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GROUND-WATER RESOURCES OF THE CINCINNATI AREA
BUTLER AND HAMILTON COUNTIES, OHIO

By Frep H. Krarr, Jr, and Davip G, THoMPSON

ABSTRACT

The Cincinnati area, Butier and Hamilton Counties, Ohio, is in the southwest corner of
the State and is bounded on the south by the Ohio River and on the west by the Indiana
State line, The investigations covered ground-water conditions in the outwash-filled
valleys of the Little Miami River, Norwood Trough, Mill Creek, and Miami River.

Glaciation of the Cincinnati area is responsible in large part for the large supplies of
water obtained from underground sources. The ancestral Ohio River, which has been
called the Cincinnati River, entered Hamilton County at its southeast corner. ~Instead
of following the course of the present Ohio River, the Cincinnati River turned northward
and flowed up the present Little Miami Valley to a point near Madisonviile. Thence it .
turned westward through the so-called Norwood Trough in which Oakley, Norwood and
Bond Hill are now located. At Ivorydale it was joined by the ancestral Licking River,
which flowed northward from Kentucky and up the lower part of the present Mill Creek
Valley. The river continued northward up Mill Creek Valley and was joined by the
ancestral Miami River south of Hamilton. The Miami River was probably much larger
than it is at present. During the Iilinoian glacial period this ancient drainage system was
blocked by ice, and the valleys were filled to depths of several hundred feet with outwash
and morainal material from the Illinoian and early Wisconsin ice sheets, resulting in the
present drainage system,

The principal sources of ground water in the Cincinnati area are the deposits of sand and
gravel, interbedded with lenses of clay and silt, that fill the valleys of the pre-Illinoian
drainage system. These deposits range from about 100 feet to nearly 280 feet in thick-
ness. As they are irregular, the correlation of an individual stratum from one locality to
another is often impossible. They were laid down under complex conditions near the front
of the melting ice sheet, which advanced and retreated several times.

The total pumpage from municipal and industrial wells during 1939 in the two counties
was estimated to be nearly 76,000,000 gallons a day, of which about 11,000,000 gallons
was used for the public supply. Of the total pumpage, wells at Hamilton and Middletown,
in the Miami Valley, produced about 53,000,000 gallons 2 day and about 22,000,000 gallons
a day in the Mill Creek Valley and the Norwood Trough. Production of wells increased
during 1940, which probably continued into 1941.

The water levels in wells have been declining for many years but not uniformly through-
out the area. In Norwood the water level has declined about 92 feet in 32 years, in Ivory-
dale about 93 feet in 58 years, in Lockland about 100 feet in 57 years, and at the Glendale
waterworks about 28 feet in 20 years. Declines of similar magnitude at Hamilton and
Middletown have been reported. )

The decline in water level during the past few decades has been due to the abandonment
of the Miami and Erie Canal, which caused an increased draft on the ground-water supply
by industrial plants that formerly used surface water; to the great deficiencies in precipita-

1



2 GROUND-WATER RESOURCES OF THE CINCINNATI AREA

tion in 1930, 1934, and 1936; to drainage changes, which have increased and speeded up
the run-off; to the close spacing of wells; and particularly to overpumping in certain areas.

During the period of investigation, from July 1938 to December 1940, the water level
declined from 1 foot to 4 feet in spite of favorable conditions for recharge during the spring
of 1939 and 1940. The decline was due largely to the seasonal distribution of precipita-
tion and to increased industrial pumpage from October to December 1940,

The recharge to the water-bearing formations in the Mill Creek Valley during 1939
was estimated to be approximately equal to the average daily pumpage from wells, or
about 13,000,000 gallons a day. The lowest levels reached during the fall of 1939 in most
wells were only slightly lower and in some wells even higher than those reached in the fall of
1938. During 1940 the pumpage was in general greater than 13,000,000 gallons a day
and the water levels in most wells declined.

Increasing the ground-water supply by artificial recharge in the Mill Creek and Miami
Valleys is hindered by the silt in the surface water, and by the difficulties of providing an
adequate source of water without constructing storage facilities.

Additional water supplies could be developed by bringing in surface water or ground
water by canal or pipeline from the Miami or the Little Miami Valley, by obtaining water -
from reservoirs in or near the Mill creek or the Miami Valley, or by purchasing water from
the city of Cincinnati.

Detailed discussions of individual areas are included, together with tables of well data
and water analyses.

INTRODUCTION
PURPOSE AND SCOPE OF THE INVESTIGATION

In Cincinnati and neighboring cities and villages in Butler and Hamil-
ton Counties, Ohio, large quantities of water are pumped for industrial
and municipal use from wells in the sand and gravel deposits that fill
buried glacial valleys. In certain areas the water level has declined as
much as 90 feet during the last 50 years. Major droughts in. Ohio in
1930 and 1934 brought attention to the declining water level, and it was
feared that the ground-water supply, used principally by industrial
plants that require large quantities of cheap cool water was in danger
of exhaustion. Through the efforts of Mr. Harry F. Pittman, a resident
of Lockland, the Mill Creek Valley Conservation Association was formed
to study the problem of declining water level and to determine what
remedial measures could be applied in order to obtain an adequate water
supply. The organization, originally made up mainly of public-spirited
citizens and small landowners in Mill Creek Valley, was supported by
most of the industrial firms and municipalities and now includes most of
the chief users of ground water in Mill Creek Valley. Advice and help
were given to the association by Mr. David C. Warner, at that time
executive secretary of the Ohio State Water Conservation Board, who
was one of the first to realize the seriousness of the situation.

In 1936 the Federal Geological Survey was requested to make a pre-
liminary investigation with financial cooperation by the Boards of
County Commissioners of Butler and Hamilton Counties. In Novem-
ber of that year a brief field study of the region"was made by David G.
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Thompson, of the Geological Survey. The problem obviously was
not limited to Hamilton County but extended into Butler County and
into the Miami Valley. ' .

In April 1938 an agreement was signed between the Geological Survey
and the Boards of County Commissioners of Butler and Hamilton
Counties to provide for a detailed investigation of ground-water condi-
tions in the two counties. Field work was begun on June 23, 1938;
Mr. Thompson remained in the region for about 6 weeks, and Mr. Klaer
continued the field work until December 15, 1938. On May 3, 1939,
Mr. Klaer resumed the field work and continued until November 1939; .
~ in January 1940 he returned to the region for about 6 weeks to supervise
the drilling of two deep test wells in Butler County. Several additional
visits of a week or two have been made during the remainder of the time.
Records of water levels and automatic water-stage recorders were main-
tained from September 1, 1938, to December 31, 1940, by Harry F. Pitt-
man and Curtis L. Elliott, as local observers. Most of the detailed field
work has been done by Mr. Klaer under the supervision of Mr. Thomp-
son, and the report has been prepared largely by Mr. Klaer. The in-
vestigation as described in this report covers the period from June 1938
to December 1940.

The investigation was made in accordance with the recommendations
of Mr. Thompson as a result of his preliminary study in November 1936.
The principal sources of ground-water supply in Butler and Hamilton
Counties were studied thoroughly to determine, so far as possible, the
perennial yield of these sources; to ascertain whether it has beenexceeded
by the consumption; and, if so, to consider possible methods of pre-
venting ultimate exhaustion of the ground-water supply.

To obtain information bearing on the perennial yield of water-bearing
beds in the region, the present investigation included the study of the
following: The distribution, both in lateral and in vertical extent, of
the water-bearing formations; the distribution of the non-water-bearing
beds, especially in relation to the areas of intake of the water-bearing
beds; the approximate quantity of recharge from precipitation and from
the Ohio, Miami, and Little Miami Rivers and from Mill Creek; the
ability of the water-bearing beds to transmit water from areas of intake
to areas of heavy withdrawal; the quantities of water pumped monthly
and yearly, and the effects of pumping on ground-water level and ar-
tesian head; the effects on the water level or artesian head of recent
deficiencies in precipitation and of possible heavier precipitation in the
future; the effect of draining the Miami and Erie Canal; and the feasi-
bility of using artificial recharge methods to increase the ground-water
supply.
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LOCATION OF THE AREA

Butler and Hamilton Counties lie in the extreme southwest corner
of the State of Ohio (fig. 1) and are bounded on the west by the Ohio-
Indiana State line and on the south by the Ohio River and the Ohio-
Kentucky State line. The two counties have a combined area of 873
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Fieure 1.—Index map showing location and extent of the area.

square miles. The detailed work of the investigation was confined
generally to the buried valleys of ancient streams, such as the valleys of
the Little Miami River, Norwood Trough, Cincinnati Basin, Mill Creek,
and Miami River, which constitute approximately one-eighth of the
area of the twa counties. '
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PREVIOUS INVESTIGATIONS

The ground-water conditions in Butler and Hamilton Counties were
described by Fuller and Clapp ! in 1912. . Their report contains general
discussions of the occurrence of ground water in the various formations
underlying an area that includes parts of 14 counties in southeastern
Ohio, brief descriptions of ground-water conditions in specific localities,
and tables of well data.

The geology of the Cincinnati region was described in detail by Fenne-
man, 2 and much of the geological discussion included in this report is
based on his report. He made only brief mention of the ground-water
resources of the region.

In October 1936 a brief study was made by David G. Thompson,
under a cooperative agreement between the Geological Survey and the
Boards of County Commissioners of Butler and Hamilton Counties,
to determine the type of detailed investigation needed in this region.
The results were released only in manuscript form. Copiesof the manu-
script may be consulted in the offices of the Geological Survey at Wash-
ington, D. C., and Columbus, Ohio; of the Board of County Commis-
sioners of Hamilton County at Cincinnati and of Butler County at
Hamilton; of H. F. Pittman, executive secretary of the Mill Creek
Valley Conservation Association, at Lockland, Ohig; and of the depart-
ment of geology of the University of Cincinnati at Cincinnati.

In February 1940 a brief progress report on the first 114 years of the
present work was released in manuscript form. Copies of the complete
manuscript may be consulted in the offices of the Geological Survey at
Washington, D. C., and Columbus; of the Board of County Commis-
sioners of Hamilton County at Cincinnati and of Butler County at
Hamilton; of the executive secretary, Mill Creek Valley Conservation
Association, at Lockland; and of the Public Library at Middletown,
Ohio. An abstract of the progress report was mimeographed for local
distribution by the Mill Creek Valley Conservation Association.

Besides the reports mentioned, an investigation of the region was
made in 1938 by the Cincinnati district office of the Corps of Engineers,
U. S. War Department, in connection with plans for flood control in
Mill Creek Valley.

The glacial history of the Cincinnati region has been discussed in
papers by various geologists. The section on the glacial history of the
region (pp. 10-16) is based on the work of these men.

1 Fuller, M. L., and Clapp, F. G., The underground waters of southwestern Ohio: U. 8. Geol. Survey Water-Supply
Paper 259, 228 pp., 1912.

2 Fenneman, N. M., The geology of Cincinnati and vicinity: Ohio Ceol. Survey 4th sec.Bull. 19, 207pp., 2 maps, 1916.
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‘WELL RECORDS

Data on about 542 wells and test holes were collected by F. H. Klaer,
Jr., and are recorded in the tables at the end of this report. The loca-
tions of many wells are shown on plates 1, 6, 7, 9, 11, 12, 14, and 15.
A number is assigned to each well or group of wells, beginning with
Madison township in the north end of the region. The wells are num-
bered consecutively according to their geographic location. For a
group of wells owned by the same person or plant, one number is as-
signed to the whole group and an individual well is designated by a
company number. For example, No. 25 applies to the wells of the
city of Middletown and well 3 is designated as well 25-3. Test wells
are designated by the letter T, as 25-T-1. Several numbers have been
skipped in each township to allow for new wells that may be drilled in
the future.

In addition to the existing wells and test wells, a number of shallow
test borings were made by the Geological Survey, and records of these
borings are included in the well tables.

During the investigation, measurements of water level were made
at weekly intervals in many wells, and automatic water-stage recorders
were maintained on 15 wells in the region. The records of water level
have been published in annual reports on water levels and artesian
pressure in the United States. 3

Analyses of water from six public supplies were made by the Geological
Survey and are presented in the table on page 40.

ACENOWLEDGMENTS

The writers are indebted to the many well owners and drillers who
have furnished much useful information to the Geological Survey.
Colonel D. O. Elliott, in charge of the Cincinnati district office of the
Corps of Engineers, War Department, made available to the Geological
Survey many well data collected in connection with the recent flood-
control survey of Cincinnati and the Mill Creek Valley. H. C. Randall,
of the Champion Paper & Fiber Co., and John C. Whitlock, of the Ameri-
can Rolling Mill Co., furnished well data collected through a question-
naire sent out under their direction to industries in Hamilton and Middle-
town, respectively; Harry F. Pittman, executive secretary of the Mill
Creek Valley Conservation Association, furnished data on wells and
water levels collected by him for several years prior to the beginning of
the present investigation and helped the writers in many phases of the

3 Meinzer, O. E., Wenzel, L. K., and others, Water levels and artesian pressure in observation wells in the United
States, 1938: U. 8. Geol. Survey Water-Supply Paper 845, pp. 370-383, 1039; Meinzer, O. E., Wenzel, L. K., and others,
Water levels and artesian pressure in observation wells in the United States, 1939: TU. 8. Geol. Survey Water-Supply
Paper 886, pp. 556-587, 1941; Meinzer, O. E., Wenzel, L. K., and others, Water levels and artesian pressure in ohservation

wells in the United States, 1940, part 1, Northeastern States: U. 8. Geol. Survey Water-Supply Paper 906, pp. 173-209,
1942,

¥
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work., Officials of the village of Wyoming, through F. G. Gedgg, public .
service director, provided office space for the Geological Survey in the
Municipal Building of the village. C. W. McCollister, of the Layne-
Ohio Co., provided many logs of wells drilled by that company. Burnett
Reed, of the Cincinnati Chamber of Commerce, and Evans Stearns, of
the Mill Creek "Valley Conservation Association, rendered valuable
assistance to the writers. Acknowledgement is due the many officers
and plant engineers of municipal water works and industrial plants who
provided the writers with many data in regard to wells,water levels, and
pumpage; and te David C. Warner, executive secretary of the Ohio
State Water Conservation Board, who was greatly interested in the
investigation and was one of the first to recognize the water-supply
problem. )
GEOGRAPHY

SURFACE FEATURES AND DRAINAGE

Butler and Hamilton Counties lie in the southeast corner of the Till
Plains of the Central Lowland physiographic province, near the south
border of continental glaciation. The upland surface is in general a
broad plateau, which stands at an elevation of 700 to 1,000 feet above
sea level, slopes gently northward, and extends over most of Ohio and
portions of adjacent States. The plateau has been correlated by Ver
Steeg 4 with the Lexington Plain in the Blue Grass region of Kentucky
and with the Worthington lowland along the Ohio River in southeastern
Ohio. In general the flat surface of the plateau has been modified by
irregular morainal hills and deposits of glacial drift that rise above the
general plateau level.

The upland surface is broken by several large valleys, whose floors
range from 150 feet below the plateau near the north edge of Butler -
County to more than 400 feet below the plateau in the vicinity of Cin-
cinnati and along the Ohio River. These valleys are now occupied by
the Ohio, Miami, and Little Miami Rivers, by Mill Creek, and by the
tributaries of these streams. (See pl. 1.)

. The Ohio River is the major stream in the region, yet for the most
part its valley is smaller than that of the Miami or the Little Miami
River. The Ohio Valley ranges from 14 to 1 mile in width, and the
valley walls are steep and in an extremely youthful stage of erosion.
The few tributaries that have developed are small and have cut small
ravines in the slopes between the uplands and the river. Few extensive
lowland areas have been developed along the river except in the down-
town part of Cincinnati where Mill Creek joins the Ohio River, and at
the mouths of the Miami and Little Miami Rivers.

. 4 Ver Steeg, Karl, The buried topography of western Ohio: Jour. Geology, Vol. 44, No. 8, p. 930, November-December
1936.
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The valleys of Mill Creek and the Little Miami and Miami Rivers
are apparently too large to have been cut by the streams that now
occupy them. Between Madisonville and Saint Bernard is a broad
valley known as the Norwood Trough, unoccupied by any major
stteam and now drained by two small streams, which are tributary to
the Little Miami River and to Mill Creek.

The Miami Valley, which crosses the two counties in a southwesterly -

direction, is less than a mile wide in the western part of Hamilton County
and more than 4 miles wide in the vicinity of Trenton in Butler County.
The valley floor is flat and slopes southwestward at the rate of about
4 feet to the mile. The valley walls, especially near the south end, are
steep and highly dissected by small tributaries.

The valley of Mill Creek, from the point where it joins the valley of
the Miami River to St. Bernard, is from 1 to 2 miles wide. The lower
part of the valley from St. Bernard to downtown Cincinnati is consider-
ably narrower, being slightly more than half a mile in width. In the
. downtown area of Cincinnati the valley broadens to a width of about
214 miles.

The valley walls of Mlll Creek Valley are steep and highly dissected
by tributary streams. In certain localities where tributaries have cut
through terraces of glacial drift and outwash along the valley walls,
the dissection appears greater than elsewhere. Terraces of at least
two ages have been identified by Fenneman,5 the higher terrace repre-
senting Illinoian deposits, and the lower Wisconsin drift and outwash.

The valley of the Little Miami River is about 1 mile wide from the
Ohio River to Milford, several miles east of Madisonville, becoming
narrower north and east. The floor is exceptionally flat in the lower
end of the valley, a feature that has been utilized by the Cincinnati
municipal airport.

Between the Little Miami Valley and Mill Creek Valley, and joining
them, is a broad shallow depression about 2 miles wide, whose floor is
about 100 feet above the floors of the two valleys on each end. This
depression is occupied by the cities of Madisonville, Oakley, Norwood,
and Bond Hill. The only drainage is by two small streams, Ross Run,
tributary to Mill Creek, and Duck Creek, tributary to Little Miami
River. This Trough is part of an ancient drainage system that has
been abandoned.

Abandoned valleys have been identified also in Butler County, where
an old channel extends from Middletown southeast toward the Little
Miami River, and in Hamilton County in the northern part of Crosby
and Harrison townships.

5 Fenneman, N. M., The geology of Cincinnati and vicinity: Okio Geol. Survey, 4th ser., Bull. 19, p. 127, 150~185;

1916.
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In general the rivers and streams of this area are unsatisfactory as
sources of water supply for many industrial processes because they are
excessively contaminated by industrial wastes, contain a great amount -
of suspended mud and silt, and vary considerably in chemical quality
and in temperature. Thecity of Cincinnati takes its public supply from
the Ohio River, but the river water is given extensive and effective
treatment.
CLIMATE

The mean annual temperature at the Abbe Observatory in Cincin-
nati is 55° F., and the average monthly temperatures range from 32°
in January to 77° in July. December, January, and February are the
coldest months, and June, July, and August are the warmest. The
first killing frost generally occurs within the first 2 weeks in October and
the last killing frost within the first 2 weeks in April. The ground is
frozen during several months of winter.

The average monthly precipitation is nearly the same throughout the
year but is generally above the average during March, April, and May
and less during September, October, and November. As precipitation
contributes a large part of the ground water, it is discussed in detail
in a later section.

AGRICULTURAL AND INDUSTRIAL DEVELOPMENT

The broad, flat valleys and alluvial terraces and the gently rolling
upland plateau in Butler and Hamilton Counties provide good locations
for farms. According to the 1940 census, 271,330 acres, or about 90 per-
cent of the total area in Butler County, and 136,157 acres, or about 51.4
percent of the area in Hamilton County, are classed as farm lands.
This acreage represents a total of 5,792 farms in the two counties, which
in 1939 were valued at $56,312,255. Butler County, with the exception
of the cities of Hamilton and Middletown, is largely agricultural, whereas
Hamilton County, including the city of Cincinnati, is mainly industrial.

Livestock, corn, soybeans, hay, and garden truck are the principal
sources of farm income. Most of the corn is allowed to mature and is
fed to livestock, although some is sold for canning purposes. The city of
Cincinnati offers a good market for vegetables and garden produce, and
many small truck farms are within easy reach of the city markets.

According to the 1940 census,® Butler County had a total of 130
industries employing 14,623 persons and producing materials valued at
$114,514,042. The principal manufactures were paper, iron and steel,
foundry and machine products, and tin cans and other tinware. Most
of the industrial establishments are located in Hamilton and Middle-
town.

6 7. 8. Bureau of the Census, Sixteenth Census of the United States, Manufactures, 1939 vol. 3, Reports by States
and outlying areas, p. 766, 1942.
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Hamilton County had a total of 1,525 industries” employing 67,014
people and producing materials valued at $551,861,240. The principal
industries included meat packing, printing and publishing, and the
manufacture of foundry and machine-shop products, clothing, machine
tools, bread and bakery products, paints and varnishes, boots and shoes,
chemicals, and paper. Most of the industrial plants-are located in the
valley of Mill Creek, in the Norwood Trough, and in the downtown
area of Cincinnati.

GEOLOGY
SUMMARY OF STRATIGRAPHY AND STRUCTURE

The rocks underlying the glacial drift in the Cincinnati region con-
sist of limestones and interbedded shales of Ordovician age. The
limestones and shales are not sufficiently porous to contain large quan-
tities of water. The water in these formations is generally brackish
or highly mineralized and often contains hydrogen sulfide, which
makes it unsatisfactory for municipal supply and for many industrial
uses. Moderate supplies of sulfo-saline “Blue Lick” water have been
obtained from the St. Peter sandstone at a depth of about 850 feet
_in the vicinity of Cincinnati. However, this water is not known to be
used to any extent at present.

A summary of the stratigraphy of the region and brief notes as to the
water supplies found in the formations are given in the table of geologic
formations.

Butler and Hamilton Counties lie on the crest and the flanks of a
gentle dome, known as the Cincinnati anticline, the center of which is
near Cincinnati. The rocks dip away gently to the east, north, and
west. The anticline tises to a slightly higher altitude in central Ken-
tucky, to the south. The dip of the limestones of Black River age, as
determined by well borings, ranges from 10 feet to the mile near Miamis-
burg in Montgomery County, to 3 feet to the mile in western Hamilton

County. 8

GLACIAL HISTORY

To understand the occurrences and types of the varied glacial de-
posits in the region, the glacial history is discussed briefly. Although the
many geologists who have studied the region do not agree completely
in regard to all the details, most of them are satisfied as to the main
sequence of events. )

During the period preceding the Illinoian stage of glaciation, the Cin-
cinnati region was a broad upland plain cut by valleys whose floors

7. 8. Bureau of the Census, Sixteenth Census of the United States, Manufactures, 1939, vol. 3, Reports by States

and outlying areas, p. 766, 1942.
8 Fuller, M. L., and Clapp, F. G., op. cit.; p. 31. -
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were 350-500 feet below the upland surface and 100-250 feet below
the floors of the present valleys. The valley walls were steep and rugged,
and the floors were narrow gorges. Most ofthe rivers were still cutting
downward, and no extensive flood plains had been developed. Small
streams cut sharp tributary canyons in the valley walls, and the whole
region was in a youthful stage of erosion.

The principal stream of the region was probably the ancestral Miami
River, which between Dayton and Venice, in southwestern Butler
County, occupied approximately the same course as the present Miami
- River (fig..2). Near Venice, however, instead of following the present
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Miami southward past New Baltimore and Miamitown to join the Ohio
River west of Cleves, the ancestral Miami turned west through the
broad valley now occupied by New Haven, joined the ancestral White-
water River near Harrison, and followed the course of the present White-
water southward. L 4

Between Excello and Middletown the ancestral Miami was Jomed by a
large tributary stream from the east that was probably a continuation
of the ancestral Todds Fork, which left the present valley of the Little
Miami River at South Lebanon and flowed northwestward through the
valley now occupied by Camp Hagerman, Union Village, and Oakland.

The tributary streams—Sevenmile, and Fourmile (or Talawanda)
Creeks—occupied approximately the same positions as at the present
time, joining the ancestral Mjami north of Hamilton. Indian Creek
followed its present course to join the ancestral Miami south of Hamilton.
Smaller streams near New Baltimore, Miamitown, Cleves, and North
Bend were tributary to the ancestral Miami.

The only deposits in these valleys in pre-Illinoian time were ordinary
stream deposits of sand and gravel, which in most places did not exceed
10 feet in thickness. In many places, the alluvium appears to be absent
and clay is found immediately above the bedrock. The uplands were
covered by a thin layer of soil.

The Ohio River as it is today was not yet in existence. An ancestral
stream, called the Cincinnati River by Stout,? followed the course of the
present Ohio from Portsmouth [to California at the mouth of the Little
Miami River, several miles east of Cincinnati. Here the Cincinnati
River turned northward up the Little Miami Valley. A mile or two
south of Madisonville it was joined by a stream that followed the present
course of the East Fork of the Little Miami River. The combined
streams flowed westward through the valley now known as the Norwood
Trough and occupied by Oakley, Norwood, and Bond Hill.

The ancestral Licking River, flowing northward from central Kentueky,
followed its present course as far as the present Ohio River. It con-
tinued northward across the downtown area of Cincinnati and flowed
up the valley of Mill Creek to join the Cincinnati River near St. Bernard.
The combined Cincinnati-Licking River flowed northward up Mill
Creek Valley and, a short distance south of Hamilton, swung westward
to join the ancestral Miami River.

Certain minor tributaries were later to assume important roles in the
formation of the Ohio River. A small stream had its headwaters near
Dayton, Ky., and flowed eastward into the Cincinnati River near Cali-
fornia. Another stream had its headwaters on the opposite side of the
divide and flowed westward to joint the ancestral Licking River at

9 Stout, Wilber, and Lamb, G. F., Physiographic features of southeastern Ohio: Ohio Jour. 8ei.; vol. 38, No. 2, p. 70;
March 1038, .
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Cincinnati. Headward erosion by these streams had probably pro-
duced a low notch or col in the divide. Another pair of tributaries
flowed from a point near Andersons Fertry, one tributary flowing east-
ward to join the ancestral Licking River at Cincinnati and the other
flowing westwar® past North Bend to join the ancestral Miami River
west of Cleves. The divide between the two had doubtless been lowered
to some extent. There were similar pairs of tributaries near Foster,
New Baltimore, Miamitown, and southwest of North Bend.

The southern limit of the Illinoian glaciation is very poorly defined.
Both Wright!® and Fenneman!! have reported evidence of Iflinoian
glaciation south of the Ohio River in Kentucky. The ice sheet was
relatively thin and could not have remained long at its southernmost
extent, inasmuch as thick morainal deposits are lacking. The ice sheet
was probably thickest in the valleys of the Miami River, Mill Creek,
and Norwood Trough, where the drift is considerably thicker than it is
on the uplands.

The advance of the Illinoian, the second or third ice sheet to cover
the area, disturbed the drainage system even before the ice actually
reached the north boundary of Butler County. The melting ice front
furnished enough rock material to overload the swollen ancestral streams,
causing them to deposit the coarser debris near the ice front and the
finer some distance from it. This raised floors of the valleys and the
mouths of tributary streams and slackened the currents of the north-
ward-flowing streams, so that fine sediments were deposited.

When the ice front reached Excello the drainage of the ancestral
Todds Fork was completely blocked, a large lake was formed, and silt
and clay were deposited, thereby raising the valley floor. The water
rose high enough to break-over the divide between two small tributaries
near Foster, starting the present course of the Little Miami River.
When the ice retreated, the gorge at Foster had been cut deep enough to
maintain drainage in that direction.

When the ice advanced to the bluff near Symmes, the Cincinnati-
Licking drainage became blocked and the waters backed up to form a
lake. For some time an outlet stream probably ran between the south
side of the valley and the ice front, cutting the steep bluff just west of
Symmes. Eventually the ice however, closed this gap, so that the
waters rose high enough in the Mill Creek Valley east of Symmes in
the Norwood Trough, and in the Little Miami Valley to break over the
divide at Andersons Ferry and to cut a gorge through which the stream
continued to flow even after the ice had retreated.

10 Wright, G. F., The glacial boundary in western Pennsylvania, Ohio, Kentucky, Indiana, and Illinois: U. S. Geol.

Survey Bull. 58, pp. 63-65, 1890.
11 Fenneman, N. M., The geology of Cincinnati and vicinity. Ohio Geol. Survey, 4th ser., Bull. 19, p. 125, 1916.
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As the ice continued to advance, the ancestral Cincinnati-Licking
River was blocked at St. Bernard, and the water to the east and south
was backed up in long narrow lakes. An outlet was finally cut through
the divide near Dayton, Ky., and the present course of the Ohio River
was established in this particular stretch of the river.

When the ice in the ancestral Miami Valley cut off the channel north
of New Baltimore, the stream found a new course past New Baltimore
and Miamitown. This new channel remained in use after the ice re-
treated. Further advance of the ice blocked the drainage at Cleves and
caused the water to spill into another small tributary valley. This
course was also maintained after the ice retreated.

At the end of the Illinoian stage of glaciation, drift and outwash filled
the large bedrock valleys to altitudes of 600-620 feet above sea level,
many of the pre-Illinoian lines of drainage had been changed or aban-
doned, and the present drainage system was established.

During the interglacial stage that followed, streams cut into the
newly deposited materials and partly reexcavated the ancient valleys.
The Norwood Trough was abandoned and remained at levels that were
40-60 feet higher than the valleys of Mill Creek and the Little Miami
River. Elsewhere, remnants of the Illinoian deposits are relatively
flat-topped terraces along the valley walls. These terraces were origi-
nally continuous across the valleys and probably sloped gently toward
the center. The ancestral valley of Todds Ford was abandoned, like-
wise, although glacial material may have been deposited there later by
the Wisconsin ice sheet.

The interval between the Illinoian and Wisconsin glaciations is be-
lieved to have been considerably longer than the time that has elapsed
since the Wisconsin glaciation. This belief is based on the relative
amounts of soil formation and erosion.

The continental ice sheet advanced again during the early Wisconsin
stage of glaciation, covering practically all of Butler County and extend-
ing in a lobe down Mill Creek Valley as far as Hartwell, just south of
Lockland. The south border extended southeastward from the State
line toward New Haven, swung northward around the steep bluff west
of Symmes, and extended down the Mill Creek Valley. The west side
of Mill Creek Valley was overridden by the ice sheet, whlch concealed
the actual limits of the bedrock valley.

The deposits associated with the early Wisconsin glaciation are in
general thicker than those of the Illinoian ice sheet. On the uplands
the total thickness of both drifts averages 15-20 feet, most of which is of
Wisconsin age. The younger drift also appears to be thicker near its
south margin. The Wisconsin i¢e probably remained near its southern
limit longer than did the Illinoian. Although no true terminal moraine
was developed, the land surface along the south boarder of the Wis-
consin drift is hummocky and poorly drained.
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The deeper valleys were filled with deposits of sand and gravel washed
out from the advancing ice front and later covered with a sheet of glacial
drift as the ice passed over the region. In the valleys south of the south-
ern limit, the principal deposits are stream-deposited sands and gravels
with little or no clay or drift deposits.

The Wisconsin sediments formed a terrace at 540 feet above sea
level in downtown Cincinnati, about 560 feet at Reading, 600 to 620
feet at Hamilton, and about 660 feet at Middletown. The cities are
situated in large part on the remnants of this terrace. In certain lo-
calities, such as the west side of the north end of Mill Creek Valley and
the southeast end of the ancestral Todds Fork Valley near Camp Hager-
man, kame deposits of sand and gravel are superposed on the terraces.

Following the early Wisconsin glaciation, a readvance of the ice sheet
as far south as Dayton, Ohio, did not cover any of the region included
in this report.” Although no morainal deposits of late Wisconsin age
are found in this area, much of the sand and gravel outwash that cannot
be distinguished from the early Wisconsin outwash in the valleys
probably was contributed by the later ice sheet.

The glacial epoch ended with the melting of the Wisconsin ice sheet.
Postglacial drainage has followed the pre-Illinoian system in some
places and in others the courses that were developed during the Illinoian
glaciation. Streams have removed much material of glacial origin and
have partly reexcavated many of the buried valleys. The major streams
have lowered their own levels from as much as 40 feet at Hamilton to
nearly 190 feet in the downtown area of Cincinnati. Remnants of the
glacial deposits remain as high-level terraces. In many places the valley
walls are steep and much dissected by tributary streams cutting into
the terrace deposits. In the valley floors, streams have cut channels
10 to 20 feet deep and have developed small flood plains.

The Ohio River is now the principal stream in the region and is joined
by the Little Miami River near California, by Mill Creek and the Lick-
ing River in downtown Cincinnati, and by the Miami River several
- miles southwest of Cleves. Most of the tributary valleys to the Ohio
are too large for their present streams. Sections of the ancient drainage
system, such as the Norwoad Trough, the New Haven Trough, the north
end of Mill Creek Valley, and the valley extending southeastward from
Middletown, have been abandoned by the original through-flowing
- streams and now are.drained by small tributaries.

WATER-BEARING FORMATIONS
GENERAL CHARACTERISTICS

The materials that now fill the ancient buried valleys consist of sand,
gravel, and clay. They were deposited under complex conditions of sedi-
mentation and vary widely, both horizontally and vertically. Com-
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parisons of many well logs show that it is extremely difficult and often
impossible to trace a particular sand or clay bed from one well to'another
well less than a quarter of a mile away.

The conditions under which the various deposits were laid down were

not uniform throughout the area at any one time. While sand and gravel

were being laid down in one locality, a short distance away fine sedi-
ments would be settling in the quiet waters of a lake. The ice undoubt-
edly advanced and retreated short distances many times, each move-
ment causing a change in the type of sediment. Many of the sand and
gravel beds appear to have greater continuity in directions parallel to
the axes of the valleys and to represent channel deposits of former
streams.

Nearly all information with regard to the deeper formations must be
obtained from wells or other excavations. Unfortunately there is little
uniformity as to the names of some types of material or the methods of
sampling used by different drillers. Many well logs have been obtained
in the region, but there are large areas where few wells have been drilled
or where the records of wells are not available.

In many localities sand and gravel immediately overlie the bedrock
floor of the valleys. This material may be the original deposit of the
streams that cut the valleys. Where it has been observed, the gravel
and sand is generally well-rounded and clean. The deposits are often
of indeterminate thickness as they grade upward into the early Illinoian
outwash. )

The sands and gravels derived from the ice sheet are generally more
angular than those transported solely by streams. Scratched and
striated stones, displaying the scraping action of the ice, may occur.
In many localities thick deposits of sand mixed with gravel show that
the materials were deposited with little sorting (see pl. 2, 4). In other
places gravel containing very little sand indicates that the fine clastic
material was all washed away leaving only the coarse behind. Such a
deposit is located along the south bank of-the Miami River north of
Hamilton. Thick deposits of sand in which the gravel content is very
small are also found. For example, a 40-foot test hole, bored in the
bottom of a sand pit at Carthage, Hamilton County, encountered only
fine sand that contained very few pebbles. (See pl. 2, B.)

The many cross-bedded deposits indicate rapid deposition and shift-
ing currents, which are characteristic of overloaded streams. (See pl.
3, 4) The conditions that probably existed would have provided
‘large quantities of water and material. In relatively small channels
that were choked with glacial debris, the streams split into many smaller
channels, and probably wandered back and forth, similar to the over-
loaded streams flowing from melting glaciers at the present time.

.
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The sands and gravels are composed mainly of limestone fragments
and contain only small percentages of igneous and metamorphic rocks
brought southward by the ice sheets. Along the Ohio River the gravels
are reported to contain pebbles of sandstone, presumably brought from
the region of its headwaters in Pennsylvania and West Virginia. The
limestone sands and gravels were derived for the most part from the
underlying bedrock and probably were carried a relatively short distance
from their original position.

The outwash derived from the Illinoian ice sheet is very similar to that
from the Wisconsin ice sheet, and usually the two cannot be distinguished.
The Wisconsin glacier is reported to have carried more foreign rocks,
such as granite, basalt, and gneiss, from the area north of Lake Superior
than did the Illinoian. Most samples of the outwash that is believed
to be of Illinoian age were taken from drill cuttings. Consequently no
distinction could be made as to the age of these samples.

HYDROLOGIC PROPERTIES

The general properties of water-bearing materials have been described
in detail by Meinzer'2 and Stearns.!3 Although a detailed discussion
of all the properties of water-bearing materials is beyond the scope of
this report, brief mention of several may be helpful to the reader in
understanding the problems encountered in the Cincinnati area.

Ground water occurs in the small pores and voids between the in-
dividual particles and fragments that make up a formation. Such
voids are usually irregular in shape and connect with one another. In
sand and gravel the pores are relatively large because of the large size
of the grains; in most clays the pores are extremely small. As these
spaces in water-bearing material are usually interconnected, water
passes slowly from one pore to another in response to differences of head.

The permeability of a rock is its ability to transmit water. It'is
generally expressed as a coefficient of permeability, which has been
defined as the rate of flow of water at 60°F., in gallons per day, through
a cross section of 1 square foot under a hydraulic gradient of 100 per-
cent. Generally sand and gravel have high coefficients of permeability,
whereas clay has a low coefficient.

The quantity of ground water -annually available in a region depends
not only on the quantity of water that falls on the surface and is there-
fore available for recharge, but also on the permeabilities of the under-
lying formations. If the surficial material in a region is clay, relatively
little water can percolate vertically downward. If a water-bearing

12 Meinser, O. E., The occurrence of ground water in the United States, with a discussion of principles: U. 8. Geol.
Survey Water-Supply Paper 489, 321 pp., 1923; Outline of ground-water hydrology, with definitions: U. 8. Geol. Survey
‘Water-Supply Paper 494, 71 pp., 1923.

13 Stearns, N. D., Laboratory tests on physical properties of water-bearing materials: U. 8. Geol. Survey Water-
Supply Paper 596-F, pp. 121-176, 1927. :
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formation is.overlain by clay, the water in the formation may have to
travel in a somewhat horizontal direction from some distant recharge
area to the point of withdrawal.

The different methods of determining the permeability of water-
bearing materials have been described in detail by Stearns,!* Wenzel,15
Tolman,1® and others and need not be discussed here.

The materials filling the buried valleys in Butler and Hamilton Counties
are ‘so irregular both in horizontal and in vertical extent that determina-
tions of permeability of individual samples may be of little value. For
instance, in a shallow test well bored by the Geological Survey on the
north side of the Glendale-Milford Road in Hamilton County, the co-
efficients of permeability as determined by laboratory tests for sand and
gravel sampled between a depth of 5 feet and 20 feet ranged from about
530 to about 1,850.

TEST DRILLING

To locate intake areas that might be suitable for increasing the ground-
water supply by artificial recharge, a number of shallow test wells were
bored by hand in the Mill Creek Valley. The boring was done by a
crew of three men, who used soil augers of two types. The first was an
auger of the Iwan type, consisting of two vertical steel plates that were
bent at the bottom to form cutting edges. As the sides of the auger were
open, difficulty was encountered in coarse material in keeping the ma-
terial in the auger until it could be removed from the hole. A sliding
jacket made by H. F. Pittman to slip over the auger when it was raised,
s0 as to close the sides, helped to some extent. The second type, known
as a “Standard” earth auger and made by the Specialty Device Co. in
Cincinnati, proved far more satisfactory in both coarse and fine material.
It consists of two curved plates, which almost enclose the circum-
ference of the auger and which are bent at the bottom to form two sharp
cutting edges. It is emptied by raising a collar and opening the ‘blade.
An auxiliary blade is used when a larger hole is desired; it is also helpful
in maintaining a straight hole. In addition, several chisel bits were
used to loosen rocks and hard-packed sand and gravel.

When the hole was less than 10 feet deep the tools were attached to
4 foot lengths of 34-inch pipe. In deeper holes, 10-foot sections of pipe
were used and were supplemented by the shorter lengths. A removable
wooden handle was used at the top to turn the auger.

14 Stearns, N. D., Laboratory tests on physieal properties of water-bearing materials: U. S. Geol. Survey Water-
Supply Paper 596-F, pp. 121-176, 1927.

15 Wenzel, L. K., The Thiem method for determining permeability of water-bearing materials and its application to
the determination of specific yield, results of investigations in the Platte River Valley, Nebr.: U. 8. Geol. Survey Water-

Supply Paper 679-A, pp. 157, 1935,
16 Tolman, C. F., Ground water, pp. 190-222, New York, McGraw-Hill Book Co., 1937.
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A portable tripod of three 16-foot lengths of 134-inch steel pipe proved
very useful in raising the auger in the holes that were deeper than 15
feet. (See pl. 3, B.) In such holes a man standing on the cross braces
could both guide and lift the auger and otherwise help the men on the
ground.

The greatest difficulty encountered in the test drilling was trying to
penetrate glacial till in which large rocks were imbedded. In a few
places large rocks were broken by a dull chisel bit attached to 15 to 20
feet of 114-inch pipe. In other places the material was dug away from
the rock, which was finally worked loose, and the rock was raised by
means of a spring clip designed by H. F. Pittman. The clip consists of a
U-shaped piece of spring steel with arms about 8 inches long and 3 inches
apart, curved slightly inward at the lower ends. The clip was fastened
to a short piece of 34-inch pipe. By jamming the clip down over a loose
boulder, the rock could be removed from the hole. In some places
rocks weighing as much as 15 to 20 pounds were removed in this manner.
Difficulty was also encountered when boring in extremely course gravel
in which the individual pebbles were too large to be taken in by the
auger. The largest of these were removed by the spring clip and the
rest by the Standard auger. _

It was impossible to penetrate saturated deposits with either type of
auger as the material would run out the sides. Use of a stovepipe casing
kept the hole from caving, but removal of the material from the hole was
so slow that it was impractical to bore in water-saturated material.

Many test wells could not be drilled deep enough to penetrate the
water table. To obtain data on the direction of flow and the shape of
the shallow water table in these wells, 114-inch pipes with farm washer
well-points were driven in these wells. To facilitate the driving, a weight
of about 120 pounds made of a short piece of 6-inch casing filled with
lead was used with the portable tripod previously mentioned. By .
means of a rope and pulley two men raised the weight while a third man
rotated the pipe with a wrench. (See pl. 3, B.)

Altogether 84 test holes were bored and driven in Butler and Hamilton
Counties, most of them in the Mill Creek Valley. This represents a
total of 1,373 feet bored and 809 feet driven.

Detailed results of the test drilling are given in the well tables at the
_end of this report and the formations encountered are discussed in the
descriptions of specific areas.

In addition to the shallow test wells, two wells (151-1, 151-2) were
drilled by contract at Flockton, in Butler County, to determine the
- depth of the bedrock and the character of the water-bearing beds at
the north end of the Mill Creek Valley and to ascertain whether water
from the Miami Valley was entering the Mill Creek Valley.
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PRECIPITATION

The principal source of the ground water in Butler and Hamilton
Counties is the rain and snow that fall within the limits of the drainage
basins of the Miami and Little Miami Rivers and Mill Creek. Some
water is doubtless obtained from the Ohio River, particularly in the
downtown area of the Cincinnati Basin, but the amount of such water
is probably small. The precipitation in the drainage basins of the Miami
and Little Miami Rivers beyond the boundaries of the two counties
contributes to the flow of the streams and therefore is available for
recharge of the water-bearing beds. Most of the ground water probably .
comes from precipitation within the boundaries of the counties; some
of the precipitation gradually percolates downward to the water-bearing
beds and is recovered from wells. .

The United States Weather Bureau has maintained a first-order
weather station at the Federal Building in Cincinnati from 1870 to 1937
and at the Abbe Observatory in the same city from 1916 to the present
time. Second-order stations have been maintained in Hamilton County -
near Mount Healthy since 1904 and in Butler County at Hamilton since
1911 and at Middletown since 1923. The records of precipitation and
other climatological data for these stations can be found in current
Climatological Data reports, Ohio section, which are published by the
United State Weather Bureau. The data on precipitation and tem-
perature used in this report have been taken from published records.

In addition to the stations named above, a rain gage has been main-
tained by the Cincinhati district office of the Corps of Engineers, War
‘Department, in cooperation with the Weather Bureau, on the property
of Emmett Ferris, located on Mostellar Road just south of Kemper
Road near Sharonville, in Hamilton County. Records of precipitation
of this gage since January 1, 1940, can be found in Daily and Hourly
Precipitation, Hydrologic Network, Region 3, Ohio River, published
currently by the United States Weather Bureau.

The longest record of precipitation in the area has been kept at Cin- .
cinnati. The average,-or normal, precipitation at the Federal Building
for the period 1871-1930 was 38.34 inches and at the Abbe Observatory
for the period 1916-39 was 38.55 inches.

A curve showing the cumulative departure from the normal precipi-
tation (fig. 3) has been prepared from published data of the Weather
Bureau. This type of curve represents the accumulated excesses and
deficiencies in precipitation above or below a mean or average amount
during the period of record. When precipitation is in excess of the
average during a particular year, the curve rises; when less than the
average, the curve falls. For example (fig. 3), in 1871 the precipitation
was 6.26 inches less than the average for the period 1871-1930. The
curve therefore is drawn below the zero-line. During the following
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Freure 3.—Cumulative departure from normal precipitation, by years, at the Federal Building, 187119386, and at Abbe
) Observatory, 1916-40, inclusive, Cincinnati, Ohio.

year the precipitation was 3.45 inches less than normal. This repre-
sents an accumulated deficiency of 9.71 inches for the 2-year period.
In 1873 the precipitation was 3.04 inches above normal; this excess
added to the deficiency gives for the 3-year period an accumulated de-
parture of 6.67 inches less than normal.

The curve (fig. 3) shows that the precipitation was in general more
than normal from 1874-84, and that during this period there was an
accumulated excess of almost 78 inches. During the long period 1885-
1920 the precipitation was generally less than normal, the deficiency
during this period being about 88 inches. From 1920 to 1929 the pre-
cipitation was generally above average, and the accumulated excess
amounted to 26 inches. During the drought years of 1930, 1934, and
1936, the precipitation was greatly curtailed, and the accumulated de-
ficiency for the period 1929-36 was 22 inches.

When the old Federal Building was torn down in 1937 to make way
for a new one, the first-order station of the Weather Bureau was moved
to the Abbe Observatory, where climatological data have been collected
since 1916. The average precipitation at this station for the period
1916-39 was 38.55 inches. In the table on page 23 the precipitation
at the Abbe Observatory is given by months and years for the period
191640, inclusive.



23

"uoye8 OO ‘IATX 03 AXXX ‘s[04 ‘®18( [eoffojogsumy)) pue ‘Tg1 ‘g *d ‘6 098 ‘se9Elg PaYu() 94} jo Aretaumg onEwI) ‘neeng RYIBIM ‘S ()

8L°ve 8¢°¢ 0y T6'0 €G°'1 (14 €e°0 8¢ 16°¢ 1€°L (4 1L¢ 121 - TTTTTTUOR6L
60° 1% w1 a8° 81°% 1L 91°g 9L°C ” 62°9 17'e §8°L €6°9 127 LL'g D -
96" 1¥ 1 £0°% 1" 08¢ 20y 86°9 62°2 1979 L0°¢ 799 14 89°1 TTTTITTTTTTTIRE6T
€2°8% 99°¢ $9°1 £0°¢ 80°¢ 0g°¢ 89'¢ 99°¢ €6°2 86°¢ 90°1 €81 89°€1 TTETTITTTTTULERT
: 69°0¢ 09°g 66°¢ oy 148 - 4984 8 08" 1 e 6¢°g 30°% 82°1 TTTTTTTTTTTTIORG
09°g¢ 26°1 (124 g6°1 (484 96"y 81 86°¢ 18°% 92°¢ €0°9 80°1 98°% TTTTEITTTTTTIGEET
9L° %8 86°1 eL1 g8’ 89°¢ (41 e €8¢ 86° 91’1 £8°% 96° 19°1 O 1!
88'¥¥ 96°3 82°1 01 oLy 64°% g1 0g°¢ 18’8 9’y 00°8 66°1 8I°¢ R - 1
98°3p 10°% 10°¢ 8%°'¢ 88°% sI'y ¥0'9 8%°¢ ¥6° 08°1 %g'e 6L°1 LY I - 1
¥6°8¢ ge'g 10°¢ 68°1 02 4 ¥e'y [aa 0g'¢ 'y €6°¢ 16°1 88°1 60 | TTTUTIg6l
4 6%°%¢ 0z°1 821 8L 88°¥ ¥l 9%°2 86° L{Un¢ 902 18'1 96°8 1484 . TTT0g61
m 9L"9% £%°2 (1984 (R 1% 08’1 ¥y 86°% VLL 86°¢ 192 89°1 09°% Tt ~TT6g61
|3 0% Lg 96°g 93°¢ 8i'¢ i1 68°% 19°% L0°6 oL 99°¢ 12°1 €' - 99°1 TTTTTTTTTTTTRE6L
< 18°9% 8%'¢ 99 0°¢ 82°¢ ¥e'e 60°¢ (483 9% 1754 69°¢ 0z°g wy | TTTLEel
= 98°6¥% e 71 (1284 or'y 289 20°01 19°g 118 4 66'% 9¢°g ge'e g9'g (T4 ~9g61
H 61°6¢ L9 gL'e ¥y 29°¢ ve eI’ 68°1 90°8 w1 9%°¢ €878 wr | TTTTTTT TTTgeE6l
a ¥8°¢e 91'g 901 LT 0% €0°¢ 63°1 gL'9 | 46°¢€ 07°¢g 91’y L1 (11138 2 R “¥e61
px| 03°9¢ ¥6°9 832 %6° 0% 1T oL'g 1e'e 81'¢ ¥¢'¢ 96°8 0s°¢ 18°1 <00 2N TTTTTTTTET6T
89°9¢ 00°¥ 881 g1 €6°3 09°¢ 14 i1 60°2 28y 96°9 89°1 20°8 D ;41
& a9 ¥ 98'¥ 19°¢ TL'g 00°¢ 20°9 8T°% ge'e 4 61°¢ 09°9 jratd [} TTTTTTTTTTTTUIR6T
A eI op 88°1 %6°¢ 9L 1 86°2 or'g 61°¢ 89°¢2 98°¥ 8L°¢ . 0z ¥ 0e'1 87°¢ T “TTTT0geT
99°6¢ 99°¢ ¢9°¢ 156 6L°¢ 86" 80°% -¥7'e 9¢°¢ 62°¢ 1&°9 90°1 A T 6I6F
88°0F 89'¥ 99°1 89°¢ 042 a8 4 g0°e 16°¢ 1084 8g'¢ 83°¢ 191 gy [T 101
28°9¢ 9¢°1 ¢ 6L°8 18°2 04’1 0% 96°¢2 29°% 0y 90°% 081 7% 4 IR 101
yI°8¢ 09°¢ @81 18°1 6g°¢ 18°¢ 6L°T (434 (484 16°% ye'e eL'T 8¢ N 9181
.......... 4 ¥8°8 98¢ 99°¢ ey £6°% 'y 99°¢ ¥8°0 D 1 () ¢
[enuuy 1BquIS0d([ | PQULAON 10G0300 Jaquiadagy 9sn3ny Amnp aunp Le dy YOXBA Areniqaq Axenuep

0F—§161 1014 ‘tvuniously us £io1paiasqQ 199y 12 .Bwunm us uo1pi3d1224d jonuuv puv Gyuopy



24 GROUND-WATER RESOURCES OF THE CINCINNATI AREA

~ During the period of record the annual precipitation at both the
Federal Building and the Abbe Observatory was nearly the same, al-
though differences for shorter periods ‘were considerable. A curve:
showing the cumulative departure from normal precipitation by months
has been plotted from the data of the Abbe Observatory for the period
January 1930 to December 1940. (See fig. 4.) The curve shows that
during 1930, 1934, 1935, 1936, and 1940 the precipitation was generally
deficient and that during the rest of the period it was usually more than
normal. The deficiency in precipitation during 1930 and the early part
of 1931 was not made up until May 1933, and that of 1934 had not been
made up by December 1940.

The part of the curve from July 1938 to December 1940, inclusive, is
of particular interest because it covers the period of this investigation.
With the exception of 3 months the precipitation during the year 1938
and the first 6 months of 1939 was generally more than normal. Water
in many shallow and deep observation wells reached its low level for the
winter of 1938-39 in December and January and then began to rise
slowly. In April 1939 a severe storm occurred. In a 5-day period 4.92
inches of rain fell at the Abbe Obsetrvatory, 3.52 inches at Hamilton,
and 3.30 inches at Middletown. The Miami River reached its highest
stage during the year, and Mill Creek rose above its banks and flooded
large areas in the adjacent valley. At this time conditions for recharge
were exceptionally favorable and water levels in many wells rose abruptly,
in some wells as much as 15 feet. The deficiency in soil moisture from
the preceding summer had been made up by excess precipitation during
the first 3 months of 1939. As the ground was not frozen, water could
percolate rapidly through the soil. T.osses by evaporation and trans-
piration were at a minimum.,

From July 1939 to January 1940, inclusive, precipitation was less
than normal each month, and water levels declined throughout the
period. In many wells the decline continued until April. The more
nearly normal precipitation during February and March 1940 was not
sufficient to make up the deficiency from the preceding summer. In
April 1940 a storm similar to that of April 1939 occurred; 3.74 inches of
rain fell at the Abbe Observatory, 4.43 inches near Sharonville, 5.78
inches at Hamilton, and 4.25 inches at Middletown. Water levels
againmr rose abruptly, a maximum rise of 18 feet being measured. In
most of the observation wells the rise in water level was greater in April
1940 than in April 1939. This was probably due to the greater amount
of precipitation in the Miami Valley and to the greater area that was
flooded by Mill Creek.

A study of the data shows that the relation between precipitation and
fluctuations of ground-water levels in Butler and Hamilton Counties
is closer than was originally believed. This is especially true in shallow
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wells in which the water level is near the surface and rises rapidly follow-
ing heavy precipitation. It is also true in a more general way with
respect to water levels in deep wells. Individual storms generally have
little effect on the water level in the deeper beds, particularly where
the beds are overlain by an impermeable confining layer. After periods
of heavy precipitation lasting several weeks or months, however, water
levels in some deep wells rise notably. In many wells the water levels
were higher in July 1938 than in the fall of 1936. It is interesting to
note in figure 4 that the accumulated deficiency in’ prec1p1tat10n was
almost 10 inches greater in 1936 than in July 1938.

Data on monthly precipitation at the Abbe Observatory, at stations
near Mount Healthy, and at Hamilton and Middletown are given in
figure 5.

PUMPAGE

During the present investigation an attempt was made to obtain from
individual owners of industrial and municipal wells in Butler and Hamil-
ton Counties data on daily and monthly pumpage. A circular letter,
sent to each of 62 well owners in the two counties, requested that records
of daily pumpage and water levels be kept and submitted at the end of
each month to the Geological Survey and that similar data be furnished
for past years. Replies were obtained' from 49 well owners, some of
whom could not furnish the desired information. In December 1940,
records of current daily pumpage were being received monthly from 24
industrial users and public-supply systems.

A summary of data, based on either actual daily records or estimates,
shows an average pumpage for the year 1939 of about 76 million gallons
of water a day from wells in the two counties. The distribution of the
pumpage is shown below.

Average daily pumpage from mum:zpa/ and industrial wells in Butler and Hanriltan Counties,
Ohio, in 7939

Gallons
Butler County: )
Middletown . ... 32,900,000
Hamilton _ .. 21,130,000
Hamilton County: ,
Upper Mill Creek Valley__ .. ____ . . ..._. 661,000
Lockland, Reading, and Wyoming_ ______________________ 6,189,000
Elmwood Place to Carthage. .. _________________________ 1,194,000
Ivorydale-St. Bernard . _ . _______ ... 4,784,000
Cincinnati Basin.___________________.____ . _.__.... 5,905,000
Norwood Trough and Little Miami Valley ________________ 3,333,000
Total . e 76,096,000

The record of pumpage for different industrial and municipal supplies
shows considerable variation from day to day and from month to month.
745213—48—3
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The demand on the public supplies is generally greater in summer and
at times may be twice as much as the demand in winter. As many in-.
dustries are somewhat seasonal, the consumption of water by them
varies widely. Greater business activity results in increased consump-
tion of water. For example, the records for the eight largest plants
using ground water in the Lockland area (fig. 6) show that the pumpage
varied from month to month but, in general, increased during 1939 and

1939 : 1940
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F1GURE 6.——M'onthly pumpage from wells of the eight largest users of ground water in the Wyoming-Lockland-Reading
area, Hamilton County, January 1, 1939, to December 31, 1940.

1940 mainly because of greater business activity. The maximum daily

- pumpage in the Lockland area for the period of record was estimated

to be about 9,000,000 gallons a day and the minimum about 3,000,000
gallons a day. .

In the Ivorydale-St. Bernard area the pumpage also varies widely

from month to month. A compilation of monthly pumpage figures

from 14 industrial plants, based on actual records and estimates, shows
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that the pumpage ranged from a minimum of about 4,000,000 gallons a
day in February 1939 to a maximum of about 5,700,000 gallons a-day
in July 1939. (See fig. 7.)

The total pumpage of ground water in the two counties, exclusive of
rural and small domestic supplies, is estimated to average about 76,000,000
gallons a day, of which only about 11,000,000 gallons a day, or 14.5
percent, is used fo# the public supply. The city of Cincinnati obtains its
public water supply from the Ohio River, but the quantity of ground
water used by industries in the two counties is nearly equal to the total
quantity of surface and ground water used for public supplies.

1939 1940

AL

" Fieuae 7,—Monthly pumpage from wells of the 14 largest users of ground waterin the Ivorydale-St. Bernard area, Hamil-
ton County, January 1; 1939, to December 31, 1940.
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WATER TABLE AND ARTESIAN CONDITIONS

As the fundamental principles governing the occurrence and move-
ment of ground water have been discussed in detail by Meinzer!? and
Tolman,'® only essential statements and definitions will be given in
this report. .

Ground water occurs in the formations filling the buried valleys in
Butler and Hamilton Counties. In the lower parts of the formations
water saturates the sand and gravel and may move slowly through them
in response to changes in head. The part of the formation in which all
the spaces are filled with water is called the zone of saturation. " The
upper surface of the zone of saturation is called the water table except
where the boundary is an impermeable formation. If a water table

17 Meinzer, O. E., The occurrence of ground water in the United States, with a discussion of principles: U. 8. Geol.
Survey Water-Supply Paper 489, 1923; Outline of ground-water hydrology: U. S. Geol. Survey Water-Supply Paper 494;

1923,
18 Tolman, C. F., Ground water, 593 pp., New York, McGraw-Hill Book Co., 1937.
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exists, its position corresponds in a general way to the water level in
wells.

Water derived from precipitation or from stream flow may reach the
zone of saturation by direct percolation downward, and the resulting
rise in water level will represent an actual addition of water to the ground-
water reserves. Under these conditions the water-bearing formations
act mainly as a reservoir, which may be replenished fyom the surface of
the ground at almost any point. ‘

In many places the upper limit of the zone of saturation is an im-
permeable bed of clay or glacial till, and the water in the zone of saturation
occurs under artesian conditions. If a well were drilled through this
impermeable layer, the water in the well probably would rise above
the upper limit of the zone of saturation inasmuch as the water in the
recharge area ordinarily would occur at an altitude higher than the top
of the water-bearing stratum. The principles governing artesian con-
ditions have been described in detail by Chamberlin!? and Fuller.20

An artesian well may be defined as a well in which the water level
rises above the base of the confining layer. This does not necessarily
mean that the well must flow at the surface or that all deep wells are
artesian. Under artesian conditions water enters the ground in one
area and moves laterally toward the point of discharge, such as a well
or a spring. The water-bearing formations, therefore, in addition to
being underground reservoirs also are conduits for water. In an area
where ground water occurs under artesian conditions, the water level
in wells represents the piezometric, or pressure-indicating, surface of
the artesian water. A rise in water level in artesian wells, however,
is due to an increase in artesian pressure and does not indicate much
additional storage of water in the vicinity of the wells.

Conditions may be such that both a water table and an artesian aquifer
may exist in the same area. If two water-bearing formations are sepa-
rated by an impermeable bed of clay, the beds above the clay may have
a true water table, whereas the deeper beds may contain water under
artesian pressure, which will force the water in wells to rise above the
base of the confining layer. This situation exists over large parts of the
Miami Valley, the Mill Creek Valley, the Cincinnati Basin, and the
Little Miami Valley.

In some areas where impermeable layers of clay are interbedded with
permeable sands and gravels, two or more water tables may occur. If
the water-bearing beds overlie impermeable or nearly impermeable
clay, the water is held up by the clay and is said to be perched. Bodies
of perched water have been identified in the northern part of Mill Creek
Valley.

19 Chamberlin, T. C., The requisite and qualifying conditions of artesian wells: U. 8. ‘Geol. Survey 5th Ann. Rept.,

pp. 125-173, 1885. . i
20 Fuller, M. L. ,Summary of the controlling factors of artesian flows: U. 8. Geol. Survey Bull. 319, 1908.






FLUCTUATION OF WATER LEVELS 31

FLUCTUATION OF WATER LEVELS

A quantitative study of the ground-water supply in an area must be
based on data accumulated over a considerable period in order to de-
termine the effects of variable precipitation and pumping and other
conditions that influence the amount of available water supply. As to
the quantity of water available or the general long-time trend of the water
level, any conclusions based on measurements taken during a brief
period are likely to be premature and may be erroneous. In studying
the relation between fluctuations of ground-water level or artesian head,
of pumpage from wells, and of precipitation, several factors must be
taken into account. The water level or artesian head almost every-
where is fluctuating constantly. Wherever there is much pumping
from wells, the greatest fluctuations are generally due to changes in
rate of pumping from hour to hour, day to day or week to week. In or
near areas of intake considerable rises of water level may follow heavy
rains or flood flow in streams, whereas a drop in water level is character-
istic of the dry periods. Where the water-bearing beds are overlain by an
impervious stratum, fluctuations that are due to recharge from precipi-
tation or from streams generally become progressively less pronounced
at points farther and farther from the areas of intake. In the intake
areas the water level generally falls during summer as a result of greater
loss of water by evaporation and by transpiration from plants, and it
rises during winter, when the losses are at a minimum. The high and
low points of an annual cycle, however, may be reached at different
times in different places, and over a period of years the times of the annual
maxima and minima vary somewhat in the same place. The fluctua-
tions are the result of many variable factors, such as the distance to the
water table, the seasonal and areal distribution of rainfall, and the freez-
ing of the ground in winter. Because of seasonal fluctuation, it is essen-
tial that a continuous record of water levels be maintained for a period
of years if trends of water level and artesian head from year to year
are to be compared. »

During the present investigation, 15 automatic water-stage recorders
were maintained on wells (see pl. 4, 4, and B), most of them in areas of
heavy pumping where fluctuations of water level are of sufficient mag-
nitude to make weekly measurements of little value. Eight recorders
have been maintained continuously on the same wells for more than 2
years, and seven recorders have been installed on 19 wells for shorter
periods. In addition, about 12,000 individual measurements of water
level have been made at regular daily, weekly, or monthly intervals
in about 150 wells in the two counties during the period July 1, 1938, to
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December 31, 1940. Measurements of water level are published cur-
rently by the Geological Survey 21 in the annual reports on water levels.

The water-level curves obtained from recorders and from periodic
measurements of water level in wells represent generally the combined
effects of two or more conditions causing fluctuations; and in order to
determine the effect of any one of the more significant causes, it is neces-
" sary to evaluate the fluctuation due to others. Some of the curves
show comparatively little fluctuation of water level for periods of several
weeks but have a total magnitude of several feet in the course of a year.
Other curves show fluctuations of several feet several times a day and
of much greater magnitude during a few months or a year. The con-
tinuous curve of fluctuation in most of the wells is irregular.

To determine the long-time trend of water levels in wells where the
water level fluctuates many times during a day or week, the lowest water
level reached each day is ascertained from the individual recorder charts
and plotted. By drawing a curve through the points many of the smaller
fluctuations are eliminated so that the resulting curve more truly re-
flects the general trend. Several examples are shown in plate 13.

The largest daily fluctuations in water level are generally due to a
nearby pumping well. At the Glendale waterworks a fluctuation of
about 6 feet in the observation well is caused by pumping 1,000 gallons
a minute from the supply well about 50 feet away. (See fig. 8.) In
other places, as at the Hamilton waterworks, when a number of wells are
pumped in the vicinity, the fluctuations of water level may be correlated
with the particular well or combination of wells being pumped. (See
fig. 9.)

If artesian pressure is effective in a water-bearing formation, wells
often act like barometers, the water level in them fluctuating as atmos-
‘pheric pressure changes. When atmospheric pressure increases, the
water surface in a well is depressed and the water level declines; when
the pressure decreases, the water rises. Fluctuations of water level
of as much as 1 foot due to changes in atmospheric pressure have been
noted in wells in Mill Creek Valley and the Norwood Trough.

When railroad trains pass, the water level in nearby artesian wells
will rise several hundreths of a foot because increased weight on the
surface of the gound squeezes water into the well. This has been ob-
served in wells at the Wyoming waterworks and in wells 151-1 and 151-2
at Flockton, Butler County.

21 Meinzer, O. E., Wenzel, L. K., and others, Water levels and artesian pressure in observation wells in the United
States in 1938: U. S. Geol. Survey Water-Supply Paper 845, pp. 371-383, 1939; Meinger, O. E.; Wenzel, L. K., and
others, Water levels and artesian pressure in observation wells in the United States ir 1939: U. 8. Geol. Survey Water-
Supply Paper 886, pp. 556-587, 1940; Meinzer, O. E.; Wenzel, L. K., and others, Water levels and artesian pressure in

observation wells in the United States in 1940, part 1, Northeastern States: U. S. Geol. Survey Water-Supply Paper
906, pp. 173-209, 1942.



FLUCTUATION OF WATER LEVELS 33

1
11

O 0
i
T
o1

29.63 FT.

O LT T T T T T T T T T

T
w
(=3
3
T
T
T
D TO W 2916 FT

BELOW MEASURING POINT

+
¥
T
HHHo To w

1 2
1
1

¥
o
n

T

IN FEET,

]

DEPTH TO WATER,
T
1
L
1
;
T
1
.

¥
I
T T

1
t
T

I
I
26 27 28 29 30 3t I. 2
DECEMBER 1938 JANUARY 1939
Frqure 8.-—Chart from automatic water-stage recorder on deep well at Glendale waterworks, Hamilton County, show-
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In intake areas local precipitation causes a sharp rise in water level.
In April 1940 the water in a deep well at Flockton rose about 15 feet
during a 4-day storm in which 6.16 inches of rain were measured at
Hamilton. (See fig. 10.) During the same storm the water level in a
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Figure 10—Rise in water level in well 151-1, Flockton, Butler County, Ohio, caused by heavy precipitation in April
1940. Well is 227 feet deep. Preciptitation recorded at U. 8. Weather Bureau Station, Hamilton, Ohio.
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shallow well (214-3) on the Glendale-Milford Road rose about 19 feet.
The water levels in both deep and shallow wells generally rise during
winter and early spring, reach their highest levels in April or May,
and decline during summer and fall, when there is relatively little re-
charge and the loss of water at the intake areas by evaporation and
transpiration is at a maximum. Such a seasonal fluctuation is shown
by the curve of the water level in well 207-3 at the Glendale water
works. (See pl. 13.)

Many wells located near streams show fluctuations of water level that

correspond closely to changes in stage of the stream. The curve of

water level in well 89-3 located on the east bank of the Miami River, at
the Niles Tool Works in Hamilton, is similar to the hydrograph of the
Miami River at the Black Street Bridge. (See pl. 5.)

In areas from which large quantities of water are drawn from many
wells at varying rates, the daily fluctuations of water level are generally
too great to correlate closely with the variations in pumpage. If, how-
ever, the lowest water level reached each week is plotted against the
total weekly pumpage from the well field (pl. 5), the correlation is much
closer. In plate 5 the total weekly pumpage has been inverted to show
more clearly its relation to the water-level curve.

ARTIFICIAL RECHARGE

Artificial recharge, or the process of putting water into the ground
by artificial methods, has been suggested as a means of increasing the
ground-water supply in the alluvium-filled valleys of Butler and Hamilton
Counties. Artificial recharge has been used with considerable success
- in some parts of the country, especially in California. The methods
used in California have been described in detail by Mitchelson and
Muckel,?2? and much of the following discussion has been taken from
their report.

Four methods of spreading water are in general use: The basin
method, the furrow or ditch method, the flooding method, and diver-
sion of water into pits, shafts, and wells. Each method has its advan-
tages and disadvantages, depending on many factors such as the to-
pography of the soil surface, general slope of the land, amount of land
available for spreading grounds, type of soil and water-bearing ma-
terial, condition of water (silty or clear), and characteristics of stream
flow. It is not uncommon to find all four methods used in a single
artificial recharge system.

In the basin method, water is impounded in a series of small basins
enclosed by dikes or banks. These basins are arranged so that the
entire area may be submerged during the spreading. This method is

22 Mitchelson, A. T., and Muckel, D. C., Spreading water for storage undergrouad: U. S. Dept. Agr. Tech. Bull
578, 80 pp., 1937.
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used where the surface is irregular and spotted with numerous shallow
gullies and ridges. In many places after a period of continuous use
percolation rates have decreased because of puddling of the soil and depo-
sition of silt. The basin method has been used in connection with flood-
control systems that temporarily store surface water.

In the furrow or ditch method the water is passed through a series of
ditches laid out in one of several patterns. The shallow and flat-bot-
tomed ditches are closely spaced in order to expose the greatest possible
area. The slopes of the ditches are usually such that the water has
sufficient velocity to carry in suspension or as rolling-bed load the silt
and fine material. This method is used extensively in the vicinity of
stream beds where, because of flood hazard, no permanent works can be
installed.

In the flooding method, the water is spread in a thin sheet and at low
velocity over the land surface. Few areas are naturally suitable for
this method, and the spreading grounds must be prepared to prevent
water from collecting in small streams and running off without spreading.
The highest percolation rates, as found by experiment and field observa-
tion, are obtained in areas on which the native vegetation and soil cover
have. been least disturbed. One disadvantage of this method is that
the water cannot be controlled as easily as in the other methods of water
spreading.

The use of pits, shafts, and wells is not strictly a means of water
spreading, but it serves the same purpose and is often considered a
method of artificial recharge even though it is not used extensively
because of its high cost and other limitations. Generally water is di-
verted into abandoned gravel pits, old wells, or other excavations. New
shafts or wells seldom are sunk primarily for recharge. High rates of
percolation are usually obtained in this manner, but the area involved
is so limited that only a relatively small amount of water is put into the
ground. The water supplied to pits and wells must be chosen carefully
because a small amount of s'lt will soon seal the bottom and sides to
such an extent that percolation practically ceases. The cost of cleaning
wells or shafts is usually high or altogether prohibitive; so unless the
silt deposit can be prevented or removed cheaply the shafts become
useless.2? )

On Long Island a considerable quantity of water used for air condi-
tioning and other purposes has been returned to the ground. In prac-
tically every instance, however, under conditions imposed by the New
York Water Power and Control Commission, acting under authority
of a State law, the water passes from the supply well to the recharge
well in a closed-pipe system and is not exposed to the air. The water
that enters the recharge well is as clear as it came from the supply well,

23 Mitehelson, A. T., and Muckel, D. C., op. cit., pp. 6-10.
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unless dissolved material precipitates as a result of changes in temperature
and pressure during passage from one well to the other. A recent
study?¢ has shown that even under favorable conditions many of the
recharge wells on Long Island have not maintained their efficiency
because of clogging, which results probably from chemical incrustation
or deposition of silt pumped from the supply well, or from a combination
of both processes. The clogging is due in part to a difficulty in well
onstructxon, which doubtless may be overcome to some extent as more
experience is gained.

The successful operation of any method of artificial recharge depends
in large part on the quality and quantity of the water that is available
for recharge. One problem is whether the water carries enough silt or
clay in suspension to clog the pores of the permeable material through
which recharge tales place. Another condition that should be con-
sidered is the presence of algae, plant spores, and other organic matter
in the water. After introduction into the ground these organisms
may grow and clog the pores in the permeable material. If water is
returned to ground that is close to pumping wells, the danger of bac-
terial pollution might necessitate some method of sterilization. Even
when no silt or organic matter is carried in the water, trouble may be
encountered, especially in surface spreading methods, because of resort-
- ing of the soil particles and puddling of the soil surface.

To be economically feasible, the quantity of water available for re-
charging purposes-should be sufficient to permit operations for at least
several weeks each year. In many places it is necessary to provide for
temporary storage of flood waters, which may be released later for the
spreading operations. Such storage has the advantage also of allowing
silt to settle before the water is used for recharging. )

Artificial recharge is practiced most successfully in areas where the
depth to water is fairly great and there is a large thickness of permeable
material in which water may be stored. If such a deposit is cut by a
river channel, much of the water that percolates into the underground
reservoir will drain back into the stream as effluent seepage. As water
moves through the ground at a relatively slow rate, recharge areas should
be located as near as possible to areas of heavy withdrawal. In many
areas from which large quantities of water are being pumped, large
cones of depression have been developed. In these cones the hydraulic
gradients are steep, and the water percolates through the water-bearing
material more rapidly than in areas where gradients are low. Such
areas appear to be best suited for artificial recharge.

It has been said frequently that it should be possible to put water into
a recharge well as fast as it can be taken out. Within certain limits

24 Leggette, R. M., and Brashears, M. L., Ground water for air conditioning on Long Island, N. Y.; Am. Geophys. Union
Trans. 1938, pt. 1, pp. 412-418, 1939,
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this statement is theoretically true. One limiting factor is the hydro-
static head that can be built up above the so-called static water level at
the recharge well. For example, in a locality where the water-bearing
alluvium is 100 feet thick and the water table is only 10 feet below the
surface, in pumping from a well the water level could be lowered to
within, say, 10 feet of the bottom; that is, a draw-down of 80 feet could
be created. In attempting to recharge however, the head could not be
built up more than 10 feet without pumping into the well under pressure.
Therefore, other conditions being equal, water could be drained into the
well only about one-eighth as fast as it could be pumped out. On the
other hand, if only a small part of the alluvium were saturated, the
maximum draw-down that could be created by pumping would be
much less than the head that could be created by draining water into -
the well, and hence recharge could take place at a higher rate than pump-
ing.

The application and feasibility of the methods of artificial recharge
in the parts of the Cincinnati region are discussed under the section on
ground-water conditions in specific areas.

QUALITY OF WATER

The amount and character of dissolved mineral matter in the ground
water from the buried valleys of Butler and Hamilton Counties, Ohio,
are shown in a general way by the table of analyses, which presents
data on samples from six public water-supply systems in the area that
were analyzed by W. M. Noble, of the Geological Survey. Two analyses
of water from the Middletown public supply made in-1932 and published
in Geological Survey Water-Supply Paper 658, pages 104-105, are also
included to show the difference in iron content between the water of the
shallow and deep water-bearing formations in the Middletown area.

The samples are chemically similar. All are calcium-bicarbonate
waters in which the total solid content ranges from 303 to 561 parts per
million and the hardness from 274 to 464 parts per million. The iron
content may be as much as 2.3 parts per million. According to other
analyses. the amount of iron is variable and may be as high as 10 parts
per million in some wells. The sulfate content is variable, one example
(5A) having 142 parts per million, and another (3A) having only 9.4
parts per million. The chloride content is generally very low. The
mineral content of these waters is typical of most waters from the glacial
outwash in southwestern Ohio.

Although the analyses give no indication of the sanitary condition of
the water, they indicate that the water would be generally satisfactory
for domestic and most industrial uses, so far as such uses are affected
by dissolved mineral matter.
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Four of the six public water-supply systems in the area that use
ground water as a source of supply have treatment plants for softening
the water by the lime or lime-soda process. -In most plants the hardness
of the water is reduced to about 85 parts per million. At two plants the
water is aerated to remove iron, and at three plants the water is treated
to remove carbon dioxide. In five of the systems the water is chlori-
nated, and in one system no treatment is used.

A comparison of changes in hardness of the water pumped over a
period of years at the Glendale waterworks and at the Wyoming water-
works reveals a relation between hardness and water level. According
to data supplied by Clarence Bahlman, water purification supervisor
of the Cincinnati waterworks filtration plant, there has been little varia-
tion in the composition of the water pumped at the Glendale waterworks
during the past 14 years, the hardness remaining fairly constant during
that period.2® In contrast, the hardness of the water pumped at the
Wyoming waterworks has been increasing during the past 10 years.
Between 1932 and 1935 the increase was rather gradual, but since 1935
it has been more marked. The hardness has more than doubled since
1932, - ‘ :

The wells at the two plants probably obtain water from the same water-
bearing formation. The water level at the Glendale waterworks during
the past 10 years has been from 20 to 40 feet below the surface. The
water level at the Wyoming waterworks during the same period has been
from 100 to 130 feet below the surface. The increase in hardness at the
Wyoming plant possibly may be attributed to the fact that a large cone
of depression has been created around the Wyoming wells so that the
drainage of water from the bedrock formations into the glacial fill of
the buried valley has been increased, or to the fact that the Wyoming
wells are drawing water in large part from storage. Recharge of softer
water at the Glendale plant maintains a sufficient dilution to prevent
an increase in hardness.

- GROUND WATER IN SPECIFIC LOCALITIES
MIAMI VALLEY

The Miami River drains the southwestern part of the State of Ohio,
and its drainage basin of 5,385 square miles includes parts of Auglaize,
Hardin, Mercer, Shelby, Logan, Darke, Miami, Champaign, Preble,
Montgomery, Clark, Greene, Butler, Warren, and Hamilton Counties
in Ohio, and parts of Randolph, Wayne, Fayette, Union, Franklin,
Ripley, and Dearborn Counties in Indiana. The slope of the Miami
River from Dayton, Ohio, to the mouth of the Whitewater River averages
about 3 feet to the mile. Important tributaries that join the Miami

25 Letter from Clarence Bahlman to George Ervin; superintendent of the Glendale waterworks; March 20, 1939.
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River in Butler County are Fourmile and Sevenmile Creeks just north
of Hamilton and Indian Creek several miles south of Hamilton.

As a result of a disastrous flood in March 1913, a flood-control system
of five retarding dams, with accompanying levees and channel improve-
‘ment works, has been built by the Miami Conservancy District. Com-
plete descriptions of the construction methods and design and the hy-
draulics connected with this project have been described in a series of
reports issued by the Miami Conservancy District, Dayton, Ohio.2®

MIDDLETOWN

The city of Middletown is situated on the east bank of the Miami
River near the north end of Butler County about 32 miles north from
Cincinnati. It is mainly an industrial city, the principal industries
being two plants of the American Rolling Mill Co. and several large
paper mills. The population according to the 1940 census was 31,220.

The Middletown Hydraulic Co. maintains a canal, which runs along
the east edge of the valley from a dam across Miami River about 3
miles northeast of Middletown through the northwest corner of the city.
The canal is used entirely for power and water supply and not for trans-
portation. The old Miami and Erie Canal, which has been abandoned,
ran parallel to the hydraulic canal.

The municipal water supply of Middletown is taken from 15 wells
in the shallow water-bearing beds and from two wells in the deeper
water-bearing beds. The shallow wells are pumped by suction, and the
deep wells are equipped with electric deep-well turbines. . The water is
chlorinated and pumped directly into the mains with no further treat-
ment. Water from the shallow wells is used as much as possible, as
the iron content of the water is lower than that from the deeper water-
bearing beds. The well field {Wells 25 (1-4)] is located in the northwest
corner of the city. (See pl. 6.) The pumpage for public supply averages
about 214 million gallons a day.

The main part of the city stands on a broad terrace of glacial outwash,
of Wisconsin Age, at an elevation of 650 to 680 feet above sea level.
The terrace slopes gently toward the sides of the valley at a rate of about
20 feet to the mile. The Miami River has cut into the terrace to a
depth of about 10 feet, forming a new terrace about three-tenths of a

26 Miami Conservancy Technical Reports: Part I, The Miami Valley and the 1913 flood, by A. E. Morgan, 135 pp.;
1917. Part II, History of the Miami flood-control project, by C. A. Bock, 196 pp., 1918. Part III, Theory of hydraulio
jump and backwater curves, by 8. M. Woodward; Experimental investigation of the hydraulic jump as a means of dissi-

pating energy, by R. M. Riegal and J. C. Beebe, 111 pp., 1917. Part IV, Calculation of flow in open channels, by I. E.
Houk, 283 pp., 1918. Part V, Storm rainfall of eastern United States, by the engineering staff of the District, 310 pp.;

1917. Part VI, Contract forms and specificati by the engineering staff of the District, 3 folding plates and index;
atlas of the selected contract and information d gs to part VI, 192 pp., 1918, Part VII, Hydraulics of
the Miami flood-control project, by 8. M. Woodward,344 pp., 1920. Part VIII, Rainfall and run-off in the Miami Valley;
by L. E. Houk, 236 pp., 1921. Part IX, A ting and cost keeping of the department of engineering and truction;

by F. L. Cavis, 112 pp., 81ills. Part X, Construction plant, methods and cost, byChxs H. Pauls, 432 pp.
Miami Conservancy Bulletin, August 1918 to December 1923 vol. 1, No. 1, to vol. 4, No. 5
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mile wide, which acts as a flood plain. The terrace is made of relatively
coarse sand and gravel.

The shallow water-bearing beds of sand and gravel vary in thickness,
depending on the surface elevation, from 30 to 50 feet and are fairly
continuous and regular. These beds have been developed for water
supply mainly in a small area along the east bank of the Miami River
north of Central Avenue for the municipal supply and the industrial
water supplies of the Sorg Paper Co., the Gardner-Richardson Paper
Co., and the Wrenn Blotting Paper Co. About 11,000,000 gallons of
water per day are taken from the shallow beds in this area.

The shallow water-bearing beds are generally a mixtute of medium to
coarse gravel and sand. In some localities fine and coarse sand with
little mixed gravel is reported. The material is exposed to a depth of
about 20 feet in the pit of the Moorman Sand & Gravel Co. (J), near
_ the municipal well field. Here the sand and gravel is moderately coarse
and cross bedded showing deposition by cross currents. Near the river
bank the shallow aquifers are about 25 feet thick and become thicker
to the east. The maximum thickness reported was 53 feet in a well
at the Gardner-Richardson plant No. 2 at Charles Street and Flemming
Road.

Measurements of water level have been made in the pit of the Moorman
Sand & Gravel Co. (J) since September 30, 1938, and in the abandoned
Smith gravel pit (L), one-half mile northeast, since July 10, 1939. Staff
gages were installed in each pit, and the elevation of the zero of each
gage was determined by instrumental leveling. The fluctuations of
water level during the period of record to December 31, 1940, are shown
in figure 11.

The water level in the Moorman pit has ranged from a high stage of
632.52 feet above sea level on April 18, 1939, to a low level of 616.60
feet above sea level on October 22, 1940. The low level for 1938 occurred
on November 14, when the level was 619.06 feet above sea level. The
low level of the fall and winter of 193940 was reached on January 16,
1940, and was 2.21 feet lower than the low level of 1938. This decline
in water level during the year was due, in large part, to the deficient
precipitation from July 1939 to January 1940, during which period
there was an accumulated deficiency of more than 10 inches of rainfall,
and to the increase in industrial pumping from nearby wells in October
1939. The water level rose rapidly to a level of 632.28 feet above sea
level on April 26, 1940. The high level of 1940 was 0.24 feet lower
than that of 1939. The water level on July 2, 1940, was 3.93 feet lower
than on July 10, 1939.

The water level in the Miami River has been measured at weekly
intervals from a measuring point on the Central Avenue Bridge. In
spite of large fluctuations in water levels, in the river and the pit, with



43

‘0¥61 ‘I§ 0qUIeas(] 03 ‘8E6T ‘T 2990300
{£yUnog) Io[ng ‘UMOPIPPIJ ‘FPLIY ONUSAY [E1JUS)) I8 DAY THEIN 5Y3 PUR ‘I-g¢ PRE -6 S[oM ‘syd [2A®S8 () yjrmg pue (f) uswWIoOTy 0} UT [9A9] I0jeA Jo sqder)—']] auaplf

86S

e 208
T, - ot 09
W [~ ™ i 08

- =<{= ‘ N P P L Y 609
<O = ol
~<o N P

/I

. 219
b | /-££ 7794 _ oo

{—row N == = 9l
\ /-63 TIIM|~—~1 819

029
. Yy N 7 1id 229

cessdessecha,,

GROUND WATER IN SPECIFIC LOCALITIES

+29
929
829
og9
2e9
1431
¥ 2¢€9

030 | AON | 100 j1d3S{'9NY [ATNF[INNF] AVA ['HdV [4VYW 833 |'NVI |'D30|AON | 100 [1d38| 9NV AINPIENNC| AV 'HdY [HYN[834 ['NVYF 030 [AON [ 100 idas{9anv [Aane ses
ob6l 6€61 €6l

o Yoo TANIY INVIN

P e R P e e Vas: Mk NI AN
o o

4
By
B
4
D
p:

A "
7 41d o,

b

13A31 v3S 3A08v 1334 NI'ICNLILIV

745213—48—4



44 GROUND-WATER RESOURCES OF THE CINCINNATI AREA

the exception of 3 weeks the water level in the Moorman pit has re-
mained from 1 foot to 14 feet below river level. The exceptions have
followed extremely high stages in the river when the ground-water
level declined to normal more slowly than the river stage.

During normal stages of the river, when it is confined to its normal
channel, recharge to the water-bearing beds directly from the river is at
a minimum. The river carries much silt, which, when deposited, may
effectively seal the pores of the gravel and curtail seepage of water out
of the stream into the ground. As the river flows in the same channel a
large part of the time, enough silt may have been deposited to seal the
channel partly during periods of low stream flow. During periods of
low river stage, the water in the Moorman gravel pit apparently moves
from the hills and farther up the Miami Valley in a southerly and west-
erly direction. A depression in the water table has been caused in this
area by heavy pumping from the wells of the municipal supply and of the
Sorg Paper Co., which has lowered the water level in the gravel pit
below river level. '

During periods of high-river stage the broad flood plains of the river
are often covered. The gravels, which have not been covered continu-
ously by the river for long periods of time and thus have not been covered
by silt, are sufficiently permeable to allow large quantities of water to
pass into the ground. Considerable recharge to the ground-water
reservoir may occur during such periods. The water level in the Moor-
man pit rises rapidly in response to changes in river stage and to preci-
pitation. ~

The water level in the Smith pit (L) has been measured at weekly
intervals since July 10, 1939. During the period of record the water
level has ranged from a low level of 621.43 feet above sea level on Novem-
ber 19, 1940, to a high level of 632.00 feet above sea level on April 23,
1940. On July 2, 1940, the water level in this pit was 3.94 feet lower
than on July 10, 1939. This net loss is roughly the same for the cor-
responding period in the Moorman pit.

The fluctuations of water level in the Smith pit appear to be due
mainly to precipitation and in a lesser degree to changes in the stage of
the Miami River. For much of the year except for several weeks after
an extremely high river stage, the pit level has been from a few feet
above to about 8 feet below river level. The changes in water level
" are not as rapid or as large as those in the Moorman pit. During the
period of record the water level in the Smith pit has been with one ex-
ception on April 26, 1940, from less than 1 foot to 514 feet above the
water level in the Moorman pit. The evidence indicates that the normal
flow of ground water is west and south from the Smith pit toward the -
Miami River and toward the Moorman pit and the area of heavy with-
drawal.
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A staff gage was installed on February 6, 1940, in the pit of the South
Middletown Sand & Gravel Co. (P) just beyond the southeast cotner
of the city limits, on the east bank of the Miami River. The period of
record to date is not sufficiently long to determine the high and low
water levels in this pit. The record does show, however, that the water
level in the pit fluctuates in a similar manner as the river stage.

The water level has been measured in a well (29-1) in the basement of
the Y. M. C. A, at Manchester Avenue and Broad Street, since August
8, 1939. The depth of the well was measured as 50 feet below the side-
walk level and therefore probably ends in the shallow water-bearing
beds. The water from the well was reported to contain very little or
no iron. The water level in this well is not affected by pumping from
the present supply well (29-2) 15 feet away, which draws its water from
the deeper water-bearing formation. The water level in the shallow well
has ranged from a low level on November 12, 1940, of 608.03 feet above
sea level, to a high level on April 23, 1940, of 623.05 feet above sea level,
and it fluctuates in a similar manner to that in the Moorman gravel
pit. The water level in this well is generally from 7 to 16 feet below the
level of the Miami River at the Central Avenue Bridge, owing in large
part to the cone of depression developed by heavy pumping from muni-
cipal and industtial wells between this well and the river.

The pumping level in the well at the Sorg Paper Co. in December
1939 was about 16 feet below the water level in pit J and about 8 feet
below the level in the Y, M. C. A. well. This would indicate that the
cone of depression’extends more across the valley than parallel to the
valley. Unfortunately it has not been possible to obtain shallow wells
suitable for measurement in the area farther from the river than the
Y. M. C. A. well, and the shape of the cone of depression has not been
determined.

The water in the shallow water-bearing beds is derived in part from
local precipitation and in part from recharge from the Miami River.
The United States Weather Bureau reports an average precipitation
for Middletown of 42.97 inches. The intake area for the shallow water-
bearing beds is large, as most of the area within the limits of the glacial-
outwash deposits is underlain by gravelly and sandy soils that permit
water to pass easily through them.

The ground water in the shallow water-bearing beds probably moves
generally southwestward along the valley of the Miami River, similar to
the surface drainage. In areas where no extensive quantities of water are
pumped the ground water also generally moves from the valley walls
toward the river and probably drains into the river in such areas, parti-
cularly during low river stages. In the vicinity of the area of heavy -
withdrawal, the general direction of flow into the river is reversed and
water flows toward the heavily developed area from all directions.
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The area affected by the pumping of approximately 11,000,000 gallons
of ‘water a day from the shallow water-bearing beds probably extends
under a large part of the city. The sands and gravels of the shallow
formation are highly permeable, as shown by the rapid rise of water
level in the Moorman pit in response to high stagés of the Miami River
and to precipitation, and by the relatively large yields of more than 1,000
gallons a minute from wells of the Sorg Paper-Co.

The shallow water-bearing beds range in thickness from about 20 to
50 feet, with an average of about 35 feet. During several months of
summer and fall, when the water level is generally low, only about 10
to 12 feet of saturated material remains in the Moorman pit and con-
siderably less in the pumped wells nearby. Some wells must be pumped
at only part capacity to avoid pumping air and losing suction. Because
of these conditions, the available supply from the shallow water-bearing
beds in this area is limited. In the northwest corner of the city, where
the supply has been developed to capacity, any increase in withdrawal
will result in overdevelopment and abandonment of some wells. -

Moderately large supplies of water, however, may be developed from
the shallow water-bearing beds in other areas, where the supply has not
been developed to capacity. Such areas would include the undeveloped
areas on the east and west sides of Ohio Route 4 to Poasttown north of
Middletown in secs. 23 and 24, and the N14 secs. 29 and 30, Lemon
township. South of Middletown suitable areas may be found in secs.
27, 32 and 33, Lemon township. The broad, flat area south of Trenton
in Madison township appears quite favorable for further development.
Care should be taken to develop a supply as near to the center or eastern
side of the valley as possible, where the shallow gravels are generally
thickest. Careful test drilling should be done before any extensive
ground-water supply is planned.

The watér in the shallow water-bearing beds probably contains
less’ iron than that from the deeper formations, as shown by the figures
in the table of analyses. The shallow water is therefore preferred for -
municipal supply and for many industrial purposes, such as paper-
making in which a high iron content is objectionable.

The shallow water-bearing beds in Middletown are underlain by a
fairly continuous bed of boulder clay, occurring at a depth of 30 feet
near the Miami River and 53 feet below the land surface in the center
of the city. The upper surface of the clay appears to be fairly flat and
slopes uniformly upward toward the valley walls. The clay is con-
siderably thicker along the Miami River, having a maximum thickness
of 42 feet in a test well in the city well field. The clay becomes thinner
toward the east, having a thickness of only 6 feet in the well at the P.
Lorillard Co. The equivalent of the clay in a well at the Gardner-
Richardson Co., plant No. 2, probably has a thickness of 9 feet... The
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boulder clay is also thinner toward the southeast and has a thickness
of only 4 feet in wells at the Wardlow Thomas Paper Co. and the central
plant of the American Rolling Mill Co.

The deeper water-bearing beds at Middletown are mainly. sand and

gravel, interbedded with which are many lenses of blue clay, in some
places as much as 15 feet thick. The clay lenses within the formations
are not continuous over large areas and occur at many different elevations.
They are apparently sufficiently separated that water may pass downward
in a circuitous path around the edges of the lenses to reach the underlying
gravels.
* The deeper sand and gravels are extremely variable in thickness.
As adequate supplies of water generally have been found at the shallower
depths, few wells have been drilled to bedrock. Two test wells at the
East Side works of the American Rolling Mill Co. struck bedrock at
263 and 265 feet, or at an elevation of abqut 400 feet above sea level.
This plant is at the junction of the Miami Valley and the abandoned
valley of the ancestral Todds Fork and these wells may not show the
true elevation of the deepest part of the channel. The deeper water-
bearing formation is, therefore, 150 to 200 feet thick in many places.

In the area west of Main Street, along the east bank of the Miami
River, wells of the city waterworks, the Sorg Paper Co., the Gardner-
Richardson Paper Co., and the Wrenn Paper Co. obtain water from the
deeper water-bearing beds. Most of these plants use as much water as
possible from wells in the shallow water-bearing beds and use the water
from the deeper formations to augment their supply. Wells at the
Y. M. C. A,, the Gardner-Richardson plant No. 2, the Shartle Machine
Co., the P. Lorillard Co., the Middletown Ice & Coal Co., the Wardlow
Thomas Co., and the central plant of the American Rolling Mill Co.
are in the deeper water-bearing beds. About 9,000,000 gallons of
water a day is pumped from the deeper water-bearing beds in the central
part of the city.

As no well suitable for measurement of water level in the deeper for-
mations has been found in the central part of the city, little is known of
the fluctuations of water level in that area. No serious decline in water
level in this formation has been reported in the central part of the city,
and additional supplies may be developed from the deeper beds without
danger of overdevelopment if care is taken to space the wells as widely
as possible.

Three separate water-bearing formations were reported at the East
End plant of the American Rolling Mill Co. The present wells at the
plant range in depth from 170 to 224 feet and all pass through several
layers of clay. However, a careful study of the available well logs in
this area, including those of numerous test wells, shows that there is
probably no complete separation between the “second” and “‘third”.
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formations. The layers of clay occur as lenses that are not continuous
over a large area and that occur at different elevations, sometimes over-
lapping. Water percolating downward through the formation may
- flow horizontally along the tops of such barriers but eventually may
reach the deeper parts of the formations.

Measurements of water level have been made, and an automatic
water-stage recorder has been maintained in an abandoned well (36-13)
at the East End plant since July 28, 1938. This well was originally
243 feet deep, but now has a measured depth of only 183 feet because of
a collapsed casing. The well probably obtained water from the so-called
“third” water-bearing formation. During July 1939, when the water
level in this well rose about 17 feet, owing to a great decrease in pump-
ing from nearby wells (pl. 5), measurements of water level were made in
well 36-6 nearby. The depth of well 36-6 is 108 feet and probably
ended in the “second” water-bearing formation. From July 10 to
August 8 the water level in both well 36-6 and well 36-13 rose 9.5 feet,
and from August 8 to September 12 the water level in well 36-6 de-
clined 13.2 feet and in well 36-13 declined 13.3 feet. The similarity
between the fluctuations of water level indicates that there is only one
water-bearing formation, from which both wells obtain their water, and -
that there is no continuous separation between the reported “second”
and “third” water-bearing formations. Measurements of water level in
well 36-6 were discontinued after September 12, as the well was dry
the following week.

The water level in well 36-13 (pl. 5) has ranged from a high level of
79.98 feet below the top of the casing on August 8, 1938, to a low level of
117.17 feet below the top of the casing on December 24, 1940. The
water has declined almost continuously from week to week except
during a few weeks each in April and May 1939, July and August 1939,
and December 1939. The water level fluctuates as much as 7 feet
during the week in response to changes in the rates of pumping from
nearby wells. .

Water-level measurements have been made at weekly intervals since
December 20, 1938, and an automatic water-stage recorder has been
maintained from July 6, 1939, to February 9, 1940, and since March
12, 1940, on a large concrete caisson well (33-1) at the Wardlow Thomas
Co., Fifth and Vanderveer Avenues. The well is about 47 feet deep,
and it is reported that boulder clay was struck at that depth. It is
also reported that five 12-inch holes were drilled through the clay, which
was about 6 feet thick, into the deeper water-bearing formation. :

The water level in this well during the period of record has ranged
from a high level of 28.63 feet below the measuring point on May 2, 1939,
(fig. 11) to a low level of 46.52 feet below the measuring point on October
26, 1940, when the well was dry. Pumping from nearby wells causes
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a fluctuation of about 134 to 2 feet in this well. The fluctuation, however,
is gradual, occurs only once a week, and shows a gradual draw-down
during the week and a recovery over the week end.

The fluctuations of water level in this well indicate that the water
level is affected by pumping from the supply well of the Wardlow Thomas
plant, from which about 2,000,000 gallons a day are pumped when the
plant is in operation. During periods when the plant is shut down
the usual weekly fluctuation of water level in this well is absent and the
water level rises or declines continuously throughout the week. The
supply well of the Wardlow Thomas Co. takes water from the deeper
water-bearing formation. The evidence suggests a connection between
the shallow water-bearing formations and the deep ones at or near the
Wardlow Thomas plant. The layer of clay that separates the deep
and the shallow formation also apparently becomes thinner in the south-
ern part of the city and may pinch out or be cut out near the southern
limits. If such an opening in the clay bed exists, the water from local
precipitation and from the shallow water-bearing formation may re-
charge the deep water-bearing beds.

The water level in well 33-1 has remained 8 to 15 feet below the level
of the Miami River at Central Avenue and 1 foot to 16 feet below the
water level in the Y. M. C. A. well 29-1. One of the holes that were
reported to be drilled through that clay at the bottom of the well was
actually found by walking over the bottom when the well was dry. The
presence of the holes and the fact that the clay stratum separating the
two water-bearing formations becomes thinner in a southerly direction
suggests that this well is near a hydraulic connection between the two
formations. The water level in this well probably represents the com-
bined effect of the water table in the shallow beds and the artesian pres-
sure in the deeper formation.

The fluctuations of water level in the deep water-bearing beds at
Middletown show that this formation has been overdeveloped in the
vicinity of the East Side works of the American Rolling Mill Co., as the
water level has declined almost continuously during the period of ob-
servation (pl. 5). However, in the central and northern parts of the
city, there has been no overdevelopment, and additional water supplies
may be taken from the deep water-bearing formation. The wells
should be spaced as far apart as possible, and extensive test drilling and
pumping should be done before any large development is made.

It may be possible to increase the ground-water supply from the shallow
water-bearing beds by some method of artificial recharge. Some of
the difficulties that may be encountered in artificial-recharge operations
have been discussed in a previous section, and many of these may have
to be overcome before any recharge operation may be successful. If
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artificial recharge is tried in this area it should be tested experimentally
first to determine its feasibility.

The main source of surface water in the Middletown area is the Miami
River. The water in the river is heavily polluted by industrial waste
from Dayton, Miamisburg, and Franklin. Much of the waste water
from paper mills carries material that forms an impervious seal on the
sands and gravels of the river bed and that must be removed before
the water can be used for recharging.

In the northwest corner of the city the water level in the shallow
water-bearing beds is below the level of the Miami River, presumably
because of the heavy withdrawal (about 11,000,000 gallons a day) from
municipal and industrial wells. It may be possible by some method of
artificial recharge to raise the water level perhaps as much as 10 feet
to the level of the river. If the ground-water level should be raised
above river level, much of the water would drain back into the river by
effluent seepage. Two methods of artificial recharge seem worthy of
consideration in this area and will be discussed separately.

The Middletown hydraulic canal passes along the east bank of the
Miami River, and at Columbia Avenue it has an elevation of about
648 feet above sea level, or about 30 feet above the low water level in the
Moorman gravel pit. If sufficient water in excess of the existing re-
quirements for the hydraulic canal could be made available and if the
use of the Moorman pit could be obtained, moderate quantities of water
could be run into the pit to produce recharge. The water could be led
by gravity from the canal to the pit through a ditch or pipe line con-
structed for that purpose. Such an experiment would involve several
considerations. A higher water level would probably increase the cost

" of digging and washing gravel. Flow of water from the canal would
doubtless increase the amounts of silt and organic matter in the pit,
unless the water were filtered. Continued operation of the pit would
be desirable, as such operation would break up the silt seal and expose
new surfaces through which water could percolate. The danger of
bacterial pollution would be increased by such an operation. and there-
fore tests on water from the city wells would have to be made at frequent
intervals.

The other method of artificial recharge that might be tried in this area
is the construction of spreading grounds along the flood plains of the
Miami River. Water either pumped from the Miami River or taken
from the hydraulic canal might be spread over several acres and allowed
to percolate into the ground. Such spreading grounds should be located
near the heavily developed area where the ground-water level is below
river level. There would be danger of bacterial pollution if untreated
water were used, and the spreading grounds might be damaged in times

of flood.



GROUND WATER IN SPECIFIC LOCALITIES 51

Artificial recharge to the deep water-bearing beds through shafts or
wells might be attempted in the vicinity of the East Side works of the
American Rolling Mill Co., where the water level is about 110 feet below
the land surface. However, an adequate supply of water for recharging
would have to be provided. As the water supply would have to be
brought to the recharge wells through a pipe line or the hydraulic canal,
the question may be raised as to the economic feasibility of such a pro-
ject, especially in view of the difficulties encountered in recharge wells
in other areas.

MIAMI VALLEY BETWEEN MIDDLETOWN AND NEW MIAMI

The Miami Valley between Middletown and New Miami has a flat
valley floor that attains a maximum width of about 5 miles between
Trenton and Busenbark. (See pl. 1.) The major part of the valley
floor is the top of a broad terrace of Wisconsin outwash. The Miami
River has cut a new channel and flood plain about 20 feet below the
general terrace level. The area is used entirely for agriculture and is
supposed to be one of the finest farming areas in the two counties.

Just south of Middletown the Miami Valley is joined by the buried
valley of the ancestral Todds Fork, which flowed northwestward from
Camp Hagerman and the drainage basin of the present Little Miami
River. It is reported that this valley is underlain by beds of clay and
silt, deposited during Illinoian time, when the valley remained a lake
because drainage was blocked by advancing ice.

. The plant of the Crystal Tissue Co. is located at Excello, at the mouth
of this valley near the south wall. A number of wells have been drilled .
and in December 1940 about 2,500,000 gallons a day were being pumped
from six wells, that ranged in depth from 56 to 110 feet. A study of logs
of several wells in this locality shows that apparently several discon-
tinuous lenses of clay and silt are interbedded in the deposits of sand
and gravel. The lenses of clay and silt occur at different elevations
and are not present in all wells.

As the main part of the Miami Valley is used for agriculture, most
of the wells have been drilled or driven for domestic and stock supply.
As far as is known, moderate supplies of water can be obtained with
little difficulty at shallow depths of not more than 30 feet. Although
the ground water has not been developed extensively in this area, a
moderate supply probably can be developed without much difficulty,
particularly near the center of the valley.

The Miami Valley is joined several miles north of New Miami by
the valleys of Sevenmile and Fourmile Creeks. Adequate supplies of
water for domestic use and for farm supplies have been easily obtained
in this area.
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NEW MIAMI

New Miami, a village several miles north of Hamilton on the north side
of the Miami River, has grown up around the large coke plant and the
two blast furnaces of the Hamilton Coke & Iron Co. The water supply
for the plant has been developed from three wells ranging in depth from
169 to 177 feet and located in a 4,000 foot line parallel to the Miami
River. About 4,500,000 gallons of water a day were pumped from
these wells during 1939. Measurements of water level in a 6-inch test
well are made at irregular intervals by the company, but the fluctuations
of water level due to pumping the nearby supply wells are so great that
no significant trend of water level can be determined. No serious de-
cline in water level has been reported during the past 3-years.

The municipal waterworks of the city of Hamilton is located just
south of the Miami River and about 1 mile north of Hamilton. The
plant was built in 1935 and consists of six individual wells and well
houses, a pumping station and filtration plant, and a chemical building.
Not more than three wells' are usually operated at one time. The
average daily pumpage for this plant in December 1940 was about
3,500,000 gallons a day. The wells are reported to be 133 to 186 feet
deep.

An automatic water-stage recorder was installed on a 2-inch test well
(85-7) near the west end of the well field on July 7, 1939, and has been
maintained since that date. The fluctuations of water level are due
largely to the particular wells or combination of wells that are being
pumped. There is usually a fluctuation of water level of about 3 feet
each day. (See fig. 9.) .

The water level in the test well at the Hamilton waterworks has ranged
from a low stage of 562.60 feet above sea level on December 14, 1940,
to a high stage of 575.04 feet above sea level on April 18, 1939. (See
fig. 12.) The water level in this well during the last week in July 1940
was about 214 feet lower than during the same period in 1939; the pump-
age from the well field during this week in 1939 was more than 214 times
that during the same week in 1940. The apparent decline in water
level from July 1939 to July 1940, is therefore, not as serious as it first
appears. This comparison, however, tends to show that the pumpage
from the well field of the Hamilton waterworks may be increased with-
out serious decline in water level.

Measurements of stage of the Miami River have been made at weekly
intervals from the bridge on U. S. Highway 127, just south of New
Miami and about 0.2 miles north from the Hamilton waterworks.
The graphs of water level in the Miami River and in the test well at the
waterworks show that the ground-water level is influenced in part by
the river level, particularly during high stages of the river. The fluc-
tuations of ground-water level caused by pumping from the well fields
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obscure in large part the natural fluctuations of water level caused by
changing stages in the Miami River and bylocal precipitation.

The material that crops out along the banks of the Miami River is a
coarse gravel intermixed with smaller gravel and a small amount of sand.
The outcrop appears to contain only small amounts of silt deposited
by the Miami River. The underlying material is a mixture of sand
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Fraure 12.—Graph of water level in well 85-7, Hamilton waterworks, New Miami, Butler County, March 7; 1039, to
December 31, 1940,

and gravel, interbedded with lenses of clay, which occur at different
elevations and which are apparently discontinuous. The thickness of
the glacial fill in this area ranges in depth from 21 to about 210 feet.

The present pumpage in this area is concentrated within two small
areas. Additional supplies of water probably can be obtained by drilling
wells at some distance from the present well fields. ’

\
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HAMILTON

The city of Hamilton stands on the banks of the Miami River about 22-
miles north from Cincinnati. It is the county seat of Butler County.
The population according to the 1940 census is 50,592. The principal
industries are paper mills, foundries, and plants for making heavy ma-
chines, tools, and safes.

Some of the industrial plants obtain water from the municipal supply |
system, but most of the large plants pump water from private wells.
The largest user of ground water is the Champion Paper & Fibre Co.
plant, on the west side of the Miami River near Black Street (pl. 7),
from whose wells [80(1-8)] are pumped almost twice as much water as
is used for public supply. It has been estimated that during 1939
approximately 12,000,000 gallons a day were pumped in the city of
Hamilton, not including the municipal supply outside the city limits of
the water pumped by the Hamilton Coke & Iron Co. at New Miami.

The city of Hamilton stands on a broad terrace of Wisconsin outwash
at an elevation of about 600-610 feet above sea level. The central
part of the city is extremely flat. The Miami River flows through the
western part of the city in a channel that is about 50 feet below the
general terrace level. The river has been deepened through the heavily
developed area by the Miami Conservancy District, as part of the larger
flood-control plan in the Miami Valley. The river is relatively narrow
through the build-up section of the city and flows through a channel
the walls of which are protected by a concrete revetment.

The part of the city on the west bank of the Miami River lies mainly
in a bowl-shaped embayment now drained by Twomile Creek. The
floor of the valley appears to be a remnant of a partly dissected terrace
about 640 feet above sea level. This embayment, the origin of which
is not fully understood, is probably an extension of the buried bedrock
valley. Two wells of the Champion Paper & Fibre Co. drilled in the
valley of Twomile Creek failed to encounter rock at depths of 181 and
164 feet, or at elevations 405 and 435, respectively.

The depth to the floor of the bedrock valley apparently varies con-
siderably throughout the city. Leverett?” reported the maximum
thickness of the drift at Hamilton as 210 feet. Fenneman 28 reported
that one of the wells of the old city waterworks struck rock at a depth of
208 feet, or 360 feet above sea level.

The deepest part of the channel is probably under the western part of
the city. Bedrock was encountered in one of the present wells of the
Champion Paper & Fibre Co. at a depth of 212 feet, or 381 feet above
sea level. It is reported that bedrock was encountered at a depth of

27 Leverett, Frank, Glacial formations and deai feat in the Erie and Ohio Basins: U. 8. Geol. Survey Meon.
41, p. 361, 1902.
28 Fenneman; N. M., The geology of Cincinnati and vicinity: Ohio Geol; Survey, 4th series, Bull. 19, p. 118, 1916.
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118 feet, or about 472 feet above sea level, in a well of the Beckett Paper
Co. at Fifth and Buckeye Streets. The other wells in Hamilton on
which data are avai'able do not reach bedrock.

"The deposits filling the buried valley at Hamilton according to well
logs are mainly sands and gravels with a few discontinuous lenses of blue
clay and “conglomerate.” The conglomerate is probably an extremely
hard and gravelly boulder clay. A careful study of the available well
logs fails to show any continuous bed of clay or impermeable material
underlying most of the city. There are probably not two separate
water-bearing formations, but water from the surface may reach the
deeper gravels, from which it is later pumped.

An automatic water-stage recorder has been in operation on an aban-
doned well (89-3) at the Niles Tool Works of the General Machinery
Corporation since July 25, 1938. The well is on the east bank of the
Miami River, about 50 feet east of the river and about 100 feet south of
the Black Street Bridge. The water level in this well has ranged from
a high level of 567.20 feet above sea level on April 22, 1940, to a low
level of 553.56 feet above sea level. on January 2, 1940. (See pl. 5.)
Measurements of water level have been made at weekly intervals from
a measuring point on the Black Street Bridge and show that the water
level in the well of the Niles Tool Works fluctuates in the same manner
as the stage of the Miami River. The ground-water level remains from
2 to 10 feet below the river level, owing to pumping from wells in the
vicinity.

Measurements of water level have been made in one of the abandoned
wells (86-7) of the old Hamilton public-supply well field just north of
the city limits. The water level in this well, which is 113 feet deep, has
ranged from a high level of 568.41 feet above sea level on April 25, 1939,
to a low level of 560.34 feet above sea level on February 5, 1940. A
continuous water-level record, obtained by an automatic water-stage
recorder on this well, shows that the water level is affected only slightly
by pumping from wells in the vicinity. The ground-water level is
affected partly by a rising stage of the Miami River, although the rise
in ground-water level is much slower and smaller than the corresponding
rise in river stage.

The water level in well 86-6 at the old well field of the Hamilton
public supply is generally from less than 1 foot to 10 feet-above the water
level in well 89-3 at the Niles Tool Works. The water level in well
86-6 is apparently unaffected by pumping from the wel]s of the present
public supply, about 1 mile north.

In the Miami River approximately due west of the old Hamilton well
field, the Miami Conservancy District has constructed a concrete over-
flow dam about 7 feet high 29 to prevent gravel from drifting down into

29 Anonymous, The concrete overflow dam at Hamilton: Miami Conservancy Bulletin, vol. 4, No. 4, pp. 62-64,
December 1922. ’
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the narrow part of the channel, which has been deepened for flood
flow of the river. The Hamilton Gravel Co. operates a drag line to
remove gravel from the river. It is believed that this breaks up any
silt seal and allows more water to seep into the deeper gravels than
would naturally seep into them. However, as the water level in well
86—6 has remained about 10 feet below the water level in the river above
the dam and as the ground-water level responds rather slowly to rises in
the river, apparently only a small recharge enters the ground from the
river north of the dam.

The channel of the Miami River through Hamilton from Black Street
Bridge to beyond High Street Bridge has been deepened by the Miami
Conservancy District. Even now the principal action of the river is a
scouring of its present bed, especially during high stages. During
high stages of the river silt that may have been deposited during low
stages is probably removed and the bottom of the river cleaned suffi-
ciently to allow rapid recharge, as shown by the rapid rises in water
level in well 89-3.

The Champion Paper Co. has five wells along the west bank of the
Miami River, starting slightly south of Black Street Bridge and ex-
tending north almost to the overflow dam. Two additional wells extend
in a line that runs west from the Miami River up the valley of Twomile
Creek. In December 1940 the company obtained its supply from five
wells that range from 158 to 181 feet in depth. The static level and
pumping level in four of the wells are measured with a pressure gage by
the company at frequent intervals. The fluctuations of static water
level as determined by the measurements in well 80-5, which is aban-
doned, appear to be fairly closely related to changes in stage of the
river, although the water level in well 80-5 is as much as 60 feet below
river level.

All the wells penetrate one or more layers of clay between the surface
and the formation from which water is pumped. However, the layers
are probably not entirely continuous and probably allow at least some
water from the surface to reach the deeper gravels.

In the wells of the Champion Co. that run in a line parallel to the
main axis of the valley the water table is reversed and slopes toward
the north. This may be due to a cone of depression that has been de-
veloped around well 804, the yield of which is greater than that of wells
on either side of it. In the line of wells that extends west, away from
the river, the water table apparently slopes away from the river toward
wells 80-7 and 80-8. The slope may also be due to heavy pumping
from wells 80-7 and 80-8 and to recharge by water that seeps out of the
river channel south of Black Street Bridge.

The water obtained from the Champion wells is probably from a
water-bearing formation that is separated, in part, from the formation
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from which wells on the east side of the Miami River obtain water.
This supposition is based on the fact that the Champion wells are at least
40 feet deeper than those on the east bank and that the water level is
considerably lower.

The other wells in the city of Hamilton are relatively small, and
moderate quantities of water are used from them. A few of these wells
are as much as 150 feet deep, but most of them are less than 100 feet
deep. No serious trouble has been reported with declining water level.
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Fiqure 13—Graph of water level in well 104-1; McGreevy Dairy Co., Hamilton, Butler County, November 30, 1938
to December 31, 1940,

The water level in a shallow driven well (104-1) at the McGreevy
Dairy Co., Dixie Highway and Laurel Avenue, was measured at weekly
intervals from November 30, 1938, to December.31, 1940.. The water
level in this well (fig. 13) varied from a high level of 574.60 feet above
sea level on April 18, 1939, to a low level of 562.68 feet above sea level
on February 6, 1940. The fluctuations of water level in the area away
from the Miami River, as shown by this well, are due mainly to changes
in local precipitation.
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The ground water pumped from wells in Hamilton and vicinity prob-
ably is derived mostly from local precipitation and from the Miami
River, which, during high stages, enters the ground within a compara-
tively short distance of the pumped wells. Undoubtedly, the general
underflow of the Miami River, flowing in a southwesterly direction down
the natural slope of the water table, contributes some water that is
recovered by the wells. The soils that cover the valley are generally
sandy and gravelly loams, through which water may readily percolate.
The materials underlying the soils in most of the valley are sands and
gravels, which allow ample storage for local precipitation.

A steep cone of depression has been developed in the vicinity of the
well field of the Champion Paper Co. because of heavy pumping of
ground water for many years. The water level in the well field of the
Champion Paper Co. was reported in 1937 30 to have declined about 90
feet since 1916. The few available measurements of water level show
that most of the decline occurred during the period 1923 to 1926. A
comparison of static water levels measured in 1931 and 1939 in four
wells shows that during this period the water level declined in two wells,
4 and 6 feet, respectively, and rose in two wells, 10 and 11 feet, respect-
ively. The pumpage from these wells was probably much greater
during 1931 than during 1939. In December 1940, as a result of certain
methods of reusing and conserving water, the Champion Paper & Fibre
Co. is having little or no trouble in obtaining sufficient water from its
wells.

The water level in the old well field of the, city of Hamilton is reported
to have declined 27 feet, or about 2 feet per year, from 1916 to 1929.
Measurements of water level in five wells installed in 1927 show a de-
cline in water level of from 414 feet to 1714 feet during the period 1927
to 1935, when the well field was abandoned. Measurements of water
level that are being made in well 866 show that the water level is at
present as high as in 1927, or even higher.

The problem of declining water level in the city of Hamilton appears
to have been somewhat overemphasized. During the 2 years of in-
tensive investigation the water level did not decline seriously, and ad-
ditional supplies of water may be obtained in the area. The most
favorable locations appear to be in the level tract just north of the city,
but small to moderate supplies can be obtained almost anywhere in the
city if care is taken to drill new wells as far as possible from existing
wells. )

MIAMI VALLEY SOUTH OF HAMILTON

The Miami Valley south from Hamilton to the Butler-Hamilton
County line (pl. 1) is about 214 miles wide near Hamilton but becomes

30 Questionnaire sent out by the Hamilton Chamber of Commerce.
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slightly narrower near Venice. The main part of the valley floor is a
terrace at an elevation of about 570 feet above sea level. As the area
is well suited for agriculture many farms have been developed in it.
Several pits have been opened for sand and gravel, but only one pit,
operated by the South Hamilton Sand & Gravel Co. (E) was being
worked at the time of this investigation.

The abandoned valley of the ancestral Ohio River flowing north and
west from Cincinnati, up the present valley of Mill Creek, joins the Miami
Valley near Symmes, several miles south of Hamilton. Although
there is no definite separation between the two valleys, the Mill Creek
Valley may be considered to end approximately at the 600-foot contour
line, which extends southward from the east wall of the valley at Hamil-
ton.

The valley is underlain by deposits of fairly coarse sand and gravel.
Local drillers have found clay in many wells, but the clay lenses are
apparently not continuous over a large area and appear to be less wide-
spread than in the Mill Creek Valley. The total thickness of glacial
fill in this area is not definitely known as no well has been drilled to bed-
rock. However, as bedrock in Hamilton was struck at an altitude of 370
to 380 feet above sea level and as it probably would be found about
the same altitude in this area, the glacial deposxts are probably 170 to
220 feet thick.

Many small wells have been drilled for farm and domestic use but no
large development of ground water has been made in the area. The
quantity of water pumped is therefore small and the water supphes are
not overdeveloped.

Water levels have been measured in several wells and in two gravel
pits at regular intervals during the period of investigation. The fluctua-
tions of water levels in this area are shown in figure 14. In general the
fluctuations of water level in this area are due mainly to fluctuations in
local precipitation, although a rise in stage in the Miami River may cause
a rise in water level in wells near the river.

The water level in well 117 has ranged from a low of 29.76 feet below
the measuring point, or an altitude of 554.04 feet above sea level, on
December 31, 1940, to a high of 21.24 feet below the measuring point,
or an altitude of 562.56 feet above sea level, on May 2, 1939. The high
stage in May 1939 was 0.13 foot higher than the high stage on April
23, 1940. The low stage of December 1940 was about the same as the
low stage of February 6, 1940, and 1.2 feet lower than the low stage of
January 3, 1939.

The graph of water level in pit E shows fluctuations of water level
typical of this area. Before the present staff gage was installed oc-
casional measurements of water level in the pit were made by J. T.
Alexander, drag-line operator of the South Hamilton Sand & Gravel Co.

745213—48—5
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In January 1937, after the period of excessive precipitation that was
accompanied by a disastrous flood at Cincinnati, the water level in this
pit stood at an elevation of 23.9 feet above the Zero of the present gage,
or 576.5 feet above sea level. The highest stage during the present
investigation, from August 19, 1938, to December 31, 1940, was 571.77
feet above sea level and was reached on May 9, 1939.
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The lowest stage during the same period—561.95 feet above sea
level—was reached on February 27, 1940. The low stage in February
1940 was 0.25 foot lower than the previous low stage, on January 17,
1939. At no time during the investigation has the water level been
as low as in May 1936, when a stage of 558.75 feet above sea level was
recorded. :

In this area the ground water generally moves south and west toward
the Miami River. During high stages of the river the direction of flow
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may be reversed, and water probably percolates from the river to the
water-bearing beds. -

The great thickness and character of the material filling the buried
valley, the relatively small amounts of clay reported, and the present
small pumpage indicate that probably a moderate to large quantity of
water could be pumped from wells without serious depletion of the
available supply. Care should be taken, however, to spread wells
sufficiently far apart and not to create a cone of depression that would
extend as far north as Hamilton and possibly interfere with the existing
wells in the city.

DIVIDE AREA BETWEEN MIAMI VALLEY AND MILL CREEK VALLEY

The area between the Miami Valley and the north end of Mill Creek
Valley has been referred to as the “divide area.” (See pls. 1 and 9.)
This term denotes merely a drainage divide or an imaginary line from
which the land surface slopes down in opposite directions. The profile .
of the land surface is shown in plate 10. A study of measurements of
water level made in a number of wells in this area shows also-a ground-
water divide, on one side of which ground water drains toward the Miami
River and on the other toward Mill Creek.

The land surface in Mill Creek Valley is not as flat and level as in the
Miami Valley. The south and west wall of the valley is concealed by
morainic deposits of Wisconsin age. The moraine parallels the valley
wall as far south as Hartwell and is characterized by small hummocks
and gentle knobs of boulder clay rising 40 to 60 feet above the general
land surface. A few kames have been identified, and the evidence
indicates that the ice front remained stagnant for some time in this
valley. Similar deposits probably were left in the Miami River, but
have been removed by erosion.

The Mill Creek Valley may be said to end on the east side of the Miami
Valley along a line extending south from the prominent bluff east of
Hamilton to the prominence near Symmes. The Miami Valley to the.
west is 20 to 30 feet lower than the Mill Creek Valley to the east, which
now remains as a terrace. The section of Mill Creek Valley between
the Miami Valley and Flockton is not drained by any natural stream.
As the only drainage at present is through the abandoned Miami and
Erie Canal considerable difficulty is encountered in disposing of excess
flood water in spring. In some years water floods the fields and re-
mains for several months, thereby causing great damage to crops.

The glacial outwash underlying the divide area is at least 227 feet
thick and may be thicker in certain localities because of higher surface
elevations. Most of the material is sand and gravel; although con-
siderable clay has been encountered in several wells. Clay is apparently
thicker in the divide area than in the Miami Valley.

\
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Many wells have been drilled for domestic and farm supplies and in
most places sufficient water has been obtained. In a small area about
0.7 mile east from Symmes several wells have encountered natural gas
from buried swamps in the glacial deposits. Small amounts of natural
gas still escape from the water in the well at the Fairfield School in this
area.

Numerous measurements of water level and the few available well
logs show that a fairly continuous bed of clay extends from the end of
Mill Creek Valley about as far as U. S. Highway 127. This clay, which
is exposed in the gravel pit of the South Hamilton Sand & Gravel Co.
(pit E), is a boulder clay and contains angular pieces of rock. The
water levels show also that the water table slopes more steeply here
than at any other place in the valley, suggesting that the water in the
shallow water-bearing beds drops suddenly over the end of the clay
bed to the deeper water table. The clay apparently was eroded by the
Miami River during the late Wisconsin epoch.

The area east of the Dixie Highway, Ohio Route 4, is underlain in
many places by two water-bearing formations. The clay bed that
crops out in the South Hamilton pit appears to be continuous enough to
cause at least one perched water table. In the area of moraine deposits
several other small bodies of ground water are perched. As much of
the land is underlain by clay and is poorly drained, water often stands
in the fields for considerable periods of time.

The actual surface drainage divide is rather poorly defined but probably
is along the section line between secs. 23 and 17, Fairfield township.
Along this line a long gravel-capped hill extends southward partly across
the valley. A low broad ridge also extends northward partly across
this valley. The 'ow saddle in the topographic divide is 600-610 feet
above sea level. East of this saddle, Mill Creek enters the valley from
the north side and flows eastward and southward.

The ground-water divide may not be so easily located as its position
is subject to change during different seasons of the year, depending on -
the source and amount of recharge. The ground-water divide in the
shallow water-bearing formation occurs normally along the road through
Flockton, through the centers of secs. 16 and 17, Fairfield township.
Water in the shallow beds east of this divide flows east and south into
Mill Creek Valley, while the water west of the divide flows into the
Miami Valley.

The ground water in the deeper water-bearing beds is separated from the
water in the shallow beds by a layer of clay that is at least 50 feet thick
in some places, as determined by two test wells drilled by the Geological
Survey at Flockton. The layer of clay is apparently fairly continuous
over a broad area, as two separate water levels exist throughout Mill
Creek Valley. From a theoretical consideration of the geologic history
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of the area, the clay may represent a deposit of glacial till that was laid
down by the ice as it passed over the area. In addition, during the
periods when the northward-flowing drainage was blocked by advancing
ice, water was ponded in the deep valleys and a fine silt was able to settle.
During the Wisconsin stage of glaciation the great amount of water from
the melting ice front probably cut holes and channels in the clay, at
least in some places, and these were later filled with Wisconsin outwash
of sand and gravel. Therefore, under a large part of the valley direct
vertical percolation from the surface to the deeper gravels is possible
only through small areas where the clay is absent. Water seeping
downward from the surface moves vertically downward until it en-
counters the impermeable clay layer, then drains horizontally toward
the lowest point in the clay layer and through a channel or hole into
the deeper water-bearing formation.

The ground-water divide in the deeper water-bearing beds occurs in
about the same position as that in the shallow formation. However,
during periods of heavy precipitation and recharge, the divide migrates
westward and during prolonged dry periods it moves eastward. The
difference in position of the divide during wet and dry periods is about
1 mile. The highest water level in the deeper formation in this area
in a Geological Survey test well at Flockton on April 25, 1940, was 5.05
feet below the top of the casing, 598 feet above sea level.

The graphs of water levels in wells in both the shallow and deeper
water-bearing beds (pl. 8) shows that the water level in this area may
fluctuate as much as 18 feet during the year. The similarity in fluctua-
tions of water level in the shallow watér-bearing beds, as shown by the
curve for well 160-2, and in the deeper formation, as shown by the
curves for wells 151-1 and 151-2, indicates that somewhere in the vi-
cinity of these wells water from the shallow beds may percolate to the
deeper beds. It is interesting to note that during the storm of April
1940 the water level in wells 1511 and 151-2 began to rise within several
hours after precipitation had started. Although the water levels in
both deep and shallow wells fluctuate in a similar manner, the water
level in the deeper beds has remained considerably below the level in
the shallow beds. This suggests that water is moving more rapidly in
a horizontal direction through the deeper beds than by vertical percola-
tion from the shallow beds.

The rapid rise in water level in April 1940 suggests that water from
the surface is able to reach the deeper water-bearing formation within a
short distance of the well. The hole in the layer of clay is probably
between Flockton and the north wall of Mill Creek Valley. Near this
hole Mill Creek enters the valley from the uplands and during the April
storm a large flow of water came down the creek and probably entered
the ground near the north wall of the valley
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The fact that a ground-water divide exists between Miami Valley
and Mill Creek Valley is important in that. the divide prohibits the
percolation of water to the underground reservoir in the Mill Creek
Valley from the Miami River or from the Miami drainage basin and
therefore limits the available supply of water in the valley to local pre-
cipitation within the limits if the Mill Creek drainage basin.

In December 1940 no large quantities of ground water were being
pumped from this area, but moderate quantities probably could be de-
veloped. However, as the ground-water supply is limited, the with-
drawal of large quantities in the north end of Mill Creek Valley would
decrease the quantity that slowly passes southward and becomes avail-
able to the industrial areas of Lockland and Reading. Pumping large
quantities east of the ground-water divide will move the divide west-
ward and lower the hydraulic gradient in Mill Creek Valley. Similarly,
pumping large quantities west of the divide will shift the divide east-
ward and reduce the area that contributes water to the Mill Creek
valley. It appears more practical to develop the water supply in the
Miami Valley several miles west of the divide, where the water-bearing
formations might be recharged more easily with water from the Miami .
River.

MILL CREEK VALLEY

UPPER MILL CREEK VALLEY

The Upper Mill Creek Valley includes the part of the valley north of
the industrfal centers of Wyoming, Lockland, and Reading. (See
pls. 9 and 11.) The area is agricultural except in the southern part,
and at present no large supplies of ground water are used north of Sharon
Avenue. In the past, paper mills at Rialto and Crescentville pumped
moderate quantities of ground water, but these mills are now abandoned.
The present consumption of ground water is from the deeper water-
bearing formation between Sharon Avenue and Lockland and includes
the public supply of the village of Glendale and water pumped by the
Drackett Chemical Co., the Big Four Railroad at Sharonville and Even-
dale, and the Tennessee Corporation.

As the west side of the valley is covered by a glacial moraine of Wis-
consin age, the actual boundaries of the bedrock valley are not easily
determined. The western slope of the valley wall is hummocky, with
small knobs of boulder clay and kame deposits rising 20 to 30 feet above
the general slope. The east wall of the valley which rises rather steeply
from the flat floor of the valley, is more prominent.

Two water-bearing formations extend throughout the area, and -
several small bodies of perched water are also present in the moraine
deposits. The two fairly consistent water levels suggest that the bed
of clay separating them is present under most of the area. On the other
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hand, the rapid recharge after periods of heavy precipitation shows that
the layer of clay is absent in places or is sufficiently permeable to allow
water to pass through it to the lower water-bearing formation. The
ground water generally moves southward toward the heavily pumped
area in the central and lower parts of the valley.

The glacial fill in the bedrock valley varies in thickness because of
differences in surface elevation. The elevation of the deepest part of
the bedrock valley is believed to be about 360 feet above sea level. In
a test well of the Geological Survey at Flockton, bedrock was encountered
at a depth of 227 feet, or 373 feet above sea level, but it is not certain
that the test well is in the deepest part of the bedrock valley. It is
reported 31 that a gas boring in Lockland struck rock at a depth of 190
feet, or 356 feet above sea level. As the ancestral Ohio River flowed
northward up the Mill Creek Valley, the elevation of the deepest part
of the bedrock valley must be as deep at the north end as at Lockland.

Water levels have been measured in a number of wells in this area
and the graphs of water level in some of them are shown in figure 15.
The principal fluctuations of water level in both the shallow and the
deeper water-bearing beds appear to be closely related to local precipi-
_tation. Wells 173 and 180 are deep, and the water levels in them re-
flect the artesian head in the deeper water-bearing formation. Wells
165-2 and 175 are shallow and reflect the water table in the shallow
beds. The annual range in water level in both shallow and deeper
formations has been about 12 feet, the maximum stage usually being
reached in March or April and the minimum in December or January.
The water level declines generally throughout the growing season and
during the fall until the deficiency in soil moisture is replenished. Re-
charge usually occurs rapidly during the period from January to May.
During the period of record since 1938, the lowest water level reached
each year in certain shallow wells has been 1 to 3 feet lower than that
of the previous year. This apparent decline is due in large part to
deficient precipitation during the summer and fall of 1939 and 1940.
The water levels in the deeper formation have declined about the same
amount.

In the area between Crescentville Road at the Butler-Hamilton
County line and Kemper Road, 1 mile south, the water table in the
shallow water-bearing beds and the piezometric surface of water from
the deeper formation are about the same elevation during most of the
year. (See pl. 10.) The water-level profiles in this area are based on
two shallow bored wells on Crescentville Road (T-74, T-75), two shallow,
bored wells on Kemper Road (T-67, T-68), and wells at Crescentville
(180) and about a quarter of a mile north of Kemper Road (204-3).

31 Leverett, Frank, Glacial formations and drainage features of the Exie and Ohio Basins: U. 8. Geol. Survey

Mon. 41, p. 320, 1902.
»
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The deep well at Crescentville has a measured depth of 90 feet, and the
log of the well shows that it ends at bedrock. The well is gravel-packed
and has been abandoned for several years. The deep well (204-3) north
of Kemper Road was drilled in 1936 for the Farm Security Administra-
tion in connection with the proposed development of a water supply
for a resettlement project at Greenhills. The supply was never developed
from this source, and the well has been capped and abandoned.

, This well was reported to be 108 feet deep, but the depth was measured
as 132 feet. The log of the well shows that bedrock had not been en-
countered at 108 feet, but as nearby wells encountered rock at depths
of 110-135 feet this well probably extends to bedrock.

The fluctuations of water level in well 175, which is shallow, are very
similar to those in wells 173, 180, and 204-3. (See fig. 15.) The water
level in all the wells rises rapidly after a period of heavy precipitation
or during high stages of Mill Creek. The general curve of water level
throughout the year is extremely irregular and differs greatly from curves
of water level in wells south of Sharon Avenue.

On the other hand, the log of well 180 shows beds of clay and hardpan
from the surface to a depth of 53 feet. The log of well 204-3 shows
10 feet of brown clay at the surface and several impermeable layers at
different depths. Somewhere near these two deep wells a glacial stream
probably cut through the Illinoian beds of clay and till. The channel
was later filled with sand and gravel and now acts as a conduit to allow
water to pass through the clay beds to the deeper gravels.

The next deep well south (207-3) at the Glendale waterworks has a
measured depth of 167 feet. (See pl. 11.) The water level in the deep
water-bearing formation is about 10 feet lower than that in the shallow
beds, as shown in well 207-5, a shallow test well bored by the Geo-

" logical Survey. (See fig. 16.) This well is not more than 10 feet away
from well 207-1, which is deep and from which most of the public supply
is pumped. The water level in well 207-5 shows no fluctuations that
are due to pumping, whereas the water level in well 207-3 fluctuates
about 7 feet when well 207-1 is pumped. These data indicate that in
this area the two water-bearing formations are separated.

About 1 mile farther south a deep well (212-1) has been drilled on the
property of the Johns Manville Corporation, about one-tenth of a mile
north of Glendale-Milford Road. This well has a measure depth of 177
feet and is not used at the present time. An automatic water-stage
recorder has been in operation on this well since October 14, 1938. A
shallow test well (212-2) was bored by the Geological Survey about 6
feet south of the deep well in November 1939. Measurements of water
level in the two wells show that the water level in the deep well is usually
about 12 feet below the water level in the shallow well. The water
level in the deep well shows fluctuations that are due to the pumping
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of the Sharonville and Evendale wells of the Big Four Railroad and of
wells of the Tennessee Corporation and at the Glendale waterworks.
The fluctuation that is due to pumping generally amounts to less than a
foot. The water level in the shallow well shows no fluctuations that are
due to pumping.

The difference between the water levels in the deep and shallow for-
mations in the wells (215-1, 215-2) of Harry F. Pittman, about three-
quarters of a mile south of well 212, is somewhat greater, avetaging
about 15 feet through most of the year. The difference between the
water table in the shallow beds and the piezometric surface in the deeper
beds becomes greater toward Lockland, because of the cone of depres-
sion developed by heavy withdrawal of ground water from the deeper
water-bearing beds in Lockland. The effect of the heavy pumping in
the Lockland area probably extends as far north as Sharon Avenue.

The slope of the water table in the shallow beds also increases toward
Lockland about the same rate as that of the piezometric surface of water
in the deeper beds. The similarity in slope suggests that water from the
shallow beds is draining into the deeper formation somewhere under
Lockland and Reading. From the Glendale-Milford Road south to
Carthage the water level in Mill Creek is considerably above the water
table in the shallow water-bearing beds during much of the year. . This
condition suggests that comparatively little water seeps from the creek
into the ground during normal stages of the stream. k

The general slope of the piezometric surface in the deep water-bearing
formation has been disturbed in the vicinity of Sharon Avenue by pump-
ing wells at the Glendale waterworks and the Sharonville roundhouse
of the Big Four Railroad. Pumping at the plants of the Joslin-Schmidt -
Corporation .and from the wells of the city of Reading have also caused
minor irregularities. -

In April 1939 and April 1940 two severe storms in Mill Creek Valley
caused Mill Creek to overflow its banks and to flood many of the ad-
jacent fields between Crescentville Road and Jackson Road. The water
levels in both deep and shallow wells rose rapidly, a maximum tise of
about 16 feet being measured in a test well along the Glendale-Milford
Road in 1939 and a maximum rise of about 20 feet in the same well in
1940. A detailed analysis of the storm of April 1940 shows that during
the period April 17-20, inclusive, precipitation was measured as 4.74
inches at the Abbe Observatory, 4.25 inches near Mount Healthy, 4.43
inches at Kemper and Mostellar Roads, and 6.16 inches at Hamilton.
The greatest amount of precipitation fell on April 19, and the maximum
hourly rate occurred between 9 a. m. and 2 p. m. on April 19. '

At the time of the April storm the grouad was at least partly thawed.
Freezing weather occurred on April 14, but the following days._were
warm. The precipitation during February and March had been about



70 GROUND-WATER RESOURCES OF THE CINCINNATI AREA

normal and the deficiency in soil moisture had been satisfied. As the
growing season had not yet begun, losses of water by evaporation and
transpiration by plants were at a minimum. The water levels in a
number of wells, especially those north of Sharon Avenue, had already
risen several feet above the low level of the winter that was reached
early in February. Conditions for recharge were unusually favorable.

In the upper end of Mill Creek Valley the water levels in both deep
and shallow wells rose abruptly. In a deep test well (150-1) at Flock-
ton, the water rose about 7 feet in 1 day and a total of about 15 feet in
4 days. (See fig. 7.) This rise is rather surprising, as the log of the
well shows 50 feet of clay at the surface. However, the clay layer
separating the two water-bearing formations probably is not present in
an area just north of the well. The place where the clay is absent acts
as a conduit to allow water from the surface and from the shallow for-
mation to pass into the deeper beds.

In the area between Princeton Pike and Sharon Avenue the rise in
water level during this period was surprisingly small, the maximum rise
being 4 feet in a well (165-2) on Princeton Pike. This small rise in
water level is probably due at least in part to the fact that the level
in both deep and shallow wells was fairly close to the surface and that
the underground reservoir had already been filled by precipitation in
early March. As there was no rhore available storage space the water
flowed to Mill Creek and southward down the valley and added to the
flooding south of Kemper Road.

In the area between Kemper Road and Lockland the water levels in
both deep and shallow wells rose rapidly, the maximum rise in a shallow
test well along the Glendale-Milford Road being 20.1 feet in 2 days.
The level in a deep well (212-1) rose 7 feet and in seven other shallow
wells in the vicinity rose more than 10 feet during the same period.

The recharge to the shallow water-bearing beds apparently occurred
mainly along the creek in the area north of Sharon Avenue. At Kemper
Road the maximum rise in water level occurred in well T-68, which is
on the east bank of Mill Creek. At Sharon Avenue the maximum rise -
occurred between the Glendale waterworks and Mill Creek. The water
level in a well (T-46) about one-quarter of a mile east of Mill Creek
did not reach its maximum stage until June 10, whereas the water levet
in well 207-5 at the Glendale waterworks reached its maximum stage
on April 20. This indicates that' most of the recharge entered the
ground in the west side of the valley between the Glendale waterworks
and the Pennsylvania R, R. embankment.

Along the Glendale-Milford Road the maximum rise in water level
occurred in well T-8A, which is approximately 1,500 feet west from Mill
Creek. A profile of the water level in the shallow beds along the Glen-
dale-Milford Road shows that before the storm the water table sloped
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in most places from Mill Creek toward the center of the valley and
reached its lowest level in well T-8A. On April 20, the day on which
most of the water levels in these wells reached their highest stages, the
general slope was reversed and the water table sloped away from well
T-8A in both directions. This indicates that most recharge occurred in
the center of the valley and that the underlying material is probably
more permeable in the center than along the sides of the valley.

Little recharge occurred in the area between the Glendale-Milford
Road and Jackson Road, probably because this area was not as com-
pletely flooded as the adjacent areas. The water level in well 215-1
did not begin to rise until April 21 and did not reach its high stage until
May 6. This suggests that the rise in water level was due to recharge
that entered north of the Glendale-Milford Road and flowed under-
ground south to this well.

The water level in the wells in the deeper water-bearing beds rose
abruptly shortly after the rain of this storm began. Unfortunately
the record at the Glendale waterworks was lost, as the flood water rose
high enough to cover the well. In well 212-1 a rise in water level of
almost 7 feet was recorded in 36 hours, beginning about 4 p. m. on
April 19. This time corresponds to the time when the surrounding
fields became flooded. That this rise is due mostly to recharge and not
to a loading effect is shown by the fact that the water level in this well
remained about at its maximum stage for almost a month before begin-
ning to decline at the usual rate during the summer.

The water level rose about 334 feet in well 215-2, a deep well on the
farm of Harry F. Pittman, between April 15 and April 20. The water
level at this locality at first rose much more rapidly in the deep well
than in the shallow well.

A recorder has been maintained on well 218-3 at the Joslin-Schmidt
Co. since March 3, 1940. The water level in this well, which has a
measured depth of 143 feet, fluctuates about 114 feet as a result of pump-
ing from a nearby well (218-5), and therefore it is difficult to determine
how much of the fluctuation may be due to recharge. The water level
in this well rose abruptly about 2 feet on April 19. (See fig. 17.) It
rose abruptly again on April 27 and continued in general to rise until
-the last week in May. The recharge shown in this well probably.oc-
curred somewhere north of Glendale-Milford Road.

During the 214 years of record the water levels in both deep and
shallow wells in the Upper Mill Creek Valley area have been raised con-
siderably by one storm a year that has occurred when conditions for
recharge were exceptionally favorable. In both storms Mill Creek has
overflowed its banks and has caused considerable flooding of the valley.
In spite of these periods of exceptional recharge the water levels in general
have declined, in some wells as much as 3 or 4 feet during the period.

L
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Most of the decline may be attributed'to the heavy pumping from wells
and overdevelopment in the Lockland area and to deficient precipitation
during the summers of 1939 and 1940. It is important to consider what
the situation during the past 2 years might have been if the two storms
that caused an unusually large amount of recharge to the water-bearing
beds had not occurred when conditions for recharge were favorable or
if they had not occurred at all. Much has been said in recent years
about flood control in Mill Creek Valley, and plans have provided for
holding back flood waters north of Sharon Avenue. If this were done,
the area just north of-the Glendale-Milford Road would not be flooded
in the future and much less recharge would probably reach the water-
bearing formations. That the water levels have declined in spite of
large recharge during the past 2 years suggests that the area has been
developed beyond its capacity to supply water to wells. Even under
the same conditions that have prevailed during the past 2 years the water
levels in Mill Creek Valley probably will continue to decline. With
increased industrial development in Mill Creek Valley and with deficien-
cies in precipitation, water levels in both deep and shallow formations
may decline rapidly and the supply may become seriously depleted.
The results of this investigation indicate that consideration should be
given to the development of an additional source of supply to furnish
water for increased industrial and municipal use in Mill Creek Valley.

WYOMING-LOCKLAND-READING

The village of Wyoming and the cities of Lockland and Reading, just
north of the city limits of Cincinnati, extend across Mill Creek Valley
(pl. 12) and comprise an area from which large quantities of water are
pumped from wells for municipal and industrial use. According to the
1940 census the population of Wyoming was 4,466, of Lockland 5,601,
and of Reading 6,079. Wyoming is mainly a residential town and has
no large industrial plants within its limits. The public supply is taken
from four deep wells at the Wyoming waterworks on Vine Street, which.
also supplies water for the city of Lockland and the village of Arlington
Heights. The average daily pumpage in 1939 was about 740,000 gallons.
Lockland is mainly an industrial center, in which are located several -
large paper mills, a roofing plant, a mattress factory, and other smaller
industrial plants. Reading is also mainly industrial, although it con-
tains fewer industrial plants than Lockland. The municipal water
. supply is taken from two wells in Koenig Park, near the north corporation
line. The average daily pumpage in 1939 ‘was about 350,000 gallons.

The east or main branch of Mill Creek that separates Reading and
Lockland, flows through the area about one-third of the distance across
the valley from the east wall of the valley. The West Fork of Mill
Creek, having its drainage basin mainly in the uplands west of the main
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Mill Creek Valley, enters the valley just north of Wyoming, flows through
the western part of Lockland, and joins the East Fork just south of
Amity Road, the southern corporation limit of Reading and Arlington
Heights.

On the west side of the valley the outlines of the ancient bedrock
valley are obscured by the continuation of the Wisconsin moraine. The
two cities and the village stand on a relatively flat terrace about 560 feet
above sea level. Mill Creek and the West Fork have cut channels from
20 to 30 feet below the general terrace level. The east wall of the valley
rises rather- abruptly, although there are small remnants of a higher
Illinoian terrace, about 640 feet above sea level.

The glacial deposits underlying the area are about 180-200 feet thick.
The lowest elevation of the bedrock floor of the valley was reported by
Leverett 32 to be 356 feet above sea level in a gas boring in the valley
_of the West Fork. The logs of many other wells show that the deepest
part of the bedrock valley is on the west side of the present valley under-
lying Lockland and Wyoming. The wells at the Reading waterworks
encountered rock at 390 feet above sea level. Wells of the Fox Paper
Co. struck rock at 382 feet above sea level and of the Philip Carey Co.,
just east of Wayne Avenue, at an elevation of about 370 feet. Several
other wells in the western part of Lockland struck rock at less than 380
feet above sea level.

For the most part the underlying formations are mainly sand, with
some mixed sand and gravel, interbedded with layers of clay. In many
of the wells considerable thicknesses of clay of as much as 110 feet are
encountered above the deeper water-bearing formation. In such wells
the shallow water-bearing beds are usually absent.

The outcrop area of the shallow water-bearing beds becomes narrower
near Lockland and passes through the central part of Reading. Most
of Lockland is underlain by clay except along the valley of the West
Fork, where about 30 feet of alluvial gravels are reported close to the
stream channel. These alluvial deposits along the West Fork are prob-
ably not connected with the main shallow water-bearing beds.

It is estimated that during 1939 an average of about 6,189,000 gallons
of water a day were pumped from wells in the Wyoming-Lockland-
Reading area. Of this amount only about 1,100,000 gallons a day. were
for the municipal supplies of Wyoming and Reading. About 65 per-
cent of this amount was taken from a small area about half a mile square
near Wayne Avenue and south of Cooper Avenue.

In this area the fluctuations of water level in the deep formation
bear a close relation to fluctuations in the rate of pumping from wells.
(See pl. 5.) The fluctuations of water level that are due to pumping

32 Leverett, Frank, Glacial formations and drainage features of the Erie and Ohio Basins: U. 8. Geol. Survey Mon.
41, p. 320, 1902.
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are large enough to obscure those that are due to recharge to the water-
bearing beds. In November and December 1938 the pumpage at the
Gardiner-Richardson Co. plant in Lockland was decreased from about
10,000,000 gallons a week to about 2,000,000 gallons a week, which
resulted in a rise in water level of about 10 feet. A study of the graphs
of weekly pumpage and the lowest water level reached each week shows
that the pumpage at this plant closely balances the recharge entering
- the water-bearing beds.

Superimposed on the fluctuations of water level that are due to pump-
ing is the seasonal fluctuation that is due to natural causes, such as
séasonal distribution of precipitation, favorable recharge conditions,
and losses of water in the intake area by evaporation and transpiration.
The seasonal fluctuation in the deeper formations in this area shows
that in general if the water level were unaffected by pumping from the
formation, it would decline throughout the summer and fall and rise
during the period from December to May.

The logs of most wells show that the deeper water-bearing formation
is separated from the surface by a fairly continuous bed of clay. Re-
charge to this formation cannot occur by direct vertical precolation but
must occur at considerable distance. The water that is taken from wells
in the heavily industrialized center of Lockland probably enters the
ground in the Mill Creek Valley north of the Glendale-Milford Road
ot in the valley of the West Fork north of Wyoming. Because of the
large cone of depression that has been developed just south of Cooper
Avenue, some water probably enters the ground farther south in Mill
Creek Valley and flows northward to the centers of heavy pumping.
Therefore the water that supplies the wells must travel underground
for some distance, and increased pumpage or new developments of the
underground supply within the limits of the cone of depression will
curtail the amount of water available from existing wells.

The lowest water-level elevation measured in this area during the 214-
year record was 432.2 feet above sea level in well 240-10 at the plant of
the Gardner-Richardson Co. on September 26, 1940. This water level
was measured in an unused well and therefore was perhaps as much as
20 feet higher than the pumping level in nearby pumped wells. If we
assume the pumping level in supply wells to be about 410 feet above sea
level and the bedrock floor of the valley to be about 380 feet above sea
level, only about 30 feet of saturated water-bearing material remains.

The water in the deep water-bearing beds in most of Mill Creek Valley
is under artesian pressure. However, in the heavily developed area
south of Cooper Avenue the water has been drawn down below the bottom
of the confining bed and the upper part of the water-beafing beds has
been de-watered. The de-watering of the formation shows that water
is being pumped from wells in the formation faster than it can move

5213486
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through the formation to the wells. This difficulty might be alleviated
to some extent if the supply wells could be spaced at greater distances
from each other so that the cones of depression for each well would not
affect other wells.

In the Wyoming-Lockland-Reading area automatic water-stage
recorders have been in operation on well 237-5 at the Wyoming water-
works on Vine Street, in Wyoming, on well 240-10 at the plant of the
Gardner-Richardson Co. near the center of the heavily pumped area on
South Cooper Avenue, and on well 243-2 at the plant of the City Ice
& Fuel Co. on Wayne Avenue. Graphs of the lowest water level reached
each day for these wells are shown in plate 13.

The municipal supply for the village of Wyoming and the city of
Lockland is taken from four wells about 200 feet deep at the Wyoming
waterworks. Generally only two or three wells are pumped at a time,
although during periods of heavy consumption all four wells may be
pumped at once. The wells are pumped for periods of several hours,
usually twice a day. As the wells are often idle on Sunday the water
level rises without interruption during that day. The sharp fluctua-
tions of water level (pl. 13) during July-October 1938, March-August
and October 1939, and March-June 1940 represent the lowest water
levels reached each Sunday when the wells are shut off and are therefore
higher than those during the remainder of the week. During periods
when these fluctuations are absent, pumping has been continued until
early Sunday morning, and therefore the lowest water level reached
during Sunday is measured when the supply wells are being pumped
rather than when they are idle.

It is reported that the water level in wells at the Wyoming water-
works was about 45 feet below the land surface in 1906.33  In December
1940 the water level in an unused well (237-5) stood about 124 feet
below the land surface. The water level in nearby pumped wells prob-
ably is several feet lower. This represents a decline in water level of
about 79 feet in 34 years. The record of water-level measurements
since July 1, 1938, shows that the water level has not declined seriously
in the past 2}4 years. The water in this well reached a low level in
October 1938 and then rose about 4 feet more or less continuously until
August 1939. It declined until April 1940, then remained about the
same for about 1 month, and since then has declined more or less steadily
to December 1940. The steady decline in water level since August 1939
has been due in large part to the deficient precipitation during the summer
and fall of 1939 and 1940. It is probably also due in part to increased
industrial pumpage in the Lockland area during 1939 and 1940. The
low level reached in December. 1940 was about 2 feet lower than the

33 Fyller; M. L.; and Clapp, F. G., The underground waters of southwestern Ohio:  U. 8. Geol. Survey Water-Supply
Paper 250, p. 120, 1912,
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lowest level measured in 1938 and about 4 feet lower than the lowest -
level in 1939. At the end of December 1940 the water level was still
slowly declining.

. The water level in the Gardner-Richardson well (240-10) during the
past 214 years has fluctuated as much as 18 feet because of pumping
from the supply wells of the plant. During high stages of Mill Creek,
when large quantities of water are pumped directly from the creek,
pumpage from wells is decreased. Thus in periods of heavy precipita-
tion the water level in the Gardner-Richardson well often rises, not
- because of recharge entering the water-bearing beds but because of
decreased pumpage from the supply wells. During the period of record
the lowest water level measured occurred in September 1940, which was
about 2.5 feet lower than the lowest levels reached in 1938 and 1939.
This apparent decline in water level is due in part to an increase in in-
dustrial pumpage from the Gardner-Richardson supply wells of about
30 percent and to deficient precipitation from July to December 1940.

The water level in the observation well at the City Ice & Fuel Co. on
Wayne Avenue (243-2) fluctuates several feet a day because of pumping
from a supply well during the summer, when the ice plant is in operation.
During the rest of the year the principal fluctuations appear to be due
to changes in barometric pressure and to changes in rates of pumping
from the Lockland area as a whole rather than to pumping from any
particular plant. The lowest water level during the period of record
since August 11, 1938, was reached in September 1940, when the plant
was in operation. This level was about 1 foot lower than the lowest
level in 1938, reached in September of that year, and almost 3 feet lower
than the lowest level reached during 1939.

Water-level measurements in well 226 (fig. 18) on the east side of Mill
Creek near Clark Road in Reading, show that the water level is gen-
erally more than 25 feet lower than that in a nearby gravel pit of the
Reading Sand & Gravel Co. The well was originally drilled to test
gravel and has a measured depth of 70 feet. No written record of the
well has been found, but it is reported that 6 feet of clay was struck
about 40 feet below the surface. This well probably is in the deeper
water-bearing beds and probably represents the water level in those
beds in an area that is only slightly affected by pumping. The well is
located nearly three-quarters of a mile from the heavily pumped area
in Lockland.

The water level in well 226 fluctuates within a range of about 12 feet
inayear. A graph of water level during the period of record is shown in
figure 18. -

The apparent decline in water level during 1940 in the deep water-
bearing formation in Lockland and Wyoming has been due in part to
deficient precipitation during the period July to November 1940 and in
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part to the fact that pumpage from wells in the Lockland area during
the first 9 months of 1940 was about 25 percent greater than during the
same period in 1939.

Computations of pumpage from wells in the Wyoming-Lockland-
Reading area during 1939, based on estimates and records of pumpage
from 14 industrial plants and municipal waterworks, show that the total
daily pumpage has ranged from a minimum during January of less than
3,000,000 gallons to a maximum during October of about 7,000,000
gallons a day, with an average daily pumpage for the year of about -
6,000,000 gallons (fig. 6). On January 1, 1940, the water levels in well
237-5 stood about the same level as on January 1, 1939. The water
level in well 243-2 was about 2 feet lower and in well 240-10 about 7
feet lower than on January 1, 1939. During the first 6 months of 1939,
the precipitation was above normal, but during the last 6 months it was
below normal, and for the year 1939 at the Abbe Observatory at Cin-
cinnati it was 2.54 inches above normal. The amount of water pumped
from wells was probably. about equal to the amount of recharge to the
water-bearing beds, namely about 6,000,000 gallons a day.

If, however, the average recharge in future years is less, or if the
average pumpage from wells in the area is increased by greater in-
dustrial activity or by new development to greater than about 6 mil-
lion gallons of water a day, a decline in water level will occur and the
available supply will be depleted.

The average daily pumpage from wells in this area for the period
January 1 to December 31, 1940, was about 6,980,000 gallons. This
is an increase in pumpage of almost 14 percent over the daily average
for 1939. On December 31, 1940, the water level was about 4 feet
lower in well 237-5, about 1 foot lower in well 240-10, and about 2 feet
lower in well 243-2 than on August 31, 1939. This decline has been
due mainly to the increase in average daily pumpage from wells in the
area.

If the rate of pumping from wells in the Wyoming-Lockland-Reading
area continues at the rate of about 6,900,000 gallons a day or increases
because of increased industrial and municipal requirements, the water
level probably will decline at a faster rate than during the past 2 years.
As the area is favorable in other ways for new industrial development
and as the Mill Creek Valley offers good locations for the expansion of
the Cincinnati industrial area, the various possibilities for an additional
water supply should be considered and a new source of water should be
developed.

HARTWELL-CARTHAGE-ELMWOQOOD PLACE

Mill Creek Valley from the southern limits of Wyoming, Arlington
Heights, and Reading to the northern corporation of Saint Bernard is
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occupied by the subdivisions of the city of Cincinnati of Hartwell,
Carthage, and the independent village of Elmwood Place. (See pls.
12 and 14.) The western wall of the valley is steep and highly dissected
by post-glacial erosion. Small remnants of a terrace of Illinoian age
are found about 600-620 feet above sea level.

The valley floor is relatively flat and represents the top of a terrace
520-540 feet above sea level. This outwash terrace is probably late
Wisconsin in age. Mill Creek has entrenched its channel 10 to 20 feet
below the general level of the terrace. Mill Creek, following the east
side of the main valley through Reading, turns westward in Carthage
and flows down the west side of the valley as far as Ivorydale.

The east wall of the bedrock valley is obscured by a large Ilinoian
terrace 580-600 feet above sea level that starts just south of Reading
and reaches a maximum width of more than 2 miles in the vicinity of
Bond Hill. This terrace is continuous with the Illindian terrace in the
Norwood Trough. The course of the abandoned Miami and Erie Canal
follows approximately the western limits of this terrace.

The glacial deposits in this area are mainly sands and gravels with
thick beds of boulder clay, which occur as lenticular-shaped bodies at
different elevations. The distinction between the two water-bearing

- formations in the northern part of Mill Creek Valley becomes difficult,
as several other bodies of perched water are present, some of which per-
sist over broad areas. The deposits range in thickness from 250 feet
to about 120 feet, largely because of differences in surface elevations.

The early Wisconsin ice advanced as far south as the south end of
Hartwell, and deposits of Wisconsin till have been mapped by Fenne-
man 34 as underlying the village of Wyoming and the west side of the
Mill Creek Valley almost to Carthage. A small remnant of a Wisconsin
outwash terrace has been found just south of the till. A test well (T-64)
on the property of Mrs. Ann Frank was drilled through 1914 feet of
sand and gravel before encountering blue clay.

About 6 feet of the clay crops out nearby in the banks of Mill Creek,
and many small springs occur along the top of the clay bed. The total
thickness of-the clay bed is not known at this locality as the base of the
exposure is covered by Mill Creek. The clay is probably continuous
along the west side of the valley at least as far south as Ivorydale; as
several test holes show a body of perched water.

The .outcrop of the sand and gravel of the shallow water-bearing
formation in the upper Mill Creek Valley becomes narrow and passes
through Reading east of Mill Creek. South of Benson Street it becomes
somewhat broader, and just north of Clark Road the Reading Sand &
Gravel Co. has operated a gravel pit in this formation for a period of

84 Fenneman, N. M., The geology of Cincinnati and vicinity: Ohio Geol. Survey, 4th ser.; Bull. 19, physiographic
map, 19186.
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years. The eastern part of this area is mapped by Fenneman 35 as a
Wisconsin outwash terrace.

Along Amity Road four test holes were bored by the Geological Survey
near the two branches of Mill Creek to determine whether water from
the creeks was seeping into the ground. A driven well (245) just east
of the Big Four Railroad embankment showed the water level about
516 feet above sea level. In another unused driven well (244) on Elliott
Avenue, just west of Mill Creek, the water level stood about 515 feet
above sea level. A test well (T-57) was bored on the north side of
Amity Road, just east of the intersection with Elliott-Avenue, to a
depth of 28 feet or 51014 feet above sea lével, without striking water
or clay. A 114-inch wrought-iron pipe and well point was then driven
to a depth of 52 feet, or 486 feet above sea-level. Water then stood at
500 feet above sea level. A second well (T-55) was drilled and driven
on the west bank of the West Fork of Mill Creek to a depth of 4614
feet, or 500 feet above sea level. A third well (T-56) was drilled and
driven on the west bank of the East Fork of Mill Creek to a depth of
30 feet when large boulders or boulder clay was encountered, but no
water was obtained. As several attempts to penetrate the material
were unsuccessful the hole was filled and abandoned.

A fourth well (T-54) was drilled to a depth of 12 feet about 300 feet
east of the East Fork of Mill Creek. Water was struck at a depth of
10 feet, or 529 feet above sea level, and the well was stopped at 12 feet
when blue clay was struck.

Durmg the summers of 1939 and 1940 wells T-55 and T-57 both went
dry, and in September 1940 well T-80 was bored and driven on the east
bank of the East Fork of Mill Creek, about 200 feet north of Amity
Road, to a depth of about 60 feet, or 477 feet above sea level. On
August 19, 1940, the water level in well T-80 was about 114 feet higher
than in wells T-55 and T-57. (See fig. 18.)

A study of the logs and water-level records from these wells shows that
in the area between well 245 and well T-54 the clay layer that underlies
the surface sand and gravel in the rest of the area was cut out by Mill
Creek probably during the interglacial period between the early and late
Wisconsin stages of glaciation and was filled during late Wisconsin
times with sand and gravel washed out from the melting ice.

This channel apparently continues southward along the east side of the
lowest terrace, following closely the present course of Mill Creek until
the creek turns sharply westward at Carthage. A test well (T-61)
was bored in the southeast corner of a sand pit of the National Distillers
Corporation just south of Section Road. The Illinoian terrace rises
abruptly to the east of the sand pit. (See pl. 2, B.) The test hole
was bored to a depth of 45 feet without striking water through fine

35 Fenneman, N, M., op. cit.
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sand, light brown in color and uniform in size, that contained only an
occasional pebble. A well point and pipe was driven to a depth of
75 feet, or to an elevation of 460 feet, without obtaining water. At
that depth the well was stopped as it was impossible to move the pipe
farther.

It has been reported that the Chatfield Manufacturing Co., which
formerly occupied the present plant of the Flintkote Co., originally
poured asphalt waste into a sand.pit just south of the pit described above.
It was also reported that the asphalt waste contaminated the wells of
the Longview Asylum, which at that time were deep wells in the low
Wisconsin terrace. Asphalt was found in-the deep well pumps on the
wells, suggesting that the surface water carried small bits of asphalt
into the deep water-bearing formations and into the wells at the asylum.
Unfortunately, no records have been found to substantiate the report.
If it is true it would indicate the existence of a channel through the
clay beds separating the shallow and deep water-bearing beds in this
area and that recharge to the deep formation is possible.

The log of a deep well at the National Distillers Corporation, about 100
yards northwest of well T-61, shows about 65 feet of “dense blue mud”
from about 505 to about 440 feet above sea level. That this clay is
absent in the sand pit to the east suggests that the clay has been cut
out.

Water is pumped from the deep formations in somewhat scattered
localities. The largest supply, of about 1,200,000 gallons a day, is
pumped from wells in Carthage, with smaller amounts pumped from
wells in Elmwood Place. The total daily pumpage from the area prob-
ably does not exceed 3,000,000 gallons. It is reported that in many
places the formation in which the wells end is mainly sand with smaller
amounts of admixed gravel.

The water level has been measured in well 252 at the plant of the
Flintkote Co. in Carthage. This well is less than one-quarter of a mile
away from the supply wells of the National Distillers Corporation. The
water level is affected by pumping from the National Distillers wells
over a long period, but the well is not sufficiently close to record minor
changes in the rate of pumping. According to the record of the past
2 years the water level in this well has ranged from a high stage of 91.69
feet below the top of the casing, or 455.81 feet above sea level, on August
7, 1939, to a low stage of 97.55 feet below the top of the casing, or 449.95
above sea level, on December 9, 1940. (See fig. 19.) The low stage
in December 1940 was about one-half foot lower than the previous low
stage on April 8, 1940, and about 1 foot lower than the low stage in
January 1939. The elevation of the water level on December 9, 1940.
was about 450 feet above sea level, or about 13 feet above the water
level in well 240-3 at the Gardner-Richardson plant in Lockland. This
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indicates that in part of the area between well 252 and well 240-3 the
water in the deep water-bearing formation percolates northward toward
well 240-3 and that a ground-water divide exists between the heavily
- pumped areas in Lockland and Ivorydale which extends at least part
way across the valley. Such a divide shows that most of the water
obtained by wells at the plant of the National Distillers Corporation
must travel southward from the intake area along the east side of Mill
Creek Valley. It also shows that much of the water flowing southward
through the deep water-bearing formation is intercepted by wells in the
heavily developed area in Lockland and by wells in Carthage, thereby
reducing the available supply farther south in Mill Creek Valley in the
vicinity of Murray Road and Ivorydale.
Through much of the Hartwell-Elmwood Place area the wells are
spaced too closely together, which results in a deep cone of depression
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F16ure 19.—Graph of water level in well 252, Carthage, Hamilton County, November 7, 1038, to December 31, 1940,

and an excessive draw-down in wells. This condition can be remedied
by spacing the pumped wells at greater distances from one another.

The available ground-water supply in this area is limited by many
factors, including the amount of water pumped from wells in the Lock-
land area, the amount of recharge north of Lockland, the amount of
recharge south of Lockland, and the ability of the beds to transmit
water. The more water that is pumped from wells in the Lockland
area the greater will be the cone of depression in that area and less
water will pass around the edge of the cone of depression. . If recharge
to the water-bearing beds is small during a particular year most of it
will be used in supplying the wells in Lockland and less will reach the
Hartwell-Elmwood Place area.

IVORYDALE-ST. BERNARD

South of Elmwood Place the main Mill Creek Valley is joined on the
east by the Norwood Trough, a buried valley originally continuous
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with Mill Creek Valley but now a shallow trough the floor of which is
nearly 100 feet above that of Mill Creek Valley. (See pl. 14.) The
main part of Mill Creek Valley turns slightly westward at Ivorydale
and continues southward to the Ohio River.

The west wall of Mill Creek Valley is steep and greatly dissected
by post-glacial erosion. Small remnants of Illinoian and Wisconsin
terraces are found at 600-620 feet and 560-580 feet above sea level,
respectively, although no continuous terrace may be traced along the
west wall. The latée Wisconsin terrace at an elevation of about 500-520
feet occupied most of the valley floor and has been entrenched to depths
of 20 to 30 feet by Mill Creek and its tributaries. The east wall of the
valley rises rather abruptly to an early Wisconsin outwash terrace south
of Bond Hill at an elevation of 580 feet and then to the Illinoian terrace
at an elevation of 620-640 feet, which occupies the floor of the Norwood
Trough.

The area bounded by the north corporation line of St. Bernard, the
abandoned Miami and Erie Canal, Ros Avenue, and Este Avenue is
now occupied by many industrial plants, most of which obtain their
water supply from private wells. It is estimated that during 1939
approximately 4,800,000 gallons of water a day were pumped from wells
in this area. The larger part of this pumpage was taken from wells
south of Murray Road. '

The glacial deposits on the east side of the valley are mainly sand
with some admixed gravel. Many well logs show a thick layer of clay
overlying the deep water-bearing formation, which appears to be con-
tinuous over a fairly broad area from Elmwood Place south to Ivorydale.
The glacial deposits beneath the late Wisconsin terrace are about 160
feet thick.

In the area bounded by Murray Road, Ross Run, the Miami and Erie
Canal, and the tracks of the Louisville & Nashville R. R., several wells
have been drilled to bedrock without encountering clay. The logs of
other wells in the vicinity show the thick clay bed previously mentioned.
The shallow formation in this area varies in thickness from 5 to 30 feet
and is reported to contain little or no water. The evidence indicates
that the buried channel that was cut through the blue clay bed at Amity
Road and Section Road continues southward as far as Ivorydale and that
on the east side of the valley the surface and the deep water-bearing
beds are conhected. Further test drilling will be necessary to determine
the size and shape of this channel.

The water level in the deep water-bearing formation in this area has
been drawn down below the top of the formation by heavy pumping,
and the upper part has been dewatered. This condition indicates
that the wells are taking water from the formation faster than it can
percolate through the formation to the wells.



GROUND WATER IN SPECIFIC LOCALITIES 85

It has been reported that a well at the Proctor & Gamble well field
overflowed at the surface in 1882.3¢ Company records show that
the water level was 37 feet below the surface in 1913 and 65 feet below
the surface in 1920. In December 1940 it was about 93 feet below the
surface. The water level has therefore declined at least 93 feet in 53 -
years. The rate of decline during 1939 and 1940 was about 114 feet
per year. ‘

An automatic water-stage recorder was installed on well 270-a5 on
July 11, 1938, and was maintained until December 3, 1939. At that
time the well was cleaned out and put back into service by the owners,
and the recorder was moved to well 270-a4, about 100 feet east of well
270-a5, where it has remained. )

The water levels in these two wells, 270-a4 and 270-a5, are not ex-
actly comparable as the two wells are not located in the same position
with respect to two nearby pumped wells, 270-4 and 270-6. Well
270-a5 is between the two pumped wells and somewhat nearer to well
270-4. Well 270-a4 is about 100 feet south of well 270-a5 and' about
120 feet from well 270-4. The measuring point on well 270-a4 is 3.0
feet higher than that on well 270-a5. When wells 270-4 and 270-6 are
" being pumped, the static water level is probably lower in well 270—a5

than in 270-a4.

In well 270-a5 the low level of 1938 was reached on November 5
and was about 114 feet higher than the low level during 1939, which
was reached on November 11. (See fig. 20.) A large part of the decline
occurred during September, October, and November, 1939, when the
pumpage from nearby wells was greater than during the rest of the year
Part of the decline may also have been due to the deficient precipitation
during the summer of 1939. The low level in well 270-a4 during 1940
occurred in December and was about 114 feet lower than the low level
in well 270-a5 in November 1939. The continued decline has been
caused by heavy pumping and deficient precipitation. During the
summer and fall of 1940 the water level in well 270-a4 remained fairly
constant, fluctuating during each week between 91 and 92 feet below
the measuring point until December 1940, when a sudden decline of
about one-half foot occurred.

A test well, 270-25, was drilled in the bed of the abandoned Miami
and Erie Canal, 500 feet south of Murray Road, in July 1939, on the
property of the Proctor & Gamble Co. Measurements in this well
show that the water level has declined about 14 feet from July 1939 to
December 31, 1940. The decline in water level in well 270-25 has been

- greater than in well 270-a4 probably because of greater pumpage from
wells in the vicinity of well 270-25.

236 Personal communication from well driller.]
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At the south end of the Proctor & Gamble Co. well field the water
level in well 270-a4 in December’1940 was about 92 feet below the land
surface. This level was measured when nearby wells were being pumped
and therefore is not a true static or a true pumping level. The pumping
level in nearby wells is probably about 15 to 20 feet lower, or about
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107 to 112 feet below the land surface. In well 270-4 bedrock was
encountered at a depth of 120 feet. There remains, therefore, only about -
8 feet of water in the well when it is pumped. If the decline in water
level continues, the available supply from these wells will soon be serious-
Iy curtailed. .



GROUND WATER IN SPECIFIC LOCALITIES 87

Unsuccessful attempts have been made to locate additional areas
favorable for the development of large supplies of ground water in the
area farther west in Mill Creek Valley. In the main valley of Mill
Creek, just north of Este Avenue, several test wells were drilled but the
deposits encountered were mainly clay and-clayey sand mixtures with
very little or no productive sand or gravel. Under the existing condi-
tions an increase in the number of wells or an increase in the rate of
pumping from the existing wells will not provide additional water over
a period of years but will merely aggravate the present overdevelop-
ment. A supplemental supply is needed, either of surface water or of
ground water obtained in an area that is not already overdeveloped.

LOWER MILL CREEK VALLEY

Between Ivorydale and Western Hills viaduct the Mill Creek Valley
is considerably narrower than north of Ivorydale. (See pl. 15.) The
ancestral Licking River, flowing northward from Kentucky, was a small
stream compared to the ancestral Ohio River, which flowed westward
through the Norwood Trough and thence northward through the Mill -
Creek Valley. The valley walls are steep and dissected by post-glacial
erosion. The valley floor is flat and slopes southward from an eleva-
tion of 500 feet at Winton Place to about 480 feet in the western part of
downtown Cincinnati. Broad remnants of the Illinoian terrace are
found near Spring Grove Cemetery on the west side of the valley and
south of St. Bernard on the east side. A small remnant of the late
Wisconsin terrace occurs on the east side of the valley near the Hopple
Street viaduct.

The area constitutes an important part of the industrial area of Cin-
cinnati, for many industrial plants are located in it. However, at
only a few of the plants has it been possible to develop from wells water
supplies sufficient to satisfy the requirements.

A moderate supply of ground water has been obtained from wells at
Spring Grove Cemetery near Crawford Avenue and the Baltimore &
Ohio R. R.  Bedrock was struck at a depth of about 100 feet, or about
395 feet above sea level. The logs of the wells show that the glacial
deposits in this area are mainly clay and glacial till with three relatively
thin beds of water-bearing sand and gravel. Nearby, at the corner of
"Winton Road and Spring Grove Avenue, a test well was drilled, but as
sufficient water could not be obtained a permanent well was not installed.
About 10 feet of water-bearing material was encountered.

Farther south near Arlington Street and Spring Grove Avenue a
test well was drilled to a depth of 104 feet through clay and two beds
of muddy gravel, each 5 feet thick. The hole was abandoned, because
of lack of sufficient water. A test well drilled to a depth of 74 feet at
the Union Stock Yards penetrated only 6 feet of water-bearing material

~



88 GROUND-WATER RESOURCES OF THE CINCINNATI AREA

and was abandoned. Another well at Alfred Street arid Spring Grove
Avenue encountered rock at a depth of 90 feet after passing through
clay with no water-bearing beds. As far as is known to the writers no
large supply of water has been developed in this part of Mill Creek
Valley. -

Conditions are apparently unfavorable for the occurrence of ground
water in the area because of many factors. The ancestral Licking
River flowing northward was not as large a stream as the ancestral
Ohio and therefore its valley was not as wide. The original stream
alluvium of the ancestral Licking was probably not as thick. When
the ancestral Ohio drainage was reversed the water probably flowed .
eastward through the larger valley and through the Norwood Trough.
At that time the Licking probably backed up and ponded, which allowed
the fine sediments carried in suspension to settle and form the thick
clay beds now present. After the narrows at Andersons Ferry had
been cut through, the main drainage was southward through the present
lower Mill Creek Valley, which was so much narrower than the upper
valley that only a little outwash was deposited. As the ancestral Lick-
ing River was a comparatively small stream, its channel was also small.
Possibly the wells drilled have not been in the deepest part of the old
channel where the material would be coarser and more permeable than
elsewhere. :

No detailed information as to changes in water level in this area were
obtained by the writers during the present investigation.

CINCINNATI BASIN

The business section of Cincinnati lies in a bowl-shaped lowland
several hundred feet below the general surface of the surrounding up-
lands. (Seepl.15.) The lowland area is almost 3 miles long in an east-
west direction and about 2 miles wide in a north-south direction. Across
the Ohio River, the cities of Covington and Newport, Ky., lie in a con-
tinuation of the lowland area. The eastern part of Cincinnati stands
on a flat terrace of the Ohio River at 520540 feet above sea level. Rem-
nants of the same terrace have been found in the Covington-Newport
area, at the mouth of the Little Miami Valley, and near Dayton, Ky.

The terrace in the eastern part of the city slopes southward from about
520 feet at Fifth Street to about 440 feet at the Ohio River. Westward

_ the terrace slopes down to the present valley of Mill Creek at an elevation
of about 460 feet. The channel of Mill Creek has been cut about 20
feet below the general valley floor. The lowland of the valley is occupied
mainly by railroads at present, as the Mill Creek and Ohio Valleys
offer arteries for transportation routes with gentle grades.

The valley floor of the lower Mill Creek Valley is only from 10 to 20
feet higher than the Ohio River and therefore is subject to flood waters

-
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that back into Mill Creek Valley from the Ohio. Recent plans of
engineers of the U. S. War Department for flood protection of the Mill
Creek Valley have included the construction of a barrier dam across
Mill Creek Valley to prevent flooding by backwater from the river.
® Logs of wells that reach bedrock show that the glacial deposits of the
Cincinnati Basin have a maximum thickness of about 190 feet. How-
ever, the depth to bedrock differs considerably throughout the city be-
cause of the irregular topography of the bedrock surface and of the
present land surface. The average depth to rock is about 90 to 100 feet.
The deposits are mainly sand and gravel, interbedded with many fairly
thin beds of clay and silt. In many wells the upper 50 to 60 feet appear
to be mainly sand, but considerable thicknesses of clay are found at
intermediate depths. '
The Cincinnati Basin is near the southern limit of Illinoian glaciation,
" where the ice was probably thin. This assumption is further shown
by the lack of a well-defined terminal moraine. The ice probably ad-
vanced and retreated short distances at least several times during Illino-
ian time. Small lense-like deposits of boulder clay and outwash sand
and gravel, together with small channels of ordinary stream alluvium
and deposits of small temporary lakes, make correlation of strata from
one well to another extremely difficult.

‘Many wells have been drilled in the Cincinnati Basin to provide water
for industrial use and air conditioning. During the past several years
the use o ground water for air conditioning has increased manyfold for
theaters, hotels, restaurants, and department stores. The use of water
for air conditioning has probably doubled the rate of pumping of ground
water in the Cincinnati Basin. It is estimated that during 1939 an
average of about 6,000,000 gallons of water % day were pumped from
wells in the basin, with a maximum pumpage of about 9,000,000 gallons
a day during the summer. These figures are based on individual esti-
mates of pumpage from 23 plants.

During the 214 years of investigation little detailed information has
been obtained on the fluctuations of water level in the Cincinnati Basin.
However, no serious decline in water level has been reported during that -
period. Unfortunately there are few wells in the downtown area which
are suitable for periodic measurements of water level. Recently, how-
ever, through the cooperation of the Cincinnati district office, Corps of
Engineers, U.S. War Department, a test well drilled by the engineers was
made available for observation, and an automatic water-stage recorder
was installed. The period of record to date is too short to show any
significant trend. The short record does show, however, that the stage
of the Ohio River has an effect on water levels in this part of Mill Creek
Valley. Whether the effect is due to actual recharge from the river or to
pressure caused by a greater weight of water on-the surface during high
stages of the river has not been determined.
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Although definite data are lacking with regard to ‘the rise and fall of
water levels in the downtown area of Cincinnati, it is probably desirable
to investigatate the problem more carefully before the pumpage of
ground water is greatly increased. Many air-conditioning systems re-
move from the water-bearing beds large quantities of water that are-
discharged through sewers to the surface drainage. In certain areas of
the United States ground water used for air conditioning is returned
through wells. This method of conservation has been tried on a large
scale on Long Island.?? Two main difficulties have arisen: The
clogging of the screen of the return well and of the surrounding sand has
decreased the capacity of the well to return water to the formation at
its original capacity, and the eontinued return of warm water to the
formation has raised the temperature of the ground water and thereby
has reduced the efficiency of the system.

Much of the water pumped from wells in the basin probably comes from
recharge from the Ohio River, although further work will be needed to
determine the rate of recharge. Although moderate quantities of ground
water can probably be pumped in this area in addition to the present
supplies, care should be taken to locate the new wells as far as possible
from existing wells.

NORWOOD TROUGH AND LITTLE MIAMI VALLEY

The Norwood Trough is a broad, shallow valley extending from the
‘Little Miami Valley about 3 miles north of the Ohio River to the Mill
Creek Valley near Ivorydale and St. Bernard. (See pls. 1 and 14.)
It represents part of the course of the ancestral Ohio River during pre-
Illinoian time when the river flowed northward up the Mill Creek Valley.
The trough is about 2 miles wide in most places. The valley has been
abandoned by large streams and is now drained by Duck Creek, a tri-
butary to the Little Miami River, and by Ross Run, a tributary to
Mill Creek. The valley is occupied by the cities and towns of Madison-
ville, Oakley, Norwood, and Bond Hill. Much of the area-in the vicini-
ties of Norwood and Oakley has been occupied by industrial plants
that obtain water from private wells. The city of Madisonville originally
obtained water for the public supply from wells but now uses water
from the Cincinnati public supply system. The municipal supply for
Norwood is now taken from wells in Norwood. The wells originally
used by St. Bernard for public supply have been abandoned, and the
Cincinnati public supply is used.

The Norwood Trough runs roughly east and west. The walls of the
valley are gradual and gently sloping, particularly on the south. The

37 Leggette, R. M., and Brashears; M. L.; Jr.; Ground Water for air-conditioning on Long Island, New York: Am.

Geophys. Union Trans, 1938, pt. 1, pp. 412-418, 1939. Brashears, M. L.; Jr.; Ground-water temperature on Long Island;
New York; as affected by recharge of warm water: Econ. Geology; vol. 36, No. 8, pp. 811~828; December 1941.
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floor is the gently rolling surface of an Illinoian terrace, standing at 600-
620 feet above sea level, and it has been somewhat dissected by post-
glacial streams. The floor stands about 100 to 120 feet above the floors
of the Little Miami and Mill Creek Valleys.

The glacial deposits in the Norwood Trough are Illinoian in age, as
the valley floor was raised to its present level before the Wisconsin
glaciation. In the central part of the trough the upper 100 to 130 feet
are composed mainly of beds of clay, whereas 130 to 240 feet below the
surface the beds are of sand that become coarser toward the bottom.
The sand and gravel deposits represent outwash from the advancing
ice front, which covered the ordinary preglacial stream deposits. The
original alluvium was probably not more than 20 feet thick. At each
end of the trough, along the valleys of Mill Creek and Little Miami
River, terrace deposits of Wisconsin outwash rise to elevations of about
560 feet. .

The glacial deposits in the Norwood Trough are more regular than
elsewhere in the two counties because their geologic history is less com-
plex. The original stream deposits of the ancestral Ohio were covered
by outwash from the advancing Illinoian ice front. When the ice passed
over the area a thick sheet of boulder clay was deposited. As the ice
front retreated the drainage to the south was open and the Norwood
Trough was abandoned. Postglacial erosion has removed compara-
tively little of the glacial fill.

It is reported that the water level in the wells of the city of Norwood
stood about 110 feet below the surface in 1907. On December 28, 1940,
the static water level in a well at the old well field of the city of Norwood
on Harris Avenue stood 191 feet below the land surface, showing a
decline of about 81 feet in about 33 years. The pumping Ievel in nearby
wells in the old well field is perhaps 20 feet lower.

In 1939 the construction of a new water plant was begun by the city
of Norwood on Park Avenue about 1,000 feet south of the old well field.
Five wells have been drilled, and a booster pumping plant has been built.
Most of the municipal supply of about 3,000,000 gallons a day is taken
from the new field, with wells in the old field used occasionally to aug-
ment the supply. The pumping level i in the new wells was from 215
to 235 feet below the surface, and the static level ranged from 191 to
205 feet below the surface in December 1940.

"In June 1938 an automatic water-stage recorder was installed on an
abandoned well (317-14) about 10 feet west of well 5 in the old field.
The hydrograph of this well is shown in figure 21. The rise in water
level from September 1938 to July 1939 was due to a decrease in pumpage
from the well field, which was caused by a decrease in capacity of the
individual wells. The pumping from well 5, which was 10 feet away
from the observation well, was continuous during this period. In the

745213—48—7 ' )
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summer of 1939, after several wells had been cleaned andsflushed, the
capacity of the well field increased for a short time. |

The rapid decline in water level during September was due in part to
the increased capacity of the old well field and to the .ncreased pumpage
from the new well field that was put into operation in August 1939.
Well 5 was shut down for cleaning, but when pumping was resumed an
immediate drop in water level was noted in the observation well,
which reached its lowest level in November. The slow rise in water
level from November 1939 to May 1940 is probably due to a gradual
decrease in the capacity of the well field. Since May 1940 the old well
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field has been used merely to supplement the supply taken from the
new field.

The lowest water level reached during the period of record occurred in
September 1938, and the water level in December 1940 was about the
same as the lowest level reached during 1939 and about 114 feet higher
than ‘the low level in 1938.

The water-level curve for well 317-14 shows conditions in a well
. whose water level is dependent in large part on pumping from nearby
wells. An observation well at the Globe-Wernicke Co., Norwood and
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Carthage Avenues, is about 200 feet from the supply well of the company.

"The water level in the observation well (315-3) apparently is not affected
by the comparatively small pumpage from the supply well. An auto-
matic water-stage recorder was in operation on this well from July 1,
1938, to July 31, 1939. The weekly recorder charts show, that the
ptincipal daily fluctuations of water level in this well are due to changes
in atmospheric pressure. During the period of record from July 1,
1938, to December 31, 1940, the water level in this well generally de-
clined. (See fig. 21.) The low level in December 1939 was about
one-half foot lower than the low level in December 1938. The level
in December 1940, which was about 1 foot lower than at the same time
in 1939, showed a total decline of about 3 feet for the period of record
from July 1938 to December 1940.

In well 326, at the plant of the Cincinnati Milling Machine Co. at
Oakley, the water level was measured from August to December 1940.
The period of record is not long enough to show any significant change
in water level.

A study of well logs and water levels in several wells at the east end
of the Norwood Trough at Oakley and Norwood show that the upper
part of the water-bearing beds have been unwatered; in other words,
the water level has declined below the top of the water-bearing beds.
(See fig. 22.) This fact, together with the slow decline in water level
. that is apparently continuing, suggests that the ground-water supply
has been overdeveloped under the present conditions of pumpage and
recharge. Rough calculations show that the water pumped from the
Norwood Trough has been taken largely from storage and that recharge
to the water-bearing beds has been relatively small.

As the surficial and shallow deposits of the Norwood Trough are
relatively impermeable, little water can percolate downward to the
water-bearing beds directly from the surface; so most of the recharge
must come from either the Mill Creek Valley or the Little Miami Valley,
where the sands and gravels are exposed or are connected with other
permeable deposits. One of the local drillers believes that the water
pumped from wells in the Norwood Trough was originally derived in large
part from several ice ponds in the vicinity of Murray Road and the
Miami and Erie Canal. Before the canal was abandoned at least three
large ice ponds and turning basins were supplied with water from the
canal. When the canal was abandoned and drained in 1919 and 1920,
this source of recharge was eliminated. The direct recharge from the
canal itself was probably negligible, but water may have percolated
from the ice ponds through the underlying sands and gravels to the
water-bearing formation. The ponds and the canal were on a low terrace
about 520 feet above sea level. The elevations of the land surface in the

Mill Creek Valley would allow water entering the surface from the
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canal or the ice ponds to flow eastward under a gradient of about 20
feet to the mile.

The logs of several test wells in the Ross Run field of the Procter &
. Gamble Co. at Ivorydale show little or no clay from the surface to
bedrock. The well field is in or near the abandoned ice ponds, but the
exact location of the individual wells is not known. A new well drilled
in 1940 encountered no clay from the surface to bedrock, showing
that a permeable Connection exists between the land surface and the
deep water-bearing formation, which is continuous under the Norwood
Trough. Since the canal was abandoned the only source of water in
this immediate area has been local precipitation and the water from Ross
Run. However, under the’ present distribution of pumpage any re-
charge that might reach the water-bearing beds would probably be
intercepted by the Proctor & Gamble wells.

The profile of the Norwood Trough (fig. 22) shows that under the
present conditions the lowest part of the water table is in the vicinity
of the Norwood municipal well fields and that a ground-water divide
exists between Ivorydale and Norwood. This indicates that under
the present conditions little or no water enters the Norwood Trough
from the Mill Creek Valley. The heavy pumping from the Ivorydale
area probably lowered the water table sufficiently to intercept any water
that passed from Mill Creek Valley into the Norwood Trough in past
years. The slope of the water table east of Norwood is more gradual
than on the west and suggests that some recharge may be coming from
the Little Miami Valley. Unfortunately, as there are few wells in the
eastern part of the Norwood Trough in which water levels can be meas-
sured, the profile of the water table cannot be drawn with as much
" detail as elsewhere. The water table in the eastern part of the Norwood
Trough is relatively flat and stands at an elevation of about 460 feet.
This elevation corresponds closely to the elevation of the water in the
Little Miami River and of the ground-water level in several shallow
wells in the Little Miami Valley just north of Lunkin Airport. As the
Little Miami Valley was originally continuous with the Norwood Trough
from the Ohio River to the mouth of the trough the deposits that fill
the valley were probably laid down under the same conditions as those
in the trough and in the Mill Creek Valley and should be similar in
character. The Little Miami River Valley, however, has been modified
by erosion and deposition of glacial outwash during the Wisconsin
stage. Ground-water conditions in the lower Little Miami Valley seem
to be similar to those in the Mill Creek Valley north from Ivorydale,
and the water-bearing beds in the Norwood Trough appear to con-
tinue under the Little Miami Valley. The water derived by recharge to
the deeper formations in the Little Miami Valley possibly percolates
westward into the Norwood Trough. This percolation doubtless is

-~
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slow, as the hydraulic gradient is smaller than that on the west end
of the trough.

The wells of the Norwood public supply are in two small areas, and
the wells of several industrial plants are not far from them. Doubt-
less the close spacing of these wells tends to accentuate the depression
of the water table. Consideration should be given to the construction
of new wells at points as widely separated as practicable in that part
of the city located in the trough, especially in areas where no large
quantity of water is pumped at present. As much of the recharge to
the water-bearing beds may come from the Little Miami Valley, there
will be an advantage in locating wells in the eastern part of the city.
Considerable water probably can be pumped in the undeveloped local-
ities in the western parts of the city, but as the water would be pumped
almost entirely from storage no large development should be made in
that section.

So far as known, the water-bearing beds in the Norwood Trough are
overlain by a considerable thickness of clay, and therefore artificial
recharge could probably be accomplished only by pouring water into
wells constructed for that purpose. To make the artificial recharge
effective it would be necessary to drill the recharge wells in places near
the heavy pumping. As the land surface near the heavy pumping is
100 to 160 feet above the levels of Mill Creek and the Little Miami
River, it would be necessary to lift any water taken from these streams
for recharging. In addition much pipe line would be required to trans-
port the water to the areas suitable for recharge. Therefore, these
streams probably cannot be considered as sources of water for artificial
recharge in the Norwood Trough. Several square miles of territory are
tributary to small streams in the trough. However, these streams
largely drain built-up sections of Norwood, Cincinnati, and several of
its suburbs. Probably much water is disposed of through sewers, and
all of it is subject to pollution. In addition, other difficulties would be
involved in recharging through wells.

The remaining alternatives for obtaining additional water for municipal
or industrial use in the Norweod Trough include the purchase of water
from the Cincinnati municipal water-supply system; the connection
with a system to supply additional water to municipalities and indus-
tries in the Mill Creek Valley if such should be constructed; the develop-
ment of a ground-water supply in the valley of the Little Miami River;
and the development of a surface-water supply from that river or its
East Fork, or from the Ohio River.

Few wells have been drilled in the valley of the Little Miami River
between the Norwood Trough and the Ohio River. However, the
bedrock valley is filled at least partly with deposits of sand and gravel,
which should yield water as readily as similar deposits in the Mill Creek
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Valley. Although the water in this part of the valley is not greatly
developed at the present it may be possible to obtain several million
gallons a day from wells in the lowlands of the valley. If the ground
water in the Norwood Trough comes largely by underflow from the Little
Miami Valley, pumping from wells in that area probably would reduce
the flow into the trough. On the other hand, conditions in the Little
Miami Valley appear favorable for recharge from the Little Miami or
the Ohio River. If any large development of ground water is to be
undertaken in this area, the most favorable location for such a develop-
ment should be determined by test drilling and pumping and the safe
yield of the water-bearing beds should be determined.

POSSIBLE ADDITIONAL SOURCES OF WATER SUPPLY IN MILL
CREEK VALLEY AND THE NORWOOD TROUGH

The sand and gravel deposits underlying the Mill Creek Valley from
the Miami Valley to Ivorydale and perhaps to the Ohio River may be
considered as one large underground reservoir in which vast quantities
of ground water are stored. A large part of the water pumped from
" wells throughout the valley probably enters the underground reservoir
north of Lockland and percolates southward toward Ivorydale and the
Ohio River. It may be considered that the valley is a unit and that
any project for increasing the water supply in one part of the valley will
ultimately affect the water supply in the more distant parts.

If there is a considerable increase in the rate of pumping from existing
wells in Mill Creek Valley or if additional supplies of ground water are
developed from new wells, further depletion and lowering of the water
levels may be expected. Unless reliance is to be placed in the Cincin-
nati public supply, plans should be made to obtain additignal supplies
of water from some now unused source. ‘A project for the whole valley
that would furnish an additional supply comparable in quantity to the
present pumpage would be desirable to provide for new industries and to
allow a reasonable factor of safety.

The Miami and Erie Canal formerly provided a means of water trans-.
portation from Toledo on Lake Erie to the Ohio River at Cincinnati.
The canal has fallen into disuse, and the lower stretch has been aban-
doned—the part from the Ohio River to Cumminsville in 1919 and that
from Cumminsville to Middletown in 1929. Much of the canal has been
filled in and is now covered with highways and streets. The canal
followed the east side of the Miami Valley from Middletown to Hamilton,
crossed the Mill Creek Valley south of Hamilton, and followed the west
side of the valley to Lockland. South of Lockland, it again crossed
Mill Creek Valley and followed the east side of the valley to Cincinnati.
Through much of its length, it was many feet higher than the Miami
River and Mill Creek. From Middletown southward, it was
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originally fed by the Middletown feeder, several miles northeast of
Middletown. .

The Miami and Erie Canal is reported to have had a great effect in
maintaining ground-water levels. The rate of decline in water levels
-has been accelerated by its abandonment, as the canal provided surface
water to many industrial plants, which, when this source of water was
eliminated, used private wells and thereby greatly increased the de-
mand on the ground-water supply. By maintaining a constant flow
of water in Mill Creek, seepage to the shallow water-bearing beds and
subsequently to the deeper beds was doubtless somewhat greater than
at present. . ‘

Waste water from the canal is reported to have maintained a flow in
Mill Creek equal to about twice the average flow since the canal was
abandoned. Mill Creek was probably never completely dry during the
summer until 1934, whereas during the past 2 years it has been completely
dry in certain stretches for periods of a few months. As several large
ice ponds and turning basins were kept full of water by the canal in the
Ivorydale area several well drillers believe that these basins supplied
water to the water-bearing beds in the Norwood area. However, the
canal probably contributed little water to the ground-water supply by
direct seepage from the canal bed.

Many persons have advocated the reopening of the canal as a water-
way for water supply and recreation. However, much of the canal has
been filled in, much of it has been broken down, and highways have been
built on the old canal bed. The Middietown feeder can no longer be
used without building new stretches of the canal through the cities
of Middletown and Hamilton. If a new feeder were constructed south
of Hamilton, a pumping lift of about 50 feet would be required. The
reopening of the canal would involve many difficulties.

The available logs of wells in the area between Ivorydale and the Glen-
dale waterworks show that in most of this area the principal water-
bearing beds are overlain by clay or silt. In addition, many wells are
reported to contain “muddy gravel.” Judging from samples of this
gravel examined at wells in course of construction, much of it is probably
boulder clay that consists largely of clay or silt with included pebbles.
Some of the muddy gravel and beds reported as clay are relatively
impermeable and tend to retard the recharge by direct downward per-
colation into the deep water-bearing beds. This condition is also sug-
gested by the behavior of water level in observation wells in certain
parts of Mill Creek Valley, notably in Ivorydale and Lockland, which
have not shown any significant rise after heavy rains. On the other
hand, the rapid and large rise of water levels in many wells after rains
suggests that a large part of the valley north of the Glendale-Milford
Road constitutes an intake area where conditions are relatively favorable
for recharge.
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Rough estimates show that the total quantity of water withdrawn
from the wells in the area between Ivorydale and the Glendale water-
works over a long period of years is several times greater than the maxi-
mum quantity of water that could be stored in the underlying beds
in the area described. Therefore it is evident that most of the ground
water consumed between Ivorydale and the Glendale waterworks has
not been taken from storage but from recharge—either from direct
downward percolation in areas not far from the pumped wells, where
- the impervious beds may be absent, or from the more distant area of
intake in the upper part of Mill Creek Valley, or in the lower part of
the valley by northward percolation from the Ohio River or another
intake area.

If the deeper water-bearing beds are nearly everywhere overlain by
impermeable beds between Ivorydale and Lockland, so that water
moves under impervious beds for a considerable distance, then the
ability of the water-bearing beds to transmit water is an important
factor in determining the quantity of water that can be pumped from
them. Although it might be possible to increase recharge by artificial
methods in the intake area above Lockland, the perennial yield of the
beds farther down the valley would depend largely on the maximum
rate at which the water could travel through them. On the other hand,
if there are permeable connections between the surficial beds and the
deeper beds ‘near the places of heavy draft, better results may be ob-
tained from artificial recharge near these places.

From 1938 to 1940 the Cincinnati district office, Corps of Engineers,
U. S. War Department, was making a survey of Mill Creek Valley and
the Cincinnati area for purposes of flood control. During this survey,
several alternate plans for flood protection in Mill. Creek Valley were
considered. These include (1) the construction of a barrier dam across
the mouth of Mill Creek to protect the lower part of the valley from
backwater from the Ohio River, and the placing of pumps to dispose of
flows in Mill Creek during flood periods in the Ohio River; (2) the con-
struction of a dam on the West Fork of Mill Creek in the uplands north
of Mount Healthy to be known as West Fork Reservoir, and the con-
struction of a dam across Mill Creek Valley at Sharon Avenue north of
Lockland to be known as Sharonville Reservoir, which will provide for
control of headwater floods in the Mill Creek Valley and thus will reduce
the number of pumps required at the barrier dam; and (3) the possible
construction of a diversion channel from the north end of the Sharonville
Reservoir to the Miami River to aid in the disposition of headwater
floods in Mill Creek. The considerations of these engineers involve
different combinations of these individual plans. The possibility of
coordinating a flood-control project with possible future projects to
develop a water su»ply for municipal and industrial use in Mill Creek

-
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Valley was also considered. Dual-purpose reservoirs have been sug-
gested by local interests to supplement the ground-water supplies. It
has been suggested, for example, the water from either of the storage
reservoirs might be used directly for a water supply by transporting
it to the point of use in the stream channels or in pipe lines; or, especially,
that water from the Sharonville Reservoir might percolate into the ground
at the reservoir or as it moved down Mill Creek to increase the ground-
water recharge. ,

At the Glendale waterworks, a few hundred feet south of the line of the
proposed Sharonville Dam, the surficial materials consist of nearly
impermeable silt or clay to a depth of several feet. If these materials
are present in the area to be covered by the proposed reservoir the strata
could be removed if not too thick. Sand and gravel is found below
the silt or clay at the Glendale waterworks and elsewhere along Sharon
Avenue but the logs of deep wells in other parts of the area show that,
at least in.some places, there is a considerable thickness of clay. It is
not certain whether the upper beds of gravel connect with the lower
water-bearing beds to provide any large quantity of recharge through
the bottom of the proposed reservoir. 4

In much of the Mill Creek Valley above the Glendale waterworks
the water table is not far from the surface, and during wet seasons some
of the land is so poorly drained that farm operations are hampered. Ifa
reservoir is made above Sharon Avenue, not only the actual reservoir
lands will be flooded but also the water table will be raised in a con-
siderable area near the reservoir, which tends to make the problem of
drainage even more serious. Water possibly may pass under the dam
and waterlog the lands below it unless an imprevious curtain is carried
to a considerable depth, perhaps 50.feet or more. This condition might
be mitigated to some extent by the drainage channel leading to the
Miami River.

Preliminary data show that in some places the bottom of the diversion
channel, as tentatively considered, would be below or about the level of
the water table. In some places the effectiveness of the drainage channel
possibly would be greatly reduced by a comparatively small rise of the
water table above the present levels so that the drainage channel might
be flooded by ground water, a condition that might easily happen during
periods of heavy rainfall. In contrast, in other places the diversion
channel might lower the water table so much during extended periods
of low precipitation that it would be necessary to deepen wells. Con-
sidering that the water table in some wells has fluctuated as much as 10
to 15 feet in the relatively short period of the current investigation, it is
necessary to consider carefully the relation between the water table in
and about the Sharonville reservoir site and the tentatively proposed
reservoir region, and also the relation of the water table to the profile
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of the proposed diversion channel before the construction of either pro-
ject is undertaken. Before the reservoir is constructed with the ex-
pectation that it will serve to recharge the water-bearing beds, there
should be extensive test drilling over a larger area and t6 greater depths
than has been possible in this investigation so as to determine whether
conditions are favorable for recharge and whether the reservoir would
likely waterlog the land. Whether a great amount of silt might be
deposited in the reservoir and seal its bottom and reduce its efficiency
for recharge must be considered carefully. The Cincinnati district
office, Corps of Engineers, United States War Department, has made a
survey of the silt in Sharon Woods Lake, which is in the Mill Creek
drainage basin above Sharonville.

Sharonville and West Fork Reservoirs would control the floodwaters
of Mill Creek in the upper parts of Mill Creek Valley and probably
would increase the recharge to some extent by retarding the run-off.
If arrangements could be made so that additional storage for water
supply in addition to ‘the storage for flood control could be provided,
the reservoirs would furnish water for direct use or for additional re-
charge to increase the ground-water supply.

There has been considerable discussion of a plan, proposed by Mrt.
David C. Warner, to construct a series of dams at intervals along Mill
Creek with the object of impounding some of the storm run-off and
permitting it to percolate into the ground. It will be realized that,
although at times there would be some velocity through the pools or
reservoirs, at other times, especially in dry periods, there would be
essentially no velocity. Under most circumstances, probably even in
periods of heavy run-off, the pools would be sufficiently stagnant to
allow the silt and clay, carried in suspension by the stream, to be de-
posited and to clog the pores of the water-bearing material If the pools
were perennially filled it would not be possible to break up the silt cover
merely by raking or harrowing but it would be necessary to resort to
some kind of dredging, perhaps continuously. Actually the deposit
of silt in the pools might become so thick as to offset any possible benefit
of increased bottom and side area exposed to the water.

In considering artificial recharge in Mill Creek Valley, the principal
factor is an adequate supply of surface water available for recharge.
The difficulties with silt and organic matter that are carried in suspen-
sion in surface water have been discussed in a previous section. Mill
Creek is extremely variable in flow and during several months of the
year may be a most or completely dry in certain stretches. Records
of the flow of Mill Creek at Koehler Street Bridge in Reading which
were made by the Cincinnati district office, Corps of Engineers, United
States War Department, show a minimum flow of only about 62,000
gallons a day during dry periods. If some sort of surface storage could
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be provided an artificial recharge system possibly might be operated
throughout the year; if no surface storage could be provided the ground-
water reservoir could be recharged only during parts of the year.

Suggestions shave been made that the ground-water supply in Mill
Creek Valley may be materially increased by the flooding method of
artificial recharge, in which floodwater is spread in a thin sheet over a
broad area underlain by permeable material and allowed to percolate
slowly into the ground. Some idea of the value of the flooding method
may be obtained by the following computations. As a result of the
heavy rains in mid-April 1939 the average rise in water level in eight
wells within a mile on each side of the Glendale-Milford Road was
about 10 feet. Information is not available as to the exact boundaries
of the area that was flooded at this time. However if it was half a mile
wide and 1 mile long, and if the specific yield was 20 percent, then
the volume of water that went into storage in such an area during
the 10-foot rise in water level was approximately 210,000,000 gallons.
This would be equivalent to a supply of about 575,000 gallons a day
for a year.

A detailed record of the rise and fall of the creek during the storm
of April 1939 at Glendale-Milford Road is not available , but the record
at_the Koehler Street Bridge in Reading shows that the creek reached
its highest stage about 6:30 p. m. on April 16 and remained at an un-
usually high stage for about 38 hours. The land was flooded for 2 days
or more. The water levels in most of the observation wells in this
territory a few days after the land was flooded were about 1 foot to 12
feet below the surface. If the area had been flooded for a longer period
percolation into the surficial beds could have continued at the rate in-
dicated for only a few more days before the ground would have been
saturated to the surface.

The rate at which the water table declined during extended periods
without precipitation is perhaps more significant in indicating the rate
at which artificial recharge could be maintained at a uniform rate. For
example, there was no precipitation in the region from April 28 to'May
6, 1939, and for more than a week previously there had been very little
rain. For the 8-day period from the afternoon of April 28 to the after-
noon of May 6, 1939, the average decline in water level in the eight
wells referred to above ranged from about 0.3 foot to 1.1 feet and averaged
0.75 foot. Assuming a specific yield of 20 percent, the average
change in level corresponds to a depth of water of 0.15 foot. This is
equivalent to about 48,000 gallons per acre for the 8 day period, or about
7,000 gallons per acre per day. This would be about 1,900,000 gallons
per day over the half square mile for which the estimate was made.

During the aforementioned period, the altitude of the water level in
all the eight wells under consideration was above the level of Mill Creek.



POSSIBLE ADDITIONAL SOURCES OF WATER sUPPLY 103
Therefore some of the ground water probably was flowing into the
creek as effluent seepage, and percolation downward to the deeper
beds probably was at a lower rate than that stated. During the summer
of 1939 precipitation in the area was markedly deficient. In the period
August 28 to September 6, 1939, as well as for some time previous,
essentially no rain fell. The water levels in the eight wells in the vi-
cinity of the Glendale-Milford Road were from 4 to 15 feet lower than
immediately following the mid-April high levels and generally below
the level of Mill Creek. During this 9 day period the average decline
in water level in the eight wells was 0.32 foot. Assuming a specific
yield of 20 percent, this decline indicates a removal of about 2,300
gallons per acre per day and in the one-half square mile under considera-

tion about 750,000 gallons a day.

- No detailed computations of recharge during the storm of April 1940
have been made, but similar quantities of water probably were added
to the underground supply at that time.

Although storms similar to those in April 1939 and 1940 came at com-
paratively rare intervals, rainfall is sufficient at times to produce in
Mill Creek a considerable flow that wastes into the Ohio River. To
bring about any large amount of artificial recharge by the flooding
method, it probably would be necessary to have facilities to store the
storm run-off of the creek and to have land that would be available for
flooding whenever water is available either from direct natural flow or
from storage.

The rate at which the water in the deeper beds percolates from the
recharge area to the heavily pumped area is proportional to the hy-
draulic gradient, and the increase that can be made in the rate of per-
colation is definitely limited. The fact that the deeper water-bearing
beds in the Lockland area are partly unwatered shows that under present
conditions the water cannot move to the wells as fast as it is pumped
from the wells. .

In the part of Reading south of Koehler Avenue is a broad, flat terrace
that has been partly developed for sand and gravel by the Reading
Sand & Gravel Co. A deposit of boulder clay was struck near the
bottom of a pit dug to a depth of about 40 feet along the east side. The
water level in the gravel pit is about 18 to 20 feet below the level of Mill
Creek during most of the year. Well 226, bored as a test well for
gravel in the field between the gravel pit and the creek, has a measured
depth of 70 feet. No records of the drilling are available, but it is re-
ported that 6 feet of blue clay was struck at a depth of 45 feet. The
water level in this well fluctuates about 12 feet during the year-and is
from 30 to 37 feet below the water level in the pit. The great difference
in water levels strongly suggests that the well ends in the deep water-
bearing formation.
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The gravel pit of the Reading Sand & Gravel Co. might be suitable
for trying “artificial recharge by the basin method. Water could be
taken from Mill Creek by a pipe line, syphon, or ditch and poured into
the gravel pit during periods when there was sufficient water in the creek.
Continued operation of the pit would be desirable to break up the silt
seal that would form at the bottom.

The broad terrace continues south from the Reading gravel pit along
the east side of the valley to Carthage. At present it is utilized for
farming. ~The water levels in three test holes near Amity Road and
Mill Creek are from 35 to 54 feet below the land surface and from 25 to
45 feet below the level of Mill Creek. The water levels fluctuate
with the seasons and frequently rise and fall rapidly. (See fig. 18.)
The sharpness and magnitute of the fluctuations have led the writers
to believe that these wells are near a point where the deep and shallow
formations are connected and that the fluctuations of water level are
due in large part to the changes in total pumping from wells in the
heavily developed area in Lockland or from the wells of the Philip
Carey Co.

If the deep and shallow formations are connected in this particular
area, the ground-water supply might be increased by some method of
artificial recharge such as spreading water over a rather large tract.
Pumping units would be required to raise the water from Mill Creek
to the level of the terraces.

Computations similar to those for the area in the vicinity of the Glen-
dale-Milford Road have been made for this area. During the period
from August 7 to November 6, 1939, and from June 10 to August 26,
1940, the water level declined an average of 0.112 foot per day or 0.784
foot per week. If it is assumed that the area in which the water level
declined was about 114 miles in length and about 1,000 feet in width
and that the specific yield of the material was 20 percent, the
decline indicates a computed loss of water in the area of about 1,300,000
gallons a day, or about 7,200 gallons per acre per day. If the head on
the ground water were increased by raising the water level 25 to 50
feet, percolation through the water-bearing material would doubtless be
considerably greater and might be doubled.

Before the area is developed for artificial recharge, extensive test
drilling should be done to outline the area connecting the deep and
shallow beds and to determine the effective porosity, the permeability,
and the thickness of the water-bearing materials. Artificial recharge.
should be tested experimentally to determine by actual tests the rates of
percolation and the effect of silt in the water to be spread. The costs
of recharging should be estimated to determine its economic feasibility.

Suggestions have been made to increase the ground-water supply in
Mill Creek Valley by pouring surface water into recharge wells. As
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the general principles involved and the difficulties that have been en-
countered in other areas of the operation of recharge wells have already
been discussed only brief consideration is needed here.

If the water-bearing beds are to be recharged by pouring water into
wells, areas must be selected where the water level in the well is far enough
below the surface to provide a head for the introduced water. This
factor would limit artificial-recharge operations through wells in the
Mill Creek Valley to the stretch extending from Cooper Avenue in
Lockland to Ivorydale. The high value of farm and industrial proper-
ties in this area might make recharge through wells more practicable
than surface spreading methods. The difficulties in obtaining a suitable
supply of water for recharge have already been pointed out.

Where ground water is used for air conditioning only, the return of
water to the water-bearing beds through a closed system, as in Long
Island, may be practicable. Care should be taken to comply with the
recommendations of the State Health Department to .avoid contamina-
tion of the underground supply.

The several methods of artificial recharge of the underground reser-
voir that might be applied in the Mill Creek Valley have been con-
sidered carefully. The results obtained lead to the conclusion that arti-
ficial recharge in the Mill Creek Valley may be successful only if an
adequate supply of surface water containing little or no silt or other
material is provided. If such a supply is available several methods of
artificial recharge should be tried experimentally in the field on a small
scale, and detailed estimates of the cost of construction and operation
should be made before any large artificial-recharge operation is installed.
The cost and the diffculties may make any of the methods of artificial
recharge in this area impracticable.

A considerable quantity of water may be available from the alluvxum
in the valley of the Little Miami River. If, after adequate test drilling
and pumping, the quantity available is sufficient, it may be feasible to
pump from wells in that valley and to carry the water by pipe line to -
Norwood and Ivorydale and possibly as far up Mill Creek as Lockland.
The distance from the Little Miami Valley to Ivorydale is about 6
miles and from Ivorydale to Lockland about 5 miles. If water were
taken from the Little Miami Valley for use in the Mill Creek Valley it
would be necessary to raise the water over a divide about 150 feet above
the Little Miami River.

Plans have been carefully considered for pumping large quantities of
water from wells in the upper part of the Mill Creek Valley and in the
divide area between that valley and the Miami Valley, and for delivering
the water farther down the valley either through a pipe line or by per- -
mitting it to flow in the open channel of Mill Creek or the abandoned
canal. At present there is no heavy pumping in the upper part of the
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valley, but wells with large yields could probably be obtained. A part
of the pumped water would constitute a new supply as it would other-
wise be lost by evaporation or transpiration of plants, by seepage into
Mill Creek, or by percolation to the Miami River Valley. A part of
the water, however, would otherwise percolate down Mill Creek Valley
to supply the existing wells. .

If the recharge in 1939 of about 13,000,000 gallons a day is apportioned
to the 20 square miles of rather effective intake area from the head of
the valley to Ivorydale an average rate of recharge is obtained of about
650,000 gallons per day per square mile. Considerable areas of the
valley are underlain by clay at or near the surface. Such areas cannot
serve as recharge areas, and hence the recharge per square mile in favor-
able areas is probably much greater than the figure given.

As the ground water in the valley downstream from the vicinity of
Flockton is probably tributary to the heavily pumped area, consideration
of a new pumping project should be limited to an area in the upper Mill
Creek Valley west of Flockton. It is estimated that this area comprises
an intake area of about 5 or 6 square miles and that recharge in the area
is of the magnitude of about 5,000,000 gallons a day. Heavy pumping
in the valley west of Flockton probably would develop a large cone of
depression, which might shift the ground-water divide at Flockton
farther east and intercept part of the water that otherwise would per-
colate southward toward Lockland. Care should be taken not to de-
. velop a cone of depression large enough to intercept water that is now
being taken from wells in Hamilton.

A supply could be provided by constructing a reservoir to impound
surface water in the drainage basin of Mill Creek, either in the head-
waters of the stream before it reaches the valley or in the valley proper
as tentatively planned by the Corps of Engineers, United States War
Department. o

An essential factor in deciding what may be the most suitable source
for an additional water supply for Mill Creek Valley obviously is that
of cost. Many nonhydrologic elements enter into this factor, and their
determination does not come within the scope of this report. Sufficient
information in regard to ground-water conditions in Mill Créek Valley
probably is given in this report to permit a preliminary study of the
relative costs.
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