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GEOLOGY AND GROUND-WATER RESOURCES OF
WASHINGTON, D.C., AND VICINITY

By Paur M. JouNsTON

ABSTRACT

The area of this report includes 436 square miles centered about the District
of Columbia.

The area contains parts of two distinctly different physiographie provinces—
the Piedmont and the Coastal Plain. The Fall Line, which separates the Pied-
mont province on the west from the Coastal Plain Province on the east, bisects
the area diagonally from northeast to southwest. Northwest of the Fall Line,
deeply weathered igneous and metamorphie rocks are exposed ; to the southeast,
these rocks are covered by Coastal Plain sediments; the unconformity between
crystalline rock and sediments dips southeast at an average rate of about 125
feet per mile. .

The rocks of the Piedmont include: (1) schist, phyllite, and quartzite of the
Wissahickon Formation; (2) altered mafic rocks such as greenstone and serpen-
tine; (8) the Laurel Gneiss of Chapman, 1942, and the Sykesville Formation of
Jonas, 1928—hoth probably derived from the Wissahickon ; and (4) later granitice
intrusive rocks.

Lying upon this basement of hard rocks east of the Fall Line are the generally
unconsolidated sediments of the Coastal Plain, which include gravel, sand, and
clay, ranging in age from Cretaceous to Recent. These sediments measure only
a few inches at their western extremity but thicken to 1,800 feet at the south-
east corner of the mapped area.

Owing to the great diversity in the geology of the two provinces, the water-
bearing characteristics of the rocks also vary greatly., In the Piedmont, ground
water occurs under unconfined or water-table conditions in openings and fissures
in the hard rocks or in the residual weathered blanket that overlies them. In the
Coastal Plain, the shallow wells tap unconfined water, but beneath the upper
clay layers the water is contained in the sand and gravel under artesian pressure
and must be recovered by deep drilled wells,

Wells are of three types—drilled, bored, and dug. Drilled wells furnish a
permanent water supply and are the least subject to pollution when properly
constructed, Bored or dug wells allow greater storage capacity and are satis-
factory for domestic supplies in some locations, but they are polluted easily.
If not properly constructed or of sufficient depth, they may fail in dry weather.

1
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Ground-water supplies for domestic use, 5 to 10 gpm (gallons per minute), are
obtainable in most places. In the Piedmont, recorded yields in drilled wells
range from 0.2 to 212 gpm. In the Coastal Plain, wells yield from 1 to 800 gpm.

The quality of the ground water in the report area is generally satisfactory
for domestic, industrial, and irrigation use. High iron content and corrosiveness
are troublesome in places. The water is soft to moderately hard—2 to 175 ppm
(parts per million). Water in the Piedmont province is- dominantly the calcium
and bicarbonate type; in the Coastal Plain most water is of calcium-magnesium
bicarbonate type.

In the Piedmont, careful location of wells with respect to the geology (rock
type and structure) and to topography usually results in higher yields and may
mean the difference between success and failure. In the Coastal Plain, drilled
artesian wells are not affected by topography, but the yield obtained depends
upon the penetration of a water-bearing sand or gravel bed at sufficient depth.

The early settlers obtained water from the springs and streams, and later
from dug wells. After Washington was established as the Capital in 1800, water
was obtained from public and privately owned wells. Water was piped from
some of the springs to government buildings and to private homes and business
houses. In 1863 a diversion damn was completed in the Potomac above Great
Falls and a conduit was built into the city to furnish a public water supply.
This system with modifications has been in use ever since. A new diversion dam
and pumping station at Little Falls was put into service in the summer of 1959,

In 1961 the total pumpage from Coastal Plain aquifers in the report area was
estimated to be about 15 mgd (million gallons per day). An estimate of the
withdrawal from Piedmont aquifers cannot be made from the information
available.

Observations of ground-water levels in the Washington area indicate no sus-
tained downward trend, and at the present rate of development, there is no
evidence that the area’s ground-water resources will be depleted in the near
future.

The present practice of using a major surface-water supply supplemented by
ground water is also the best plan for the future. Certainly the area’s needs
cannot be met by ground water alone, but wells are capable of supplying a sub-
stantial amount of water which otherwise would not be used. Furthermore,
many parts of the area are not served by city water and will continue to depend
upon ground-water supplies.

2 GEOLOGY, GROUND WATER, WASHINGTON, D.C.

INTRODUCTION
PURPOSE AND SCOPE OF THE INVESTIGATION

Published ground-water data pertaining to the District of Columbia
and adjacent parts of Virginia are outdated or are out of print; the
most recent information (1954) concerning Maryland is published
in the reports of that State. Therefore a single report discussing
the ground-water resources of the metropolitan area has been needed
for some time. '

Since World War II, the suburban area surrounding Washington,
D.C., in common with most other metropolitan areas in this country,
has been expanding rapidly. The movement of the population to the
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suburbs brings with it the demand for new homes; towns and villages
In the suburban area are overrunning their limits, and more-or-less
isolated subdivisions are springing up in the intervening open coun-
try. All types of construction—including schools, highways, and
civil and military facilities—and the establishment of new industry in
the suburbs demand geologic information, including ground-water
data, for additional water supplies. Many such developments are far
from city waterlines; hence ground-water supplies must be furnished.

The base map used in this report is a reduction (scale 1:62,500) of
the Geological Survey map of Washington and vicinity, Md.-Va.-D.C.
(1949) (1:31,680). The geology (pl. 1) is a composite of mapping
done in Maryland and the District of Columbia by Cooke and Cloos
(1951) ; in Maryland and the District of Columbia by Cloos and Cooke
(1953) ; in the Coastal Plain of Virginia by Darton (1947); and in
the Virginia Piedmont by the writer. The geologic mapping done
in the Piedmont of Virginia in 1901 had become inadequate for cur-
rent needs; hence it was necessary to map the Virginia Piedmont area
especially for this report.

During the course of the investigation 1,022 wells and springs were
located for which physical data were collected. (See Johnston, 1961,
tables 13-16.) Chemical analyses were made of 102 water samples.
In areas where no wells could be located, subsurface data were supplied
from foundation borings.

LOCATION OF THE AREA

The area discussed in this report includes that shown on the
Geological Survey map of Washington and vicinity (1949). The
area contains 436 square miles, of which almost 14 square miles is
water surface. Political subdivisions included are: the District of
Columbia; parts of Montgomery and Prince Georges Counties in
Maryland; and all of Arlington County, Alexandria, and Falls -
Church, and parts of Fairfax County and the town of Vienna in
Virginia (fig. 1).

PREVIOUS INVESTIGATIONS

The pioneer in the study of geology and ground water of the Wash-

ington area was the late N. H. Darton of the Geological Survey.

Among Darton’s publications are the “Atlas Folio of the Washington
Area” (1901), in which he collaborated with G. H. Williams and
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The sedimentary formations of Prince Georges and Montgomery
Counties were mapped by C. Wythe Cooke, and the metamorphic and
* 1gneous rocks by Ernst Cloos, Johns Hopkins University; the maps
were published by the State of Maryland in 1951 and 1953 respectively.
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GEOGRAPHY
SURFACE FEATURES AND DRAINAGE
The Washington, D.C., area, as shown on the topographic map of
Washington and vicinity (1949), straddles the Fall Line, the boundary
separating the Piedmont physiographic province on the northwest
from the Coastal Plain province on the southeast. The Piedmont
province extends from Maine to Alabama; it is about 40 miles wide in
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May 12,1913. The average date of the first killing frost is October 28,
and the earliest recorded date was October 2, 1899.

ECONOMIC DEVELOPMENT

The area discussed in this report comprises 436 square miles, of
which 60 square miles lies within the District of Columbia, 216
square miles in Maryland, and 160 square miles in Virginia.

The population of this area, estimated as of January 1959, was
1,740,500 of which 770,000 were in the District of Columbia, 595,000
in Maryland, and 375,500 in Virginia.

Agriculture is rapidly disappearing as an occupation in this area.
However, some livestock, dairy produects, tobacco and field crops
are produced in nearby Maryland and Virginia.

In the District of Columbia and surrounding area, industrial estab-
lishments produce food and food products, lumber and wood produects,
furniture and fixtures, printed materials, metal parts, machinery, in-
struments, chemicals, refrigerator cars, electronic equipment, and con-
crete products. Several electronic-research establishments and testing
laboratories are located in the area.

The production of sand and gravel is by far the most important
mineral industry in the area. Some building stone and crushed rock
are obtained from the Sykesville Formation (Jonas, 1929) in the
River Road—Seven Iocks Road area of Maryland. Crushed rock
is produced from the serpentine southwest of Rockville. Bricks are
made from the Arundel(?) Clay, which, in former days produced
some iron.

Before 1900 gold was obtained in nearby Montgomery County from
placer deposits in the streambeds and from shafts sunk in the rock.
Emmons (1890) reports a mine known as Montgomery mine in the
vicinity of Great Falls on upper Rock Run. This mine was reac-
tivated in 1890, and it was reported that $8,000 in gold had been taken
from the streambed.

The Allerton-Ream property on the east bank of the Potomac
about three-fourths of a mile above Great Falls was worked by open
cut in contorted mica schist. At the Harrison group gold mines on
‘Rock Run, 1 mile north of Conduit road, eight or more veins (quartz?)
were exposed where the stream cuts across the strike of the rock.
Huddleston farm was the site of a gold mine on the east fork of Cabin
John Creek about 8 miles northwest of Washington (Emmons, 1890).

Southwest of the intersection of Falls Road and McArthur Boule-
vard, a deep shaft and remains of mine buildings can still be seen.

No gold is mined in this area at present, but reportedly it can be
panned in small amounts from some of the streams.
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GEOLOGY

Washington, D.C., is in an area of extremely diverse geology. The
Fall Line, or Fall Zone, passes roughly from Fort Belvoir on the
south through Roosevelt Island and the District of Columbia to Silver
Spring and Fairland on the north, separating the Piedmont on the
northwest from the Coastal Plain on the southeast. The Piedmont
is made up of generally hard igneous rocks and metamorphic rocks
derived from sedimentary and older igneous rocks by dynamic and
contact metamorphism. (See pL 1).

The area has never been glaciated ; hence, uplands and hillsides are
covered by deep residual soils except where certain highly resistant
rocks crop out. Only in the river and major stream valleys of the
Piedmont, where the thick residual cover has been removed by running
water, can the nature of most of these rocks be seen.

At the Fall Line the hard rocks of the Piedmont pass under the
sediments—clay, sand, and gravel of the Coastal Plain. The bedrock
surface dips to the southeast at an average rate of about 125 feet per
mile.

The rocks of the Piedmont include: (1) schist, phyllite, and quart-
zite of the Wissahickon Formation; (2) altered mafic and ultramafic
rocks such as greenstone and serpentine; (3) the Laurel Gneiss of
. Chapman, 1942, which was apparently derived from the Wissahickon
by hydrothermal alteration; (4) the Sykesville Formation of Jonas,
1929, which consists of highly altered remnants of the Wissahickon
Formation together with intrusive biotite granite, quartz diorite (ton-
alite), and associated rocks; and (5) later granitic intrusive rocks
such as the Bear Island Granodiorite of Cloos, 1953 (Cloos and Cooke,
1953), in Maryland, and similar granitic rocks in Virginia. In short,
the rocks underlying the Piedmont of the Washington area are com-
posed of the Wissahickon Formation in various stages of alteration
plus associated felsic and mafic rocks.

East of the Fall Line, but including isolated outliers capping nearby
uplands on the west, the sediments of the Coastal Plain lie upon the
bedrock surface. These sedimentary rocks (generally unconsolidated)
form a southeastward-thickening wedge in which the beds, from
bottom to top, dip successively less than the bedrock surface (Darton,
1947), and whose ages range from Cretaceous at the bottom through
Pleistocene and Recent at the top.

This is a greatly simplified version of the structure of the Coastal
Plain. The Coastal Plain deposits in the Washington area were laid
down under variable conditions in subaerial and near-shoreline en-
vironments, and the beds are not continuous over long distances.
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REGIONAL GEOLOGIC HISTORY

The rocks of the Washington area and adjacent regions include
representatives of the three broad groups—sedimentary, metamorphic,
and igneous. The sedimentary rocks include the Cretaceous and
younger sand, gravel, and clay of the Coastal Plain and stream-
channel and colluvial deposits of Recent age. Sedimentary rocks of
Triassic age lie about 12 miles west of the District of Columbia, be-
yond the limits of the map.

The sedimentary rocks are underlain by metamorphic rocks derived
from much older sedimentary and igneous rocks. Intermediate in
age between the sedimentary rocks and these older metamorphic rocks
are igneous intrusive rocks which include mafic (basaltic) and felsic
(granitic) types.

The metamorphic rocks, which underlie about half the area, include
the Wissahickon Formation and Sykesville Formation of Jonas,
1928, and the Laurel Gneiss of Chapman, 1942, together with serpen-
tine and greenstone which are altered intrusives or are interbedded
in the Wissahickon Formation. Altered granitic intrusive rocks also
are included among the metamorphic rocks, These rocks have had a
very long and complicated history, and their ages have been the sub-
ject of discussion for many years. ‘

Later intrusive rocks of the Piedmont are the Bear Island Granodi-
orite and Kensington Granite Gneiss of Cloos (Cloos and Cooke, 1953 ;
Cooke and Cloos, 1951, respectively) in Maryland and their equiva-
lents in Virginia.

In most published literature dealing with the subject, the age of
the Wissahickon is given as Precambrian. However, originally, ge-
ologists considered it to be of Cambrian and Ordovician age, a con-
clusion which seems to be strengthened by later work in Pennsylvania
and Maryland (Miller, 1935 ; Mackin, 19385 ; Cloos and Hietanen, 1941 ;
Scotford, 1951; and Whitaker, 1955). The lack of fossils in the Wis-
sahickon thus far has precluded absolute proof, but evidence points to
the conclusion that the Wissahickon rocks are the metamorphic equiv-
alents of known Cambrian and Ordovician rocks farther west. The
problem may in time be resolved by geochemical dating methods or
diagnostic fossils may yet be discovered, but for the present the age
is considered to be early Paleozoic( ?).

The history of these rocks begins with the deposition of sediments
in the sea at least 440 million years ago (Holmes, 1959). After con-
solidation, the rocks were raised above the sea and intruded by mafic
magmas, which in some places reached the surface and resulted in
volcanic activity. Much later, in late Paleozoic time, strong compres-
sive forces, acting in a northwest or southeast direction buckled the
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earth’s crust and compressed the beds into tight folds. During and
after this mountain-building activity, probably in late Paleozoic time
(Cloos and Hershey, 1936), another series of intrusions took place,
involving both felsic and mafic magmas which congealed at some
depth below the surface, producing granite and gabbro. Lonsdale
(1927, p. 39) mentions post-Cambrian and post-Ordovician granitic
rocks in the Piedmont of Stafford and Prince William Counties, Va.
Knopf and Jonas (1929a) described Paleozoic granite in Baltimore
County, Md. Late Paleozoic pegmatite occurs in the Sykesville and
Peters Creek Formations in Carroll County, Md. (Stose and Stose,
1946).

After the mountain-making activity, a long period of erosion re-
duced the ancient mountains nearly to base level before the region
again sank beneath the sea. Sediments deposited upon the eroded
surface in Triassic time were intruded by another series of mafic rocks
(Triassic traprock or diabase). At the close of the Triassic, tilting
and faulting took place and low mountains were formed, but the
geologic record gives no evidence of further extensive folding in this
area (Moore, 1933, p. 410).

During the Jurassic, this region probably remained above sea level ;
no Jurassic sediments have been recognized. Erosion reduced the
region to a surface of low relief; eastward tilting brought its eastern
part beneath the sea, and stream cutting increased in the western part.
Cretaceous and younger sediments in the Coastal Plain were deposited
in and near the sea, which during Pleistocene time fell and rose with
the advance and retreat of the ice (Cooke, 1952, p. 42-45). However,
the continental ice sheet never advanced south of central Pennsylvania
and northern New Jersey.

Coastal Plain sediments once extended farther west than they do
now, but they have been removed by erosion.

Relatively minor faulting has taken place since Cretaceous time, as
shown by faulting of the Wissahickon over gravel of Cretaceous age
in the District of Columbia (Carr, 1950, p. 21) and elsewhere (White,
W. A, 1952). -

GEOLOGIC FORMATIONS
THE PIEDMONT

LOWER PALEOZOIC(?) ROCKS
WISSAHICKON FORMATION

The Wissahickon Formation of early Paleozoic(?) age was named
originally by Bascom (1905), from exposures along Wissahickon
Creek in Philadelphia. Similar rocks have been mapped as Wissa-
hickon from Pennsylvania to Alabama. The formation passes beneath

711-570 0—64-—2
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the Coastal Plain on the north and south and in some places on the
east. West of Washington it grades into other formations or is con-
cealed beneath rocks of Triassic age. It occupies roughly most of the
map area northwest of the northwest District of Columbia line
extended.

The geologic map of Virginia (Stose, 1928) shows the Virginia part
of the Washington area to be occupied by Wissahickon schist, intruded
by granite on its southeast side, “largely biotite granite and quartz
monzonite; some muscovite granite and pegmatite,” and by quartz
diorite on the northeast.

In the Washington area the Wissahickon is composed of quartz-
mica schist, phyllite, and quartzite. The schist grades into finer
grained phyllite and into quartzite. Quartz (30 to 60 percent) forms
the bulk of the schist, which contains abundant sericite (15 to 45
percent) and variable amounts of biotite and chlorite. In some places
the biotite or chlorite content is as high as 30 percent; in many places
traces of clinozoisite-epidote are present, and two samples contained
10 to 20 percent of this mineral. Minor accessory minerals are garnet
(almost everywhere), ilmenite, magnetite, sphene, and tourmaline.

The color of fresh, unweathered schist and phyllite is various shades
of gray, bluish gray, or greenish gray. These rocks commonly exhibit
a silvery luster on cleavage surfaces owing to the abundant sericite.

The quartzite in the Wissahickon is massive to somewhat schistose,
very fine to coarse, and contains 60 percent or more of quartz. Some
of the quartzite contains appreciable amounts of biotite, 5 to 20 per-
cent, and (or) chlorite, 5 to 10 percent. The fresh rock is generally
dark gray, but the color ranges from nearly white to very dark, almost
black. The darker, finer grained quartzite in hand samples resembles
ferromagnesian rock and may be mistaken for an intrusive. One
specimen of a related dark fine-grained rock from the circumferential-
highway crossing, west of Annandale, contained 40 percent quartz, 40
percent biotite, and 15 percent clinozoisite-epidote but could scarcely
be classified as a quartzite.

The schist and phyllite of the Wissahickon weather readily, produc-
ing a buff-colored, reddish, yellow, or drab micaceous clayey, silty soil;
the quartzite, which is somewhat more resistant, weathers to a fine
silty to medium-grained sandy soil, similarly colored.

The schist tends to split into laminae along the planes of schistosity ;
the quartzite does also to some extent, but the more massive quartzite
breaks into blocks along three major joint sets: one nearly parallel
to the schistosity, one nearly at right angles, both steeply inclined, and
third nearly horizontal or only slightly inclined. The joint system
in the quartzite also is common to the schist.
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abandoned quarry on the river bluff north of the main building on
the Bureau of Public Roads reservation at Langley, Va.

Biotite schist, chlorite schist, and hornblende schist bodies formed
by metamorphism of flows or intrusives of relatively small size, too
small to show on the map, may be seen in most of the bedrock forma-
tions of the Washington area except in the younger granite.

Most of the rocks in the mafic complex contain clinozoisite-epidote
in varying amounts; the range is 5 to 60 percent. Abundant amphi-
bole, particularly hornblende, ranges from 10 to 50 percent. The
quartz component is uncommonly high for this type of rock, amount- -
ing to as much as 45 percent in some specimens.

In most places these mafic rocks weather to a dark-brown or reddish
soil, but more rarely a pale-green soil may result. Weathering pro-
ceeds to various depths; schist with little quartz weathers more readily
than the more massive or siliceous types. However, the metagabbro
behind the shopping center at West: Falls Church, although containing
little or no quartz, is comparatively fresh near the surface.

Average yield of wells in mafic rocks is about equal to the average
of all wells in the Piedmont (table 3). Twenty-five wells sampled
yield from 3 to 45 gpm and average 13 gpm. This agrees with 13
gpm in Montgomery County (Dingman and Meyer, 1954) but is much
greater than the average for Fairfax quadrangle, where mafic rocks
(greenstone) average 6 gpm (Johnston, 1962¢). This is not surpris-
ing, considering the many rock types included in the unit and the
relative degree of fracturing from one locality to another.

LAUREL GNEISS OF CHAPMAN, 1942

The Laurel Gneiss was originally named the Laural migmatite by
Cloos and Broedel (1940) after its type locality near the town of
Laure] in Prince Georges County, Md. Chapman (1942), in a study
of the Laurel at its type locality, concluded that it was derived from
the Wissahickon “under conditions of stress, high temperature and
abundant water.” He therefore suggested that the nongenetic name
of gneiss be assigned to the formation; this is the name used on the
geologic map of Montgomery County (Cloos, in Cloos and Cooke,
1953).

The Laurel Gneiss enters the area east of Fairland, Montgomery
County, and trends southwestward, its west side grading into the
Wissahickon, its east side concealed beneath the Coastal Plain. On
the south it is truncated by the Wissahickon along Rock Creek near
Piney Branch. The Laurel could not be traced in Virginia, but it
may make up part of the area mapped as Sykesville south of the
Potomaec.

In outcrop the Laurel Gneiss has much the same appearance as the
Sykesville, for the two formations weather similarly (fig. 7). Fresh
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In Carroll County the formation is said to be intrusive in the Peters
Creek Formation (Stose and Stose, 1946, p. 92). Its extension south
across Howard County lies between the Peters Creek Formation on
the east and the Wissahickon on the west. The formation is 214 to 814
miles wide in northern Montgomery County, where it lies between the
two facies of the Wissahickon Formation. This body enters the Wagh-
ington area east of Rockville, where it is a little more than a mile
wide. It pinches out about 2 miles farther south near the Baltimore
and Ohio Railroad. Lenticular bodies aggregating a maximum width
of about a mile in the Seven Locks Road area cross the Potomac be-
tween Cabin John and Carderock. These bodies, which are entirely
enclosed within the Wissahickon Formation, merge south of the river,
widen and appear to plunge beneath the Wissahickon between Lewins-
ville and Brilyn Park. In this area the deep wells at Pimmit Hills
pass through the Wissahickon into the Sykesville beneath. A smaller
lenticular body of Sykesville rocks extends across the river from
Montgomery County near Offut and Hermit Islands, splits into two
sections, and apparently dies out near Leesburg Road. A somewhat
larger lenticular body about half a mile wide and 214 miles long occurs
in the vicinity of Garrett Park, north of Bethesda, Md. The major
body of Sykesville rocks in the Washington area extends from River
Road between Glen Echo Heights and Kenwood and across the river
between High Island and the Three Sisters. It fronts along the river
for more than 4 miles before passing under the Coastal Plain sedi-
ments at its east margin. In Virginia its west boundary passes
through Chesterbrook, Stafford Hills, East Falls Church and west of
Seven Corners, east of Masonville and west of Annandale, where it
passes with a gradational contact into the granite on the south. Its
east boundary is concealed beneath the Coastal Plain.

In the Washington area, the Sykesville Formation appears to be a
modified facies of the Wissahickon, which, before intrusion of the
Sykesville granite, contained, along with schist and quartzite, a large
component of mafic rocks, probably both intrusive rocks and inter-
bedded flows. Granitic magmas were intruded into the Wissahickon
and the Peters Creek farther north. The resulting intrusive rocks
include quartz diorite, biotite granite, granodiorite, and quartz mon-
zonite. These granitic rocks are very dark gray and contain inclusions
of dark gray to black biotite schist or chlorite-epidote-quartz schist,
sericite-quartz schist, and quartz fragments. It may be that the orig-
inal magma was of felsic composition but because of assimilation of
ferro-magnesian rocks, took on a darker, mafic aspect. Included in
the Sykesville Formation are muscovite or sericite-biotite-quartz
schist and gneiss, quartzite, epidote quartzite, and muscovite-biotite
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Altered quartz diorite with black inclusians is well exposed on the
hilltop south of Tripps Run, between Annadale Road and Sleepy
Hollow Road. The rock in this exposure differs considerably in com-
position from that in the abandoned Falls Church quarry, which is
only about 214 miles north.

The Tripps Run rock contains about 40 percent quartz and 30 per-
cent plagioclase, about half of which has been altered to clinozoisite-
epidote. The rock contains abundant biotite and minor amounts of
muscovite, and the mafic inclusions appear to be similar to those in
the intrusives in the Sykesville.

In the Falls Church quarry pink and white granite contains 40 to 50
percent quartz, 30 to 40 percent orthoclase, and small amounts of
plagioclase. Some sericite has formed. Granite from the Fort Belvoir
quarry has a similar composition.

The granite varies considerably in its susceptibility to weathering.
Soils developed on granite are generally light colored and sandy, but
where the granite contains many . dark-colored inclusions or schist
bodies, the soil tends to be reddish and clayey.

Wells tapping the undifferentiated granitic rocks of the Washing-
ton area have an average yield of 9 gpm, according to the 38 wells
sampled (table 3). Yields range from 0.5 to 30 gpm. However,
several wells drilled in the granite have been reported failures.

APLITE

Aplite bodies intrude the Piedmont rocks. The intruded aplite is in
the form of dikes, sills, and irregular bodies, all of which range from
a fraction of an inch to tens of feet across. Exposures are deeply
weathered, except in stream channels, and resemble granulated sugar.
Aplite bodies do not form prominences and may be concealed in places
by movement of slope wash. :

All the aplite bodies are white and are composed of quartz and
feldspar. In some places tourmaline and white mica occur as acces-
sory minerals.

Examples of aplite dikes can be seen at many places in the Wash-
ington area. Good examples are at Glen Echo (Fig. 16), at Tysons
Crossroads in back of the gasoline station on the northeast corner of
Chain Bridge Road and State Route 7, along Kirby Road opposite
Ivy Hill Drive, along Leesburg Road west of Madeira School, and at
the Engineer Proving Grounds at Fort Belvoir.

The aplite bodies are not considered to be water-bearing formations
because of their small areal extent. Several wells bottomed in aplite
produced little or no water from it. The rock is generally relatively
impermeable, and contacts with country rock are normally sealed.
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THE COASTAL PLAIN
LOWER AND UPPER CRETACEOUS SERIES

POTOMAC GROUP

In Maryland the Potomac Group of Early and Late Cretaceous
age is divided into three formations: (1) the Patuxent Formation
(Lower Cretaceous), (2) the Arundel Clay, and (3) the Patapsco
Formation (Upper Cretaceous). In the Maryland part of the report
area, the Arundel and the Patapsco are not separated but are con-
sidered together. TIn the Virginia part, the Potomac Group is con-
sidered as a unit.

The Potomac Group is well exposed along the Richmond, Fred-
ericksburg, & Potomac Railroad between Franconia and Bush Hill,
Va. A composite section from core borings for the Washington
Circumferential Highway in the vicinity of Mount Hebron Park is

as follows:
Thickness Depth
Description (feet) (feet)

Gravel and soil_ . e 3 3
Silt, tan, and sand ; trace of gravel_________ ___________________ 5 8
Sand and silt, mottled ; trace of mica___ . ______________________ 5 13
Silt, clayey, mottled_ ___ 8 21
Sand, yellowish-brown__ . .o e 4 25
Silt, clayey, green, and fine sand. .o ______________ 7 32
Sand, yellowish-brown — 6 38
Sand, brown, and gravel with layers of gray elay-. - —___ 4 42
Silt and clay, mottled ; trace of fine sand._-_ 25 67
Sand, silty, multicolored___ .« e 22 89

Top of bedrock e e e 89
LOWER CRETACEOUS SERIES

PATUXENT FORMATION

The Patuxent Formation was named by Clark (1897) from its
type locality in the upper valleys of the Little and Big Patuxent
Rivers. The following descriptions of the formation are in part
adapted from Cooke (1952).

The formation contains large amounts of sand commonly mixed
with variable amounts of kaolin and mica, gravel composed of large
well-rounded polished pebbles, and lenses of varicolored or white
massive clay.

According to Little (1917, p. 60), the known fauna of the Patuxent
consists only of a Unio (a fresh-water mussel) and a fish. The flora
includes ferns, horsetails, cycads, and conifers.

The Patuxent is the basal formation of the Coastal Plain; it lies
directly upon the crystalline basement and probably was deposited as
outwash from the Piedmont. Shifting currents have cut out parts
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The Patuxent Formation and the undifferentiated Potomac Group
are the most productive water-bearing formations in the report area.
Forty-five wells in the Patuxent yield 10 to 300 gpm and average 80
gpm. In the undifferentiated Potomac Group yields range from 1 to
800 gpm from 91 wells and average 96 gpm.

UPPER CRETACEOUS SERIES

ARUNDEL CLAY

This formation was first named by Clark (1897, p. 190) from its

exposures in Anne Arundel County. Clark described it as:
a series of large and small lenses of iron-ore-bearing clays which occupy ancient
depressions in the surface of the Patuxent Formation * * *. The clays are
highly carbonaceous, lignitized trunks of trees being often encountered in an
upright position with the larger roots still intact. Scattered through the tough,
dark clays are vast quantities of nodules of iron carbonate, at times reaching
many tons in weight, and known to the miners under the name of “white ore.” In
the upper portions of the formation the carbonate ores have changed to hydrous
oxides of iron, which the miners call “brown ore.” The largest clay lenses * * *
reach a thickness of nearly 125 feet.

Fauna of Arundel time included dinosaurs, crocodiles, turtles, and
gar fishes. The flora included ferns, cycads, and conifers. Car-
bonized wood is common (Cooke, 1952, p. 5).

The Arunde] is separated from the underlying Patuxent Formation
by an unconformity and from the overiying Patapsco Formation
possibly by an unconformity. Cooke (1952, p. 5) states that the un-
conformity at the top may not indicate a long stratigraphic break
but may be the result of shifting currents.

According to Cooke (1952, p. 6), the Arundel Clay “is exposed at
the bottom of the pits of the Washington Brick Co.” at Muirkirk,
Md., but (op. cit., p. 7) “Possibly the * * * [overlying] maroon
clay [in the pits] properly belongs with the Arundel rather than the
Patapsco * * *” Muirkirk is just outside the area of the geologic
map, about 2 miles northeast of Beltsville.

PATAPSCO FORMATION

Clark (1897, p. 191) named the formation from the Patapsco River
near Baltimore. Cooke (1952, p. 7) stated that:

The basal part of the Patapsco formation is clayey ; the upper part also contains
clay but is more sandy and contains many lateral transitions from clay into
sand * * * The lower clay is commonly maroon. The colors of the upper part
are prevailingly lighter, especially the sand, much of which is white. Most of
the beds are lenticular but a few near the top are more even and appear to have
been deposited in quiet water. Possibly the basal maroon clay properly belongs
to the Arundel rather than the Patapsco, and some of the upper beds may repre-
sent the Raritan * * *
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Berry (1911, p. 70) reported flora including “ferns, horsetails,
cycads, conifers, and the first extensive development of advanced
angiosperms * * *,

The Patapsco overlies the Arundel Clay unconformably and in the
Washington area is overlain unconformably by the Monmouth For-
mation of Late Cretaceous age. It crops outin a strip extending from
near Berwyn Heights to the Potomac River, reaching a maximum
width of about 6 miles in the Washington area. The best exposures
of the Patapsco are at Muirkirk in the Washington Brick Co. pits and
at Anacostia in the abandoned pistol range of the Eleventh Precinct
Police Station.

The Patapsco Formation is one of the better producing aquifers in
the Washington area. Eleven wells in the Patapsco yield 10 to 120
gpm and average 40 gpm.

MAGOTHY FORMATION

The Magothy Formation wasnamed by Darton (1893) for exposures
on the Magothy River. Cooke, who did not recognize it, stated (1952,
p. 5) that it was overlapped by the Monmouth in the Washington-
Prince Georges County area. However, Meyer (1952, p. 98) de-
scribed it as a thin band paralleling the Patapsco Formation except
near Seat Pleasant, Fort Foote, and Fort Washington. As described
by Meyer, it is “essentially a light-gray cross-bedded coarse sand,
containing a small amount of glauconite and pyrite which oxidizes to
iron oxide where exposed, and brown, white, or gray clay. Particles
of carbonaceous matter or lignite are common throughout the
formation.”

Three wells terminating in either the Magothy or the Patapsco
Formation in the Washmgton area yield 40 to 42 gpm from depths of
341 to 347 feet.

MONMOUTH FORMATION

The Monmouth Formation was named by Clark (1897) for deposits
in Monmouth County, N.J. According to Cooke (1952, p. 8) the
Monmouth Formation in the Washington area

consists chiefly of very fine sand, commonly including more or less glauconite
and mica. The base of the formation consists of a gravel bed about 2 feet thick
containing well-rounded pebbles and coarse pink quartz sand. This bed merges
upward into fine micaceous sand that weathers rusty brown. Fresher exposures
are colored gray-green to nearly black by the unaltered glauconite. In this con-
dition the Monmouth closely reseinbles the Eocene Aquia Greensand, which over-
lies it but from which it can be distinguished by its characteristic fossils. More-
over the basal Aquia is commonly coarser and containg more and coarser grains
of glauconite than the Monmouth.

The fossils of the Monmouth include marine fish, crabs, and shellfish.
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The Monmouth Formation unconformably overlies the Patapsco
Formation and is overlain unconformably by the Paleocene Brightseat
Formation, by the Eocene Aquia Greensand, or by the Miocene Chesa-
peake Group.

As shown on plate 1, the Monmouth Formation includes in places
the Brightseat Formation, which was not recognized when the Prince
Georges County geologic map was made. The Monmouth and (or)
the Brightseat Formation crop out in the valleys of Oxon Run and
Henson Creek between Seat Pleasant and the Potomac River. The
Monmouth is well exposed in a road cut on Branch Avenue, between
Suitland Parkway and Naylor Road, one fourth of a mile south of
the District line. Here 30 to 40 feet of fine black micaceous, glauco-
nitic sand is overlain by 1 to 2 feet of coarser green glauconitic sand
(Aquia ?), above which is Miocene light gray-buff slightly diatoma-
ceous clay containing fossil bones (Cooke, 1952, p. 13-14). No drilled
wells are known to terminate in the Monmouth Formation, and it is
not important as a water-bearing formation.

TERTIARY SYSTEM—PALEOCENE SERIES

BRIGHTSEAT FORMATION

The Brightseat was named by Bennett and Collins (1952, p. 114)
from exposures 1 mile and 314 miles southwest of Brightseat, Md.,
a village just outside the report area about 3% miles northeast of
Seat Pleasant. At these localities it is a light-gray to dark-gray
micaceous sandy or silty clay, indurated in places, the lower part fos-
siliferous (Bennett and Collins, p. .114-115). TIts thickness is ex-
tremely variable from place to place and the formation is not every-
where present. ‘

No drilled wells are known to obtain water from the Brightseat
Formation. Like the Monmouth, which includes the Brightseat as
shown on plate 1, the Brightseat is not important as a water-bearing

formation.
EOCENE SERIES—PAMUNKEY GROUP

The Pamunkey was originally mapped as a formation by Darton
(1891) from exposures on the Pamunkey River, Va. It was later
divided by Clark and Martin (1901) into two formations, the Nan-
jemoy above and the Aquia below.

AQUIA GREENSAND

Cooke (1952, p. 22) prefers the name Aquia Greensand for the for-
mation in this area because glauconite is the dominant mineral in it.
He described it as follows:

The glauconite of the Aguia is commonly in rather large grains, particularly

in the lower part of the formation. It is nearly everywhere mixed with some-
what finer sand, which is less conspicuous because of its neutral color, though it
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may exceed the glauconite in actual volume. The Aquia includes several local
ledges of marlstone in which the glauconitic sand is cemented by lime. Fresh
exposures of the Aquia are generally very dark green, but this color alters to
rusty-brown in time because of the oxidation of the iron in the glauconite. * * *
Fossils occur at several horizons within the Aquia. The lowest zone, lying only
a foot or two above the base, includes several large, heavy mollusks that indicate
shallow water * * *,

The gastropod Zurritella mortoni, and Pelecypods Ostrea compressiro-
stra, Cucullaea gz’gcmtea, and Crassatella alaeformis are the most con-
spicuous species in the higher zones.

“The Aquia lies unconformably on the eroded surface of the Paleo-
cene Brightseat Formation or overlaps on older formations” (op. cit.,
p- 23). 1In the map area, the Aquia lies upon the Brightseat or the
Monmouth Formation. The Nanjemoy overlies the Aquia Greensand,
probably unconformably.

The Aquia crops out in a band parallel to the Monmouth in the val- .
leys of Oxon Run and Henson Creek. It can be seen at the Suitland
Parkway locality one fourth of a mile south of the District line, where
1 to 2 feet of coarse glauconitic sand, probably Aquia, overlies the
Monmouth. It is welt exposed near Fort Washington and along
Indianhead Highway just north of Piscataway Creek, both localities
about 8 miles south of the District line. Only a few dug wells obtain
water from the Aquia; no drilled wells terminate in it.

NANJEMOY FORMATION

The Nanjemoy Formation was named by Clark and Martin (1901,
p. 64) from exposures on Nanjemoy Creek in Charles County, Md.
The following descriptions are from Cooke (1952, p. 29) :

The most distinctive part of the Nanjemoy formation in Prince Georges County
is a bed of pink plastic clay, called the Marlboro clay member of the Nanjemoy
(Clark and Martin, 1901, p. 65; Darton, 1948), that lies directly on the Aquia
greensand. 'This is overlain by gray to green glaucontic sand very like the Aquia
in appearance but commonly somewhat finer.

The pink clay is 27 feet thick on the Indian Head Road at Piscataway Creek.
The full thickness of the overlying glauconitic sand is not known. Clark and
Martin (1901, p. 64) report the total thickness of the formation as 125 feet * * *.

* #* * #* #* * *

The pink clay of the Nanjemoy contains few if any mollusks. The glauconitic
gand above it is more fossiliferous,. through identifiable shells are rare * * *.

The contact of the pink clay with the underlying Aquia greensand is very
sharp, with no sign of transition between the beds nor any indication of erosion
between them except a slight unevenness of the contact. If the contact marks
an unconformity, the hiatus between the beds probably was of short duration.

The contact of the clay with the overlying glauconitic sand is likewise sharp,
but there is some evidence of wave action, for lumps of clay are incorporated
in the bed above. If this indicates an unconformity, it, too, probably does not
record a long period of time. Perhaps the clay bed properly belongs with the
Aquia rather than the Nanjemoy.
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In Prince Georges County the Nanjemoy is overlain directly by overlapping
Miocene beds.

The Nanjemoy Formation crops out only along Tinkers Creek in the
southeast corner of the report area.

The Aquia greensand on the Indian Head Road at Piscataway Creek [about 8
miles south of the District line] is overlain by 27 feet of pink plastic clay and
16 feet of fine gray glauconitic sand * * *. Neither the upper nar the lower
surface of the clay is well exposed * * *. The bottom of the clay member of
the Nanjemoy is about 62 feet above water level in Piscataway Creek (op. cit.,
p. 31).

The Nanjemoy supplies water to only a few dug wells. No drilled
wells in this formation are known in the report area.

MIOCENE SERIES—CHESAPEAKE GROUP

The Chesapeake Formation was the name given by Darton (1891)
to the Miocene marine deposits in the Chesapeake Bay area. It has
since become a group and has been divided into three formations
(Shattuck, 1902), in descending order: the St. Marys, Choptank, and
Calvert Formations. The Chesapeake Group is undifferentiated on
the geologic map (pl. 1). Cooke (1952, p. 34) stated that:

In the famous Calvert Cliffs along Chesapeake Bay, 8 or 9 miles east of
Prince Georges County, are almost continuous clean exposures of the Calvert and
Choptank formations. The St. Marys formation crops out farther south * * *.
In Prince Georges County the Miocene consists chiefiy of dark-gray to light-gray
clay, which weathers readily into fine fiuffy sand or silt * * *. At some places
the basal Miocene deposits are carbonaceous. HElsewhere they contain enough
glauconite to impart a green or gray color.

Miocene shells are rarely found in Prince Georges County, though
impressions of them are fairly abundant. The shells themselves have
been dissolved.

The Chesapeake Group crops out in Anacostia, D.C., and in stream
valleys to the southeast. ‘“Where it lies at the surface it may be recog-
nized by its peculiar hummocky topography” (Cooke, 1952, p. 35).

At Good Hope Hill, Good Hope Road at 24th Street SE. in Wash-
ington, the Chesapeake lies directly on the Patapsco. A section by
Cooke (1952) isas follows:

Miocene, Chesapeake group (undifferentiated) : Feet
Coarse black carbonaceous pebbly sand at base, passing upward into
light-gray and brownish clayey sand, silty clay at top. Impressions
of mollusks in lower-middle part. Upper part mantled with gravel
derived from the Brandywine formation. Bottom approximately
210 ft. above sea level . . ___ _ 40+
Upper Cretaceous, Patapsco Formation :
Tough dark-gray to brown massive clay changing eastward into fine
white sand. A thin ledge of ferruginous sandstone, locally conglom-
eratic, separates it from the overlying Miocene____________________ 5
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The Chesapeake also may be seen overlying thin Aquia(?) glauconitic
sand at the Branch Avenue locality, one-fourth mile south of the
District line.

At Tysons Crossroads in Virginia, 10 to 15 feet of red and yellow
silty, sandy clay beneath the Bryn Mawr Gravel may represent the
Chesapeake Group, as mapped by Darton (1947). It does not appear
to be residual material derived from the underlying schist as suggested
by Cooke (1952, p. 39).

PLIOCENE(?) SERIES
BRYN MAWR GRAVEL

The name Bryn Mawr was first used by Lewis (1880) to designate
gravel at altitudes of 325 to 450 feet in the Philadelphia area. Bascom
(1924) used the name to include gravel deposits of Pennsylvania,
Delaware, and Cecil County, Md. Cooke (1952, p. 88) applied the
name to gravel lying above 350 feet in the Washington, D.C., area.

In Virginia smilar deposits lying above 340 feet and reaching a
maximum altitude of 518 feet at Tysons Crossroads were called
Brandywine Formation and Bryn Mawr (%) Gravel by Darton (1947).
Cooke (1952, p. 39) restricted the Brandywine to a maximum eleva-
tion of 270 feet in the Washington area.

In this area the Bryn Mawr consists of coarse, poorly sorted pebbles in red
sand and silt. * * * The bright red color distinguishes it from the pink or
yellow Brandywine formation, with which it is nowhere in contact. It is further
distinguished by its altitude, being everywhere higher. In the District of
Columbia it ranges in altitude from approximately 350 to 410 feet above sea

level, and near Tysons Crossroads in Fairfax County, Virginia, red gravel pre-
sumably Bryn Mawr stands as high as 518 feet (Cooke, 1952, p. 38).

The author measured the following section at Tysons Crossroads:

Thickness

Bryn Mawr Gravel : (feet)

Gravel, in red clayey silt matrix_ e 3

Conglomerate, iron-cemented __.__ . __________________________ 1

Gravel, in red clayey silt matrix, pebbles, maximum 6in_____ . ____ 6
Chesapeake(?) Group:

Clay, silty, sandy, red and yellow___ -~ — ——- 10-15

Clay, white___ ——— e e 2-3
Wissahickon Formation :

Schist.

No fossils have been found in the Bryn Mawr, but its appearance and
the erosion of the formation indicate a considerable age. It is gen-
erally considered to be Pliocene(?) (Cooke, 1952, p. 38).

The Bryn Mawr is not continuous but caps isolated hilltops. In the
District of Columbia it crops out south of Tenleytown; in Maryland
it occupies ridges at Sliver Spring, White Oak, and northeast of Cedar-
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where it overlies clay of the Patapsco. In Virginia the Brandywine,
as delimited by Cocke (1952, p. 39), was included in river-terrace de-
posits by Darton (1947). Water-bearing properties of the Brandy-
wine Gravel are the same as those of the Bryn Mawr.

QUATERNARY SYSTEM—PLEISTOCENE SERIES

SUNDERLAND FORMATION

The Sunderland Formation was named by Shattuck (1901) from a -
village in Calvert County, Md. Cooke (1952, p. 45-46) described it
as follows:

The Sunderland consists of coarse gravel, including cobbles [boulders] a foot
or more in diameter, cross-bedded sand, silt, and eclay. The color ranges from
orange-red to pink, yellow, and blue-gray. The maximum thickness of the
Sunderland Formation is probably about 40 or 50 feet. Variations in altitude
of the Sunderland seem to be caused by inequalities in the valley floor on which
it was deposited rather than by deformation. ’

As the Sunderland iu this region consists almost entirely of valley fill, it lies
unconformably on deposits ranging in age from the ancient crystalline rocks to
the Pliocene. At the northern end of the Potomac estuary it lies much lower
than the Brandywine gravel but at the southern end of the county [Prince
Georges Countyl it lies nearly as high.

The Sunderland crops out in the District of Columbia in the Mt.
Pleasant area; east of McMillan Reservoir; and at St. Elizabeth’s
Hospital in Anacostia; in Maryland at Oxon Hill; and along Fort
Foote and Oxon Hill Roads. It was not differentiated in Virginia but
was included by Darton (1947) in the river-terrace deposits. Many
dug wells obtain water from this formation.

WICOMICO FORMATION

Shattuck (1901) named the Wicomico Formation from the Wico-
mico River in Charles and St. Mary’s Counties in Maryland. Cooke
(1952, p. 48) described the Wicomico as follows:

In this area [Prince Georges County] the Wicomico consists of a coarse gravel
bed at the base and finer sand and silt above. The color of the silt ranges from
yellow to drab to dirty white. There are also local deposits of earbonaceous
clay containing tree stumps and other woody debris. The Wicomico formation
rarely exceeds 30 feet in thickness. :

In the District of Columbia the Wicomico extends from Florida
Avenue to the White House and from Rock Creek to the Anacostia,
River. A narrow strip along the left bank of the Potomac and Ana-
costia Rivers broadens up the Northwest Branch and the Northeast
Branch. Other Wicomico outcrops occupy the valleys of Henson
Creek and Tinker Creek. The Wicomico Formation was not differen-
tiated in Virginia but was included by Darton (1947) in river-terrace
deposits (fig. 21). Many dug wells obtain water from this formation.
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directly upon the deeply weathered bedrock surface and overlain by
several feet of reddish or buff-colored clayey silt, which generally con-
tains scattered quartz fragments. In some sections, one or more thin
beds of weathered quartz fragments, more or less parallel to the bed-
rock surface, are the only indication of bedding, which elsewhere in
the section may be obscure or lacking (fig. 22).

In the Piedmont of the Washington area, these deposits generally
are exposed above an altitude of 300 feet, on uplands and hillsides
alike. Their maximum observed thickness is more than 20 feet,
though they may be much thicker. They probably originated as a
result of rapid deposition of slope wash, as outlined below.

Quartz veins, which are common in all the basement rocks, are gen-
erally more resistant to erosion than the enclosing bedrock, and frag-
ments tend to accumulate on the surface while finer materials derived
from the bedrock are carried away by sheet wash or by the wind.
Downhill creep slowly spreads the accumulation of quartz fragments
over the surface. The characteristic glossy, iron-stained appearance
of the quartz in many places indicates long exposure to the elements.
Later deposition buried the quartz pavement beneath an accumulation
of clay and silt, which also contained a few scattered fragments of
quartz throughout. Still later, erosion removed a part of the silt from
the surface, leaving a second accumulation of quartz on the surface,
which in turn was buried beneath a second accumulation of silt, ac-

FIGURE 22.—Colluvium overlying weathered schist of the Wissahickon Formation, along
University Boulevard east of Wheaton, Md.
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counting for the interbedded quartz fragments. Subsequent erosion
and dissection by streams left these deposits as remnants on the
uplands.

A somewhat similar deposit, which appears to have formed in small
tributary streams by a process that can be observed today, contains
subangular to subrounded quartz fragments with intermixed clay, silt,
and sand. The quartz fragments show only slight stream rounding,
indicating that they have not been carried very far. Later erosion,
after changes in the drainage. pattern, has left the deposits above
present stream courses.

The widespread occurrence of colluvial deposits greatly increases
the difficulty of mapping the bedrock on the uplands and on the gentler
slopes. The boundaries of the deposits are hard to distinguish because
of the resemblance of the deposits to residual soils, and generally they
are not detected unless exposed in road cuts or other excavations.

In addition to increasing the difficulty of geologic mapping, col-
luvium has a most serious effect on construction projects, which has
caused considerable trouble to builders and contractors. When col-
luvium becomes saturated during wet weather it has the characteristics
of quicksand and tends to drain very slowly, although when dry it
generally has satisfactory foundation and percolation properties.
This behavior when saturated has caused expensive delays and serious
foundation problems in some localities in the Washington area.

Because of the difficulties involved and the lack of time, this unit has
not been mapped and is not shown on the geologic map. Probably
some dug wells obtain domestic water supplies from the colluvium.

RECENT ALLUVIUM

The Recent alluvium is confined to stream channels and flood plains
in the Piedmont as well as in the Coastal Plain and is generally only
a few feet thick, but in some places it may exceed 20 feet. It consists
of clay, sand, and gravel. Many dug wells obtain water from these
deposits in the Washington area.

STRUCTURE OF THE COASTAL PLAIN DEPOSITS

The bedrock surface in the Washington area, upon which the
Cretaceous sediments of the Coastal Plain lie, dips to the southeast at-
an average rate of 125 feet per mile. The overlying formations dip
progressively less. According to Meyer (1952), the Patuxent Forma-
tion dips to the southeast at about 80 feet per mile. The Arundel Clay
dips 45 to 50 feet per mile, the Patapsco 30 to 50 feet, the Magothy 22
to 33 feet, the Monmouth about 30 feet, the Aquia about 20 feet, and
the Nanjemoy 15 to 40 feet.
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estate, now Arlington National Cemetery, was a favorite picnic spot
before the Civil War.

In the District of Columbia, the name Carroll Springs was given
to a community surrounding a group of springs on New Jersey Ave-
_nue, two or three blocks south of the Capitol (Brown, 1930, p. 5).
Takoma Spring, though now unused, is still in existence at the corner
of Elm and Poplar Avenues in Takoma Park.

Many anecdotes of fact and fiction about some of the springs in
this area have come down through the years. The big spring at the
Kingwood Farm southwest of Alexandria is said to have been a
favorite stopping place of George Washington. A large spring (prob-
ably called Washington Spa Springs) formerly at the east side of
Bladensburg Road, just south of the entrance to Fort Lincoln Ceme-
tery, figured in the battle of Bladensburg in 1814. Proctor (1930,
p. 357) wrote: “Commodore Barney was taken prisoner, having
ordered his officers to leave him where he lay bleeding at the spring
* * %2 Barney’s wounds were treated by the British, and he was
later released.

Silver Spring was named by Francis Preston Blair, the former
owner of Blair House on Pennsylvania Avenue (now used as a guest
house by the President). In 1842 Blair happened on the spring while
in pursuit of a runaway horse. The water bubbling up through the
mica and sand glistened in the sunlight, and this effect suggested the
name. Blair later purchased a large tract of land, which included
the spring, and built a country home.

In the seventy-fifth anniversary history of Takoma Park (Olm-
stead and others, 1958, p. 16), it is related that when the Indian Chief
Powhatan was wounded near the present site of Philadelphia he was
taken to a “wonderful, healing spring” north of the Potomac—pre-
sumably Takoma Spring—referred to as Big Spring to distinguish
it from lesser springs in the vicinity.

The Takoma spring was sold to the Takoma Park Springs Co.,
which in 1891 began to bottle and sell the water. According to Olm-
stead (1958, p. 17) this was tolerated until the company fenced in
the spring to prevent access by the public, whereupon the irate citi-
zenry took things in their own hands and tore the fence down. In-
vestigation showed that “the terms of the sale specifically intended to
retain the spring in public use and that the claim of the owners was
void * * *” The town then acquired possession of the spring and
park. The Takoma spring (fig. 24) was in use during the drought
of 1932, when people from many miles around came for water.

711-570 0—64——4
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of Eye Street, was piped southward along 13th and 14th Streets.
During the course of several years these lines, which were partly of
bored logs and partly of cast iron, were extended south to Ohio Ave-
nue, east to 11th Street, and west to 15th Street NW. (Orndorff, 1962).

Congressional or Smith Spring, now inundated but marked by a
circular brick structure in McMillan Reservoir, was purchased in 1833.
It supplied water by pipeline to the Capitol building in 1834. In 1837
the pipeline was extended to hydrants along Pennsylvania Avenue
(J. C. Smith, written communication, 1962).

Delay in improving public facilities must have been as common in
the nineteenth century as it is today. In 1819 Congress provided an
appropriation to have water piped from a group of springs in what
is now known as Franklin Park to the White House and executive
buildings, which at that time were supplied from wells (Brian, 1914,
p. 65). The project was not completed until 1834 because of “un-
willingness of the government to pay what was regarded as a high
price in 1819” (op. cit., p. 65).

Cool Spring, a large spring near 15th and E Streets NE., also was
called Young’s or Stoddert’s Spring after former owners; later it
became known as Federal Spring, a duplication of the name used
sometimes for Caffrey’s Spring (Brian, 1914). An ice plant was built
at this site and the water is still in use for cooling at the plant. This
is one of two springs in use commercially in the Washington area.
The other is southwest of Rockville, where the water is bottled and
distributed for drinking.

No further details are available concerning a spring in City Hall
Park, now Judiciary Square, which also supplied water by pipeline
to the nearby area. There were many other springs of considerable
importance in the old city, but it is doubtful if any of them were used
to supply pipe systems,

The waterlines from the springs were maintained and extended
from year to year. By 1850 most of the area south of the springs to
Pennsylvania Avenue and between 1st and 15th Streets NW. was
served by pipeline. Most of the lines were connected to public hy-
drants or “pumps,” but some supplied service lines into private
premises.

According to Orndorfl (1962) :
an act of the City Council dated August 5, 1812, provided general authority
“for sinking of wells and erecting of pumps, conveying of water in pipes, and
fixing of hydrants for the improvement of springs and other purposes.” Under
this act, the Mayor * * * could cause one-half of the cost of such improvements
to be assessed against the resident beneficiaries. In addition to the construction,
improvement, and maintenance of springs, wells and pipelines, the city con-
structed large brick cisterns or reservoirs in strategic street intersections to store
water for fire fighting.
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Wells were a great convenience, even if located on the corner of a -
block. However, the more aflluent had wells dug in their own yards.
Others used the public pumps.

Fortunately the chief source of soil contamination in centers of
population was never a problem in Washington. On May 13, 1805, an
ordinance was approved prohibiting the use of privy pits.

The Intelligencer of December 1, 1849, stated that for more than
a third of a century the city had made use of the “rich gifts of nature
of under-ground springs which rise up wherever a well is dug.”
However, by midcentury the supply was no longer adequate for a pop-
ulation that had increased to 51,000. The demand was so great that
it was impossible to prevent private citizens from tapping the pipe-
lines to public buildings (Brian, 1914, p. 305).

Several surveys had been made for a public water supply. Notes
on L’Enfant’s map of 1792 suggested that water from a branch of
Tiber Creek be “conveyed to the high ground where Congress House
stands,” from Reedy Branch to the President’s House, and that Pine
Creek (now Piney Branch) be “turned into James White Branch to
supply the city.” These suggestions were never carried out, except
that Congressional or Smith Spring, which was the source of a branch
of Tiber Creek, was piped to the Capitol building.

At various times consideration for a public supply had been given
to the Potomac above Great Falls, Rock Creek, the Anacostia River,
and the numerous wells and springs in the District (Somervell, in
Proctor, 1930, p. 613).

“In a letter written in 1798, General Washington expressed a belief
‘that the water of the Potomac may, and will be brought from above
the Great Falls into the Federal City, which would, in future, afford
an ample supply of this object’ ” (OrndorfT, 1962).

In the years 1850-52, appropriations were made for a study of the
best way of supplying water to the city, and by 1853 Capt. M. C.
Meigs of the U.S. Army Corps of Engineers began construction of a
project to bring water from the Potomac to the city. The project
consisted of a dam above Great Falls, 9 miles of 9-foot conduit to
Dalecarlia Reservoir (a 46-acre reservoir in Little Falls Branch),
and 2 miles of 9-foot conduit from Dalecarlia to Georgetown Reser-
voir. From Georgetown the water was to be distributed through
cast-iron mains to other parts of the city.

By 1859 construction had been partly completed and water from
Little Falls Branch, impounded in Dalecarlia Reservoir, was turned
into the system. Finally, on December 5, 1863, after delays caused by
the war, water from above Great Falls began flowing into the mains
(Orndorff, 1962).
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When the system was first put into service the water was at times
polluted or made turbid by Little Falls Branch. Dalecarlia was then
bypassed at times of pollution or turbidity by the building of a con-
duit around it, and water from Little Falls Branch was used only
when in good condition, or for emergencies. This was the situation
until 1895 when a tunnel was built to carry Little Falls Branch around
Dalecarlia Reservoir to the Potomac River.

McMillan Reservoir (38 acres for sedimentation and storage) was
completed in 1902 and connected to Georgetown Reservoir. Even with
the improvements at Dalecarlia, the water, now obtained entirely from
the Potomac, was frequently turbid and remained so periodically until
a filtration plant was completed in 1905.

The filtration plant left something to be desired—the water from the
Potomac was still turbid at times and remained so until January 1911,
when coagulant was added. Thereafter the water was clear at all
times (Somervell, in Proctor, 1930).

The next year the problem of pollution of the ground water made

its appearance. According to the Washington Evening Star of Feb-
ruary 6, 1906:
The recent action of Dr. W. E. Woodward, the health officer, in condemning the
water from the springs in Franklin Square, between L, K, 13th and 14th Streets,
declaring it to be deleterious to the public health, has caused comment in various
quarters. For 75 years the springs have furnished water for use at the White
House, the State, Treasury, War and Navy Departments, and many houses in
that portion of the city, during which time there has been no complaint of the
quality of water. Many hale, hearty old men and women, some of them octo-
genarians, have been lifelong users of the water, it is claimed, and have fared
fully as well as those supplied by other springs * * *.

Ground-water supplies from wells also became suspect, according
to the Washington Evening Star of August 24, 1907: “Partisans of
the public pumps, organized under the name of the District of Colum-
bia Protective Association, held a meeting at Society Temple last night
and condemned the action of the Commissioners in abandoning a
number of wells about the city.” But in spite of the protests the use of
public shallow wells and springs was discontinued, at least in the
central part of the city. However, the objections had become so violent
that when pollution was suspected in the spring on 13th Street, water
from the Potomac was turned into the lines at night without the public
knowing it.

Although the public use of shallow wells and springs was forbidden,
many that were privately owned remained in use until a few years
ago, and at the present time the District does not require permits for
drilling private wells. However, cross-connections with the public
system are strictly forbidden and large commercial wells are metered
so that a sewer charge can be made.
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Long after the central part of the city was supplied with water from
the Potomac, the District Government continued to contract for the
drilling of deep wells for schools in the outlying parts of the District.
The Annual Report of the District for 1910 listed 11 shallow and 30
deep wells in use, presumably for public supply. The 1920 report
shows that maintenance work was done on 2 springs and 23 wells.

In 1920 it was again found necessary to augment the public water
supply. At this time additional sources considered were the Patuxent
River, the Potomac River at Little Falls, and the Potomac above
Great Falls. A new intake was installed about 100 feet above the old
dam above Great Falls and a new conduit was built parallel to the old
one, to Dalecarlia. A new filtration plant was constructed just below
Dalecarlia (Somervell, in Proctor, 1930).

As the suburbs expanded, water had to be provided for communities
adjacent to the District. In March 1917 and April 1926, legislation
was enacted to allow water to be supplied to the Washington Suburban
Sanitary District in adjoining Maryland and to Arlington County
Sanitary District in Virginia. These areas encompassed 95 square
miles in Maryland and 25 square miles in Virginia.

In 1928 Washington had a water supply “so abundant that it will
provide water for several more decades though the population in-
creases at the present rate of 11,000 a year” (Proctor, 1930).

In the early 1900’s drilled wells began to supplant dug wells. Most
of the new wells were artesian, drilled in the Coastal Plain for com-
mercial establishments. Some of these wells are still in use within
the District of Columbia and in nearby Maryland and Virginia.

Many of the outlying suburban and rural areas surrounding Wash-
ington are not supplied with city water. In these places wells and
springs are the sole source of supply.

PRESENT STATUS OF WATER SUP.PLY IN THE AREA

DISTRICT OF COLUMBIA

Until 1959 the public water supply for the District of Columbia,
and Arlington and Falls Church, Va., was taken from the Potomac
River by means of the diversion dam above Great Falls. A new
diversion dam and pumping station with installed pumping capacity
of 450 mgd (million gallons per day) were constructed at Little Falls
and put into operation in the summer of 1959. When the present
filtering capacity of 204 mgd is increased to 333 mgd, the system will
be capable of supplying the District and adjacent parts of Virginia
until the early 1990’s (J. C. Smith, written communication, 1962).
The Army Engineers are now (1962) completing a comprehensive
study of the Potomac River basin in order to select the best plan to
supply needs in the more distant future.
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Within the District approximately 14 private wells in Coastal Plain
formations supply water for a variety of commercial establishments
such as a storage warehouse, a railroad terminal, a dairy, a hotel, a
theatre, retail establishments, and light industry. These wells together
pump approximately 1.5 mgd. Two wells in the Piedmont west of
Rock Creek supply a few gallons per minute for irrigation:

SUBURBAN MARYLAND

Public water supply in Maryland in a 427-square-mile area adjoining
the District of Columbia is furnished by the Washington Suburban
Sanitary Commission. In 1961 an average of 49 mgd was supplied to
a population of about 600,000, Water is obtained from two reservoirs
on the Patuxent River and from diversion works on the Potomac River
placed in operation in 1960. A small reservoir and filtration plant on
Northwest Branch is maintained at Burnt Mills, near Silver Spring,
to provide for emergencies and peak loads. Three wells are operated
by the Commission in Prince Georges County and others are planned.

In all, the facilities of the Sanitary Commission have a total capacity
of about 110 mgd, and an additional 90 mgd can be provided by ex-
pansion of the Potomac River plant. These facilities are considered
adequate to supply the population expected in the area until the year
2000.

The city of Rockville, until October 1958, was supplied with water
from 35 wells. Since that time the city has obtained its water from a
plant on the Potomac River opposite Bealls Tsland. The city main-
tains 17 of its wells on a standby basis for emergency use.

SUBURBAN VIRGINIA

Arlington County and Falls Church obtain public water supplies
from the District of Columbia system. Falls Church in turn sells
water to the Fairfax County Water Authority and also supplies
residents in a 22-square-mile area in adjacent Fairfax County. At
least 10 privately owned water companies, most of wkich rely on wells
or a combination of ground water and surface water, supply northern
Virginia in the Washington area.

The Alexandria Water Co., the largest system in northern Virginia,
obtains most of its water from a dam on Occoquan Creek, about 20
miles southwest of Alexandria; it supplies the city of Alexandria and
the adjacent part of Fairfax County, including Fort Belvoir.

In 1957 the Fairfax County Water Authority was established to
purchase the private water companies and integrate them into a county
system. By the end of 1961, four private companies had been acquired.
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The zone of soil water, which lies nearest the surface, discharges
water to the atmosphere by evaporation and by transpiration from
plants and to the zone below it by gravity.

Below the zone of soil water is the intermediate zone, through which
water not retained by the zone above seeps downward to the water
table. Where the water table lies close to the surface, the intermediate
zone may be absent.

Just above the water table, w hlch marks the surface of the zone of
saturation, is the capillary frmge where water is held by capillary
forces. The height of the capillary fringe is determined by the texture
of the material in which it lies; its height is greatest in fine-grained
materials and least in coarse-grained materials.

Some water is held at all times in the zone of aeration by molecular
attraction. If the soil in this zone is more moist at the land surface
than below, capillary forces act downard, aiding gravity to move the
water toward the water table. When the soil at the surface becomes
drier than the soil below, capillary action is reversed and opposes the
action of gravity. If the capillary forces acting upward balance the
force of gravity, the water in the zone of aeration is in equilibrium
and does not move.

When the water seeping downward reaches the zone of saturation,
it moves laterally, by gravity flow, toward lower elevations and ulti-
mately, unless intercepted by wells, to places of discharge—springs,
seeps, or surface-water bodies.

The movement of ground water described in the preceding para-
graphs applies to unconfined water in granular materials, such as al-
luvium or the weathered residual blanket that overlies tlie metamorphic
and 1gneous rocks of the Piedmont. Where permeable material, such
as sand and gravel, alternates with relatively impermeable material,
such as clay, entirely different conditions prevail. If the alternating
beds are inclined, water entering at the outcrop of the permeable beds
will move downdip under pressure, being confined by the impermeable
clay beds above. Then, if a well is drilled through the clay into the
water-bearing sand or gravel (aquifer) below, the water, being under
pressure, will rise some distance above the bottom of the clay bed.

This is now an artesian well, and if the water rises high enough to
flow at the surface, it is a flowing artesian well. These conditions are
illustrated in figure 26.

SURFACE WATER

PRINCIPAL STREAMS AND THEIR USE IN THE AREA

The Potomac River is the only stream within the area used as a
public water supply. Alexandria Reservoir, now called Lake Bar-
croft, was abandoned by the Alexandria Water Co. about 1949 when
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Crystalline rock, because of its compact fabrie, yields little or no
water to wells. Ground-water movement is controlled largely by
fracturés—joints, cleavage planes, and faults—and in places by con-
tacts between rock bodies. TFortunately most of the rocks in this area
have been considerably disturbed by earth movement and so contain
water-bearing structures to some degree.

Joints commonly occur in sets of three, together called a joint system.
Each set consists of approximately parallel fractures, which may be
closely or widely spaced—a few inches to many feet apart. The three
sets as a rule are disposed at right angles to each other; two sets are
almost vertically inclined, and a third set is nearly flat lying or slight-
ly inclined.

In most schistose rocks, cleavage planes are caused by shearing or
compressional forces. These forces tend to orient the rock minerals
in parallel, creating planes of weakness along which the rock tends to
split.

One wall along a fracture may move with respect to the opposing
wall and a shear zone or fault ensues. The movement may create a
brecciated (crushed) zone, which would serve as a channel for the
movement of ground water. On the other hand, an impermeable zone
of clay (gouge) may be formed, according to the type of materials,
the nature of the forces involved, and the depth below the surface at
which the movement occurred. Such a clay-filled structure would
serve as a barrier to the movement of ground water.

Contacts between the country rock and the igneous intrusive rocks
may have similar effects on the movement of ground water; that is,
the contact may be shattered, creating a ground-water channel, or
it may be effectively sealed, creating a barrier.

The joints break down large rock masses into smaller units.
Weathering tends to enlarge the joints and thus facilitates the move-
ment of ground water in relatively impermeable rocks.

In the metamorphic and igneous rocks below the residual soil level,
movement of ground water, therefore, is controlled by the rock struc-
ture, If the water table lies below the top of the rock rather than in
the weathered overburden, influent seepage, instead of moving di-
rectly down to the water table, moves along open fractures at a rate
dependent upon the amount of water supplied by the weathered over-
burden and the size and inclination of the openings. If the openings
are interconnected, one water table will result; single fractures or
groups of fractures may have separate water levels, depending upon
the altitude of the point of discharge.

Ground water in these Piedmont rocks is usually thought of as
unconfined; that is, controlled by water-table conditions rather than



54 GEOLOGY, GROUND WATER, WASHINGTON, D.C.

artesian conditions. This is generally true. However, some drilled
wells in the Piedmont fit the definition of an artesian well; that is
ground water in the well is at sufficient pressure to rise above the
level at which it enters the well, although not necessarily rising to or
above the ground surface (Sayre, 1936, p. 33). Here the artesian
pressure is caused by water moving downward along an inclined
structural feature, such as a joint or fault, the upper block or so-called
hanging wall acting as a confining layer. Even though these aquifers
do not extend over large areas, as many artesian aquifers do, they
are truly artesian as are the wells that tap them.

OCCURRENCE IN SEDIMENTARY ROCKS

In the Coastal Plain, ground water occurs under unconfined (water-
table) and confined (artesian) conditions. Dug or bored wells or
shallow drilled wells in the upper Coastal Plain formations obtain
water from the water table, and the characteristics of these wells are
similar to those in the residual soils of the Piedmont. 1f, asiscommon
at greater depths, the drilled wells penetrate a confining bed of clay
(aquiclude), the water in the sand and gravel (aquifer) beneath,
being under pressure, will rise above its source in the well and may
even flow at the land surface. Only two flowing arteisan wells (WE-
Bb-2 and AX-Ca-10) are known in the area (Johnston, 1961, table
13).

The geologic setting of artesian wells, as well as of water-table wells,
is shown in figure 26. Tt is seen that the recharge or intake areas for
the aquifers are at the outcrop of the aquifers. Rain falling on these
areas seeps into the ground and moves downdip in the aquifer until it
isintercepted by a well or discharged naturally.

An erroneous belief prevails that ground water in the Washigton
area originates at a considerable distance, such as in the Blue Ridge
or even in the mountains of Pennsylvania. This eannot be true, be-
cause the Piedmont has no water-bearing structural feature in the
Washington area that has a continuous areal extent of more than a few
miles. The water from wells in the Piedmont and from the shallow
water-table wells in the Coastal Plain originates as precipitation in
or near the local watershed or basin in which the well is located. In
the Coastal Plain most of the water from artesian wells originates in
the outcrop area of the aquifer involved, which in the Washington
area probably would not be more than a few miles distant.

DEVELOPMENT
WELLS AND SPRINGS

Because of time limitations, no attempt was made to inventory all
the wells and springs in the Washington area. The wells selected
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probably represent not more than 25 or 30 percent of the total number
existing at the time the survey was made. However, complete data
are available for most of the wells inventoried and are shown in table
13 (Johnstor, 1961). The wells listed are typical of the Washington
area.

WELL-NUMBERING SYSTEM

The well map (pl. 2) shows the boundaries of the quadrangles that
make up the Washington and vicinity map. Each gquadrangle is
divided into nine rectangles by lines drawn through the 214-minute
marks. The rectangles thus formed are lettered A, B, and C from top
to bottom and a, b, aud ¢ from left to right. In the text a single- or
double-letter prefix in uppercase indicates the quadrangle as follows:

Quadrangle
R Rockville
R e e Kengsington
B o e Beltsville
BC e e Falls Church
WW e ‘Washington West
W e Washington East
AN e Annandale
A X e Alexandria
AC e e Anacostia

The wells and springs are numbered consecutively in each quad-
rangle, the pair of uppercase and lowercase letters indicating the
rectangle in the quadrangle and the single or double uppercase letter
the quadrangle. For example: R-Ba-1 indicates the first well num-
bered in the northwesternmost rectangle of the Rockville quadrangle,
and AC-Cc-3 is the last well numbered in the southeasternmost
rectangle of the Anacostia quadrangle. The upper tier of rectangles
of the Rockville, Kensington, and Beltsville quadrangles is not shown
on the Washington and vicinity map, hence the numbermg in each of
these quadrangles begins with Ba, Bb, or Be.

Foundation test borings are deSIgnated similarly; they are lettered
consecutively with lowercase letters in each rectangle. For example:
WW-Cec-4 is the first boring in the southeasternmost rectangle of the
Washington West quadrangle.

SPRINGS
In all, 23 springs are listed by Johnston (1961, table 13)—19 in the
Piedmont and 4 in the Coastal Plain. Yields rauge from 1 to 50 gpm.

Of the 10 improved springs, 5 are in use and 2 of these (R-Be-2 zmd
WE~-Ca-5) are used commercially. :
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CONSTRUCTION METHODS

Wells in the Washington area are of three types: drilled, bored, and
hand-dug. Until 3 or 4 years ago drilled wells were constructed by two
methods: cable-tool drilling, also known as percussion or churn drill-
ing, and rotary drilling. Recently a third method has been coming into
use, known as down-the-hole drilling, which might be called a com-
bination of percussion and rotary drilling.

The cable-tool or percussion drill rig uses a heavy chisel-pointed bit
suspended by a steel cable. The bit cuts by being alternately raised and
dropped inside a steel casing set into the ground. In the past these
rigs have been used almost exclusively for drilling wells in the Pied-
mont and to a large extent in the Coastal Plain. Cable tools are
capable of drilling most of the hard rocks of the Piedmont, although
some rocks are so hard that the drilling is extremely slow.

As the name Implies, rotary rigs drill wells by applying a rotary
motion to a steel bit attached to the end of a string of hollow rods.
The rotary method 1s particularly adapted to drilling in the Coastal
Plain, especially for drilling large-diameter gravel-packed wells.
However, at least one rotary rig is in use in the Piedmont in this area
and it is reported to operate effectively in hard rock.

The chief advantage of the new down-the-hole rig is the speed with
which it drills in hard rocks—a decided advantage in the Piedmont.
It can also function as a rotary rig. The machine consists chiefly of
an air hammer fitted with a tungsten-carbide bit at the end of a string
of hollow rods. Cutting is accomplished by a combined reciprocating
and rotary motion. Although the machines are very expensive, the
high speed more than offsets the difference in cost.

Bored wells are similar in characteristics to dug wells but are con-
structed by large-diameter (24- to 48-in.) boring machines or earth
augers which are incapable of drilling in rock and operate best in
soft residual or alluvial materials. In spite of this limitation, large
numbers of bored wells have been constructed in the Virginia part of
the area, and in favorable locations they provide an adequate and
dependable water supply for the average household. For some reason
very few bored wells have been constructed in the Maryland part of
the area.

COMPARISON OF WELL TYPES

Drilled, bored, and dug wells each have certain advantages as well
as disadvantages. Theoretically, though not always actually, the
drilled well in the Piedmont obtains its water from openings in the
bedrock. When precipitation seeps downward from the ground sur-
face through the soil, it enters the natural openings in the hard rock
beneath and then moves along these openings to the place where it is
intercepted by the well. A drilled well, 100 feet or more deep, is not
likely to fail in dry weather, and if the bottom of the casing 1s properly
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seated in the rock, the chance of pollution from surface sources is
minimized, though perhaps not entirely eliminated.

In contrast to the drilled well, the bored or dug well in the Pied-
mont receives all its water from the weathered materials overlying
the bedrock. Where the weathered materials are thin, the water table
may decline below the bedrock surface in dry weather, and the water
supply will fail. If water is not found above the bedrock surface in
a bored well, the well must be abandoned or deepened by hand. Hand
digging is difficult below the water table, even in unconsolidated de-
posits, and consequently many wells are not deep enough to provide
for the natural fluctuation of the water table. TFor this reason, bored
or dug wells (fig. 27) are best adapted to sites where the water table
is near the surface, as low on a hillside or in a valley. Being of large
diameter, they provide greater storage capacity than a small-diameter
drilled well.

Locally, especially in some of the granite intrusions, bedrock is
so little fractured that it will yield only very small amounts of water
to drilled wells. In these places, provided the weathered zone is
sufficiently thick, a bored or dug well may suffice and may be the only
alternative.

Bored or dug wells are most commonly subject to pollution because
they are supplied from near-surface water, and their construction
seems to invite inadequate protection at the land surface. Chlorina-
tion may be advisable, and frequent tests should be made to insure
that the water is free from contaminants. On the other hand, water
from bored or dug wells usually does not contain objectionable
amounts of iron—a common constituent of water from some drilled
wells.

In the Coastal Plain somewhat different construction techniques
are necessary for drilling wells. Here two types of drilled wells
are commonly in use: the tubular drilled well and the gravel-packed
well (fig. 27). Both types are drilled by rotary rigs, but the tubular
type can be drilled by cable tools. A rig that employs the principle
of jetting is in use farther east but so far as is known has not been
used in the Washington area.

Most drilled wells in the Coastal Plain employ screens to keep
fine sand and silt from being pumped into the system. It is pos-
sible to avoid the use of a screen in a few places, but the pump
intake must be well above the bottom, and pumping must create no
turbulence. Some wells are screened in more than one aquifer, the im-
permeable beds between being cased off with unperforated pipe.

In some places in the Coastal Plain, gravel-packed wells are an
advantage. A well of this type may be of large diameter throughout,
or it may be underreamed to a large diameter opposite the aquifer.
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In either case the annular space between the screen and the wall
of the well is filled with gravel, grading from coarse against the
screen to fine at the periphery of the hole. The advantages of
the gravel-packed well are (1) that it allows use of a screen with
larger openings than otherwise could be used, permitting more water
to pass, and (2) that it increases the effective diameter of the well.
However, gravel-packed wells are not always an advantage and may
not be necessary. In many places careful developing of the well,
which removes fine-grained material nearest the screen, will make it
fully as effective as a gravel-packed well.
PROBLEMS

In the Piedmont many drilled wells are fed, at least in part, by
water from the weathered zone. Attempts to seal off the upper water
are not always effective, even if the driller makes a conscientious
effort to seat the casing in the hard rock. Furthermore, this may
not always be desirable, as sealing off the water from the weathered
zone may reduce the yield below the minimum requirement. On
the other hand, if the bottom of the casing is not driven tightly into
the rock, pollution may result, or, in certain types of rock, silt and
mud may be drawn into the well. In some places iron leaches out
of the weathered zone and tends to accumulate near the top of the
bedrock, and the water will contain objectionable amounts of iron.
In the fine-grained clay schist or phyllite, the casing may appear
to be firmly seated but, after the well is in use for a few days, the
rock tends to soften and large amounts of micaceous silt may be
pumped. In some places it will then be possible to drive the casing
down still farther and thus eliminate the trouble. If this is not
effective, the application of cement to the bottom of the casing (grout-
ing) may stop the silting. Where high iron content in the water
results from iron entering the upper part of the hole, installing a
packer around a smaller inner pipe in the open hole may end the
problem.

It must be borne in mind, however, that the water withdrawn
from openings in the hard rock reaches those openings by percola-
tion through the overlying weathered zone. Proper well construction
should be directed primarily toward preventing polluted, near-sur-
face water from moving down the disturbed zone immediately outside
the casing and entering the well.

In the Coastal Plain iron in the water is often a problem, but if
an alternate aquifer cannot be found, the only remedy is to install
a water conditioner of some type. Water from some aquifers con-
tains more iron than others so that the quality of the water varies
from place to place. Unfortunately it is not possible with the infor-
mation at hand to pinpoint the areas of greatest or least iron content.

711-570 0—64——>5
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SELECTION OF WELL BSITES

In the Piedmont the topography is commonly controlled by the
structural features of the rocks. The surface traces of the major
structural features are etched in relief by the processes of erosion. As
suggested by Mundorff (1948, p. 25-27) and others, interpretation
of rock structure by topographic features is an aid in selecting favor-
able well sites.

The two principal structural features reflected in the topography
are the cleavage or schistosity and the joint system. The schistosity
and one set of joints parallel to it generally have a northeast-southwest
trend. Another set of joints strikes northwest nearly at right angles.
These three features are commonly steeply inclined. A third set of
joints is only slightly inclined and does not influence the topography
greatly. Other structural features which may be expressed in the
topography and which may carry water are fault and contact zones.
Where the streams have cut into the bedrock, they are commonly
adjusted to the structural pattern and indicate zones of weakmess
wherein the rocks are permeable and yield water freely. Wells drilled
along these zones of weakness or, better still, at the intersection of two
zones have the greatest possibility of success. However, unless the
zoue is nearly vertical or very wide, a vertical hole drilled on its
surface trace may not remain in it at the depth required. Therefore,
the dip of the structural feature should be determined from nearby
outerops if possible. However, few such features maintain a constant
dip. Furthermore, these principles cannot be used with any assurance
of success near the heads of gullies, where the streams have not ad-
justed themselves to the bedrock structure, or in wide alluviated
"valleys, where a zone of weakness concealed beneath the alluvium may
lie anywhere in the valley.

Conversely, just as gullies and valleys indicate zones of weakness
in the rocks, hills are commonly underlain by less permeable, harder,
or more resistant rocks. This is one reason that low hillsides, gullies,
and valleys are better well sites than hilltops. Also, the water table
as & rule is nearer the surface in low areas and near streams than it
is on hilltops and is less subject to long-term fluctuations caused by
climatic variations.

In many places in the Piedmont, quartz veins of various sizes cut
the bedrock, and some wells tapping these veins yield greater than
average supplies of water. Quartz, called flint by drillers, is a brittle
mineral and is commonly extremely shattered. Some wells in the
Piedmont obtain their water from quartz veins that generally were
struck by chance. If a fractured quartz vein can be intercepted at
sufficient depth below the water table, it is likely to be a highly
productive aquifer.
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In selecting a site for a bored or dug well, topography is all im-
portant. As with drilled wells, bored or dug wells in low places gen-
erally have the largest yields and are most dependable. On hilltops
or high hillsides, the water table may lie beneath the weathered zone
and the underlying hard rock cannot be penetrated by the boring
machine. TIn these places laborious hand digging may be necessary
to reach the water table. Then too, the water table under the hills is
subject to greater fluctuations, and a well that contained 5 feet of
water in early spring or in cycles of greater than normal rainfall may
be dry in the fall and during drought. (See section on “Fluctuations
of Ground-Water Level.”) Almost all wells that fail in times of

-drought are bored or dug wells that did not penetrate far enough
below the water table. .

As in the Piedmont, dug or bored wells in the Coastal Plain located
in valleys or low on hillsides generally have the greatest yields. But
a knowledge of the subsurface geology is essential to locate artesian
wells of high yield. In this area only the formations of the Potomac
Group are capable of yielding 300 to 800 gpm to artesian wells. These
wells must be far enough downdip from the recharge area to provide
sufficient artesian head, and they must intercept one or more aquifers.

The geologic formations of the Piedmont and Coastal Plain are
described briefly and their water-bearing properties summarized in
tables 1 and 2 below.

TABLE 1.—Piedmont formations and their water-bearing properties, Washington,
D.C., and vicinity

Age Lithology ‘Water-bearing properties
Recent Recent alluvium and colluvium—Clay, silt, | Yield small supplies to shallow dug wells,
sand, and gravel.

Granite (undifferentiated)—Includes Bear Is- | 38 wells yield 0.5 to 30 gpm and average
land Granodiorite of Cloos, 1953, and Kensing- 9gpm. Average depth 138 ft.
ton Granite Gneiss of Cloos, 1951 in Maryland,
and undifferentiated granitic rocks in Virginia.

Sheared and massive,

Sykesville Formation of Jonas, 1928—Quartz- | 142 wells yield 2 to 100 gpm and average
mica schist and gneiss, and quartzite; intrusive 12 gpm. Average depth 124 ft.
granitic rocks containing inclusions of schist
and quartz, May include Laurel Gneiss in

Age Virginia. |
unknown

Laurel Gneiss of Chapman, 1942—Similar to | 15 wells yield 0.8 to 30 gpm and average
Sykesville Formation of Jonas, Contains gar- 10 gpm. Average depth 198 ft.
net and staurolite.

Mafic rocks—Tonalite, gabbro, meladiorite, am- | 25 wells yield 3 to 45 gpm and average 13
phibotite, chlorite and biotite schist, soap- gpm, Average depth 1261t
stone, and undifferentiated mafic rocks.

Serpentine—Black, gray, and dark green serpen- | 5 wells yield 3 to 10 gpm and average 6
tine. gpm. Average depth 104 {t.

Lower Wissatickon Formation—Schist, phyllite, and | 324 wells yield 0.2 to 110 gpm and average
Paleozoic(?) quartzite. 14 gpm. Average depth 118 ft.

Nore.—14 wells in formational contacts yield 5 to 40 gpm and average 16 gpm. Average depth 138 ft.
7 wells of Pimmit Service Corp (Fairfax County Water Authority) in formatjonal contacts, not
included above, yield 45 to 212 gpm and average 116 gpm. Average depth 550 1t.
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TaBLE 2.-—Coastal Plain formations and their water-bearing propertics, Wash-

ington, D.C., and vicinity

System Series Lithology Water-bearing properties
Pleistocene | Recent alluvium, Pamlico, Wicomico and .
Quarter- and Sunderland Formatlons Terrace grav- | Yield smallsuppliestomany shal-
nary Recent els—Clay, silt, sand, gravel, and low dug wells.
boulders.
Pliocene(?) Brandywine and Bryn Mawr Gravels— Do.
Gravel, sand, and silt.
Miocene Chesapeake Group—Diatomaceous earth, Do.
sand, silty, sandy clay, and clay.
Pamunkey Group .
Nanjemoy Formation—Massive pink | Yields small suppliesto afew dug
Tertiary clay overlain by fine gray micaceous wells,
Eocene glauconitic sand.
Aquia Greensand—Coarse to fine Do.
glauconitie sand, locally cemented.
Brightseat Formation—Dark gray sandy | Not important as a water-bearing
Paleoeene clay (included in the mapped area of formation.
the Mommouth Formation).
Monmouth Formation—Fine black, Do.
micaceous glauconitie sand.
Potomac Group (undifferentiated in | 91 wells in undifferentiated
Virginia) Potomac Group yield 1 to 800
Patapsco  Formation and Arundel gpm and average 96 gpm.
Olay—Dark gray clay containing | 11 wells in the Patapsco and
Upper lignitized wood and saurian bones. Arundel yield 10 to 120 gpm
Cretaceous Overlain by massive maroon clay and and average 40 gpm.
varicolored sand and clay. Sand
lenses grade into clay lenses. In some
places basal gravel, sand, or arkose.
Patuxent  Formation—Large round | 45 wells in the Patuxent yield 10
Lower pebbles, fine sand, and thin lenses of to 300 gpm and average 80 gpm.
white or iron-stained clay.

STUDIES OF THE RELATIONS OF WELL YIELD, DEPTH, AND
TOPOGRAPHIC POSITION

Johnston (1961, table 13) listed 1,022 wells and springs in the Wash-
ington area. This total is distributed as follows:

Coastal

Drilled wells: Piedmont Plain
Domestiec __________________ o ____ 522 66
Public supply _- 110 47
Industrial . ____________________ o ____ 30 64
Dug wells____________ 68 66
Bored wells_________ e 15 11
Springs__ e *__ 19 4
Total 764 258

For various reasons, the areal distribution of wells is far from
uniform (pl. 2). In areas of current or recent residential develop-
ment, well data were readily obtainable, but in older residential areas,
where a public water supply had been available for many years, most
of the wells, usually of the dug type, had been destroyed. It was
found more feasible to obtain information from State completion
records or from drillers before attempting to locate the wells. Many
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times in canvassing an area it was found that detailed information
was not obtainable even when the well could be located. On the other
hand, full data on dug wells generally could be obtained in the field.
In areas where wells were scarce, particularly in the northwest part
of the District, information from foundation borings was used.

In the following tables various comparisons are made between wells
m the different formations, both in the Piedmont and in the Coastal
Plain, although most of the statistical studies were made in the Pied-
mont drilled wells. The depth and yield of drilled wells in the Pied-
mont were compared among the several formations (table 3) ; the re-
_ lation of yield to depth is indicated in table 4; the relation of yield to

depth of weathering is shown in table 5. The effect of topographic po-
sition on depth, casing, and yield is shown in table 6. Table 7 shows
the relation of topographic position to depth of well and water level
in dug or bored wells in both the Piedmont and the Coastal Plain.
Table 8 compares the yields of wells in the principal water-bearing
formations of the Coastal Plain.

Although the conclusions reached are logical, it is apparent that the
comparisons are not necessarily valid for some formations because of
the lack of sufficient samples. Furthermore, whereas the depth of
well, length of casing, and depth to water level are reasonable ac-
curate, yields reported for domestic wells generally are inaccurate
because of the testing procedures used. -

DEPTH AND YIELD OF DRILLED WELLS IN THE PIEDMONT BY GEOLOGIC UNITS

Table 3 indicates that wells in the Piedmont have yields ranging
from 0.2 to 110 gpm from wells 21 to 825 feet deep. Yields from wells
of the Pimmit Service Corp. are 45 to 212 gpm from wells 337 to 741
feet deep. The average depth of wells in the Piedmont, exclusive of
those of the Pimmit Service Corp., is 124 feet, the average yield 13
gpm. The average yield of Pimmit Service Corp. wells is 116 gpm.

Wells in formational contacts have the highest yields; they range
from 5 to 40 gpm and average 16 gpm. Pimmit Service Corp. wells
also are in formational contacts (of the Sykesville Formation and the
overlying Wissahickon) and their yields as well as their depths are
much greater than average—116 gpm and 550 feet, respectively.

The table indicates that wells in the Wissahickon Formation yield
slightly more than the average of all wells in rocks of the Piedmont
(excluding those in formational contacts) and that those in the Sykes-
ville Formation of Jonas, 1928, yield slightly less. Although wells
in the Kensington Granite Gmeiss of Cloos, 1951, and in the serpen-
tine are shown in table 3 to have low yields, these average yields may
not be valid because of the small number of samples.
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TABLE 3.—Depth and yield of drilled wells in the Piedmont, by geologic units

Number | Range in | Average | Number | Range in | Average

Geologic unit of wells | depth depth | of wells | yield yield

(ft) (ft) (gpm) | (gpm)
Formational contacts_ _.__________________ 14 43-393 138 13 540 16

Wissahickon Formation (undifferenti-

ated)_ . .. 349 28-350 118 324 . 2-110 14
MAAC TOCKS. -« - e oo mmee 26 41-500 126 25 3-45 113
Sykesville Formation of Jonas, 1928_. 160 21-825 124 142 2-100 12
Laurel gneiss of Chapman, 1942__ 18 40-436 198 15 8-30 10
Granite (undifferentiated). . 34 52-655 133 31 5-30 9
Kensington Granite Gneiss o - 7 48-350 158 7 1-20 8
Serpentine. ____.__ . __________ ______ 8 35-218 104 & 3-10 6

Wells of Pimmit Service Corporation
[Not included above]

Formational contaets. . ... ..__..____ 337741 550 6 45-212 116

-

1 Equals the average yield of all wells iu Piedmont formations (excluding those in contacts).
YIELD OF DRILLED WELLS IN THE PIEDMONT BY DEPTH INTERVALS

Table 4 indicates that the average yield of Piedmont wells remains
constant to a depth of 199 feet, then increases considerably between
200 and 349 feet. Between 350 and 499 feet there is a slight decrease
in yield, but below 500 feet there is a considerable increase. This
indicates that yield bears no simple relation to depth. -This is to be
expected because the permeability of the rocks is not uniform. Fur-
thermore, it generally is not known from what depth the water is
obtained. The small number of samples from the intervals 0 to 49
feet and 250 to 825 feet casts doubt upon the validity of the conclu-
sions in these ranges. ‘

The yield per foot of well decreases to a depth of 199 feet, increases
between 200 and 249 feet, decreases to 599 feet, then increases to 825
feet. Again, the small number of samples below 250 feet may not be
representative.

More than 90 percent of the wells are less than 249 feet, deep.

TABLE 4.—Yield of drilled wells in the Piedmont, by depth intervals

Yield (gpm)
Range in Average Number Percentage | Cumulative

depth depth of wells of wells in perecntage N

(ft) (ft) interval of total Range Average ‘| Per foi)lt of
we.

0-49 42 12 2.1 2.1 5-20 12 0.28
50-99 79 234 40.2 42,3 . 5-60 12 .16
100-149 117 221 38.0 80.3 . 568 12 .10
150-199 169 42 7.2 87.5 . 25-55 12 .07
200-249 223 24 4.1 91.6 5-140 29 .13
250-299 264 15 2.6 9.2 1-100 31 L12
300-349 317 11 1.9 96.1 1-110 34 .11
350-399 359 7 12 97.3 5-120 29 .08
400-499 419 7 1.2 08.5 3-100 28 .07
500-599 529 5 .8 99. 3 14-150 59 .01
600-825 720 4 7 100.0 7.5-212 83 12
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RELATION OF YIELD OF DRILLED WELLS IN THE PIEDMONT TO DEPTH OF
WEATHERING

In table 5 the length of the casing is a good indication of the depth
of weathering. Dingman and Meyer (1954, p. 32) concluded that
the yield of wells in Montgomery County, Md., was related to the
amount of weathered overburden on top of the hard rock. In the
Washington, D.C., area an increase of yield with overburden depth
(length of casing) seems to hold good to a depth of 99 feet, but below
that depth fewer samples are available, and the figures may be mis-
leading. However, so many other factors affect the yield of a well
that depth of weathering should not be the sole criterion.

TABLE 5.—Relation of yield of drilled wells in the Piedmont to depth of weather-
ing (based on length of casing)

Average Yield (gpm)
Length of | Number | length of
casing (it) of wells casing (ft)
Range Average
0-24 35 20 0. 2-30 9
25-49 40 38 .3-110 13
50-74 163 61 .5-120 15
75-99 100 85 .1-212 17
100-124 31 112 2.5-83 16
125-149 12 135 4-58 18
150-174 6 163 2-20 9
175-199 3 188 2-30 12
200-238 8 215 4-15 10

RELATION OF DEPTH, CASING, AND YIELD OF DRILLED WELLS IN THE PIEDMONT
BY TOPOGRAPHIC POSITION

Table 6 indicates that the amount of weathered overburden decreases
on hilltops, uplands, hillsides, and spurs, in that order. In gullies,
which are usually swept clean by rapidly moving water, the average
overburden depth is considerably less. In valleys, the overburden
may include both residual and transported materials (alluvium).

The average yields shown in table 6 appear to be in logical order.
The lowest yields are from wells on hilltops and the highest from
wells in gullies. The relatively high yield from wells on spurs is a
little surprising, although it may be that most of these wells inter-
cepted zones of weakness dipping under the spurs from adjacent
gullies.

Table 6 also indicates that it is usually necessary to drill deepest on
uplands to obtain a satisfactory water supply. The next greatest
depths are on hilltops, then on spurs. Hillsides and gullies require
about the same depths. The shallowest wells are in valleys.
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TABLE 6.—Depth, casing, and yield of drilled wells in the Piedmont by topo-
graphic position

Depth of well Length of Casing Yield

Topography Number Average Number Average Number Average
of wells | depth (ft) | of wells | length (ft) | of wells |yield (gpm)

29 122 24 70 26 11
183 144 144 66 180 12
48 120 45 61 48 13
240 11 204 62 236 12
55 110 48 48 53 19
7 94 6 53 6 17

DUG AND BORED WELLS IN THE PIEDMONT AND COASTAL PLAIN—RELATION OF
DEPTH OF WELL AND WATER LEVEL TO TOPOGRAPHIC POSITION

As might be expected, table 7 indicates that it is best to place dug
and bored wells where the water table is nearest the land surface.
The water level is deepest in wells on spurs and shallowest in wells in
gullies and valleys. The average depth of the wells decreases in like
order (table 7).

TABLE 7.—Dug and bored wells in the Piedmont and Coastal Plain—relation of
depth of well and water-level to topographic position ’

[Avg depth (weighted) of wells is 30.7 ft; avg depth (weighted) to water is 21.4 ft]

Number of | Average | Number of Ave;age
Topography wells depth of wells depth to

well (ft) water (ft)

8 41 8 34

6 34 6 26
64 32 63 22
60 31 58 22
13 20 13 10
4 15 4 10
155 | oo 152 |-

YIELD OF DRILLED WELLS IN THE COASTAL PLAIN

The yields of the principal water-bearing formations in the Coastal
Plain are compared in table 8. The Potomac Group is composed of
the Patapsco and Arundel Clay and the Patuxent Formation. In
Prince Georges County, Md., the Patapsco and Arundel have not been
separated. In Virginia the Potomac Group is not differentiated.
The table indicates that wells in the Patapsco and Arundel have an
average yield of 40 gpm; in the Patuxent alone, 80 gpm; and in the
undifferentiated Potomac Group, 96 gpm.

TABLE 8.—Yield of drilled wells in the Coastal Plain

Geologic formation Number of Range Average
wells (gpm) |vield (gpm)
Patapsco Formation and Arundel Clay_.__._..._____ 11 10-120 40
Patuxent Formation.__.__......_.._._. 45 10-300 80
Potomace Group (undifferentiated) 91 1-800 96
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THE CHEMICAL CHARACTER OF THE GROUND WATER
By D. E. WEAVER and LEONARD SIU

The water-quality investigations in Washington, D.C., and vicinity
were undertaken to provide current data on the quality of water in
the several aquifers that would aid in developing and utilizing the
ground-water resources, and to study the geochemical relations be-
tween water and the rocks in which it occurs.

Inasmuch as some water samples were taken from problem wells,
that is, wells that produced water with high iron content or with cor-
rosive properties, the results show average water quality to be con-
siderably poorer than it actually is. This is especially true of the
iron content, as many samples were taken because of iron problems.

Ground-water samples from 99 wells and 3 springs were analyzed
and the results shown in table9. The chemical and physical properties
are summarized in table 10.

GEOCHEMISTRY OF GROUND WATER

Precipitation as rain or snow contains dissolved gases from the
atmosphere, principally nitrogen, oxygen, and carbon dioxide. Upon
contact with the earth, that part of the precipitation that infiltrates
downward to the water table becomes ground water. In passing
through the earth materials, the water takes up soluble constituents
from the soil and weathered rock. Decaying organic matter in the
soil releases carbon dioxide and organic acids to the water, thereby
increasing its solvent power.

The principal constituents of ground water are bicarbonates, sul-
fates, and chlorides of the alkaline earths and the alkali metals. Other
constituents generally present, but. in smaller quantities, include silica,
iron, manganese, copper, zinc, fluoride, nitrate, phosphate, and hydro-
gen sulfide. :

Chemical and physical factors that affect the quality of water as i
moves through the rocks include the geologic environment, the length
of exposure time, and the processes of solution, oxidation, reduction,
precipitation, and ion exchange. Ion exchange causes a change in the
hardness of the water. Hardness is commonly thought of in terms of
the soap-consuming property of the water and is attributable chiefly -
to the presence of caleium and magnesium ; but free acid, heavy metals,
and other alkaline-earth metals also affect the hardness. Some rock
materials give up sodium ions in exchange for calcium and magnesium
ions, thereby softening the water.

The chemical constituents of water are commonly reported in parts
per million and equivalents per million; 1 mg (milligram) of solute
in 1 kg (kilogram) of solution represents 1 ppm (part per million).
Equivalents per million are computed by dividing parts per million of
a constituent by its equivalent weight.
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TABLE 9.—Chemical analyses of ground

[In parts
5 g | - g -
E = | s 2 = =S| 2|8
well s | 2 (2lglel oSS El2|g
3 2 521252 |5 |S|E|¢2)|z8|4
2 =4 2] 8| 8 g slo g8 |52 ¢
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Wissahickon Formation—albite-chlorite facies
FC-Aa-5 ....__ 10~ 9-58 78 |oeeeen 19 0.0 9.4 3.6
.0 5.1 1.9
.2 15 6.7
.0 571 3.2
.5 L7 .4
.5 521 2.5
.0 57 4.8
.5 4.9 2.6
1.1 2.0 1.5
.1 .7 1.0
______ 38 20
.0 4.3 1.8
S
e
.5
.0
.5
.0
1.5

27 17 9.3 2.4
6.0 .31 85| 1.1
54t 23| jeeeaas
46| 25| 53| 1.6
1.6 i . .7
2.0 31 L2 .8
17 8

5.6 2

2.5 1

14 8 Lo

FC-Ba-27______ 12-19-57
FC-Bb-19. 10- 1-58
FC-Be-43.. 10~ 1-58
7-19-56
5-23-55
1-10-55
1-12-55
1-12-55
1-10-55
7-21~H4
AN-Aa-8..____ 10~ 9-58
AN-Aa-11_.___ 10-11-54
N eeeo| 4-11-H4
AN-Ca~7..____| 7-21-55

See footnotes at end of table.
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water in Washington, D.C., and vicinity
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TABLE 9.—Chemical analyses of ground water

[In parts
3 f) Fapl
£ S | = g -
g g g |~ | S 5 3 B - I )
well 3 (2 [21&8lsgl 8 .S58«
P a & 17} 2 o g g @ ES
° = g > g Z 3 8 = g S 2
2 o g 3 E o 2 o 3 & = ]
2 a S = = S g g 3 = b 3
) = & < 5 &) N &) = | & ¥
Sykesville Formation
0.0 0.07[0.02|0.06| 82| 55| 65| LO
.0 16 .03 | .58 43| 2.5| 4.3 .9
.0 2.7 .14 | 00| 43] 21| 44| LS8
.0 .25 .08 .00 |16 29| 83| 2.6
.0 12 .00 | .82 5.7 D I U IR
.0 g4 .24 1211 3.8 45| 2.4
.1 14| .02 .32 68| 25| 50 12
.2 3.8 .00 ] 1.1 8.6 1.4 3.4 2.2
.0 36 .30 .44 3.0 .6 3.4 L7
LV I PRSP 11 02 [aaa- 8.0 [--coo-
.0 02 .30 .20 6.4 2.7 3
.0 8 | .06 | .00 17 7.3
.0 34| .10 .01 |15 8.6
[ SN, 06| .00 | 12 5.6
12 ) T N DU SR ] 4.6
0 38 .00 .02 1.9 1.3
0 11 04 .40 ] 14 7.4
0 37| .30 .37 |33 8.5
Laurel gneiss
BT-Bb4_.____. 2-17-59 551 55115 0.2 0.000.13]06.20| 58| 4.5 19
BT-Bb-5.. ___| 2-17-59 248 56 | 23 2 .05 .60 ] .10] 50| 2.2 44
BT-Ca-1______._ 2-17-59 40 55 [ 11 1 07 .36 .23 3.3 | 2.7 2.7
BT-Ca-2....... 2-17-59 250 59 | 15 1 .11 .23 .18 2.5 1.4 6.5
Granite
8.3 (0.09{0.16 | 31 5.3 [ 10 2.3
57 .00 36| 25| 26 2.7 1.4
16 .09 129 11 1.2 7.3 .2
.02 .04 24| 94| 3.6[ 3.8| 16
P V-2 PR PRI SO APPSR PR BN
3.3 01 .00 | 13 1.2 54 .5
02 06 | .03 6.0 3| 65 11
FC-Ac9...____ 6-26-55 80 57121 0.2 0.5 [0.091072] 24 28 6.0 L0
FC-Ac-10____._ 5-26-55 135 62 | 19 .9 .3 .02 | 2.0 7.5 6.4 4.2 .8
Serpentine
6~ 2-55 103 57 | 21 0.1 0.01 | 0.00 { 6.30 | 29 62 5.4 0.5
5-26-55 35 57 | 28 W7 .32 .00 | 2.4 67 30 15 2.6

See footnotes at end of table.
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(EON) 911N
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FOHHNHNNT = NN 0

0.
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107
68

in Washington, D.C., and vicinity—Continued

per million]

{1) oIy

0.0

595
585

21
17

328
299

352
360

.0

Serpentine
0.0

18
15

8.3
27

375
344

0.1
.2
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TABLE 9.—Chemical analyses of ground waler

[In parts
o g ) =
S = ° -
= = g = 2 o)
2 g 8 = = = R = @,
Well 3 < (212l g s S E 2] g
S © = & E| iy ~ g = ~ ]
g = 5 2 E] [ i S g 2 =
° ‘& =] < k ~ 3 ~ =2 =] ]
3 2 6|85 s |E|z|5|8|5]|¢z
O =] - <
A &= ) = & o N &) = % &

Potomac Group

18 10 9.4 | 55
3.4 1.6 | 50 4.8
16 1 7.1 8.5
12 || o
12 2.1 9.0 1.6
.4 .2 180 2.6
1.2 .1]-60 .8
17 9.1 5.9 1.6
WW-Bb-2._._. 4-24-58 Spring 56 | 14 0.0 2.8 [0.00)0.00f22 6.8 7.3 2.6
WW-Ac-5_____ 2- 8-59 Spring [...___ 9.9 .0 10 00 .08 1.7 ‘1.3 18
WW-Ce-12.___| 1- 538 90 | __._ 22 0 02 00| .00 21 15 38 2.0
WW-Ce-14____| 3-13-58 127 (... 33 1 16 00 .00 | 32 11 13 5.6
WW-Ce-28____] 3- 6-58 102 ... 30 0 10 00 .01 | 30 2.0 11 9.5
AX-Ce-6_.___. 3-50 290 (..___ 21 .. 1.3 |l . 1.3 .6 153 2.4
WE-Ca~11_____ 3- 5-H4 367 64 | 19 .0 4.3 .00 .10 10 6.6 2.8 4.7
BT-Bb-12..__.| 6 2-55 124 59| 7.1 .3 1.4 00 .22 2.5 0] 2.4 1.1
Miscellaneous
AN-Ce-73_____ 6-20-54 29 60 7.11 0.1 0.07 { 0.00 | 2.2 7.6 1.0 1.1 1.4
AX-Aa-183____| 11-20-50 15 |- [ 3 S P PR SN S, 47 5.3 [cocamcloaaman
WE-Bb-64.__ 4-24-58 26 [-o__.. 18 0 10 36 03 (110 50 67 12
FC-Ca-53_____ 6-24-54 21 63 6.9 0 26 | .08 36| 46 2.8{ 56| L0
BT-Bh-16_____ 7-26-55 30 50 | 1 15 .08 02 1.3 4] 5.7 |-
AN-Bb~77_____ 8-28-57 17 70 | 13 0 10 .23 00| 5.0 1. 9.6 18

! Numerical units.

¢ Analyses by Maryland State Health Department.
3 Alluvium and colluvium.

4 Wicomico Formation.
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per million]

73

= ~
=) o Hardness g?., 3
&} = o as CaCO3 a3 =
g S | 8= EL: 2
=l — = o 1 @ 2 =
sl g | 18 lg| s |&|%s| 8| 5|34 =
sl Bl e s || & | E e8|z B 28 2
b=t b4 I
R 2 TR 8 |5 5% (28| 5| &3 = | 88
§| 8§ = 2 3 5 3| 28 |22 & | 880 | & | 2 | 8¢
k=4 2 = g = = = A8 138 3 RS o S | &
=i m @ &) = r4 R~ =] [&] 4 ) =3 O | =
Potomac Group
0.0 96 15 11 0.3 0.0 |..._.- 134 7.3 0 7.7
0] 123 24 1.5 .1 . 7.8 0. 3.1
.0 95 12 10 .1 7.3 0 7.6
..... 91 12 10 |- 7.1 0 11
.3 28 24 6.5 .7 7.4 10] 1.8
L9 102 16 54 .0 8.3 4 .8
..... 132 20 4.5 it 8.0 ... 2,1
9 113 22 1.6 .3 VA A PR 3.6
0.1 38 25 15 0.1 1 228 6.6 5 15
6 17 14 .0 5 79 5.2 41 62
17 24 87 .0 [V RN DRI Fpi
40 117 1.5 .8 93 354 6.4 10 26
23 34 42 .0 64 239 5.8 3| 60
_____ 120 21 2.0 .3 R 237 7.8 ... 3.0
.4 il 8.6 6.0 .0 6 142 6.7 20 24
.0 8 .1 4.4 .1 6 41.4 5.9 6 14
0.2 31 0.8 28] 0.1 0.4 | ___.. 40 27 2 56.8 | 6.8 3 7.8
..... 28 79 16 .1 32 |eeooooleeooo_| 139 116 383 7.3 5 2.2
.1 104 131 198 .8 | 167 0.6 801 | 478 | 393 [ 1,400 6.9 5| 21
.3 11 .6 6.2 .1 2.3 .0 64 24 15 82.6 6.0 2 17
..... 8.0 .0 5.6 .0 6.0 .0 53 6 0 42.7 | 6.8 |-..___ 2.0
At 11 18 11 .0 17 .4 59 20 11 118 5.6 5| 45

¢ Bryn Mawr Formation.
8 Bryn Mawr-Wissahickon Formation (oligoclase-mice facies).
7 Potomac Group-Sykesville Formation.
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TaBLE 10.—Summary of analyses of ground

Geologic formation: bi, mafic igneous rocks; gr, granite; Kpg, Potomac Group; Kpx, Patuxent Formation;
(albite-chlorite facics); P:wo, Wissahickon Formation (oligo-

[In parts
=] 4] ~
5 < a2 =
5 gl = g ~
g = @ f'_:, —_ = ~ o~ %)
5 {581 g 3 SN = T - e
Extremes by sl 2|2 5 s |81 =]l 3la]|¢ g
) Zls12 2 &|x| 8| 8|88 %
k) =3 @ g ~ 4 ~ = g = &
S = g ] g & g 2 = 3
2 ] ) = 2 8 > =] &) K 2 S
S F4 3 7 < i o} IS 9} = & &
Maximum 22 60 | 35 1.5 2.3 10.15 1.0 |38 20 9.0 50
Minimum. . 22 55 | 1 .0 00 | .00! .00 7 .4 .0 .3
Median_._. 22 58 | 18 .4 09| .05| .58 | 54| 2.7| 45| L3
Maximum._ 1 61 | 26 1.0 |34 .78 (3.9 |27 17 9.3 2.4
Minimun - 11 60 | 5.6 .0 01| .00| .03} 1.4 1] L2 .2
Median 11 60 | 18 .2 18 .04 .34 | 3.6 .81 32| L1
Maximum 14 55 | 31 .1 20 .14 .76 | 17 6.1 |13 1.6
Minimum._ 14 54 | 14 .0 02| .00 | .00 2.4 6| 4.5 .2
Median 14 55 | 21 .1 7 .05] .00 6.6 | 3.5 55 .6
Maximum. 18 62 | 98 12 3.8 .30 1.1 |33 8.6 83| 3.3
Minimum 18 .0 02| .00} .00 .5 1] 2.8 .9
Median 18 .0 60| .10 .12 82 2.9 481! 2.2
Maximum 4 .2 1 .36 .29 5.8 4.5 44
Minimum 4 .1 00 .00 .10} 2.5 | 1.4 2.7
Median 4 .2 06| .18 | .20 | 4.2 | 2.4 13
Maximum 7 .1 8.3 L0929 | 31 53|10 2.3
Minimum 7 .0 02 .00 .00 2.5 .3 2.7 .2
Median.___.__.__ _ler 7 .0 16| .05¢ .20 |10 1.9 5.4 1.3
Maximum______.__ bi 2 .9 5 09 | 2.0 |24 6.4] 60| 1.0
Minimum._________| bi 2 .2 3 02| .72 7.5 | 2.8 4.2 .8
Maximum..___.___ sp 2 .7 32 00 | 2.4 67 62 15 2.6
Minimum___.._.____ sp 2 .1 01 00 | .30 (29 30 5.4 b
Maximuom._________ Kpg 8 .0 15 02 (12 18 11 80 6.5
Minimum_________ Kpg 8 .0 03t .00 .00 .4 1] 59 .8
Median.____.._____ Kpg 8 .0 58 00 .00 |12 2.1 9.4] 2.6
Maximum.___.____ _ Kpx 8 .3 4.3 001 .22 {32 15 53 9.5
Minimum. ________ Kpx 8 .0 02 00| .00{ 1.3 6| 2.4| L1
Median_.._....___ Kpx 8 .0 73 00| .01} 16 4.3 |12 2.6

{ Numerical units.

Figure 28 is a vertical-bar graph in which the relative content of
anions and cations is represented by contrasting patterns. Equiva-
lents per million of important constituents are plotted for selected
water samples from each formation. Comparison of the plots indi-
cates the relatively low content of the components shown in water from
the Piedmont formations except serpentine. The similarity of the
waters from the Wissahickon and its facies is readily apparent.
Water from the mafic rocks has a slightly higher mineral content but
in a ratio similar to that from the Wissahickon. The ratios for
granite differ somewhat. Waters from the Sykesville Formation of
Jonas, 1928, and Laurel Gneiss of Chapman, 1942, show appreciable
amounts of sulfate not present in the other formations of the Piedmont
except the serpentine.

In waters from all formations of the area, the chloride-nitrate com-
ponent probably is not characteristic of the formations but represents
local conditions around the well, the higher values probably indicating
poor sanitary conditions. The chloride-nitrate component in the
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water in Washington, D.C., and vicinily

Ign, Laurel Gneiss; P,w, Wissahickon Formation (undifferentiated); Paswa, Wissahiekon Formation
clase-mijca facies); sf, Sykesville Formation; sp, serpentine.

per million]
Hard g
—~ araness ’ —_
| 818 as CaCOs | E8 3
- = 3 = =)
3| = 3 g |&g&| g | 2|58 E5.. g0
al 881 ¢ PO IS g0 E5lge | as SEO 239
S P=1 )
3 | 20 2 T E 3 s | BSs |28E| 85| dsk < | 8%
a o] & S e & 2 282 |88 28 8ce - 3 @l
2 g8 = = E] =] S | 285 |3HE| 82| ZR%= ) S | ET
i) =) @ [$} & 4 [V e 16} Z ) ) O | &
0.1 102 22 40 0.3 8.1 0.2 146 184 10 190 7.3 8 71
.0 .0 21 o .0 .0 24| .8 0 23 5.8 o 18
.0 40 .8 3.8 A 1.5 .0 81 28 0 72 6.3 4 20
.2 121 41 15 .1 6.3 .1 198 138 39 321 7.5 17 35
.0 8 .0 .6 .0 1 .0 28 0 34.4 5.6 2 2.0
.0 21 1 1.8 .0 1.8 .0 49 16 0 50 6.4 5 15
1 64 11 34 .2 15 .1 157 55 32 196 8.0 10 35
.0 12 i .2 .0 i | .0 47 9 0 34 5.6 0 Bl
N 32 .6 2.5 .2 2 .1 68 24 0 79 6.2 41 22
1 102 34 23 .3 19 .2 200 117 38 284 8.1 8 44
.0 16 B 1 .0 1 .0 2 10 0 40.8 | 6.0 ol Lo
.0 38 1.0 3.5 2 2.8 .0 87 27 0 101 6.6 0 16
_____ 130 5.2 18 .4 48 | 2.1 152 33 24 236 8.0 15
. 11 1.4 2.0 .0 5.0 .0 51 12 0 59 6.2 2.1
_____ 41 3.1 3.2 .0 6.8 .3 90 20 5 120 6.3 10
.1 120 20 7.6 .2 8.7 .1 167 99 4 234 6.9 10 50
.0 16 .0 2.3 .0 .3 .0 44 14 0 50.8 59 0 11
. 42 1.0 4.7 1 5.0 .1 86 37 0 99 6.4 5 27
.0 107 .2 3.4 .1 .4 .1 117 74 0 174 6.8 7 27
.0 68 .1 2.2 1 .4 A 76 53 0 104 6.8 7 17
.2 375 27 18 .1 2.0 .0 360 | 328 21 595 7.5 8 55
A 344 8.3 15 .0 .5 .0 352 299 17 585 7.0 5 19
.9 132 24 54 .1 2.1 .3 221 86 16 374 8.3 10| 11
.0 28 12 1.5 .0 .0 .1 01 2 0 135 7.1 0 .
.2 99 18 8.2 .1 .2 .2 136 39 0 246 7.5 0 3.4
.4 120 117 87 .8 43 .1 303 | 126 93 354 7.8 20 | 62
.0 6 .1 1.5 .0 .2 .0 31 5 0 41.4 5.2 3 3.0
.2 30 24 10 .0 3.0 .0 160 48 6 228 6.4 6 24

Coastal Plain formations is conspicuously large in the dug wells
(AX-Aa-18 and AN-Bb-7) and in the spring (WW-Bb-2). In
general, sulfate also is more prevalent in Coastal Plain ground water
than water from the Piedmont. Waters from the Patuxent Forma-
tion and terrace deposits show larger quantities of the several com-
ponents indicated than that from any other formation in the area
except serpentine.

QUALITY OF WATER IN RELATION TO SOURCE

The following discussion is based on analytical data for the follow-
ing geologic units: (1) Wissahickon Formation, (2) Sykesville For-
mation, (3) Laurel Gneiss, (4) Granite, (5) Mafic rocks, (6) serpen-
tine, (7) Potomac Group (undifferentiated), and (8) Patuxent
Formation. Analyses of samples from two shallow wells obtaining
water from both C'oastal Plain sediments and the underlying bedrock
also are included. '

The first six units listed above are in the Piedmont province, the last
two in the Coastal Plain province.

711-570 O -64 -6
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Iron-bearing minerals, when broken down by weathering processes,
release soluble iron compounds, which, when leached from the over-
lying residual soils, may accumulate at the base of the weathered zone
or in fractures in the rock. This is an oversimplified statement, but
it helps explain the erratic range in iron content in water from meta-
morphic and igneous rocks.

Water from wells R-Ca~1 and AN-Ca-7, 126 and 83 feet deep,
contains 40 and 34 ppm of chloride, respectively, indicating possible
polution. Nitrate in water from AN-Ca-7 was reported to be 15 ppm,
also indicative of possible pollution. The maximum fluoride content
of water from the Wissahickon is 0.3 ppm.

SYKESVILLE FORMATION OF JONAS, 1928

Ground water from the Sykesville Formation is represented by 18
samples (table 9). Median values for major constituents are in the
same range as those for the Wissahickon Formation. Iron content
ranges from 0.02 to 3.8 ppm; 9 samples contain iron.in excess of 0.3
ppm, the maximum permissible limit under Public Health Service
standards. One sample contained 12 ppm of aluminum, which is well
above the normal range even with a pH of 6.2; no other water reported
in the area contains more than 1.5 ppm of aluminum. The maximum
flouride content of water from the Sykesville Formation was 0.3 ppm.

LAUREL GNEISS OF CHAPMAN, 1942

Four water samples were collected from wells in the Laurel Gneiss.
Median values of the major constituents are in the same range as those
of the Wissahickon, Sykesville, and granite formations. Iron ranges
from 0.00 to 0.11 ppm, calcium from 2.5 to 5.8, magnesium from 1.4
to 4.5, bicarbonate from 11 to 130, dissolved solids from 51 to 152, and
hardness from 12 to 33 ppm. The high nitrate content in BT-Bb-4,
48 ppm, is probably indicative of pollution. Flouride is at a maxi-
mum of 0.4 ppm.

GRANITE

Water from the granite is represented by seven samples. Median
values of major constituents are in the same range of magnitude as
those of the Wissahickson, Laurel, and Sykesville Formations. Iron
ranges from 0.2 to 8.3 ppm, calcium from 2.5 to 31, bicarbonate from
16 to 120, dissolved solids from 44 to 167, and hardness from 14 to
99 ppm. Flouride was reported at a maximum of 0.2 ppm.

MAFIC ROCKS

Only two samples of water from mafic rocks were analyzed, both
from greenstone. Among the major constituents, calcium, bicarbon-
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ate, and hardness had considerably higher average values than those of
water from the Wissahickon, Sykesville, granite, and Laurel Gneiss,
whereas the other major constituents were in the same range of magni-
tude. Iron content ranges from 0.3 to 0.5 ppm, calcium from 7.5 to 24,
magnesium from 2.8 to 6.4, bicarbonate from 68 to 107, dissolved solids
from 76 to 117, and hardness from 53 to 74 ppnu.

The comparatively low iron and magnesium content in water from
rocks composed prinecipally of ferromagnesian minerals may appear
anomalous. However, some of these rocks are highly resistant to
weathering, soils are commonly shallow, and consequently there is less
opportunity for soluble compounds to form in the zone of weathering.
But, inasmuch as only two samples are available upon which to base
these conclusions, this inference is only speculative.

SERPENTINE

Only two water samples from the serpentine are available for analy-
sis. However, the water is readily distinguished from that from all
other sources in the report area by its much higher content of dissolved
solids, chiefly caleium, magnesium, and bicarbonate, and by its hard-
ness, which ranges from 299 to 328 ppm. Maguesinm is a chief con-
stituent of serpentine, and calcium carbonate may be derived from
caleite, which oceurs in veins in the serpentine.

Tron content in water from the serpentine ranges from 0.01 to 0.32
ppm, caleium from 29 to 67, magnesium from 30 to 62, bicarbonate
from 344 to 375, and dissolved solids from 352 to 360 ppm.

POTOMAC GROUP (UNDIFFERENTIATED)

The chemical character of the water from the Potomac Group is
represented by samples from eight wells. Median values for calcium,
bicarbonate, and sulfate are considerably higher than those from the
Wissahickon Formation. Iron content ranges from 0.03 to 1.5 ppm,
calcium from 0.4 to 18, magnesium from 0.1 to 11, bicarbonate from
28 to 132, and sulfate from 12 to 24 ppm. Fluoride content ranges
from 0.0 to 0.7 ppm.

Water from wells AX-Bb-12, AX-Be—4, and AC-Ba~4, all in the
Potomae Group, contains disproportionate amounts of sodium salts,
which suggests that water has passed through softening processes and
is not representative of raw water from the Potomac Group. Sample
AX-Bb-12 also shows 54 ppm of chloride, which indicates the possi-
bility of pollution. Water from Well AX-Bb-9 contains the second
highest concentration of fluoride reported in the Washington area,
0.7 ppm:
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PATUXENT FORMATION

The Patuxent Formation is the lowermost formation of the Potomac
Group and has been mapped separately in Maryland. Analyses of
water samples from 6 wells and 2 springs from this formation are avail-
able. A comparison of median values of the priucipal constituents
shows that the water is similar to that from the undifferentiated
Potomac Group; the major difference is the lower concentration of
bicarbonate which is 30 ppm compared to 99 ppm in water from the
Potomac Group.

Iron has a median value of 0.73 ppm and a range of 0.02 to 4.3 ppm.
Bicarbonate ranges from 6 to 120 ppm and dissolved solids from 31 to
303 ppm. Hardness has a median value of 48 ppm and ranges from
5 to 126 ppm.

An unusually high content of sulfate, 117 ppm, was reported in
water from WW-Cc-14. Water from well WW-Cc-12 contained 87
ppm of chioride and 43 ppm of nitrate, indicating possible poliution.
The nitrate content of water from WW-Bb-2 is 32 ppm, so much
higher than the median of 3.0 ppm that it is considered suspect. In
water from well WW-Ce-14, 0.8 ppm of fluoride was reported, the
maximum in the Washington area.

QUALITY OF WATER IN RELATION TO USE

The ground water from sources in the Washington area is suitable,
with some exceptions, for domestic, publie, industrial, and irrigation
purposes. Water-quality standards of the U.S. Public Health Serv-
ice (1946), as shown below, generally are used in determining the
suitability of water for domestic purposes.

TABLE 11.—Public Health Service standards

Maezrimum
recommended
Constituents - (ppm)
Iron and manganese (Feand Mn)_________________________. 0.3
Magnesium (Mg) . 125
Sulfate (8O04) w oo oo e 250
Chloride (Cl) o 250
Fluoride (F') oo - 1.5
Nitrate (NOs) oo . 144
Dissolved solids (residue on evaporationat180°C) ___________ * 500
Zine (Zn) o 15
Copper  (CU) o e 3.0
Phenolic compounds_ o ___. . 001
Color (standard cobalt scale) ____ . _________ Not to exceed 20 units.
Turbidity (silica seale) _______ . Not to exceed 10 ppm.

1 National Research Council Bull. Sanitary Engineering, 1950,
? Desirable. 1,000 ppm permissible if better water nof available.
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From table 9 it can be seen that several chemical constituents in
water from the Washington area do not meet the U.S. Public Health
standards. Iron content is excessive in approximately 40 percent of
the samples, and nitrate exceeds the recommended limit in water from
several sources. Free carbon dioxide, though not listed in table 11,
can create a corrosion problem when present in excess of 10 ppm
(Forbes, 1954). The high iron content is not surprising as the geologic
formations sampled contain such minerals as chlorite, biotite, magne-
tite, ilmenite, and pyrite. These minerals contain iron in combination
which is converted to soluble compounds by weathering or hydro-
thermal processes. Inasmuch as some samples were collected expressly
because of excess iron content, the iron problem appears to be much
greater than it actually is. Nitrate in amounts exceeding recom-
mended limits is an indication of contamination and suggests local sur-
face seepage into the well.

The problem of hardness of water is of particular interest. Water
having a hardness of less than 100 ppm generally is considered suitable
for domestic purposes. Water having a hardness of 2 ppm or less is
necessary in feed water for boilers operating at 400 psi (pounds per
square inch) or more. Tolerances of process water vary from one
industry to another and generally range from about 10 ppm to several
hundred (California State Water Pollution Control Board, 1952, p.
265-267). From table 9 it can be seen that most of the water samples
analysed have a hardness of less than 100 ppm. Obviously, water
from most of the sources would require softening for use in high-pres-
sure boilers, although it would not be objectionable for many other
industrial purposes.

Of the remaining chemical constituents and physical properties listed
in table 9, only silica content gives cause for particular concern. It
presents no problem for domestic use and most industrial uses, but
it exceeds the recommended tolerance in boiler feed water for boilers
operating at 400 psi or above. A limiting concentration of 0.1 ppm
in the steam has been recommended by Minhoff (1948).

The problem of water quality is largely one of economics; if an
adequate quantity of water is available, the quality can be adjusted
to any given standard. Cost is the governing factor.

Many users have solved the problems caused by iron and other con-
taminants and by corrosiveness of the water by installing special treat-
ment units. The type of water-conditioning unit to be used depends
upon the problem, which, in turn, is determined by a chemical analysis
of the water and a knowledge of its physical properties. To combat
corrosiveness, it is usually satisfactory to add a sufficient quantity of
alkaline material to maintain the pH above 7.0—preferably 8.0 to 8.5
(Forbes, 1954, pt. 1, p. 126).
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Ground water that has a high iron and nitrate content should have
chemical treatment if it is to be used for domestic purposes. Con-
siderable quantities of nitrate in the water necessitate the investigation
and elimination of possible sources of organic pollution.

SUMMARY

The study of the chemical characteristics of ground water from
Washington, D.C.; and vicinity indicates that the ground water gen-
erally is satisfactory for domestic, industrial and irrigation use. Water
from most aquifers is soft to moderately hard—2 to 175 ppm. Water
in the Piedmont province is dominantly of the calcium bicarbonate
type; that in the Coastal Plain is of the calcium magnesium bicar-
bonate type. Dissolved solids range from 23 to 801 ppm and average
87 ppm. Salts of chloride and sulfate are present in the water from
both provinces but they dominate in the Coastal Plain,

Iron was found in 90 percent of the samples analyzed. Forty per-
cent of the samples contained iron in amounts exceeding the recom-
mended permissible limit of the U.S. Public Health Service (0.3 ppm).
In some of the water, a low pH, free carbon dioxide, and corrosiveness
are troublesome.

Most of the water samples that contain zinc were resampled for
verification. The zinc probably remains in solution because of an
excess of bicarbonate and other acid salts. The solubility of zine is
likely to be controlled by the alkalinity of the water.

POTENTIAL DEVELOPMENT OF GROUND-WATER RESOURCES

At the present rate of development there is no indication that deple-
tion of the area’s ground-water resources will take place in the near
future. Reports that shallow wells (less than 100 feet deep) have
failed are heard during every drought, but deep wells continue to
furnish water for public supply, industry and commerce, and private
homes.

In the Piedmont, the ratio of withdrawal to potential yield is not
known, but it is safe to say that only a fraction of the potential 1s now
being utilized, except perhaps in local areas.

Although most wells in the Piedmont yield only a few gallons a
_ minute, this quantity is sufficient for a private home and may be ob-
tained in most places. However, public supply wells in the Piedmont,
notably those of the communities of Vienna and Pimmit Hills, yield
as much as 212 gpm.

The city of Rockville, formerly supplied by ground water, in
October 1958 began using water from the Potomac River. Seventeen
of the city wells are kept in service on a stand-by basis and are capable
of supplying mare than a million gallons per day.
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In the Coastal Plain, only the Potomac Group—the Patapsce and
Patuxent Formations—are major aquifers in this area. Where these
formations occur at sufficient depth and are of sufficient thickness, they
are a copious and dependable ground-water source. There are many
wells in the higher formations of the Coastal Plain, but in this area
they are shallow bored or dug wells capable of furnishing only meager
domestic supplies, and many are subject to failure in dry weather.

The mean annual precipitation in the Washington area is 41.65
inches. The recharge area of the Potomac Group is about 135 square
miles. If 10 percent of the precipitation becomes recharge (a con-
servative estimate), nearly 27 mgd becomes available to wells. The
daily withdrawal from these aquifers is estimated to be about 15 mgd,
of which 5 mgd is for commercial or public use. Thus about 55 per-
cent of the available recharge is being withdrawn—a reasonably
favorable water balance. . Nevertheless, future large-scale development
of ground water in the Coastal Plain in this area should be carefully
controlled so that safe limits of withdrawal are not exceeded. Any
such control, of course, would require cooperation between Maryland,
the District, and Virginia. However, no large developments appear
to be in prospect, except by the Washington Suburban Sanitary Com-
mission, which plans additional wells in the Fort Foote area.

If expansion of public supply and industrial well fields is necessary
to keep pace with increased demands, adequate storage facilities and
carefully controlled pumping schedules of adequately spaced wells
will permit efficient utilization of the ground-water supplies. How-
ever, there is a 1imit to the amount of water that can be withdrawn, and,
with today’s high per capita demand, areas of high-density population
and industrial expansion cannot be supplied indefinitely by loeal
ground-water development.

Individual wells are necessary and economical for private dwellings
on large lots (2 acres or more) or in semirural or rural areas, but a
separate well for each home on a 100-foot lot is wasteful and inef-
-ficient. Where coupled with individual sewage disposal units, indi-
vidual wells on small lots are especially vulnerable to pollution. A
single well to serve several families, properly constructed, would be
ninch more efficient and could be protected more readily against pollu-
tion. The problem then would become one of operation and main-
tenance; it probably would be necessary to organize a private water
company to operate the system, under present laws.

Overall, the present practice of using a major surface-water supply
supplemented by gronnd water is the best plan for the future. Cer-
tainly the area’s needs cannot be met by ground water alone. But
wells are capable of supplying a substantial amount of water that
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otherwise would run to waste. Furthermore, many parts of the area
are still not served by the major public water systems and will continue
to depend upon ground-water supplies.

In addition to using ground water as a supplemental public supply, .
the advantages of having a standby ground-water supply should be
considered. Ground-water sources are not subject to destruction by
natural causes or by enemy attack, including contamination by chemi-
cal, biological, or radiological poisoning agents. As an example,
although the city of Rockville is now using a surface source, the
Potomac River, it has preserved some of its wells for use in
emergencies. '

THE TRIASSIC BASIN

Although the Triassic basin lies a few miles west of the report area,
development of ground water in 1959-60 at the Dulles Airport at
Chantilly, Va., is mentioned here. In May 1959 two highly produc-
tive wells, 860 and 955 feet deep yielding 327 and 600 gpm, were
successfully completed in shale of Triassic age. In 1960 a third well
wag drilled to a depth of 1,080 feet and yielded 1,000 gpm. Until
these wells were drilled, nothing had been known of the water-bearing
properties of the deep Triassic rocks in this area, and this development
indicates that large volumes of water still untapped may be available
elsewhere in the Triassic rocks (Johnston, 1960).

However, chemical analyses of the water show that it is highly
mineralized and very hard, containing excessive amounts of bicar-
bonate and sulfate. Although this water is reported to be satisfactory
for drinking, it is probably unsuitable for some uses, and treatment
might be difficult. A solution to the problem may lie in testing the
water from various depths and localities in an effort to locate water
of better quality. )

FLUCTUATIONS OF GROUND-WATER LEVEL

To determine the trend of ground-water levels and consequently
potential ground-water supplies, the Geological Survey maintains
many strategically located observation wells throughout the United
States. Periodic measurements are made of the water levels in these
wells, and the results are reported in water-supply papers published
by the Survey.

Fourteen such observation wells are in the Washington, D.C. area.
Several of the wells have continuous records dated from 1928 or 1930.
But most have records of only a few years (Johnston, 1961, table 13).
The Ross well at Rossyln, Va., has one of the longest records—since
1928. The hydrograph of this well (fig. 29) is typical of water-table
wells in this area.
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In a year of normal precipitation the water table is on the rise
by November or December, and the rise continues until the following
May or June. Then it begins a slow downward movement until fall,
when it begins to rise again. The hydrograph shows a close correla-
tion with precipitation, but most of the recharge occurs during the
late fall, winter, and early spring. In this latitude the ground does
not remain frozen all winter, hence much of the winter precipitation
sinks into the ground to replenish the ground-water reservoir. On the
other hand, during the summer much of the rainfall is transpired by
the growing vegetation or is evaporated. For this reason, even with
normal summer rainfall, the water table generally has no sustained
rise during the summer,

The record low level of 25.42 feet below the land surface occurred
March 28 and 31, 1931 (table 12) during a period of widespread
drought. The high for the period of record, 15.85 feet, occurred only
about 2 years later on May 20, 1933. During the period of record,
lows of 24 feet or more below the land surface occurred 12 times;
highs of 17 feet or less below the land surface occurred 6 times. The
records show no significant long-term decline of water-levels in this
area. During the period of record there had been some construction
in the vicinity, including housing and paving. City water was first
made available in Arlington County in 1917, and since then less and
less use had been made of ground water. For these reasons, no conclu-
sions can be drawn as to the effect of urbanization upon ground-water
levels. However, it can be assumed that, in common with other areas
in this country, no significant downward trend of water levels has
developed except in local areas of heavy pumping.

The Ross well shows a range in water-level fluctuations of 9.57 feet
over the period of record and a maximum annual fluctuation of 7.44
feet. The Halls Hill well, 2 miles west, has an alltime range of 17.06
feet and an annual range of 7.97 feet (table 12). From these
extreme ranges it is easy to see why shallow wells sometimes fail in

TABLE 12.—Ground-water levels in observation wells

Depth below land surface Maximum range
(t) (ft)
Well Period of —
record
Highest Lowest Period of Annual
record
WW-Ca-28, Ross well.___..________. 1928-58 15.85 25,42 9.57 7.4
(May 20, 1933) (Malr.321§—31,
g .
FC-Ce-3¢, Halls Hill ______.________ 1932-58 17.74 34.80 17.06 7.97
(Apr. 20, 1935)| (Jan. 4, 1932)
AX-Ac-1, 8t. Elizabeths Hospital___| 1940-421 36.34 56.37 20.03 11.66
1954-61  ((Mar. 31, 1941) |(Sept. 30, 1957)

1 Well was being pumped 1940-42.
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periods of drought. Water-level records of artesian wells in the
Washington area are much less extensive than those of water table
wells (fig. 29 and table 12). The longest continuous record, 1954—61,
is for the well as St. Elizabeths Hospital in Anacostia. A few meas-
urements were made in 194042, but the well was being pumped at
that time and the record is of small value. However, the highest level
was recorded during that period—386.34 feet below the land surface
on March 31, 1941, The lowest level of record was 56.37 feet, Sep-
tember 30, 1957. Since 1957 the seasonal decline has been less each
successive year. The reason for this is not clear but it may indicate
cessation of pumping in nearby wells.

EMERGENCY WATER SUPPLIES

If public utilities, including water and power systems, were de-
stroyed during a nuclear war or other disaster, or if surface-water
supplies were contaminated by radioactive fallout, wells and springs
would become the only source of potable water,

Outside an area of total destruction it would be necessary to utilize
undamaged wells and springs to the fullest extent and establish emer-
gency water-distribution points. Since public power would not be
available, 110-220-volt portable power plants would have to be used
to operate pumps. Hand pumps and pumps with independent power
supplies, available for use in wells where the pumping equipment was
inadequate or damaged, also would be desirable.

The present report describes the central part of the metropolitan
area—436 square miles. Kven if parts of this area were to be totally
destroyed, many wells and springs might remain intact or sustain only
slight damage. These sources of water would be of vital importance
in such an emergency.

Ground-water reports, including well inventories, are now available
for only parts of the region adjacent to this report area. Ground-
water reports discussing nearby Maryland have been published in
recent years by the State in cooperation with the U.S. Geological
Survey. (See Meyer, 1952; Dingman and Meyer, 1954; and Otton,
1955.)

" Outside the present report area, the only recent ground-water infor-
mation in nearby Virginia is that pertaining to the Fairfax quadrangle
(Johnston, 1962c). The remainder of Fairfax County and adjacent
Loudoun and Prince William Counties have not been investigated for
some time. Investigations in these counties should be made at an
early date.
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SUMMARY AND CONCLUSIONS

. Without an understanding of the diversified geology of the Wash-
ington area, the location of successful wells is a haphazard under-
taking. On opposite sides of the Fall Line, which roughly bisects the
area from northeast to southwest, very different geologic conditions
prevail; consequently, the rocks are very different in their water-
bearing properties. Northwest of the Fall Line, the Piedmont 1is
underlain by deeply weathered igneous and metamorphic rocks; to the
southeast, these rocks are buried beneath the sand, gravel, and clay
of the Coastal Plain.

In the Piedmont, ground water occurs under unconfined or water-
table conditions in openings or fissures in the rocks or in the weathered
residual debris which lies upon them. Ground-water supplies for
domestic use—5 to 10 gpm—may be obtained in most places in the
Piedmont. Wells yielding more than 200 gpm are known, but these
yields are unusual, and the wells are in particularly favorable geologic
localities. Careful location of wells with respect to the geology, includ-
ing the structure as reflected in the topography, generally increases the
probability of obtaining higher than average yields.

In the Coastal Plain a knowledge of the subsurface geology is essen-
tial for the successful location of high-yield artesian wells. Only
wells in the Potomac Group aquifers, at some distance downdip from
the recharge area, are capable of yielding 300 to 800 gpm.

Observations of ground-water levels in the Piedmont part of the
area for the last 30 years indicate no sustained downward trend of the
water table. The present rate of ground-water withdrawal is not
known, but only a fraction of the potential is being utilized, except
in relatively small areas.

In the Coastal Plain part of the area, an estimated 15 mgd is being
pumped from the aquifers in the Potomac Group. This is balanced
against a conservatively estimated recharge averaging 27 mgd. This
would indicate that about 55 percent of the available recharge is being
withdrawn—a reasonably favorable balance. Nevertheless, future
large-scale development of ground water should be carefully planned.

If expansions of public-supply and industrial well fields are to keep
pace with increased demands, adequate storage facilities and carefully
controlled pumping schedules for adequately spaced wells will permit
the most efficient utilization of ground-water supplies.

To provide for emergency water supplies in the Washington area,
inventories of at least the major wells and springs should be made
soon in the remaining parts of Fairfax County and all of Loudoun and
Prince William Counties. Hand pumps and power units should be
available so that wells may be utilized for emergency water sources.
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