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LETTER OF TRANSMITTAL.

DerPARTMENT OF THE INTERIOR,
UNI1TED STATES (FEOLOGICAL STURYVEY,
Washington, D. C'., January 28, 1903.

Str: I transmit herewith, for publication as a water-supply and
irrigation paper, a manuscript entitled ** Contributions to the Hy-
drology of Eastern United States, 1905, which forms the third of
a series of progress reports relating to the hydrologv of the eastern
portion of the country, submitted by M. L. IFuller, as geologist in
charge of the eastern section of the division of hydrology. The re-
port embraces 20 contributions by 14 geologists, and presents the
results of a considerable number of subordinate lines of investigation,
the descriptions of which are not of sufficient length to warrant
separate publication.

The report covers a wide range of subjects and, in general, the
papers form concise summaries of the subjects covered, rather than
elaborate treatises. They may be grouped under five heads and
include: (1) Papers dealing with special artesian problems, (2)
reports describing the water resources of more or less extensive areas,
(3) description of special localities, (1) papers on the water supplies
of special types of deposits, and (5) descriptions of important
springs.

It is believed that a composite report of this type not only reaches
a much larger number of readers than any other form of publication,
but puts on record a considerable amount of interesting data which,
because of its brief nature, could not otherwise be made available.

Very respectfully,
F. H. NewELL,
Chief Engineer.
Hon. Crares D. Warcorr,
Director United States Geological Survey.



CONTRIBUTIONS TO THE HYDROLOGY OF EAST-
ERN UNITED STATES, 1905.

Myrox L. FuLLEr,
Geologist in Charge.

HYDROLOGIC WORK IN EASTERN UNITED STATES AND PUBLI-
CATIONS ON GROUND WATERS.

By Myro~n L. FuLrer.

WORK OF DIVISION OF HYDROLOGY.

The work of the division of hydrology deals with underground
waters, or those found beneath the surface of the earth, in the same
manner that the work of the division of hydrography deals with sur-
face waters, the aim being to obtain and publish for the benefit of
the people information relating to the occurrence, movements, meth-
ods of obtaining, and uses of artesian and other underground waters,
including those reaching the surface both as wells and as springs

Organization.—In the earlier vears of the Survey no special pro-
vision was made for the study of underground waters, although a
considerable amount of information was gathered in connection with
the investigation of other problems and a number of reports were
published. Beginning with 1894 provision was made by Congress
for the investigation of underground currents and deep wells, and
from 1894 to 1902 a considerable number of special reports on under-
ground waters were prepared under this authority. In the latter
. year, in order to satisfactorily meet the new demands resulting from
the great increase in the use of underground waters in recent years
and to develop, specialize, and systemize the work, the investigations
relating to underground waters were segregated from the division of
hydrography and placed in charge of a distinct organization known
as the division of hydro-geology or hydrology. This division is

9



10 HYDROLOGY OF EASTERN UNITED STATES, 1905. [~xo. 145,

divided into-two sections, eastern and western, the first embracing
the States east of the Mississippi and those bordering that river on
the west, and the second including the remaining, or the so-called
* reclamation ” States and Territories and Texas. The two sections
have been placed in charge of geologists, Mr. N. H. Darton acting
as chief of the western section and the writer as chief of the eastern.

The work of the division includes the gathering, filing, and publi-
cation of statistical information relating to the occurrence of water in
artesian and other deep wells; the gathering and publication of data
pertaining to springs; the investigation of the geologic occurrence,
from both stratigraphic and structural standpoints, of underground
waters and springs; a study of the laws governing the occurrence and
flow of subterranean waters and springs, including the investigation
of variations due to tidal, temperature, and barometric fluctuations;
direct measurements of rate of underflow ; detailed surveys of regions
in which water problems are of great importance and urgency; and
the publication of reports on irrigation, city water supplies, and other
important uses of underground waters.

Recent work.—In connection with hydrologic investigations there
has grown up a large correspondence, the handling of which makes
considerable demands on the time of the members of the section.
Among the notable requests received were those from the colonial sec-
retary of Bermuda, for information as to the methods of obtaining
water supply for that island ; from the Peruvian Government, for the
recommendation of a hydrologist to organize and take charge of a
bureau of hydrology in that country similar to the hydrographic
branch of the Survey; and from the secretary of the Eleventh Inter-
national Congress of Hygiene and Demography, held in Berlin in
1903, for information in regard to the pollution of limestone waters.

The information requested in each case was furnished, and a mem-
ber of the Survey. Mr. George I. Adams, was recommended to the
Peruvian Government for the service required. Mr. Adams entered
on his duties in May. Estimates for boring a deep artesian well at
the American legation in Peking, China, were also obtained and sub-
mitted at the request of the Secretary of State.

In addition to answering requests from corporations and private
parties in this country, the eastern section furnished information to
the War Department in regard to water conditions at forts in South
Carolina, Michigan, and New Hampshire, and elsewhere. In New
Hampshire a special field investigation was made, with promising
results. Requests for the investigation of the water supply of a
number of cities and towns afflicted with typhoid epidemics were
received and complied with as far as possible.

During 1904 manuscripts, including a bibliographic review and
index of all publications of the United States Geological Survey
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and investigating the Pleistocene stratigraphy. The result was to
substantiate the subdivisions made in 1903 and to establish a basis
of correlation between the New York and New FEngland islands.
It is now possible to recognize a series of deposits and erosion inter-
vals agreeing with those of the Mississippi-Ohio Valley. Mr. Fuller
was assisted by Mr. B. L. Johnson in his work on Long Island.
Mr. A. C. Veatch spent a few days in May in search of Pleistocene
fossils, which were found at two new localities.

Work on the springs was continued by Mr. F. B. Weeks, geologist,
who completed the field work and is now preparing a report for
publication. Mr. E. M. Kindle prepared a short report on the water
resources of the Catatonk area. A report on the springs of the
morainal-outwash deposits near Tullv, N. Y., which represent a
definite class of drift waters, was prepared by Mr. G. B. Hollister.

New Jersey—Mr. G. N, Knapp, of the State Geological Survey,
has been engaged during the year on office work connected with the
preparation of a detailed report on the artesian waters.

Maryland.—Arrangements were made during the year with Prof.
W. B. Clark, State geologist, for cooperation in the collection of well
records and samples. The collecting is done from the Maryland
office and duplicates of the records and samples furnished the United
States Geological Survey. Brief reports on the Pawpaw and Han-
cock quadrangles were prepared by Mr. George W. Stose, geologist.

Virgina—A plan of cooperation was arranged in November with.
Dr. T. L. Watson, State geologist, whereby the collection of well
records and data relating to water resources and springs was begun.
Reports by Messrs. M. L. Fuller and T. L. Watson will be prepared
at an early date.

West Virginia—Reports of the Pawpaw and Hancock quadrangles
mentioned under Maryland, and on which reports were prepared by
Mr. George W. Stose, are included in this State. Mr. 1. C. White,
State geologist, has cooperated in the collection of well records and
samples.

Georgia—Mr. S. W. McCallie, assistant State geologist, has con-
tinued to work in cooperation with the United States Geological Sur-
vey in the investigation of artesian waters of the Coastal Plain.
The large number of fossils collected by Mr. McCallie have been
identified by Dr. W. H. Dall and Mr. T. W. Vaughan, resulting in an
increased knowledge of Coastal Plain stratigraphy. Mr. McCallie’s
report on the artesian waters is nearly completed. The divigion of
hydro-economics has largely assisted in the investigation of the com-
position of waters.

Alabama.—Dr. E. A. Smith, State geologist, continued cooperation
with the United States Geological Survey, completing the field work
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on artesian waters. His report was well under way at the end of the
year. Doctor Smith has also cooperated in the collection of well
records and samples.

Mississippi—In conjunction with the geologic branch the eastern
section of hydrology has continued the work on geology and under-
ground waters. The field work, which has been in charge of Mr.
E. C. Eckel, assisted by Mr. A. F. Crider. will be completed about
the end of the year, and a report will be prepared at an early date,
in which Mr. L. C. Johnson., who in past years has collected much
data, is expected to participate.

Tennessee and Wentucky—Mr. L. C. Glenn has continued work on
a report on the artesian' waters of the portion of the Mississippi
embayment area included in these States, the field work on which was
completed in 1903. In Kentucky Prof. C. J. Norwood, director of
the State Survey, has cooperated in the collection of well records
and samples.

Arkansas-Lowisiana—Mr. A. C. Veatch has been engaged during
the latter part of the year in the preparation of a report on the arte-
sian waters of southern Arkansas, northern Louisiana. and adjacent
portions of Texas and Indian Territory. In the northeastern por-
tion of the State investigations have been conducted by Prof. E. M.
Shepard and Mr. M. L. Fuller on the artesian conditions of the New
Madrid earthquake area. .An account of the water resources of the
. Winslow quadrangle was prepared by Prof. A. H. Purdue.

Missouri—In Missouri work was continued in charge of Prof. E. M.
Shepard, who spent a portion of the summer in the study of the arte-
sian waters of the State and in the investigation of the possible rela-
tion of artesian waters to certain phenomena of the New Madrid
earthquake area noted under Arkansas. In this work he was accom-
panied part of the time by Mr. M. L. Fuller. A report on the water
resources of the Joplin quadrangle was prepared by Mr. W. S. T.
Smith, while notes on a number of large springs were submitted by
Messrs. E. Johnson, H. F. Bain, and E. M. Shepard.

Iowa—The work in Towa was continued in charge of Prof. W. H.
Norton, who, during the year, was consulted regarding artesian water
by officials at Keokuk, Mount Pleasant, Waterloo, Fort Dodge, and
Belle Plaine. A report on the artesian conditions at Waterloo was
prepared. Professor Norton also assisted in the collection of well
records and samples in Towa.

Minnesota—Prof. C. W. Hall continued work on his report on the
artesian waters of the State and assisted in the collection of well rec-
ords and samples.

Wisconsin—A veport on the artesian waters of Wisconsin, the field
work for which was finished in 1903. was completed and submitted
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by Mr. A. R. Shultz early in the vear. A short report on the water
resources of the Mineral Point quadrangle was prepared by Prof.
U. S. Grant.

Michigan.—The work in Michigan consisted of a detailed investi-
gation of the water supply of the drift in charge of Mr. Frank Lev-
erett, assisted by Messrs. C. A. Davis, W. M. Gregory, Isatah Bow-
man, and Jon Andreas Udden. Mr. M. L. Fuller. chief of section,
made a special investigation of the failure of wells in the Carleton
district, southwest of Detroit, visited about twenty flowing-well areas
in the western portion of the State, and spent some time in the field
with the various parties. Reports on the Carleton and western Michi-
gan artesian districts were prepared before the close of the year.
Dr. A. C. Lane, State geologist. cooperated in the saving of samples
and Mr. R. E. Horton prepared a report of the drainage o. wells into
swamps.

SUMMARY OF REPORT.

In the following paragraphs the aim has been to present a concise
summary of the various short papers embodied in the present report
and to call attention to those features deemed of special interest or
importance.

Drainage of Ponds into Drilled Wells, by Robert E. Horton.

In the deeply drift-covered regions of Michigan and adjoining
States the surface is characterized by numerous ponds held in the
basin-like depressions known as * kettles.” These are often shallow,
and if drained would leave in some cases many areas of rich farming
lands. Their situation in depressions is such that they can seldom
be drained by ditches, but attempts to draw off the water by wells
have been more successful. The average cost of a 8-inch well, includ-
ing casing, should not exceed $1 a foot, and in most cases a depth of
100 feet will be sufficient. The wells are sunk with the mouths below
water level and on completion are provided with a bell mouth and
surrounded by screens., The effectiveness of the wells depend upon
the height to which the underground water will rise being less than
that of the pond. Under such conditions the water enters the well
mouth and passes down the pipe and out into the porous sand. gravel,
sandstone, etc., at the bottom, or into fissures where the well ends in
compact rock. The construction of the wells, their capacity for
drainage, etc., are described in detail in the paper. A considerable
number of wells which have been successful in the reclamation of
lands formerly covered by ponds are cited.

Two Unusual Types of Artesian Flow, by Myron L. Fuller.

The first of the two unusual types of flow described is from practi-
cally uniform sand, the impervious confining cover usnally assumed to
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be essential to flows being absent. It appears, from observations on
Long Island, New York, and in Michigan, that while any layer
slightly finer than the water bed may, even though permeable, serve
as a confining bed, such a layer is not necessary, an overlapping
arrangement of slightly elongated grains in a uniform sand being
apparently sufficient to produce the resistance to upward movement
essential to artesian flows. The second unusual type of flow described
is from the jointed upper portion of limestone and other rocks in
southeastern Michigan. Although the waters are rock waters in
composition, their origin and head are shown to depend on drift
deposits, which likewise serve as the confining stratum. In fact, in
all essentials they are drift waters, the rock simply serving as a car-
rier in place of the layer of stratified sand or gravel commonly pres-
ent. The mineral matter is dissolved from the rock during the
passage of the water through it.

Construction of the so-called Fountain and Geyser Springs, by Myron L.
Fuller.

The term “ fountain spring ” is used to designate a spring whose
water is made to rise to a point above the surface of the ground at
the spring, while by a “ geyser spring ” is meant one so piped that a
jet is intermittently thrown to a greater or less height. The classes of
natural springs, the conditions under which they may be converted
into one or the other of the artificial types mentioned, and the simple
methods of construction employed are described and illustrated.

A Convenient Gage for Determining Low Artesian Heads, by Myron L. Fuller.

In this paper the difficulties in determining flows with the ordi-
nary cumbersome gages, requiring considerable material, much time,
and some skill, are pointed out, and attention is called to the necessity
of a more convenient form for rapid work. The requirements were
finally filled by a 2-inch nickel-plated gage, which can readily be
carried in the vest pocket and which can be used for all pressures up
to 50 pounds. By means of a rubber tube opening out into a flange,
which is held firmly against the discharge pipe of the well, the
pressure can be instantly obtained.

Water Resources of the Catatenk area, New York, by E. M. Kindle.

The Catatonk area lies in the hilly region northwest of Bing-
Iramton, between that city and the Finger Lakes region. The rocks
are Devonian in age and are nearly flat, though showing very low
swells, extending in an east-west direction. The whole region is
more or less covered with glacial drift. As a whole the rocks are
compact and carry little water, although they afford numerous small
springs. Flows, however, are yielded by the sands and gravels at
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Ithaca, near Slaterville Springs. west of Brookton, at Newark Valley,
and just north of Tioga Center. Some of the water is high in
mineral matter and possesses medicinal properties, which at Slater-
ville Springs have led to the development of a resort. Of the mineral
springs may be mentioned the Dryden. Speedsville, Nanticoke, Spen-
cer, Halsev, Valley, Glen Cairn, and springs south of Owego. The
waters are commonly of the sulphur type, in which instances they
probably come from the rock, and are sometinmes of medicinal value.
At several of the springs sulphur is deposited by the water. A num-
ber of summer hotels have been built. The streams are ordinarily
fairly pure, one having long afforded the water supply for Ithaca,
while Fall Creek supplies power for three or four mills and factories
at Ithaca and the hydraulic laboratory, ete., of Cornell University.

Water Resources of the Pawpaw and IHancock Quadrangles, West Virginia,
Maryland, and Penngylvania, by George W. Stose and George C. Martin.

The area treated in this paper lies at the northernmost bend of the
Potomac and is a moderately hilly region. with occasional high north-
east-southwest ridges, rising to 2.260 fect in Cacapon Mountain. The
rocks consist of quartzite, sandstone, shale, and limestone, from
Ordovician to Carboniferous in age. A number of streams besides
the Potomac have considerable volume and fall and afford present
or prospective water powers. Springs are numerous, among the
most important of which are those at Berkeley Springs, W. Va.,
the site of a fashionable resort. The water issues from steeply
inclined sandstone at a number of points, has a temperature of 73° F.,
and vields about 1.500 gallons per minute. The water carries the
small amount of 13 grains of mineral matter per gallon, mainly
carbonate of lime.

Water Resources of the Nicholas Quadrangle, West Virginia, by George I.
Ashley.

The area treated includes about 1,000 square miles in central West
Virginia, a little east of New and Kanawha rivers. The region is
extremely hilly, the crests often standing 500 to 1,000 feet above the
adjacent streams and reaching a maximum height of nearly 4,400 feet.
The tributaries from the north entering Gauley River (which crosses
the area from cast to west near the center) occupy broad, flat valleys
separated from each other by irregular divides. There is some farm-
ing along the bottoms of these tributaries, but over the remainder of
the area the valleys are sharp and steep and unsuited for cultivation.
The rocks are mainly sandstones and sandy shales of the Pottsville
group, and include some valuable coals and clays. The dip averages
from 100 to 200 feet per mile to the northwest. The domestic water
supply of the uplands is usuadlly obtained from shallow wells, which

IRR 145—05 M—2
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often go dry in time of drought, necessitating recourse to the springs
issuing along the coals, ete.. at points lower down in the valleys.
Wells in the valley bottoms generally obtain better supplies, the
town supplies of Summersville and Richwood being from such wells.
The water throughout the area is of the soft “ freestone ” type. The
geologic structure would seem to afford unusually favorable conditions
for artestan waters. The region is forested, giving flows to the
streams throughout the vear, and, owing to the character of the val-
leys. the opportunities for the construction of dams for power pur-
poses are unusually good.

Water Resources of the Mineral Point Quadrangle, Wisconsin, by U. 8. Grant.

This quadrangle is situated mainly in southwestern Wisconsin, the
Tllinois State line barely falling within its limits. Although a rich
agricultural country, it is situated in the heart of the upper Missis-
sippi Valley lead and zine region and produeces much ore.  The topog-
raphy is that of a low plateau, above which rise a few isolated eleva-
tions and below which are the wide flat-bottomed valleys oceupied by
the streams. The rocks consist of Paleozoic limestone shales and
sandstones. The lead and zine deposits oceur at the base of the Tren-
ton and at the top of the underlying Platteville limestone. Springs
are numerous in the area, occurring mainly at the bottoms of the
Galena and Platteville limestones and the St. Peter sandstone. They
are often used for domestic and dairy purposes. The streams were
formerly a source of many small water powers, but are now rarely
utilized. Wells are commonly of the drilled type and generally vary
from a depth of 10 feet in the valleys to 100 feet in the uplands. The
largest supplies are from the St. Peter sandstone, but the Galena fur-
nishes much water of good quality for domestic purposes. Deep wells
are sunk to the St. Peter. when it 1s below the surface, and to the Pots-
dam, from both of which abundant supplies are generally obtained by
pumping, although neither furnishes a flow. The Potsdam water is
more highly mineralized than that from the higher horizons.

Water Resources ot the Joplin District, Missouri-Kansas, by W. 8. Tangier
Smith.

This district lies at the intersection of the boundary hines of Mis-
souri, Indian Territory, and Kansas, and includes the famous Joplin
lead and zine region. Topographically it lies on the western out-
skirts of the Ozark region and consists of level plains cut by valleys
to a maximum depth of 200 feet. The drainage is southward into
Arkansas River. The surface rocks are mainly limestones of the
cherty lead- and zinc-bearing formation known as the Boone, but some
shales and sandstones of the Cherokee formation oeccur. The dip 1s
low to the northwest. The rocks are characterized by open folding,
with considerable faulting in the vicinity of the ore deposits. The
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streams, which are all spring fed. afford power at a number of points,
and Spring River and Center and Shoal ereeks furnish water supplies
for most of the cities in the district. including Joplin, Webb City,
Carthage, and Galena. Other streams, formerly yielding good water,
are now polluted by mine waters. Springs are common, sometimes of
large volume, and are used for domestic or mine supplies. A part of
the waters are high in mineral matter. sometimes carrying an appre-
ciable quantity of zine, and give rise to soft white, cream-colored, or
reddish deposits. The wells in the region are nsually shallow, but in
the mining district there are several thousands of deep test borings
sunk in search of ore, some of which are nsed as wells. No flows have
been obtained, although supplies ranging up to 12,500 gallons per
hour are obtained by pumping or air lift. A considerable number of
analyses of waters from streams, springs, and wells, some of which are
in considerable detail, are given.

Water Resources of the Winslow Quadrangle, Arkansas, by A. H. Purdue.

This quadrangle lies mainly in western Arkansas, a little north
of Arkansas River, but includes a few square miles of Indian Terri-
tory. The topography is that of a platean deeply cut by streams
until it presents a mountainous landscape, forming a part of what is
known as the * Boston Mountains.” The rocks consist of limestones,
shales, and sandstones of Carboniferous age, four of which—the
Boone chert (largely limestone), Pitkin limestone, and the sandstones
of the Hale and Winslow formations—are important water-bearing
formations, yielding abundant water to wells or springs. The water
varies from soft in the case of the Winslow formation to medium
in the Boone chert and Hale formation and hard in the Pitkin lime-
stone. Some of the springs yield water highly mineralized, and in
one or two cases are utilized for medicinal purposes, or as resorts.
Some of the water could be used to advantage for power or irrigation
purposes.

Water Resources of the Contact Region between the Paleozoic and Mississippi
Embayment Deposits in Northern Arkansas, by A. . Purdue.

This paper treats of the geology and water resources of a belt
from 12 to 15 miles wide, extending along the western edge of the
Mississippt embayment deposits from Arkansas River northward to
the Missouri line. The geology of both the Paleozoic and embayment
areas, including a deseription of the beds and their history. are con-
sidered in some detatl, and a geologic map showing the boundary
with greater accuracy than any previously published map is given.
The meaning of ground water, the relative amounts of run-off and
ground water, the character of the water table, and the essential
characteristics of a water-bearing formation are discussed, and the
water-bearing beds, including the Ordovician limestone, Boone chert,
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Batesville sandstone, Pitkin limestone, Coal Measures, and the soft
embayment deposits are described. Other subjects considered are the
source of water from rainfall and leakage from streams and Paleo-
zoic rocks, the amount, composition, and uses of the water, the pros-
pects for flowing wells, and the problems of type, location, depth,
and construction of wells from the sanitary standpoint. The prac-
tical discussions of these questions of general interest should prove of
substantial benefit to the residents of the Arkansas lowlands.

Water Resources of the Portsmouth-York Region, New Hampshire and Maine,
by George Otis Smith.

The examination of the water resources in the vicinity of Ports-
mouth was undertaken at the request of the War Department, with a
view of determining the available supplies for the several forts at
the mouth of the harbor. The conditions proved to be typical of
those existing in districts of similar rocks at points along the Maine
coast, where the problem of obtaining deep-well waters for the use
of summer residents, especially those living on small islands, is one
of great importance. The city supply of Portsmouth is from shallow
wells in loose surface deposits, from which the farm supplies in the
region are also generally obtained. _Another source, utilized at the
navy-yard, is the ponds on the slope of Mount Agamenticus, while a
third source is the deep-rock wells. These rock wells, which supply
a number of hotels and summer residences, have in numerous in-
stances been successful in obtaining good supplies, the waters some-
times even flowing at the surface, demonstrating the existence of arte-
sian storage of a type quite different from that usually described.
The rocks consist mainly of schists, slates, and quartzites, which are
compact, upturned, and characterized by numerous joints. Some
dikes of igneous rocks occur. The water is contained in bedding
planes, joint openings, ete., through which it circulates slowly, its
escape to the surface being prevented by the closing of the joints by
mineral deposits near the top. The water is to be regarded as coming
from distant rather than adjacent areas. In many cases abundant
supplies are obtained at less than 100 feet, while wells of 300 feet are
nearly always successful, although, owing to the lack of regularity
in the occurrence of joints, an occasional failure results. The schist
appears to be the most promising rock.

A Ground-Water Problem in Southeastern Michigan, by Myron L. Fuller.

The spring and summer of 1904 were marked by a pronounced
shortage of water in certain areas in southeastern Michigan, the fail-
ure of the wells being commonly attributed to underdrainage of a
powerful flowing well on Grosse Isle, a few miles away. Investiga-
tion showed the loss of water to be due not to the big flowing well,
nor to the deep quarry at Newport, but to certain general causes appli-
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cable to many other regions throughout the country. Of these
causes deforesting seems to have been one of the most important
factors in the decrease of supplies in the past, but had little 1mme-
diate connection with the present shortage, which seemed to be due
(1) to the extensive ditching that the region has undergone, which
has lessened the amount of water absorbed by the ground; (2) to
the early frost of 1903, which prevented the autumn and winter rains
from entering the ground, and (3) to the drought during the spring
and summer of 1904, during which little or no rain fell for long
periods. The water will probably return only after one or more wet
years, and may possibly never return in its original amount, but a
deepening of the wells will probably result in securing supplies ade-
quate for the ordinary needs of the inhabitants. The condition of
the wells during 1904 is described at some length, and the applica-
tion to other regions of the conclusions regarding the shortage is
discussed.
Water Supplies at Waterloo, Towa, by W, H. Norton.

The investigation of the conditions at Waterloo was undertaken
n response to requests from city officials with a view of determining
the availability of artesian waters to replace the surface supply from
Cedar River, which had become dangerously polluted, giving rise to a
severe typhoid epidemic. The investigation showed that shallow
ground water was slight in amount, owing to its ready drainage into
Cedar River and its extensive absorption by the underlying rock.
There are, however, strong springs issuing from the limestone 5 or 6
miles up the valley, and artesian water could probably be found in the
St. Peter sandstone at about 850 feet, the Jordan sandstone at about
1,300 feet, and the basal (Potsdam) sandstone at 1,800 feet or more.
Such deep-seated water would be perfectly healthy, but would prob-
ably give more or less trouble in boilers on account of scale-forming
minerals in solution. Two or more wells would be necessary to fur-
nish the 3,000,000 gallons daily which the city requires. The neces-
sity of test wells, the question of supplementary supplies, the head of
the artesian waters, and the question of permanency of flow are all
discnssed.

Water Supply from Glacial Gravels near Augusta, Me., by George Otis Smith.

The region treated in this paper includes the Silver Lake system of
ponds, about 5% miles northwest of Augusta, which it was proposed to
utilize, in connection with a series of springs at the head of Spring
Brook, as a source of a water supply for that city. There are 13
ponds, with an aggregate area of 215 acres. connected in part by slug-
gish streams, but without any outlet stream. The springs mentioned
are half a mile south of the southernmost pond. A study of the area
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shows that the gravels probably occupy a sort of basin,bounded beneath
the surface, both on the east and west, by rock or impervious tilh
The drainage basin 1s divided on the surface by a winding ridge
which separates the ponds into two chains. The water level in the
ponds in general shows a regular decrease to the south, but the rate
differs in the two chains, making it apparent that the water level of
the ponds depends on the height of the ground-water tables, of
which there are two—one on each side of the medial ridge. The
movement of the water is manifestly to the south, its point of issue
being in the springs at the head of Spring Brook, the flow of which is
supplied from the same ground-water sheet as that which supplies
the ponds, which are merely the visible portions of the ground-water
lake. Since the ground-water body occupies a confined basin, any
water taken from the pounds diminishes by so much the total amount,
involving a corresponding decrease in the yield of the springs,
which constitute practically the only source of outflow from the basin.
Hence, the city supply would not be increased by drawing from the
ponds.

Water Supply from the Delta Type of Sand Plain, by W. O. Crosby.

During the construction of the water system for Boston and the
metropolitan district of Massachusetts the structure and waters of
the sand plains near Chinton were thoroughly investigated by means
of many hundred borings, and a summary of the results is presented
in the present paper as an example of a type of water supplies of
importance throughout New England. The plains, of which there
are several, were deposited as deltas in a glacial lake caused by the
obstruction of the northward-flowing Nashua River by the retreating
ice sheet of the last Glacial epoch. The deposits known as the North
Dike Plain are particularly considered, and their topography, com-
position, structure, origin, and water supplies are described, together
with the crests and valleys of the buried rock surface upon which
they lie. The form of the water table and the phenomena of “lost
water ” (water passing off into the sands at points below the water
table), as well as the occurrence of *“ springs ” or water seams under
artesian head, are discussed. The deposition of iron and the cement-
ing of the materials in certain of the beds and the oxidation of the
drift, both of which features are dependent on the circulating
waters, are also described and explained. A summary of the condi-
tions and their application to other localities concludes the paper.

Waters of a Gravel-Filled Valley near Tully, N. Y., by George B. Hollister.

In a valley near Tully, N. Y., there is a thick accumulation of sands
and gravels, representing the accumulations taking place at the ter-
mination of a tongue of glacial ice which occupied the valley during
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a late geological period. The deposits are similar to those at many
other points in New York and New England, and the water-supply
conditions represent a type of importance in these rvegions. The
paper describes the character of materials, the volume of the springs
issuing from them, the deposits of tufa formed by the spring waters,
the waters of the lakes occurring in depressions in the gravels, and
the composition of the spring and lake waters. A considerable num-
ber of analyses are given.

Notes on Certain Hot Springs of the Southern United States, by Walter Har-
vey Weed.

Although the economic importance of the hot springs of our country
as resorts is immense there is a dearth of reliable information as to their
occurrence. In this paper descriptions of two of the niore important
localities, the Warm Springs of Georgia and the Hot Springs of
Arkansas, are described in some detail. The former issue from a frac-
ture near the base of Pine Mountain, a sandstone ridge rising from
the Piedmont Plateau, about 85 miles south-southwest of Atlanta.
The waters, which, judging from their temperature of 87°, come from
a depth of about 1,600 feet, are very pure, agreeing in this respect
with the water of the Hot Springs of Arkansas. These latter springs
issue from vents in old tufa or hot-spring deposits in a valley in a
somewhat mountainous region of strongly folded Carboniferons and
lower Silurian rocks about 50 miles west of Little Rock. The springs
are Government property, and about them have been developed parks,
numerous bathing establishments, and hotels, making the most im-
portant hot-spring resort in America and one comparable with the
great European spas. The paper gives an account of the history,
topography, geology, flow, temperature, and composition, including
many analyses, of the springs. The discharge varies from about 500
gallons per twenty-four hours in the smallest spring to 201,000 gal-
lons in the largest, and the temperature from 46° to 147°.  The waters
contain some carbon dioxid, nitrogen, and oxygen. the latter two
resulting from the absorption of air, and in general correspond closely
to the ordinary mountain springs, except in the element of heat.
which is supposed to be derived from heated vapors rising from deep-
seated igneous intrusions. There seems to have been little, if any.
decrease in temperature or volume since abont 1850, when the springs
were first carefully studied.

.

Notes on Certain Large Springs of the Ozark Region, Missouri and Arkansas.
compiled by Myron L. Fuller.

In this paper are put on record data relating to some of the immense
springs of the Ozark Mountains which have recently been investi-
gated by members of the Geological Survey with the object of deter-
mining their availability for water power. Those discussed are Greer,
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Van Buren, Fanchon, Alley, Blue, Mesamer, and Boiliug springs in
Missouri, and Mammoth Spring in Arkansas. All occur in lime-
stone rocks, and several represent the outlets of subterranean rivers,
while one, the Blue Spring, issues from a natural well nearly 50 feet
in depth. The waters, though sometimes somewhat roily after storms,
are usually entirely clear, of a bluish tinge, and pure except for the
dissolved lime and magnesia. The summer temperatures average
about 56°. Measurements in 1904, when the springs appear to have
heen very low, as compared with some past vears, showed the flow to
range from 23 cubic feet per second at Blue Spring up to 265 second-
feet at Greer Spring. In nearly every instance the springs either
furnished power or could be made to do so. Some of the springs
show an intermittent flow, as, for instance, one near the junction of
Jacks Fork and Current River, Shannon County, Mo., which has a
rhythmic discharge with maxima about forty minutes apart, with
intervening minima, when the flow nearly ceases. Sink holes are
numerous, and in places are thought to mark the position of the under-
ground streams feeding the springs.

PUBLICATIONS OF THE UNITED STATES GEOLOGICAL
SURVEY.

The results of the work of the Survey on underground waters and
springs are published in a number of different forms, briefly
described below. Complete lists of Survey publications, with prices
of such of them as are for sale, can be obtained on application to the
Director.

1. Papers and reports accompanying the Annual Report of the
Director: Prior to 1902 many reports relating to underground waters
were published in the royal octavo cloth-bound volumes, which accom-
panied the annual reports of the Director. This form of publication
for scientific papers has been discontinued and a new series, known as
Professional Papers, has been substituted.

2. Bulletins: The bulletins of the Survey comprise a series of
paper-covered octavo volumes which in general contain a single report
or paper. These bulletins formerly sold at nominal prices, but are
now distributed free of charge to those interested in the special sub-
ject discussed. This form of publication is used for presenting
information relating to underground svaters when the hydrologic
descriptions are accompanied by extended topographic or geologic
discussions. DBefore the inauguration of the Water-Supply and
Trrigation series of papers the bulletins were the form of publication
for all shorter papers related to water supplies. Their small size
precludes the use of large maps or plates, and reports requiring large
tHlustrations are therefore issued in the series of Professional Papers.
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3. Professional Papers: This series, paper covered, but quarto in
size, 1s intended to include such papers as require large maps or other
illustrations. Their publication was begun in 1902, and they are dis-
tributed in the same manner as the bulletins.

4. Monographs: This series consists of cloth-bound quarto vol-
umes, and is designed to include exhaustive treatises on any subject
coming within the province of the Survey. As yet no paper relating
to water supply in any of its forms has been published as a mono-
graph. The volumes of this series are sold at cost of publication.

5. GGeologic Folios: Under the plan adopted for the preparation of
a geologic map of the United States the entire area is divided into
small quadrangles, bounded by certain meridians and parallels, and
these quadrangles, which number several thousand, are separately
surveyed and mapped. The description of each quadrangle is issued
in the form of a folio as the survey is finished. When the series
is complete the folios will constitute a Geologic Atlas of the United
States. Copies of the folios, like the preceding publications, are sent
to a large number of public institutions and libraries. Those remain-
ing are sold at 25 cents each, except such as contain an unusual
amount of matter, which are priced accordingly. Many of the folios
contain special descriptions and elaborate maps showing the occur-
rence of underground waters.

7. Reports on Mineral Resources: The reports of this series are
cloth-bound octavo volumes, published annually, giving statistical
summaries of the output of the various mineral products, including
mineral waters and brines. They were issued as a distinct series
from 1882 to 1893. They were then made a part of the Annual
Report until 1900, when their separate publication was resumed.
The volumes of the earlier series were generally sold at about 50 cents,
but the later ones are for free distribution.

8. Water-Supply and Irrigation Papers: These are of octavo size,
and are published in red paper covers. They are distributed gratu-
itously. As the name indicates, only papers relating to investigations
and problems of water supplies in their various forms are published
in this series. In common with the professional papers and bulletins
the water-supply papers are divided into a number of series, as
follows:

(I) Irrigation.

(J) Water storage.

(K) Pumping water.

(1) Quality of water.

(M) General hydrographic investigations.

(N) Water power.

(0O) Underground waters.

() Uydrographic progress reports.
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9. Reclamation Service Reports: These reports are octavo vol-
unies, bound in light olive-green cloth, and issued annually. They
cover the engineering and construction work relating to projects for
reclaiming the arid public lands. In the three reports issued so far
nothing relating to underground waters is given.

In addition to the various series of reports mentioned, the Survey
issues a large number of topographic and other maps, on some of
which springs are shown, as well as sinks resulting from subter-
ranean drainage. Lists of the maps may be had on application.

The following detailed lists contain all papers on underground
waters and springs issued by the Survey: ¢

PAPERS IN ANNUAL REPORTS.

The requisite and qualifying conditions of artesian wells, by T. €. Chamberlin:
Fifth Ann. Rept., 1883-84, pp. 125-173, 1 pl.

Formation of travertine and siliceous sinter by the vegetation of hot springs, by
W. H. Weed: Ninth Ann. Rept., 1887-88, pp. 613-676, 10 pls.

The potable waters of eastern United States, by W J McGee: Iourteenth Ann.
Rept., 1892-93, pt. 2, pp. 1-+47.

Natural mineral waters of the United States, by A. C. Peale: Fourteenth Ann.
Rept., 1892-93, pt. 2, pp. 49-88.

Water resources of a portion of the Great Plains, by Robert Hay: Sixteenth
Ann. Rept., 1894-95, pt. 2, pp. 535588, 3 pls.

The underground water of the Arkansas Valley in eastern Colorado, by G. K.
Gilbert: Seventeenth .Ann. Rept., 1895-96, pt. 2, pp. 551-601, 15 pls.

I'reliminary report on artesian waters of a portion of the Dakotas, by N. H.
Darton: Seventeenthi Aun. Rept., 1895-96, pt. 2, pp. 603—694, 39 pls.

The water resources of Illinois, by Frank Leverett: Seventeenth Ann. Rept.,
1895-96, pt. 2, pp. 695-849. 11 pls.

Geology of the Edwards Plateau and Rio Grande Plain adjacent to Austin and
San Antonio, Tex.. with reference to the occurrence of underground waters,
by R. T. Hill and T. W, Vaughan: Eighteenth Ann. Rept., 1896-97, pt. 2,
pp. 193-321. 44 pls.

Water resources of Indiana and Ohio, by Frank Leverett: Eighteenth Ann.
Rept., 1896-97, pt. 4, pp. 419-559, 5 pls.

New developments in well boring and irrigation in eastern South Dakota, 1896,
by N. H. Darton: Eighteenth Ann. Rept., 1896-97, pt. 4, pp. 561-615, 10 pls.

Principles and conditions of the movements of ground water, by F. H. King:
Nineteenth Ann, Rept., 1897-98, pt. 2, pp. 59-294, 11 pls.

Theoretical investigation of the motion of ground waters, by C. S. Slichter:
Nineteenth Ann. Rept., 1897-98, pt. 2, pp. 295-384, 1 plL.

The rock waters of Ohio, by Edward Orton: Nineteenth Ann. Rept., 1897-98, pt.
4, pp. 633-717, 3 pls.

Preliminary report on the geology and water resources of Nebraska west of the
one hundred and third meridian, by N. H. Darton: Nineteenth Ann., Rept.,
1897-98, pt. 4, pp. 719-785, 45 pls.

@ For publications appearing since this text was prepared, see outside of back cover.
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Preliminary description of the geology and water resources of the southern half
of the Black {1ills :111(1 the adjoining regions in South Dakota and Wyoming,
by N. II. Darton: Twenty-first Ann. Rept.. 1899-1900, pt. 4, pp. 489-599,
55 pls.

The High Plains and their utilization, by W. D. Johnson: Twenty-first Ann.
Rept., 1899-1900. pt. 4, pp. 601-T41, 44 pls., and Twenty-second Ann. Rept.,
-901-2, pt. 4, pp. 631-669, 15 pls.

Geography and geology of the Black and Grand prairies, Texas, with detailed
descriptions of the Cretaceous formations and special reference to artesian
waters, by R. T IIll: Twenty-first Ann. Rept., 1899-1900, pt. 7, 666 pp.,
T1 pls.

Mineral waters, by A. (. Peale: Sixteenthh Ann. Rept., 1894-95, pt. 4, pp. 707-
721 ; Seventeenth Anmn. Rept.. 1895-96, pt. 3 (continued), pp. 1025-1044;
Eighteenth Ann. Rept.. 1896-97, pt. 5 (coutinued). pp. 1369-1389: Nine-
teenth Ann. Rept, 1897-98, pt. 6 (continued). pp. 659-680; Twentieth Ann.
Rept., 1898-99, pt. 6 (continued), pp. 7T47-709; Twenty-first Ann. Rept.,
1899-1900, pt. 6 (continued), pp. HIT-622.

BULLETINS.

32. Lists and analyses of the mineral springs of the United States; a prelimi-
nary study, by A. C. Peale. 1886. 235 pp.

47. Analyses of waters of the Yellowstone National Park, with an account of
thie methods of analysis emiployed, by 1. A, Gooch and J. E. Whitfield.
1888, 84 pp.

131. Report of progress of the division of hydrography for the calendar years
1893 and 1894, by F. . Newell. 1895, 126 pp.

138. Artesian-well prospects of the Atlantic Coastal Plain region, by N. H. Dar-
ton. 1896. 232 pp.. 19 pls.

199. Geology aud water resources of the Sunake River I’lain of Iduaho, by I. C.
Russell. 1902, 192 pp., 25 pls.

PROFESSIONAL PAPERS.

17. Preliminary report on the geology and water resources of Nehraska west of
the one hundred and third meridian, by N. II. Darton. 1903. 69 pp., 43
pls.

32. Geology and underground water resources of the Central (Jreat Plains, by
N. H. Dartoun. 1904.

REPORTS ON MINERAL RESOURCES OF THE UNITED STATES.

Mineral waters, by A. (. Peale: Mineral Resources of the United States, 1883-84,
pp. 978987 : 1885, pp. H36-H43; 1886, pp. 715-721; 1887, pp. GS0-G87; 1888,
pp. 623-630: 1889-90, pp. H21-535; 1891, pp. GO1-610; 1892, pp. 823-834;
1893, pp. T72-794: 1900, pp. 899-905; 1901, pp. H61-966; 1902, pp. H93-1002;
1903, pp. 1137-1162.
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WATER-SUPPLY AND 1RRIGATION PAPERS.

. A reconnaissance in sontheastern Washington, by I. C. Russell. 1897. 96

pp., 7 pls.

. Underground waters of southwestern Kansas, by Erasmus Haworth. 1897,

G5 pp., 12 pls.

. Seepage waters of northern Utah. by Samuel Fortier. 1897. 50 pp., 3 pls.
. Underground waters of southeastern Nebraska, by N. H. Darton. 1898

56 pp., 21 pls.

. Wells of northern Indiana, by Frank Leverett. 1899. 82 pp., 2 pls.
. Wells of southern Indiana (continuation of No. 21), by Frank Leverect.

1899. G4 pp.

. Water_resources of the lower peninsula of Michigan, by A. C. Lane. 1899.

97 pp., 7 Dls.

Lower Michigan mineral waters, by A. C. Lane. 1899. 97 pp., 4 pls.

Geology and water resources of a portion of southeastern South Dakota, by
J. E. Todd. 1900. 34 pp.. 19 pls.

Geology and water resources of Nez P’erces County. Idaho, pt. 1, by I. C.
Russell. 1901. 86 pp., 10 pls.

. Geology and water resources of Nez Perces County, Idaho, pt. 2, by I. C.

Russell. 1901, 87-141 pp.

. Geology and water resources of a portion of Yakima County. Wash., hy
3 A)

G. O. Smith. 1901. 63 pp., 7 pls.

. Preliminary list of deep borings in United States, pt. 1, by N. IL Darton.

1902. 60 pp.

J. B. Lippincott. 1902. 95 pp., 11 pls.

. Development and application of water in southern California, pt. 2, by

J. B. Lippincott. 1902. pp. 96-140.

. Preliminary list of deep borings in United States, pt. 2, by N. . Darton.

1902. 67 pp.

7. The motions of underground waters, by C. S. Slichter. 1902. 106 pp., 8 pls.
. Water resources of Molokai, Hawaiian Islands, by Waldemar Lindgren.

1903. 62 pp.. 4 pls.

. Preliminary report on artesian basins in southwestern Idaho and south-

eastern Oregon, by I. C. Russell. 1903. 353 pp., 2 pls.

. Geology and water resources of part of the lower James River Valley,

South Dakota, by J. E. Todd and C. M. IIall. 1904. 47 pp., 23 pls.

Underground waters of southern Louisiana., by G. D. Harris: with discus-
sions of their uses for water supplies and for rice irrigation, by M. L.
Fuller. 1904. 98 pp., 11 pls.

Contributions to the hydrology of eastern United States, 1903, by M. L.
Fuller. 1904, 522 pp.

Underground waters of Gila Valley, Arizona, by W. T. Lee. 1904. 171 pp,
5 pls.

Water resources of the Philadelphia district, by Florence Bascom. 1904,
75 pp.. 4 pls.

Contributions to hydrology of eastern United States, 1004, M. I.. Fuller,
geologist in charge. 1905. 211 pp., b pls.

Preliminary report on underground waters of Washington, by Henry
Landes. 1905, 85 pp., 1 pl.
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. Underflow tests in the drainage basin of Los Angeles River, by Homer

Hamlin. 1905. 55 pp.. 7 pls.

114. Underground waters of eastern United States, M. L. Fuller, geologist in

86.

100.
104
105.

107
108

113

charge. 1905. 285 pp., 18 pls.

GEOLOGIC FOLIOS.

. Fredericksburg folio, Maryland-Virginia, by N. H. Darton.
. Nomini folio, Maryland-Virginia. by N, H. Darton.

. Pueblo folio, Colorado, by G. K. Gilbert.

. Nueces folio, Texas, by R. T. ITill and T. W. Vaughan.

. Danville folio, 1llinois-Indiana, by M, R. Campbell and Frank Leverett.

. Walsenburg folio, Colorado, by R. C. Iills.

. Washington folio, District of Columbia-Virginia-Maryland, by N. II. Dar-

ton and Arthur Keith.
. Spanish Peaks folio, Colorado, by R. C. Hills.
. Norfolk folio, Virginia-North Carolina, by N. H. Darton.
. Chicago folio, Illinois-Indiana, by W, (. Alden.
. Oelrichs folio, South Dakota-Nebraska, by N. H. Darton.
Ellensburg folio, Washington. by G. 0. Smith.
. Olivet folio, South Dakota. by J. E. Todd.
. Parker folio, South Dakota, by J. E. Todd.
. Mitchell folio, South Dakota, by J. E. Todd.
Alexandria folio, South Dalkota, by J. E. Todd and C. M. ITall
Silver City folio, 1daho, by Waldemar Lindgren and N. F. Drake.
Patoka folio, Indiana-1llinois, by M. L, Fuller and F. G. Clapp.
. Newecastle folio, Wyoming-South Dakota, by N. H. Darton.

. Edgemont folio, South Dakota-Nebraska, by N. H. Darton and W. 8, Tan-

gier Smith.
. ITuron folio, South Dakota, by J. k. Todd.



THE DRAINAGE OF PONDS INTO DRILLED WELLS,
By Roserr E. Horrox.

GENERAL CONDITIONS.

The extensive ice action of the Glacial epoch left portions of
Michigan, Indiana, Wisconsin, and Minnesota covered with glacial
drift to a great depth. Sand, gravel, and clay alternate in patches,
but the soil is, as a very general rule, loamy and permeable in the
lake-besprinkled regions. The rainfall is usually from 30 to 40
inches per annum, of which from 8 to 16 inches reach the streams
as run-off, largely through springs and seepage.

PONDS.

On large districts the surface topography is moderately rolling,
and, while sloping in a general way toward the larger water courses,
contains innumerable slight hollows without outlets. These un-
drained depressions vary in character from very small sink holes,
generally tillable, in which standing water is found only after heavy
rains or in early spring. to lakes, the vast majority of which are less
than 1 square mile in area and which drain sloping margin lands
from five to fifty times their own extent.

In the region in which these kettle holes and ponds are common
no direct surface run-off to the streams takes place over a consider-
able percentage of the area nominally tributary to the rivers. Data
regarding water-surface evaporation in this region is verv meager,
but it may be said, in a general way, that the annual evaporation from
the lakes about equals the rainfall, the evaporation being greater or
less than the precipitation according as the season is wet or dry.
For these ponds to persist at a nearly uniform level requires that the
inflow plus the rainfall on the surface shall equal the annual losses
by evaporation and percolation.

30



HORTON. ] DRAINAGE OF PONDS INTO DRILLED WELLS. 31

DRAINAGE OF PONDS.

Ponds of this character disfigure valuable farms, and, if drained,
the rich, mucky soil reclaimed would in many cases be of great value,
Special attention was called to the desirability of their drainage
by the excessive high water which followed the melting of the un-
usually large snow accumulation of the winter of 1903-4.

One of these ponds, which has an area of 4 or 5 acres when full
and directly drains perhaps 60 acres of rather steep and permeable
land surface, and which has been observed in a general way through
many vears, has shown a variation in its high-water leve] of 3 to
4 feet. It is filled with grass, promoting’ evaporation, and in a dry
season goes entirely dry for a few weeks. The soil beneath is
probably impervious or nearly so, and there are no marshes nor
visible springs which feed it.

SUBSOIL. DRATINS.

An unsuceesstul effort was made twenty-five years ago to drain the
above pond by digging through the hardpan bottom and inserting a
stone-filled curb. This method of draining into a porous subsoil is
considerably used in France and elsewhere, but was entirely without
success in this case.

DEEP-WELL DRAINS.

Surface drainage being unfeasible, drainage into deep-drilled wells
has been successfully tried in a number of cases in Jackson County,
Mich., and vicinity. An ordinary well-driller’s outfit may be used.

In drilling the well on Fred Watking’s place, in Parma Township,
after the first water bed had been reached at a depth of about 90
feet, the pipe was allowed to project upward in the pond near the
surface, and was not protected in any way. The rate at which the
water from the pond flowed down the drainpipe, rapid at first,
lecreased greatly during the first week and afterwards more gradu-
ally, so that after two months the pond, though visibly lowered as
compared with adjacent undrained ponds, yvet was not dry.

The well was then drilled out to a depth of 170 feet and the intake
protected, with the result that the water was sucked down the pipe
very rapidly and the pond completely drained. This well drains an
area of about 35 acres of sloping tilled land, the soil being a perme-
able gravelly loam. The pond area was 24 acres, and the pond
seldom or never dried up. In the valley of Kalamazoo River, 4
miles distant, prolific artesian waters are obtained from a water
horizon which has very nearly the elevation of the bottom of this

¢ Charpentier de Cassigny. J., Hydraulique Agricole,
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drain well, and from which the water rises to an altitude about the
same as the static head in the drain well. .

Decrease of draining power of wells—Several theories have been
advanced for the rapid decrease in flow sometimes noticed, as in this
case, after the opening of snch wells. First, it has been suggested
that an unsaturated pocket has been entered, but this appears doubt-
ful from the rather permeable character of nearly all the material
penetrated, and also from the fact that abundant water supply is
always found in wells drilled to about the same depth in the
surrounding region. Second, it appears possible that the percolating
chamber below the bottom of the well casing may have filled by
caving, reducing the percolating surface. This is not improbable, as
a similar adjacent well, drilled for water supply in 1888 in the same
siliceons material, caved frequently at first and still continues to do
so at intervals, rendering the water very turbid. The effect of such
caving in a drain well would probably be deleterious. The nse of a
perforated strainer point, as in driven wells, might be advantageous.
A third possible cause of decreased flow is vegetable fibers and silt
carried down the pipe owing to lack of screens. At the start the
pond was full of vegetable matter resulting from the decomposition
of pond lily and other aquatic plants, and long fibers could be seen
entering the pipe. These would obviously collect on the percolating
surface of the well and there form a matrix.

Efficiency of wells for draining.—The efficiency of such drain wells
lies in their ability to draw down the accumulated waters resulting
from melting of the snow, which usually takes place in March,
sufficiently early to permit tillage at some time between about the
first and the middle of May. The annual spring filling of the pond
once removed, further filling will only result from excessive rains
during the growing season, a contingency which can only be pro-
vided against by the use of a well of such capacity that the standing
water will not ruin the growing crop before the well can draw it
down. Such summer freshets will, however, oceur at intervals only.

The pond being disposed of, tile drains may be needed to suffi-
ciently dry the subsoil for tillage, and this requires that the inlet to
the well shall be placed sufficiently below the bottom of the pond
o receive their effluent.

Cost of drain wells—The cost of a drain well increases with
increased diameter; the price charged for a 3-inch uncased well is
70 cents and for a 4-inch one 90 cents a foot; casing costs in addition
25 cents and upward for each foot.

Capacity of drain wells—The capacity of the drain pipe increases
rapidly with increased diameter, first, because its area of section is
proportionate to the square of its diameter, and, second, because the




HORTON.] DRAINAGE OF PONDS. 33

loss of head and velocity due to friction are less in a large than in
a small pipe with a given velocity. A drain well can take care of no
more water than can flow out into the water-bearing material at the
bottom, and the effect of an increase in size of drain well depends
largely on conditions at the bottom of the pipe, as will be explained.
Rapid drawing off of the water in spring is the most essential requi-
site, and this requires that the efficiency or capacity of the drain well
shall be as great as possible.

There are some matters connected with the attainment of this
end that are not well understood by the drillers of such wells where
the writer has observed them and that offer an interesting problem
in hydraulies.

Underground conditions—(a) The drain well may penetrate an
open fissure in which flows a free stream of water. This may occur,
for example, in limestone formations. Tt is to be regarded, however,
as accidental, and is not—as some are led to believe from the great
water-taking capacity of some drain wells—either a common or a
necessary condition in such wells. For such a well the capacity of
the drain up to the limit of the capacity of the fissure would be almost
directly proportional to the capacity of the drainpipe, the condi-
tion being that of flow through a pipe with free outlet. (b) The
drain outlet may be in porous rock, as sandstone. The water-carry-
ing capacity of sandstone is not always fully appreciated; the poros-
ity, or percentage of voids, commonly ranges from 5 to 20 per cent,
15 per cent being perhaps a fair average. The water-taking capacity
of the sandstone will differ from that of a loose sand of the same
material only as a resnlt of their different degrees of compactness.
(¢) The drain well may enter a porous stratum of sand, gravel, or
other earth.

The wells described in southern Michigan apparently penetrate
porous layers of glacial drift or sandstone. The outward flow is
obviously the inverse of that which takes place when a well in the
same water-bearing material is drawn upon by pumping. The laws
that control such flow from wells where the head is known have
been fully worked out elsewhere.?

Such calculations, together with the known yield of artesian and
pumped wells in the same or similar formations, abundantly prove
that the water-bearing material encountered in the drain wells of
southern Michigan is capable of caring for the apparently large
inflow observed.

In fig. 2 the conditions which may occur in such a well are
illustrated. The water is disposed of by flowing outward through

e Turneaure and Russell, Public Water Supplies, pp. 267-275.
IRR 145—05 M 3
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the pores in the material forming the walls of the chamber at the
bottom, and the rate of such outward flow is determined by the pres-
sure head, the surface area of the chamber at the bottom of the well,
and the size of the pores.

Assuming that the water would rise in the well to the level A
(static level) if there were no inflow, but that the inflow at the top
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Fic. 2.—Diagram {llustrating conditions in drainage wells.

of the pipe raises the water level to B, then AB is the effective head
which causes discharge at the bottom. Later we shall consider
siphon or draft-tube action in the pipe. Assuming for the present
that water flows into the pipe as through an orifice, then the inflow
to the mouth of the pipe will be proportional to the square root of
the depth D of water above its mouth, indicating that in this case the
intake should be placed low.
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The mode of flow down a pipe, as commonly constructed by the
drillers, is shown in fig. 8. This forms what is called a * Borda
mouthpiece ” and has a very low capacity. Only from 50 to 75 per
cent of the pipe is effective, owing to contraction. If, however, a
bell mouth be added to the pipe, having the form of the vena con-
tracta, as shown in fig. 4, the full area of section will be effective,
and the water will flow down the pipe with a velocity equal to about
96 per cent of that due to the head D.

Thus, a well fitted with a bell mouth may take 1.8 times as much
water as one without. If the static level A is some distance below
ground, the well will adjust itself to taking care of the increased sup-
ply of water provided by the bell mouth by increasing the head AB in
about the same proportion that the inflow is increased, barring fric-
tion loss in the well pipe, a factor yet to be considered.

Dimensions of bell mouth
tuv outlet pipe
1.25 O

Fi16. 3.—Diagram showing entrance of water Fic. 4.—Diagram of mouth of drainage
into drainage pipe. pipe.

In a well having tight casing and a proper entrance the inflow will
be augmented by siphonage or draft-tube action, the water being
forced down by atmospheric pressure in a manner the inverse of the
action of a lift pump. If there be free discharge at the bottom and
if the well be over 33 feet deep, then the maximum possible draft-
tube head of 32.8 feet may be available.

Unless the ground-water horizon is at exceptionally great depth,
however, it will probably happen, as has been observed in practice,
that the discharge head A, required to take care of this large inflow
of water, will cause the water level B to rice within much less than
32.8 feet of the surface, limiting the siphon head and dividing the
total static head from A to.the water surface of the pond in such a
manner that the inflow head will just supply such a quantity of
water as can be forced out of the bottom of the well by the remaining
or discharge head. In any event the gain in capacity and rate of
drainage which will result from siphonage will be very great; for
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example, with a pressure head D of 1 foot over the inlet, the discharge

would be nearly doubled by the addition of 3 feet of effective siphon-

age and nearly trebled by the addition of 8 feet of effective siphonage.
Expressing the above relations mathematically,

Q=ca,/ 29| B+ (=) K |

Where Q=Discharge in cubic feet per second.
A=Area of cross section of pipe in square feet.
H=Depth of water above top of pipe.

h =Effective suction head.
h,=Friction loss in pipe.
V=DMean velocity in pipe.

2
K=A coefficient, such that K;; equals the combined entry
head and head required to produce velocity. In gen-
eral, V is unknown, and this factor being small, may
be neglected.

The friction head %; for various sizes of pipe, together with the
entry and velocity head for various velocities, may be found in books
on hydraulics.e

Velocity of flow.—The velocity of flow in the drainpipe may be
measured by means of a simple Pitot tube of glass inserted vertically
in the top of the pipe, the short end projecting upward and having
its mouth near the outer end of the drainpipe and a few inches below
the top of the pipe. If % is the height in inches to which the water
rises in the long leg above the pond surface, then the velocity of
downward flow in the pipe will be very nearly

v=y/ LBk 232 0h

The flow in cubic feet per second will be

TSN
Q=0.0035 &®* V= 80h nearly,

d being the inside diameter of the pipe in inches.

The quantity Q should be somewhat reduced by the use of a cor-
rection coeficient depending on the form of inlet to the pipe. With
good siphonage this coeflicient will be near unity.

The theory of flow from wells rests upon the assumption that the
ground-water horizon is sensibly affected only within a certain mean
radius of influence. There is no method of accurately determining

« Weston, Friction of Water in Pipes; Coffin, Graphical Solution of Hydraulic Prob-
lems, etc.
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this radius in the case of a drain well, but as large variations in its
value affect the result but little it may he assumed, and if the other
necessary factors are known the discharge may be calculated.

WATKINS’S DRAIN WELL.

Without entering into details, the following example may be given
to illustrate what takes place in a 3-inch drain well 170 feet deep,
in which the water rises statically to within 25 feet of the top of the
pipe and to within 27 feet of the pond surface, assuming that the out-
flow is into a sandstone stratum 100 feet deep, having a porosity
of 15 per cent, and an effective mean-grain diameter of 0.15 milli-
meter. These conditions are practically those in Watking’s drain
well, Parma Township. (See fig. 3.) I'rom Turneaure and Russell’s
Water Supplies and Weston’s Tables ¢ it is found that the drain would
carry down 165,000 gallons per day, or one-fourth cubic foot per
second, and that the total available head of 27 feet would be utilized
about as follows:

Utilization of head in Watkins’s drain well.

Feet

Overcoming friction in pipe____ . 6.0
Velocity head__-__ e .45
Entry head_ . .2
Head causing outflow at bottom of pipe.________________ __ __ _______ 20.0
Total e 26. 65

A well drawing 1 cubic foot per second will lower a pond of 1 acre
area about 2 feet per day, providing there is no inflow. It will lower
a 2-acre pond 12 inches per day, and so on. The well in the above
example should lower a pond of 2.5 acres area about 2} inches per
day. If the pond were filled to an average depth of 2 feet at the end
of March, the water should be drawn off and the subsoil sufficiently
drained to permit tillage early in May. Early in 1905 the Watkins
pond, which is fed by two lines of drain pipe, was well filled by the
rail? and melting snows, but was drained completely by the latter
part of May. At the same time adjacent undraimed wells remained
nearly full.

SUMMARY.

Owing to low water at the time when visited, the writer had no
opportunity to measure the actual rate at which any of the Jackson
County drain wells take water. Such measurements would be of
value in estimating the required size and probable efficiency of other
wells.

¢ Loc. cit.



38 HYDROLOGY OF EASTERN UNITED STATES, 1905.  [vo. 145.

In conclusion, the importance of a capacious percolation chamber
at the bottom of the well, and of suitable screens to protect the
inlet, may be emphasized. A screen over the mouth of the pipe
should not be used, as it will reduce the inflow head, but an ample
catch basin of brick or large tile surrounding the well is very desir-
able. This should have ample openings covered by screens—prefer-
ably by double screens. A suggestion for a suitable intake is shown
in fig. 4.

Experience has shown that in any locality success by this mode of
drainage can not be assured beforehand. In some cases failure has
probably been due to improper methods.

The eftect of this manner of drainage is to forcibly inject the waters
of the pond into the ground-water bed. If the drainage waters are
impure the pollution may be detectable in surrounding wells which
penetrate the same water horizon.

STATISTICS OF DRAIN WELLS IN SOUTHERN MICHIGAN.

The following details regarding drainage and other wells in
southern Michigan have been compiled chiefly from data furnished by
Mr. Charles Winchester, well driller, of Jackson, Mich., and by Mr.
Carl Horton. A number of artesian wells are included which have
been drilled for drainage purposes, or in places adjacent to drain
wells.

(1) Miran Clark, Jackson County, Mich.; 3-inch drilled well, total depth 75
feet. At this depth an artesian stratum was entered raising water 6 inches
above the surface.

(2) Henry Sussex, near Jackson City, Jackson County, Mich.; 3-inch well
drilled to 100 feet depth. At this depth an artesian basin was entered which
raises water 7 feet above the ground surface.

(3) Truman Eggleston, near Parma, Jackson County, Mich.; 3-inch well
drilled to 47 feet depth. Drains a pond 2 to 3 acres in extent. The reclaimed
land is used for wheat growing.

(4) George Eggleston, near Parma, Jackson County, Mich.; 3-inch well drilled
to 42 feet depth. At this depth an artesian basin was entered which raises
water 6 inches above the ground surface, rendering the well useless for s'ain-
age purposes; further drilling is contemplated.

(5) Edward Burt, Jackson County, Mich. ; two 3-inch wells, the first to a total
depth of 32 feet, of which 19 feet are in rock; the second to a total depth of 46
feet, of which 22 feet are in rock. The two wells are 15 rods apart; the second
affords a successful drain.

(6) Arthur Morrell, near Jackson City, Jackson County, Mich.; 3-inch well
drilled to 147 feet depth. 1t yields an artesian stream rising ¢ feet above the
ground surface.

(7) Bullen Brothers, Parma County, Mich.; 3-inch well drilled to 34 feet
depth. It yields an artesian flow raising water 12 to 18 inches above the ground
surface. This is distant but a few miles from several successful drain wells.
It is apparently an artesian well in stratified glacial drift,
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(8) Charles 1. Moe, Jackson County, Mich.; 3-inch well, at first drilled 116
feet without success. Afterwards it was drilled 32 feet farther, making the
total depth 138 feet, and giving a successtul drain, which reclaims about 10
acres.

(9) Fred Watkins, Parma Township, Jackson County, Mich. ; 3-inch well, with
a total depth of 170 feet, 48 feet at surface through sand and clay and 122 feet
through apparently soft stratified rock. Water rises in well within 25 feet of
the surface. The pond had an area of 2% acres and seldom or never dried up.
Soil muck, with clay underneath. Two lines of draintile 5 feet in depth have
been used to drain the soil. 'Tributary area to pond, about 35 acres of tilled
land.

(10) Ebb Burch, near Concord, Jackson County, Mich.; stated to have three
successful drain wells.

(11) Frank Roe, near Bath Mills, Jackson County, Mich.; stated to have had
3-inch drain well in use for eighteen years, reclaiming a marsh; depth, probably
75 feet.

(12) V. R. Horton, Parma Township, Jackson County, Mich.; 4-inch well
drilled 70 feet through stratified drift, followed by 143 feet in shales and sand-
stone ; total depth, 213 feet, of which 75 feet was cased with 4-inch pipe. Well
located in pond of 4 to 6 acres area, which became dry in some seasons. Shal-
low muck bottom covered with grass; drains about 60 acres steeply sloping
tilled land. This well began to take water when about 170 feet deep. It
drained very rapidly for a time, but gradually decreased in capacity, apparently
as a result of caving or clogging of the pores in the discharge chamber. A
measurement of the rate of flow by Pitot tube was made March 28, 1905, by Mr.
Carl Horton. The well was then taking about 6 cubic feet per 1minute.

(13) W. H. Ilartwell, Albion, Calhoun County, Mich.; 4-inch drilled well 37

" feet depth, probably in glacial drift. Successfully drained pond of 1 acre area in
a deep glacial depression 1 mile from Kalamazoo River and at a considerably
greater elevation. Land area tributary to pond. perhaps 40 acres.

(14) , Ingham County, Mich.; 2 or 3 inch pipe; total depth, 138 feet—
90 feet through sand and gravel, 48 feet in sandstone. Well afforded successful
drain of surrounding marsh land, but has been closed to avoid possible pollution
of ground water,




TWO UNUSUAL TYPES OF ARTESIAN FLOW.

By Myrox L. FuLLEr.

INTRODUCTION.

As work on underground water progresses many variations and
peculiarities in the conditions giving rise to flowing wells are brought
to light. In another paper in the present report Dr. G. O. Smith has
described certain flowing wells in crystalline rocks of Maine and New
Hampshire and has explained the conditions governing their occur-
rence. It is the purpose to give in the present paper brief descrip-
tions of two unusual types of flow.

In the first of the two types the flow takes place from essentially
uniform sand, there being nothing which in any sense forms an
impervious cover. In the second the flow is of rock water from the
rock, although the confinement is not due to rock structure nor the
head dependent upon the rock outerop, but rather upon overlying
deposits of drift.

FLOWS FROM UNCONFINED HORIZONTAL SANDY STRATA.

This peculiar type of artesian flow, which is sometimes encountered
by engineers and others in their investigations of the water resources
of regions of prevailingly sandy materials, apparently defies the com-
monly recognized requisites of artesian wells, presenting a problem
of unusual interest and one which at first sight appears difficult of
solution.

The essentials for artesian flows, as defined by Prof. T. C. Cham-
berlin in his treatise on artesian waters® are a pervious bed lying
between two impervious beds and having its outcrop at a height
greater than that of the surface at the well—adequate rainfall, suit-
able outerop, and absence of leakage being assumed.

The requisites as defined by Professor Chamberlin, the most essen-
tial features of which are the impervious confining beds and the incli-
nation of the strata, have been almost universally accepted by writers
on the subject, but recent investigations, some of the results of which

e Requisite and qualifying conditions of artesian wells: Fifth Ann. Rept. U. 8. Geol.
Survey, 18835, pp. 134-135.

40
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are here represented, have shown that true artesian flows may take
place where both of these conditions, supposedly indispensable to
flows, are absent. In fact sands which are pervious throughout and
which are horizontal will often, when penetrated, vield flowing wells.
The principal governing such flows was, to a certain extent, rec-
ognized by Chamberlin, who states in the report cited (p. 138)
that the water itself may act as a confining agent, but in his descrip-
tions and illustrations two confining beds are always recognized, the
water through its pressure acting simply as an adjunct to the upper
confining layer in preventing leakage or increasing the head. The
possibility of flows from uniform materials does not seem to be
recognized.
EXAMPLES ON LONG ISLAND, NEW YORK.

In an investigation of the water resources of Long Island, New
York, conducted by the Survey in cooperation with the commission
on additional water supply for Greater New York, a study was made
of the ground water near the base of certain high bluffs bordering
the deep, narrow depressions constituting the bays of the north shore.

F16. 5.—Diagrammatic east-west section across the bays on the north shore of Long
Island, New York, showing horizontal stratification of beds, form of water table, and
position of flowing wells.

The materials in which the bays are cut consist of gravels and sands,
largely the latter, with no clays or other impervious materials. They
are essentially horizontal and form an imperfect terrace about 200
feet above sea level. as shown in the accompanying profile (fig. 5).
The sands, even of the finer varieties, were invariably pervious, and
the water table appeared to exhibit in the main the regular curve
characteristic of uniform materials, although irregularities, due to
varying coarseness, doubtlessexist. Notwithstanding this, wells pene-
trating below the water table at points near the base of the bluffs
(W, fig. 5) obtained flowing water. Mr. A. C. Veatch, who investi-
gated the problem for the Survey, decided that the occurrence of
flows depended upon slight differences in the degree of porosity of
the sands, which, however, were in all cases pervious throughout.
Beyond the determination that a slight difference in porosity was
sutficient to determine an artesian horizon,® however, nothing definite
was discovered as to the exact differences in texture necessary to give
rise.to flows. In a way the conditions are in harmony with a part of

a Science, n. s., vol. 19, 1204, pp. 795-796.
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those outlined by Chamberlin, the finer materials, though entirel
pervious, opposing the passage of water to a greater extent than the
coarser material. Pressure, however, is readily communicated
through the sand, even where there is much resistance to the move-
ment of the water, and as the well pipe affords a less resistance to
the upward passage of the latter as compared to that presented by
the finer sands, flows take place.

EXAMPLES IN MICHIGAN.

Character of flows—During the summer of 1904 an investiga-
tion of the waters of the Michigan drift was undertaken by the
Geological Survey, during which 300 or more flowing-well areas
deriving their supplies from the glacial drift were studied. One of
the most interesting features brought out was the occurrence, as on
Long Island, of flows from wells sunk wholly in sand. The topo-
graphic conditions are similar to those in the locality previously
described, the wells being located on broad valley deposits, or ter-
races or plains of sand, above which rise higher moraines or other
glacial deposits. The wells are almost invariably located at the base
of the slopes of the latter, where they merge into the lower plains,
etc. Commonly they meet with more or less clay, but numerous cases
were reported where only sand was encountered. It is the flows from
the latter which are of qpecml interest.

In many instances it is probable that, as on Long Island, more or
less marked differences in texture exist in the sands of the wells,
giving rise to the flows, but in other cases it was established that flows
could be obtained where the sand was of so uniform a texture as to
present no recognizable difference in the size of the grains. It was
further found that such occurrences were not isolated, but of wide-
spread distribution, the flows apparently resulting from some cause
other than differerce in texture, and depending on a seldom recog-
pized but widely prevalent type of artesian conditions.

Cause of flows~—The cause of these flows is probably to be found in
the arrangement and shape of grains. All the materials from which
the flows of the nature described are obtained are stratified ; in other
words, were deposited as layers, which, though composed of material
of uniform grain, were nevertheless laid down successively one over
_ another as horizontal laminz. Tt is characteristic of this process to
develop conditions more favorable to the transmission of water along
the laminse than across them, this being due in part simply to the
lamellar arrangement.2 There is, however, another factor present—

a This overlapping of grains has been described by W. O. Crosby in his discussions of
“hard packed ” sand in glacial deposits at® Clinton, Mass. (Techn. Quart., vol. 17, 1904,
pp. 61-62 and 67-70). Althongh such sand is so deposited or “ packed " that it strongly
resists the advance of the drill it nevertheless absorbs large quantities of water.
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namely, the irregularity of the shape of grains—which has probably
considerable influence in regulating the flow of water through the
sand. In sediments, such as gravel and sand, the particles, no matter
how uniform their size, are not symmetrical in shape. One axis is
almost sure to be longer than the other (fig. 6), and when deposition
takes place there is a strong tendency of the grains to arrange them-
selves with the longer axis horizontal and with the grains overlapping
each other to a greater or less extent, like the shingles of a house,
though, of course, far less perfectly (fig. 7). Under such conditions
it is clear that, although the material is perfectly pervious and may
hold large amounts of water, the passage of water across the stratifi-
cation will be difficult, at least as compared with its passage along the
lines of bedding. When a well enters such material it affords an easy
upward path for the water, as compared with the passage through
stratified material of the character described, and a flow will often
result.

F16. 7.—Overlapping sand
g 0 < grains, selected from
O DQD %D thoseshown in fig. 6, and
Q O from other similar mate-

riale, when arranged

F16. 6.—Shape of grains of a coarse with larger axes approx-
sand; natural size. Drawn from imately parallel with
photograph. (After King.) one another; normal size,

Importance of principle—The bearing of this particular type of
flow on the water-supply problems of individuals or of small towns in
the deeply gravel- or sand-covered regions of Michigan, Wisconsin,
and other of the Northern States is important. It is no longer to be
assumed that impervious confining beds are necessary to the flows
which are so highly prized in many regions, but if the topographic
conditions are such as to give the necessary head, flows may even be
obtained in uniform sands. In the States mentioned it is rare that
a well located at the base of any high elevation of sand or gravel or
clayey materials fails to obtain flowing water (the exceptions being
generally those wells penetrating nothing but clays), and pure ground-
water supplies are awaiting development in hundreds of small vil-
lages in these regions. Most wells obtain flows at a depth of 100 feet
or less, while wells over 200 feet deep are relatively rare. The flows
are commonly confined to a strip along the base of the bluffs or slopes
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about one-fourth or one-half mile in width, but occasionally artesian
wells are found at considerably greater distances from the highlands.

PECULIAR ROCK FLOWS,

In one of the regions in southeastern Michigan visited by the writer
in 1904 there were several flowing-well areas in which waters
partaking of the character of rock waters rose under artesian pres-
sure from the fissured surficial portion of the rock just beneath the
surface clays.

The locality visited is in southern Wayne and northern Monroe
counties and lies along the lower course of Huron River. The
region is characteristically flat, the surface materials consisting in
general of stiff, sometimes pebbly clays, covering to a thickness of
from 20 to 60 feet a slightly irregular rock surface mainly of lime-
stone or sandstone. The general conditions are shown in fig. 8.

From the figure it will be seen that the rocks, though dipping west
at a rate of about 25 feet per mile, have been so eroded that their

F16. 8.—Type of artesian conditions in southeastern Michigan.

surface slopes not to the west, but to the east. The westward dip
of the rock layers continues halfway across the State, after which
the beds rise again, but they do not reach the surface anywhere in
Michigan. Considering the general impervious character of the
rocks, the remoteness of their western outcrop, and the fact that the
elevation of the latter is nowhere sufficient to give the observed head
at a point so far away, it is certain that the water can not come up
the dip from remote sources. On the contrary, a careful study of the
wells showed that the water simply occupied the fissured upper
portion of the rock and moved eastward entirely independently of
the character of the rocks or their dip. Following the wells west-
ward, it was found that the source of the water was in the drift hills
resting on the rock a few miles to the westward, against which the
clays, serving as an impervious cap to the rock, terminate at a level
higher than that of the flowing wells.

The fissures in the rock appear to be largely of the nature of joint
and similar cracks, and were probably opened under the influence of
the weather when the rock was exposed at the surface before its
burial by the drift. Solution crevices dissolved in the limestone by



FULLER.] UNUSUAL TYPES OF ARTESIAN FLOW, 45

the percolating waters also form a part of the fissure system. In
general the crevices are most numerous near the surface, the water
being commonly found within a few feet of the top. It is probable,
however, that some of the fissures reach considerable depths and will
vield water to deep wells. The water in its passage through the
rock dissolves from it more or less mineral matter, so that when it
issues once more from the wells it possesses the characteristics of a
rock water. In certain of the limestone areas it is high in sulphur,
while at other points it is low in sulphur, but high in iron, ete.

Summarizing, it may be said that the district presents the anoma-
lous condition of furnishing flowing rock waters, which, nevertheless,
are not originally derived from the rock, but from the drift, are con-
fined by drift, and depend upon the drift rather than the rock for
their head. In fact, in all essentials they are drift waters, the rock
simply serving as a carrier in place of the layer of stratified sand or
gravel commonly present.

The conditions described are duplicated at a considerable number of
points in southeastern Michigan, and the same explanation of the flows
may apply to other artesian districts in the clayey flat lands border-
ing the lakes in Michigan and adjacent States. The part played by
the surface clay as a retaining layer of rock waters suggests a possible
explanation of the confinement in crystalline or jointed rocks that
results in artesian flows.



CONSTRUCTION OF SO-CALLED FOUNTAIN AND GEYSER
SPRINGS.

By Myron L. FuLLER.

IMPROVEMENT OF SPRINGS.

Where springs issue in transparent pools or as streams of clear
water from the rock little can be added to their attractiveness by
artificial means. In many places, however, the water of the springs
seeps out slowly through the soil, the place of emergence being
marked simply by a wet, grassy, or boggy spot. In such cases the
springs may often be transformed by the construction of artistic
basins, rocky arbors, rustic spring houses, and other similar means.
One of the most useful methods of treatment is the construction of a
so-called * fountain spring,” while the most interesting in many ways,
and the most puzzling to many, is the “ geyser spring.” Both are of
simple construction and inexpensive, and the results under favorable
conditions are quite striking.

CLASSES OF SPRINGS.

In the present discussion springs are, for convenience, grouped
into two classes: (1) Hillside springs and (2) springs on flat or level
lands. In either the water may or may not be under pressure or
head. In those cases where there is no head the water can not be
made to rise naturally above its point of emergence, but when under
pressure it will, if confined, rise to a greater or less height above
the point at which it issues.

Fig. 9 represents a hillside spring unconfined and without head,
while fig. 10 shows a similar spring fed from waters confined between
two impervious layers and under more or less pressure; only in the
latter case will the water rise if confined. From either, however, a
fountain or a geyscr spring can be constructed if sufficient fall can be
had close at hand.
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Springs occurring on level land can also be classified according
to the amount of head which their waters possess, which will vary in
amount from just sufficient to bring the water to the surface to
enough to make it boil strongly from the ground.

To test the amount of head of the water of a spring it is necessary
to confine the flow. When this is low it can often be determined by
inserting a bottomless barrel about the spring. If the water rises to
a height considerably above the surface of the ground, and especially
if the half-sunk barrel fills and overflows, it may be presumed that
the water would under more favorable conditions rise still higher,
and possibly the spring could be made into a “ fountain spring.”

Fie. 9,—IHillside spring from unconfined water bed without head.

Fi1e. 10.—Hillside spring from confined water bed under more or less head.

CONSTRUCTION OF FOUNTAIN SPRINGS.

Definition.—The term “ fountain spring ” is here used to designate
a spring the water of which is made to rise through a pipe to a point
ubove the surface of the ground at the spring. It may flow gently
from a pipe into a trough by the roadside or in the barnyard, into
the sink in the kitchen, or it may, if the head is considerable, be made
to throw a jet into the air as in an ornamental fountain.

Construction.—The aim in the construction of “ fountain springs”
ig to confine the water and force it to rise, instead of flowing out use-
lessly upon the ground as in the undeveloped spring. To do this a
circular excavation about 8 feet in diameter should be made about
ithe spring, the earth being removed to a depth of 3 to 5 feet, or until
a layer of clay or clayey sand is encountered. The excavation when
completed should have the outline indicated by ¢ ¢* ¢* ¢* in fig. 11.
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A bottomless barrel (5 0' 52 5*) may then be inserted and an upright
pipe placed in the center with its bottom nearly level with the lower
edge of the barrel. Around the pipe inside the barrel are packed
rounded stones (G) 3 or 4 inches in diameter at the bottom, but
gradually decreasing in size until a height of 2 feet is reached. About
6 inches of sand (S) should then be inserted, covered with an equal
thickness of clay, or of as clayey sand or loam as can be found (C).
This should somewhat more than fill the remainder of the barrel, and
should be worked in around the edges on the outside until all avenue
of escape of the water, except through the projecting pipe is cut off.
The ground should then be leveled over and thoroughly tamped
down. An auger hole bored through the clay at the point where the
water rises (Sp) will sometimes improve the flow. In more elaborate
constructions cement can be used to advantage in place of clay.

Fi1c. 11.—Diagram showing method of constructing a * fountain spring.”” Sp. peint of
emergence of spring; G, gravel; S, sand; C, clay; b ! 32 b3 sunken barrel; ¢ ¢! €2 ¢5,
outline of original excavation.

The result of this treatment is that the water of the spring, de-
prived of its ordinary outlet, is forced to rise through the pipe. The
height to which it will rise and the force with which it will flow de-
pends upon its head, which is in turn dependent upon the elevation
of its source. There are many instances where the water is raised
into roadside troughs, and its possibilities in connection with farm
and household supplies are considerable. A few owners of impor-
tant springs, as at the Nochemo gprings, Reed City, Mich., have by
this or similar processes succeeded in obtaining streams w hlch throw
jets several feet into the air, making fountains of considerable beauty.









A CONVENIENT GAGE FOR DE]')I‘ERMINING LOW ARTESIAN
HEADS.

By Myro~ L. FuLLEr.

‘One of the most important items in the investigation of artesian
wells is the head, or height, to which the water will rise. Although
the volume and velocity of discharge afford general indications of the
head, other factors, especially the size of the pores of the rock through
which the water passes, have an important modifying action upon the
flow. The head which in a porous material will give a large discharge
under considerable velocity may give only a small drizzle in a very
fine-grained material, owing to the resistance of the latter to the pas-
sage of water. Tn most cases the exact character of the water-bearing
horizon is not known, and even where known the flow may be depend-
ent, not on the nature of the material in the immediate vicinity of
the well, but on the average character of the material which the water
has penetrated in its passage from its source to the point of emergence.
This is known even more rarely than the character of the water bed
at the well.

It being, therefore, commonly impossible to calculate the head from
the volume or velocity of flow, it becomes necessary to apply sonie form
of pressure gage to the well. This has often been done n the case of
wells of high head in the more important artesian districts, but,
because of the cumbersome character of ordinary gages and the dif-
ficulty of connecting them with the wells, they have been rarely used
on small wells of low head, such as those which occur at many points
in the drift-covered areas throughout Michigan, Wisconsin, and
Minnesota.

The ordinary steam gage is about 5 inches in diameter and several
inches thick, and its use has commonly necessitated considerable
plumbing work in piping it on to the well. TFor some time the writer
has sought for a gage of small size, capable of being quickly applied,
and has at last found one of low price which will measure heads up
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to 50 pounds, or about 100 feet, can be carried in the vest pocket,
and can be applied to ordinary pipes and read in a second’s time. It
is described in the following paragraphs.

Pipe from
well/

FiG. 13.—Convenient form of pres-
sure gage and its application.

The gage adopted for the measurement of
low pressures is 2 inches in diameter and 1
inch in thickness. The type commonly used
is nickel plated, though it can be obtained
plain, and the face is protected by a thick
beveled crystal. The dial is graduated in
pounds and reads up to 50, each fifth pound
being marked by figures (fig. 13).

Into the stem of the gage a small three-
eighths inch metal tube, about an inch in
length, is screwed, over which is stretched
and wired a rubber tube which opens out
into a broad flange 2 inches or more in
diameter (fig. 13). This peculiar tube,
though appearing at first sight of a charac-
ter difficult to obtain, may nevertheless be
secured at any drug store, and is made by
simply cutting through the middle of the
bulb of a large-sized syringe.

In the case of small wells, such as those
for which the apparatus was devised, the
diameter of the pipe from which the flow
issues is commonly from one-half to 1 inch,
and will rarely exceed 2 inches. Inapplying
the apparatus take the gage in the right
hand and at the same time slip the open
half of the rubber bulb over the end of the
pipe, holding it firmly so that no leakage
takes place. With discharge pipes up to 1
inch in diameter and with heads within the
limits of the gage this can be done without
difficulty, and the pressure read immedi-
ately from the dial. With 2-inch pipes the

gage can not be used satisfactorily for pressures much greater than
25 pounds per square inch.



WATER RESOURCES OF THE CATATONK AREA, NEW YORK.
By E. M. KiNpLE.

LOCATION.

The area here considered lies to the southeast of the Finger Lakes
region of New York and has for its southern boundary the New
York-Pennsylvania State line. It is about midway between the east
and west boundaries of the State. Four 15-minute quadrangles,
known as the “ Dryden,” “ Harford,” “ Owego,” and “Apalachin,”
comprise the area. The city of Ithaca lies near the northwest corner
of this area, but only partly within it. Binghamton lies near the
southeast corner, but just outside the area.

1

TOPOGRAPHY AND GEOLOGY.

The region is one of strong topographic relief, the hills reaching
a maximum elevation of 2,000 feet, with an average elevation of, per-
haps, 1,500 feet. The drainage is principally to the Susquehanna
River, which crosses the southern part of the area from east to wesr.
The drainage of the northwestern part of the area, including most
of the northern half of the Dryden quadrangle, discharges into Lake
Cayuga. All of the principal valleys lie between the 800- and 1,200-
foot contours except Cayuga Valley, which just enters the region
on the northwest and has an elevation of between 380 and 400 feet at
Ithaca. Shales and sandstones of upper Devonian age comprise the
surface rocks of these quadrangles. The rocks lie approximately
horizontal, with a general but small southerly inclination, interrupted
over a part of the area by very low folds with east-west trend.
Glacial deposits of clay, sand, and gravel cover the whole of the
region.

WATER RESOURCES.

WELLS.

The sandstones and shales which constitute the consolidated rocks
of the region are comparatively impervious to water, and relatively
few wells or springs derive their supply from them. The glacial
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till, with its interbedded sands and gravels, acts throughout the whole
region as a reservoir, from which wells from 10 to 40 feet deep usually
obtain a satisfactory supply of water for domestic pusposes. Springs
are common on the hill slopes and supply flowing water to a large
number of farms.

The wider and deeper valleys of the region have very generally
been deeply filled by drift. The complicated structure of this fill-
ing, which frequently includes alternating beds of clay, gravel, and
sand, affords in some localities artesian-water conditions. It prob-
ably includes in all cases sand or gravel beds between more or less
impervious beds of clay. These coarse beds are doubtless connected
by more or less continuous deposits of water-bearing materials reach-
ing diagonally across or rising between the impervious beds and con-
necting with the alluvial fans in front of the mouths of streams
descending to the vallevs from the hills. A continuous waterway is
thus formed from the gravel fans, which absorbs all of the water at
the mouths of many small streams, except in times of flood, to the
buried sheets of sand and gravel.

Ithaca wells—The most important of these artesian-water areas
is that of the Ithaca delta at Ithaca, which is partly in the Dryden
and partly in the Ithaca quadrangle. Well records show the maxi-
mum thickness of the drift filling here to be 400 feet. A large num-
ber of wells at Tthaca have secured artesian water at depths of from
70 to 100 feet. The wells which afford large flows, however, all go
deeper than this.

More than a dozen wells, a majority of which have been successful,
have been sunk just south of the city of Ithaca for the purpose of
securing artesian water for the city, which it is purposed to supply en-
tirely from this source. The first of the series was estimated to yield a
daily flow of about 300,000 gallons. The records of these wellse
show, first, a bed of fine-grained massive clay 40 to 60 feet thick.
Coarse water-bearing beds of sand and gravel follow the clay to a
depth of 60 to 120 feet. These are underlain by a second clay series
extending to a depth of from 200 to 280 feet. Below these in every
well are found coarse-textured beds, including some sand and gravel.
These are the principal water-bearing beds and vary in texture from
coarse gravels to fine “ quicksand,” which last is sometimes forced
by the water under pressure into the pipes in sufficient quantity to
stop the flow. The largest flow is obtained from the coarse gravels.

According to Professor Tarr, the origin of the artesian water at
Tthaca is, in the case of the upper water-bearing horizon,  the allu-
vial fans opposite the mouths of the streams that descend to the
Ithaca delta.”? The water found in the deeper sands and gravel is

e Jour. Geol., vol. 12, 1904, pp. 69-82. ®1d., p. 81.
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believed to originate in “the moraine which occupies the Cayuga
Valley from the divide nearly to the well sites, a distance of over 11
miles.” @

Slaterville Springs wells—A number of flowing wells are located
in the broad valley of Sixmile Creek, in the vicinity of Slaterville
Springs. These usually reach the artesian-water horizon in a bed of
sand or gravel at from 44 to 74 feet below the surface. The flow is
small, usually not exceeding 5 gallons per minute. Much of the water
is mildly chalybeate in character and carries small quantities of cal-
cium carbonate, magnesium, sodium, and potassium. It is consid-
ered to have medicinal value, and the village has become a popular
summer resort on account of it. A successful attempt was made
at the creamery to secure water free from the mineral properties
characterizing many of the wells. Two wells, respectively 110 feet
and 76 feet deep, secured flowing water in sand free from mineral
constituents.

Other artesiun wells—Other localities at which flowing wells occur
in this region are as follows: One mile west of Brookton on the
land of D. C. Hanford, at Newark Valley on the property of Jabez
Smith, and just north of Tioga Center.

MINERAL SPRINGS.

Several springs whose waters contain sulphur or other minerals
occur within this region. The following list includes those which
have been visited by the writer, but is probably incomplete:

Dryden—West of Dryden one-half mile a chalybeate and a sul-
phur spring are located within a few feet of each other. A summer
hotel has been located near the springs for many years. The sulphur
spring has a strong sulphurous taste and is favorably known for its
medicinal properties.

Speedsville—A sulphur spring is located about 1 mile northeast of
Speedsville on the east side of Owego Creek Valley. The water is
used for stock.

Nanticoke.—Nanticoke spring is located 1 mile south of the village
of Nanticoke in a small valley running northwest from Nanticoke
Creek. The spring apparently rises through the drift, but the
proximity of bed rock is shown by an outerop of sandstone and shale
a few yards away. The water tastes rather strongly of sulphur and
coats the sides of the spring with a white deposit of that substance.
The water is used for domestic purposes.

8pencer—Two springs known as Spencer Springs are located in a
small valley 3 miles northeast of Spencer. They occur in a seepage

@ Jour. Geol., vol. 12, 1904, p. 82.



kY

56 HYDROLOGY OF EASTERN UNITED STATES, 1905,  [No. 145.

area of 60 or 70 square vards in the bottom of the valley. Three
separate springs have been developed and inclosed in this seepage
zone, two of which furnish strong sulphur water, which coats the
channel leading from them with white sulphur; the third has a very
mild mineral taste, with little or no sulphur. The place was formerly
the site of a summer hotel, which was burned a few years ago.

Halsey Valley~—A sulphur spring is located 3 miles southeast of
Halsey Valley on the west fork of Pipe Creek, issuing from the slope
of a steep hill about 100 feet above the valley. There is a cousider-
able flow of water, which is used for stock. This is the only mineral
spring in the region that is located considerably above the bottom of
the valley in which it is found.

Qlen Cairn—South of Glen Cairn 11 miles and about 4} miles
northeast of Waverly a sulphur spring occurs in a small branch of
Ellis Creek Valley. The spring is located very near an outcrop
of bed rock, from which it is probably derived. The flow is larger
than that of most of the mineral springs, and contains considerable
sulphur, which coats the sides of the spring. It is used for stock and
domestic purposes.

Owego Creek.—Three miles south of the mouth of Owego Creek
and near the head of Smith Creek there is a sulphur spring, which
has a mildly sulphurous taste. The small flow is used for stock.

Source of the springs—None of the mineral springs afford a large
volume of water, the flow probably in no case exceeding 5 gallons
per minute. All reach the surface through glacial deposits, but it
appears probable that the sulphur springs derive their waters from
the consolidated rock below the drift, possibly the Genesee. This
opinion is based upon the following considerations: (1) Sulphur
waters are derived from the decomposition of mineral sulphides, very
frequently from pyrites; (2) there is a comparatively small amount
of such minerals in the drift and a relative abundance of them in the
Genesee and other upper Devonian rocks; (3) the Genesee and
Portage are cut by well-developed systems of joints, which permit
surface waters to penetrate and traverse them; (4) the general south-
erly inclination of the bed rock would cause waters traversing them to
rise to the surface when the joint conditions were favorable; (5) just
north of this region strong sulphur springs escape from the joints in
the Genesee at points where the formation is exposed in post-Glacial
gorges.

STREAMS.

The streams of this region derive their waters throughout the
greater part of the vear principally from seepage and from the
springs in the assorted glacial material and till. A fairly uniform
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supply is maintained, therefore, during the months of least rainfall,
of water of excellent quality and purity when protected from barn-
vard contamination.

The streams furnish the principal source of water supply for the
villages and cities within the area. The water supply for the Cor-
nell University campus is derived from Fall Creek. The city of
Ithaca derives the greater part of its water supply from Sixmile
Creek.

A number of streams with moderate gradient have been utilized to
furnish water power for sawmills and gristmills. Water power is
thus used at Brookton, Marathon, Newark Valley, Owego, Candor,
and other points. Streams possessing both a very high gradient and
a considerable volume of water are confined to the northwest corner
of the region and are two in number—C(ascadilla and Fall crecks.
Both streams have a fall of about 400 feet in 1 mile at Ithaca, but the
latter is the larger and more important stream. It supplies power
for three or four mills and factories and for the Sibley shops and
hydraulic laboratory of Cornell University.



WATER RESOURCES OF THE PAWPAW AND HANCOCK QUAD-
RANGLES, WEST VIRGINIA, MARYLAND, AND
PENNSYLVANIA.

By Georce W. Stost and Grorce C. MARTIN.

GENERAL CONDITIONS.

Potomac River divides the Pawpaw and Hancock quadrangles
into two almost equal parts, the portion north of the river lying in
Maryland and Pennsylvania and that south of it in West Virginia.
The river here is about a quarter of a mile wide, and in most places is
too deep to be forded. The only wagon bridge within the area is at
Hancock, Md., and the only existing railroad bridges at Cherry
Run, but the Western Maryland Railroad is now constructing four
bridges for its new extension to Cumberland in the vicinity of Paw-
paw. The only ferry within the area is at Cherry Run. At Great
Cacapon, W. Va., the river is dammed to a height of about 15 feet to
furnish water for a feeder to the Chesapeake and Ohio Canal on the
Maryland side. A gristmill at Great Cacapon formerly obtained
power from the same source. Pollution of the river is not excessive
in this area, as there are few large towns or factories along the banks.

TOPOGRAPHY.

The area is essentially a hilly region, crossed by prominent ridges
and mountains having a northeast trend, which are part of the
Appalachian Valley system. The maximum elevation attained is
2,260 feet, in Cacapon Mountain. Sideling Hill, Town Hill, Sleepy
Creek Mountain, and Third Hill Mountain are other prominent
ridges, from 1,700 to 2,000 feet in altitude. The intervening areas
are of a plateau character, deeply dissected by numerous streams.
The valleys are narrow and steep and in general have a northeast-
southwest course. The remnants of the plateau, the surface of which
ranges in elevation from 700 to 1,000 feet, form narrow, flat-topped
ridges, parallel to the longitudinal streams.
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GEOLOGY.

The rocks are all sedimentary, and range in age from Ordo-
vician to Carboniferous. They are closely folded in a northwest-
southeast direction, and the truncated, steeply inclined beds, trend-
ing northeast and southwest, cross the entire quadrangle and con-
trol the development of mountains and valleys in this direction.
Cacapon Mountain is composed of Silurian (Medina) quartzite,
brought up by a bold anticline, while Sideling Hill, Town Hill,
Sleepy Creek Mountain, and Third Hill Mountain are composed of
Carboniferous sandstones infolded in synclines. The minor ridges
are mostly monoclinal, composed of thinner siliceous formations in
the Silurian and Devonian shales and limestones, on the upturned
edges of which the plateau has been carved.

WATER RESOURCES.
STREAMS.

The chief tributary streams are Great Cacapon River, Little Caca-
pon River, Sleepy Creek, and Back Creek, on the West Virginia
side of the Potomac, and Licking, Tonoloway, Sideling Hill, and Fif-
teenmile creeks on the Maryland-Pennsylvania side. These streams
have a large flow of water, and the fords are deep, even at low stage.
The water is clear and in general unpolluted. Many of the smaller
streams also have a considerable flow of clear water suitable for
water supply or for power. The water power of these streams is
undeveloped, with the exception of that utilized by a few gristmills.
An electric power and light plant of considerable magnitude, how-
ever, is at present under construction near the mouth of Great
Cacapon River. Although deeply incised in the topography, this
river has, in places, a very sinuous course, and 1} miles southeast
of the town of Great Cacapon makes an unusually long detour of
12 miles, whereas the direct distance across the neck is less than
one-fourth mile. A rock tunnel 14 feet wide, 10 feet high, and 234
feet long has been cut through this neck, and a dam 15 feet high and
12 feet base has been built at the entrance. A fall of 18 feet is thus
obtained, and it is estimated by the company that there is sufficient
water, even at low stage, to furnish 750 horsepower. A direct-
acting turbine of 600-kilowatt capacity is being installed. Wires
have been strung to the towns of Great Cacapon and Berkeley Springs,
which are to be lighted by electricity, and in time power and light
will be furnished to all surrounding villages as far as Hancock.
The plant is to be in operation early in 1905. The power thus made
available at small cost will no doubt attract new industries to this
sparsely settled portion of West Virginia.
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SPRINGS.
MISCELLANEOUS SPRINGS.

Small springs are frequent where sandy strata or limestone are
exposed, but large springs are not common in this area. One spring
worthy of note is at Ziler Ford, W. Va., near the southern end of
the Pawpaw quadrangle. A stream of such size issues from be-
neath a ledge of upturned limestone that it was formerly used to
run a gristmill. It is now abandoned, however, and the mill has
fallen into decay. Another important spring is at Indian Springs,
Md., in the eastern part of the Hancock quadrangle, where a small
but attractive hotel entertains many summer guests.

BERKELEY SPRINGS.

The most noted springs in the region are at Berkeley Springs,
W. Va:, formerly called Bath, in the western part of the Hancock
quadrangle. They issue from the foot of a monoclinal ridge of
steeply inclined sandstone (Oriskany), at the contact with overlying
impervious shale (Marcellus).

History—These springs have been resorted to for their health-
giving properties for many years, and the names of Washington,
Fairfax, and others dating back into the eighteenth century are
closely associated with them. The road leading from Washington
to the springs is known throughout this part of the country as the
Warm Spring or Sir John Road. The following is an extract from
Burke’s Virginia Mineral Springs, 1853:

These springs were the first known, as, assuredly, they are among the most
important of the mineral waters of Virginia. They were frequented before the
Revolution and visited by Washington and other distinguished personages, who
had cottages erected for their own accommodation. The property of these
springs was originally vested in Thomas Lord Fairfax, who made a grant of a
few acres of land and the water privileges to the State, reserving to his own use
one spring, still known as * Lord Fairfax’s Spring,” and thereon obtained a
charter for laying off 50 acres as the site of a town, which was accordingly laid
off and partially built upon. The State grounds and water privileges were
vested in a body of trustees, whose successors continue to govern and control
them.

The setting aside of this park as a State reservation is described by
J. J. Moorman * as follows:

The importance of this property was appreciated by the country at a very
early period, for in October, 1776, in the first year of the Commonwealth, we
find the following in the statute book of Virginia:

“Whereas it hath been represented to the general assembly that the laying off

a The Virginia Springs, 1859.
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of 50 acres of land in lots and streets for a town at the Warm Springs, in the
county of Berkeley, will be of great utility, by encouraging the purchasers
thereof to build convenient houses for accommodating numbers of infirm persons
who frequent those springs yearly for the recovery of their health:

“Be it therefore enacted by the general assembly of the Commonwealth of
Virginia that 50 acres of land adjoining the said springs, being part of a larger
tract of land, the property of the Right Hon. Thomas I.ord Fairfax, or
other person or persons holding the same by a grant or conveyance from him. be,
and the same is hereby, invested in Bryan Fairfax, Thomas Bryan Mastin, War-
ner Washington, Rev. Charles M. Thurston, Robert Rutherford, Thomas Ruther-
ford, Alexander MWhite, Philip Pendleton, Samuel Washington, William Ellzey,
Van Swearengen, Thomas Hite, James Edmunson, James Nourse, gentlemen
trustees, to be by them, or any seven of them, laid out in lots of one-quarter of
an acre each, with convenient streets, which shall be, and the same are hereby,
established a town by the name of Bath,” ete. (Hening's Statutes at Large.)

Pdried

The town was consequently laid off into lots in August, 1777. Among the pur-
chasers were Charles Carroll of Carrollton, Horatio Gates, Gen. George Wash-
ington, and many others of note and distinction.

Berkeley Springs is now a fashionable watering place, and many
of the best families in the East have handsome summer residences
there. A beautiful park of several acres surrounds the springs, in
which are located the bath houses and offices of the company control-
ling the property. Formerly a spacious hotel faced this plaza, but it
was burned down, and another has had a similar fate, so there remains
but one hotel, too small to accommodate the health and rest seekers
during the summer season. Another large hotel adjoining the park
is much needed to restore this resort to the place it formerly held as
one of the leading watering places in the East.

Character of Berkeley Springs—The Warm Spring ridge is com-
posed of white porous sandstone, which crops conspicuously on its
eastern face, dipping down the slope at about 50°. The black shale
overlying the sandstone is exposed on the flanks of the ridge at many
places. At the springs, however, the steep sandstone slope descends
to the valley bottom so that the shale does not appear. The principal
springs are four in number, but in reality the water seeps out con-
tinuously over a space of 100 yards. These four springs have been
inclosed by stone walls, within which the sparkling water bubbles up
through the white sand and gravel at the bottom. From these inclos-
ures the water is piped into the bath houses. There are two large
swimming pools, through which the water flows constantly at its
natural temperature, and although these pools are 44 feet deep, the
remarkable purity of the water makes them appear very shallow. A
newcomer always hesitates to dive into the pool for fear of striking the
cement bottom. There are also a large number of tubs and small pool
baths 8 feet by 6 feet in cross section and 4 to 5 feet deep, where the
water is heated to any desired temperature by the injection of steam.
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An analysis of the water, made for the company by J. H. Dickson,
chemist, Pittsburg, Pa., and published in an advertising leaflet, is as
follows:

Analysis of water at Berkeley Springs, W. Va.
Grains per gallon.

Tron_ e 0. 506
Carbonate of lime__________ . 9. 577
Carbonate of magnesia _____ S 1. 951
Sulphate of lime - _____________ 1. 098
Chloride of sodiwm.__ . 244
Silicie acid ___ __ . 122

Total residwe - ___ . __ 13. 498

Since the United States gallon contains 58,372 grains, the per-
centage of mineral matter in the water is small. The gas occurring
in the spring water has been determined by W. B. Rogerse to be
chiefly nitrogen, with a small amount of oxygen and carbonic acid.
The water is regarded as beneficial, both as a beverage and for bath-
ing, being especially recommended for rheumatism and gout. Its
temperature of 73° F. makes it very comfortable for summer bathing,
although in the swimming pools it loses some of its heat by radiation.
On account of its temperature it is somewhat insipid as a beverage
when taken direct from the spring, and some prefer to let it cool or
use ice; but one soon becomes accustomed to drinking it and relishes
it for its purity and sparkle. The mineral contents are not sufficient
to give it a taste, and unless taken in large quantities it can hardly
be classed as a mineral water. Some patients drink as many as
thirty glasses a day.

Flow of Berkeley Springs—1It is difficult to determine the amount
of flow from the springs, since the water is diverted to many channels,
some being supplied direct to an electric-light plant and some piped
into the town. A rough estimate was obtained by measuring the
stream which flows away from the springs and calculating what is
otherwise consumed. The flow for the combined springs as thus de-
termined is 1,560 gallons per minute. In William Burke’s report,
referred to above, the flow is stated to be between 1.000 and 1,500 gal-
lons per minute. This copious supply of crystal pure water is largely
unconsumed and, except in the process of washing glass sand in the
factories below the town, is unused, whereas millions of gallons could
be bottled for domestic purposes and shipped to eastern cities at
small cost.

Origin of Berkeley Springs—The springs undoubtedly come from
the sandstone forming the Warm Spring ridge. This is an unusually
pure sandstone, quarried for glass sand at many points; yet it prob-

2 Geology of the Virginias, p. 582,
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ably furnishes the small quantity of minerals, chiefly carbonates of
lime and magnesia, contained in the water. Since there is no indi-
cation of the volcanic or chemical origin of the heat, it is assumed
that the waters have risen from a considerable depth, where the
internal heat of the earth is 'sufficient to produce the tempera-
ture. At the rate of increase of 1° for each 50 or 60 feet of depth
within the earth, which is the generally accepted average deter-
mined from deep mines and bore holes, the depth necessary to
heat the water from 52°, the average temperature of the region, to
73° would be between 1,000 and 1,300 feet. It is considered, there-
fore, that the waters circulating through the sandstone at approx-
imately this depth, unable to rise through the overlying impervious
shale, find at this place some condition in the sandstone just beneath
the shale favorable to their escape.



WATER RESOURCES OF THE NICHOLAS QUADRANGLE, WEST
VIRGINIA.

By Georce H. Asuiey.

LOCATION AND GENERAL FEATURES.

The Nicholas quadrangle is a 80-minute quadrangle with an area
of nearly 1,000 square miles, located near the center of West Vir-
ginia, a little to the east of New and Kanawha rivers. It is within
the area of the Allegheny plateaus, though no remnants of those are
to be recognized within its boundaries. The elevations range from
just above 800 feet on Buffalo Creek to nearly 4,400 feet in the
southeast corner. The region, as a whole, is deeply incised, the hills
rising from 500 to 1,000 feet or more above the adjacent streams.
There are two rather distinct types of topography found here. The
first occurs in two areas, one south of Gauley River and the other
north of the divide between Gauley and Elk rivers. In these areas
the streams occupy relatively narrow valleys between steep banks,
rising to rounded divides. As a rule, the valleys are too narrow to
pay for cultivation, and nearly all of the farming is upon the tops
or upper slopes of tht ridges, so that the roads usually follow the
divides and cross, but do not follow, the valleys. The second type
of topography is found between Gauley River and the divide to the
waters of Elk River. Within this area the valleys are generally
flat and broad with low gradients, separated by divides that are
usually narrow and irregular. Here farming is almost entirely
confined to the broad, flat valleys. The difference in the two types
of topography is due to the positions of certain sandstone strata and
the accompanying shale beds.

CULTIVATION.

At present the quadrangle is lacking in railway facilities. As a
result there exist within it large tracts of fine timber, which are very
sparsely inhabited, only a small portion, confined almost entirely to
the ridges in the southern half and the northeast corner, being at
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present under cultivation. 1In the area immediately north of Gauley
River the farms are in the valleys or on the broad benches. At the
present time a branch of the Baltimore and Ohio Railroad extends
into the area to Richwood. and there are prospects that in the near
future other railroads will be built for the exploitation primarily of
the timber and later of the coal. '

DRAINAGE.

Gauley River crosses the quadrangle in almost an ecast-west direc-
tion near its center and drains most of it. The drainage of the
north edge s to Elk River, mainly through Bireh River and Buffalo
Creek. Meadow River is the main tributary of the Gauley from
the south in the western part, while the Cherry and the Cranberry
are the principal tributaries in the eustern part of the area. The
extreme southwest corner drains to New River. As a rule, the
streams have a rapid fall and during much of the year are clear, and
at the present time (before extensive lumbering has been under-
taken) are among the most attractive streams in the Appalachian
Mountains. As the water comes entirely from sandstone and shale,
it is what is commonly known as freestone, or soft water.

GEOLOGY.

The rocks of this quadrangle belong almost entirely to the Potts-
ville group of the Pennsylvanian series of the Carboniferous. The
rocks are predominantly sandstones or sandy shales, accompanied by
valuable beds of coal and clay. The dip is nearly uniform from
southeast to northwest, ranging from almost nothing to 300 or 400
feet to the mile, with an average of from 100 to 200 feet.

WATER RESOURCES.

Water for domestic purposes—At present wells are mainly de-
pended upon for drinking water and other domestic purposes. Over
a large part of the area the houses upon the ridges depend upon wells
rather than upon springs becanse of the necessary distance down to
the latter. Such wells are usually not deep and get but a variable
supply. In very dry weather they tend to give out, and recourse is
had to the springs down the slopes of the hills. In the flat valleys
and on the broad benches north of Gauley River wells are also de-
pended upon. Summersville, the county seat of Nicholas County,
and until a few years ago the largest village within the area, depends
entirely upon wells. Richwood. which has recently sprung up on the
branch of the Baltimore and Ohio Railroad, is supplied from several
deep driven wells and has a waterworks system. Farms which are
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on the slopes of the hills or in the narrow vallevs south of the (auley
usually depend upon springs. No large springs were noted in this
area, but small springs are abundant, especially at the horizons of
certain of the coals. One coal, known as the “ Gauley,” which is
found at or near the horizon of the well-known Sewell coal on New
River, 1s a notable spring horizon. From the almost uniform dip
of the rocks it would seem that this area offers unusual opportunity
for developing artestan wells.

Water power.—The large percentage of the ground that is covered
with standing timber tends to render the streams fairly constant in
volume. Most of them have a small flow all through the summer,
even in extremely dry weather. On account of the narrowness of
most of the valleys the latter are of very limited value for farming
purposes, and the dip of the rocks carries many hard cliff-making
sandstones down to water level along many of these valleys, render-
ing possible the construction of large power danis at relatively sinall
cost. Probably a large percentage of the streams could be dammed
at some point so as to yield a fair amount of power, which could be
transmitted electrically to some manufacturing center.

In many cases where the streams cross the sandstones falls or
rapids are produced, among which may be mentioned the fa<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>