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THE WATER RESOURCES OF BALTIMORE
AND HARFORD COUNTIES

Tae GrounD-WATER REsources or THE PIEDMONT PART
BY

R. J. DINGMAN AND H. F. FERGUSON

ABSTRACT

Baltimore and Harford Counties lie in two physiographic provinces, the
Coastal Plain to the southeast and the Piedmont to the northwest. This report
deals with the Piedmont province, where the rocks are largely hard Precambrian
or lower Paleozoic schist, quartzite, granite, gabbro, marble, and phyllite.
Ground water in the crystalline rocks generally occurs under water-table con-
ditions, although artesian conditions exist locally. The source of all ground
water in the area is precipitation. The precipitation averages about 43 inches
per year and is generally rather evenly distributed throughout the year.

More than 70 percent of the drilled wells have yields of 10 gallons per minute
or less, and only 2 percent have yields in excess of 50 gallons per minute. The
Baltimore gneiss is an important aquifer in which the yields of 116 wells range
from 0 to 110 gallons per minute and average a little better than 10 gallons
per minute. A value for the coefficient of transmissibility obtained from a pump-
ing test of a well in the gneiss was about 5,000 gallons per day per foot. The
Wissahickon formation is divided into two rock types, an oligoclase-mica facies
and an albite-chlorite facies. The yields of more than 230 wells in the oligoclase-
mica facies average better than 11 gallons per minute. Generally, the best wells
are in areas where the rocks are deeply weathered. The average yield of 76 wells
ending in the albite-chlorite facies is 10 gallons per minute. The average depth
of the wells in the Wissahickon is 92 feet. The Cockeysville marble is the best
aquifer in the area. The marble weathers to a sand or sandy clay to depths
locally in excess of 100 feet. The yields of 55 wells ending in the marble range
from less than 1 to 80 gallons per minute and average about 19 gallons per
minute. The average depth of wells in the marble is about 210 feet. The yields
of wells arerelated to the topographic situation. The best wells are in the valleys
and the poorest are on hilltops.

The total use of ground water in the area is about 4 million gallons per day,
most of which is used for domestic or agricultural purposes. There are no public
supplies (municipal) from a ground-water source in the Piedmont section of
either county, although formerly several communities had public water supplies
derived from wells.

The chemical character of the ground water is generally satisfactory for
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2 WATER RESOURCES OF BALTIMORE AND HARFORD COUNTIES

most uses, as shown by 61 chemical analyses of water from wells or springs.
Dissolved solids in 51 samples average 105 parts per million. The hardness in
60 samples averages 59 parts per million. The hardest water is obtained from
wells or springs in marble. The iron content is generally low, but it ranges from
0 to 3.5 parts per million.

Additional ground-water supplies are available for rural and domestic use,
but supplies for industrial and irrigation use are limited to an estimated maxi-
mum of a few hundred thousand gallons a day.

INTRODUCTION
LOCATION OF THE AREA

Baltimore and Harford Counties are in north-central Maryland. Baltimore
County is bounded on the west by the North Branch of the Patapsco River
to a point just west of Reisterstown and thence by a northeast-trending line
to the Pennsylvania border, on the south by the Patapsco River and Chesa-
peake Bay, and on the north by the Pennsylvania border. Harford County
adjoins Baltimore County on the east. Harford County is bounded on the east
by the Susquehanna River, on the south by the Bay, and on the north by the
Pennsylvania border. This report is concerned primarily with the hydrology
of the parts of the counties that lie in the Piedmont physiographic province
(fig. 1), which constitutes about 80 percent of their area. The area southeast
of U. S. Highway 40 (the Coastal Plain part of the counties) is described in
a previous report (Bennett and Meyer).

PurPOSE, SCOPE, AND METHODS OF INVESTIGATION

The purpose of the investigation was to obtain basic information on the
ground-water resources of the parts of Baltimore and Harford Counties that
lie in the Piedmont physiographic province. The investigation included a study
of the lithologic and hydrologic characteristics of the geologic formations,
their utilization as sources of ground water, and the chemical quality of the
water that they contain. The fieldwork was begun in the fall of 1952 and was
essentially complete in October 1954.

An inventory of 1,174 wells and springs was made in the two counties (Tables
15-18). Logs of wells were compiled from drillers’ reports, field observation by
the authors at well-drilling sites, or examination of samples submitted by the
well drillers to the Maryland Department of Geology, Mines and Water Re-
sources (Pls. 4 and 3). Electric and temperature logs were obtained for a number
of wells. Water samples from 41 wells and springs were analyzed for chemical
constitutents by the United States Geological Survey, 16 analyses were obtained
from the Maryland State Health Department, and 4 analyses were obtained
from other sources (Tables 13 and 14). The fluctuations of water levels were
determined by means of periodic tape measurements or continuous-recording
instruments in observation wells.
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1 \WATER RESOURCES OF BALTIMORE AND HARFORD COUNTIES

The wells inventoried are numbered according to a coordinate system. On
the left and right side of the well-location map of each county (Pls. 1 and 2),
uppercase letters designate S-minute intervals of latitude, and on the top and
bottom of each map lowercase letters designate 5-minute intervals of longitude.
The S-minute quadrangle formed by the intersection of the lines of latitude
and longitude is identified by a combination of the coordinate letters. The ab-
breviations for Baltimore (Bal) and Harford (Har) Counties are placed before
the coordinate letters to differentiate between the wells in the two counties.
The wells in each 5-minute quadrangle were assigned consecutive numbers in
the order in which they were recorded.

PrEVIOUS STUDIES

The water resources of Baltimore and Harford Counties are discussed briefly
in a report on the water resources of Maryland, Delaware, and the District of
Columbia, by Clark, Mathews, and Berry (p. 413-426). The ground-water
resources of the Baltimore area, including Baltimore City and the parts of
Baltimore and Harford Counties within the Coastal Plain, were studied by
R. R. Bennett and R. R. Meyer during the period 1943 to 1945, and the results
of that investigation were published as Bulletin 4 of the Maryland Department
of Geology, Mines and Water Resources. The ground-water conditions at
several localities in the area were studied by other members of the U. S. Ge-
ological Survey during the past few years, and the data have been used in this
report.

ACKNOWLEDGMENTS

The well drillers in Baltimore and Harford Counties were very helpful in
providing information on wells drilled prior to and during this study. The
Maryland State Department of Health provided chemical analyses of water
from wells that had been used for public water supplies. The engineers of the
Baltimore County Metropolitan District provided data on soil-percolation
studies in Baltimore County.

The investigation was under the general supervision of A. N. Sayre, Chief
of the Ground Water Branch of the U. S. Geological Survey, and under the
immediate supervision of R. R. Bennett, District Geologist until August 1953,
and E. G. Otton, District Geologist since August 1933, in charge of the coopera-
tive ground-water investigations in Maryland.

Econoyy AND CULTURE

Baltimore County has a land area of 610 square miles, of which approxi-
mately 68 percent is used for agricultural purposes (Maryland State Planning
Commission, p. 14). The most important crops are corn, wheat, and vegetables.
Dairy products, beef, pork, and poultry also are produced in substantial quan-
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tities. Approximately 20 percent of the industry of Maryland is in Baltimore
County, but most of the plants are located in the Coastal Plain area.

The population of Baltimore County was 269,362 in 1930, and as of January
1955 was estimated by the Baltimore County Department of Education to
have increased to about 340,000. Most of the population is concentrated in
the areas adjacent to Baltimore City.

Harford County has a land area of 448 square miles, of which approximately
70 percent is used for agricultural purposes (Maryland State Planning Com-
mission, . 32). The agricultural production is highly diversified. The county
has a smaller industrial area than Baltimore County, producing approximately
1 percent of the State’s manufactured products.

The population of Harford County was 52,014 in 1950. The largest city in
the county is Havre de Grace with a 1930 population of 7,811. Suburban de-
velopments in the county are relatively few and small.

There has been some development of the mineral resources of the two coun-
ties. Large gravel, clay, and sand pits are located along the border of the Coastal
Plain, and quarries are operated at several localities in the crystalline rocks.
Feldspar, flint, slate, serpentine, marble, and ores of chrome, iron, and copper
were mined in the early part of this century and the 19th century. The mineral
industry is relatively small today.

CLIMATE

The average annual precipitation is 43.32 inches, based on records 17 to 84
years long at five stations in Baltimore and Harford Counties. The precipita-
tion is rather evenly distributed throughout the year, the average monthly
precipitation reaching a maximum of approximately 4.5 inches in August and
a minimum of approximately 3.0 inches in February, with a secondary mini-
mum of approximately 3.1 inches in November.

The mean annual temperature is approximately 53°F. The last killing frost
usually occurs late in March and the first killing frost late in October or early
in November.

GENERAL GEOLOGY AND HYDROLOGY

Baltimore and Harford Counties are underlain by crystalline rocks of Pre-
cambrian or of early Paleozoic age (Pl. 3). They extend beneath younger un-
consolidated sedimentary rocks, chiefly of Cretaceous age, in the southeastern
parts of the two counties. The crystalline rocks are chiefly schist, gneiss, phyl-
lite, and gabbro, with smaller amounts of quartzite, marble, granite, serpentine,
slate, and dikelike intrusives of pegmatite and diabase. A mantle of disinte-
grated and decomposed rock generally overlies the fresh rock.

The Coastal Plain sediments include the Patuxent formation of Early Cre-
taceous age and the Arundel clay and Patapsco formation of Late Cretaceous
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age. The sediments dip to the southeast, forming a wedgelike body having a
maximum thickness in Baltimore and Harford Counties of about 800 feet.
Small areas near the southeastern edge of the Piedmont are covered by these
Cretaceous formations, generally in isolated remnants capping hills.

In some parts of the area thin deposits of gravel, sand, and clay of Tertiary
and Quaternary age cap hills, form valley-side terrace deposits, or occur as
alluvium in the bottoms of valleys.

The boundary between the Coastal Plain physiographic province and the
Piedmont physiographic province is called the Fall Line (fig. 1), which coin-
cides roughly with the boundary between the crystalline rocks and the uncon-
solidated Cretaceous sediments of the Coastal Plain.

The occurrence of ground water in Baltimore and Harford Counties is largely
dependent on the character, areal extent, and structure of the rock formations.
In general, the ground water moves downward and laterally from upland areas
to lowland areas where it is discharged in springs and streams. Although locally
the water may pass beneath bodies of soil or rock of low permeability and be-
come confined under artesian pressure, the ground water occurs predominantly
under unconfined, or water-table, conditions.

Most of the area is underlain by crystalline rocks. The openings in the crys-
talline rocks that contain or transmit water are chiefly joints and other frac-
tures, but, in the mantle of weathered rock, water occurs in the pore spaces
between the particles. Most of the ground water in the crystalline rocks circu-
lates in this more permeable mantle rock and in the upper few tens of feet of
the undecomposed rock. Most of the water for wells is derived from the upper
part of the undecomposed rock.

Water in the unconsolidated sedimentary deposits occurs in the pore spaces

of the sand, gravel, and clay. Circulation of ground water is greatest in the
permeable beds of sand and gravel, and least in the highly porous but relatively

impermeable beds of clay and sandy clay. The largest supplies of water from
wells in the sedimentary deposits are obtained from beds of sand and gravel.

The character and water-bearing properties of the geologic formations are
described in Table 1, and the character and water-bearing properties of the
various crystalline rocks are described in Table 2.

OCCURRENCE OF GROUND WATER
GENERAL PRINCIPLES

In Baltimore and Harford Counties ground water is derived entirely from
precipitation. Some of the precipitation flows directly from the land surface
into streams as surface runoff, some is returned to the atmosphere by evapora-
tion, and some percolates downward into the soil (fig. 2). Some of the water
that enters the soil is returned to the atmosphere through transpiration or
evaporation without reaching the water table. Only a small part of the pre-
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TABLE 2

Crystalline Rocks in Baltimore and Harford Counties and their Water-bearing Properties

Rock type Geologic unit

Lithology

Water-bearing properties

Schist Wissahickon forma-

tion, albite facies

Banded quartz-musco-
vite schist and phyl-
lite of  various
compositions, may
contain chlorite, al-
bite, or oligoclase.

Domestic supplies avail-
able almost every-
where. Large supplies
(50 g.p.m. or more)
are available in many
areas. Poorest wells

| Wissahickon forma- | Relatively soft and | are on narrow ridges.

| tion, oligoclase fa- easy to drill. | Highest yields from

cies wells in draws and

small valleys. Yields

of wells range from

0 to 200 g.p.m. and

average 10.5 g.p.m.

Gneissic and Baltimore gneiss Gneissic  rocks are | Domestic supplies avail-
granitic rocks | Gunpowder granite banded or foliated, able almost cvery-
(including Port Deposit gneiss are highly crystal- where. Larger sup-
pegmatites) Woodstock granodi- line, and contain plies available in some

orite
Hartley augen gneiss
Relay quartz diorite

much biotite. Gra-
nitic rocks are mas-
sive, highly siliceous,
and somewhat gneis-
sic. Drilling proper-
ties variable; sili-
ceous zones drilled
with difficulty.

areas. Highest yields
obtained from wells
in draws and small
valleys.  Yields of
wells range from 0.5
to 35 g.p.m. and av-
erage 10.8 g.p.m.

Gabbro, serpen-
tine, and re-
lated basic
rocks (includ-
ing Peach Bot-
tom slate and
Triassic dia-

Gabbroic  rocks are
dark, massive, and
hard; most serpen-
tine is greenish, soft,
massive, and in
places highly frac-
tured. Fresh gabbro

Domestic supplies avail-
able nearly every-
where. Weathered
mantle is thin and
clayey. May decline
during summer and
fall. Yields of wells

base) difficult to drill. Ser- range from 0.5 to 80
pentine soft and easy g.p.m., and average

to drill. 10.3 g.p.m.
Marble Cockeysville marble | Coarsely  crystalline = Probably the best crys-
white marble and talline-rock  aquifer.
limestone; dolomitic Industrial  supplies

in some areas. Rela-
tively soft and easy
to drill.

possibly available in
valleys where marble
has weathered to
sand. Yields of welis
range from 0.2 to 80
g.p.m. and average
18.8 g.p.m.
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Rock type Geologic unit Lithology Water-bearing properties
Quartzite Peters Creek quart- | Coarse-grained quart- = Domestic supplies avail-
zite zite with associated able almost every-
Setters formation mica  schist and where. Larger sup-
Cardiff conglomerate gneiss. Drilling vari- plies available in some
able; siliceous zones areas. Yields of wells
drilled with diffi- range from 0.5 to 135
culty. g.p-m. and average

12.8 g.p.m.

cipitation replenishes, or recharges, the ground-water reservoirs (p. 47-52).
Water is discharged from the ground-water reservoirs through springs or by
seepage into streams, by evaporation and transpiration, and through wells.

The percentage of the total volume of a rock that is occupied by interstices
is its porosity. The porosity of the sedimentary materials and of the weathered
mantle of the crystalline rocks is relatively high, probably ranging from a few
percent to 20 or 30 percent. It is lowest where the weathered material is only
partly decomposed or the sediments are consolidated, cemented, or poorly
sorted. In the unweathered crystalline rocks ground water occurs chiefly in
joints and other fractures which make up only a small percentage of the total
rock volume—probably less than 1 percent in many places.

The permeability of a rock is a measure of its ability to transmit water.
Whereas the porosity is the total volume of pore spaces or other openings,
permeability is determined or governed chiefly by the number, size, shape, and
degree of interconnection of the pore spaces or other openings. The permeability
of a rock is not necessarily proportional to its porosity. The porosity of clay
is high (more than 50 percent in many clays), but its interstices are so small
that water clings to the clay particles by molecular attraction and does not
move freely through them; hence, the permeability of clay is low. In sand and
gravel, however, the much larger interstices enable the water to be transmitted
more readily, and the permeability of these materials is high. Secondary ce-
mentation, compaction, and consolidation reduce the permeability of a rock.
The permeability of unweathered crystalline rock is determined chiefly by the
character of the joints and other fractures. The weathered crystalline rock
may be permeable sand-like material (saprolite) or an impermeable clay or
silt, depending on the degree of weathering and the nature of the original rock.

Ground water occurs under two types of conditions, water-table and artesian.
Water-table conditions exist where the water-bearing material that makes up
the ground-water reservoir is not overlain by impervious rock, and water from
precipitation may directly enter the reservoir by downward percolation. The
upper surface of the saturated zone, which is under atmospheric pressure, is
called the water table. Its position is marked by the static water level in wells.
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Artesian conditions exist where the water, moving through an aquifer, passes
beneath relatively impervious rock and becomes confined under pressure. If
an artesian reservoir is penetrated by a well, the water level in the well rises
above the bottom of the confining rock or layers. A water well penetrating a
confined aquifer is classed as artesian whether or not the water rises to, or above,
the land surface. In the Piedmont area of Baltimore and Harford Counties
practically all the ground water occurs essentially under water-table conditions;
artesian conditions exist only locally.

The ground-water reservoirs in Baltimore and Harford Counties discharge
water continuously, but at varying rates, by both natural and artificial means.
In comparison with the quantity of ground water discharged naturally, the
discharge by artificial means, consisting almost entirely of water pumped from
wells, 1s extremely small.

Natural discharge of ground water occurs through springs and by direct
discharge into stream beds, evaporation, and transpiration by plants. It is
largely the continuous discharge of ground water through springs or into stream
beds that maintains the flow of the streams despite the intermittency of pre-
cipitation.

I'actors that determine the amount of rainfall that becomes ground water
are (1) duration, intensity, and periodicity of the rainfall, (2) shape of the land
surface, (3) permeability of soil and rock at and beneath the surface, and (4)
type and density of vegetation.

OccURRENCE OF GROUND WATER IN THE SEDIMENTARY ROCKS
PATUXENT FORMATION

The Patuxent formation crops out in an irregular belt along the edge of the
Coastal Plain in Baltimore and Harford Counties, forming a thin, interrupted
cover over the crystalline rocks in the area along the Fall Line. In Baltimore
County the formation is exposed in a belt 1 to 4 miles wide, and in numerous
crosional outliers (islands) to the northwest. In Harford County the outcrop
of the Patuxent formation is less extensive, occurring mainly as erosional out-
liers northwest of U. S. Highway 40.

The formation dips to the southeast and thickens rapidly downdip. It is
the basal formation of the Coastal Plain wedge of sediments. Where complete,
the Patuxent formation is 150 to 300 feet thick in Baltimore County (Bennett
and Meyer, p. 40), but the eroded outliers range in thickness from a featheredge
to 30 feet.

The formation is of continental origin and consists of a series of irregular
and lenticular beds of brown, tan, and white gravel, sand, sandy clay, and clay
and thin indurated sandstone layers. The sands and gravels commonly show
crossbedding. The character of the sediments changes rapidly both vertically
and horizontally.
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The Patuxent formation is the source of numerous domestic and small com-
mercial ground-water supplies along U. S. Highway 40. North of U. S. Highway
40, where the formation is thinner and discontinuous, it yields water to dug
wells and to a few drilled wells in the thicker erosional outliers. The Patuxent
formation thickens rapidly to the southeast beyond the area of this report,
and becomes an excellent aquifer yielding up to 1,000 gallons per minute to
wells in the Sparrows Point industrial area.

ARUNDEL CLAY

The Arundel clay, which overlies the Patuxent formation, crops out along
the Fall Line as an irregular belt half a mile to 3 miles wide, extending north-
eastward across Baltimore County and to the vicinity of Bush River in Harford
County. The formation dips about 40 feet to the mile to the southeast, and
ranges in thickness from about 25 feet near the outcrop to 200 feet down-
dip (Bennett and Meyer, p. 59). The formation consists essentially of a tough
red to gray clay which locally contains small concretionary masses of “iron-
stone.”

Although the Arundel clay is not generally considered to be an aquifer, some
domestic water supplies are obtained from dug wells in the formation. Downdip
the Arundel clay acts as a confining layer or aquiclude permitting the develop-
ment of artesian pressures in the underlying Patuxent formation.

PATAPSCO FORMATION

The Patapsco formation, which lies unconformably upon the Arundel clay,
crops out in the Coastal Plain parts of Baltimore and Harford Counties in a
broad belt extending northeast across the southeastern parts of the two coun-
ties. In Harford County the outcrop area is discontinuous, owing to the pres-
ence of the overlying Pleistocene deposits. Northwest of the Iall Line the out-
crop area consists of isolated erosional remnants capping the hills.

The Patapsco formation, also of continental origin, is lithologically similar
to the Patuxent formation. The sediments are composed essentially of red,
brown, white, or gray gravel, sand, sandy clay, and clay. Crossbedding is
common. Most beds are lenticular and change rapidly in character over short
distances. The formation ranges in thickness from about 300 feet where fully
developed in southeastern Baltimore County to only a few feet on hills north-
west of the major belt of outcrop in both counties (Bennett and Meyer, p. 63).

The Patapsco formation is too thin and of too limited areal extent in the
area of this report to be of importance as an aquifer. Some domestic dug wells
probably obtain water from the Patapsco where it occurs as a cap on some of
the hills north of U. S. Highway 40. Beyond the area of the report, in the Balti-
more industrial area, yields of 300 to 500 gallons per minute are obtained from
wells in the Patapsco formation.
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PLEISTOCENE AND RECENT DEPOSITS

Pleistocene deposits overlie much of the outcrop area of the Cretaceous strata
in the Coastal Plain area of the two counties, and remnants of these deposits
cap the hills and uplands in the part of the Piedmont adjacent to the Iall
Line. Scattered outliers of the Pleistocene deposits occur as far northwest of
the Fall Line as Cockeysville in Baltimore County and at Level in Harford
County. These deposits range in thickness from about 150 feet along Chesa-
peake Bay to only a few feet northwest of the Fall Line, and lie on the eroded
surface of the Precambrian or Cretaceous formations. Bennett and Meyer
(p. 68), with respect to the occurrence of ground water, arbitrarily divided
the Pleistocene deposits into two ill-defined units—a lowland unit which is
essentially equivalent to the Talbot formation, and an upland unit which
roughly corresponds to the Brandywine, Sunderland, and Wicomico formations.
Most of the Pleistocene deposits northwest of U. S. Highway 40 are part of
the upland unit. These deposits are composed of a heterogencous mixture of
cobbles, gravel, sand, and clay. Their thickness is estimated not to exceed 30
feet. The upland deposits are not an important water-bearing formation, as
they are thin and occur chiefly on the tops of well-drained hills and ridges.
Small supplies of water for domestic use are obtained from dug wells on the
flatter parts of the ridges and upland areas. The water-bearing properties of
the lowland deposits are discussed by Bennett and Meyer (p. 72), who report
that considerable coarse water-bearing material is present in this unit, and that
the most permeable material is in the vicinity of Aberdeen and Havre de Grace,
Harford County, where yields as high as 500 gallons per minute have been ob-
tained. In the vicinity of Baltimore, salt water from the Patapsco estuary has
moved into the lowland deposits, and they are no longer used as a source of
ground water. Because of their limited areal extent, the lowland deposits are
not an important aquifer in the area of this report.

Alluvial deposits of Recent age underlie the flood plains in the vallevs of
some of the major streams. In most localities the Recent deposits are narrow
and thin, are composed of material derived from the local crystalline rocks,
and contain a high percentage of silt and clay. Three test wells were drilled
in the spring of 1954 through flood-plain deposits along Broad Creek and Deer
Creek in Harford County (Pl. 6, fig. 1). The thickness of the Recent deposits
averages 22 feet and they are composed of a mixture of cobbles, gravel, sand,
silt, and clay. As only a few feet of the Recent deposits were saturated, the wells
were not tested for yield from these sediments. The heterogeneous character
of the material and its high content of silt and clay indicate poor permeability,
and the wells would have had very small yields if the alluvium could have been
satisfactorily tested. In a few places in the Piedmont area the permeability,
lateral extent, and thickness of the Recent alluvium may be sufficient to per-
mit pumping of substantial quantities of water from wells or galleries, provided
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that sufficient recharge can be induced from the adjacent streams. The water-
bearing properties of the Recent deposits and their hydraulic connection with
the associated streams should be determined before deciding the feasibility of
developing a substantial water supply from the alluvium.

OCcURRENCE OF GROUND WATER IN THE CRYSTALLINE Rocks
GENERAL DESCRIPTION OF GEOLOGIC UNITS

The metasediments that compose the Glenarm series (Setters formation,
Cockeysville marble, Wissahickon formation, and Peters Creek quartzite)
underlie most of the northern half of Baltimore County and the northwestern
third of Harford County. The rest of the area is underlain by the highly meta-
morphosed Baltimore gneiss and by intrusive masses of igneous rock (gabbro,
granite, granodiorite, pyroxenite, diabase, and others) which have been meta-
morphosed to varying degrees.

The geologic structures generally strike northeast; therefore the Glenarm
series is exposed in broad bands that extend across the counties from southwest
to northeast (PL. 3). Many of the bodies of intrusive rock also follow this struc-
tural trend; for example, the gabbro extends northeastward from Ellicott City
to Conowingo. Table 2 summarizes the lithology and water-bearing properties
of the crystalline rocks.

The crystalline rocks of Baltimore and Harford Counties may be roughly
classified into two major types: (1) thoroughly metamorphosed sedimentary
rocks, and (2) intrusive igneous rocks which, since their injection, have heen
metamorphosed to varying degrees. In their original state the two types of
rock differed greatly in geologic character and in hydrologic properties. The
sedimentary rocks must have had a high porosity and, in part, were permeable;
the igneous rocks were dense and massive and of very low porosity and perme-
ability. These widely different types of rocks were subjected to extreme heat
and pressure, as well as to the chemical action of solutions given off by cooling
igneous rocks. Their mineral grains were rearranged, crushed, or stretched, and
new minerals were formed. In many places the original rock textures were
almost obliterated by the intense folding and recrystallization.

WATER-BEARING PROPERTIES OF TIIE CRYSTALLINE ROCKS
Porosity
The percentage of pore space in typical crystalline rocks is shown in Table
3. The percentage of pore space is very small in comparison to the porosity
of sand and gravel. Many of the pore spaces in the crystalline rocks are so
small that water is transmitted through them very slowly, if at all. Wells obtain
no significant amounts of water from the pores of the massive rock. In several
areas, particularly in Baltimore County, many wells have been drilled 300 to
400 fect deep in the Wissahickon formation and have yielded only a small
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TABLLE 3
Porosity of Various Rocks!

Porosity (percent by volume)

Number of tests\ Minimum Maximum Average

Igneous rocks:
Granite
Diorite
Diabase
Gabbro
Gabbro
Amphibolite
Metamorphic rocks:
Serpentine
Marble
Slate
Graywacke schist
Quartzite

o W

R=gi=
—

o

Quartzite ‘ ‘ ‘

1 Compiled from M. L. Fuller (p. 61), H. Reich, and Buckley (p. 400-403).
2 Rock types listed more than once indicate porosity determinations by more than one
analyst.

fraction of a gallon per minute. Even these small yields are probably derived
from pores in the surficial weathered material around the base of the casing or
from small fractures in the deeper fresh rock, and not from pores in the fresh
rock.

Permeabdility
JOINT SYSTEMS

Joints and other fractures are the only openings in the fresh crystalline rocks
through which water may move with sufficient rapidity and in sufficient vol-
ume to supply a well; therefore, the permeability of the crystalline rocks is
largely determined by the size and extent of the fractures. The different types
of joints in the crystalline rocks and the geologic processes forming them are
discussed by Cloos. A joint may be defined as an opening or fracture in the rock
of great length and depth as compared to its width, There are generally two
systems of joints oriented essentially at right angles to each other and a third
system crossing them at an oblique angle. Joints occur at intervals ranging
from a few inches or less in closely jointed rock to several tens of feet in more
massive rock. Joint systems may be observed in serpentine and the Peters
Creek quartzite freshly exposed in deep road cuts along Maryland Highway
623 near Broad Creck in Harford County and in many quarries in the area.
The joints near the surface of the unweathered rock may be several inches
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wide. These relatively wide openings result in part from the slow decomposition
and solution of some of the minerals in the rock by ground water. The width
of the joints decreases rapidly with depth. Near the bottoms of quarry walls
the width of most joints is very small; in most places a knife blade cannot
be forced into the openings. The width of the joints probably continues to de-
crease with depth until they are only hairline cracks or even invisible or “in-
cipient” joints.

SUEET JOINTS

In some of the crystalline rocks, principally the granites, another system of
joints is developed that essentially conforms with the configuration of the land
surface. This type of joint is known as sheet jointing, or sheeting, and is par-
ticularly well developed in the granodiorite intrusive exposed near the town of
Granite, Baltimore County (Pl 6, fig. 2).

SOLUTION OPENINGS

Occasionally, when drilling in the crystalline rocks, the drilling tools suddenly
drop, perhaps several inches or more, as though the drill had penetrated an
open space in the rocks. Such an opening was encountered in drilling an ob-
servation and test well in the Wissahickon formation near Hampstead in ad-
jacent Carroll County. The hole was being drilled by the rotary method, using
a fairly thick natural mud as the dritling fluid. The hole had been ‘“tight”
from the surface down to 74 feet, showing only a small loss of drilling fluid.
At a depth of approximately 74 feet the drilt dropped about 6 inches and a
complete loss of mud circulation occurred. At this depth the well presumably
was still being drilled in the partly weathered rock, as the drilling-time records
at a depth of 60 to 80 feet show a rate of penetration of approximately 114
minutes per foot, whereas drilling time in unweathered Wissahickon formation
in other wells using the same equipment averaged approximately 10 minutes
per foot.

Inasmuch as crystalline quartz appeared in the cuttings after circulation was
re-established, the drill may have dropped as the result of passing through a
pegmatite dike from which the feldspar had been removed by solution by
ground water, leaving a honeycombed lattice of quartz crystals partly filling
the space originally occupied by the pegmatite. Such a honeycombed zone prob-
ably would be highly permeable, and if encountered at sufficient depth beneath
the water table, should make a good well.

Wells drilled along steeply dipping contacts between the Cockeysville marble
and other crystalline rocks have encountered decomposed rock to great depth
(Table 4). In addition to the wells listed in Table 4, another well was reported
to have been drilled approximately 100 yards east of Bal-Ec 34 to a depth of
500 feet without encountering hard rock. Most of these wells start in the
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TABLE 4
Records of Wells Drilled into Formational Contact Zones Adjacent to the Cockeysville Marble

|

Well number Contact dle)cetl)_;irtxcléoosfed é;e;‘d) Remarks
Bal-Cd 7 Setters-Cockeysville 95 BHS

Db 19 do 100 0

Ilc 34 do 352 2

Lic 40 do 198 0 Mud all the way

Fc 41 do 76 0

Lic 42 do 202 )

Dc 27 Wissahickon-Cockeysville 135 ¢ 7 Sticky vellow clay

| 90"-135'

Cockeysville marble but are located within a few tens of feet of a contact with
an adjacent formation. Generally, yellow or gray mud is penetrated the
entire depth of the well. Weathering to this depth probably is caused by the
acidic water from the adjoining silicate rock moving into and dissolving the
relatively soluble marble. Some of the faults mapped in the Piedmont along the
contact of a marble or limestone with other crystalline rocks probably are
zones where slumping has taken place as a result of similar solutional phenom-
ena. Such ““faults” would die out beneath the zone of ground-water circulation.

FAULTS

Faults may create openings that increase the permeability of the crystalline
rocks. A fault is a fracture along which there has been appreciable slippage.
The crushing and fracturing associated with faulting of crystalline or other
consolidated rocks may produce a brecciated zone that is more porous and
permeable than the original rock. On the other hand, well Fr-Fd 9 in Frederick
County (Dingman and Meyer, p. 21) and well Bal-Ed 13 in Baltimore County
apparently were drilled in fault zones and yielded little water. Both these wells
are approximately 200 feet deep, were reported to have been drilled in mud
and clay for their entire depth, and were abandoned as “‘dry holes.” Apparently
in these two instances the crushed material or gouge in the fault zone had been
reduced toa claylike consistency, either by the mechanical action of the faulting
or by decomposition of the original gouge by ground water circulating along
the fault zone.

Statistical Analyses

GENERAL PRINCIPLES

The depths of wells in the crystalline rocks range from a few feet in shallow
dug wells to 1,800 feet in a well at Lutherville in Baltimore County. The re-
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ported yields of the wells range from 0 to 200 gallons a minute. The specific
capacity, or rate of yield per unit of drawdown, of a well is a useful indication
of productivity. However, a figure based on a single drawdown-yield ratio is
of doubtful value in many wells in crystalline rocks, for the specific capacity
may vary greatly with depth in a given well. For example, if a 400-foot rock
well having a static water level of 50 feet yields 10 gallons a minute with a
drawdown of 50 feet, the specific capacity is 0.2 gallon per minute per foot (10
divided by 50). If all the water is derived from a fracture zone at a depth of
100 feet, if the pumping level is lowered to 200 feet (by briefly increasing the
pumping), the well may continue to yield only 10 gallons a minute, but the
specific capacity has changed to 0.07 gallon per minute per foot (10 divided by
150). With the pumping level at 300 feet the specific capacity has changed to
0.04 (10 divided by 230).

Wells similar to the hypothetical well described above are common in Balti-
more and Harford Counties. In some wells drilling is continued after a water-
bearing zone has been encountered, either to form a reservoir in the well, or in
an attempt to obtain additional water. Often the deeper part of the well is
unproductive. Wells of this type will be discussed more fully in the section on
the relation of depth of wells to yield.

The yields of wells are a guide to the permeability of an aquifer. In the crys-
talline rocks there is considerable variation in the yield of adjacent wells, due
to differences in the number and size of fractures encountered, rock type, topo-
graphic situations, and rock structures. Therefore, the results of a statistical
analysis of yields of wells may be applied only in a general way to any given
locality.

The importance of the various factors that affect the yields of wells in the

crystalline rocks is revealed by statistical analyses. Such analyses may be
based on the relation of well yields to the depth of the well, to its topographic
position or geologic setting, and to the thickness of the weathered rock mantle
in the vicinity. In Baltimore and Harford Counties the depths of the wells and
the depth of weathering, as shown by lengths of casing, were obtained largely
from the well drillers’ completion reports and are reasonably accurate. How-
ever, the yields reported for most domestic wells are only approximations, as
the wells are seldom pumped or bailed at their maximum capacity and the
methods of measurement often somewhat crude. On the other hand, commercial,
industrial, and municipal wells are usually tested at full capacity and for longer
periods, so that the reported yields of these wells are more accurate.

The topographic position of each well—whether on a slope, in a valley or
draw, etc—was determined at the time the well was inventoried. However,
there is no precise dividing line between various topographic positions, and
their identification is subject to personal interpretation. For example, a draw
(small valley) generally enlarges downslope and becomes what can be called
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Figure 3. Frequency Distribution of Yields of Wells in the Crystalline Rocks

a valley, but there is no definite point where the draw ends and the valley
begins; a well in the transition zone might be placed in either of the two classi-
fications.

FREQUENCY DISTRIBUTION OF YIELDS OF WELLS IN THE CRYSTALLINE ROCKS

The relative frequency with which various yiclds are obtained from wells
drilled in the crystalline rocks is shown in figure 3, which is a frequency-distri-
bution graph of the yields of 819 wells in Baltimore and Harford Counties.
More than 70 percent of the wells have yields of 10 gallons per minute or less,
and only 2 per cent of the wells have yields of more than 50 gallons per minute.
This graph indicates the probability of obtaining a required yield.

RELATION OF ROCK TYPE TO DEPTII AND YIELD OF WELLS

The relation of the rock type in which a well was drilled to the depth and
yield of the well was analyzed statistically. Although the basic principles of
occurrence of ground water apply to all the crystalline rocks, variations in the
structure and lithology of the various rocks result in differences in their water-
bearing properties (Table 5 and fig. 4). Rocks of five types underlie more than
90 percent of the Piedmont arca of Baltimore and Harford Counties. These
five types (Baltimore gneiss, Cockeysville marble, Wissahickon formation,
Peters Creek quartzite and similar rocks, and the gabbro and diabase) are
discussed in some detail. The remaining rocks, which underlie less than 10 per-
cent of the Piedmont area, are discussed in general terms.
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TABLE 5
Average Depth, Length of Casing, and Yield of Wells by Geologic Unils

Depth (feet) Length of casing (feet) Yield (gpm)

Formation

Minimum
| Number of
wells
Maximum
Minimum
Average
Maximum
Minimum

|
|
|
|
|

Maximum

2201 — 2] 3920 (29.

—
o
o

Woodstock granodiorite 2 | 150/ 56 103
Cockeysville marble 54 11800, 50210 6 42.2 55 80 .218.
Contact zones 8 | 433| 60,181 10 48 8| 651 |13.
Wissahickon formation (oli- | 232 | 735| 37,143 4.548.2 233 /1200, 0 |11.
goclase facies) ‘\
Baltimore gneiss 116 | 432| 27110/ 98 38.2 116 (110, 0 |10.
Pyroxenite 2 | 100[ 90 95 1| 24 — 2| 10110 |10
Setters formation 12 | 365| 53]172] 11 97 12372 | 9.
Gabbro 148 | 450/ 29 75 49.6 149 | 80, .5[10.
Wissahickon formation (al- 76 | 223) 40 92| 74 | 96 33.3) 76| 50 2 |10.
bite facies) ‘
Peters Creek quartzite 90 = 380| 35(104; 75 |135| 3.549.5| 90 |135| .5/13.
Gunpowder granite 17 | 210/ 18110, 14 | 84 11 36 17 | 30| 1.5 8.
Port Deposit gneiss 60 480 18 94| 44 |330 2 42.0 60 | 37| .5[11.
Serpentine 22 140 45 83| 20 | 71) 13 (31.6 22| 30[ 2 [10.1
Peach Bottom slate 1, 8|8 —| — | — — | — 1] 10(10 | —

S

wn
I N RV I

Epidiorite 1 106/106 —| 1 (100100 — 1 3413 fl—

Baltimore Gneiss

The Baltimore gneiss is the oldest rock in Baltimore and Harford Counties.
It occurs in six irregularly shaped domes or anticlines of varying size in Balti-
more County and as a northeast-trending body in southern Harford County
(P1. 3). In Baltimore County the domes of gneiss are commonly bordered by
the resistant Setters formation. The domes generally are topographically high
areas surrounded by broad valleys developed in the Cockeysville marble, which
overlies the Setters formation. The topography developed on the domes con-
sists typically of smooth, rounded hills with gentle slopes grading in to U-shaped
valleys. In Harford County the topography of the upland areas developed on
the gneiss is gently undulating and is more subdued than the topography of
the domes of Baltimore County. The gentler topography in Harford County
is probably due to the fact that large masses of resistant gabbro surround the
gneiss, protecting it to some extent from deep dissection.

The rocks of the Baltimore gneiss vary from heavily banded granitoid biotite
gneiss to thinly banded “ribbon” gneiss. Dark bands are usually rich in biotite
and light-colored bands are predominantly quartzose.

The Baltimore gneiss is a source of domestic water supply, and in favorable
areas limited commercial or small industrial supplies may be obtained. The
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yields of 116 wells in the gneiss average 10.8 gallons per minute and range from
0 to 110 gallons per minute. The average depth of these wells is 110 feet, and
their depths range from 27 to 432 feet. Only one of the wells inventoried was
reported to be a complete failure (well Bal-Ed 13, near the southern end of
Lake Roland), and only one well had a yield greater than 55 gallons per minute
(well Bal-Cc 27), 1 mile north of Shawan. This well yielded 100 gallons a minute
in a 72-hour test. Probably other wells in the gneiss, if tested, would prove to
be capable of comparable yields.

Transmissibility coefficients—In September 1933 an aquifer test was run on
well Bal-Cc 27, situated in a small valley approximately 200 feet from a stream.

Ficure 4. Relation of Depth and Yield of Wells to Crystalline-rock Units
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F1Gure 5. Semilog Graph of Recovery for Pumping Test on Well Bal-Cc 27

The well is 93.5 feet deep and contains 6-inch casing of unknown length. The
discharge averaged 100 gallons per minute for 72 hours, the final drawdown
being 37 feet. Coefficients of transmissibility! ranging from 2,300 to 5,300
gallons per day per foot were computed by the Cooper-Jacob semilog method
(Cooper and Jacob, p. 526-534) from measurements that were made of the
water levels during pumping and during the recovery period after pumping
ceased (fig. 5). The highest transmissibility was calculated from the section
of the recovery curve representing the period from 1 to 10 minutes and after
300 minutes after the pump was turned off to the end of the test.

Cockeysville Marble

The Cockeysville marble occurs along the flanks of the gneiss domes in Balti-
more County, and in several valleys between the domes where the overlying
Wissahickon formation has been eroded away, exposing the marble (Pl 3).
In Harford County the Cockeysville marble is of small areal extent, occurring
as a very narrow strip along the eastern edge of the Phoenix dome in the vicinity
of Hess, and as a small infolded remnant surrounded by the Baltimore gneiss
along Winters Run, about 2 miles south of Singer. The thickness of the Cockeys-

1 The coefficient of transmissibility, T, is expressed as the rate of flow of water, in gallons

a day, thru a vertical strip of aquifer 1 foot wide extending the full saturated thickness of the
aquifer under a hydraulic gradient of 100 percent.
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ville is estimated to be 300 to 500 feet. The impression of much greater thick-
ness suggested by the wide outcrops shown on the geologic map is due to repe-
tition of beds by folding and faulting.

The Cockeysville marble is a completely crystalline marble, ranging from a
poorly cemented, coarsely crystalline calcite to a fine-grained dense dolomite
(PL. 7, fig. 1). The calcareous and dolomitic phases are interbedded, as in the
quarries at Texas in Baltimore County. In the vicinity of Texas, and in Hydes
and Long Green Valleys, the marble weathers to a fine- to- medium-grained
somewhat micaceous, calcareous sand. In some places, as in the quarries near
Texas, it consists of a very white clean, well-sorted crystalline sand (Pl. 7, fig.
2). In test well Bal-D{ 39 near the Hydes Post Office, a white to yellowish-
brown calcareous sand was present to a depth of 127 feet. Sand has been re-
ported by well drillers at a depth of about 200 feet in the vicinity of Glenarm
in the Long Green Valley.

Broad, flat to gently undulating valleys are typical of areas underlain by the
Cockeysville marble. The only sinkholes seen in the formation are about 3
miles west of Butler in the Butler valley. These sinkholes are 10 to 20 feet in
diameter. They are restricted to a line just upslope from and paralleling a re-
sistant ledge of the marble, suggesting that geologic structure may be an im-
portant factor in their development.

The Cockeysville marble is the best crystalline-rock aquifer in the area.
The yields of 35 wells in the Cockeysville range from 0.2 to 80 gallons per minute
and average about 19 gallons per minute. The depths of these wells range from
50 to 1,800 feet and average 210 feet. The best wells in the Cockeysville are in
flat areas in the valleys, usually where a mantle of sand overlies the unweathered
rock. The poorest wells are situated on small rises, which may be the topo-
graphic expression of more resistant (dolomitic?) beds in the marble.

Transmissibility coefficients—An aquifer test was made on test well Bal-Df
39 near Hydes in February 1954. This well is 165 feet deep, and “limestone”
sand (disintegrated marble) was encountered from near the surface to 127 feet,
and somewhat harder marble from 127 to 165 feet. The well was cased to the
harder marble, and 8 feet of screen with 0.025-inch slots was installed opposite
a coarse sand layer between 96 and 104 feet. Analysis, by the Cooper-Jacob
semilog method, of the rate of recovery of the water level after pumping ceased
indicates a coefficient of transmissibility of approximately 35,000 gallons per
day per foot. The test indicates that, where the sand (or weathered marble)
is thick, as in Hydes and Long Green Valleys, it is likely that large-capacity
commercial or irrigation wells can be obtained if the wells are properly screened
and developed. Prospecting would be required to outline the favorable parts
of the valleys.

Springs—>Many springs are located in the valleys underlain by the Cockeys-
ville marble. The discharge of the largest of these, Chattolanee Spring (Bal-
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Ec 5), was 400 gallons per minute on April 17,1954, and 355 gallons per minute
on February 1, 1955. Springs that discharge water at rates in excess of 50 gallons
per minute are located in most of the other valleys in the Cockeysville marble.

Resistant ledges of marble crop out in or near the discharge points of most
of these springs, indicating that geologic structure and lithology may be the
important factors controlling their occurrence. In some of the valleys, as, for
example, along the north side of Green Spring Valley, springs, seeps, and
ground-water ponds are located in a line paralleling the strike of the rocks,
probably reflecting the presence of a relatively impermeable bed within the
marble.

WV issahickon Formation

The Wissahickon formation is composed of a great thickness of schist (esti-
mated by some to be as much as 10,000 feet thick), which conformably overlies
the Cockeysville marble. The topography developed on the Wissahickon forma-
tion consists of gently rolling uplands and elongated ridges separated by steep-
sided valleys (PL. 9, fig. 1). In some areas, as just west of Cockeysville, there is
as much as 300 feet of relief between the ridges of the Wissahickon schist and
the adjacent valleys in the Cockeysville marble. The formation is divided into
an albite-chlorite facies, in the northern part of the two counties, and a more
highly metamorphosed oligoclase-mica facies in the central part.

OLIGOCLASE-MICA FACIES—The oligoclase-mica facies is a closely folded,
coarsely crystalline rock composed primarily of biotite, muscovite, quartz,
and oligoclase feldspar. Common accessory minerals are garnet, staurolite, and
kyanite. The mica in the oligoclase-mica facies is abundant and highly resistant
to weathering, and is a conspicuous, glittering constituent of soils in areas

underlain by this facies. The rock is chiefly a relatively soft, foliated mica
schist with occasional beds of hard white quartzite (L. 8, fig. 1).

Hydrologically, the oligoclase-mica facies of the Wissahickon formation is
one of the most complex units in the area. The yields of 233 wells in the oligo-
clase-mica facies average 11.2 gallons per minute and range from 0 to 200 gallons
per minute. The average yield of wells in this formation is weighted (downward)
by yields from a number of wells drilled along several ridges, particularly in
Baltimore County north of the Green Spring Valley, where it is difficult to
obtain a well having a yield of even a few gallons per minute for a domestic
water supply. Wells on these ridges may average as much as 300 feet in depth,
and in some housing developments several wells have been drilled in order to
obtain a supply of 1 gallon per minute. In these areas the schist is generally
weathered to depths of 80 to 100 feet, and the water table is near the base of
the weathered zone. The most likely explanation for the poor yield of the wells
on these ridges is that the wate  table generally lies below the zone of decom-
posed rock, and therefore wells must depend upon the very small capacity of
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the unweathered rock to furnish a supply. If this is the case, then even where
a well encounters fractures capable of yielding some water, the storage capacity
of the rock crevices is so small that the well would maintain its initial yield for
only a short time. Another explanation for the low yield along these ridges is
that the schist may be of such a nature that a well casing driven into it com-
pletely seals off any water stored in the overlying weathered mantle rock. If
no water-bearing fractures are encountered at greater depths, the well will be
unsuccessful. Tt is also likely that on the steeply sloping sides of these ridges
a high percentage of the precipitation runs off directly at the surface, or after
penetrating the surface, is deflected laterally by the upper portion of the B
soil horizon, so that there may be an appreciable reduction in recharge to the
ground-water reservoirs in areas of high topographic relief, and a correspond-
ingly lowered water table.

ALBITE-CHLORITE FAcies.—The albite-chlorite facies of the Wissahickon
formation is an albite schist or gneiss interbedded with beds of chlorite or musco-
vite schist. Accessory minerals include magnetite, pyrite, calcite, garnet, zircon,
tourmaline, and hematite. The albite-chlorite facies is less highly metamor-
phosed than the oligoclase facies and is also less crinkled and contorted. The
yield of 76 wells drilled into the albite-chlorite facies of the Wissahickon forma-
tion in Baltimore and Harford Counties ranges from 2 to 50 gallons per minute
and averages 10 gallons per minute. These wells range in depth from 40 to 223
feet and average 92 feet. Satisfactory domestic wells can be obtained in most
localities from the albite-chlorite facies.

Transmissibility and Storage Coefficienis.—An aquifer test was made at Ar-
cadia, Baltimore County, in June 1954. The test site is on a gently rolling upland
developed on the albite-chlorite facies of the Wissahickon formation. The
pumped well, Bal-Ca 7, is 6 inches in diameter, 224 feet deep, and is owned
by the Arcadia Fire Department. Figure 6 shows the location of the pumped
well and of the two wells that were augered for observation wells. Observation
well 1, 60 feet north of the pumped well, was 90 feet deep and was cased to 80
feet. Observation well 2, 120 feet north of the pumped well, was 105 feet deep
and was cased to 90 feet. Each well was cased with 114-inch pipe, slotted in
the lower 7 feet as a substitute for a well screen. During installation of casing
in the observation wells, water was introduced through the casing at a rate of
20 gallons per minute. As both wells accepted water at this rate for at least
an hour, it was concluded that they would satisfactorily reflect changes in the
position of the water table resulting from pumping well Bal-Ca 7. Although rock
was reported by the well driller to have been struck at 60 feet in the pumped
well, it was apparent from the case with which the light power auger penetrated
to 90 and 105 feet in the observation wells that the depth of weathering is con-
siderably greater than 60 feet, and that the weathered zone extends at least
to 105 feet. The water level in the pumped well remained above 105 feet dur-
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F1GURE 6. Schematic Plan and Cross Section of Well Iield at Arcadia, Baltimore County

ing the test. It is believed that the results of this test apply primarily to the
weathered material above the schist. Measurements were made of the drawdown
in water level in all three wells during the 24-hour period that Bal-Ca 7 was
pumped and of the recovery of water levels for 20 hours after pumping stopped.
Well Bal-Ca 7 was pumped at a rate of 45 gallons per minute during the test.
The data thus obtained (fig. 7) were analyzed by several methods, and the
coefficients of transmissibility obtained range from about 3,000 to 10,000 gallons
per day per foot and the coefficients of storage? range from 0.002 to 0.01 (Table
6).

Figure 8 illustrates the match obtained between the type curve and the
drawdown data for observation well 1.

Pelers Creek Quartzite, Setters Formation, and Cardiff Conglomerate

The Peters Creek quartzite crops out in a band that ranges in width from |
to 2 miles in Baltimore County and is as much as 6 miles wide in the north-
eastern part of Harford County. The Peters Creek occurs in the Peach Bottom

* The coefficient of storage of an aquifer is the volume of water it releases from or takes into

storage per unit surface area of the aquifer per unit change in the component of head normal
to its surface.
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TABLE 6

Hydraulic Coefficients Calculated for the Albite-chlorile Facies of the Wissahickon Formation
al Arcadia, Baltimore County

Coefficient of

Observation well tran(sgrgés/sfihi)lity CO:%&T;; of Method

No. 1: |

drawdown 6,300 — (1)

recovery 6,600 — 1)

drawdown 4,000 ‘ 0.0047 2)

drawdown (3) 8,900 .002 (2)

recovery 6,200 L0124 (2)
No. 2: ‘

drawdown 8,300 -~ ‘ (1)

recovery } 8,300 ( — ‘ (1)

recovery 10,200 .002 (2)
Bal-Ca 7:

drawdown 3,200 — e))]
Wells 1 and 2:

.003 } Gradient

drawdown after 0.69 day | 5,000

(1) Cooper and Jacob.
(2) Theis.
(3) Values obtained from late part of test.

syncline in Harford County and in its extension across Baltimore County. The
albite-chlorite facies of the Wissahickon adjoins the Peters Creek quartzite
on the north, and the oligoclase-mica facies adjoins the Peters Creek on the
south. In eastern Harford County several remnants of the Peters Creek quart-
zite are found in the area between Darlington and Level.

The Peters Creek quartzite consists of interbedded dense, massive greenish-
gray quartzite and muscovite-chlorite schist and phyllite. In northeastern
Harford County the quartzite beds are predominant, whereas to the south-
west, toward and in Baltimore County, the schist or phyllite predominates.
The Peters Creek is considered to be the uppermost and least metamorphosed
unit of the Glenarm series (PL. 8, fig. 2). Original bedding is preserved in some
of the quartzite facies, and in one locality (25 feet northeast of the east end of
the cable that crosses the gorge at The Rocks) crossbedding was observed.

The Peters Creek quartzite is one of the best crystalline-rock aquifers in
Baltimore and Harford Counties. The yields of 90 wells in the Peters Creek
range from 0.5 to 135 gallons per minute and average about 13 gallons per
minute. The depths of these wells range from 35 to 380 feet and average 104
feet. The following are considered responsible for the relatively high yield re-
ported for wells drilled in this formation: 1) the quartzite facies is quite hard and
brittle, and would tend to yield to earth stresses by fracturing rather than by
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readjustment within and between mineral grains, so that joint systems
probably are relatively continuous and well developed; 2) the upper part of the
quartzite weathers into a sandy overburden that is quite permeable. Most of
the high-capacity wells in the formation are located in northern Harford
County, where the formation is predominantly quartzite.

The Setters formation and Cardiff conglomerate are similar lithologically
to the quartzitic facies of the Peters Creek and have similar water-bearing
properties. They are, however, of very limited areal extent. The Setters forma-
tion flanks the edges of the domes of the Baltimore gneiss, and dips at a high
angle under the Cockeysville marble. The Cardiff conglomerate surrounds the
Peach Bottom slate in a small syncline in northeastern Harford County.

Gabbro

In Baltimore and Harford Counties the gabbro occurs in three large masses.
One is a belt 2 to 4 miles in width extending from Conowingo to southeastern
Baltimore City; another extends southwest from the Susquehanna River
near Havre de Grace, forming an oval area whose dimensions are approximately
3 by & miles; the third extends west & miles from Baltimore City and about 12
miles southwest into Howard County. The gabbro is a dark, hard, dense, com-
pletely crystalline igneous rock usually composed of plagioclase feldspar and
pyroxene. In Baltimore and Harford Counties the rocks mapped as gabbro
include areas underlain by other basic rocks such as hornblende gneiss, peri-
odotite, pyroxenite, and norite. The topography developed on the gabbro is
somewhat subdued as compared with the topography developed on the other
crystalline rocks; in some areas, as in the area northeast of Bel Air and at
Dublin, upland flat areas have been developed on the gabbro. The gabbro is
broken into large polygonal blocks which near the land surface are rounded
by spheroidal weathering. The areas underlain by the gabbro are characterized
by many rust-colored blocks or “niggerheads” strewn over the surface. The
soil developed on the gabbro is typically a reddish clay loam at the surface,
grading downward to a red clay.

The average yield of 149 wells in the gabbro in Baltimore and Harford Coun-
ties is about 10 gallons per minute and the yields range from 0.5 to 80 gallons
per minute. The average depth of these wells is 92 feet and the depths range
from 29 to 450 feet. The gabbro is extremely hard to drill; in some instances
drillers have penetrated as little as a few inches in a day. It is common practice
for well drillers to charge a daily rate rather than by the foot when drilling in
the unweathered gabbro. Practically all the wells obtain their water at or near
the contact between the weathered overburden and the unweathered rock.
There is some fracturing of the gabbro, however, and a few wells obtain water
at considerable depth. It appears to be characteristic of these wells to have
comparatively high initial yields as they draw from storage in the fractures,
and then to decrease in yield as the storage is depleted.
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Gunpowder Granite, Port Deposit Gneiss, Woodslock Granodiorile, and Relay
Quariz Diorite

The Gunpowder granite, Port Deposit gneiss, Woodstock granodiorite, and
Relay quartz diorite are lithologically similar igneous rocks of acidic to inter-
mediate composition. There is, however, some variation in their water-bearing
properties.

The high yield of two wells in the Woodstock granodiorite (20 and 39 gallons
per minute) may not truly indicate the water-bearing ability of that formation
because of the inadequate sampling. However, the weathering of the Wood-
stock granodiorite is characterized by the development of sheet jointing (PL
6, fig. 2), which probably increases its water-bearing capacity. Le Grand has
shown that sheet jointing has greatly increased the permeability and is an
important factor in the high yield of wells in the granites of Georgia.

Sheet jointing is much less prominently developed in the Gunpowder granite
and the Port Deposit gneiss. The average yield of 17 wells in the Gunpowder
is & gallons per minute and the average yield of 60 wells in the Port Deposit
is 11 gallons per minute. The Gunpowder granite is very similar to the siliceous
phases of the Baltimore gneiss in its weathering characteristics and in its topo-
graphic expression. It is likely that more data would indicate that it is also
very similar to the gneiss in its water-bearing properties.

In some areas these formations are highly siliceous and as a result the rock,
where unweathered, is very hard and drilling is very difficult. This difficulty
is reflected in the shallow average depth (94 feet) of the wells in the Port De-
posit gneiss.

Serpentine

The weathered mantle developed on the serpentine is very thin and in some
localities is nonexistent. Ground-water storage in the overburden is essentially
nil. Wells in these areas must depend upon ground water stored in the fractures
in the rock to obtain a continuous supply. The highest yield of the 22 wells
ending in the serpentine is 30 gallons per minute and the average yield is 10
gallons per minute. In most areas the serpentine is closely fractured, and as a
result a satisfactory yield for domestic use may be obtained at a relatively
shallow depth.

The serpentine is quarried in a shaft more than 300 feet deep at Cardiff in
Harford County. Water was pumped from the quarry in the summer of 1952
at a reported rate of approximately 25 gallons per minute for 8 hours a day.
However, this does not represent the normal yield of a shaft or “well” of this
size and depth, as exploration or shot holes that encounter ground water in
large quantity are plugged, and the shaft is extended in such a direction as to
minimize ground-water flooding. During the early part of the century the quarry
was abandoned for a time, and it filled with water to within a few feet of the
land surface.
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Peach Bottom Slate, Pyroxenite, Epidiorite, and Triassic Diabase

Insufficient information is available to justify reliable conclusions concern-
ing the water-bearing properties of the Peach Bottom slate, the pyroxenite,
epidiorite, or the Triassic diabase. Their very limited areal extent makes them
relatively unimportant as sources of ground-water supply. It is likely that the
pyroxenite and the epidiorite are somewhat similar to the other crystalline
rocks in that at least domestic supplies can be obtained from them in most
localities.

RELATION OF YIELD OF WELLS TO DEPTH

The yield of wells in the crystalline rocks is not directly proportional to the
depth of the wells because the permeability of the rocks is not uniform. Ordi-
narily, each increment of depth does not cause a corresponding increase in the
yield of a well. Figure 9 shows graphically the data in Table 7, which is an
analysis of yield versus depth for 879 wells. The relation of the yield to depth
1s probably true in only a general way, as the depth of a well in the crystalline
rocks is not necessarily the depth from which water is obtained.

Three general conditions in crystalline-rock wells are illustrated schematically
in figure 10; many wells, however, produce water as a result of a combination
of these conditions. Well “A” derives water from the lower part of the weathered
mantle and the upper partially weathered zone of the rock. No increment of
water is obtained from the segment of the well penetrating the unweathered
rock below, and this segment is useful only as a reservoir to store water. As
the storage in a 6-inch well is only about 1 gallon per foot, the well is an ex-
pensive reservoir, considering the drilling cost and the lowered pump setting
that would be required to retrieve this water. Many of the wells in the crys-

talline rocks are similar to type A in that the water obtained at the base of
the weathered material or within the first few feet of penetration of the solid

rock is the only water encountered. Wells of type A are responsive to seasonal
fluctuations in the position of the water table. If, during a dry season, the water
table declines to the top of the unweathered rock, such a well may “go dry,”
regardless of the depth of the well. Well Bal-Ca 7 at Arcadia is similar to type
A, in that there is at least 45 feet of weathered material between the bottom
of the casing and the upper surface of the hard rock. The aquifer test made on
this well (p. 61-63) shows that most, if not all, of the water is obtained from
this uncased interval.

Wells of type B are cased through the weathered material into the hard
rock and derive all their water from a single fracture or a zone of closely spaced
fractures that may be located anywhere in the rock segment of the well. When
water is not obtained in the overburden or when it is desired to increase a small
yield obtained in the upper part of the well, some wells are drilled to depths
of several hundred feet in an attempt to encounter fractures such as in well B.
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TABLE 7

\ Yield in gpm
Depth range ({t.) Nuvnvlgf; of dé\p‘;flr?%f) Il PR yl')l?ifi?:[t;
Range Average Pe:ﬂ?’ of |1 :gpm or less

0-49 98 39 0.5-45 12.1 0.31 1
50-99 380 72 0-110 10.3 .14 3
100-149 201 118 0-200 10.0 .08 9
150-199 71 170 0-60 11.7 .07 15
200-249 40 224 0-135 15.7 .07 32
250-299 11 262 .5-75 15.0 .06 36
300-349 ‘ 14 315 .5-34 12.5 .04 7
350-399 9 366 1-30 13.2 04 | 22
400+ 25 526 0-60 12.6 .02 28

Occasionally such attempts are successful. Well Bal-Db 41 is similar to type
B; although a small amount of water was obtained in the upper part of the
well, most of the water was obtained between 310 and 350 feet. The well was
tested at 309 feet and produced 414 gallons per minute on a 3lg-hour test.
Drilling continued to 350 feet, where a total of 20 gallons per minute {or an
additional 1514 gallons) was obtained in a S-hour test.

Wells of type C produce water from the base of the weathered zone and from
fractures throughout the entire well; well Bal-Dc 71 is of this type. It was
drilled by the rotary method, using compressed air to remove the cuttings
rather than circulating drilling mud. With this method each increment of water
is discernible at the time and depth at which it is obtained. In this well an in-

crease in yield was noted at each of several weathered zones (possibly fractures)
from 82 to 132 feet.

Measurements of yield and of rates of decline of water levels (drawdown) in
wells of these three types reveal their different hydraulic properties. Wells of
type A will produce increasing amounts of water with increased drawdown until
the pumping level nears the bottom of the weathered material. Lowering the
pumping level beyond this point will cause no significant increase in yield and
will be a waste of power, owing to the greater distance the water must be
lifted. With increased drawdown wells of type B will yield increased amounts
of water until the water level reaches the contributing fracture. Further draw-
down will cause no increase in yield. Wells of type C will have a larger yield
with increasing drawdown, at least until the reduction in saturated thickness
of the permeable material causes a sufficient reduction in transmissibility to
lower the yield of the well.

The data in figure 9 and Table 7 do not indicate any significant increase in
the yields of wells with increasing depth—in fact, the average yield of the
wells in the O- to 49-foot depth range is only 0.5 gallon per minute less than
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the average yield of the wells more than 400 feet deep. There is a consistent
decrease in the average yield per foot of well with increasing depth, the yield
ranging from 0.31 gallon a minute per foot in the 0- to 49-foot range to 0.02
gallon a minute per foot in the wells more than 400 feet deep. Approximately

TABLE 8
Depth of Wells, Depth of Weathering, and Yield of Wells According to Topographic Position

, Length of casing . ;
e enthyit.) (depth of weathering) ({t.) Yield (gpm)

No. of wells Av. depth No. of wells = Av. depth No. of wells Av. yield

Upland 168 84 156 48 169 10.1

Slope 145 108 206 48 246 11.5
Draw 27 114 15 38 27 29.1
Hilltop 300 120 264 41 300 7.8
Valley 82 172 63 36 84 16.3

Ficure 11. Relation between Yield and Topographic Position of Wells in Crystalline Rocks
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25 percent of the wells more than 350 feet deep produced less than 1 gallon per
minute, so that drilling to these depths is no guarantee of obtaining an ade-
quate water supply.

RELATION OF YIELD OF WELLS TO TOPOGRAPHIC POSITION

In the crystalline rocks the topographic position of wells is one of the most
important factors affecting their yield. Table 8 and figure 11 show the relation
between yield and topographic position of crystalline-rock wells in Baltimore
and Harford Counties. Each well is classified as being in one of the following
topographic positions: hilltop, upland, draw (small drainageway), slope, or
valley. The best topographic location for a well is in a draw (average yield
29.1 gallons per minute) or in a valley (average yield 16.3 gallons per minute),
and the poorest location is on a hilltop (average yield 7.8 gallons per minute).
Wells located in level or gently rolling upland areas (average yield 10.1 gallons
per minute) are somewhat better than wells located on hilltops. Wells located
on slopes have an average yield (11.5 gallons per minute) intermediate between
those of wells in the other topographic locations.

Contrary to what might be expected, the deepest wells (average depth 172
feet) are in the valleys and the shallowest wells (average depth 84 feet) are on
the uplands. Most of the major valleys in Baltimore County are underlain by
the Cockeysville marble, and the ease with which this formation may be
drilled is probably a contributing factor to the greater depth of wells in the
valleys. Conversely, the hard, resistant gabbro underlies several extensive up-
land areas and the shallowness of wells drilled in these areas tends to lower the
average depth of the wells drilled in upland areas.

RELATION OF YIELD OF WELLS TO DEPTH OF WEATHERING

The weathered rock mantle forms a porous water-bearing zone which may
contribute water to wells even though the casing extends through the weathered
material. The length of casing in wells in the crystalline rocks generally may be
used as a reasonably accurate measure of the thickness of the decomposed rock,
as well drillers usually seat the casing on, or just into, the hard rock. According
to Table 9 there is a slight increase in average yield with increased depth of

TABLE 9
Average Yield of Wells by Depth of Weathering (Length of Casing)

Depth of weathering (ft.) Number of wells Average yield (gpm)
0-24 183 10.1
25-49 294 10.2
50-74 137 11.4
75-99 50 13.3

100-352 27 7.5
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weathering, up to 100 feet. The apparent decrease in average yield with depth
of weathering exceeding 100 feet is partly the result of the inclusion of wells
drilled in the solutional weathering zone at the borders of the Cockeysville
marble, where the material is clayey and the yields of wells are small.

WATER-BEARING PROPERTIES OF THE WEATHERED-ROCK MANTLE

The thickness of the decomposed and weathered material ranges from a few
feet to more than 300 feet and depends chiefly upon the rock type, topography,
and degree of fracturing. The depth of weathering is, on the average, greater
beneath the uplands, slopes, and hilltops than beneath the draws and valleys.
The relatively shallow depth to which weathered rock extends beneath the
draws and valleys is probably the result of the removal of the weathered
material by erosive action of the streams. Many of the larger streams, such as
Gunpowder Falls, flow over relatively fresh, hard rock.

In central Baltimore County many of the valleys follow the outcrop of the
Cockeysville marble. As the marble is subject to rapid solutional weathering,
broad flat-bottomed valleys underlain by considerable thicknesses of weathered
material have been developed. Some of the hills, ridges, and uplands, such as
the quartzite ridge at The Rocks State Park in Harford County or the gabbro
uplands of both counties, are composed of masses of resistant rock. The rock
underlying these areas may be exposed at the surface or may be only a few feet
beneath the surface.

The weathered rock mantle is the direct source of ground water for practi-
cally all the dug wells in the Piedmont area of Baltimore and Harford Counties,
and indirectly is the source of water for most of the drilled wells. The weathered
mantle functions as a reservoir, storing ground water and releasing it to the
fractures or joints that contribute water to the wells drilled into the solid rock.

Most of the aquifer tests in the crystalline rocks of Maryland probably
measure the hydrologic properties of the unconsolidated material overlying
the rocks. The results of these tests indicate a range in transmissibility of
1,000 to 10,000 gallons per day per foot and an average of approximately 5,000
gallons per day. The permeability of the weathered mantle, as determined by
laboratory examination of small, relatively undisturbed samples, ranges from
less than 1 to 100 gallons per day per square foot (Table 10). The permeability
of weathered material varies with the topography, depth beneath land surface,
and character of the parent material. The composition of the weathered ma-
terial ranges from a predominantly silty clay developed on the gabbro to a
fine to medium quartz sand developed on the Port Deposit gneiss.

The weathered mantle is the main aquifer in the crystalline-rock areas of
Maryland. The immediate local source of water to deep drilled wells must be
joints in the rock; however, these joints function chiefly as pipes or conduits
conducting water down from storage in the weathered mantle. It is thus possi-
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ble to drill through permeable saturated overburden into fresh, relatively un-
fractured rock and to obtain a well of extremely low yield if the casing is
seated so firmly on rock as to cut off the water from the overburden. A great
many wells obtain water either from the lower part of the weathered mantle
or from fractures in the rock within a few feet after it is encountered. The
thickness of saturated weathered material is one of the controlling factors in
determining the long-term discharge rate of wells drilled in the rock. If the
water table declines to a position below the top of the unweathered rock, yields
may drop sharply, as ground-water storage is believed to be essentially nil in
the fractures in the rocks.

If wells in the crystalline-rock areas were constructed with gravel envelopes
and slotted casings or screens set opposite the weathered mantle, they might
be more successful than wells constructed in the usual manner.

Electric Logging as an Aid to Determine Water-bearing Properties
of the Crystalline Rocks

Measurements of the electrical properties of sedimentary rocks have been
used for many years as an aid in determining their physical characteristics.
The record of these measurements in a well is known as the electric log of the
well. The record is obtained by lowering an electrode assembly into a well and
recording the variations in electrical properties as the assembly passes through
the rock material. Two general types of measurements are made; one, known
as the self-potential or spontaneous-potential (SP) log, is a measurement of the
small voltages (potentials) developed within the well by electrochemical and
electrokinetic effects. The second, known as a resistivity log, is a measurement
of the electrical resistivity of the rocks and their contained water,

SPONTANEOUS-POTENTIAL LOGS

The chemical and physical processes that produce the electrochemical po-
tential are complex, but as a general rule the electrochemical potential varies
with the difference in mineral content of the formation water and the water in
theborehole. Disregarding other factors,if the water in a formation has a higher
concentration of dissolved solids than the water in the borehole, the electro-
chemical potential of the formation water is negative with respect to the water
in the borehole. If the reverse is true, the formation water is positive with re-
spect to the water in the borehole.

The electrokinetic effect is based on the principle that when a fluid moves
through a porous medium, an electromotive force is generated. However, as
the differential head between water-bearing zones in this area is small, the
rate of movement of water into or out of a borehole is also small, and hence the
electrokinetic potentials probably are negligible.
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In the crystalline-rock areas of Maryland almost all the wells are drilled by
the percussion or cable-tool method. In these wells the water in the borehole
generally 1s almost identical chemically to the water in the permeable zones in
the rocks. In general, the self-potential records of these logs show a somewhat
lower value near the top of the well and higher values at greater depth. This
may indicate that the principal permeable zone is near the top of the wells (in
the transitional zone between the weathered and unweathered rock) and that
the unweathered rock is relatively tight and impermeable and the water in it
is more highly mineralized. Therefore, the high self-potential near the bottom
of wells indicates the contrast in ionization between the water from the upper
part of the well, which fills the borehole, and the more highly ionized water in
the unweathered rock.

If a crystalline-rock well has been pumped shortly before a self-potential log
is made, so that the water in the borehole is representative of the water in the
more permeable portion of the formation, the portion of the log showing the
lowest self-potential should indicate the water-bearing zone, as this should be
the zone of the smallest contrast between the formation water and the borehole
water and therefore the zone of smallest electrochemical potential.

If the seli-potential of such a well were measured while water of a different
chemical character was being added to the well, there should be a displacement
of the self-potential curve opposite the permeable zones in the well, and the
rest of the log should be unchanged. If the points of greatest displacement of
the self-potential curve are opposite the low points on the original log that was
obtained before water was added to the well, then it would be confirmed that
the permeable zones are at those depths.

RESISTIVITY LOGS

The electrical resistivity of the rocks through which a well is drilled may be
determined approximately by several electric-logging methods. The most com-
mon methods measure either the total resistance of the rock between an elec-
trode on the earth’s surface and an electrode being raised or lowered in the well,
or the resistivity of the material in a sphere of rock around an electrode as it is
lowered into the well. The resisitivity of the rock is governed primarily by the
proportion of water in the rock and its mineral content. The resisitivity of most
dry rock is extremely high, so the rock itself generally has a negligible effect
upon the resistivity. Clay, when saturated, generally has a low resisitivity, and
sand or sandstone saturated with fresh water has a relatively high resistivity.
Since the crystalline rocks are only slightly porous (Table 3), most of them have
very high resistivity even when saturated.

The weathered mantle overlying the crystalline rock has a relatively high
porosity, and therefore high water content. Consequently the electric log of a
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crystalline-rock well normally shows a relatively low resistivity in the weathered
zone and a high resisitivity in the underlying unweathered rock. Electric logs
indicate that, in general, the transition from the thoroughly weathered and
decomposed rock to the hard, relatively unweathered rock is gradational and
commonly may be a zone of a few feet or even tens of feet. In many wells the
casing terminates in the upper part of the transition zone, and a major part of
the water is obtained from the uncased part of this zone. The thickness of the
transition zone varies with rock type and topography. In the segments of the
well consisting of fresh crystalline rock there is considerable variation in resist-
ance, although it remains high. The zones of lower resistance apparently
represent zones of higher porosity, but the increase in porosity may not be
enough to increase the permeability of the rock significantly. The fractures in
the rock are so narrow that they are not discernible in electric logs compiled
using the standard types of electrodes. Perhaps a type of wall-contact electrode
or a microlog would give some indication of the fractures. However, even the
microlog uses electrode spacing many times the width of crystalline-rock frac-
tures, and normally the narrowest zone that can be logged is equivalent to
the spacing of the pickup electrodes. The zones of somewhat lower resistance in
the crystalline rocks perhaps represent slightly weathered zones, which would
be expected to have a higher porosity. Rock weathering results from movement
of ground water along fractures, so that a weathered zone tends to form on
the sides of a water-bearing fracture. Although the fracture itself would be too
small to be indicated on the log, the porous weathered zone on either side of
the fracture should be indicated by lower readings on the resisitivity log. If
this condition occurs, premeable zones in the crystalline rock would result
in zones or points of lower electrical resistance in the deeper, hard-rock portion
of the well. This is in direct contrast to the interpretation of electric logs of
wells in sedimentary rocks, in which the fresh-water-bearing sands are indi-
cated zones of higher resistance on the log.

Figure 12 is the electric log of well Har-Aa 14. This well penetrates the
albite-chlorite facies of the Wissahickon formation. The spontaneous-potential
log was obtained within a few minutes after the well had been tested with a
bailing bucket. The low value (65 millivolts) of the spontaneous-potential
curve at a depth of 70 feet indicates a major zone from which water is entering
the well. When tested the yield of the well increased as the pumping level
lowered to approximately 65 to 70 feet. Further drawdown below 70 feet re-
sulted in no additional increase in yield.

The resistivity curve of well Har-Aa 14 shows two points of low resistance
at 68 and 70 feet which also may indicate the depth of the producing zone. There
are, however, several zones at greater depths that have even lower resistance,
but these zones apparently contribute very little, if any, water to the well.
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Figure 12. Electric Log of Well Har-Aa 14
Recharge, Movement, and Discharge of Ground Waler in the
Crystalline Rocks
RECHARGE

Many factors govern the rate of recharge to the ground-water reservoirs.
Some of these are the permeability of the soil, subsoil, and bedrock; antecedent
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soil-moisture content at times of rainfall or snow melt; duration and intensity
of precipitation; topography; seasonal changes in rates of evaporation and
transpiration; and type and density of vegetation.

In Baltimore and Harford Counties one of the most important factors ap-
pears to be the type of soil upon which the precipitation falls and the character
of the underlying subsoil. The shape, size, and degree of interconnection of the
openings in the soil determine the maximum rate at which water may be trans-
mitted downward to the water table. In clayey or silty materials the interstitial
openings are minute and there is a tendency for the water to be retained in the
openings by molecular attraction. In material having larger interstitial open-
ings, such as sand or gravel, the force of gravity is more effective than the
forces of molecular attraction, and water may move more rapidly through this
material. Thus a soil material through which water may move readily by grav-
ity is more permeable than one that holds water by molecular attraction.

In most areas the water table lies within the weathered zone, so that re-
charge to the ground-water reservoirs takes place primarily by water percolat-
ing through the soils and subsoils developed from decomposed rock. The soil
profile as generally developed in the Piedmont consists of the following zones:

The A horizon, 1 to 2 feet thick, consists of (1) an upper layer rich in ac-
cumulated organic material, and (2) a lower layer which is the zone of
maximum leaching. This horizon is quite permeable.

The B horizon is considered to be the zone of accumulation of the materials
leached from the overlying soil. In the Piedmont the B horizon is typically
a compact clay of low permeability 3 to 6 feet thick.

The C horizon or parent material consists of the weathered, decomposed,
unconsolidated material derived from the crystalline rock. This material
has relatively high permeability.

The D horizon is the unweathered crystalline rock from which the overlying
zones have been developed.

Percolation tests conducted by the Baltimore County Health Department?
show that the permeability of the clayey material in the B horizon is extremely
small as compared to the permeability of the C horizon. In these tests the rates
at which water percolates out of 1-foot-square pits are measured to determine
the suitability of an area for domestic sewage-disposal systems. Tests in the
B horizon generally show no measurable decline of the waler level after 30 min-
utes, whereas tests in the C horizon (at the same locality under the same head)
show that water levels decline as much as 114 inches in 2 minutes.

Laboratory permeability tests and sieve analyses were made of 14 samples
of the material in the B and C horizons from four localities in Baltimore and
Harford Counties (Table 10) by the Water Resources Laboratory of the U. S.
Geological Survey. The permeability of the samples from the C horizon ranged

3 Unpublished data in files of Baltimore County Health Department.
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from 3 to 115 Meinzer units (gallons per day per square foot under unit or
100-percent hydraulic gradient) as compared to 0.2 Meinzer unit for the one
sample (54Md8) from the B horizon. In the aquifer test on well Bal-Ca 7 at
Arcadia, Baltimore County, coefficients of transmissibility of 3,000 to 10,000
gallons per day per foot were computed. On the basis of an effective saturated
aquifer thickness of 60 feet, the permeability of the C horizon thus ranges from
50 to 166 Meinzer units. These values compare reasonably well with the values
obtained in the laboratory determinations.

The relatively low permeability of the B horizon, as modified by whatever
secondary structure may exist, is the limiting factor that determines the rate
at which water may Dbe transmitted downward to recharge the ground-water
aquifers in the crystalline-rock areas. The permeability of the C horizon gen-
crally is sufficiently high to transmit water downward faster than the water
can pass through the B horizon. Thus, when the B horizon and the overlying
A horizon are saturated, any water that falls on the land surface in excess of
the rate at which it can pass through the B horizon must be considered as re-
jected recharge which will not enter the ground, but will become a part of the
surface runoff.

A part of the water that enters the soil is held by the force of adhesion be-
tween the water and the soil and by the force of cohesion of the water. Water
held by these molecular forces against the force of gravity is known as soil
moisture. Between periods of precipitation the soil-moisture content is reduced
by evaporation and by absorption by the roots of plants. A soil-moisture de-
ficiency is thus created which must be substantially satisfied by water from
precipitation before water can move down to recharge the ground-water reser-
voirs. The soil-moisture deficiency developed during the summer by the in-
creased demands of evapotranspiration is one of the major reasons for the
relative ineffectiveness of summer precipitation in supplying ground-water
recharge.

Seasonal changes in the frequency and duration of rainfall also govern the
quantity of recharge to the ground-water reservoirs. Gentle rains extending
over a period of days occur often in the winter and early spring in the Maryland
Piedmont, when much of the water percolates into the ground and hecomes
ground water. Thundershowers, or deluge-type rains, common in the summer,
deposit water at the land surface at a rate much faster than it can be absorbed
by the soil. The excess of water flows over the ground as surface runoff. In
the winter, rain and snow, aided by the low rates of evaporation and transpira-
tion, maintain soil moisture. Thus a large percentage of the precipitation may
recharge the ground-water reservoirs.

In the Piedmont areas of Maryland the effect of topography in controlting
the infiltration of precipitation into the upper few inches of the soil is relatively
unimportant. During periods of precipitation the upper part of the soil becomes
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saturated regardless of topographic location, and as water moves downward
the soil moisture is constantly replenished from the precipitation whether the
area is sloping or flat. Neal determined experimentally that slopes between 1
and 16 percent had little effect on infiltration rates, but that on zero slope in-
filtration increased slightly owing to the increased pressure head of water ac-
cumulated on the soil surface. Although the slope of the land surface may have
little effect on the initial infiltration into the soil, it is important in that the
slope of the land surface determines to some degree the slope of the upper
surface of the B soil horizon. When the infiltrating water reaches the top of a
sloping B horizon, an appreciable part may be deflected downslope along the
top of the horizon. This downslope movement of water along a relatively im-
permeable soil horizon is known as interflow. The water moving as interflow
will continue to move along the top of the B horizon until it reaches a stream
channel or until it comes to the surface at some point downslope from its point
of entry into the soil. Interflow starts soon after the soil-moisture deficiency in
the A horizon is satisfied and continues for some time after precipitation ceases.
Interflow is subject to loss both downward through the B horizon and upward
by evapotranspiration. The quantitative effect of interflow on recharge to the
ground-water reservoirs is an increase in recharge under gentle slopes and valleys
and a decrease under hills and steeply sloping areas. Water moving as interflow
is discharged into streams, as seepage areas or “wet spots” along slopes, or into
draws that have been eroded to the B horizon.

Evaporation and transpiration are the major factors that reduce recharge to
the ground-water reservoirs. Evaporation and transpiration include inter-
ception, which primarily is the precipitation that is collected on the surfaces of
vegetation and is evaporated without ever reaching the ground. Linsley, Koh-
ler, and Paulhus (p. 260) estimate that vegetal interception commonly amounts
to 25 percent of the annual precipitation in areas of heavy forest or other dense
cover. Evaporation and transpiration significantly reduce the amount of water
recharging the ground-water reservoirs in the Piedmont, but they are insignifi-
cant as a means of discharging water once it has reached the water table.

MOVEMENT

The movement of ground water in the crystalline rocks is similar to the
movement of ground water in sedimentary rocks, in that the water moves
from points of recharge in the interstream areas to points of discharge along
the valleys and streams. However, the pattern of flow is not uniform, because
most of the movement takes place in the weathered mantle that overlies the
firm rock, and only a small part of the water moves, in angular paths, along
the fractures in the rock. The pattern of flow is complicated also by the char-
acteristic decrease in permeability of the crystalline rocks with increasing




GROUND-WATER RESOURCES 47

depth. Most of the circulation in the crystalline rock takes place in the upper
few hundred feet where the fractures and other openings are relatively large.

DISCHARGE

Ground water is discharged by spring flow or scepage into streams, by evap-
oration and transpiration, by subsurface movement into neighboring areas,
and by pumping from wells.

A certain amount of discharge takes place by subsurface movement out of
the area, but the discharge by this means is a very small percentage of the
total, and doubtless is approximately compensated by movement into the
area.

Evaporation and transpiration affect both the quantity of water received

by the ground-water reservoirs and that discharged from them. Much of the
water from precipitation is lost by evaporation and transpiration without ever
reaching the ground-water reservoirs, Evaporation from the water table 1s
considered by most investigators to be relatively low. Under low terraces or in
limited areas of flat upland where the water table lies within a few feet of the
surface, root systems of plants may reach the water table and withdraw con-
siderable water from the ground-water reservoirs. An approximation of the
total loss of water by evapotranspiration can be made for a drainage basin by
subtracting streamflow from precipitation.

A gaging station is maintained by the U. S. Geological Survey and the
Maryland Department of Geology, Mines and Water Resources on the Little
Gunpowder Falls near Laurel Brook, on the boundary between Baltimore and
Harford Counties. Discharge from a 36.1-square-mile drainage basin, which is
underlain by the Wissahickon formation and the Baltimore gneiss, is measured
continuously. The basin consists of a rolling, well-dissected upland drained by
streams having steep-sided valleys. It is representative of the average small
drainage basin in the Piedmont, particularly of those in the schistose or gneissic
crystalline rocks. The average annual precipitation in this area for the 22-year
period 1927-49, based on records from U. S. Weather Bureau stations located
at Maryland Line in Baltimore County and Fallston in Harford County, was
42.59 inches. During the same period the average annual runoff at the gaging
station on Little Gunpowder Falls was equivalent to 17.14 inches of precipita-
tion over the drainage basin. The difference between these values, 25.45 inches,
represents the average annual loss of precipitation by cvaporation and trans-
piration. Thus about 60 percent of the precipitation is lost by evaporation and
transpiration. The average loss by evaporation and transpiration is approxi-
mately 1.5 times as much as the average annual runoff. Table 11 and figure 13
give the average monthly precipitation and the parts thereof represented by
total runoff, ground-water runoff, and evaporation and transpiration. The losses




48 WATER RESOURCES 0F BALTIMORE AND HARFORD COUNTIES

TABLE 11
Mean Monthly Precipitation, Total Runoff, Estimated Ground-water Runoff, and

Loss by Evaporation and Transpiration in the Litlle Gun powder Falls
Basin for the Period 19271949

Evaporation and

transpiration Total runoff Ground-water runoff
Mean
DTCTi%?:ZgOD _P-erc_en_t- Perce; ‘Perccnt ‘

(inchies) Inches of pre- Inches of pre- Inches of pre- gfci‘:)?;}

£l “Won “Hon | runol
January 3.33 1.70 | 51 [1.63| 49 | 1.03| 31 63
February 2.49 .82 33 1.67 | 67 1.02 41 61
March 3.44 1.57 | 46 1.87 44 1.32 38 71
April 3.75 1.87 50 1.88 30 1.30 | 35 70
May . 3.93 2.30 59 1.63 41 1.27 32 77
June 3.90 2.43 62 1.47 38 .93 24 63
Thap | so1 21| & |1.20] 31 | 75| 19 | 63
August 4.65 3.23 69 1.42 31 .72 15 51
September ‘ 3.62 2.64 73 98 | 27 .64 18 63
October | 3.50 247 71 1.03 ‘ 29 0 69 20 67
November 3.07 1.89 62 1.18 38 .78 25 66
December 3.00 | 1.8 ‘ 61 |1 89| 30 | 75

.18‘ 39

Annual average of period | 42.6  [25.5 | 60 [17.1 | 40 ‘11.3 27 | 66
1927-1949 | ‘ |

by evaporation and transpiration are greatest during the summer and early
fall months, being approximately 73 percent of the precipitation in September,
and they are the least in the winter months, being approximately 435 percent
in February. The method used to derive these percentages is explained on the
following pages.

The components of the hydrologic cycle for Little Gunpowder Falls differ
somewhat from those for Rock Creek, draining an area of similar geology in
Montgomery County (Dingman and Meyer, p. 39, Table 13). Table 12 com-
pares the components for these two streams. Although the precipitation is
approximately the same in both drainage basins, the total runoff in Little
Gunpowder Falls (17.1 inches) is about a third greater than the runoff (12.6
inches) in Rock Creek. The greater topographic relief and the resulting higher
stream gradient in the Gunpowder basin may be the controlling factors in
causing the difference in total runoff between the two areas.

The “‘base flow” or “low flow” of most streams is maintained by ground-
water runoff. A graph of the streamflow record for Little Gunpowder [alls
(fig. 14) shows sharp peaks which represent periods of high streamflow during
and shortly after rainfall when direct surface runoff is high. When rainfall
ceases, surface runoff decrcases rapidly and the flow of streams declines rapidly.
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Although interflow (flow through saturated soil and subsoil above the normal
position of the water table) may be quantitatively important during precipi-
tation and for a few days thereafter, its role in streamflow in the Piedmont is
not well understood. After a few days practically all the streamflow is derived
from ground water. The dashed line beneath the total-runoff curve shows the
estimated part of the total runoff that consists of ground-water runoff. The
ground-water curve was drawn by a method adapted from the procedures
employed by Houk (p. 165) and Meinzer and Stearns (p. 107-116). It is subject
to certain errors listed by Meinzer and Stearns (p. 111). Houk drew his ground-
water line so as to include runoff through shallow drain tiles with the surface
runoff. His curve is a conservative line for ground-water flow as part of the
flow through the drain tiles could be considered ground water. The curve drawn
by Meinzer and Stearns is probably more representative of the true ground-
water runoff. They assumed a week was required for all the surface runoff from
a rain to pass the gaging station, and that essentially all streamflow that oc-

F1GUrE 13. Mean Monthly Precipitation, Total Runoff, and Estimated Ground-water
Runoff in the Little Gunpowder Falls Basin
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TABLE 12

Annual Precipitation and Discharge Characleristics of the Rock Creek Basin (Monigomery
County) and the Litlle Gunpowder Falls Basin (Baltimore and Harford Counties)

Evaporation
and Total runoff Ground-water runoff
transpiration

Aver- Area of
. age |- 3 = = r"—— drain-
Drainagebusin | Porode! |emual| | 8 £ | g o,
tation P R 3£ | © 3 (square
(inches) T:"% o ‘E'% " T:"% = miles)
| i [ors SR &
Rock Creek 1933-1949, 43.5 130.9 71 2 29 8.5 20 67 | 62.2
Little Gunpowder Falls |1927-1949) 42.6 25.5 60 ‘ .1 40 i11.3 27 66 | 36.1

|
|

curred more than 1 week after the rain was discharged from the ground-water
reservoir. Plate 19 in the report by Meinzer and Stearns shows that for each
increase in ground-water runoff there is a corresponding rise in water level in
observation wells in the drainage basin. This supports their ground-water curve,
as the higher water levels in wells indicates increased head difference between
streams and upland areas, and therefore increased rates of flow of ground water
toward the streams. Linsley, Kohler, and Paulhus (p. 397-404) describe pro-
cedures for establishing the point of the stream hydrograph where the initial
flow or total-runoff curve meets the estimated ground-water runoff curve. Ac-
cording to their procedures, the time after a rain at which this point is reached
depends upon the area of the drainage basin, slope, and other factors. For basins
of less than 100 square miles they give a time of 2 days, with a possible varia-
tion of 50 percent.

The hydrograph of streamflow in Little Gunpowder Ialls for the period from
1927 to 1949 was analyzed, using the methods cited above as guides. A period
of 3 days after the end of precipitation was assumed to be sufficient for the
stream to return to base flow. To illustrate the method employed, two years of
the streamflow and estimated ground-water runoff are shown in figure 14. The
ground-water runoff was determined for 22 years of the streamflow record and
is given in summary form in Table 11 and figure 13. The method yields figures
for ground-water discharge and evapotranspiration that are only approxima-
tions. Accurate figures for ground-water discharge are obtainable only for
long dry periods when streamflow can be safely considered to consist entirely
of ground-water flow. In addition to the limitations listed by Meinzer and
Stearns, field observations of soil profiles by the authors and soil-percolation
records of the Baltimore County Health Department both suggest that shallow
interflow is quantitatively important in the subsurface movement of water.
If this is so, the ground-water runoff determined by streamflow analysis is a
maximum value which includes a large part of the interflow.
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In the 22-year period from 1927 to 1949, 40 percent of the precipitation was
discharged from the area as stream runoff. Sixty-six percent of this runoff,
representing 27 percent of the precipitation, was discharge from the ground-
water reservoir. The total runoff of the Little Gunpowder Falls basin for the
22-year period averaged 800,000 gallons a day per square mile, and the ground-
water runoff, approximately 500,000 gallons a day per square mile. These
values may be applied in Baltimore and Harford Counties to areas outside the
basin in only a very general way, because of local variations in geology, soil
permeability, topography, vegetation, and many other factors. Areas under-
lain by the Cockeysville marble or by Coastal Plain sediments probably would
show higher values than those from the Little Gunpowder Falls basin.

WATER-LEVEL FLUCTUATIONS IN OBSERVATION WELLS

Records of the water-level fluctuations in wells are helpful in understanding
the occurrence of ground water and the nature of the recharge and discharge.
Fluctuations in three observation wells in or adjacent to the area are shown
graphically in figure 15. A rise in water levels indicates a period when the rate
of recharge is in excess of discharge, and a decline in water levels indicates a
period when the recharge, if any, is less than the discharge.

The elevation of the water table as indicated by the water level in a well
represents nature’s balance of the recharge to and the discharge from the
ground-water reservoir in the vicinity of the well. The rate of discharge from
the ground-water reservoir is relatively constant throughout the year, but it
increases somewhat during periods of high water table and decreases somewhat
during periods of low water table.

The water-level graphs in figure 15 show more or less typical seasonal fluctua-
tions. During the period of record there has been little or no net change in water
levels. Although such factors as agricultural developments, or delay in re-
charge due to frozen ground or to retention of precipitation in the form of
snow, may affect the position of the water table temporarily, abnormal changes
in the pattern of fluctuations generally can be explained by unusual fluctuations
in rainfall, either in frequency or in quantity. Well Car-Bf 1 in Hampstead,
which has been measured for 6 years, shows the largest seasonal fluctuation.
This well is on the top of a hill and penetrates the Wissahickon formation. It
probably derives its water from storage in fractures in the rocks, which have a
low capacity for storing water. The range between high water level in the
spring and low water level in the fall has been as much as 16 feet.

Well Bal-Cb 2 near Woodensburg was measured for 414 years. It is a dug
well on the crest of a hill and ends in the Peters Creek quartzite. The seasonal
fluctuation of the water level in this well has been as great as 10 feet.

Well 4N2W-9 is a drilled well in the northern part of Baltimore City and is
in a valley near a stream. The fluctuations of the water level in this well show
a maximum range of 5 feet.
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These three wells show that during the summer months, though the pre-
cipitation is highest, the water levels decline. The rate of recharge during this
time is relatively low. In the winter months, although the precipitation is
lower, the water levels rise. The months in which the water levels decline are
the growing season in these counties, and the months during which the water
levels rise are months of plant dormancy.

DEVELOPMENT AND UTILIZATION OF GROUND WATER

The amount of ground water pumped from the crystalline-rock area of
Baltimore and Harford Counties is estimated to be about 4,000,000 gallons a
day, most of which is from wells used for domestic or agricultural purposes.
Only a small amount of ground water is used for light industrial or commercial
purposes. During the canning season a few canneries in the counties use an
estimated 200,000 gallons per day of ground water for processing.

Bel Air has been the only town in either county with a public supply from a
ground-water source. In the fall of 1954 this supply became inadequate, and it
was abandoned in favor of a surface-water supply.

QUALITY OF GROUND WATER

The chemical character of the ground water in the Piedmont of Baltimore
and Harford Counties is shown by the 61 chemical analyses in Tables 13 and
14. Forty-one water samples from wells or springs were analyzed by the U. S.
Geological Survey, 16 analyses are from the Maryland State Department of
Health, and 4 analyses are from other sources.

RELATION OF CHEMICAL CHARACTER TO THE CIRCULATION
OoF GROUND WATER

The minerals and gases in ground water in the crystalline-rock area of the
Maryland Piedmont are dissolved primarily from the soil and weathered rock
mantle and to a lesser extent from the unweathered rock and from the atmos-
phere. The chemical character of the water is not uniform throughout the area,
principally because of the differing chemical composition of the rocks and to a
lesser degree because of the variations in the rate and pattern of circulation of
the ground water.

The relation between circulation of ground water and its chemical character
is complex. The longer the ground water is in contact with the rocks, the
greater is the opportunity to dissolve mineral matter from the rocks (or under
some conditions to deposit it). Upon entering the soil the precipitation imme-
diately begins to dissolve mineral matter. However, some of the mineral matter
is soon deposited, as evidenced by the zone of accumulation of mineral matter
in the clayey B horizon of the soil. The water continues to dissolve mineral
matter as it moves downward through the zone of aeration toward the water
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GROUND-WATER RESOURCES 57

table. As the overall permeability of the crystalline rocks is extremely low,
most of the circulation of ground water from the point of recharge to the point
of discharge is through the much more permeable weathered rock mantle.
The chemical character of the ground water in the weathered rock mantle is
closely related to the type of material and the extent and rate of movement of
ground water in it. The chemical character of the ground water in the un-
weathered rocks is dependent upon the mineral content of the water that
enters the rock from the weathered mantle plus the additional mineral matter
dissolved from the fresh rock. However, because of the small percentage of the
total rock that is occupied by the water-bearing fractures in the fresh, hard
rock, and the relatively small amount of ground water that circulates through
them, the unweathered rocks contribute relatively little to the mineral content
of the ground water.

REerLaTION OF CHEMICAL CHARACTER TO Rock Type

There are two major types of rocks in the counties, acidic or highly siliceous
rocks and basic or alkaline rocks rich in calcium and magnesium. The latter
include mainly marble, serpentine, and gabbro. The solubility of the rocks is
not uniform. The marble is readily soluble and the serpentine somewhat so, but
the composition of the other rocks, whether acidic or basic, is such as to make
them relatively insoluble.

The pH and hardness of a number of water samples from wells, springs, and
streams in the Green Spring Valley and its vicinity were determined as an aid
in understanding the circulation of ground water. The pH was measured at
the time of collection with a portable pH meter. The hardness of the water was
determined in the laboratory by titration with a solution of ethylene diamine
tetraacetic acid. The results of pH and hardness determinations indicate changes
in geology and the pattern of ground-water flow in the area.

The Green Spring Valley is underlain by the Cockeysville marble and is
bordered on the south by the Setters formation and the Baltimore gneiss and
on the north by the Wissahickon formation. The water shows abrupt changes
in hardness and pH along the contact between the carbonate rocks of the valley
and the noncarbonate rocks of the ridges. The changes are sharp enough to
indicate formational contacts in areas where the rocks are not exposed.

The water derived from the schist, gneiss, or quartzite usually has a pH lower
than 7, whereas water derived from the marble has a pH of more than 7.
The pH of water from wells in the marble ranges from 6.8 to 8.4, and the
pH of water from the noncarbonate rocks ranges from 4.3 to 7.4. There is
no evident correlation between the pH of the water and the path of circulation
within any single rock type.

The hardness of the water in the marble, ranging from 98 to 270 parts per
million, is everywhere much higher than that of water in the noncarbonate
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GROUND-WATER RESOURCES 59

rocks—the gneiss, schist, and quartzite—which ranges from 6 to 74 parts per
million. In the areas underlain by the marble the pattern of movement of
ground water is shown by changes in hardness of the water. Iigure 17 shows
that the hardness of the water increases from the sides toward the center of the
valley and it increases also from west to east in the direction of flow of the
surface stream.

In a subsidiary valley also underlain by marble, which trends northward
(in the northwest corner of fig. 16), the direction of streamflow is north and the
same pattern of increasing hardness toward the center of the valley and in the
direction of streamflow exists. These data indicate that the ground-water flow
is in the direction of increasing hardness, the water dissolving more and more
of the hardness-forming constituents (calclum, magnesium, etc.) from the
marble as it moves through it.

The hardness of water in the noncarbonate rocks is extremely low, generally
below 25 parts per million, a number of analyses showing less than 10 parts per
million. The hardness of water from wells in the marble ranges from 115 to
270 parts per million, and the range from springs is from 98 to 250 parts per
milhon.

The water from streams flowing across the gneiss, schist, and quartzite is
relatively soft and of a low pH, whereas water from streams flowing thru the
marble has a higher pH and is harder.

Water samples from The Caves valley (northwest corner of fig. 16), which is
a large area of Cockeysville marble exposed in an erosional window in the sur-
rounding Wissahickon formation, reveal a similar increase in hardness in the
direction of ground-water movement.

The principal basic radicals (cations) shown in the analyses in Tables 13 and
14 are calcium, magnesium, and sodium, and the principal acidic radicals
(anions) are bicarbonate and sulfate, although some of the analyses show a
predominance of other constituents. Most of the waters may be classed as of
the calcium-magnesium bicarbonate type.

The principal cations in 33 complete analyses of water from five general rock
types are plotted in figure 18 against the principal anions (in percent reacting
values) to show the predominant types of water in the rocks. This form of
presentation of the chemical analyses of ground water is adapted from the
method presented by Langelier and Ludwig. All but 4 of the 33 analyses fall
in the lower right block, indicating that the water is principally of the calcium-
magnesium bicarbonate type. There is also a general grouping by rock types.
The analyses of water from the schist and quartzite plot near the center of the
graph, showing the water to be of the calcium-magnesium bicarbonate type
but with a greater proportion of sodium than the other types. The analyses of
water from the gneiss, granite, and gabbro plot mostly in the lower right block,
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F1cure 18. Diagram Showing, by Percent Reacting Value, the Chemical
Character of Ground Water

indicating water of the calcium-magnesium bicarbonate type. The analyses of
water from the serpentine and marble also generally plot in the lower right
corner, indicating a water that is relatively high in calcium and magnesium
bicarbonate.
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Evidence of contamination from sewage-disposal systems or from soil ferti-
lizers is found in two analyses in the upper right block which are high in nitrate
and chloride. Some of the other analyses also show water containing excess
nitrate and chloride, and in some cases metals such as zinc or aluminum.

ReLaTION OF CHEMICAL CHARACTER TO USE

The chemical quality of ground water governs its suitability for certain uses.
In the Piedmont area dissolved solids, hardness, iron, pH, and carbon dioxide
are generally the most important with regard to the utilization of ground water,
although for certain uses other properties or constituents may be more im-
portant.

DISSOLVED SOLIDS

The dissolved solids are the residue on complete evaporation of a water
sample. They consist almost entirely of the mineral constituents reported in
Tables 13 and 14. The residue may contain also minor quantities of other mineral
constituents, small quantities of organic matter, and water of crystallization.
Most natural waters containing less than 500 parts per million of dissolved
solids are satisfactory for most uses. The dissolved solids in 31 of the samples
of ground water from the crystalline rocks of Baltimore and Harford Counties
range from 21 to 305 parts per million and average 105. The lowest concentra-
tions are in the samples from the schist and quartzite and the highest concen-
trations are in the samples from the serpentine and marble.

HARDNESS

The terms “hardness” and ‘“‘softness” refer to the relative capacity of water

to consume or precipitate soap. If mineral constituents causing hardness are
present in water in relatively large quantities, the addition of soap to the water

results in formation of a sticky, insoluble curd. Excessive hardness of water is
objectionable because the curd is difficult to remove from containers and fabrics,
a greater quantity of soap is required to produce a lather, and a scale is deposited
in steam boilers, water pipes, and cooking utensils.

The chief cause of hardness in ground water in the crystalline rocks in Balti-
more and Harford Counties is the presence of relatively large quantities of
calcium and magnesium. Other mineral constituents that cause hardness, such
as aluminum, iron, manganese, copper, barium, lead, zinc, and other trace
elements, are seldom present in natural water in large enough concentrations
to have an appreciable effect. The hardness column in Tables 13 and 14 shows
total and noncarbonate hardness. Carbonate hardness (formerly designated
“temporary’’ hardness) is the part of the hardness equivalent to the carbonate
and bicarbonate ions. Carbonate hardness may be removed from water by
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boiling. The noncarbonate hardness (formerly called ‘“permanent” hardness)
constitutes the remaining hardness and is formed chiefly by calcium or mag-
nesium sulfate or chloride; it cannot be removed by boiling. Both types of
hardness have the objectionable properties described, but a more resistant
scale that cannot readily be dissolved is formed by noncarbonate hardness.

Water having a hardness of about 30 parts per million or less is generally
considered soft; water having hardness between 50 and 150 parts may be used
for most purposes without treatment. Hardness in water greater than 150
parts per million is noticeable to most consumers.

The hardness of ground water in the crystalline-rock areas of Baltimore and
Harford Counties, as indicated by 60 analyses, ranges from 6 to 246 parts per
million and averages 39. Water from the Cockeysville marble and serpentine
is relatively hard. Seven samples from the marble range in hardness from 93
to 198 parts per million and average 133. Three samples from the serpentine
range from 123 to 246 parts per million and average 201. The softest water
(generally below 50 parts per million) is usually in the schist, quartzite, and
gneiss.

IRON

In many parts of Baltimore and Harford Counties iron is present in the
ground water in sufficient quantities to give the water a disagreeable taste and
to stain sanitary fixtures, cooking utensils, and laundry. Iron, when in excess
of 0.3 part per million, commonly forms a reddish-brown precipitate upon ex-
posure to the air. Occasionally when domestic water supplies contain excessive
iron, trouble may be experienced with the growth of iron bacteria (Crenothrix)
in water pipes, in the casing of wells, and on other plumbing surfaces.

Water from 60 wells and springs in Baltimore and Harford Counties ranges
in iron content from 0.0 to 3.3 parts per million. The iron content in 18 samples
is 0.3 part per million or higher; 5 samples showed 0.0 parts per million of iron.

HYDROGEN-ION CONCENTRATION

The hydrogen-ion concentration (pH) is the negative logarithm of the
hydrogen-ion concentration in moles per liter. An aqueous solution or a natural
water with a pH of 7 is said to be neutral. Since the pH values of water are
logarithmic, a water having a pH of 6 has 10 times the concentration of hydro-

gen lons as a water having a pH of 7. Water having a low pH may corrode
well casings, pumping equipment, and distribution systems, and may dissolve
iron, zinc, copper, or lead from this equipment. The pH of 53 samples of ground
water from the crystalline-rocks of Baltimore and Harford Counties ranges from
5.4 to 8.3. Water in most of the acid crystalline rocks such as quartzite, gneiss,
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and schist commonly has a pH below 7. The pH of a sample of ground water
may change upon contact of the sample with the atmosphere; however, the
pH values in the tables are considered to be approximately the same as those
determined at the time of sampling.

CARBON DIOXIDE

Carbon dioxide dissolved in ground water increases the solvent action or
corrosiveness of the water. Water having a low dissolved solids content and a
pH of about 5 or 6 generally is high in carbon dioxide. Although no simple
relation exists between corrosion potential and the quantity of carbon dioxide
in the ground water, water having a carbon dioxide content in excess of about
10 parts per million is likely to be corrosive. The carbon dioxide content of the
samples in Tables 13 and 14 ranges from 2.2 to 47 parts per million. In 15 of
the samples it exceeds 10 parts per million.

MINOR CONSTITUENTS

Minor constituents determined in many of the samples are shown in Tables
13 and 14. Generally they are present in small quantities, but in places they
may be present in sufficient quantity to be significant.

The copper content in 28 samples ranges from 0.00 to 0.19 part per million.
Eight samples contain no copper. The zinc content of 28 samples ranges from’
0.00 to 9.5 parts per million; only 3 samples contain more than 3 parts per
million. The aluminum content in 34 samples ranges from 0.0 to 2.7 parts per
million; in only 2 samples is the aluminum content 1.0 part per million or
more. The copper and zinc in some of the samples may be higher than at their
source because of the solvent action of the water on the well casing, pumping

equipment, and water lines. The fluoride content of all the samples is 0.2 part
per million or less.

RECORDS OF WELLS

Descriptions of the wells and springs inventoried in Baltimore and Harford
Counties are given in Tables 15 to 18. The locations of the wells and springs are
shown on Plates 1 and 2. Plate 3 is a geologic map of the two counties.

The altitude of the land surface at the wells was taken chiefly from topo-
graphic maps having a 20-foot contour interval.

“Type of well” refers to the method of construction. The wells that were
drilled by the cable-tool percussion method are described as “‘drilled,” and
those that were dug manually or by some form of mechanical digger are de-
scribed as “‘dug.” A few wells drilled through the bottom of existing dug wells
are described as “‘dug and drilled.” Logs of selected wells are shown in graphic
form on Plates 4 and 5.
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The well depths are reasonably accurate, except where indicated as approxi-
mate. Most of the depths were reported by well drillers, some were reported
by the well owners, and some were measured.

Wherever it was practicable, depths to water level were measured. Otherwise
the depths to water level were reported by drillers and well owners. Because
many wells are not tested for their maximum capacity, many reported yields
are less than the maximum rate at which the wells could be pumped.
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TAB
Records of Wells

15

Water level: Reported water levels are designated by “‘a
Pumping equipment: Method of lift: B, bucket; C, cylinder; J, jet; NI, pump to be installed; N, none; S, suction; T, turbine.
Type of power: E, electric motor; G, gasoline engine; H, hand.
Use of water: C, commercial; D, domestic; F, farming; 1, institutional, camp, church, or school; M, military; N, not used;
Remarks: Chemical analyses referred to are in Table 13.
Well logs referred to are on Plate 4.

= 0
[ =
Ui Date % Depth = i opo-
ngg;‘ Owner or name Driller com- | £ Tyvs,): of | of wlvell 5 E ! g;l;aghic Water-bearing formation
(Bal) pleted | o (feet) E 8 | ©__|situation
© 25 |25
2 EE |52 1
= E2llis=
< [} -
Ab 1 C. J. Price, Jr. Stanford 1946 880 | Drilled | 65 6 |15 I Upland | Wissahickon (albite)
Ab2 Elvin E. Baer Sterner 1952 | 900 do 70 554 28 | Slope do
Ab3 G. H. Lawson — Before | 750 Dug 28 36 = l do do
1850
Ab 4 C. H. Bailey = 1893 | 860 = Drilled | 75-80 6 — | Hilltop do
Ab S B. M. Harris — Be- 720 Dug 100 156 — do do
tween
|1826—
1850
Acl James Thomas Ray Urey 1948 | 780 | Drilled | 100 6 |22 do do
Ac2 Donald Turnbaugh do 1949 | 760 do 100 6 | 34 | Slope do
Ac 3 Paul H. Bollinger Ed Urey 1946 | 890 do 97 6 | 21 | Hilltop do
Ac 4 Fred Atkinson Ray Urey 1948 | 750 do 58 6 | 35 | Valley do
AcS Do do 1953 | 750 do 40 6 9 do do
Ac 6 Mrs. Vertie Bowman| Ed Urey 1947 | 860 do 98 6 | 34 Hilltop do
Ac7 Drew Williams Ray Urey 1953 | 640 do 49 6 | 42 | Valley do
Ac 8 Ernest Morris do 1952 | 810 do 103 6 |21 | Hilltop do
Ac9 Do do 1950 | 790 do | 69 6 32 Slope do
Ac 10  Wm. R. Ratlif Ed Urey 1946 | 810 do 51 6 |41 do do
Ac 11 Aaron Biesecker Ray Urey 1952 | 860 do 144 6 17 ‘ do do
Ac 12 Kenneth Tracey ‘ do 1951 | 860 do 84 6 (30 | do do
Ac 13 | Gunpowder Baptist do 1950 | 820 do 91 6 56 | Hilltop do
Church I
Ac 14 | Jos. A. Graw do 1953 | 720 do 98 [ 23 Slope do
Ac 15 | Paul Crouse do 1950 | 860 do 101 | 6 |64 Hilltop do
Ad1 | Edwin Wineholt do \ 19499 790 | do | 125 | 6 75 | Slope do
Ad 2 H. C. Krout ‘ do 1948 840 do 88 | 6 | 12 | Hilltop do
Ad 3 Wm. E. Brown do ‘ 1949 | 080 do 86 6 {35 i Slope do
Ad 4 Robert Piereman do 1953 | 650 do 48 6 | 14 | Valley do
Ad 3 E. Brown do 1947 | 650 do 101 ‘ 6 | 57 | Hilltop do
Ad 6  Harry Ebaugh do 1947 | 780 do 97 | 6 |24 ’ do do
Ad7 Nellie Rosier do 1947 | 740 do 114 ‘ 6 |37 do do
Ad§  Harry Gibbs do 1951 | 790 | do 92 6 |23 ‘ do do
Ad9 Nolan Jones do 1930 | 795 do 80 6 |30 do do
Ad 10 ' David Hammond do 1950 | 690 do | 52 ‘ 6 40 | Upland do
Ad 11 Clyde McCullough do 1948 | 700 do ‘ 80 6 |41 11illtop do
Ad12 | J. G. McCullough — |Before | 680 | Dug | 15 | 30 | — | Slope o
‘ 1930 ‘ |
Ad 13 | Clarence Wilson Ray Urey 1950 | 670 | Drilled 91 6 32 ‘ Hilltop do
Ael R. W. Burns do 1952 | 670 do 78 6 | 24 do do
Ae2 Do A. C. Reider & | 1948 630 do 190 | © — | Slope do

Son
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LE 15
in Baltimore County
P, public supply.
Water level 7
(feet below land surface) Yield -
: — B -
~p| @2 | Pumping Use
° E 2% | equip- of Remarks
g - t water
. Pump- = SE| uE men
Static Date ing Date g Date Szl g4
a o g
; 58 X
L) A | &
350 1946 — — 104+ 1916 i — 3 & D |
A 1952 e o 12 1952 = — C,E D See well log.
= — — — — — — — 1|J,E D, F | Goes dry in dry weather.
|
— - — = — — —-| - |JE D, F | Waterreported “hard and
irony’’.
89% 1953 — — — =3 ool I,E D
= = = — 4.5 1948 — —|].E D See well log.
50° Oct. 31, 1949 = = 5 1949 = = J,E D Do.
53% Feb. 13, 1946 71® Feb. 13, 1946 3 Feb. 13, 1946 14 0.2 JLE D Do.
36* May 24, 1948 36% May 24, 1948 | 10 May 24, 1948 halll — J,E D Do.
[ June 26, 1953 (i3] June 26, 1953 | 10 |June 26, 1953 1 — |J,E D Do.
48% May 31, 1947 872 May 31, 1947 3] May 31, 1947 % 1—|J,E D
88 May 4, 1953 152 May 4, 1953 10 |May 4, 1953 1 1.4 J, E D
48% Mar. 17, 1952 50 Mar. 17,1952 | 10 Mar. 17, 1952 1 5 NI D
= July 24, 1950 15 July 24, 1950 | 20 IJuly 24, 1950 34 — S, E D, F
102 Oct. 23, 1946 128 Oct. 23, 1946 | 20 0ct. 23, 1946 14|10 J,E D
60* Oct. 8, 1952 80" Oct. 8, 1952 5.5 |Oct. 8, 1952 1 3 C,H | D
40% May 14, 1951 60* May 14, 1951 6 May 14, 1951 3 .3 I, E D
358 Dec. 18, 1950 80% Dec. 18, 1950 & Dec. 18, 1950 34 .1 J,E I
308 Sep. 30, 1953 70% Sep. 30, 1953 5 Sep. 30, 1953 33 .1 J,E D
328 Nov. 25, 1950 80% Nov. 25, 1950 | 12 Nov. 25, 1950 1 o J,E D Do.
44" Dec. 14, 1949 —- — 12 Dec. 14, 1949 u — |CE D See chemical analysis.
40* Apr. 7, 1948 454 Apr. 7, 1948 15 Apr. 7, 1948 14] 3 J,E D
40% July 22, 1949 60* July 22, 1949 2.5 |July 22, 1949 4 — |J,E D
G IFeb. 9, 1953 18% Feb. 9, 1953 10 Feb. 9, 1953 34| — J,E D
348 May 1, 1947 348 May 1, 1947 IS May 1, 1947 4 — = F
36" Dec. 6, 1947 70% Dec. 6, 1947 12 Dec. 6, 1947 34 — C,E D
S Aug. 30, 1947 — — 2 Aug, 30, 1947 - | J,E D
658 Dec. 29, 1951 70* Dec. 29, 1951 5 Dec. 29, 1951 34 J,E D
64% Feb. 3, 1950 682 Feb. 3, 1950 11 Feb. 3, 1950 149 I,E D
25" May 17, 1950 25%  |May 17, 1950 5 May 17, 1950 34 J,E D |
ISR June 1, 1948 30" June 1, 1948 12 June 1, 1948 2 2.4 J,E D
7.60 |Aug. 25, 1933 = — — - — — | J,Eand | D
H
57 Oct. 13, 1950 — = .8 Oct. 13, 1950 — = C,H D See well log.
40" Mar. 3, 1952 60% Mar. 3, 1952 10 Mar. 3, 1952 1 o JE D, F
= = = = = — —] — |IN N Yield inadequate; well

abandoned.
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TABLE 15

= |
Well D < ;
"[‘,’e”," Owner or name Driller coi:xt: < T);E: of o]??:lhl
(Bal-) pleted 2 (feet)
2
<
Bb1 B. Martin R. H. Leppo 1951 810 | Drilled 80
Bb 2 C. E. Long Easterday 1951 | 810 do 100
Bb 3 Grace Methodist R. H. Leppo 1950 | 775 do 81
Church
Bb 4 W. L. Driskill do 1949 | 600 do 70
BbS Do do 1949 | 600 do 80
Bb 6 Foreston Parsonage do 1950 | 710 I do 70
Bb 7 G. R. Wilhelm do 1950 | 700 do 75
Bb 8 Donald Martin do 1953 | 680 do 70
Bb 9 R. Pilling, Jr. G. E. Harr Sons | 1949 | 620 do 83
Bb 10 | A. L. Mays — —_ 640 Dug 40
Be 1 B. G. Peters G. E. Harr Sons | 1953 | 640 | Drilled | 111
Bc 2 Clyde Foster A. C. Reider & 1951 | 650 do 265
Son
Bc 3 Do do 1951 | 630 do 56
Bc 4 Arthur Wells Ray Urey 1948 680 do 89
Bcs G. C. Heagy G. E. Harr Sons = 1953 |« 740 do 136
Be 6 Nelson Carter Matthews 1947 | 650 do 68
Be7 G. W. Turnbaugh Ray Urey 1952 | 680 do 107
Bc 8 A. W. Mathews do 1950 | 770 do 100
Bco9 Arthur Bollinger do 1953 | 820 do 154
Bc 10 | W. O. Baker do 1950 | 720 do 82
Bc 11 | J. W. Tracey do 1948 | 720 do 112
Bc 12 | A. W. Stiffler I do 1952 | 790 do 120
Bc 13 | E. J. Stallknect | do 1948 | 740 do 112
Bce 14 Do do 1948 | 740 do 200
Bc 15 | G. S. Lang do 1949 | 680 do 91
Be 16 | S. H. Molesworth do 1948 | 720 do 128
Bc 18 | Duncan Black A. C. Reider & | 1948 | 480 do 101
Son
Bd1 Ray Grubb Ray Urey 1950 | 700 do 90
Bd 2 Jacob Troyer Werneke Bros. 1952 | 670 do 90
Bd 3 Baltimore County | G. E. Harr Sons | 1953 | 600 do 150
Highway Dept.
Bd4 L. Ruhl A. C. Reider & | 1950 | 640 do 82
Son
Bd S E. W. Rodabaugh Ray Urey 1948 | 610 do 61
Bd 6 Ralph Taylor A. C. Reider & | 1952 | 410 do 82
Son
Bd 7 Summers Ed Urey 1948 | 380 do 67
Bd 8 Hereford High G. E. Harr Sons | 1951 | 600 do 432
School
Bd 9 Do do 1951 | 600 do 308
Bd 10 Do do 1951 | 530 do 319
Bd 11 Do do 1952 | 600 do 341

I Diameter of well

=X~

=

(=N~ N S-SR - -N

48

=

(== NS =N ==~ W= - - N~ S~

(inches)

:IL

ength of casing

(feet)

[N
&

30

42

Topo-
graphic | Water-bearing formation
situation
Upland | Wissahickon (albite)
Hilltop do
Upland do
Slope do
do do
Upland do
do do
Slope do
Hilltop do
do do
do Peters Creek quartzite
do do
Draw do
Hilltop | Wissahickon (albite)
do Peters Creek quartzite
Draw do
Hilltop do
do Wissahickon (albite)
do do
Slope do
Hilltop do
do do
do do
do do
do do
Upland do
Valley do
Hilltop do
do | do
do do
Upland do
Slope do
do Peters Creek quartzite
do Wissahickon (oligoclase)
?)
Hilltop | Wissahickon (oligoclase)
do do
Valley do
Hilltop do
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Water-level

(feet below land surface) Yield
e
S5
= 523
Static Date Pump- Date g Date '.'.49‘\:
ing . =%
. b o
o 53
=) =]
40" Mar. 20, 1951 = = 6 Mar. 20, 1951 1
40° Nov. 29, 1951 80% Nov. 29, 1951 8 Nov. 29, 1951 | —
40* Jan. 21, 1950 = — 6 Jan. 21, 1950
338 July 13, 1949 — == 8 July 13, 1949 1
50® Aug. 3, 1949 - — 314 |Aug. 3, 1949 2
302 Apr. 24, 1950 37 Apr. 24, 1950 4 Apr. 24, 1950 1
35%  |June 14, 1950 | — — — -~ -
30* Mar. 2, 1953 — e — = —
24.05 Aug. 6, 1953 S — — — e
26%  May 1, 1953 — — 2 |May1,1953 | —
42,77 May 1, 1953 = = 1 1951 —
178 Dec. 26, 1951 50* Dec. 26, 1951 9 Dec. 26, 1951 1
50% May 11, 1948 50% May 11, 1948 5 \May 11, 1948 123
518 May 25, 1953 — — 7 May 25, 1953 =
308 July 16, 1947 66% July 16, 1947 | 20 July 16, 1947 1
44 [Apr. 23,1952 | 44* |Apr.23,1952 | 12 Apr. 23,1952 | 1
60" Oct. 22, 1950 60° Oct. 22, 1950 | 20 Oct. 22, 1950 34
398 Mar. 21, 1953 = — — = -
322 May 13, 1950 54° May 13, 1950 | 10 May 13, 1950 34
40% July 26, 1948 = = 4.5 |July 26, 1948 14
558 Sep. 17, 1952 70%  |Sep. 17, 1952 8 Sep. 17, 1952 1
40* Oct. 22, 1948 = = 3 — —
pa— pa— pa— p— .5 - p—
56 Aug. 13, 1949 70 Aug. 13, 1949 5 Aug. 13, 1949 4
41® Mar. 11, 1948 = =] 1 Mar. 11, 1948 34
30 Nov. 18, 1948 70% Nov. 18, 1948 | 20 Nov. 18, 1948 2
36* Apr. 28, 1950 = — - - =
28 |May 26,1952 @ — = — — —
207 Feb. 24, 1953 638 Feb. 24, 1953 7 Feb. 24, 1953 8
40% Oct, 27, 1950 70% Oct. 27, 1950 | 10 Oct. 27, 1950 1
33 |May 10,1952 | — — 12 |May 10, 1952 | 1
348 May 10, 1952 = — 6 May 10, 1952 1
208 Apr. 12, 1948 50° Apr. 12, 1948 4 Apr. 12, 1948 14
398 1951 = = 5 1951 =1
35® 1951 = C 10 1951 b
178 1951 = = 13 1951 b
402 1952 e = 9 1952 =]
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2

S~ | Pumbi

é"g et;?l%{‘g lLsfe Remarks

: E ment | water

o

8.8

&

— | JE D

0.2 |ILE D
= I

— | ILE D, F

- | JLE D,F

) ILE D

— |1E D

— | LE D

— | C,E D

— | J,E D Well reported to be very
old.

— || CoE D, F | Water reported hard; sof-
tener installed.

— N N Yield inadequate; well
abandoned.

3 |CE D, F

— | GE D

— | NI D

6 [J,E D

= [|!J, E D

— | C,H D

= I3 E D

5 |1LE D, F

— ||| CH D

5 |CH D

— 1 C, E D

— | N N Do.

.3 LLE D pH:6.7 (field test). See well
log.

— | CE D

o) = D

— —  ['n

— | LE D

A< = |Ip

3 IC, E C

— | LE D

- |J,E D

1—| J,E D

— ||l C, E I Owner’s well no. 1. See

chemical analysis.

— |G E I Owner’s we