
lab. animals; reported
polluted.

De 51 - do. Green 1961 305 175 8 11 do. 22 11/17/6 2k 50 8 25 - s Used for lab, animals.

De 52 FR690375 George J. Martin Cline 1969 345 160 6 26 Frederick Ls 4o 3/1/69 160 3 1 .02 H s

De 53 FR690419 Monroe Stull Keyser 1969 290 280 7 42 do. 4o 5/16/69 - 2 1 - (o] s Drive-in restaurant.

De 54 FR690018 Perry R. Beckley Cromwell 1968 305 103 6 16 do. - - - 30 3 - c S Restaurant.

De 55 FR690414 Blue Ridge Homes Keyser 1969 295 100 6 33 do. 40 5/27/69 - 5 T - H s Broad View Acres.

De 56 - Bruce Crum - Before 320 About 6 - do. - - <5 | - - H J

1940 60

De 57 FR700019 do. Cline 1969 320 80 6 48 do. 35 7/17/69 80 100 ¥ 2.2 s s

De 58 FR700020 Casper C. Moore do. 1969 305 70 6 41 do. 30 7/18/69 70 30 11 75 H s

De 59 F68W80 Frederick Business Keyser 1967 350 294 6 24 do. 30 9/1/67 - 1 1 - U N

Properties
De 60 F68W80 do. do. 1967 350 204 6 20 do. 30 9/5/67 - P 8 - U N Z
De 61 F68W80 do. do. 1967 350 204 6 20 do. 23.5 | 9/6/67 - About [ 1 - U N Replgced by well Fr-
2 De 69.

De 62 F68W80 do. do. 1967 350 150 6 21 do. 30 9/8/67 - 2| 3 - U N Do.

De 63 52808 do. York Drlg 1963 330 300 6 - do. - - - <L - <.01 U N

De 64 52808 do. do. 1963 330 260 6 - do. - - - 4 - <.01 u N Z

De 65 52808 do. do. 1963 330 230 6 - do. - - - 1.5 - <.01 U N Z

De 66 52808 do. do. 1963 315 80 6 21 do. - - - 60 - - N s

De 69 FR700149 do. Shaff 1969 315 100 6 27 do. 22 11/27/69( 38 30 3 1.9 N s Replaces two low-yield-
ing wells.

De 72 - Glade Valley Farms - Before 310 About 6 - do. - - - - - - s s

1960 100
De 73 - do. - Before 310 About 6 - do. - - - - - - S s
1960 100

De 74 F65W279 do. Keyser 1964 330 150 6 43 do. 35 10/17/64 - 20 1 - S s

De 75 - do. do. 1964 310 145 6 47 do. 4o 10/-/64 - 20 - - s s

De 76 F65W280 do. do. 1964 305 70 6 37 do. 20 10/24/64 | - 25 1 - H s

De 80 FR700220 Mid-Atlantic Soaring Cline 1969 290 62 5 53 do. 36 12/8/69 62 100 by 3.8 H s Used for sanitary facil-

Assoc. ities.
De 83 FR720037 Town of 'alkersville Keyser 1971 290 300 8 93 Grove Ls 14 1/9/72 26 950 48 75 P T Data not used in prepar-
ation of figure 20.

Df 20 FR690302 Lehigh Portland Cement do. 1969 330 95 6 35 Frederick Ls 20 1/22/69 95 10 1 23 H 5

Df 23 FR690151 C & M Realty do. 1968 360 b7 6 42 do. 22 10/12/68 47 50 3, 2.0 H J Used for stock.

Ed 61 26835 Alpha Portland Cement Keyser 1957 300 77 8 77 Grove Ls 25 5/20/57 - 170 48 - U N Z

Ed 62 26836 do. do. 1958 305 87 8 77 do. 38.3 | 2/4/6h4 43,0 | 200 |24 42,5 N s Process water for crushen
and screen house.

Ed 63 - do. do. 1958 290 166 8 70 do. 29 2/5/64 31.5 | 125 24 50 N S Reported to contain
bacteria; used for dust
suppression.

Ed 72 - Alton Fisher do. About 270 150 6 - do. - - - 15 - - H S

1950
Ed 73 - do. do. 1953 280 150 6 - do. - - - - - - H s Also supplies barn.
Ed 74 FR710285 do. do. 1970 280 475 6 - do. - - - 3 (i < .01 U N 2
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Table 1.

Records of wells in the Frederick Valley--Continued

Water use codes

Pump type codes

Remarks codes

Well number: See text for description of well-numbering system. Well locations are C Commercial P Public supply B Bucket A Aquifer test run
shown on Flates 1 and 2, F Fire R Recreational J Jet H Field hardness, in mg/l
H Domestic S Stock N None Q See chemical analysis
Static water level: Reported depths are given in feet; measured depths are given in I Irrigation T Institutional P Piston S Specific conductance,
feet and tenths or hundredths. N Industrial U Unused S Submergible in micromhos
T Turbine Z Well destroyed
Length
State Depth |Diameter | of (tast :aie: iev‘eil — Use
Well permit Date Altitude | of well | of well |casing Water-bearing get DeZo land surface Yield |Hours |Specific | of Pumping
Fre number number Owner Driller completed | (feet) | (feet) |(inches) [(feet) formation Static Date Pumping | (gpm) | pumped | capacity |water | equipment Remarks
Ed 75 FR710285 Alton Fisher Keyser 1970 270 300 6 - Grove Ls - - - 0.5 1 <0.01 U N A
Ed 76 FR710285 do. do. 1970 260 455 6 83 do. 13.65 | 11/17/70 Azout 2 1 < .01 U N
50

Ed 77 FR710285 do. do. 1970 270 772 6 22 do. 35 11/17/70 Ag;gt 2 1 .01 H s

Ed 78 - Paul Clemson do. 1957 270 60 6 27 do. - = - 70 = = u N

Ed 79 FR700076 Mrs. M. Clemson do. 1969 270 220 6 62 do. 20 10/23/69 - 100 2 - S S Near ccx?tact‘with
Frederick Limestone.

Ed 80 FR710246 | A. Philip Brodsky do. 1970 370 202 6 70 N?w Oxford)ﬂn 35 1970 - 300 1 - U N

Ls congl

BEd 81 FR710246 do. do. 1970 370 102 6 84 do. 22 1970 - p 200 1 - U N

Ee 38 27730 Ned Zeiler do. 1957 310 305 6 19 Grove Ls 50 8/2k/57 75 50 3 2.0 P S Trailer Court.

Ee 39 40692 do. do. 1960 310 611 6 - do. - - - & i) = & U N Z

Ee 4o L22ko do. E. Brown 1961 310 200 6 8 do. - 4/18/61 - 2 - - U N z

Ee 41 42713 do. do. 1961 310 200 6 7 do. - - - < A - - U N 2

Ee 42 P6EW6S7 do. Easterday 1966 310 60 6 29 do. 2b.43 | L/15/69 35 6 - P s Trailer Court.,

Ee 43 - Frederick Eqpt. Co. - 1867 310 80 48 - Frederick Ls 36.59 | 4/15/69 - - - - U N Dug well, went dry
7/20/67 but later re-
covered.

Ee 4k F68W75 do. Keyser 1967 310 165 6 21 do. 81.93 | 4/15/69 - 100 1 - C J

Ee 45 F67W530 H. B. Mellott Est.,Inc.| Harr 1967 315 292 6 22 Grove Ls 76.1 8/16/67 | 115.4 52 2k 1.3 N s {0 =.980 gpd/ft; water
used in quarry opera-
tions.

Ee 46 F67WS30 do. do. 1967 315 110 6 23 dos - - - - - - U N 2

Ee 47 FEPW530 do. do, 1967 315 292 6 23 do. - - - < - < .01 U N 2 )

Ee 48 F67W530 do. do. 1967 315 125 6 20 do. 62.34 | 3/11/70 - 10 & - U N Observation well,

Ee 49 25830 Gulf 0il Co. Keyser 1957 315 140 6 g b do. 50 3/7/57 70 100 4 5.0 U J

Ee 50 26152 Gold Dust Inn do. 1957 315 82 6 31 do. 32 3/18/57| - 100 3 - U N

Ee 51 50544 Frederick Business do. 1963 315 235 6 73 do. Lo 5/-/63 - 100 3 - € s Supplies several busi-

Froperties nesses. .

Ee 52 F68W8Y American Tel. & Tel. Ca| Easterday 1967 310 180 6 53 do. 80 8/13/67| 180 50 1 <5 H J Used for sanitary facil-
ities; well deepened
from original 92 ft.

Ee 53 L6747 Micro-Frets, Inc. Keyser 1962 315 110 6 45 do. 30 3/-/62 - 100 3 - i N z

Ee 54 F66W737 do. Easterday 1966 315 590 6 95 do. 85 ?7/1/66 590 2 5 < .01 c s Q

Ee 55 F68W183 do. do. 1967 315 520 6 92 do. 90 11/15/67 | 520 .5 S5 | <01 c s )

Ee 56 57311 Fisher Distributing Co.| Cromwell 1964 310 115 6 3k do. 6l 7/20/64 - 25 3 - U N Went dry in Nov. 1967.

Ee 57 F68W191 do. Harr 1967 310 110 6 20 do. - - - - - - u N Z

Ee 58 F68W191 do. do. 1967 310 105 6 20 do. - - - - - = U N Z

Ee 59 F68W191 do. do. 1967 310 130 6 86 do. 80 11/17/67 100 5 8 25 C S

Ee 60 50773 B & P Motor Express Keyser 1963 315 665 6 27 do. Lo 1963 - 3 6 - c S

Be 61 25961 Shields Trailer Court do. 1957 315 180 6 1 do. 35 1957 60 300 5 5.5 P S Use about 13,000 gpd.

Ee 62 F651399 Superior Concrete, Inc.| York Drlg 1965 310 340 5 182 do, - - 200 6 10 - U N Z

Ee 63 FE5WL59 do. do. 1965 310 270 6 42 do. - - - - - - U N Z; hit sand.

Ee 64 F65W459 do. do. 1965 310 120 6 23 do. 21 2/3/65 80 52 12 .88 N s

Ee 65 F68W176 Gulf 0il Co. Cline 1967 315 62 6 23 do. 35 10/31/67 62 60 1 2.1 c s .

Ee 66 FR690209 | Henry Ault Easterday | 1968 310 100 6 - do. - - - - - - U N 2; lost tools in hole.

Ee 67 FR690209 do. do. 1968 310 310 6 50 do. 75.58 | 12/18/68 - 20 (=1 - c s
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Table 1.

Records of wells in the Frederick Valley--Continued

Water use codes Pump type codes Remarks codes
Well number: See text for description of well-numbering system. Well locations are C Commercial P Public suppl, B Bucket
shown on Plates 1 and 2, F Fire R Recrentio:l:fl’ J Jet :l :‘:‘Il.:ﬁ';n:;:;:uiu mg/1
H Domestic 5 Stock N None Q See chemical ur'mlysi
Static water level: Reported depths are given in feet; measured depths are given in I Irrigation T Institutional P Piston S Specific conductan 9
feet and tenths or hundredths. N Industrial U Unused S Submergible e atcrcarag, s
T Turbine Z Well destroyed
Length
State Depth |Diameter o? Vater level Use
Well permit Date Altitude |of well | of well |casing | Water-bearing (feet below land surface) | v, 14 | gours Specific | of Pumping
number number Owner Driller completed | (feet) | (feet) |(inches) |(feet) formation Static Date Pumping | (gpm) | pumped | capacity | water | equipment Remarks
Ee 68 F68WLOL Humble 0il Co. Keyser 1968 310 200 6 71 Frederick Ls - - - 10 2§ - [ S
Ee 69 34498 Hazel Mazor Cromwell 1959 310 178 6 28 Grove Ls 35 1959 - 4 - - U N
Ee 70 P68W148 Frederick Livestock Easterday 1967 290 100 6 33 do. 68.71| 4/15/69 - 1 - - U N 4
Ee 71 F68W148 do. do. 1967 2%0 200 6 pRAL do. 50 10/19/67 80 15 5 0.5 F s Also used for stock.
Ee 72 F68WL68 Hazel Mazor Cromwell 1968 310 207 6 33 do. 50 7/5/68 - 10 3 - c s Restaurant.
Ee 73 31766 Joseph May Keyser 1958 315 600 6 18 do. - - - 5 b - c s
Ee 74 FR690393 Service Glass & Mirror, do. 1969 285 160 ? 21 Frederick Ls 19.56 | 4/17/69 - 7 1 - [ s
Inc.
Ee 75 FR690354 Hillside Motors Cromwell 1969 320 120 6 46 Grove Ls 90.13 | 4/17/69 - 8 2 - c s
Ee 76 - John Plunkett - 0ld 310 - - - doe - - - - - - U P Dug well; went dry
summer 1967.
Ee 77 F68W20 do. Harr 1967 310 155 6 21 do. 81 7/19/67| 140 5 6 .08 - H
Ee 78 - Southern States - About 310 About - - Frederick Ls (neay - - - - - - U N Well sanded up.
Coop., Inc. 1940 80 contact with
Grove Ls)
Ee 79 - do. - About 310 About - - do. - - - - - - c s
1945 140
Ee 80 - Md.-Va. Milk Producers | Keyser About 310 96 6 - Grove Ls - - - 50 - - c N Well sanded up; cleaned
1957 out 1970.
Ee 81 F65WLL0 do. do. 1965 310 125 6 13 do. 47.39| 7/30/70| - 10 2 - c J
Ee 82 16779 Harry Lease J. Shirley 1954 310 103 6 32 do. 30 1954 - Ls 2 - H s
Ee 83 FR690392 Joel Kline Cline 1969 310 195 6 20 Frederick Ls 83.21| 4/29/69| 195 4 1 JOh [ s
Ee 84 FR700005 Reich's Ford Sanitary Keyser 1969 420 115 6 29 Urbana Fm 25 ?7/15/69 - 6 1 - i} P Observation well at
Land Fill sanitary land fill.
Ee 85 FE5WL13 Corning Packing Co. Moody 1965 275 251 8 37 Frederick Ls 8.5 1/16/65( 133 238 [147 1.9 U N Now use city water.
Ee 86 FE5WL13 do. do. 1965 275 193 6 17 do. 7.9 | 1/19/65| 70 50 |12 .8 U N &
Ee 87 FR700304 | Henry J. Ault Cline 1970 315 395 5 20 Grove Ls 80 3/17/70| 395 1 3 < .01 c s
Fc 16 - Applied Electro - About 24o 75 6 - New Oxford Fm 15 1960 - 35 - - c s Used in conjunction with
Mechanic, Inc. 1960 (Ls congl) another well.
Fc 17 F68wW224 do. Keyser 1967 240 98 6 70 do. 15 12/19/67| - 100 3 - c s Plant uses about 500 gpd
Fc 18 36663 Todd Steel Inc. do. 1959 250 150 6 22 do. 40 11/7/59 - 10 3 - c s
Fc 19 PE7W39L do. Cromwell 1967 250 130 6 31 do. - - - 20 2 - c s
Fc 20 F68W25 Point of Rocks Estates | Green 1968 250 305 6 25 do. 30 5/1/68 - 5 4 - u N Z
Fc 21 F68W25 do. do. 1968 250 225 6 30 do. 25 5/-/68 80 20 8 .36 P s
Fe 23 - National Park Service Hoffman 1969 210 50 6 - do. - - - - - - ] N Z; C & O Canal,
Fe 2k - do. do. 1969 220 135 6 41 do. 18.0 4/1/69 - Lo 2 - H P C & O Canal,
Fc 25 FR690376 Point of Rocks Estates | Green 1969 330 400 6 - Tomstown Dol (?2) - - - 1 - < .0l U N z
Fec 26 FR690376 do. do. 1969 320 345 6 30 do. 25 7/-/69 325 25 5 .08 P s Used to supply develop-
ment.
Fc 27 FR690377 do. do. 1969 230 65 6 36 Ne(w Oxford)nn 24 ?/-/69 4o 50 4 3.1 R S Used for swimming pool.
Ls congl
Fc 28 37290 Frederick County Board | Keyser 1960 295 423 6 307 Tomstown Dol (?) 63 1/14/60 - 200 5 - i) s
of Education
Fd 50 FR690185 Eastalco do. 1968 350 250 8 75 New Oxford Fm 32 11/-/68 222 150 24 .8 N S Used for concrete mix
(Ls congl) plant; Q.
Fd 51 FR690196 do. do. 1968 340 270 8 61 do. 15.08 | 12/3/68 - 40 8 - U N Water reported cloudy.
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Table 1.

Records

of wells in the Frederick Valley--Continued

Water use codes Pump type codes Remarks codes
Well number: See text for description of well-numbering system. Well locations are C Commercial P Public supply B Bucket A Aquifer test run
shown on Flates 1 and 2. F Fire R Recreational J Jet H Field hardness, in mg/l
H Domestic S Stock N None Q See chemical analysis
Static water level: Reported depths are given in feet; measured depths are given in I Irrigation T Institutional P Piston S Specific conductance,
feet and tenths or hundredths. N Industrial U Unused S Submergible in micromhos
T Turbine Z Well destroyed
Length Water level
State Depth |Diameter of Use
Well permit Date  |Altitude |of well | of well |casing | Water-bearing {foot below land surface) | yig)g |Hours |Specific | of | Pumping
5 number number Owner Driller completed | (feet) | (feet) |(inches) |(feet) formation Static Date Pumping | (gpm) | pumped | capacity | water | equipment Remarks
Fd 52 - John H. Hines - - 300 70 6 - Frederick Ls - - - - - - s s
Fd 53 - do. - - 300 - - - do. - - - = - - H J
Fd 54 - - Keyser 1966 300 200 6 68 do. - - - - - - S S
Fd 56 FE6W2L C. E. Lee Cromwell 1965 290 65 6 34 do. 28 7/13/65 - 12 2 - H s
Fd 57 F68Wh41 St. Josephs Church Keyser 1968 365 260 6 57 do. 4o 8/22/68 - & - - H s
Fd 58 - Mallet Prevost - Befg(r)‘e 370 - 6 - Antietam Fm (?) - - - - - - s s
19
Fd 59 - do. - Before 370 - 6 - do. - - - - - - H S
1960
Fd 60 - do. Easterday | About 370 170 6 - do. 35 Ai;g; - - - - H S
1962
Fd 61 F67W283 do. Hilton 1866 370 145 6 36 do. 37 12/6/66 138 15| 2 0.01 H s Driller reports limestond
Fd 62 - George P. Mogg Keyser 1966 360 65 6 43 Frederick Ls 15 8/5/66 - [L00 e - H S
Fd 63 PE6W590 A. E. Stigler do. 1966 310 100 6 85 do. 30 3/7/66 - 25 i3 - s s
Fd 64 F66W378 Edith Yingling do. 1965 310 205 6 23 do. 35 12/15/65 | - 3 1 - H ] H 327, S 820,
Fd 65 F66W116 John Spahr Cromwell 1965 315 165 6 16 do. 4o 8/28/65 - 35| 3 - H s
Fd 66 F6WB2L do. Cline 1966 320 375 6 48 do. 4o 7/2/66 | 375 1 1 < .01 H s
Fd 67 FR690317 Oscar Weedon do. 1969 280 145 3 59 do. 4o 2/12/69| 145 5 1 .05 H s
Fd 68 FR690133 Joseph Biser, Sr. do. 1968 350 68 6 48 N:v Oxrorcl)ﬂn Lo 9/26/68 68 100 1 3.6 H S
Ls congl
Fd 69 Sk7k7 Frederick County York Drlg 1963 320 348 6 21 Frederick Ls - - - 25 8 - T s Water reported cloudy.
Board of Education
Fd 70 FR700070 Albert Snoots Keyser 1969 275 100 6 25 do. 23 10/15/69 - 7 1 - H s
Fd 71 FR700022 Robert May Cline 1969 275 75 5 32 do. 25 7/29/69 75 10 1 .20 H S
Fd 72 FR690050 Ina E. Proctor Cromwell 1968 310 165 6 19 do. - - - 7 2 - H S
Fd 73 F66WLLT7 Frank Lawrence Harris 1966 300 125 6 25 do. 30 1/6/66 122 b 1 .04 H s
Fd 74 F66W6 Russell Castle Keyser 1965 310 285 6 22 do. 50 7/20/65 - 2 | - H s
Gd 4 - National Park Service Hoffman 1969 220 50 - - Quaternary alluvi- = - - - - - U N Z
um
Gd 5 - do. do. 1969 220 305 6 L] Frederick Ls 19.2 4/1/69 - 17 2 - H P C & O Canalj Q.
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Spring number:

Table 2.—Records

See text for description of numbering

of springs in the Frederick Valley

Method of

T = 12.2%Cs

system. Spring locations are shown measurement codes: Water use codes:
on plate 1. E Estimate W Veir C Commercial S Stock
M Current meter B Bucket H Domestic U Unused
Method | Use
Spring Altitude Water-bearing Discharge of | of
number Owner (feet) formation (gpm) Date measurement water Remarks
e !
Ce 19 Glade Haven Farm 330 Frederick Ls 25 10/1/69 E S Spring feeds small pond.
Ce 24 J. Alton Smith 310 Grove Ls 30 6/4/70 B s Do.
Ce 25 do. 310 do. 25 6/4/70 E s T = 13.4°C.
Ce 26 Marion Stup 280 Frederick Ls 10 6/25/70 W U
Ce 27 Donald Fritz 295 Grove Ls 0 7/7/70 - - Reported to flow 10 gpm in spring.
Ce 28 E. Baucher 310 do. 20 ?7/9/70 W U
Ce 29 Jefferson Patterson 310 do. 2 ?7/9/70 W U Reported to flow more than 50 gpm in early
spring.
cf 38 Glade Valley Farms 350 do. 90 10/13/69 M s
Dd 87 Roland Long Lho Tomstown Dol (?) 100 5/13/70 E H
De 42 Phillip H. Beard 280 Grove Ls 895 2/5/59 M U Flow was 1,430 gpm on 4/9/59 and 1,010 on
6/18/59. Hardness = 235 ppm.
De 67 Casper C. Moore 295 Frederick Ls 86 6/8/70 B s Located near normal fault.
De 68 Frederick County Devel. 310 do. Lo 6/24/70 B S
De 70 Fort Detrick 335 do. 10 6/25/70 E U
De 71 do. 335 do. 150 6/25/70 E U
De 77 Glade Valley Farms 320 do. 10 6/30/70 W S
De 78 do. 295 do. 20 6/30/70 W s
De 79 Mrs. Clayborne Thomas 555 do. 10 6/30/70 W S
De 81 Monroe Stull 275 do. 50 3/26/71 E s
De 82 Paul Snyder 275 do. 200 3/26/71 E U
Df 21 Lehigh Portland Cement 330 do. 15 10/1/69 W U
Df 22 C & M Realty 350 do. o] 10/20/69 - U Reported to flow during winter and spring.
Df 24 do. 390 Frederick Ls -
Antietam Fm contact
Ed 64 George Stone 295 Frederick Ls 50 5/26/70 E S
Ed 65 Joseph Page 310 do. 15 5/26/70 W s
Ed 66 do. 295 do. 100 5/26/70 E s
Ed 67 J. D. Geisinger 295 do. 80 5/26/70 E s
Ed 68 do. 295 do. 70 5/26/70 E s Goes dry in summer.
Ed 69 Mrs. M. Clemson 265 Grove Ls 5 5/26/70 W s
Ed 70 Albert Jones 275 Frederick Ls 70 5/27/70 E S
Ed 71 do. 275 do. 30 5/27/70 E s
Ed 82 Phillip Brodsky 350 New Oxford Fm (Ls cong) Lo2 L4/20/71 M U Combined Q of Fr-Ed 82-84 = 892 gpm.
Ed 83 do. 350 do. 30 k/20/71 E U
Ed 8k4 do, 350 do. 100 L/20/71 E H
Fec 22 Kanawha Spring (NPS) 230 do. 300 3/18/69 W U C & O Canal.
Fd 55 Three Springs Fishery 270 Frederick Ls 247 3/19/69 M e Feeds pond where goldfish are raised.
Fa 75 Carrollton Farm 280 do. 83 5/27/70 W s T = 12.2°C.
Fd 76 do. 280 do. 5 5/27/70 W s
Fd 77 do. 280 do. Lo 5/27/70 E S
Fd 78 do. 280 do. 200 5/27/70 E S T = 12.2°C.
Fd 79 Springdale Grove Farm 270 do. 75 5/27/70 E s Near contact with Grove Ls.
Fa 80 Robert Levick 270 do. 200 5/27/70 E S
Fd 81 John Russell 290 do. 30 6/30/70 E S
Fd 82 Eugene Mills 280 do. 15 6/30/70 E s
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Table 3.—Records of wells in the Hagerstown Valley

Water use codes Pump type codes Remarks codes

Well number: See text for description of well-numbering system. Well locations are C Commercial P Public supply B Bucket A Aquifer test run

shown on Plates 1 and 2. F Fire R Recreational J Jet H Field hardness, in mg/l

H Domestic S Stock N None Q See chemical analysis
Static water level: Reported depths are given in feet; measured depths are given in I Irrigation T Institutional P Piston S Specific conductance,
feet and tenths or hundredths. N Industrial U Unused S Submergible in micromhos
T Turbine 7% Vell destroyed
Length
State Depth | Diameter of (feet :a;e: i";l £ ) Use
Well permit Date Altitude | of well | of well |casing Water-bearing 99% boow: Jand suriace Yield | Hours |Specific | of Pumping
i number number Owner Driller completed | (feet) | (feet) |(inches) |(feet) formation Static Date Pumping | (gpm) | pumped | capacity | water | equipment Remarks
Ag 32 WA690031 Donald Forsythe Hoffman 1968 665 184 6 25 Conococheague Ls 60 8/7/68 150 3 0.5 0.03 H s
Ag 33 WA690175 | Robert Reed do. 1969 640 160 6 27 do. 4o 1/3/69 80 3 5 .07 H s
Ag 34 WA690318 Robert Fiery Funk 1969 520 260 6 20 Chambersburg Ls 4s ?7/31/69 - 2 - - H s
Ag 35 W66W16 James S. Ditto York Drlg.| 1965 540 163 6 28 Conococheague Ls - - - 12 2 - S s
An 77 We6W266 Isaac M. Eby Hoffman 1965 560 24o 6 3 Rockdale Run Fm 16.16 | 2/7/68 - <€ 1 - < .01 U N
Ah 78 WA690051 James F. Noland do. 1968 520 85 6 18 Chambersburg Ls 60 8/8/68 80 20 3 1.0 H s
Ah 79 WA700017 Florist, Inc. do. 1969 510 145 6 - Rockdale Run Fm ho 7/25/69 112 20 1 .28 I s H 325, S 710.
Ah 80 WA700018 Charles Gibney do. 1969 510 305 6 55 Chambersburg Ls 60 7/28/69 180 2 1 .02 U N
Ah 81 WA690168 Richard Martain do, 1968 565 85 6 22 Rockdale Run Fm Lo 12/2k/68 65 10 .5 .ho H s
Ah 82 WA690324 Dennis Powers do. 1969 570 200 6 - do. - - - < 1 - 01 u N
Ah 83 WA690324 do. do. 1969 570 165 6 19 do. 20 6/16/69 | 110 5| 2 .01 H s
An 84 WA690331 Ray Snyder do. 1969 465 85 [3 21 St. Paul Group 30 6/25/69 70 50 5 1s25 H s
Ah 85 WA690101 Mitchell Creek do. 1968 500 285 6 18 Rockdale Run Fm - - - < 1 1 < .01 U N
Ah 86 WA690101 do. do. 1968 500 200 6 19 do. 30 10/10/68 145 15| .5 < .01 H H
An 87 WA690023 Roland Stephen Holtzman 1968 565 54 6 29 do. 21 8/23/68 80 5 6 .08 H J
An 88 WA700320 | John E. Canfield Hoffman 1970 470 8o 6 - St. Paul Group - - - - - - u N
An 89 WA700320 do. do. 1970 470 125 6 ko do. 23.27 | 8/11/70| 115 50 |1 5k H s
Ah S0 WA690157 Hoge Martain do. 1968 525 220 - - Chambersburg Ls - - - < 1 - < .01 U N
Ah 91 WA690157 do. do. 1968 525 165 6 18 o. 50 11/20/68 150 50 1 .50 H S
Ah 92 WA690335 | Andrew J. Lipkd Holtzman 1969 565 197 6 40 Rockdale Run Fm 50 7/24/69 | 112 15 | 9 .15 H s
AL 39 WA690317 Clarence Showalter Funk 1969 715 85 6 20 do. 20 6/25/69 - 8 - - H S
Ad ko WA700328 Terry L. Socks Hoffman 1970 630 185 6 25 Conococheague Ls 30 ?7/1/70 170 30 1 .71 H s
A M1 WA690220 | Robert Heck do. 1969 640 265 - - do. - - - < 1 - < .01 U N
AL b2 WA690220 do. do. 1969 640 225 6 51 do. 70 3/28/69 216 10 1 .08 H s
A b3 WA700184 Ivan L. Martin Toms 1969 605 60 6 20 do. 25 12/10/69 - 50 1 - H s
AL 47 WE6W194 J. Ken Ridenour Cromwell 1966 550 125 6 17 Stonehenge Ls 28 2/2/66 - 17 3 - U N
Ad 48 W67W29 do. do. 1966 550 227 6 16 do. 4s 8/5/66 - 15 3 - c [
Aj 21 - John Newcomer, Sr. - 0ld 640 25 48 25 Elbrook Ls 20 1969 - - - - H J Dug wellj water reported
high in Mn.
Aj 22 54748 do. York Drlg.| 1963 670 1o 6 17 do. 51.28 | 2/17/70 - 8 2 - U N
Aj 23 WA700025 do. Shaff 1969 685 150 6 39 do. 80 9/9/69 - 2 |3 Y - R s Water used to fill small
pond; H 315, S 590.

Aj 24 WA700161 John Newcomer, Jr. Kohler 1969 650 235 6 4o do. 67 11/25/69 161 b | 2 A2 S s H 475, s 930.
Aj 25 WA700160 Howard Buhrman do. 1969 670 265 6 20 do. 70 11/20/69 1k2 8 2 i H s
Aj 26 WA690257 Josephine Rogers Cromwell 1969 590 258 6 15 Conococheague Ls - - - 1.5| 2 - H -
Aj 27 WA690338 | Preston Myers Hoffman 1969 590 125 6 46 do. 77 7/4/69 110 10 |1 .30 H ]
Aj 28 WA690219 James Abbott do. 1969 590 85 6 by do. 4o 4/1/69 73 20 1 .60 H s
Aj 29 WA700282 Collins Homes do. 1970 575 105 6 45 do. 50 5/22/70 90 12 1 .30 H S
Aj 30 WA690346 Franklin Doyle do. 1969 605 205 6 27 do. 35 7/19/69 190 2 o .01 H S
Aj 31 WA690109 Rich Kerslane Cromwell 1968 585 165 6 17 do. - - - 8 1 - H s
Aj 32 W66W201 H. R. Working York Drlg.| 1965 530 8k 6 43 do. - - - 15 p - c -
Aj 33 WA690019 C. Wm. Hetzer Hoffman 1968 530 265 6 28 do. 60 7/23/68 200 5 1 .02 H s
Aj 34 WA690148 Pen Mar Trailer do. 1968 570 245 6 35 do. 85 11/1/68 - 5| 2 < .01 c s
A 35 W67W206 Knights of Columbus do. 1967 560 185 6 30 do. 50 2/23/67 | 165 20 |1 .17 c s
Aj 36 w67W228 Geraldine Rogers Kohler 1967 550 95 6 65 do. 31 4/27/67 48 10 2 .59 c s
Aj 37 WA690100 H. Middlekauff, Jr. Hoffman 1968 590 203 6 25 do. 80 10/1/68 192 20 i1 .18 H S
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Table 3.

Records of wells in the Hagerstown Valley--Continued

Water use codes

Pump type codes

Remarks codes

Well number: See text for description of well-numbering system. Well locations are C Commercial P Public supply B Bucket A Aquifer test run
shown on Plates 1 and 2. F Fire R Recreational J Jet H Field hardness, in mg/l

H Domestic S Stock N None Q See chemical analysis

Static water level: Reported depths are given in feet; measured depths are given in I Irrigation T Institutional P Piston S Specific conductance,

feet and tenths or hundredths. N Industrial U Unused S Submergible in micromhos
T Turbine Z VWell destroyed
Length
State Depth |Diameter | of iraat ::;:" ie";]' Tae
Well permit Date Altitude [of well | of well |casing | Water-bearing e ow land surface) | yie1q |Hours |Specific | of | Pumping
Wa- number number Owner Driller completed | (feet) | (feet) |(inches) |(feet) formation Static Date Pumping | (gpm) | pumped | capacity |water | equipment Remarks

Aj 38 W66W211 Adin H. Horst York Drlg.| 1966 605 180 6 47 Conococheague Ls - - - 8 2 - s s

Aj 39 We6W127 J. Ken Ridenour Hoffman 1965 555 225 6 - do. - - - & Al - < 0.01 U N Z

Aj 4O W66W127 do. do. 1965 555 265 6 - do. - - - < - < W01 u N Z

Aj W1 W66W127 do. do. 1965 555 185 [3 - do. - - - < i - < .01 U N z

Aj k2 WA690099 Ronnie E, Synder Cromwell 1968 670 145 6 18 do. - - - 8 2 - H S

Aj 43 WA700098 Phil Snodderly do. 1970 690 207 6 21 do. 4s 5/4/70 200 2 6 <03 H s

Aj b4 WA690141 Harold Barr Hoffman 1968 750 185 6 60 Waynesboro Fm 100 11/21/68 170 50 b 1 71 H S

Aj 45 WA690056 Ray Diffendal do. 1968 620 85 6 20 Elbrook Ls 30 8/28/68 80 60 3 3.2 H -

Aj 46 WA690074 Russell Reid do. 1968 725 260 6 65 Conococheague Ls Lo 9/28/68 80 5 1 .02 H s

Aj 47 W67W207 Leroy L. Martin York Drlg.| 1966 605 207 6 16 0. - - - 30 1 - H s

Ak 17 WA690126 John Lowman Hof fman 1968 690 85 6 50 Tomstown Dol 40 10/11/68 76 100 5 2.8 H s

Ak 18 WA690191 Robert Risser do. 1969 710 125 5 105 Waynesboro Fm 95 2/21/69 115 6 S 30 H S H 272, S 523.

Ak 19 WA690232 Ronald L. Swope Cline 1969 775 120 6 73 Tomstown Dol Lo 4/23/69 120 50 bl .62 H S H 147, S 292.

Ak 20 WA690367 | Roland Robinson Hoffman 1969 780 108 6 100 do. 55.31 | 8/22/69| 106 60 5 1.2 U N

Ak 21 WA690136 Nelson Weicht do. 1968 750 105 6 30 do. 30 10/22/68 95 50 5 77 H s

Ak 22 WA?00202 Roger Rowe Keyser 1969 670 87 7 18 do. 50 12/6/69 - 8 1 - S s H 400, S 810.

Ak 23 WA700099 Walter Barkdole Hoffman 1970 700 65 5 55 do. 28.52 | 2/18/70 60 20 1 .67 u N

Ak 28 WA700281 Charles D. Harp Woodward 1970 710 127 6 50 Waynesboro Fm 84.60| 8/12/70 93 8 3 .80 H N

Ak 29 24383 Raphael Tiffany Martin 1956 705 92 6 45 do. 75 8/30/56 - 5 2 - U H

Ak 30 WA700324 do. Woodward 1970 715 348 6 7% do. 8o 6/25/70 3hk 3 2 .01 H s

Ak 31 WA700286 lawrence Fiery do. 1970 730 155 6 105 Tomstown Dol 60 6/6/70 9 25 3 «83 H s

Bf 2B 49851 National Park Service Hoffman 1963 4os5 197 6 10 Conococheague Ls 40,20 | 1/3/63 41,13| About | 24 18,3« H P * 0.93 ft. of drawdown

100 at 17 gpm; C & O Canal.

Bf 26 52934 Town of Clear Spring do. 1963 - 185 6 25 Helderberg Fm 17 7/24/63 | 150 30 | 1 .30 P s

Bf 27 52935 do. do. 1963 - 280 55/8| 60 do. 17 7/26/63| 2k0 100 | 1 53 '3 s

Bf 28 52153 National Park Service do. 1963 380 247 6 38 Conococheague Ls 23.89 | 7/25/63 117.34 L.o 24 .05 H P C & O Canal.

Bf 29 W67W72 Town of Clear Spring do. 1966 740 285 6 55 Helderberg Fm i) -/=/68 280 120 8 46 P S

Bf 30 W67W67 Sun 0il Co. do. 1966 540 300 - - Conococheague Ls - - - < 1 - < .01 U N z

Bf 31 WE7WE7 do. do. 1966 540 200 6 56 do. - - - 6 5 - c S

Bf 32 WA690070 Humble O0il Co. Keyser 1968 540 429 6 34 do. 30 9/13/68 - i 1 - c S

Bf 33 WA690004 John Corbitt Hoffman 1968 515 110 5 80 do. 50 7/19/68 98 12 1 .25 S s

Bf 34 WA690184 C. P. McCusker Cromwell 1969 605 186 6 30 Elbrook Ls - - - 6 2 - H s

Bf 35 WA700037 James Hart Hoffman 1969 435 105 6 21 Conococheague Ls | 35 8/8/69 100 100 - 1.5 H S

Bf 36 WA690342 Otho Horst do. 1969 520 105 6 74 do. 4o 6/26/69 95 100 - 1.8 H S

Bf 37 WA690096 o. do. 1968 540 80 6 Sk do. 30 9/18/68 75 15 5 .33 H s

Bg 43 57286 National Fark Service do. 1964 350 147 6 32 Martinsburg Sh 16.66 | 5/28/64 2522 20 |24 2.3 - -

Bg L4 WA690152 Carl Eby Teach 1968 545 100 6 84 Conococheague Ls 60 12/14/68 80 5 a «25 H S H 107, S 220.

Bg 45 WA690322 Donald Tedrick Hof fman 1969 550 82 [ 78 do. 45 6/27/69 80 30 S5 .86 H s

Bg 46 WA700002 Leonard Martain do. 1969 530 165 6 47 do. 30 7/19/69 100 15 +5 .21 s 8 H 196, S 423,

Bg 47 - National Park Service do. 1969 360 304 6 - do. - - - 2 1 - < 01 u N 2

Bg 48 - do. do. 1969 360 125 6 - do. - - - - - - u N

Bg 49 WA700265 Frank R. Fidel do. 1970 550 105 6 65 do. 53.86 | 5/28/70 90 50 1 1.4 H N

Bg 50 - National Park Service Delmarva 1970 360 150 6 - Rockdale Run Fm - - - € 1 - < <01 U N

Drlg.
Bg S1 WA700052 Clarence Sprecher Hoffman 1969 470 225 6 20 Chambersburg Ls 36.21 | 8/3/70 130 g 1 .01 U N
Bg 52 WA700016 | Jacob Myers do. 1969 430 85 6 20 Rockdale Run Fm 52 7/30/69 81 10 (1 53 H s
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Table 3.

Records

of wells in the Hagerstown Valley-~Continued

Water use codes

Pump type codes

Remarks codes

Well number: See text for description of well-numbering system. Well locations are C Commercial P Public supply B Bucket A A
shown on Plates 1 and 2. F Fire R Recreational J Jet H Pz:i:‘;u:';::u:‘.mu mg/1
H Domestic S Stock N None Q See chemical analysis
Static water level: Reported depths are given in feet; measured depths are given in I Irrigation T Institutional P Piston S Specific conductance
feet and tenths or hundredths. N Industrial U Unused S Submergible in micromhos ’
T Turbine Z Well destroyed
Length
State Depth |Diameter of Water level Use
Well permit Date Altitude | of well | of well |casing Water-bearing fgeti belowland Wiinfass) Yield | Hours |Specific | of Pumping
i number number Owner Driller completed | (feet) | (feet) [(inches) |(feet) formation Static Date Pumping | (gpm) | pumped | capacity |water | equipment Remarks
Bg 53 WA700330 Lehman Diller Hoffman 1970 500 265 6 4o Conococheague Ls 4o ?7/2/70 260 10 % 0.0k H s
Bg Sk WA690298 Robert Bennett do. 1967 490 245 6 20 0. 50 6/3/67 90 1.5] 1 3 H s
Bg 55 WA700233 Robert Grams do. 1970 480 185 6 25 Stonehenge Ls 4o 3/13/70 175 50 1 .29 H S
Bg 56 WA700093 Leo N. Hornbaker do. 1969 480 100 6 45 do. 45 9/15/69 90 60 b 1.3 H S
Bh 60 W66W101 Washington County do. 1965 460 345 - - do. - - - < 1 - < .01 U N 2
Sanitary Commission
Bh 61 WE6W101 do. do. 1965 k6o 350 - - do. - - - 6| - - U N 2z
Bh 62 WE6W101 do. do. 1965 460 300 - - do. - - - 1] - - U N
Bh 63 W66W101 do. do. 1965 460 300 - - do. - - - <1 - < .01 U N Z
Bh 64 W66W101 do. do. 1965 460 305 6 12 do. 4o 12/-/65 123 6 | 48 .07 c s
Bh 65 w67W273 Terminal Rental, Inc. do. 1962 500 63 S 4s Rockdale Run Fm 20 6/27/67 50 50 1 1.67 c s
Bh 66 W65W233 H. B. Mellott Estate, Harr 1965 550 63 6 20 Conococheague Ls 19 5/7/65 53 30 k4 79 c S
Inc.
Bh 67 WA690360 | Jess Brown Hoffman 1969 455 200 6 40 Rockdale Run Fm 50 7/7/69 190 8 3 .06 H s
Bh 68 WA690337 | David Miller do. 1969 520 140 6 22 do. ko 6/14/69| 130 50 | 1 .56 H s
Bh 69 WA690316 A, C. T. Co. do. 1969 Loo 125 6 b7 do. 50 6/18/69 120 15 3 .21 c s
Bh 70 WA690107 Fred Wintermoyer do. 1968 L4720 145 6 20 do. 20 9/23/68 60 12 1 30 s s
Bh 71 W67W177 Clearview Nursing Home do. 1967 550 125 6 18 Conococheague Ls 30 1/10/67 110 20 1 .25 Ly s
Bh 72 WA700141 Hillard Moore do. 1969 420 100 6 46 Rockdale Run Fm 40 11/11/69 86 30 X .65 H s
Bi 61 W67wW92 Leon Price Kohler 1966 550 380 6 22 Stonehenge Ls 19.95 | 4/17/69 300 |< 1 2 < .01 [¢] N
Bi 62 WA650039 Bruce Nichols Hoffman 1968 490 125 6 95 do. 4o 9/9/68 105 10 2 «15 P s Well used for small
trailer park.
Bi 63 Ww68w177 Jay Troxell Teach 1968 580 192 6 16 Conococheague Ls | 100 8/28/68 150 6 b .12 H s H 345, S %2.
Bi 64 WA690142 American 0il Co. Hof fman 1968 550 225 6 23 do. 60 11/18/68 215 50 5 .32 c s H 345, S 790.
Bi 65 WA690046 Donald Reid do. 1968 580 110 6 100 do. 50 11/16/68 103 50 1 94 H s H 245, s 463.
Bi 66 WA700032 Earl Grove do. 1969 540 265 6 27 do. - - - < 1 - < .01 i} N z
Bi 67 WA700032 do. do. 1969 520 300 6 4o do. 50 9/23/70| 185 2|1 .01 H s
Bi 68 WA700066 Richard Clem do. 1969 530 285 6 22 do. 60 9/15/69 120 S1 < .01 U N Used as standby.
Bi 69 WA700221 Don L. Shoemaker do. 1970 485 85 6 2k do. 4o 3/13/70 70 10 1 .33 H s
Bi 70 WA690189 Kenneth Peifer Cromwell 1969 505 85 6 57 Stonehenge Ls (?)| 37 2/15/69 - 10 2 - H s
Bi 71 W65W37 Continental Baking Co. | Hoffman 1964 520 4os 6 - Elbrook Ls - - - < 1 - < .01 U N
Bi 72 WE5W70 do. do. 1964 520 hos 6 12 do. 20 1969 - 6 | - - e s
Bi 73 W65W70 do. do. 1964 520 460 6 14 do. - - - < 1 - < .01 U N
Bi 74 WA690210 Humble Cil Co. Cline 1969 540 420 6 67 Conococheague Ls 85 4/21/69 420 2 1 .01 c s
Bi 75 WA690293 | Stanley R. Klick Hoffman 1969 500 65 [3 22 Stonehenge Ls 30 6/8/69 60 50 | 1 1.7 H s
Bi 76 WA690061 | United Parcel Service do. 1968 510 185 6 50 do. 60 8/26/68 | 165 2 | % .19 c s
Bi 77 WA690200 Sharpe D. Karper do. 1969 540 240 6 46 Stonehenge Ls (?) | 40 3/25/69 55 1 1 .07 H S
Bi 78 WA700090 | Gilbert Godlove do. 1969 510 85 6 22 Stonehenge Ls 25 9/16/69 80 60 1 1.1 H s
Bj 39 W67W267 H. B. Mellott Estate, Harr 1967 660 172 6 45 Conococheague Ls | 66 4/13/67 | 140 12 | 4 .16 U s
Inc.
Bj 4o W6EW241 H. L.Mills Cromwell 1966 575 165 6 28 Tomstown Dol 45 2/9/66 - 10 | 2 - H s H 249, 5 478.
Bj 41 WA690193 Washington County Hoffman 1969 630 205 6 - Elbrook Ls 20 3/3/69 182 3 1 .02 U N Z
Board of Education
Bj 42 WA690300 do. do. 1969 630 165 6 134 do. 36.29 | 8/21/69 137 16 5 .16 T K
Bj 43 W66W315 Harold Bowman York Drlg. 1966 590 4o 6 12 Conococheague Ls - - - 30 1 - s s
Bj b WA690127 | William Deatrich Holtzman 1969 625 109 6 49 do. 48 6/3/69 48 |> 36 9 - H s Driller reported no
drawdown .
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Table 3.

Records of

wells in the Hagerstown Valley--Continued

Water use codes Pump type codes Remarks codes
Well number: See text for description of well-numbering system. Well locations are C Commercial P Public supply B Bucket A Aquifer test run
shown on Plates 1 and 2. F Fire R Recreational J Jet H Field hardness, in mg/l
H Domestic S Stock N None Q See chemical analysis
Static water level: Reported depths are given in feet; measured depths are given in I Irrigation T Institutional P Piston S Specific conductance,
feet and tenths or hundredths. N Industrial U Unused S Submergible in micromhos
T Turbine Z Well destroyed
Length
State Depth |Diameter of (feet ::ie: i:::l urface) Use
Well permit Date Altitude | of well | of well |casing Water-bearing 2 L ¢) | vield | Hours Specific | of Pumping
Wi number number Owner Driller completed | (feet) | (feet) [(inches) |(feet) formation Static Date Pumping | (gpm) | pumped | capacity | water | equipment Remarks
Bj 45 WA690114 Sharon Bowman Hoffman 1968 655 85 6 73 Tomstown Dol 30 10/8/68 75 60 1 1.33 H S H 139, S 265.
Bj 46 WAG690060 George Higaman do. 1968 720 115 6 75 do. 4o 9/5/68 8o 50 1 1.25 H s
Bj 47 WA690211 W. D. Bromley Funt 1969 885 418 6 Loo do. 180.40 | 8/28/69 425 4 3 .02 P S To supply farm labor
camp & tenant house.
Bj 48 WA690310 William Mellott Cromwell 1969 565 85 6 61 Elbrook Ls - - - 15 2 - H S
Bj 49 WA690094 John A. Turner do. 1968 540 124 6 18 0. - - - 7 1.5 - H 5
Bj 50 WA700124 | Milton Lawyer Hoffman 1969 740 210 6 43 Tomstown Dol 60 10/14/69 | 220 10 | & .06 H s
Bj 51 We7Wh2 Ken Gutshall Cromwell 1966 700 166 6 57 do. 60 8/11/66 - 15 2 - H s
Bj 52 WA700171 Ray McCleary Holtzman 1969 740 80 6 b2 alluvial mtn. wash 48 12/22/69 72 7 3 .29 H S
Bj 53 WA700183 | Game and Inland Fish Hoffman 1969 520 85 6 25 Elbrook Ls 18.08 | 2/13/70 70 100 | 1 1.8 H s
Bj 54 WA690020 Robert Snavely do. 1968 625 60 6 43 Conococheague Ls 20 7/15/68 50 50 A 1.7 H s
Bj 55 WA700140 | Michael Salvia do. 1969 ) 105 6 56 Tomstown Dol 12.50 | 3/2k/70 100.5 10 1 .11 U N
Bj 56 WA700130 Mervin Martin do. 1969 670 185 6 53 Waynesboro Fm ko 10/27/69 155 12 L1 W14 H s
Bj 57 18369 Herman Stouffer Cowan 1955 745 145 6 76 Tomstown Dol 47 4/8/55 - L - H i Dsillgr reported no
‘awdown.
Bj 58 WA700203 Carl Shaffer Hoffman 1970 550 125 6 46 do. 20 1/5/70 90 10 i W1k H N
Bj 59 WA700195 | Ben Weller do, 1970 650 325 6 62 Waynesboro Fm 101.3 | 3/30/70| 1k6.3 5] 2 .03 H N
Bj 60 WA700232 | George A. Day do. 1970 700 145 6 55 Tomstown Dol 50 3/12/70 | 1ko 20 | 1 .22 H S
Bj 61 WA710011 Harry S. Keller Woodward 1970 720 124 6 121 do. 20 8/3/70 80 30 3 .50 u N
Bj 62 WA700085 Harry S. Palmer Cornett 1969 760 110 6 90 Antietam Fm 60 10/20/69 - 17 2 - H S
Bj 63 WA700168 Kenneth Reeder Shaff 1969 590 200 6 20 Conococheague Ls 30 12/3/69 150 8 3 .07 H S
Bj 64 WA710005 John Stansberry Hoffman 1970 565 385 6 25 do. 70 ?7/15/70 380 30 1 .10 H S
Bj 65 WA700151 | Lynn Munson do. 1970 555 300 6 k2 do. 35 11/20/69 - 20 | 1 - H S
Bj 66 WA700139 | Ernest Clevenger do. 1969 560 320 6 45 do. 50 11/13/69| 125 1| - .01 H s
Bj 67 - Charles R. Martz Teach About 580 168 6 - Elbrook Ls - - - S| - < .01 H =
1940
Bj 68 = do. do. About 580 205 6 - do. - - - 5 - = H S
1964
Bj 69 WA700262 do. Hoffman 1970 600 65 6 37 do. 42,36 | 4/30/70 67.36 25 | 1 1.0 U N
Bj 70 WA700259 Roger E. Martz do. 1970 610 285 6 100 Conococheague Ls 50 L/23/70 150 3 1 .03 5 S
Bj 71 WA700137 David Cheney do. 1969 520 105 6 42 do. 37 11/3/69 85 30 b1 .62 H S
Bk 23 W68W170 Garland Lung do. 1969 920 265 5 I alluvial mtn. wasH 170 4/30/69| 250 10 | 1 12 H S Water is filtered.
Bk 24 56094 Charles Hykes York Drlg. 1964 920 281 5 280 Antietam Fm (?) 200 2/b/64 275 10 2 A3 H s Water reported‘clcudy-
Bk 25 WA700235 U.S. Geological Survey | Keyser 1970 790 200 6 130 Tomstown Dol 34,6 4/9/70 46,21>200 |11 15.0 u N Q, A; observation well.
Cg 12 We5W117 National Park Service Hoffman 1964 330 107 6 3k Conococheague Ls 21.36 | 11/17/64 35.44f  18.5 8 13 H P C & O Canal.
cg 13 - do. do. 1969 350 245 6 45 Martinsburg Sh Well 7/-/69 - 5| 1 < .01 H P Do-
flows
Ch 39 W68W152 St. James College do. 1968 500 185 6 25 Stonehenge Ls 30 L/1/68 146 50 5 43 T s Well located near fault.
Ch 40 W68W153 do. do. 1968 500 185 6 25 do. 30 4/1/68 146 50 5 b3 o s Used as standby.
Ch 41 - Price Farms, Inc. - Very old 4ho 35 50 - Conococheague Ls 23.85| 4/9/69 - - - - U N Dug well.
Ch 42 37425 Lawrence C. Long Hoffman 1960 460 130 6 17 Stonehenge Ls 20.17 | 9/9/69 23.7 [> 20 3 5.6 S S Q Al
Ch 43 WA690259 do. Ford 1969 460 198 L 101 do. 21.45| 5/27/69 121.4 5 |20 .05 S S 9, A.
Ch L4 WA690276 Nelson Harsh, Sr. Hoffman 1969 450 205 6 22 Rockdale Run Fm 37 5/21/69 195 8 h i .05 H S H 316, S 595.
Ch 45 WA690312 Verdeen Clopper do. 1969 435 95 6 20 Stonehenge Ls 4o 6/13/69 80 10 5 25 H S H 332, S 700.
Ch 46 WA690206 | Jacob Burkholder Shaff 1969 455 290 9 46 Rockdale Run Fm 46 3/1/69 90 30 5 .68 s S H 358, S 670.
Ch 47 WA690302 Walter Deibert Funk 1969 525 105 6 20 do. 58 5/28/69 100 5 1 .12 s s H 335, s 845.
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Table 3.

Records of wells in the Hagerstown Valley--Continued

Water use codes

Pump type codes

Remarks codes

Well number: See text for description of well-numbering system. Well locations are C Commercial P Public supply B Bucket A
shown on Plates 1 and 2. F Fire R Recreational J Jet H '}?ﬁ?fmxﬁisg‘:ﬂm mg/1
H Domest
Static water level: Reported depths are given in feet; measured depths are given in I Irriga::on i ixtx::);tutianal 'l: :i::on g i::cil;::igz.l,d:ﬁﬁ::s
feet and tenths or hundredths. N Industrial U Unused S Submergible in micromhos i
T Turbine Z Well destroyed
Length
State Depth |Diameter =3 matariicved Use
Well permit Date Altitude | of well | of well |casing Water-bearing (feet below land surface) Yield |Hours |Specific | of Pumpin
Wae number number Owner Driller completed | (feet) | (feet) |(inches) |(feet) formation Static Date Pumping | (gpm) | pumped | capacity | water equipne:t Remarks
Ch 48 WA690171 Robert L. May Cromwell 1968 440 80 6 16 Conococheague Ls - - - 8 2 - H s Well located near fault,
Ch 49 WA690243 Ernest B. Deneen Shaff 1969 450 125 P 20 0. 22 4/28/69 30 15 4 1.9 H s H 322, S 620.
Ch 51 WA700322 Washington County Hoffman 1970 530 325 6 45 do. 31.65| 8/18/70 180 25 5 el ] U N
Board of Education
Ch 52 WA700094 Ernest Deneen do. 1969 450 270 6 47 Stonehenge Ls 50 9/10/69 266 50 3 23 H s
Ch 53 WA690083 Glenn Anderson do. 1968 495 250 6 - Rockdale Run Fm - - - <1 - < .01 U N
Ch 5k WA690083 do. do, 1968 490 165 6 20 do. 60 10/4/68 150 20 1 22 H s
Ch 55 WA?00152 David Ruffner do. 1969 430 200 6 65 Conococheague Ls - 12/3/69 - 60 - - H s
Ch 56 WA700012 Richard Semler do. 1969 420 265 6 - do. - - - < 1 - < .01 u N
Ch 57 WA700012 do. do. 1969 h20 305 6 - do. - - - & 1 - < .01 U N
Ch 58 WA700012 do. do. 1969 420 250 6 - do, - - - < 1 - < .01 U N
ci 4o We6W262 Devil's Backbone Co. do. 1966 370 145 5 21 Conococheague Ls 45 3/26/66 8o 10 1 .29 H J Water cloudy; used at
Park park; S 620.
Ci k1 w6BW8U Manor Church of the do. 1967 4ho 270 6 20 do. 20 10/23/67 266 50 5 .20 H J
Brethren
ci 42 W68W31 Ruritan Club Park do. 1967 485 85 6 60 do. 20 8/9/67 75 20 5 .36 H P Used at park; S 450.
Ci 43 WA690149 Richard Blackstone do. 1968 480 145 6 145 Waynesboro Fm 95 11/6/68 140 20 .5 b H s
Ci 4k W65W193 John Holter (leasee) Cromwell 1965 430 165 6 - Tomstown Dol - - - 30 - s s
ci 45 WA690048 Louis Debaugh Hoffman 1968 510 265 6 - do. - - - e 1 < .01 i} N Z
ci 46 WA690048 do. do. 1968 510 145 6 32 do. 4o 8/10/68 130 30 5 o33 H s
ci 47 WA690282 Robert N. Null Cromwell 1969 500 160 6 18 do. - - - 7 3 - H N
Ci 48 WA690281 Charles Grove Hof fman 1969 490 300 6 24 Conococheague Ls 78 5/23/69 185 1 1 < .01 H s
ci 49 WA690024 Buckley Rees do. 1968 510 285 6 32 do. 60 8/13/68 260 2 o5 .01 H s
ci 50 WA690251 David Culler do. 1969 ko 215 6 24 do. 60 5/9/69 210 30 5 .20 H P H 251, S 500.
ci 51 Weew23 Walden Burnter do. 1969 480 205 6 38 do. 60 5/28/69 125 4,5 5 .07 H S H 295, S 616.
ci 52 WA690252 Lyle Mellott do. 1969 435 185 6 17 do. 60 5/7/69 175 15 .5 +13 H s H 240, s 582.
ci 53 WA690280 Harry Toms, Jr. do. 1969 hgo 145 6 57 Elbrook Ls ho 5/26/69 125 12 5 Wk H s H 354, S 700.
Ci 54 WA700101 David Smith do. 1969 4ho 45 6 37 Waynesboro Fm 20 9/11/69 Lo 20 1 1.0 H s
cj 36 WA690047 | Alvie R. Pryor do. 1968 675 265 6 23 Tomstown Dol 60 10/5/68 225 3 o5 .02 H s H 176, S 322.
cj 37 WA690095 larry Slifer do. 1968 655 300 6 20 do. 50 9/22/68 100 5| a5 .01 H s
cj 38 WAB690054 Richard Lohman Shaff 1968 595 180 ? 34 do. 26 8/11/68 47 12 L3 +57 H s H 283, 5 590.
cj 39 WA690132 David Malott Hoffman 1968 530 185 6 20 do. 60 10/25/68 125 6 ) .09 H S H 278, S 510.
cj ko WA690135 | Anthony Puglisi do. 1968 575 110 6 95 do. 30 10/19/68| 105 100 | 1 1.3 H ] H 91, S 176.
cj WA690038 Gerald Moser Cromwell 1968 600 100 6 70 do. - - - 8 y | - H s H 133, S 288.
cj k2 WA690357 | John A. Estes do. 1969 545 248 6 16 do. - - - 1.5 2.5 - H s H 340, S 608.
cj b3 WA700021 Ken Ebersole Hoffman 1969 680 300 6 60 do. 72.67 | 9/18/69 260 2 b < .01 H N
cj Uk W66W291 Melvin Jenkins do. 1966 825 330 5 290 do. 150 5/11/66| 225 6| 1 .08 H J 130 ft of mountain wash.
cj 45 WA690164 John Minnich Keyser 1969 850 310 6 104 Antietam Fm (?) 100 1/-/69 - 5 & - H s Near contact with
Tomstown Dolomite.
cj 46 - Leroy Renner York Drlgd 1967 770 140 6 130 alluvial mtn. wasj - - - 1 il - 1] N Water muddy; 2
cj b7 W67W200 do. Keyser 1967 790 87 6 87 do. 20 4/172/67 - 9 2 - H S Reported clear, some-
what irony.
cj 48 W67W95 Blickenstaff Hoffman 1966 800 400 3 304 do. 110 12/-/66 - 8 3. - H s Water very cloudy.
Cj 49 - State Hwy. Admin. York Drlgd 1966 84o 180 6 120 do. - - - - - - i} N Casing ruptured; Z
cj 50 W67W201 do. Keyser 1967 840 380 6 380 do. 91.91 | 10/24/69 - 12 2 - U S Water very cloudy.
cj 51 W67W106 Ron L. Easterday Shaff 1967 705 75 6 47 do. 26 1967 46 6 ) B H s Water reported irony.
cj 52 W67W198 Fayette Stouffer Cromwell 1968 660 150 6 95 Tomstown Dol - - - 15 3 - H s
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Table 3.

Records of wells in the Hagerstown Valley--Continued

Water use codes

Pump type codes

Remarks codes

Well number: See text for description of well-numbering system. Well locations are C Commercial P Public supply B Bucket A Aquifer test run
shown on Plates 1 and 2. : xe b g SR:cr;ntioml J Jet H Field hardness, in mg/l
estic oc!
Static water level: Reported depths are given in feet; measured depths are given in I Irrigation T Institutional g ::::on e
T feet and tenths or hundredths S Specitic condustance,
. N Industrial U Unused S Submergible in micromhos
T Turbine Z Well destroyed
Length
State Depth [Diameter | of Vater level Use
Well permit Date Altitude | of well | of well |casing Water-bearing (feet below land surface) Yield | Hours |Specific | of Pumping
Wa- number number Owner Driller completed | (feet) | (feet) |(inches) |(feet) formation Static Date Pumping | (gpm) | pumped | capacity | water | equipment Remarks
Cj 53 w68w82 Maryland Dept. of Keyser 1967 620 107 [3 107 alluvial mtn wash | 51 10/26/67 - 10 1 - H s Park ranger's house.
Forests and Parks

cj 54 W67W252 Earl Hamilton Kohler 1967 590 115 6 108 Tomstown Dol 61 8/2k/67 80 nis ] 0.58 H s

cj 55 W66W250 Catherine Ruble Hoffman 1966 610 120 5 110 do. 65 2/26/66 100 50 5 ) 1.43 H -

cj 56 WA700084 George Wargo do. 1969 520 125 6 65 do. Lo 9/5/69 102 20 1 32 H s

Cj 57 WA700082 James Wiedeman Cromwell 1969 690 235 6 34 do. 80 11/7/69 200 30 A «25 H s

cj 58 43167 Dale Stouffer Hoffman 1961 720 300 6 140 alluvial mtn wash - - - - - - U N Z3 30;‘0 ft of mountain
wash.

cj 59 WA700234 U.S. Geological Survey | Keyser 1970 640 380 6 150 Tomstown Dol 60 3/30/70 380 S| 1 < .01 U N Z

cj 60 WA700272 Gaither E. Shank Hoffman 1970 530 185 6 30 Elbrook Le ko 5/4/70 170 30 T 23 H N

cj 61 WA700323 Ralph Suffecool do. 1970 585 65 6 60 Tomstown Dol 27.24 | 7/29/70 62 100 FY 2.9 U N

cj 62 WA700244 Morton Varner do. 1970 720 400 6 170 do. 90 4/=-/70 375 1 1 <.01 H s

cj 63 WA700310 | James R. Hurine Keyser 1970 590 182 6 75 Waynesboro Fm 68.76 | 8/5/70 - gi | 2 - H N

cj 64 WA700305 Ronnie Harrell Hoffman 1970 655 105 6 50 Tomstown Dol Lo 6/22/70 92 50 1 .96 H s

cj 65 WA690347 | Claude Palmer do, 1969 670 325 6 45 do. 60 7/14/69 | 100 X 1 .02 H s

cj 66 WA700050 | George Harnish Holtzman 1969 540 115 6 50 Elbrook Ls 37 9/15/69 - | 3 N H S

Dh 14 - Elmer Koontz - - 437,7 38 48 - Conococheague Ls 34,6 4/15/69 - - - - H J Q; dug well.

Dh 15 - Arthur Baker - - 450.6 47 - - 0. 474 4/14/59 - - - - H J Do,

Dh 16 - John Gamperl - - - 15-20 - - do. - - . = | = % H J Do.

Dh 17 - Mary Snyder - - - 36 - - do. 35.3 4/15/59 - - - - H B Do.

Dh 18 - Keller Scott - - 452,9 51 - - do. 52.0 4/14/59 - - - - B B Do.

Dh 19 - Margaret Cooke - - 44,8 71 6 - do. .5 4/15/59 - - - - H P

Dh 20 - Henry Foffenberger - - 45k ,6 52 - - do. 42.8 4/15/59 - - - - H P Do.

Dh 21 - Dr. W. H. Shealy - - - - - - do. - - - - - - H J Dug well.

Dh 22 - Lohman & Smith - - - 20 - - do. - - - -l - - H P Qi dug well.

Dh 23 29572 N. Lohman Ambrose 1957 - 27 6 21 do. 17 1/-/58 - - - - H J Q

Dh 24 - Argyl Grove - - - 25 - - do. - - - - - - H - Q3 dug well.

Dh 25 - B. Mumma - - 419.1 23 - - do. 16.0 | 4/16/59 - - - - H P Do.

Dh 26 - Theodore Hebb - - - - % > do. = e - - = . H P Do.

Dh 27 - Bessie Grove - - - 15-20 - - do. - - - - - - H P Do.

Dh 28 - Hilda Mose - - - 60 - - do. - - - - - - H J Dos

Dh 29 - Barkdoll & Davis - - - - - - do. - - - - - - H P Do.

Dh 30 - Sylvester Shumaker - - 428.6 31 - - do. 29.8 4/16/59 - - - - H N Dug well.

Dh 31 33967 William T. DeLauney Ambrose 1959 - 55 6 - do. 4.0 4/17/59 - 7 3 - H J Q

Dh 32 - Carl Grimm - - - - - - do. - - - -] - - H J Q3 dug well.

Dh 33 - Frank Thomas - - - 39 - - do. 39.3 4/21/59 - - - - H B Do.

Dh 34 - Kleora Earley - - - = P - do. - - = - - - H N Dug well.

Dh 35 - David Bussard, Sr. - - 425.,8 27 - - do. 22.6 4/29/59 - - - - H P Q3 dug well,

Dh 36 - S. G. Morgan - - 428.9 39 - - do. 36,7 | 4/29/59 - - | - - H - .

Dh 37 - Allen Myers - - - 90 [3 - Elbrook Ls - - - - - - H J Q

Dh 38 405 Everard J, Grimm Hoffman 1946 462 74 6 31 do. 62 8/27/46 - 10 2, - H J Q

Dh 39 - Sharpsburg School Pike - 485 218 6 - do. - - - 75| = - T P Q

Dh 40 2198 A. B. Dietrich Hoffman 1948 465 110 6 12 Conococheague Ls 57 1/~/48 - 7 - - H J Q

Dh 41 - Howard Swain - - 4o 52 48 - do. - - - - - - H P Q; dug well,

Dh 42 - Estella E, Roulette - - Lk 100 6 - Elbrook Ls 70 1955 - - - - H P

Dh 43 - J. W. Jamison - - 420,5 25 - - Conococheague Ls 21.6 5/19/59 - - - - H P Do,

Dh 44 - Lena Moss - - - - - - do. - - - - - - H P Dug well.

Dh 45 - Francis Saunders - - - 30 - - do. - - - - - - H N
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Table 3.

Records of wells in the Hagerstown Valley--Continued

Water use codes Pump type codes Remarks codes
Well number: See text for description of well-numbering system. Well locations are C Commercial P Public supply B Bucket
shown on Plates 1 and 2. F Fire R Recreational J Jet ?{ g:is’;a;;ﬁ:s:“in mg/1
H Domestic § Stock N None Q See chemical ar'mlyaia
Static water level: Reported depths are given in feet; measured depths are given in I Irrigation T Institutional P Piston S Specific conductance
feet and tenths or hundredths. N Industrial U Unused S Submergible in micromhos !
T Turbine Z Well destroyed
Length
State Depth [Diameter of Vater level Use
Well permit Date Altitude | of well | of well |casing Water-bearing {feet below land surface) Yield |Hours |Specific | of Pumping
o number number Owner Driller completed | (feet) | (feet) |(inches) |(feet) formation Static Date Pumping | (gpm) | pumped | capacity |water | equipment Remarks
Dh 46 - David Waters - - - Lo - - Conococheague Ls - - - - - - H P Q; dug well.
Dh 47 29286 J. Walter Roulette Hof fman 1957 481 100 6 b Elbrook Ls 75 12/-/57 95 20 | - 1.0 H s Q
Dn 48 18716 Ellis Keyfauver Ambrose 1955 477 90 6 76 do. 72 4/20/55 72 20 1 - H e
Dh 49 4003 Earl Houser Hoffman 1949 k23.9 98 6 10 Conococheague Ls | 20.47( 4/7/59 ko 2 [ 1 1.0 H P Q
Dh 50 - Flavius Latta - - - 125 6 - do. - - - - = - H P Q
Dh 51 52154 National Park Service Hoffman 1963 320 122 6 19 do. 15.02| 7/29/63 29.61 7.5| 24 51 H P Q3 C & O Canal.
Dh 52 57148 do. do. 1964 310 102 6 28 do. 27.16| 5/20/64| 47.16( 16 | 24 .8 H P C & O Canal.
Dh 53 - do. do. 1969 290 100 6 50 do. 27 5/14/69| - 51 12 - H P Q; C & O Canal.
Dh 54 W66W36 Robert Marcum Kohler 1965 430 250 6 17 Elbrook Ls 34 9/20/65 68 15 3 bk s s
Dh 56 - National Park Service Delmarva 1970 330 296 6 46 Conococheague Ls 18.12| 6/9/70 - 1.5 - - H N C & O Canal.
Drlg.
Dh 59 - do, do. 1970 330 150 6 - do, - - - < .- < .01 U N Do.
Dh 63 WA700280 | Walter Marshall Hoffman 1970 485 200 6 48 Elbrook Ls 50 5/21/70| 190 5 1 .03 H s
Di 39 - Clara M. Getridge - - 422.5 23 - - Conococheague Ls 17.7 4/8/59 - - - - H P Q; dug well,
Di 4o - Leo Leatherman Fike 1944 128 128 6 - do. - - - - - - H P Q
Di 41 - Nellie Feltner - - - - - - do. - - - - - - H J Q; dug well,
Di 42 - Laurence Easterday - - k25,0 18 - - do. 17.1 4/8/59 = " - - H B ¥
Di 43 - Aaron B, Delauney - - - 30 - - do. - - - - = - H P Do.
Di b4 - Theodore DeLauney - - 415.4 14 - - do. 12,3 4/8/59 - - - - U N Dug well.
Di 45 - Elmer Boyer - - - 35 - - do. - - - - - - H P Q; dug well.
Di 46 - Emma Kearney - - - 30 - - do. - - - - - - H P Do.
Di 47 - Daniel Marshall = - - - - do. - - - - - - H - Q
Di 48 - Hammond & Bender - - - 16 - - do. 9.1 4/14/59 - - - - H B Q; dug well.
Di 50 - Sharpsburg Bank - - - 8 - - do. - - - - - < H P "
Di 51 - Aimee Smith - - - 30 - - do. - - - - - - H P Do.
Di 52 - Theo DeLauney - - - 18 - do. 14,9 k/21/59 - - - - H P Do.
Di 53 - Robert Canfield - - - - - do. - - - - - - U N Dug well,
Di Sk - Ethel Clipp - - - 17 - - do. 14,2 L/16/59 - - - - U P Q; dug well.
Di 55 16716 Mildred Malone Ambrose 1954 - 75 6 24 do. 9 10/-/54 72 2 1 .03 H S Q
Di 56 - Charles Rohrer - - - = - - do. - - - - - - H P Q3 dug well,
Di 57 - John W. Eavey - - - 12 - - do. 5l L4/23/59 - - - - H B Do.
Di 58 - Silas Clipp - - - 10-15 - - do. - - - - - - H B Do.
Di 59 - Harry Peyton - - - 13 - do. - - - - - - H B Do.
Di 60 - L. M. Miles - - - 10 - - do, - - - - - - U P Do.
Di 61 - M. K. Otzelberger - - - 10 - - do. 52 4/2%/59 - - - B H P Do.
Di 62 8602 Ruth Guessford Hoffman 1951 - 129 6 2k do. - - - 2 i - H J Q
Di 63 - Anna Highberger - - - 30 = - do. - - - - - - H J Q; dug well.
Di 64 12612 American Legion Hoffman 1953 Lak,1 51 6 38 do. 17.20| 4/21/59 50 10 1 53 U N Z
Di 65 - do. do. - - 36 6 - do. - - - - - - U J
Di 66 - do. - - - 4o - - do. - - - - - - o] J Q3 dug well,
Di 67 - R. B, Criswell - - 422,3 25 - do. 22,6 | W/21/59| - = - - H P Do.
Di 68 - Ruby Winks - - - - - - do. - - - - - - H P Do.
Di 69 - Fred Stull - - 416.2 20 - - do. 17.1 | b/23/59| - - - - H B Do.
Di 70 = Elmer Boyer = - 470 50 6 - do. 35.3 | 5/11/59| - - - - H P )
Di 71 12613 Kiehl & Giffin Hoffman 1953 485 200 6 6 Elbrook Ls 31 10/-/53 | 200 f 1 < .01 H J ]
Di 74 - Irvin Strite - - 435 31 - - Conococheague Ls 2747 5/20/59 - - - - H & Q; dug well,
Di 75 19259 Lionel A. Grimm Hoffman 1955 423,7 121 6 7 do. 18.5 5/20/59| 115 1.9 - .01 U N 23 reported contaminated
Di 76 - Lena Wilhelm - - - 101 6 - do. - - - - - - U P Q; water cloudy.
Di 77 2370 John Flook Hoffman 1948 438 80 6 37 do. 35 1948 4o 1k 2 2.8 H J Q
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Table 3.

Records of wells in the Hagerstown Valley--Continued

Water use codes

Pump type codes

Remarks codes

Well number: See text for description of well-numbering system. Well locations are C Commercial P Public supply B Bucket A Aquifer test run
shown on Plates 1 and 2. F Fire R Recreational J Jet H Field hardness, in mg/l
H Domestic S Stock N None Q See chemical analyses
Static water level: Reported depths are given in feet; measured depths are given in I Irrigation T Institutional P Piston S Specific conductance,
feet and tenths or hundredths. N Industrial U Unused S Submergible in micromhos
T Turbine Z Well destroyed
Length Water level
State Depth |Diameter of ater _ove Use
Well permit Date  |Altitude |of well | of well |casing | Water-bearing |-feet below land surface) |y, 4 |pours |Specific | of | Pumping
Wa- number number Owner Driller completed | (feet) | (feet) [(inches) [(feet) formation Static Date Pumping | (gpm) | pumped | capacity | water | equipment Remarks
Di 79 13214 Dr. W. H. Shealy Martin 1954 481 276 6 14 Conococheague Ls 75 2/-/54 200 3 2 0.02 H P CJ_I;1 well supplies two
‘. ouses.
pi 80 28751 do. Hoffman 1957 - 264 6 12 do. 55 12/-/57 250 2 1 .01 H S Do.
Di 81 - Clyde W. Grove - - 431.0 30 About - do. 25.3 4/7/59 - - - - H P Q; dug well.
50
Di 82 - Helen Kaylor - - 453.7 52 About - do. 51.0 4/7/59 - - - - H B Do.
50
Di 83 - Eugene B. Kline - - 422.3 22 About - do. 16.1 4/7/59 - - - - U P Do.
50
Di 84 - Helen Kaylor - - - - - = do. - - - - - - g !': Z Do.
Di 85 - National Park Service Hoffman 1962 300 85 6 - Elbrook Ls - - - P = =
Di 86 49892 do. do. 1963 300 165 6 65 do. 12.30 | 2/4/63 30.35 17 |24 .94 U P Q; C & O Canal.
Di 87 57285 do. do. 1964 300 88 6 20 do. 23.43 | 5/26/64 28.18 | About | 21 3.5 H P * 4,75 ft. drawdown at
50 16.5 gpm; C & O Canal.
Di 88 W67W79 J. Keith Meyers Kohler 1966 430 200 6 63 do. 84 9/26/66 76 12 2 .16 s s
Di 89 WA690227 R. Eichleberger Hoffman 1969 450 163 6 46 do. 50 4/2/69 100 3 1 .06 H 5
Di 90 W68W18 Paul Shade do. 1967 490 105 6 21 do. 25 7/28/67 | 90 10 |1 .15 H s
Di 91 WA690221 | Albert Hetzel do. 1969 450 203 6 18 do. 50 4/1/69 7?7 1.9 1 .06 H S
Di 92 WA690250 Rollin Farrow do. 1969 595 105 6 65 Tomstown Dol (?) 4o 5/3/69 100 50 is .83 H S
Di 93 WA690075 | Willie Young do. 1968 605 85 6 80 do. 4o 9/7/68 81 12 1 .29 H s
Di 94 WA630260 James Grimm do. 1969 bhs 165 6 15 Tomstown Dol 4o 5/12/69 | 160 7 i .06 H s
Di 95 WA700150 Robert Barnhart do. 1969 450 100 5 80 do. 8.23| 2/5/70 90 15 1 .19 H s
Di 96 WA700298 Raleigh Ingram do. 1970 460 85 6 65 do. 40 6/4/70 75 15 1 .20 H s
Di 97 - National Park Service do. 1962 510 300 6 23 Conococheague Ls - - - 7.5] = - H S Q
Di 98 WA700055 Claude Milburn Cromwell 1969 430 227 6 21 do. Lo 8/-/69 - 2 2 - H s .
Di 99 WA700076 William Miller do. 1969 500 166 6 20 do. - - - 10 2 - H s H 290, S 595. o
Di 100 WA700105 John Glyn-Jones do. 1969 560 186 6 69 Tomstown Dol (?) - - - L1 2 - H s W;*-i;?vels'y };éov Y3
; 5
Di 101 WA700060 Ray Parkinson Hoffman 1969 600 125 6 22 Reported limestonel 30 9/5/69 110 10 1 12 H S
and Catoctin
Metabasalt
Di 104 W67W108 Edwin Moser Keyser 1966 480 295 6 10 Tomstown Dol 20 10/22/66 - 2 1 - H s
Di 105 WA700135 J. Otzelberger Shaff 1969 310 100 6 L2 Waynesboro Fm 15 11/26/69 60 15 4 33 H S
Di 106 WA700123 Leo Wyand Hoffman 1969 480 325 6 45 do. 100 10/13/69 | 315 20 1 .09 H s
Di 107 WA700007 James Cooper do. 1969 620 160 6 155 Tomstown Dol (?) |125 7/18/69 | 147 10 1 46 H s
Di 108 WA70249 Earnest Thompson do. 1970 560 285 6 35 Tomstown Dol 4o 4/15/70 | 240 3 1 .02 H S
Dj 27 WA690311 Arthur Poffenberger Shaff 1969 530 75 7 4o do. 32 ?7/17/69 4o 10 3 1.25 H S Water reported cloudy.
Dj 28 WA700158 R. Poffenberger Hoffman 1969 580 325 - - do. - - - 5 - < .01 U N 7
Dj 29 WA700158 do. do. 1969 580 245 6 25 do. 57.96 | 2/5/70 225 3 X .02 H s
Eh 1 57688 National Park Service do. 1964 280 83 6 2k do. 17.56 | 5/23/64 18,57 |>100 |24 19.8* H P * 1.01 ft. drawdown at
20 gpm rate; Q;
C & O Canal.
Ei 46 57147 do. do. 1964 300 105 6 Ly do. 23.8 5/25/64 28.4 30 |24 b4 H P Q3 C & O Canal.
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Spring number:

Table 4.—Records of springs in the Hagerstown Valley

See text for description of numbering
system. Spring locations are shown

Method of

measurement codes:

Water use codes:

on plate 2.
E Estimate ¥ Weir C Commercial S Stock
M Current meter B Bucket H Domestic U Unused
Method Use
Spring Altitude Water-bearing Discharge of of
number Owner (feet) formation (gpm) Date measurement water Remarks
Wa-
Ai bk Grant Martin 590 Stonehenge Ls 100 8/11/70 W S T = 12,2°C.
A 45 do. 590 do. 150 8/11/70 W S T = 12.2°C.
A 46 do. 585 do. 75 8/11/70 W S T = 1146°C,
Ai L9 Walter Stuller 525 do. 75 9/1/70 E H T = 12.2°C.
Ai 50 G. Joseph Martin 650 do. 100 L/22/71 E H
Ak 24 Flmer H., Oller 665 Tomstown Dol 145 ?7/14/70 M S Spring issues from large swampy area.
Ak 25 Rinehart 690 do. 606 7/14/70 M s
Ak 26 William Diehl 690 do. 75 7/14/70 E U
Ak 27 G. H. Huff 640 do. 15 7/14/70 E s
Bj 72 State Hwy. Admin. 615 Conococheague Ls 15 10/2/70 W U
Ch 50 Robert Vickers Lo do. 25 6/9/70 W S
ci 55 Hershel Bowers 44O do. 200 L/20/71 E U
Dh 55 Robert C. Keller 300 Elbrook Ls 60 3/9/70 E H
Dh 57 National Park Service 330 Conococheague Ls 30 5/14/70 E U C & O Canal; issues from cave.
Dh 58 do. 320 do, 50 5/14/70 E U Do. ; no flow 6/9/70.
Dh 60 do. 310 do. 15 6/9/70 W U Do. ; issues from swampy area.
Dh 61 do. 310 do. 0.5 6/9/70 W U Do.
Dh 62 do. 310 do. 3 6/9/70 W i} Do,
Di 78 Inknown L60 Tomstown Dol 30 8/18/70 E s
Di 102 Sherrick Spring (NPS) 360 Elbrook Ls 5 5/8/69 W U Issues from cellar of old house.
Di 103 Mumma Spring (NPS) L4720 Conococheague Ls 15 5/8/69 B H Stone spring house.
Dj 26 J. Lowery Lss Tomstown Dol 100 ?7/8/69 E S T = 12,5°C.
Ei 47 Noah Mills 360 do. 20 3/9/70 E U
Ei 48 do. 360 do. 20 3/9/70 E U
Ei 49 National Park Service 300 do. 10 3/9/70 E U C & O Canal,
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Table 7.—Chemical analyses of water samples from selected wells and springs in the Frederick Valley.

(Analytical results in milligrams per liter except pH and color.

Analyses by U.S. Geological Survey except as indicated)

i Hardness Specific
U.S.G.S Date 'ﬁ::— Sili Ir Man- | Cal- Mag Potas- | Bicar Fluo Ni Phos- Dl::ﬁ(livsed as CaCO, cgnduct-
+8:,G: 8, » o it ag- | g - - v o = ¥
well Geologic of ture | (si0,) | (Fe) ganese| cium | nesium czgiau)m sium | bonate S(léléat)e Chilgf)lde ride | trate | phate (residue Calcium,| Non- (r:?::o- pH |Color
number unit collection (°c) (Mn) | (Ca) | (Mg) (K) | (HCO,) B (F) | (NO,) | (PO4) °;r::;ll’; mag- |carbon-| L
Fr-
at 180°C) | Pesium| ate | g50()
Be 3 v Frederick 6/14/55 - - 0.08 - - - 1.2 90 5.4 0.4 - 6.0 - - 82 8.0 168 7.0 -
Limestone
Be 38 :4 Triassic 7/-/69 - - .00 - - - - - 158 - - - 22 - - 180 - - 7.3 -
(limestone
conglomerate)
ce 6 Yy Grove Limestone|  12/20/55 - 6.1 .09 0.01 51 27 18 0.1 209 21 1.8 0.0 | 34 0.0 245 216 45 7 7.7 -
ce 7Y Frederick 5/9/56 - - .55 .03 - - 7e2 208 17 10 - 3k = - 214 [ [T P27 -
Limestone
ce 8Y do. 5/9/56 - - .0k .58 - - 32 466 17 67 - 35 - - Lsh 72 982 7.7 -
o 2 v Grove Limestone| 3/15/55 - 8.3 .05 .02 70 7.6 1.2 1.9 208 10 762 .0 | 29 .0 249 206 36 3 7.4 -
cf 20 Yy Frederick 3/9/5¢ - - .17 - - - 3.2 256 3k 5.0 - 2k - - 265 55 493 8.0 -
Limestone
Dd 1 v Frederick 4/14/53 - 10 .29 - 61 19 19 243 29 12 o | 32 - 322 230 31 527 8.0 -
Limestone=-
New Oxford Fm
contact
pe 2Y Frederick 4/14/53 - 1 .0k - 58 21 9.4 253 20 6.0 .2 | 18 - 268 231 E 469 7.8 -
Limestone
De 15 Y do. 5/19/56 - - .02 .09 - - 4,9 188 5.2 4,5 - 26 - = 176 22 359 7.9 -
e 16 ¥ do. 5/4/56 - 7.2 Kol .06 55 3.1 5.0 .8 152 14 7.2 .0 | 18 W 208 151 27 319 7.5 -
De 47 ¥ Grove Limestong 9/30/64 = - 1.5 - 154 12 = - 383 46 27 <0 3.0 - 500 279 - - 6.9 27
De 48 do. 10/3/69 - 9.9 .00 .00 85 9.0 13 2.9 251 17 23 a0 29 - 313 249 bk 537 8.1 o
Ed 14 v Frederick 5/9/56 - - .01 .03 - - 95 282 66 14 - 178 - - 396 165 1106 8.0 -
Limestone
Ee 2 Y Grove Limestonj 3/21/51 - 7.8 ko .00 66 2k 2.8 5.6 275 12 75 .0 36 - 290 263 38 504 7.7 -
Ee 43 Y do. 2/23/68 - 9.0 - - 107 14 - - 280 - 50 - 5.4 - Lho 334 - 700 7.2 -
Ee 52 -4 do. 2/23/68 - 7.5 - - 98 20 - - 302 - 37 - 5.6 - 421 340 - 750 7.2 -
Ee 54 Y do. 2/9/68 - - - - 156 39 - - 573 - 19 - 5 - 666 580 - 1100 7.2 -
Ee 64 ¥ do. 2/23/68 - 7.0 - - 107 34 - - 498 - 26 - 2.6 - 492 432 - 750 7.2 -

1/ For exact well location see Meyer, 1958, plate 2.

2/ Analysis by England Laboratories, Frederick, Md.
3/ Analysis by Maryland Department of Water Resources.
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Table 7.

(Analytical results in milligrams per liter except pH and color.

Chemical analyses of water samples from selected wells and springs in the Frederick Valley--Continued

Analyses by U.S. Geological Survey except as indicated)

Hardness

Tem- Dissolved as CaCoO. Specific
U.S.G.8. Date pera-| Silica Man- | Cal- Mag- Potas- | Bicar- Fluo- | Ni- | Phos- | solids 3 conduct-
well Geologic of ture | (8i0,) z;-(:)‘ ganese| cium | nesium Scz;tx;n sium | bonate S(‘éléat)e Ch(lgf)ide ride | trate | phate | (residue Calcium,| Non- |, 20C€ pH |Color
nunther unit collection | (°C) ! (Mn) | (Ca) | (Mg) (K) | @mCO,) | " (F) | (o,) | (POy) | o evap-|Trap 7| o rhon- | (Micro-
Fro oration nesium| ate mhos at
at 180°C) 25°C)
Fe 1V New Oxford Fn 12/20/55 - 12 0.53 0.02 1.6 2.4 5.5 3.4 11 0.2 7.5 0.0 | 20 0.0 58 18 9.0 75.8 | 6.0 -
(limestone
conglomerate)
Fo 24 do. 3/24/69 - 12 - - 79 23 10 1.3 286 53 9.5 .0 8.5 - 337 292 57 564 8.2 5
ra &Y Frederick 12/26/46 - 11 .66 - 99 10 7.5 1.8 274 48 8.4 B - 345 288 - 566 7.6 5
Limestone
Fd 16 do. 5/9/56 - - .02 .00 - - k.9 187 21 3.5 - 13 - - 180 27 363 745 -
Fd 50 &/ New Oxford Fm 1/-/69 - 12 37 .02 55 12 1.0 .05 162 28 10 - 13 .05 222 185 - - 7.4 -
(limestone
conglomerate)
Gd 5 Frederick : 3/12/69 - 1 - - 42 9.4 by .6 145 32 b4 .1 .2 - 175 14k 25 304 7.8 | 20
Limestone

1/ For exact well location see Meyer, 1958, plate 2.
ﬁ/ Analysis by Penniman and Browne, Inc., Baltimore, Md.
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Table 8.—Chemical analyses of water samples from selected wells and springs in the Hagerstown Valley

(Analytical results in milligrams per liter except pH and color.

Analyses by U.S. Geological Survey except as

indicated)

Hardness

Dissolved Specific
U.S.G.S Date T:m- Man- | Cal Mag Potas= | Bicai Fluwo Ni Phos solids as CaCO, conduct-
.00, pera-| Sijlica I eAl= = : - - s uo- - = &
well Geologic of ture (Si:) ) (;oex; ganese| cium | nesium S‘zg?)m sium | bonate S(\éléat)e Ch(lgf)xde ride | trate | phate (residue Calcium,| Non- (r:?gfo_ pH [Color
number unit collection | (°C) 2 (Mn) | (Ca) | (Mg) (X) | (HCO,) . (F) | (NO,) | (PO4) | O *¥8P7| mag- |carbon-| hoc a¢
s at 180°C) | Mesium| ate | p50c)
Ag 2 Yy Stonehenge L4/24/59 - 8.0 | 0.00 0.00 46 7.6 1.6 L2 149 10 3.1 0.4 | 10 3.3 257 146 El 278 7.6 -
Limestone
1Y Rockdale Run Fm 3/7/51 - 9.2 .0k .01 91 5.1 3.4 3.7 241 36 5.9 o 22 - 304 248 50 501 7.7 -
oY Conococheague 3/19/58 - 9.6 .03 .02 11k 1 2 332 28 8.3 .2 2.0 A 336 310 38 473 8.0 -
Limestone
Ai 19 y Rockdale Run Fm 9/17/58 - - .07 - 103 6.5 51 k10 13 17 2 | b - - 283 5} 815 7.0 -
Ai 20 v Conococheague 10/15/58 - - .00 - 51 34 30 311 18 9.4 .2 56 - - 266 11 598 7.9
Limestone
Aj 2 y do. 3/12/58 - - .00 - 95 25 5 312 60 8.2 - 26 - - 340 - 620 7.5
Bf 3 Yy do. 10/15/58 - - .00 - L2 14 14 188 8.6 3.0 o2 30 = - 161 7.0 347 8.1
Bf 25 do. 2/6/63 12 1 .00 .00 7 18 1.5 1.4 268 23 1.9 & | 16 .00 275 250 31 477 7.3 2
Bf 28 do. 7/26/63 13.5 | 13 .ok .00 74 32 1.0 1.7 326 43 1.3 .9 3.5 .05 343 316 49 562 7.5 5
Bg 14 iy do. 4/24/59 - 10 .03 .00 62 6.0 3.2 2.0 166 22 5.5 .6 16 L.b 231 179 35 357 8.0 -
Bh 17 ¥ Rockdale Run Fm 10/15/58 - - .00 - 94 %7 26 304 35 1 .0 | 29 - - 267 18 596 7.9 -
Bi 16 v Stonehenge 3/17/57 - 16 Ok .07 145 32 L.b 1.4 436 29 5.6 .0 14 - Lk 375 18 724 7.2 -
Limestone
Bi 27 £ 4 do. 10/14/58 - - .00 - 51 50 49 324 83 12 2 | 57 - - 308 42 659 7.4 -
Bj 1 £ 4 Waynesboro 3/12/58 - - .00 - 52 22 7 247 14 4.5 - 14 - - 220 - 4ko 77 -
Formation
Bj 2 ' Tomstown 3/19/58 - - .00 - 66 13 11 231 24 6.1 - 2k - - 218 - Ll 7.9 -
Dolomite
Bj ky Elbrook 10/8/58 - - .01 - 37 22 12 233 4,8 3.6 3 8.5 - - 183 0 411 7.8 -
Limestone
Bj 7 Y Tomstown 6/12/58 - - .00 - 35 15 17 213 .6 2.0 ol 9.8 - - 149 o 352 7.6 -
Dolomite
=7
Bk 9 do. 8/-/58 - 13 e - - - 16 247 - 10 5.0 - .66 - 200 159 11 - 7.9 -
Bk 25 do. 4/9/70 12 11 .02 .25 32 18 245 1.3 178 6.2 5.1 ol 5.1 - 171 154 8 323 8.1 o
cg 12 Conococheague ‘ 11/18/64 11.0| 11 .02 - 8l 8.6 1.5 22 267 18 2.0 0 9.3 - 265 25 26 Ls2 7.8 e
Limestone

1/ For exact well location see Slaughter, 1962, plate 2.
2/ Analysis by Penniman and Browne, Inc., Baltimore, Md.
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Table 8.

(Analytical results in milligrams per liter except pH and color.

Chemical analyses of water samples from selected wells and springs in the Hagerstown Valley--Continued

Analyses by U.S. Geological Survey except as indicated)

Dissolved Hardness Specific
U.S.G.S. Date s _— Man- | Cal- | Mag- | goqium | Potas- | Bicar- fg e Fluo- | Ni- |Phos- | Solids 25 CaC0s | conduct-
well Geologic of ture (SK;S; (Fc:; ganese| cium | nesium ?N:)m sium | bonate (léoa) Ch(lg;‘)ide ride | trate | phate (residue Calcium,| Non- ( ance pH [Color
number unit collection (°c) * (Mn) | (Ca) | (Mg) (K) | (HCO,) . (F) | (NOg) | (PO,) | O evap-| =0 "l carbon- | (Micro-
S5 oration nesium| ate mhos at
at 180°C) 25°C)
Ch 2 Yy Conococheague 10/15/58 - - 0.00 - 23 59 3 291 23 14 0.2 31 - - 299 61 575 7.5 =
Limestone
Ch 7 Yy Rockdale Run Fm 4/2L/59 - 11 .00 0.00 98 8.6 3.8 2.0 285 25 i 8 5 19 4.1 319 280 50 sh2 7.8 =
ch oY do. 10/15/58 - - .00 - 22 53 21 272 19 4.6 .2 87 - - 102 o 499 8.2 -
Ch 42 Stonehenge 9/9/69 - 10 .02 .02 70 7.0 3.4 2.2 194 32 11 .2 13 - 243 20k 4s 423 7.7 3
Limestone
Ch 43 do. L/27/70 13 9.2 - - 93 10 2.0 1.7 276 29 8.2 o2 12 - 301 272 46 518 745 3
i Tomstown 9/9/58 - - .01 . 56 4o 78 sio |17 4.0 2 | a7 - - 303 0 582 7.7 | -
Dolomite
ci16 Y Conosocheagis 9/9/58 a - .02 - L 28 16 268 8.4 2.8 .2 34 = = 224 4.6 452 7.5 2
Limestone
cial do. 1/4/60 - 12 .02 .00 | 61 2.8 28 230 9.0 7.8 .2 18 .0 264 164 0 433 7.6 “
Ci 33 Yy do. 9/30/54 - 7.5 1.8 - 48 6.8 7 137 20 11 .2 19 - 201 148 36 310 7.4 =
¢y 8Y Tomstown 10/8/58 - = .00 . 67 e 13 289 7.4 | 14 5| o3 = g 265 | 28 490 24 | -
Dolomite
cja Y a5, 9/9/58 s = .01 = 36 28 16 215 5.6 2.2 b 67 = - 204 28 389 8.0 =
m 1Y Conococheague 5/19/59 - - - - - - 9.3 37 366 - 12 - - - - 291 5 697 7.9 -
Limestone
Dh 14 do. 4/15/59 - 9.0 .00 - 99 22 17 12 315 70 12 o7 47 .0 540 338 79 808 7.6 5
Dh 15 do. L/14/59 - - - - - - 31 8.7 272 - 6.0 - 37 - - 261 38 = 7.7 -
Dh 16 do. L/14/59 - 16 .00 - 104 21 51 32 338 56 8.5 .5 101 5 551 346 69 836 7.6 8
Dh 17 do. 4/15/59 - - - - - - 34 7.6 284 - 9.5 - 58 - - 293 61 659 745 -
Dh 18 do. 4/14/59 - = - - - - 20 19 282 - 16 - 29 - - 323 92 789 7.8 a5
Dh 20 do. 4/15/59 - 14 - - 80 25 13 17 354 50 14 +5 9.2 .0 Los 304 14 721 7.8 5
Dh 22 do. 4/16/59 - 11 .00 - 85 20 35 3 292 51 13 .6 67 .1 470 294 Sk 783 7.5 7
Dh 23 do. 4/16/59 - - - - - - 27 22 308 - 10 - 210 - - 259 6 677 7.5 -
Dh 24 do. 4/16/59 - 12 .00 - 63 9.3 13 17 177 58 6.0 .6 41 .0 308 195 50 4o2 7.8 -
Dh 25 do. 4/16/59 - - - - - - 21 23 270 - 8.0 - 17 - - 218 0 564 2.2 -
Dh 26 do. 4/16/59 = = - = - - 24 26 396 - 14 - 78 - - 390 66 915 7.5 -

1/ For exact well location see Slaughter, 1962, plate 2.
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Table 8. Chemical analyses of water samples from selected wells and springs in the Hagerstown Valley--Continued

(Analytical results in milligrams per liter except pH and color.

Analyses by U.S. Geological Survey except as indicated)

Dissolved| ~ Hardness | gpecific
U.S.G.S. Date 'ngla- s Man- | Cal- | Mag- 7 Potas- | Bicar- | Fluo- | Ni- | Phos- | solids 38 CACO, conduct-
well Geologic of e Siigza g“or)\ ganese| cium | nesium Sodium Sium | Bonaie Sulfate | Chloride i doe trate | phate (residue Caleium,| Non- ance ) pH |Color
number unit cottection | °¢) | ©%| ) Foam | ca) | 9 | N | ) | qmcoy) | 09| | Tm) | oy | (POL) | ©n ¥R~ | mag. | carbon- | (iero;
= at 180°C) | PeSUm| ate | 950¢)
Dh 27 Conococheague 4/16/59 - 7.5 0.00 . 82 8.0 32 17 304 35 18 0.5 | 22 0.1 368 238 13 636 7.5 6
Limestone
Dh 28 do. 4/16/59 - - - - - - 12 32 232 - 9.0 - 110 - - 319 129 779 7.6 -
Dh 29 do. 4/30/59 - 12 .00 - 107 25 27 25 298 80 18 5| 35 .0 581 372 128 948 7.6 -
Dh 31 do. 4/30/59 - - - C - - 17 17 280 - 9.0 - 48 - - 271 L2 666 7.6 -
Dh 32 do, 4/21/59 - 12 .00 - 126 28 63 9.7 418 143 34 5 57 .0 876 430 87 1170 7.3 13
Dh 33 do. 4/21/59 - 5.0 .00 - 51 1 27 25 298 19 3.5 .5 [133 .0 302 172 0 518 7.6 5
Dh 35 do. 4/29/59 - - - - - - 18 11 177 - 6.5 - 29 - - 162 22 40 7.6 -
Dh 36 do. k/14/59 - - - - - - 20 8 314 - 8.0 - 21 - - 358 100 808 7.6 -
Dh 37 Elbrook 4/30/59 - - - - - - 2.5 1.5 303 - 2.0 - 10 - - 220 (o] 439 8.0 -
Limestone
Dh 38 do. 4/30/59 - - - - - - 17 33 348 - 14 - 78 - - 345 60 740 7.7 -
Dh 39 do. 5/11/59 - 12 .00 - 93 11 6.3 3.0 296 3.7 8.0 .5 | 46 ol 342 277 30 600 7.6 5
Dh ko Conococheague 4/30/59 - 10 .00 - 60 21 32 21 341 26 8.0 4| 8o - 392 236 0 675 7.6 7
Limestone
Dh 41 do. 5/11/59 - - - - - - - - 237 - 25 = 19 = - 210 16 726 6.9 -
Dh 43 do. 5/19/59 - - - - - - 59 19 296 - 3.3 - 33 - - 256 14 90k 7.7 =
Dh 44 do. 5/21/59 - 9.6 .00 - 135 24 25 27 571 9.2 16 L) 18 B 562 436 o 1030 72 8
Dh 46 do. 5/20/59 - - - - - - 9.3 8.9 211 - 16 - 10 - - 252 79 529 7.9 =
Dh 47 Elbrook 5/20/59 - 13 .00 - Lo 12 .9 3.0 165 2.9 3.4 .5 6.0 .0 175 150 14 315 7.6 7
Limestone
Dh 49 Conococheague 5/11/59 - 8.7 .02 - 89 17 5.7 4,6 281 38 9.6 s | 35 - 332 300 70 552 7.4 -
Limestone
Dh 51 do. 7/30/63 12 1 .02 | 0.23 82 17 1.9 1.0 298 25 2.3 o2 2.3 .07 339 274 30 493 7.6 -
Dh 52 do. L4/28/6k 13 11 Wk .20 118 14 2.9 L.l 356 48 3.5 oAy || 43 .02 410 352 60 632 72 -
Dh 53 do. 4/6/69 - 9.5 - N 53 6.9 2.2 1.4 176 11 3.9 .2 11 - 186 161 17 301 7.6 3
moa¥ o s 4/29/59 + = e C 81 | 43 1.7 1.7 | w6 | 16 1.0 9 | 2.5 .0 438 379 14 685 | 7.6 | 2
n 8Y Conococheague 4/23/59 - - - - " - 6.6 5.3 243 - 4.5 - 30 - - 229 30 487 7.5 -
Limestone
pi 10 Y Tomstown 9/9/58 - = | [ 22 7.6 45 53 8.2 | 28 A | e = 2 87 u3 b7 | 6.8 | -
Dolomite
1/ For exact well location see Slaughter, 1962, plate 2.
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Table 8.

(Analytical results in milligrams per liter except pH and color.

Chemical analyses of water samples from selected wells and springs in the Hagerstown Valley--Continued

Analyses by U.S. Geological Survey except as indicated)

Tom.- " Plsaied] tscaco, |oeeeie
s | ceoome | Pqf o [Berec)stie) on | quncc| i | e | Sodium | T | Borais |Sutate| cttoriae| T~ | SR | i | (resiaue [ T ance | | cotor
number unit collection (°c) ® (Mn) | (Ca) | (Mg) (K) | (HCO,) $ (F) | (No,) | (PO) | omevap-|"poo 7l o rbon- | (Micro-
i oratxgn nesium| ate mhos at
at 180°C) 25°C)
pn Y Waynesboro Fn 10/18/58 B - 0.00 | - b | 1.6 n st | .0 0.0 | 12 . - 18 9 63 59 | -
i Y Conococheague 5/20/59 | - - = . - = 2.0 | oo | 22 - 5.2 - | 8o | - - 207 a | wms |7 | -
Limestone
Di 39 do. 4/8/59 - 7.9 .01 - 89 14 20 25 266 17 22 A5 - 388 280 62 641 7.3 &
Di ko do. 9/8/59 = 12 .01 - 79 48 37 8.2 332 48 61 L - 466 397 125 882 7.4 -
Di b1 do. 4/8/59 - 12 .00 - 123 22 42 50 4h46 62 i S5 | 53 - 612 399 32 997 7.2 -
Di L2 do. 4/8/59 - 9.1 .01 - 92 13 7.2 7.9 273 36 6.1 <5 23 - 338 282 58 533 7.9 -
Di 43 do. L4/8/59 - 12 .02 - 87 17 34 25 279 4 25 Ao] 65 - 448 288 60 728 7.4 N
Di 45 do. 4/8/59 - 9.7 .00 - 85 18 4.5 4.6 272 25 9.1 Ao 21 - 308 286 63 512 7.5 =
Di 46 do. 4/8/59 - 12 .01 - 96 20 18 17 32k 43 20 b 35 - 428 320 sk 670 75 -
Di 47 do. 4/14/59 - - - - - - 15 7.3 356 - 6.5 - 28 - - 328 36 665 8.1 -
Di 48 do. 4/14/59 - - - - - - 23 22 266 - 14 - 51 - - 195 0 673 7.6 -
Di 49 do. 4/15/59 - 1 .00 - 69 18 17 7.2 284 24 9.0 A 32 0.0 - 246 14 578 2:7 5
Di 50 do. 4/15/59 < 3 - - - - 12 14 196 - 7.0 - 28 - - 178 18 456 7.8 =
Di 51 do. 4/23/59 - - - - - - 9.0 8.3 270 - 14 - 13 - - 266 4 582 749 -
Di 52 do. L/21/59 - - - - - - 5 27 341 - 24 - |aas - - 278 0 4o8 7.3 -
Di 5k do. 4/16/59 - - - - - - 31 26 322 - 7.0 - 73 - - 238 0 647 7.3 -
Di 55 do. 4/23/59 - b .00 - 98 29 30 18 340 72 18 S | 75 .0 610 364 79 895 7.3 8
Di 56 do. b/23/59 - - - = - - 25 20 285 - 7.0 - 21 - - 232 0 60k 7.6 -
Di 57 do. 4/23/59 - 11 .02 0.2 75 11 12 14 236 35 13 .3 | 8 .0 388 232 37 570 7.6 9
Di 58 do. 4/23/59 - 12 .01 - 114 18 22 18 416 39 18 .3 6.7 .0 483 358 18 820 7.4 0
Di 59 do. 4/23/59 - - .03 - 78 22 10 k.9 34 30 7.0 4|18 .0 337 285 28 617 7.6 )
Di 60 do. 4/21/59 - - - - - - 38 18 290 - 18 - 39 - - 268 30 765 2+5 -
Di 61 do. 4/23/59 - - - - - - 18 8.3 223 - 9.0 - b7 - - 2k6 64 897 7:5 =
Di 62 do. 4/23/59 - 12 .02 - 114 19 33 7.5 355 72 10 5 67 - 530 362 72 839 7.6 5
Di 63 do. 4/30/59 - = = = - - 65 20 297 - 35 |1k - - 356 112 1080 7.6 -
Di 66 do. 4/21/59 - 11 .02 - 86 19 47 34 354 53 22 A 70 2 552 292 0 906 7.4 5
Di 67 do. 4/21/59 - 13 .01 - 84 16 37 16 312 5t 14 5 | 66 .0 490 240 0 710 7:7 ?
Di 68 do. 4/23/59 - 12 .02 - 89 25 Lo 21 420 56 22 5 |13k .0 670 452 108 1120 7.6 G
Di 69 do. 4/23/59 - - - - - - 5.3 83 298 - 22 - [336 .0 - 305 0 - 27 -
1/ For exact well location see Slaughter, 1962, plate 2.
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Table 8. Chemical analyses of water samples from selected wells and springs in the Hagerstown Valley--Continued

(Analytical results in milligrams per liter except pH and color.

Analyses by U.S. Geological Survey except as indicated)

Dissolved Hardness Specific
U.S.G.S. Date 'f,::: atioal Man- | Cal- | Mag- Potas- | Bicar Flwo | Ni- | Phos- | solids as CaCO; _ |conduct-
Z ca on = = = =
well Geologic of ture | (i0,) | (Fe) ganese| cium | nesium Sr:gl:)m stom | bonate S(\gléat)e Ch(lgf)ide ride | trate | phate (residue Calcium,| Non- (n?l‘::o- pH |Color
number unit collection (°c) (Mn) | (Ca) (Mg) (K) | (HCO,) % (F) | (NOy) | (PO4) °:r::’;1;' mag- |carbon-| ooy
Wa=
at 180°C) | MeSlum| ate | p5°c)
Di 70 ¥ Conococheague 5/11/59 - - - - - - b2 30 280 - 14 - 22 - = 298 68 664 8.4 -
Limestone
Di 71 do. 5/21/59 - 10 0.04 - 5k 21 1.6 1.8 254 12 5.5 0.4 8.0 | 0.0 264 221 13 462 27 6
Di 72 do. 5/20/59 - - - - - - 3.4 8.3 333 - 10 - 6.0 - - 284 11 627 7.8 -
Di 73 Elbrook 5/20/59 - - - - - - 3.7 2.8 259 - 7.7 - 11 - = 240 28 509 7.8 -
Limestone
Di 74 Conococheague 5/20/59 - - - - - - 18 4o 378 - 34 - Lo - s 385 75 968 Wl -
Limestone
Di 76 do. 5/21/59 - 1 .06 0.04 | 108 38 12 14 382 |103 23 4|1 .0 532 425 112 876 7.7 9
Di 77 do. 5/21/59 - - - - - - 2.5 1.6 299 b - - 5.0 - - 276 31 538 7.6 -
Di 79 Elbrook 4/2/59 - 11 .01 - 83 L2 1.8 2.2 397 35 1.5 .3 .0 | 8.2 388 380 Sk 629 7.4 -
Limestone
Di 80 Conococheague 4/7/59 - 9.9 .02 - 67 21 21 1.5 263 16 3.0 Bl 23 1,3 248 253 38 452 75 -
Limestone
Di 81 do. k/7/59 = 13 .02 = 118 26 17 81 367 24 27 N s 638 403 102 969 7.2 “
Di 82 do. k/7/59 - 11 .02 - 104 37 90 12 304 48 141 .5 | 8 6.3 688 41 162 1130 7.8 -
Di 83 do. 4/7/59 - 1 W2k 2.0 96 23 20 27 427 28 18 Ry .0 - 458 335 5} 723 7.2 -
Di 84 do. 4/7/59 - 13 .18 1.4 129 60 39 27 551 48 66 3 85 3.4 736 570 118 1230 7.0 -
Di 86 Elbrook 2/4/63 14,5 21 .01 - 113 34 3.3 1.7 349 149 .0 o2 .0 .0 529 = 138 764 7.3 o
Limestone
Di 97 Conococheague 1/-/62 - 12 .00 .00 69 31 9.2 - 317 39 6.7 o7 9.1 Ok 339 300 4o 565 7.6 [¢]
Limestone
Eh 1 Tomstown b/23/64 11.5| 12 .01 1.5 100 28 6.2 13 289 110 14 A 1.5 .03 Lhg 367 130 661 7.2 -
Dolomite
Y
Ei 1 Waynesboro Fm 11/28/55 - 20 1.3 .00 91 3k 3.9 1.4 389 72 3.3 2 .8 .0 L6k 372 52 704 743 -
Ei 46 Tomstown L/26/6k 12,0 14 .07 - 91 7.9 2.6 1.6 276 16 4,7 o2 8.7 .03 291 260 34 471 7.3 -
Dolomite

1/ For exact well location see Slaughter, 1962, plate 2.
3/ 6.5 mg/l carbonate.
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1. Chemical quality of water and trace elements in the Patuxent River Basin, by S. G. Heidel

and W. W. Frenier, 1965, 52 p. ....ccceeennennnn. s e T e e e T T e e s T T e $1.00

2. Pleistocene stratigraphy of the Salisbury area, Maryland and its relationship to the lower
Eastern Shore: a subsurface approach, by H. J. Hansen, 1966, 56 D. ....cccceevvvrireenicvneeennn. 2.25

3. Water resources of the Salisbury area, Maryland, by D. H. Boggess, and S. G. Heidel,
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4. Expandable clay in the St. Marys Formation of Southern Maryland, by M. M. Knechtel, H.
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5. Chemical quality reconnaissance of water of Maryland streams, by J. D. Thomas, 1966,
L o S e 2.00

6. Revision of stratigraphic nomenclature—Glenarm Series of the Appalachian Piedmont,
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7. Geophysical log cross-section network of the Cretaceous sediments of Southern Maryland,
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8. Piedmont and Coastal Plain geology along the Susquehanna Aqueduct: Baltimore to Aber-
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9. Chemical and physical character of municipal water supplies in Maryland, by J. D.
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10. Ground-water occurrence in the Maryland Piedmont, by L. J. Nutter and E. G. Otton,
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11. Petrology and origin of Potomac and Magothy (Cretaceous) sediments, Middle Atlantic
Coastal Plain, by J. D. Glaser, 1969, 101 Du.ccciiieeiiieeieiieeeeiiiieeeeeeecrrae e e e eeerneesesesennneaeeenseananas 3.50

12. Paleoecology of the Choptank Formation (Miocene) of Maryland and Virginia, by R. E.
Gernant, 1970, 90 P. coeeioiiieieieeieeeeeeee et et ee et e seteestaeeesbeeeessatesssseesesteesaseeessaeesenneeessreseesnnreeens 4.50

13. Extent of brackish water in the tidal rivers of Maryland, by W. E. Webb and S. G.
Heidel, TOT0, A6 Bl wrsmsessssemssmorissassnmsnos isensisessiess i i massssmssesnusss shussesoasssussassoss sussssiss sesnrsskasasssss 1.50

14. Geologic and hydrologic factors bearing on subsurface storage of liquid wastes in Mary-
land, by E. G. Otton, 1970, 89 P. wooviiiiiieieiieeeecieeeeteeeeeeeeetteeesseesesbseessseesesstseesssseesssseessssesssnes 2.75
15. Geology and mineral resources of Southern Maryland, by J. D. Glaser, 1971, 84 p. ................ 4.75
16. Flow characteristics of Maryland streams, by P. N. Walker, 1971, 160 D. ..ccceevvvvrvreeciienieereennns 2.50

17. Water resources of Dorchester and Talbot Counties, Maryland with special emphasis on the

ground-water potential of the Cambridge and Easton areas, by F. K. Mack, W. E. Webb,
and B A. GATANETE; TOTY; 10T D ciscusvnsovumsiussimmsvessssmvassssnsessinisss sasassssissvessisvs e siisamisss sasans ssases 5.25

18. Solid-waste disposal in the geohydrologic environment of Maryland, by E. G. Otton, 1972,
LT R T —— 3.00

19. Hydrogeology of the carbonate rocks, Frederick and Hagerstown Valleys, Maryland, by L. J.

Nitter;, 1978, TO D ssvssimmmmsicnirmmiisici S sl tamsssssioisiessisiitvssmnessssadinsssssssaseth bveisomsainsiass 3.50
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