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-'GROUND-WATER HYDROLOGY AND GEOLOGY OF THE LOWER GREAT
MIAMI RIVER VALLEY OHIO :

By Axprew M. SPIEKER L

ABSTRACT
The valley of the lower Great Miami River, extending from

Dayton to the Ohio River about 15 miles west of Cincinnati, is |

one -of the most productive sources of ground ‘water in- the

Midwestern United States. A major buried valley averaging 2
miles in width and 150-200 feet in depth, formed during inter-
glacial intervals of the Pleistocene Epoch and subsequéntly
filled with highly permeable sand and gravel outwash, follows |

essentially the course of the present Great Miami River.

The valley can be divided into 11 hydrogeologic environments
on the basis of the nature and thickness of the aquifer materials,
the availability of recharge by induced stream infiltration, and
the presence or absence of semiconfining clay layers. The most
favorable areas for the development of large ground-water sup-
plies are in those environments where 150 feet or more of sand
and gravel with no clay layers are close enough to a major
stream to permlt recharge by induced infiltration. These most

favorable areas are near Trenton, the reach of the Great Miami :
River between Hamilton and Ross, and the lower Whitewater -
River valley south of Harrison, where individual wells can
yield as much as 3,000 gpm. Only slightly less favorable are the -
areas similarly situated near streams but where the aquifer is -

less than 150 feet thick or where the aquifer contains areally
extensive layers of clay. Most of the valley north of Mlddletown
is in the last category.

Pumping from an aquifer hydraulically connected with a
stream will generally reduce the streamflow between the point
of withdrawal and the point of sewage return. Little net deple- -

tion of streamflow is evident in the report area, however, for
the sewage returns are generally close to the points of with-

drawal. The returned used water is thus available again for |

induced recharge. to the aquifers., Such recycling of water
would theoretically make possible pumping of ground water
in the area at a virtually unlimited rate. The limit of such pump-
ing from wells whose water supplies are recharged with used
water would be imposed by deterioration of the water quality
or ‘by the cost of adequate treatment of the used water.

In the parts of the valley where the aquifer is either too far
from a major stream for induced infiltration or overlain by a
semiconfining clay layer, individual wells can be expected to
yield 500 gallons per minute, although yields as high as 1,000
‘gallons per minute are not uncommon. Such environments are
present in abandoned segments of the ancestral Great Miami
River valley between West Carrollton and Carlisle, between
Trenton and New Miami, and between Ross and Harrison.
Smaller areas with this environment are present southeast of
Hamilton and southeast of Middletown. The least favorable

‘ hydrogeologlc “environments are in tnbutary buried valleys

filled largely or entlrely with clay and inthe upland areas where
shédle bedrock is overlain by relatively impermeable glacial till.
Large ground-water supplies generally cannot be developed in
these last two env1ronments .

The dlscharge of ‘Great Miami River at Hamﬂton equals or
exceeds 490 cubic feet per ‘seconid 90 percent of the time. The base
flow of this stream is among the highest in Ohio, and ample
water is available for recharge:to the aquifer by induced steam
infiltration. The recharge rate by induced infiltration in warm
weather under conditions of low streamflow has been determmed
to be about 400,000 gallons per day per acre of streambed, with
considerably higher rates under conditions of higher streamflow.

Pumpage of ground water, which is mostly concentrated
around the area’s larger cities, totaled 110 million gallons per day
in 1964, The ground-water resources of much of the area remain
untapped. The gradient of the water surface trends generally

‘toward the southwest at 5-10 feet per mile, about the same as

the gradient of the Great Miami River. Small cones of depression
have formed around the pumping centers at Miamisburg, Chau-
tauqua, Franklin, Middletown, New Mlaml, Hamﬂton, Fairfield,
Ross, and Cleves. The only major cone of depressmn about 70
feet deep, is around the Armco ‘Bast Works in southeast
Middletown. .

The ground-water surface in-most of the valley stands about
30-50 feet beneath the land surface; it fluctuates about 5-15 feet
annually, generally rising during the winter and spring and
falling during the summer and autumn. The fluctuation is great-
est in the areas where ground water is being pumped or where
the aquifer is semiconfined. The only area of chronic overdraft
of the aquifer, indicated by a persistent decline of the water
level, is the vicinity of the Armco East Works, where the water
level was 132 feet below land surface at the end of 1964.

Water in the Iower Great Miami River valley is generally hard,
containing high concentrations of calcium and bicarbonates.
The total dissolved solids content of both ground water and sur-
face water is typically 400-450 milligrams per liter. The Great
Miami River is generally contaminated by organic and industrial
wastes in most of the area of investigation. Concentrations of the
contaminants ‘are highest during prolonged periods of low
streamflow. Water from some wells where the aquifer is being
recharged by induced infiltration from the Great Miami River
has become slightly contaminated, as indicated by the presence
of minute quantities of phenols and higher than normal concen-
trations of nitrate. Such contamlnatlon of ground water has not
yet become a serious problem. : B

Al
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INTRODUCTION

Investigation of the occurrence of ground water in
the lower Great Miami River valley was made during
1961-65; the present series of reports on the ‘area’s
ground-water resources is a result of that investigation.

- Water is the key to the industrial prominence of the
Great Miami River valley, which was originally settled
more than 150 years ago owing to its ease of ‘access by
way of the Great Miami River, and later by way of
the Miami and Erie Canal. The earliest industries—the

paper mills—settled along the river. More recently. the ‘

avallablhty of ground water has been an important fac-
‘tor in the area’s industrial growth.

‘All the cities in the Great Miami River valley- depend '

entlrely on' ground water for their public supplies, and
many of the larger-industries have’their own wells.
Ground water is so' much more abundant in this area
than it is in the Cincinnati metropolitan area imme-
diately adjacent that on three separate occasions indus-
trial and municipal interests in Cincinnati have sought
relief from water shortages by using ground water in

the Great Miami River valley to supplement their ow\n :

~ supplies. |
Purpose of the investi gation was to mwke available the

facts needed to solve or control. four significant. water ‘

problems that exist in the report area; they are as
follows: '

1. Vamable afvazlabzlzty of water in place aml time.—

Identification of the distribution in place of the
major aquifers and their relation to sources of re-
charge. Consideration of changes in ground-water
storage with respect to time..

2 Local overdraft and declining ground- water levels
resulting from increased water use—Identification
of areas of present and potential overdraft based

~on analysis of water-level trends. Predicted effect
of -future ground-water development on water
levels. :

8. Ground-water contamination —Identlsﬁcatlon of
present contamination, possible sources of ‘con-

tamination, and future dangers of contamination. -

4. Water-rights law.—Summary of Ohio’s. water law
and its relation to ground-water development and
management problems. /

' PURPOSE AND SCOPE OF REPORT .

The -purpose of this chapter is to define quflntlta-
tively, so far as possible, the ground-water resource in

‘the lower Great Miami River Valley, including its mag-"

nitude, dlstrlbutlon, ‘movement, and. w1thdra,wa,l and
changes in its storage, and chemlcal qu‘xhty The report
is intended to prov1de the facts necessary, for those
responSIble for managing this resource so that they can
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adequately handle the four previously stated problems
and achieve the most efficient and beneficial use of the
resource. Emphasis is placed on the relation between the
ground-water resource and the physical environment in
which it occurs. This interrelation is termed the “hydro-
geologic environment” 'in this report. The availability

" of induced stream recharge, the areal distribution of

sources- of récharge to the principal aquifers, and the .
maintenance of adequate water quality in the streams
that are sources of recharge are considered to be the key

factors in this interrelation.

PREVIOUS INVESTIGATIONS

The lower Great Miami River valley has been the sub-
ject of several water-resources and geologic investiga-
tions. Fuller and Clapp (1912) .conducted the first
reconnaissance of the area’s ground-water resources.
Klaer -and Thompson: (1948) ‘described the occurrence
of ground water in Butler and Hamilton Counties,
which include most.of the present study area. Norris,
Cross, and Goldthwait (1948) described the geology and
water resources.of Montgomery County, which includes
the . northernmost part of the present area. Walker
(19602, b, ¢) prepared generalized water-availability
maps of the area. These maps are part of the Ohio Divi-
sion of Water series of such maps. of the entire State,
which show the occurrence of ground water by drainage
basins. Spieker (1961) summarized the occurrence of
ground water in the lower Great Miami River valley
and the adjacent areas of Dayton and the Mill Creek
valley. Klaer and Kazmann (1943) and Dove (1961)

| presented detailed -quantitative appraisals of ground
‘water in the Fairfield and Venice (Ross in the present -

report) areas, respectively. Bernhagen and Schaefer.
(1947) provided up-to-date information. for Butler and

Hamilton: Counties. Fenneman (1916) described the

geology of the southern: part of the area. Caster, Dalve,

and_Pope . (1955) summarized the p‘tleontology and

stratlgraphy Goldthwait, White, and Forsyth (1961) '
mapped the Plelstocene dep0s1ts of the area.
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WELL-NUMBERING SYSTEM .

All wells included in the present report except obser-
vation wells maintained by the Ohio Division of Water
are numbered sequentially, from the northeastern part
of the study area to the southwestern part, beginning
with 1 and ending with 104. The Ohio Division of
Water observation wells are identified by their assigned
numbers, which consist of a prefix denoting the county

" followed by a number. All such observation wells used
in the present report are described in Bulletin 41 of the
Ohio Division of Water (Kaser and Harstine, 1965).
Prefixes for well designations are “Bu” for Butler
County, “H” for Hamilton County, and “Mt” for Mont-
gomery County. The location of all wells is shown on

plates 1 and 2. Table 10 (p. A34) is a summary of records

of the wells pertinent to this report.
The present report is not intended to be a comprehen-

sive inventory of wells in the lower Great Miami River -

valley. Only those wells specifically discussed in the re-
port are included in table 10. Records of several hundred
wells collected during the investigation are on file with
the Columbus, Ohio, district of the U.S. Geological Sur-
vey. Thousands of additional well records are on file

with the  Qhio Division of Water in Columbus, for -

drillers in Ohio have been required by law to file logs of
all wells drilled since 1948.
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-GEOGRAPHY:
i

LOCATION TOPOGRAPHY AND DRAINAGE

The report area consists of the lower part of the
Great Miami River valley; it extends from West Car-
rollton to-the Ohio River near the southwest corner of
Ohio. (fig. 1). This area is in the Till Plains section of
the Central Lowland physiographic province (Fenne-
man, 1938, p. 499—518) The south edge of the area is at
the north margin of the Bluegrass section of the Interior
Low Plateau . (Fenneman, 1938, p. 427—431), and its
topography resembles the unglaciated Bluegrass region
more than it does the glaciated Till Plains. Character-

istic topography in the study area consists of flat to

rolling uplands at altitudes ranging generally from 850
to 1,000 feet. South of the boundary of the Wisconsin
Glaciation, which extended to just south of Fairfield,
the terrain is considerably more rugged and is deeply

_ dissécted. The largest stream in the study area is the

Great Miami River, which flows in a flat valley about 2
miles wide at an altitude of 200-350 feet below the till
plain of the upland. Major tributaries to the river:in the
area are Twin Creek, Fourmile Creek, Dicks Creek, Elk
Creek, Sevenmile Creek, Indian Creek, and the White-
water Rlver ]

CLIMATE

The occurrence-and the distribution of precipitation
govern the regimens of both surface water and ground
water. Hence, an understanding the area’s climate is
fundamental. ~

Southwestern Ohio has a climate wh1ch 1s generally
classified as humid temperate. Table 1 gives a sum-
mary of normal monthly precipitation in the area, and
table 2 summarizes monthly normal temperatures. The

‘Cincinnati and Dayton stations are not in the area of

investigation but are included because they are the only
nearby first-order weather stations. The Cmcmnau and

" Dayton stations are in the uplands, whereas the Hamil-

ton and Middletown stations are in the: Great Miami
River valley.

Annual precipitation averages 3640 inches and is
evenly distributed throughout the year. Much of the
summer precipitation, however, is in the form of scat-
tered thundershowers. Areal variation in precipitation

may therefore be large. Distribution of these; local
storms tends to average out over a long period of record,
as shown by the consistent records for the four stations
given in table 1. Precipitation in the spring and summer

(March-August) slightly exceeds precipitation in the-

autumn and winter - (September-February). Average
monthly precipitation for the four listed stations is 3.64



GROUND WATER: IN :THE LOWER ' GREAT MIAMI RIVER VALLEY, OHIO

R B30 e e

— : MONTGOMERY COUNTY .:
) prankin]"VARREN counTy -
420

" PREBLE " \COUNTY A1 ,
BUTLER (COUNTY - e L -

k- R
Creek : i

1 e
I R :
N I b P . '
[ l
&
s, R
toee AN R R
oo .
(R ok hes < S »
(a3

I N
rl"l' R ,Wg
I
o BUTLER \ COUNTY O .
7 "HAMILTON" uCOUNTY - v
e, [ — .
'I%.é‘"' .

;Harrison e b )_ .

L5 po 2 .

V7

A

—~ R, o ‘ e
e, E ‘ 8. ~"~7'~'» '{.1"

— e —
-

COUNTY
CLERMONT COUNTY

—

/. lliAMl;LTON

0 5 . 10MILES

F16URE 1.—Location and extent of study area, southwestern Ohio.



. . GROUND-WATER HYDROLOGY AND GEOLOGY

inches for March-August, and 2.80 inches for Septem-
ber through February. Of the total annual precipita-
tion, 57 percent occurs during spring and summer.

TaBLE 1,—Normal monthly precipitation, based on 1931-60
period of record, for four weather stations in southwestérn Ohio

[Precipitation given in inches]

'Giricinnati Hamilton Middletown. Dayton

- Abbe Water Water airport
Observatory Works Works . .
3.67 - 3.63 3.73 3. 1
2.80 2.64 2.80 2.3
3.89 3.65 3.68: 3.1
3.63 3.61 3.63 3.3
3.80 3.72 4.16 N
4.18 4.06 - 4.27 4.1
3.59 3.82 3.95 3.5
- 3.28 2,68 2.96 2.88
2.71 3.37 3.12 2.
October 2.24 2,22 2.28 2.
November.. . 2.96 2.76 2.90 2.
December................. 2.77 2.685 2.76 2.37
Annual.............. 39. 51 38.81 40.24 36.04

TaBLE 2.—Normal monthly mazimum, average, and minimum
temperatures, based on 1931-60 period of record, for three
weather stations in southwestern Ohzo

* [Data in °F]

Cincinnati Abbe - Dayton airport Hamilton

Observatory Water

Works.

Max Avg Min Max Avg Min (Avg)
January. ... .o.cceeeen. 4.3 337 261 3.9 20.6 222 33.1
February. ‘ 43:4 35.1 26.7 - 38.8. 30.9 ° 22.9 34.7
March.........__ §2.0 42,7 33.3 47.8 . 38.9 29.9 42.1
April. .. 64.4 54.2 43.9 60.6 '50.7 40.8 53.4
MBY - er oo 74,9 642 535 7L7- 616 b5L4 63.5
June._..... oLl 83.8 73.4 63.0 81.4 715 61.6 72.8
July. 87.6 76,9 66.3 8.3 752 65.1 76.3
August. .o o..iiooaaal. 86.4 - 75.7 64.9 83.7 7.7 63.7 74.6
September...._.._......... - 80.3 69.0 57.6 77.3 . 66.8 56.2 68.0
October .. ....occceemeaan 68.9 657.9 46,8 66,0 55.6 452 56.5
November....._.._.....__ 53.2 44.6 - 360 50.1 418 335 43.8
December_____._:i._._... 42.6 35.3 27.9 39.0 31.8 23.5 34.3
Annual..._......_.l 64.9 55.2 45.5 61.5 52.3 43.0 54.4

Average annual temperature for the three listed sta-
tions is 54° F. The average maximum is 87.5° F and the
average minimum is 22.2° F. Extreme recorded temper-
atures for the 1931-60 period of record are 109 F° and
—17° F, both at Cincinnati. Temperatures above 100° F
or below —10° F are rare. The average length of the
growing season, or frost-free period, is 170 days
(Pierce, 1959, fig. 34). o

Although. precipitation is fairly evenly distributed
throughout the year,,re(éharge to the aquifers is not.
During the growing season, which is mainly the 6-month
period from m_i‘d-'April to mid-October, most precipita-
tion is lost through evapotranspiration and does not
reach thé Water table. During the winter, freezing of the
ground prevents precipitation from reaching the water
table. Thus, the most probable times for ground-water
recharge are in the late fall and the early spring—that is

311-590—68——2
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October and November, and March and April. Precip-
itation in March and April slightly exceeds that in
October and November; therefore, March and April
appear to be the optimum months for recharge. This
deduction, though generally valid, does not hold true
after year after because climatic conditions may vary
greatly from year to year. With rare exceptions, how-
ever, most of the ground-water recharge occurs dur-
ing the 7-month interval October—April.

POPULATION :

The predominantly urban population of the lower
Great Miami River valley has steadily increased dur-
ing the past half century. The study area includes parts
of four counties—Butler, Hamilton, Montgomery, and

‘Warren. Table 3 gives the population of these four

counties at 10-year intervals from 1900 to 1960, the latest
year for which Federal census data are available. Only
about 15 percent of this population lives within the
study area but almost everyone in these four counties is
dependent to some extent on ground water from the
lower Great Miami River valley. The ground-water re-
source of the report area sustains a substantial part of

the industrial base of these four counties and is a po-

tential source of public water supplies for cities outside
the report area. Thus, for purposes of the present report,
the total population of the four counties is more mean-
ingful than that of the actual report area. About two-
thirds of the inhabitants of these four counties live in
the Cincinnati and Dayton metropolitan areas, and
neither city is within the study area. - "

TABLE 3.—.Populdtion of counties that include parts of the lower
Great Miami River valley, Ohio, 1900-60

‘ Counties Total
Year population
- Butler Hamilton Montgomery . Warren : .-

56,870 409,479 130, 146 25, 684 622,079

70,271 460, 732 163, 763 24,497 719,263

87,025 403,678 209, 632 26,718 . 815, 951

114, 084 589, 366 273, 481 127,348 1,004, 269

120, 249 621,987 205, 480 29, 804 1,087, 610

147,203 723, 962 398,441 38, 605 1, 308, 101

) 64, -65,711 1,655,988

The population of the study area alone is difficult
to determine, for the area boundaries do not coincide
with political boundaries and hence, with census data.
The area’s approximate population in 1960—based on
the cities and. townships which the area comprises, was
255,000. The largest cities in the area, according to 1960
population records, are Hamilton (72,354), Middletown
(42,115), Miamisburg (9,893), and Fairfield (9,734).. -

The population of the lower Great Miami River valley
seems destined to continue its growth in future years.
Bétween 1900 ‘and 1950 the population of the four-
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county area doubled. Over a comparable. period, from

1910 to 1960, the population of the study area increased .

at an even greater rate—from 84,036 to 254,529 (or more

than triple the 1910 population). Conservative estimates -

indicate that the population of the United States will
doublein the next 50 years. As the area of investigation

is in a region of rapidly expanding industrial develop- '

ment, its populfmtlon can be expected to grow at an even
greater rate. : ‘

COMMERCE, INDUSTRY, AND TRANSPORTATION

Almost since pioneer days in the history of Ohio, the
Great Miami River valley has been-an important indus-

trial center. Paper mills sprang up early along the river

at Miamisburg, Franklin, Middletown, and Hamilton,
owing largely to the river being a’source of power and

an avenue of transportation. The Miami and Erie Canal,

linking the Great Lakes with the Ohio River, was com-
pleted in 1845. It provided the area with the most’ mod
ern transportation available at the time. A
Water has been largely -responsible for the area’s
steady industrial growth and. is destined to play an in-
creasingly important-role in the future. Although the
earliest factoriés were built along the river and utilized

surface-water supplies, industries have depended largely

on ground water during the past 50 years, owing to its
abundance and Superior quality, and to the advent of
_modern techniques in well construction. Muchi surface
water is still used for coolmg, but grounid water plays
the dominant role in the area’s industrial econiomiy. The
large ground-water supplies still virtually untapped in
parts of the area give the Great Miami River valley
great potential for future industrial development.

At present the lower Great Miami valley is served by
the Baltimore & Ohio, Chesapeake & Ohio, and Penn-
Central Railroads.® Airports at Cincinnati and Dayton
provide the nearest access to major air carriers; smaller
airfields at- Hamilton and Middletown are served by
charter . flights. Interstate Route 75 skirts the Great
Miami Rlver valley and provides ready access along its
route from Cincinnati to Dayton. Interstate Route 74
passes through the valley near Mlamltown, en route
from Clncmmtl to Indmn‘lpohs =

- HYDROLOGIC SYSTEM '
HYDROLOGIC CYCLE

Water 1s our only renew‘l,ble mlneral resource. Coal
oil, and ‘the metallic ores are nonrenewable resources—
once, they have been mmed they can never be replen-
ished, for it has taken hundreds of millions of years for
. 1The Pennsyivan'in and New York (fentml Railroad‘s. merged on

February 1, 1968. The merged company is known as, the Penn- Central
Railroad.
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these valuable resources to form. Water, on' the other
hand, is continually replemshed in the form of precipi-
tation. Actually, water exists in a perenially repeatmo
cycle. Of the water that falls on the ground as various
types of precipitation, some runs off to streams and,
thence, to the oceans; some also soaks into the ground.
Of the water that soaks into the ground, some percolates
downward to the water table and is stored in under-
ground reservoirs, and some is returned to the atmos-

~ | phere through evaporation and through transpiration

from plants. Surface-water bodies also lose water
through evaporation into the atmosphere. Generally, the
amount of water which evaporates into the atmosphere
approximately equals that which returns as precipita-
tion. This endlessly repeating cycle is known as the
hydrologic cycle, and an understanding of it is basic
to any hydrologic investigation.. Readers interested in

{ a more detailed description of the hydrologic cycle in

general terms are referred to Leopold and Langbein
(1960, p. 3-11). :
The aquifer—or the medlum consisting of rocks and

“unconsolidated matter, that stores and transmits ground

water—is equally as important as the hydrologic cycle
in an areal appraisal of the ground-water resource. Not
all materials have equal capacity to store and transmit
water, however. Thus, an understanding of the areal
distribution and transmission characteristics (in short,
the geology) of the area’s rock materials is also funda-
mental. Interaction of the aquifer with the hydrologic
cycle is here referred to as the “hydrologic system,” a
mutually dependent system consisting of all the compo-
nents described -above. No single component of the °
hydrologic system can be disturbed or altered without:
ultimately affecting the entire system. :

CHARACTER AND ORIGIN OF THE AQUIFERS

The large ground-water supplies of the lower Great
Miami River valley occur in highly permeable sand and
gravel that were de13051ted by g'acial melt waters from
recedmo continental ice sheets. These materials were
depos1ted in channels which had been cut deeply into
bedrock by interglacial streams. Plates 1 and 2 show the
general location of the principal water-bearing sand and
gravel formations, referred to in this report as aquifers.
These aquifers are variously called valley-train deposits,
valley fill, glacial outwash, water course aquifers, or
buried-valley aquifers. The geologic history of the area
is complex, but its highlights can be summarized briefly.
The bedrock which underlies the entire area consists
predominantly of flat-lying shale with thin interbedded
layers of limestone. This rock unit, known as the Cincin-
natian Series, was deposited about 450 million years ago
duruw the late.Ordovician Period in a shallow sea,
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probably under conditions similar to those now pre- |

vailing on the Continental Shelf. The total thickness of
the Cincinnatian Series is about 800 feet. These shales
and limestones have a low permeablhty, the small
amournt of water that does occur in them is in joints

and cracks, whose distribution is erratic. Although the -

permeability of these rocks may be too low to sustain
large water yields from wells, the large area of shale
in contact with sand and gravel aquifers possibly con-
tributes a significant quantity of water to the aquifers.

Several times during the Pleistocene Epoch, which
- comprised the last 214-3 million years before the Holo-
. cene (Recent) Epoch, Ohio was in large part covered

by continental ice sheets. Of the four recognized major .

glaciations, three, possibly four (Ray, 1966), invaded
the lower Great Miami River valley. Each ice sheet
blanketed the area with glacial till, which is & tough,
poorly-sorted aggregate with a predominartly clay ma-
trix containing pebb]es, cobbles, and boulders that, in
the lower Great Miami River valley, are largely lime-

stone. This glacial tilly like the shale bedrock, is nearly ~

impermeable although water is locally present in pockets
and lenses of sand and gravel within the till.

As a result of the Pleistocene glaciations, imperme-
able bedrock was blanketed by equally impermeable
till. In the valleys, however, glacial outwash deposits
of the last glaciation of Wisconsin age, and perhaps

those of the next older glaciation of Illinoian age, form | .

the most potentially productlve water-bearing deposits
in the Midwest. During one or more of the interglacial
“ages the valley that is in general followed by the pres-
ent Great Miami, became entrenched in bedrock to
‘depths of 200 feet or more. The filling of glacial out-

wash, consisting mainly of well-sorted sand and gravel,

was deposited in the entrenched valley by the torrential

meltwaters of the younger ice sheets. Till, interstrat-

ified with the permeable outwash sand and gravel in
the valleys, has produced conﬁmng layers of lower
permeability.

GROUND WATER IN THE HYDROLOGIC SYSTEM

The Great Miami River valley has an abundant sup-
ply of water owing to both the high storage capacity
of the valley-train aquifers and the high average an-
nual rainfall of about 40 inches. Because of such plen-
‘tiful recharge and storage, the sustained dry-weather

flow of the Great Miami River is one of the highest in .

Ohio. The mean disclmrgé of the river at Hamilton is
3,323 cfs (cubic feet per second), and the discharge
equaled or exceeded 90 percent of the time is 490 cfs
(Cross and Hedges, 1959, p. 147). The latter figure is
considered by many hydrologists to be a good index
of a stream’s sustained dry-weather flow. The Great
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Miami River’s high dry-weather ﬁow; or base flow, is

“due largely to the high permeability and storage ca-

pacity of the sand and gravel deposits which underlie
much of the streambed. Ground water in these deposits
is hydraulically connected with the river. Under natural
conditions the gradient is from the aquifer to the river;
therefore, ground water discharges into the river. In
periods of litle or no precipitation, streamflow results
almost entirely from ground-water discharge. (See
Cross and Hedges, 1959, p. 5-13.)

Man has influenced the hydrologic cycle in the lower
Great Miami River valley. The most readily apparent
effect of man’s activity on the relationship of ground
water and surface water is the reversal of the natural
hydraulic gradient caused by pumping ground water
from the sand and gravel aquifers. Where and when the
rate of pumping is great enough for the cone of depres-
sion to intersect the river, the hydraulic gradient is re-

-versed, and water is induced to infiltrate from the river

into the aquifer. About 110 million gallons of water are
pumped from the aquifer each day in the report area.
Most of this pumping is concentrated around the cities

| of Middletown, Hamilton, and Franklin, where the

hydraulic gradient has been reversed. Though man has
altered the hydrologic cycle, he does not permanently
remove water from the system. He has merely changed
the path that water takes through the system.
‘Although the hydrologic system of the lower Great
Miami River valley has here been described in very gen-
eral terms, the hydrologic regimen of this area—in its
present state as well as its possible future trends—re-
quires a more detailed analysis of its complexities to be
fully understood. Therefore, the environments in which
ground water occurs in the lower Great Miami Rlve1
valley are described next.

HYDROGEOLOGIC ENVIRONMENTS

The characteristics of the sand and gravel aquifers '
are far from uniform throughout the lower Great Miami
River valley. By geologic mapping it is possible to dif-
ferentiate aquifer units, each with its distinctive physi-
cal propeérties. The occurrence of ground water is fur-
ther complicated by differences in aquifers’ potential

| for recharge by induced infiltration, which are usually
‘not considered in conventional geologic mapping. A

somewhat broader concept is needed to define these im-
portant areal vwrlatlons in the occurrence of ground'
water.

2 These remarks refer to the hydrologic system in the lower Great
Miami River »villley as a whole, and not to any specific locality. The
aquifers have been overdrawn locally ; the extent and the consequences
of this local overdraft are discussed in Professional Paper 605-D
(Spieker, 1968b).
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The concept of “hydrogeologic environment” was in-
troduced in the present investigation to broaden the
usual scope of geologic mapping. A hydrogeologic en-
vironment is here defined as a mappable area whose
underlying aquifer materials possess distinct hydrologic

and geologic properties that differ significantly from the -

properties of aquifers in the adjacent areas. In other
words, ground water occurs under essentially uniform
hydrologic and geologic conditions within any given
hydrogeologic environment. The term “hydrogeologic

- environment” owes its origin to the relatively new inter-

disciplinary science of hydrogeology, whi¢h deals with

the geology and hydrology of ground water. Hydro- -

geologic mapping—or the mapping of hydrogeologic

environments—thus somewhat broadens the scope of -

conventional geologic mapping. '

. The lower Great Miami River valley has been classi-
fied into 11 different hydrogeologic environments, which
are as follows:

Valley-train deposits

I Sand and gravel aquifer; recharge by induced stream infil-
tration potentially available. »
A. No interstratified clay-layers present.
. 1. Aquifer 150-200 feet or more thick.
2. Aquifer.less than 150 feet thick.
B. Interstratified clay layers possibly present. =
1. Aquifer 150-200 feet or more thick. =~
© 2. Aquifer less than 150 feet thick. ~
IL Sand and gravel aquifer;
infiltration available. -
A. No interstratified clay layers present )
1. Aqulfer 150-200 feet or more thick.
2. Aquifer less than 150 feet thick.
B. Interstratified clay layers possibly present.
1. Aquifer 150-200 feet or more thick..
2. Aquifer less than 150 feet thick.
III. Sand and gravel aquifer overlain by clay; stream recharge
generally not available.
IV. Valleys filled largely or entirely with clay; large water sup-
plies generally not available. '

Upland areas

V. Shale bedrock overlain by glac1a1 t111 large water supphes :

generally not available.

The four principal criteria on which thls classification

is based are nature of the aquifer, availability of re-

charge by induced stream infiltration, presence or ab-
- sence of interstratified clay layers, and thickness of the

aquifer unit. The above outline is arranged in order of

generally decreasing potential for the development of -
large ground-water supplies. -Should more detailed -
work in the future make possible a more detailed classi-
fication, the expanded classification can easily be fitted

into the framework in the outline just given. -
The followmg discussion of hydrogeologic environ-

ments in the lower Great Miami River valley is based

no recharge by induced - stream |
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on the hydrogeologic map of the area and a series of geo-
logic sections (pls. 1, 2). The sections are consecutively
designated by letters (4-A’, B-B’, and so on) begin-

" ning in the northern part of the area, but are discussed

in the order given in the above outline. The boundaries
between the environments (pls. 1,2) are generalized, as
is mnphed by the dashed lines. The contacts, as shown
on maps in this report; represent the best generalizations
which can be made on the basis of available data. Fur-
ther investigations may reveal information that will
permit some refinement of this map.

_ ENVIRONMENT I-A-1
[Sand and éravel aquifer 150-200 feet or more thick; no inter-
stratified clay layers present; stream recharge available]

The most favorable environment, for the development -
of large ground—water supplies in the lower Great
Miami River valley is in those areas where 150 feet or

| more of sand and gravel with no retarding clay layers

are sufficiently close to the river to permit induced re-
charge by stream infiltration. This hydrogeologlc envi-
ronment, designated I-A~1, occurs in three parts of the

report area (pls. 1,2) : the Vlclmty of Trenton, immedi-
| ately southwest of Middletown ; that part of the valley
i from' a point north of New Mlaml through Hamilton
- | -and Fairfield, to a point west of Ross‘; and the lower

Whitewater River valley, southeast of Harrison. Several
of the largest ground-water supplies in the lower Great
Miami River valley are in this environment—at New
Miami, Hamilton, Fairfield, and Ross—but the aquifer
in much of this highly favorable territory remams
untapped.

The ‘coefficient of transm1s31b111ty (T) of the aqulfer
in evironment I-A-1 ranges generally from 300,000 to
500,000 gpd per.ft ( gallons per day per foot). The coef-
ﬁ01ent of storage (§) is about 0.2, indicating that the
water is unconfined. Properly constructed individual
wells can yield 3,000 gpm (gallons per minute) or more
and have speclﬁc capacities of as much as 300 gpm per
foot of drawdown.

The geologlc sections on plate 2 show the mgmﬁcant

characteristics of hydregeologic environment I-A-1.

Section £-E’ (pl.2) isin the western part of the Hamil-

ton South well field, about 1 mile east of the site of a
new well field proposed by the city of Cincinnati. Here
the buried’ valley of the ancestral Great Miami River
is about 2 miles wide. Its floor is nearly flat and its bed-
rock walls-are steep. Although no.areally extensive clay
layers appear to be present, a distinct layer of fine-
grained materials, consisting of sand and silt, can be
identified in the lower part of the valley fill.

Section. G—G” (pl. 2) is representative of conditions
in the lower Whitewater River valley. As yet, data from
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wells are rather scarce in this area for little develop-
ment of the ground-water resource has been done. Con-
trol on the bedrock surface for this cross'section is based
on results of & seismic refraction survey. The lenses of
clay shown are diagrammatic and indicate that widely
scattered lenses and stringers of fine-grained matérial
may be present anywhere in the valley fill. These lenses
are not, however, of sufficient thickness or areal extent
to act as semiconfining layers or to otherwise affect the
general movement of the ground water in the area.

The bedrock floor of the buried Whitewater River
valley is flat and the walls are steep, just as they are in
the Fairfield area (pl. 2). The Whitewater River valley
ranges in width from 1 to 114 miles in the reach between
Harrison and Elizabethtown; the valley in this reach
is somewhat narrower than Great Miami River valley

at Fairfield. The Whitewater River valley in the study

area has undergone only little ground-water develop-
ment and, indeed, has all the characteristics favorable
to such development; therefore, it is one of the most
* promising parts of the lower Great Miami River valley
for future development of ground-water supplies..

RECHARGE BY INDUCED STREAM INFILTRATION

The key factor in sustaining the large ground-water
supplies in hydrogeologlc environment. I-A-1 is the
availability of recharge by induced stream infiltration.
The rate of such recharge varies widely with respect to
both place and time and depends on many factors, such
as stream discharge, stream velocity, condition of the

-streambed, temperature of the stream swater, and the
hydraulic gmdlent in the aqulﬁer Induced lnﬁltratlon,
despite its major role in the hydrologic system, is, none-
theless, one of the least understood phenomena. That
it isnot more clearly understood can be partly attributed
to the fact that meaningful results are obtainable only
with fairly large expendltures of time and funds.
Induced infiltration in the lower Great Miami Rlver
valley certainly should receive future study.

Probably the most comprehensive study of stream
infiltration induced by pumping of ground water was

made by Rorabaugh (1956) in the alluvial deposits of

- the Ohio River valley in northeastern Louisville, Ky.
Rorabaugh (p. 117-125) derived several equations for
the detennmatlon of infiltration characteristics, and
these equations have become the basis of most subsequent
infiltration studies.

Most induced recharge occurs durlng periods of hlgh
streamflow. This phenomenon can be attributed to three
causes: ,

1. The higher stream velocities associated: with high |

" streamflow tend to keep the ﬁne-gramed particles
(such as clay and silt) in suspension, and the
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~ resultant streambed is composed mainly of sand
and gravel and is conducive to infiltration.

2. The head differential between water in the stream and
“water in the underlying aquifier is greater at high
streamflow than at low flow, and leads to 1ncrea,sed
infiltration.

3. The wetted area of the streambed is generally larger
at high streamflow.

No independent analysis of these three factors has been
made to ascertain their relative importance. A
Although most induced recharge occurs at. high
streamflow, a large amount is also known to occur during
periods of sustained low streamflow. It is the amount of
recharge during periods of low streamflow that is crit-
ical in sustaining large ground-water supplies during
prolonged drought .periods; therefore, most stream-
infiltration studies have emphasized these periods.

Dove (1961, p. 62-66).determined the rate of induced
infiltration at the well field of the Southwestern Ohio
Water Co. near Ross—in hydrogeologic environment
I-A-1—by use of a flow-net analysis based on water-
level measurements made on August 31, 1956. The com-
pany’s two horizontal collectors (wells 73 and 77) were
being pumped at a combined rate of 16.9 mgd (million .
gallons per day). The average discharge of Great Miami
River at Hamilton on that day was 587 cfs, a rate ex-
ceeded about 85 percent of thetime and considered to be
representative of low streamflow. The average infiltra-
tion rate for the affected reach of the river was calcu-
lated to be 240,000 gpd (gallons per day) per acre of
streambed. The maximum infiltration rate, however,
was considerably higher. On the basis of the determined
rate of 115,000 gpd per acre per foot of head loss, the
infiltration rate at the point where the maximum of 6.37
feet of head loss' was measured was 735,000 gpd per
acre of streambed.

Another determination of the average infiltration rate
in the lower Great Miami River valley was made during

"a pumping test conducted by the city of Cincinnati on -

June 26-29, 1962, at a site in Fairfield township of
Butler County, about half way between the South-
western OQhio Water Co. well and the Hamilton South

‘well field. The test site is near the location of Cincin-

nati’s proposed well field. R. C. Smith (written commun.

_to the city of Cincinnati, 1962) calculated an average

infiltration rate of 492,000 gpd per acre for a reach of:
about 1,800 feet of streambed at the site of the test,

“during which well 63 was pumped at 3,000 gpm for
'8 days. The results of this test are discussed in chapter C

of the present series (Spieker, 1968a, p. C5-C9). Dis-
charge of Great Miami River at Hamilton ranged from
676 to 624 cfs, a range exceeded over 75 percent of the
time (Cross and Hedges, 1959, p. 147).
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- Although the two estimates of stream infiltration rate
are of the same order of magnitude, this does not indicate
that the phenomenon of stream infiltration in the Great
Miami River valley is adequately understood. Both
determinations were made in hydrogeologically similar
terrains and under similar streamflow conditions. The
hydrologic regimén in the lower Great Miami River
valley presents such a wide range of conditions that two
determinations, alone, are not representative of it.

Temperature is one of the variables that affect infil-

. tration rates. Both the above determinations were made -

during the summer, when temperature of the river water
was about 80°F. During the winter the river tempera-
ture is as low as 33°F. Inasmuch as the viscosity of
water varies inversely with temperature, the perme-
ability of a medium varies inversely with viscosity of
the water it contains. A decrease in the temperature of
the river water reduces the effective permeability of the
streambed materials and thus inhibits recharge. A de-
crease of river temperature of 1°F would decrease the
infiltration rate by about 1.5 percent. Therefore, the
infiltration rate for river water at 40°F would be
reduced by 60 percent from. its value of 80°F. However,
the reduction of the infiltration rate caused by lowered
temperature is at least partly offset by the generally
dhigher streamﬁow that‘occurs during the colder months

ture—mﬁltratlon rate relatlonshlp is needed:

AT L EVIDENCE OF INDUCED STREAM INFILTRATION

* Although recharge by induced ‘stream infiltration is
venerally acknowledged ! by hyd1 ologlsts, some scientists

0

f the year. Much. rdehtlonal research on the tempera- -
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have expressed the opinion that much of the recharge
attributed to induced infiltration is actually the result
of ground-water runoff that is diverted from its normal
path toward a stream. Indeed, diversion of ground-
water runoff can produce the same effect as induced
recharge from a stream; however, two examples in the
lower Great Miami River valley can be cited as evidence
that water actually has been induced to flow from the
stream into the aquifer. Evidence of the first example
is based on changes in the ground-water temperature
during an aquifer test, and of the second, on a progres-
sive change in the quality of water over a period of
years.

During the previously mentioned aqulfer test, con-
ducted by the city of Cincinnati in June 1962, tempera-
ture-depth logs of several observation wells were made
by using a thermister-type thermometer. The tempera-

_ture logging technique has been dlscussed in detail by

Norris and Spieker (1962).

Figure 2 is a temperature-depth log of well 62 made
after well '63 had been pumped at 3,000 gpm for 2 days.
The temperature of ground water in this area ranges
from 53° to 56° F. The river temperature was about
80° F. when the test was made. Well 63 is 200 feet from
the river, and well 62, the observation well, is 70 feet
from the river and in line with well 63. No tempera-
ture log of well 62 was made before pumping of well 63
started ; however, temperature logs of other wells not
affected by stream recharge in this vicinity show a uni-
form temperature distribution with depth. The pres-

l'ence of .a distinct layer. of warmer water above the

50 —_—

—
o
o
I ~—

' DEPTH, IN FEET

56 58 60 762

64 66 68 70 72

TEMPERATURE, IN DEGREES FAHRENHEIT

FIGURE 2—Temperature-depth log of well 62.after well 63 had been pumped at 3,000 gpm for.2 days. Warm water-above the
- . 50-foot- depth indicates that river water has entered the aquifer.: .
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50-foot depth in well 62 indicates that river water has
infiltrated the aquifer.
The second example of mduced stream infiltration is
a progressive change in the chemical quality of the
water from Southwestern Ohio Water Co. collector 1

(well 77 in present report) near Ross. Table 4 gives -

selected results from seven chemical analyses of samples
taken at the collector near Ross over a 13-year period,
and results of similar analyses of water from Great
Miami River at Hamilton. The first sample from col-
lector 1 was taken July 11, 1952, shortly after the col-
lector was placed in operation; the most recent sample
included in the present analysis was collected Febru-
ary 16, 1965. These analyses show that a distinet and
progressive increase in the concentration of sulfate,
from 38 mg/1 (milligrams per liter) in 1952 to 121 mg/1
in 1965, occurred during this 13-year period, during
which the collector was puinped at rates of 5-10 mgd.
IZqually notable increases in the concentrations of
chloride, hardness, and dissolved solids occurred. The

temperature of water in the collector increased from.

54° F in 1952 to 63° F in 1965. A comparison of these
analyses from the collector with three selected analyses
from Great Miami River at Hamilton also given in
table 4, indicates that the quality of the ground water
pumped from the collector was gradually approaching
that of the water from the river during this 13-year
period. Thus, it is concluded that water induced from the
river mixed with the gr ound water as a result of 1nduced
stleam lnﬁltmtlon

TaBLE 4.—Chemical analyées 6]' water from horizontal collecior
near Ross and from Great Miami River at Hamilton, showing
progressive effect of induced stream infiltration

[Data are in milligrams perliter except as indicated]

Temper- Discharge
. ature  at Hamil

Sulfate Chloride Hard- Dis-
((93))
(°F) ton (cfs)

(S0y). ness  solved

" Date of analysis
(CaCO3) solids

Southwestern Ohlo Water Co. collector 1 well, near Ross
[Well 77 of present report)

38 5.5 288 335 54 857
64 12 . 340 383 56 2, 490
72 16 340 401 56 638
75 21 360 420 - 56.5 1,670
79 16 339 410 56 1,240
82 24 354 423 59 1,370
121 38 380 - 486 i 4,130
 Great Miami-River at Hamilton
[Mean discharge, 10-30-30 to 9-30-60, 3,214 cfs]
78 - 11 ©331 300 _: 3,460 .
4 31 378 617 496
102 18 360 438 1,060 -

EFFECTS OF INDUCED RECHARGE ON STREAMFLOW

Induced stream rechar, ge and captured g ground- water
runoff not only affect the sustained yield of wells, as pre-
viously discussed, but also affect streamflow. Generally,

All.

the withdrawal of a given amount of water from an
aquifer that is hydraulically connected with a stream
will eventually reduce the flow of the stream between
the point of withdrawal and the point of return by an
amount approximately equal to the amount withdrawn.
However, this reduction in flow will generally occur
whether the water entering the well comes from induced
stream recharge or from captured ground-water runoff.
This relmtlonshlp between withdrawals from wells
and reduction in streamflow is generally obscured or
overlooked for three reasons: ’

1. The pomt; of return is usually so close to the pomt of
withdrawal that the effect cannot be readily
detected. '

2. Ground water in storage acts as a “buffer,” some-
times delaying the eftect of pumping on streamflow.

3. For a stream with as high a sustained flow as the
Great Miami River, the rate of ground-water
withdrawal at a any smgle locality is usually very
small in comparison with the rate of streamflow;
‘Llso, most streamflow losses to induced infiltration
.occur during periods of high flow, when they are
difficult to detect.

To measure losses in streamflow caused by ground-
water withdrawal in the area of investigation would be..

difficult for the above reasons. Studies have been made,
however, in the Dayton area, immediately north of the -

study area. Conditions for measuring streamflow losses
are more favorable in the Dayton area because much of
the ground-water withdrawal is concentrated in.the
northeastern and central parts of the city, the flow of

_the Great Miami River is not'as great in this area as it

is farther downstream; and the prmmpal sewage plant,

.‘whxch returns used water to the river, is in southwest

Da,yton, downstream from several of the principal
pumping centers.

Cross.and Hedges (1959, p. 52) mentioned that, on
the basis of long-term averages, there is a loss in stream-
flow in the Gremt Miami River through Dayton approxi-

“mately equal to the quantity of efﬂuent discharged from

the Dayton sewage-treatment plant. All water supply
for Dayton comes from a ground-water source, and one
can thus assume .that the ground-water withdrawals

-cause’the reduction in streamflow.

A detailed analysis of the effects of ground-water

“withdrawal on streamflow in the Dayton area during

aperiod of low flow was described by Norris and

. Spieker (1966, p. 88—92) On October 4, 1960, discharge

measurements were made at eight sites on the Great Mi-

:ami and Mad Rivers. A net loss of 105.4 cfs, or 68 mgd,
‘occurred between Mad River at, Huffman Dam and the

Great Miami River 1 mile north of Holes Creek (Norris
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and Spieker, 1966, table 4). The average daily ground-
water pumpage in the Dayton area at that time (Norris
and Spieker, 1966, table 6) was about 110 mgd. These
figures indicate that 48 mgd (the difference between

the stream loss and the total pumpage) was ‘bcmg ‘

pumped from storage. :

. Because most of the ground water withdrawn from
the valley-fill ‘aquifers is eventually returned to the
river, the net depletion of streamflow for the report area
as a whole is slight. The principal effect of this cycling
is on the quality of water; the water returned to the

perature than naturally occurring ground water.

ENVIRONMENT I-A-2

[Sand and gravel aquifer less than 150 feet thxck no mterstradn
fied clay layers present; stream: recharge avaulable]

The second most favorable hydrogeologic environ-
ment in the lower Great Miami River valley consists of
those areas where the sand and gravel aquifer is 150 feet

sufficiently close to a major stream to be recharged by

along two reaches of the Great Miami River (pls 1,
2); one, between Trenton and New Miami, and the

other, between New Baltimore and Cleves. Hydrogeo- 'is in the central part of Middletown, near the Middle-:

> ) . . “town Water Works. Section B-B’ (pl. 1) shows the gen-
romcenrt I-A-1 along the edges of the 'burled.vauey ; for - eralized geology of this area. Hergpthe Valley-tramgde-'
exatipls, along the walls of the Great Miami River ' posits are separated into two distinct aquifers by a layer
“of clay 50 feet or more thick. Other clay layers are
scattered through the section. The upper aquifer is typi-
: cally about 50 feet thick but ranges in thickness from 80
. to 70 feet. The lower aquifer is typically about 100 feet
' thick. The slope of the bedrock valley walls is less steep
and the floor is less flat than in the Hamilton area. (Com-
. pare section. B~B’, pl. 1, with section £~E”, pl. 2.) The
- deepest part of the buried valley, below an altitude of
-400 feet, 1s inferred from seismic refraction surveys.

logic environment I-A-2 also occurs adjacent to envi-

valley southwest of Hamilton, between Fairfield and
Ross.
Section H~H’ (pl. 2) displays the main characteris-

tics of hydrogeologic environment I-A-2. This section

is at the Gulf Oil Co. refinery near Cleves. Here the sand
and gra.vel aquifer is about 100 feet thick. The buried

va,lley is slightly less than a mile wide but has virtually

the same configuration (flat floor and steep walls) as
does the wider, and deeper valley in the Hamilton area.
(Compare with sections £-£’ and G-G'; pl. 2.) The
valley fill consists mainly of sand and gravel, with a
thin clay layer (probably weathered bedrock) immedi-
,ately overlying the bedrock.

The transmissibility of the aquifer in hydrogeologlc _ |
environment I~A-2 ranges from 100,000 to 300,000 gpd

per ft. The storage coefficient is about 0.2. Individual
wells drilled in this environment can’ yield as much as
2,000 gpm and have specific capacities ranging from
75 to 150 gpm per foot of drawdown. At the Gulf Oil
Co. refinery near Cleves, where the only large ground-
water supply in this hydrogeologic environment was
found, most production wells were originally tested at
1,500 gpm and had drawdowns ranging from 10 to 28
feet. The main factor limiting well capacities in this
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environment is the relatively limited thickness of the
aquifer, which restricts the available drawdown. Where

_the buried valleys are narrow, as at the Gulf Qil Co.

refinery, the proximity of the valley walls tendsto result’
in increase of drawdowns. This tendency for greater

" drawdowns, combined with the limited available draw-

down, dictates that wells be spaced farther apart than
in the more favorable hydrogeologic environment
I-A-1. ‘ :

o ‘ENVIRONMENT I-B-1

N . . N : [Saﬁd and gravel aquifer 150 to 200 feet cr more thick; clay
river is generally of lower quality and of higher tem- |

layers possibly present ; stream rechdrge'available]

Much of the Great Miami River valley between the
central part of Middletown and the north edge of the

study area (pl. 1) is underlain by sand and gravel with
-one or more interstratified layers of clay. Those parts
 of the valley where the sand-and gravel aquifer is more
“than 150 feet thick and where recharge by induced
. stream infiltration is potentially availableare designated
, ;a8 hydrogeolovlc environment I-B-1. This environment

or less thick, has no areally extensive clay layers; and is | is also characteristic of much of the Dayton area,to the

‘induced infiltration. This environment is present chiefly ;north The characteristics of the valley-fill aquifer in

the Dayton area have been described in detzul by Norris

_and Spieker (1966, p. 33).

The best example of hydrogeologic environment I-B-1

The deepest known well in the Middletown area is a test

“well at the Armco East Works which reached bedrock

at an altitude of 408 feet.

The coefficients of transmissibility and stom,ge in
environment I-B-1 were not determined during the

‘present investigation. Norris (1959, p. 7), however, de-
.termined that the transmissibility of the lower aquifer
“at the Rohrers Island well field of the city of Dayton,

situated in a similar environment, is 125,000 gpd per ft.

: At that site the lower aquifer is 50-75 feet thick; there-

fore, at sites such as the Middletown well field, where it

'is about 100 feet thick, the transmissibility is probably
.200,000-250,000 gpd per ft. The transmissibility of the

upper aquifer is probably less than 100,000 gpd per ft.
The storage coefficient in the upper aquifer is probably
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about 0.2, a characteristic value reflecting unconfined
(,ondltlons In the lower aquifer the storage coefficient
prob‘tbly ranges from 0.02 to 0.0002 and thus reflects
varying degrees of confinement by the clay layer.

Most large ground-water supplies in this environment
are developed in the lower aquifer, for the upper aquifer
generally does not supply enough allowable drawdown
to permit high yields. One notable exception is the Mid-
dletown Water Works, which has 16 wells in the upper

aquifel puniped by suction pumps from a central pump-

ing station (number 20 in present report). This, group
of wells provides 1-2 mgd of Middletown’s total supply
of 8 mgd. By thus pumping the supply from a large

number of wells, it is possible to reduce the drawdown. |,

Generally, though, an individual well in the upper aqui-
fer should not be expected to yield more than 200 gpm.
Specific capacities in the upper aquifer range from 25 to
50 gpm per foot of drawdown.

.:Wells screened in the lower aquifer can yield as much
as 3,000 gpm. Well 2 of the Middletown Water Works, a
typica,l well screened in the lower aquifer, yielded 2,100
gpm with 18 feet of drawdown for a specific capacity of
117 gpm per foot of drawdown.

Separatlon of the valley fill-into two aquifers is dis-
tinct in the downtown Middletown area, but it is not
necessarily so distinet throughout hydrogeologic en-
viroiment I-B-1. Clay is generally present:in wells
. drilléd in this environment, but it is not always present

in a‘single well-defined layer. Because of the irregular- |

distribution of clay in the section, adequate test drilling |;
is needéd prior to development of any large. water sup-

plies: Particular care should be taken in both the selec- -
tion of the proper screen s1ze emd the development of

productlon wells.

" The clay shown in section B-B’ (pl 1) has not been
differentiated as to origin ; it is believed to be a combina-
tion of originally deposited till, till reworked by melt
waters, and lacustrine deposits. Generally these different
types of clay are impossible to distinguish on the basis
of a typical driller’s log. The hydrologic significance of

clay as a retarding layer, however, remains virtually

the same, regardless of its origin.

ENVIRONMENT I—B—2

[Sand and-gravel aqm.fer less than ‘150 feet thlck clay layers .

possibly present ; stream recharge available]
In most of the Great Miami River valley between

Miamisburg. and Franklin, and along the valley’s east
side between Franklin'and Middletown, the valley-train

aquifer is generally less than 150 feet thick and contains .

interstratified clay layers. Recharge by induced stream

infiltration is available. This hydrogeologic environ-

ment is designated I-B-2 (pl. 1) and bears the same re-
311-590—68—3
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‘lation to environment I-B-1 as environment I-A-2

‘does to environment I-A-1. .

Section 4-4" (pl. 1), at the O. H. Hutchings station
‘of the Dayton Power & Light Co., shows the distinctive
‘characteristics of this env1r(mment The effective thick-
‘ness of the aquifer is generally 100 feet or less, although
-a deep narrow channel just east of the Hutchings station
‘has been identified, and another deep channel west of
‘the power plant has been inferred from seismic refrac- -
tion surveys. Several clay layers appear to be present,
:although no smgle layer is as well defined as the ma]or
'clay layer which separates the valley fill into two aqui-
:fers in the Middletown area.
. The coefficient of transmissibility probably ranges
from 100,000 to 200,000 gpd per ft in hydrogeologic en-
'vironment I-B-2. The storage coeflicient probably
.ranges from 0.2 to 0.02, depending on the degree to
lwhich the clay layers confine the aquifer. In areas where
ithe lower part of the aqulfer is confined by an extensive
clay layer, the storage coefficient mlght be as low as
0.0002. '
i The range of specific capacities in this environment is
:great, indicating that the rock materials are not homo- .
: geneous. "Table 5 shows the results of specific-capacity
!tests made on the six production wells (wells 7-12) at
lthe O. H. Hutchings station of the Dayton Power &

'L1ght Co. The specific capacities range from 59 to 550
‘gpm per foot of drawdown and average 232 gpm per ft.

TABLE 5.—Static water level, drawdown, and speczﬁc capacity of
1 production wells at the O. H. Hutchings station of the Dayton
Power & nght Co.,. September 29, 1964

[Discharge pt‘ Gregt Miami River, 292 cfs; river temperature, 66° F]

Static water level

B - Pump- Draw- Specific = Water

' Well Below meas- Elevation ingrate down  capacity ' temper-
! urmg oint above sea (gpm) (ft) (gpm per-  ature

! ) (1t) level (ft) ity - CF

]

1

! 30.4 673.4 1,025 17.4 59 60
| 31.4 671.9 1,045 - 1.9 550 68
1 30.6 672.7 080 9.4 104 58
i 33.2 669. 6 925 4.0 232 61
H 30.1 672.7 1,120 . 3.2 350 63
. 31.1 . 1,145 8.4 136 60
]

‘A1l six wells are within 8,000 feet of each other. The
I'water-temperature range, 58° to 63°F, is somewhat
‘higher than normal for ground water in this area and
‘indicates that induced infiltration from the river has
ibeen taking place over a prolonged period of time. Indi-:
:vidual wells at the more favorable sites in hydrogeologic,
‘environment I-B-2 could probably- yield as much as
2 ,000 gpm with 6-12 feet of drawdown. As in environ-
‘ment I-B-1, production-well sites should be selected
ionly after vadequate test drilling, and care must be taken
:in the development of wells. .
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ENVIRONMENTS II-A-1 AND II-A-2

[Sand and gravel aquifer; streaxh rAecharge not available; no
interstratified clay layers present]

Hydrogeolocrlc environment II-A occurs principally

in a wide trough, which is the abandoned course of the {;

ancestral Great Miami River, between Trenton and New

Miami (pls. 1, 2). This environment consists of a sand |

and gravel aquifer that contains no areally extensive
clay layers. It is too far from the Great Miami River to
~ receive recharge by induced infiltration. It is geolog-
ically similar to environment I-A, the only significant |:
difference being its lack of available stream recharge.

The major part of the area in the center of this trough
“(pls. 1,2), where the aquifer is more than 150 feet thick,
is' designated as hydrogeologic environment II-A-1.
Areas along the edges of this trough, where the aquifer

is less than 150 feet thick, are designated as hydrogeo- |:
logic environment II-A-2. Environment IT-A-2 alsc

occurs along the edges of the Great Miami River valley
in the Hamilton-Fairfield area and on the east side of
the Whitewater River valley, where the aqulfer is less
than 150 feet thick and is‘too far from the river for re-
charge by induced infiltration to be effective.

‘The transmissibility and storage coefficients in envi-
ronment IT-A: are probably similar to those of environ-
ments I-A-1 and I-A-2. No large ground-water sup-

* . plies have been developed in environment II-A. The

hydrologic system in environment IT-A-1, however, can
probably sustain supplies of 500 gpm, and some wells
possibly can-yield as much as 1,000 gpm. These areas
may thus be considered suitable for light industry-or
small municipal supplies. Because environment IT-A-2

"is near the bedrock valley walls, it is not a favorable
environment for the development of la.rge ground-water
supphes S :

ENVIRONMENTS II—B—I AND II-B-2 °

[Sand-and-gravel aqulfer stream recharge not available; n-

terstratlﬁed clay layers possmly present]

Hydrogeologlc environment II-B i§ not especlally
significant in the regimen of the lower Great  Miami
River valley. The environment I1-B areas, where the
sand and gravel aquifer with interstratified clay layers
is‘too far from a stream to permlt induced recharge,
occur only as small patches in contact with environment
IT-A. One such area (pl. 1) is about 2 miles west of
West Carrollton, and another is at and around the town
of Carlisle. The aquifer is more than 150 feet thick in
these two areas, which are designated as hydrogeologic

- environment IT-B-1. A third such area, along the east

side of the Great Miami River valley in Middletown, is |

designated as hydrogeologic environment IT-B-2, as the
aquifer isless than 150 feet thick.

GROUND WATER IN THE LOWER GREAT MIAMI RIVER. VALLEY, OHIO

- Individual wells drilled in hydrogeologic environ-
“ment IT-B can be expected to yield 100-500 gpm, so that
the areas in which it occurs should provide water sup-
‘plies suitable for development of light industry.

ENVIRONMENT III

Vf[Sand and gravel aquifer overlain by clay; stream recharge
generally not available] :

. In four areas of the lower Great Miami River valley
:the sand and gravel aquifer is overlain by 50 feet or more
:of clay. These four areas (pls. 1, 2) are (1) the aban-
“doned trough of the ancestral Great Miami River north
:of Carlisle, (2) an area southeast of Middletown at the
imouth of the ancestral Todds Fork valley, (3) an area.
southeast of Hamilton where the valley of the ancestral
‘Ohio River enters the Great Miami River valley,and (4)
:the abondoned trough of the ancestral Ohio River
«between Ross and Harrison. The last area is known as
the New Haven Trough (Fenneman, 1916, p. 33-34).
Although the characteristics of the overlying clay layer
‘and its relation to the sand and gravel aquifer are not
fthe same in all these areas, the clay layer inhibits re-
icharge to the aquifer. Because these terranes are hydro-
i,loglcally similar, they are classified together as hydro-
sgeologic environment ITT, ,
1 Three geologic sections illustrate the various features
lof hydrogeologic environment ITI. Section C-C” (pl. 1) -
ishows the occurrence of this environment in the southern
ipart of Middletown. The East Works of the American
iRolling Mill Co. (Armco) is in the eastern part of this
‘section. In this highly generalized section, the principal
sand and gravel aquifer is-shown to be overlain by 100
‘feet or more of clay, believed to be largely of lacustrine
lorigin. The aquifer thins as the clay thickens to the east.
iThe deepest part of the trough as shown on section C-0"
i(pl. 1), is inferred from seismic surveys. The present
wvalley of the Great Miami River is separated from the
jburied ancestral valley by a bedrock high; the river
tflows over bedrock covered only by a veneer of alluvium.
iThe Armco East Works area is therefore'in an unfavor-
‘able location for receiving recharge by induced stream
iinfiltration.
i A distinctive Vamatlon of hydrogeologic environment
.TII is shown on section D-D’ (pl. 2) along Gilmore
iRoad, southeast of Hamilton. Here, the sand and gravel
‘aquifer is 100-150 feet thick and is overlain by a clay
Tayer about 100 feet thick. Till units are differentiated
at both top and bottom of the clay leyer, most of which
1s conmdered to be of lacustrine origin. This area differs
from the area southeast of Middletown in that its units
are more uniform in thickness, its bedrock valley walls’
:are steeper and the floor flatter, and no bedrock high
iseparates it from the Great Miami River. (See pl. 2.)
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" The upper sketch of section D-D’ (pl. 2) shows the’
section drawn to true vertical scale. Considerable ver-
tical exaggeration is used in the other sections to better,
illustrate the features of the valley-train aquifers. Such.
exaggeration, however, distorts the true conﬁguratlon‘
of the buried valleys, so the upper sketch is intended:
to show their true order of magnitude.

A third variation of hydrogeologic environment ITI;
is shown by section #-F’ near Ross, through the well'
fields of the Southwestern Ohio Water Co. and the U.S. (
Atomic Energy Commission (pl. 2). This section shows!
the relationship of hydrogeologic environment III, on,
the northwest, to hydrogeologic environment I.A.1, on;
the southeast. Here a high terrace, composed mostly of'
till and clay, overlies the aquifer in the western part of
the valley. This semiconfining layer continues west and!
south through the New Haven Trough and termmates
'southeast of Harrison (pl. 2).

The large area of hydrogeologlc enVIronment IIIu
north of Carlisle (pl. 1) is not too well known, for no

,‘

industrial or municipal water supplies are situated :

there. The area is believed to be similar to the area south-
east of Hamilton (section D-D’, pl. 2), except that it
contains more interstratified clay layers in the-aquifer.
The transmissibility and storage coefficients in hydro-
geologic environment TIT differ greatly from place to
place. The transmissibility ranges from 85,000 to 300,000
gpd per ft.; the storage coefficient, though never accur-
ately determined, probably ranges from 0.1 to 0.002.
Norris and Spieker conducted an aquifer test at the
Feed Materials Production Center of the U.S. Atomic
Energy Commission near Fernald in the summer of
1962. The hydrogeologic setting of this area is shown on
section #-F" (pl. 2). In addition to the thick clay layer
which overlies the valley-train aquifer, there is another
clay layer about 10 feet thick which divides the aquifer
into two parts at that site. The test indicated that the
transmissibility of the lower half of the aquifer is
150,000 gpd per ft.; therefore, the transmissibility of the
entire aquifer is estimated to be about 300,000 gpd per ft.
The transmissibility of the aquifer in the vicinity of
the Armco East Works, southeast of Middletown, can
-be determined by flow-net analysis, as described by Ben-
nett (in Ferris and others, 1962, p. 139-144). Where a
well-defined cone of depression around a well or pump-
ing center can be mapped, a flow net can be constructed
in which the area between water-level contours is
divided into approximate squares. This was done for the
area between the 540- and 560-foot contours at.the Arm-
co field (pl. 1). The average pumping rate at Armco
is 10 mgd. The flow-net equation, as stated bv Bennett,
is:

Q—_

A15

Where o , '
Q=discharge, in gallons per day,

ny=number of flow paths, -

ng=number of potential drops,

T=coeflicient of transmissibility, in gallons per

day per foot, and \

- h=total potential drop, in feet.

This equation can be rea.rranged into the form

T— 0>

n,h

In the present ex'ample, @=10,000,000 gpd; n,=22;
ng=1; and A=10 feet. Substitution of these values in
the equation and solution for 7' yields a coefficient of
transmissibility of 45,454 gpd per ft, whlch should be

,rounded to 45,000 gpd per ft.

- In the sma,ll area of hydrogeologic environment III

i| southeast of Hamilton, the transmissibility is an esti-

mated 200,000 gpd per ft, based on the specific capacity
of two wells. The transmissibility in the area north of
Carlisle is probably in the same general range.
Individual wells in hydrogeologic environment III
can be expected generally to yield 100-500 gpm, though
yields of as much as 1,000 gpm are not uncommon. Wells
in this environment that are close to the boundary
with hydrogeologic environment I may have consider-

-ably higher yields owing to the possibility of induced

recharge and to the aquifer’s vast storage capacity. The
need for test drilling and care in the development of
wells is nowhere more important than in this environ-
ment because of the common presence but irregular dis-
tribution of clay hyers

ENVIRONMENT IV

[Valleys filled largely or elltjrely with clay; large water suppliés
generally not available]

At least two buried valleys that are tributary to the
main buried valley of the ancestral Great Miami River
are filled largely or entirely with clay; hence, they are
not suitable for the development of large water supplies.

‘These areas are designated as hydrogeologic environ-

ment IV, One such area is in a tributary valley south of
the Armco East Works in Middletown (pl. 1), and the
other is in the northwestern part of Hamilton (pl. 2).

ENVIRONMENT v

[Shale bedrock overlain by glacxal till; large water supplies
* generally not available] .
Hydrogeologic environment V includes most of the
upland areas and all areas filled with sand and gravel
except the buried valleys. In general, the shale bedrock

- of the Cincinnatian Series of Late Ordovician age is

overlain by 50 feet or less of clay-rich till. Neither the
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till nor the bedrock is capable of yielding large quanti-
ties of water to wells. Many wells drilled in this en-
vironment are failures; others yield about 5-10 gpm,.
which is adequate for domestic supplies. Widely scat-.
tered lenses and stringers of sand and gravel inter-:
bedded in the till are capable of yielding as much as 50 ;
' gpm to wells. The distribution of these bodies is erratic.'g
B . . . . 1
SURFACE-WATER REGIMEN
The early settlement and industrialization of the i
Great Miami River valley was largely due to the river’s :
“high sustained flow. The river thus provided a. depend-
able source of water for the Miami and Erie Canal and |
.for the paper mills, which were the valley’s earliest ;é
industries. The base flow, or sustained dry-weather flow, :
of a river is largely due to effluent seepage of ground '
water from the aquifer. Thus, streams hydraulically‘
connected with highly permeable aquifers are likely to
have a high base flow. Durmg prolonged periods of dry

l
4
i
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weather, most of the Great Miami River’s ﬁow con51sts

of ground-water seepage.

Many hydrologists (Cross and Hedges, 1959 p- 5—13)
consider that the discharge equaled or exceeded 90 per-
cent of the time is a good index of a stream’s dry-weather

flow. An even better means of comparing the base flow

at various gaging stations is to divide the 90-percent
discharge by the size of the drainage area above the
station. This approach equalizes the results of all gaging
stations with. respect to drainage area, so that the record

.of one station can be compared with the record of any

other station. Cross and Hedges (1959, p. 5-13), sum-
marized the flow-duration data for all primary gaging
stations in Ohio. -

Table 6 shows the flow-duration data for the two gag-
ing stations, whose locations are shown on plates 1 and

il 2, on the Great Miami River in the report area. Both

stations have a high base flow. The discharge equalled

.or exceeded 90 percent of the time for Great Miami

TaBLE 6.—Flow-duration data for Great Miami Rwer at Miamisburg and Great Miami River at H a'rmlton
[Data from Cros§ and Hedges, 1959]

Discharge equaled or exceeded for indicated percentage of tlme (upper line, cubic feet per second; lower line, cubic feet per second per square mile)

Period
: 5 10 15 20 25 30 ’; 40 50 60 70 75 80 85 " .90 95
- l
361. Great Miami ;Biver at Miamisburg

fl
917—20 1925-35 1953~ 8,100 4,750 3, 400 2,680 2,220 1,880 i 1,410 1,080 825 665 592 525 455 385 310
5,08 1.75 1.25 0. 986 0. 817 0. 692 ;{ 0. 519 0.397 0. 304 0. 245 0.218 0.193 ~ 0.167 0. 142 0.114
Ad] to 8, 800 5,050 3,750 2,920 2,380 2,000 ;1,460 1,110 855 650 575 505 442 380 310
1921-46_ oo 3.24 1.86 1.38 1.07 0. 876 0.735 11 0.537 0. 408 0.315 0.239 0.212 0.186 0.163 0.140 0.114
192630 - oo C 11,180 7,450 4,900 3,950 3,290 2,810 i 2,220 1, 800 1, 400 1,030 860 730 643 572 510
4,34 2.74 1.80 1.45 121 1.03 ;' 0. 816 0. 662 0. 515 0.379 0.316 0.268 0. 236 0.210 0.188
1931-88 e eemeeae 6,190 3, 550 2, 500 2,020 1,630 1,350 :i 1,000 780 625 505 458 410 358 304 260
2.28 131 0,919 0. 743 0. 599 0 497 ‘J 0. 368 0. 287 0. 230 0. 186 0. 168 0.151 0. 132 0.112 0. 096

|! N
366. Great Mmmi River at Hamilton

h U B S, 11,700 6,900 4,970 3,840 3,080 2,530 1,800 1,320 990 755 668 580 520 450 378
3.22 1.90 1.37 1. 06 0. 849 0. 695 ;' 0. 495 0. 363 0.272 0. 207 0.184 0.162 0.143 0.124 0.104
Adj. to 12, 400 7,160 5,100 4,000 3,310 2,790 i 2,000 1,460 1,070 830 738 655 572 490 398
1921-46_ oo 3.41 1.96 1.40 1.10 0.910 0.767 ! 0.550 0. 401 0. 204 0.228 0. 203 0. 180 0.157 0.135 0.109
LR T . 8, 700 5,380 3, 800 2,900 2,300 1,900 | 1,400 1,100 860 700 620 550 475 390 310
2.39 1.48 1.04 0.797 0. 632 0.522 ! 0.385 0. 302 0. 236 0. 192 0.170 0.151 0.131 0.107 0. 085
7,600 5500 4,400 3,600 3,050 12200 1,650 1,250 940 800 700 610 520 402
2.09 1. 61 1.21 0.989 . 838 {‘ 0. 605 0. 453 0.344 0. 258 0. 220 0.192 0.168 0.143 0.110
5,400 3,700 2,850 2,30 1,910 1,430 1,050 760 590 540 500 460 420 370
1.48 1.02 0. 783 0. 632 0.525 1 0.393 0. 289 0.209 0.162 0.148 0.137 0.126 0.115 0. 102
9, 200 6, 700 5,380 4,500 - 3,760 2,590 1,830 1,450 1,180 1,050 936 800 659 551
2.53 1.84 1.48 1.24 1.03 !: 0.172 0.501  0.398 0.324 0. 289 0.2567 0.220 0. 181 0. 151
7,200 5,180 4,110 3, 250 2,690 ! 1,700 1,150 860 680 600 531 469 409 350
1.98 1.42 1.13 0. 893 0.739 ‘ 0. 467 0.316 0. 236 0.187 0.146 0.129 0.112 0..096

h

STATION DATA

361. GREAT MIAMI RIVER AT MIAMISBURG '

Location: Lat 39°38’45", long 84°17/20”, 600 ft downstream from bridge on State !
Highway 725 at Mramnsbu:g Montgomery County, and 0.3 mile downstream from '
Bear Creek. Prior to 1924 at site 6.7 miles downstream and 1924 to 1935, at site 2.2 |
miles downstream., '

Drainage area: 2,718 sq. mi. At site used 1916-20, 2,780 sq. mi.; 1924-35, 2,719 sq. mi. [

Period of record: March 1916 to Sept. 1920, Aug. 1024 to Sept. 1935, Oct. 1052 to Sept

1955.
Maximum daily discharge: 50,800 cfs, Feb 27, 1929
Minimum dialy discharge: 148 cfs, Sept. :
Mean dés;:.garge 18 years, 1917—20 1925—35, 1953—55 2,217 cfs, 0.816 cfs per sq. mi., |
11.0! ;
Adjusted mean discharge: 102145 2,427 cfs, .893 cfs per sq. mi 12.12 in.

s
i
i

‘Maximum recorded discharge: 56, 000’ cfs, Feb. 27, 1929. : .

Minimum recorded discharge: 69 cfs Sept. 9, 1034. :
Remarks: Diurnal fluctuation caused by powerplant above station. Flood flow regu- |

lated by four retarding basins above station.

" 366. GREAT ML.‘lMI RIVER AT HAMILTON

Location: Lat 39°23/28", long 84°34’20”, 1,000 ft downstream from Columbia Bridge
at Hamilton, Butler County, and 3 miles downstream from Talawanda Creek.

Drainage area: 3 639 sq. mi.

Period of record: Jan. 1907 to J une 1909 (fragmentary), J an. 1910 to Sept. 1918, Apr.
1927 to Sept. 1955.

Maximum daily discharge: 71,500 cfs, Jan. 22, 1937.

Minimum daily discharge: 155 cfs, Sept 27, 1941. -

Mean discharge: 36 years, 1910-18, "1927-55: 3 323 cfs, 0.913 cfs per sq. mi., 12.40-in.

Adjusted mean discharge: 1021-45: 3,323 cfs, '0.913 cfs per sq. mi., 12.40 in,

Maximum recorded discharge: 78, 800’ cfs, Mar. 19, 1

Minimum recorded discharge: 100 cfs, Sept. 26, 27 1941

Remarks: Low flow regulated by powerplant at Hamilton. Flood flow regulated by
five retarding basins above station beginning in 1920. Records prior to 1931
aﬁected by diversion by anmi and Erie Canal amount of diversion uncertain.
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River at Miamisburg (pl. 2) based on the adjusted
period 192145 ¢ is 380 cfs, or 0.140 cfs per sq. mi. The
adjusted mean discharge at Miamisburg is 2,217 cfs. For

Great Miami River at Hamilton (pl. 2), the 90-percent

discharge for the adjusted period 192145 is 490 cfs, or
0.135 cfs per sq. mi., whereas the adjusted mean dis-
charge is 3,323 cfs. Because the Hamilton station is the
nearest regular gaging station to the mouth of the river,
it is probably the best available index to streamflow in
the Great Miami River basin as a whole.

The high base flow in the lower Great Miami River
is largely due to the vast expanse of highly permeable
outwash plain deposits in the upper part of the basin,
particularly in the Mad River basin. These deposits,
though probably not more permeable than the valley-fill
aquifers in the lower Great Miami River valley, are
more areally extensive in that they are spread out over
a broad outwash plain rather than confined to a buried
channel. Mad River near Springfield has 90-percent
discharge of 152 cfs, somewhat lower than the 90-percent
discharges at Miamisburg and Hamilton. The drainage
area of this station, however, is only 485 square miles.
The 90-percent discharge of 0.313 cfs per sq mi (Cross
and Hedges, 1959, p. 143) is the highest for any major
stream in Ohio.

- The high sustained flow of the Great Miami River,
though a direct result of the abundance of ground water,
is also of direct benefit in sustaining large ground-water
supplies. This high flow makes possible the widespread
availability of recharge by induced infiltration, and
without it, most of the area’s large ground-water sup-
plies would not be sustained.

PUMPAGE OF GROUND WATER

The various hydrogeologic environments of the lower
Great Miami River valley can be regarded as compo-
nents in the ‘physical framework of the hydrological
system. Under natural conditions the hydrologic cycle
operates within this framework in a state of near equi-
librium—that is, the total inflow generally equals the
total outflow. During approximately the past 100 years,
however, man has upset this state of equilibrium by his
removal (pumping) of water from the system. Thus,
man has brought about significant changes in the hydro-
logic system. One of the major purposes of the present

report is to evaluate the effects of these changes caused |

by pumping with respect to both place and time. Before
this evaluation can be made, however, the magnitude

'8 Since the periods of record of all gaging stations are not the same,
the duration data from gaging stations must be adjusted to a “stand-
ard” period of record. This adjustment is accomplished by comparison
of the duration data of one station with similar data for another
station for the standard period of record. Cross and Hedges (1959,
p. 16-19) described this adjustment procedure with several examples.
The standard adjusted period for Ohio streams is 1921-45.
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and distribution of gfound-\'va.ter pumpage must be
defined. ‘ ‘ N

-DISTRIBUTION AND MAGNITUDE OF GROUND-WATER

PUMPAGE IN 1964

During the present study an inventory was made of
the major users of ground water in the lower Great
Miami River valley. This inventory was to update an
earlier inventory made in 1954 by the Miami Conserv-
ancy District. The results of the later inventory are
given in table 7.

Distribution of pumpage is also shown on plates 1
and 2 by circles of appropriate magnitude.

Although the pumpage of all municipal supplies
is metered, many industries do not keep records of their
ground-water pumpage. Thus, the pumpage at many
plants could only be estimated. The figures shown in
table 7 are averages; the actual pumping rates vary con-
siderably from day to day. Pumpage from domestic
and farm wells is not included in the present survey.
Also, some small industrial supplies may have been
overlooked ; however, these omitted supplies are prob-
ably of insignificant magnitude when compared with
the total municipal and industrial pumpage in the area.

TaBLE 7.—Summary of esttmated pumpage of ground water in the
lower Great Miami River valley, Ohio, in 1964

Average datly
Area and use pumpage (mgd)
West Carrollton Area. .. ... oeo oo im e aee e icc e aacacecnans 7
Municipal....... 1
Industrial _._. .6
M DU g Ara -« - e eeimaaeaanas 8
Municipal. ... -7
Industrial ... ... S |

Chautauqua (Dayton Power & Light Co.)
Franklin area
Municipal . ......

Industrial_......._._.
Central Middletown area.
Munieipal - ... ... 8
Industrial ... ... . ... ... 14
Southeast Middletown (Armco East Works) -
Trenton (Municipal) . ..ooeocmom e, .3
New Miami (Armco) __...
Hamilton North well field
Hamilton area. - ..cc.cocoocooaaon
Champion Paper & Fibre Co.
Miscellaneous industrial._..

B 1 o SR 8.5
Hamilton South well field. .
Fairfield Water Works.__._..__....__._.
Ross area (Southwestern Ohio Water Co.). 15
Fernald (U.S. Atomic Energy Comm.)___. 1
Whitewater Valley (Cincinnati Shaper Co.)-. - .2
Cleves (Gulf Oil Co. refinery)................. .- 7
Total Munieipal. ..o iiieiiiaaans 26.8
Total Industrial. .. oo iiieiciciacaiaan 83.2
Grand total. .. iiiiiiies 110

*Hamilton North well field is used intermittently as a standby plant.

Total municipal and industrial pumpage in the lower
Great Miami River valley in 1964, according to the
present inventory, was 110 mgd. The three greatest con-
centrations of pumpage are the central Middletown
area, with 22 mgd; the area including New Miami and
the northern part of Hamilton, with 18 mgd; and the
Southwestern Ohio Water Co. well field near Ross, with
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15 mgd. Other major users of ground water are the
Armco East Works in southeast Middletown, with 10

mgd; the Hamilton South well field, with 8 mgd; and

the Gulf Oil Co. refinery near Cleves, with 7 mgd. In
general, the greatest centers of pumping are concen-
trated at and around the area’s principal cities. (See
plates 1 and 2.) The ground-water resources in much of
rural part of the area have not yet been tapped.

HISTORICAL PUMPING TRENDS

Ground-water pumpage rates in the lower Great
Miami River valley have increased steadily from the be-
ginning of the area’s settlement to the present and can
be expected to increase in the future. No documentation
exists of the exact rate at which pumpage has increased.
In general, though, the rate of ground-water pumpage
in 1964 is estimated to be approximately double the rate
immediately prior to World War II. Pumpage in the
report area increased from 90 mgd in 1954, the year
the Miami Conservancy District made its inventory, to
110 mgd in 1964, when the present study was made. The
Hamilton municipal water supply, for example, had an
average pumping rate of about 4 mgd in 1940 compared
with 8 mgd in 1964. Pumpage at the Middletown Water
Works also increased, from 3 mgd in 1940 to 8 mgd in
1964. Some of the largest ground-water supplies in the
area are of recent origin. The Southwestern Ohio Water
Co. well field near Ross and the Atomic Energy Com-
mission’s installation near Fernald, for example, were
both put into operation in 1952. The steady increase in
ground-water pumpage can be attributed to several
factors, such as increasing population, increasing indus-
trial output, and the ever-increasing per-capita water
demand. :

4 FUTURE USE OF THE GROUND-WATER RESOURCE

The factors which have caused ground-water pump-
age to increase in the past are certain to exist in the fu-
ture. The Great Miami River valley appears to be
destined for increased industrialization which will bring

more people and manufacturing plants into the area,.

further increasing the water demand. Conservative esti-
mates are that the rate of water use in this area will
be double the 1964 rate by the year 2000.

The capacity of the hydrologic system to sustain such
‘an increased draft is discussed in chapters C and D
of the current series (Spieker, 1968 a, b). An analog-
model study of the Fairfield-New Baltimore area
(Spieker, 1968a) indicates that the hydrologic system
in this reach of the Great Miami River valley can sus-
tain a total initial withdrawal of 84 mgd, or nearly four
times the present rate. This determination is the basis
for the estimate presented in Professional Paper 605—

GROUND WATER IN THE LOWER GREAT MIAMI RIVER VALLEY, OHIO

D (Spieker, 1968b) that the ground-water system in
the lower Great Miami River valley can sustain a total
initial withdrawal of 300 mgd, or about three times the
present rate. _

The initial withdrawal should not, however, be re-

garded as a limit on the development of the ground-

water resource. Because most of the water withdrawn
from the aquifers. is returned to the river as sewage,
the net depletion of streamflow is slight, Therefore,
pumping of ground water does not substantially reduce

" the amount of stream water available for induced re-

charge; in effect, water could be recycled many times
from the aquifer to the point of use, to the river (as
sewage), and thence back to the aquifer (as induced
recharge). Such recycling would be limited by either
the deterioration in quality of the used water or the
cost of treatment necessary to maintain adequate water
quality in the streams and aquifers.

AREAL CONFIGURATION ‘OF THE GROUND-WATER
SURFACE '

The effects of pumping should be studied with respect
to both place and time. A map of the ground-water
surface, generally known as the piezometric surface,
shows the areal effects of pumping. The configuration
of this surface is the resultant of the two variables—
the hydrogeologic environment and the effects of pump-
ing—which have been discussed in the preceding sec-
tions dealing with the different parts of the study area.
The hydrograph of an observation well expresses the
resultant of these variables with respect to time. The
configuration of the water surface with respect to place
is considered first. .

Contours representing the water surface in mid-
October 1964 are shown on plates 1 and 2. The contours

“on plates 1 and 2 are based on 57 water-level measure-

ments made during the period October 12-15, 1964. In
addition to these actual measurements, 23 projected-
water levels were used in the construction of the con-
tours. These projections were derived by adjustment
of earlier water-level measurements to October 1964,
based on their comparison' with the hydrographs of -
nearby observation wells in similar hydrogeologic en-
vironments. Discharge of Great Miami River at Ham-
ilton during this 4-day period averaged 317 cfs, a value
exceeded more than 95 percent of the time (based on
the adjusted period 1921-45). These measurements are
representative of ground-water conditions under con-
ditions of extremely low streamflow. The contours rep-
resent surfaces of equal ground-water potential. Ground

- water moves perpendicular to these contours in the di-

rection of decreasing potential. Therefore, the movement,

of ground water in the lower Great Miami River valley
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is generally toward the south and southwest. The hy-
draulic gradient in the aquifer is about 5-10 feet per

mile, in the same general range as the hydraulic gra-

- dient of the Great Miami River. In three areas the pres-
ent course of the river deviates from the course of the
ancestral river. Thus, in these areas the sand-and-
gravel-filled buried valleys are now river-abandoned
troughs. These three troughs are between West Carroll-
ton and Carlisle (pl. 1), between Trenton and New

Miami (pl. 1), and between Fernald and Harrison (pl.-

"~ 2). In each of these abandoned troughs is a ground-
water divide (pls. 1, 2), from which ground water
flows, in both directions, to the junctions of the
abandoned troughs with the present river valley.
Cones of depression have developed around the cen-
ters of pumping at Miamisburg, Chautauqua, Franklin,

Middletown, New Miami, Hamilton, Fairfield, Ross,

Fernald, and Cleves. Only the cone in the Middletown
area, largely the result of pumping at the Armco East
Works, is of major proportions. Some of the cones, such
as those at Franklin and the Atomic Energy Commis-
sion plant near Fernald, are of such slight depth that
they could not be shown on the map. The great depth
of the cone around the Armco East Works is the result
of heavy pumping in an area where the aquifer has a
relatively low transmissibility and no available recharge
by induced stream infiltration.

The contours of the ground-water surface on plates-

1 and 2 are generalized to the extent that where the sand
and gravel aquifer is separated by clay layers into two
or more units, the water level of only the lower unit is
represented. The lower unit was selected for two rea-
sons: more data are available for this unit, and by far
most of the ground water in the area is pumped from
the lower aquifer. Only in the pumping centers in hydro-
geologic environments I-B are II-B would there be
any appreciable difference between the water levels in
the two units. The approximate difference in water levels
in the two units is indicated by comparison of ‘water-
level measurements made at the Middletown Water
Works well field on October 14, 1964. The water levels
. in wells 18 and 19, both of which are screened in the
lower aquifer, were 611 and 605 feet above mean sea
level, respectively. The water level in well Bu-1,
screened in the upper aquifer, was 619 feet above mean

sea level. Therefore at the Middletown well field there

was an 8- to 14-foot head differential between the two
aquifers at the time the above measurements were made.
To fully determine the effects of pumping on the

water surface would require construction of a contour -

map representing conditions prior to the development
of large ground-water supplies in the area. Unfor-
tunately, not enough water-level measurements are

A19

available to construct such a map. The systematic collec-
tion of water-level data was not begun until long after
large-scale pumping of ground water in the area was
begun. If a map were to show contours of the ground-
water surface in a nonpumping state, it would probably
closely resemble those shown on plates 1 and 2, except
that the cones of depression around the pumping centers
would be absent.

LONG-TERM WATER-LEVEL TRENDS

The water surface does not remain static for any
period of time; it constantly changes in response to nat-
ural and artificial recharge to, and discharge from, the
aquifer. Thus, much can be learned about the hydrologic
regimen of an area from the long-term records of water-
level fluctuations.

. Generally the ground-water surface in the lower
Great Miami River valley is about 15-50 feet beneath
the valley floor. The only major exceptions are in parts
of the river-abandoned troughs and in the vicinity of
the Armco East Works, in southeast Middletown, where
heavy pumping has created a major cone of depression.

" In the following section, 10 hydrographs of observa-
tion wells in the lower Great Miami River valley (figs.
3-8) are discussed with respect to the part of the study

-area where the wells are situated. These wells are repre-

sentative of a wide range of hydrogeologic environments
and conditions of pumping and recharge. All wells are
equipped with continuous water-level recorders and are
maintained by the Ohio Division of Water as part of its

_cooperative program with the U.S. Geological Survey.

Description of these wells and records of other observa-
tion wells are given in Bulletin 41 of the Ohio Depart-
ment of Natural Resources, Division of Water (Kaser
and Harstine, 1965).

AREA WEST OF WEST CARROLLTON

Observation well Mt—49 is at Whitfield, about 1 mile
west of the Great Miami River at West Carrollton. This
well, 220 feet deep, is in hydrogeologic environment
I-B-1. Figure 3 shows the hydrograph of well Mt-49
for the period of record 1948-64. This well is far enough
from the major pumping centers that water-level fluctu-
ations are probably not much affected by pumping.
Therefore it can be considered a good index well (re-

‘sponding only to natural recharge and discharge) of

ground-water conditions in the area.

The hydrograph of Mt—49 (fig. 3) displays the char-
acteristic annual cycle—rising in response to recharge
during the winter and spring, and falling during the
summer and autumn growing season in response to nat-
ural discharge. The water level generally fluctuates 5-7
feet annually. Note from figure 3 that comparatively
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little recharge occurred during the drought period 1953

55. In 1954 there was almost no recha,l ge. The water
level in this well recovered substantially dm ing the pe-
riod of abundant rainfall 1956-59. Also, 1960 was virtu-
ally a repetition of 1956 ; since then, the water level has
fluctuated in its normal manner, with the water level
generally about 2-3 feet below typical pre-1953 levels.
The hydrograph of well Mt-49 does not suggest any
persistent downward trend in water levels in this vicin-
ity; rather, it implies intermittent rises and falls in re-
sponse to alternating periods of drought and abundant

rainfall.
MIDDLETOWN AREA

Figure 4 shows hyd1 ographs of three observa,tlon
wells representing various conditions in the Middletown
area. Observation well Bu-1, 62 feet deep, taps the upper
aquifer of hydrogeologic envirdnrrient 1-B-1 at the Mid-
dletown Water Works. The hydrograph of this well
shows an annual cyclic fluctuation ranging from about
8 to 12 feet. Very little recharge occurred in the drought
years 1953 and 1954, as shown by the minimal rise of the
water level. No persistent downward trend is evident,
which indicates that the average recharge rate in this
area is adequate to compensate for any pumping in the
upper aquifer.

Well Bu-2 is screened in the lower aquifer of hydro-
geologic environment I-B-1 in the downtown Middle-
town area. Its hydrograph exhibits the annual cyclic
fluctuation characteristic of the water level in this area.
The amplitude of this fluctuation, however, ranging
from about 6 to 15 feet, is somewhat greater than that

shown by the hydrographs of Mt—49 and Bu-1. Pump- |
ing in the downtown Middletown vicinity apparently |
causes a relatively large decline of the water surface |

during dry periods. In general, however, the recharge
during periods of greater precipitation and runoff is
adequate to compensate for the decline. No persistent
downward trend is evident, although three was appar-
ently very little recharge during 1953 and 1954. :
The hydrograph of well Bu-3 (fig. 4) shows a
sequence of persistent downward trends alternating
with periods of long-term recovery. This well, 250 feet
deep, is in hydrogeologic environment ITI at the Armco
Tast Works. Average daily pumpage at the East Works
for each year is'shown above the hydrograph. The
water-level fluctuations reflect changes in pumpage and
in natural conditions. Inspection of the graph (fig. 4)
reveals. that the ‘water level in Bu-3 has generally
declined during periods of heavy pumpage and has
risen during periods of reduced pumpage. Thus, from
1989 through 1941, pumpage ranged from 10.5 to 8.7
mgd, and the water level declined more than 30 feet, to
a low of 180 feet below the land surface. Pumpage was

reduced in 1942 and 1943, and the water level rose 20

- feet. Increased pumpage in 1944 resulted in a 20-foot

decline—from 110 to'130 feet below the land surface.
Reduced pumpage in 1945, combined with generally

- abundant rainfall that year, resulted in rising ground-

water levels in 1945—from 130 to about 95 feet below the

land surface. Rainfall continued to ‘be generally

abundant through 1948, but- the water levels remained
fairly constant. By 1948 however, pumpage had again
increased to 9.5 mgd. From 1949 through 1955, much of
which was a ‘dry period, the Wa,ter level steadily

“declined, reaching a low of 138 feet below the land

surface in late.1954. The water-level. decline to about

" 145 feet below the land surface in 1955, Whlch occurred

after the break in the record, is the result of changing

 the recorder to a nearby well after the ongmal Well was
“abandoned.

In 1956 Armco instituted dra,stlc changes in their

- water utilization in an attempt to arrest the contmumg

‘water-level decline. - (For further discussion, see

" Spieker, 1968b.) The reduced ; pumpage, combined with

abundant rainfall for the period 1956-59, resulted in

rise in water level of more than 60- feet in well Bu-3—
- from a low of 145 feet in 1955 to a thh of 78 feet in
- 1958 and: 1959. By 1959, however, increased production

at the plant had again increased water usageto 9.6 mgd;
in the ensuing dry period the water level steadily

- declinied to 132 feet at the end of 1964. Thus, the ground-

water level at the end of 1964 was about the same as
that in 1955, before the chanqes toward economic utiliza-
tlon of water were made

NEW MIAMI-NORTH HAMILTON AREA

The water surface in the area comprising New Miami
and the northern part of Hamilton is affected by pump-
ing totaling 18 imgd at three major centers: the Armco
New Miami plant, the Champion Paper Co. plant, and
the Hamilton North well field. Figure 5 shows the
hydrographs of two observation wells in this.area. The
entire area is in hydrogeologic environment I-A-1.
Well Bu—4, 177 feet deep, is at the Arimco New Miami
plant. Its hydrograph shows a regular annual fluctua-
tion of 8-12 feet. No downward trend is evident,

‘although the beginning of a decline in the years 1953
and 1954 was arrested by a period of abundant recharge
“that began in 1955.

Well Bu-5 isat the Hamilton North Well ﬁeld which

~was the main source of Hamilton’s municipal water
‘supply until 1956, when the South well field began

operation. The hydrograph of Bu-5 prior to 1956 is
strikingly different from the graph followmg that year.
Through 1952 the hydrogra.ph shows an annual cycllc
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fluctuation averaging 10-12 feet but no evident down-
ward trend. The trend was definitely downward in
1958 and 1954 ; recovery in 1955 was moderate. In 1956,
when the North well field was placed on a standby basis,
the water level quickly recovered to an average of about
5 feet above the levels characteristic of the period prior
to the drought of 1953-54¢. The hydrograph of Bu-3
similarly reflects this pumping change. The jagged pat-
tern of the Bu—4 hydrograph from mid-1956 through
1964 reflects the intermittent use of the North well field
during that period.

AREA SOfJTHEAST OF HAMILTON

Observation well Bu-8 is in hydrogeologic environ-
ment ITI southeast of Hamilton (pl. 2). This well, 200
feet deep, is in the well field. formerly operated by the
Federal Works Agency. This well field was developed
during World War II to supply industries in the Mill
Creek valley. The FWA well field was described by
Bernhagen and Schaefer (1947, p. 19-23). Although
this field has been purchased by the city of Hamilton
and is now known as the South well field, the wells along
Gilmore Road near well Bu-8 have not been reactivated.
These wells were pumped from 1943 through theé sum-
mer of 1945. The hydrograph of Bu-8 (fig. 6) shows
that the water level was therefore not affected by pump-
ing, except for the brief period from the start of the
record in 1944 through the summer of 1945. A recovery
in the ground -water level of about 12 feet took place
when pumping at the FWA well field ceased. The hy-
drograph of Bu-8 (fig. 6) shows a cyclic fluctuation of
10-15 feet annually. The greater magnitude of fluctua-
tion in this well than in other wells not affected by
pumping, such as Mt—49 (fig. 3) and H-1 (ﬁg 8), is
probably the result of the low coefficient of storage
which is characteristic of hydrogeologlc environment

IIL.
FAIRFIELD-NEW BALTIMORE AREA

The area between Fairfield and New Baltimore, west
of Ross, is the site of two of the largest ground-water
supplies in the lower part of the valley—the Hamilton
South well field at Fairfield and the Southwestern Ohio
Water Co. well field near Ross. Midway between these
two well fields the city of Cincinnati proposes to develop
a well field which is expected to produce as much as 40
mgd. The Fairfield-New Baltimore area is the subject
of chapter C of the present series. of reports (Spieker,
1968a).

Observation well Bu-7 is virtually in.the middle of
the Hamilton South well field (pl. 2). Its hydrograph
(fig. 7) is therefore influenced somewhat by pumping at
the field. The period of record began in 1944, at: which
time the present Hamilton South well field was being

811-590—68-———3
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pumped by the Federal Works Agency. The water level
in Bu-7 recovered about 6 feet when pumping at the
field ceased in 1945. Note the similar recovery shown by
the hydrograph of Bu-8 (fig. 6). When pumpmg was
resumed in 1956, the average water level in Bu-7 de-
clined about 4 feet The water level fluctuates 5-10 feet
annually. Pumping at the Hamilton South well field has
not caused any persistent lowering trend in the water
level of Bu-7.

Observation well H-2 is about 2,000 feet from col-
lector 1 of the Southwestern Ohio Water Co. The period
of record began in 1952, when the collector was placed
in operation. Its hydrograph, affected by pumping in the
Southwestern Ohio well field and changes in stago of
the Great Miami River, shows an annual cyclic fluctua-
tion of 5-10 feet but no downward trend. Pumping at
the Southwestern Ohio well field, which averages 13-15 -
mgd, is sustained largely by induced recharge from the
River. Dove (1961) discussed-the hydrology of this well -
field in detail.

LOWER WHITEWATER RIVER VALLEY '

. The lower valley of the Whitewater River, south of
Harrison, has been virtually unaffected by large-scale
pumping of ground water. Therefore the hydrograph of
observation well H-1 (fig. 8) from 1950 to 1964 prov1des
an excellent record of the ground-water: regimen
unaffected by pumpmg The similarity of this hydro-
graph to the hydograph of Mt—49; (fig. 3) is strlklng The
wells are in similar hydrogeologlc environments: unaf-
fected by pumping. H-1 is in hydrogeologlc envrron-
ment I-A-1, and Mt-49.is in environment I-B-1; Both
wells have an annual cycle of water:level ﬂuctuatlon of
about 5-7 feet, and neither well has shown a persistent
downward trend : :
CHEMICAL QUALITY OF WATER

The quality of water for most uses is tully as impor-
tant as its availability. All naturally oocurrmg ‘water
contains dissolved mineral.constituents in various pro-
portions as a result of the contact between the water and
the rocks and materials which make up the earth.: Also,
in heavily populated areas water is often contammated
as a result of the activities of man. Although surface-
water sources are generally more susceptible to con-
tamination than ground-water supphes, the-contamina-
tion of the latter is fairly common in densely populated
areas.

A study of 'the chemical quahty of ground a,nd sur-
face waters has been included in the present investiga-
tion for the above-stated reasons. The, analyses ‘of 30
selected ground-water sarnples in the area are shown
in table 8. Table 9 shows nine representatlve ‘analyses
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of water from the Great Miami River in the study area.
Sampling sites are shown indicated -on plates 1 and 2.
The U.S. Geological Survey in cooperation with various
State agencies maintains a network of surface-water
stations, including five in the present area, from which
samples for chemical analysis are taken at regular in-
tervals. These analyses were compiled by Hubble and
Collier (1960). The analyses for each year are sum-
marized in a series of publications by the U.S. Geologi-
cal Survey; for example, see Love and others (1964).

QUALITY OF WATER

Woater in the lower Great Miami River valley is of a
calcium bicarbonate type, with a concentration of total

dissolved solids of generally 300-600 mg/1; thus, all
water in the area is classed as hard to very hard. Some.

of the area’s ground water contains objectionable quan-
tities of iron and manganese. The presence of these
minerals is generally greatest in hydrogeologic environ-
ments in which clay is abundant.

Although the quality of uncontaminated .ground
water remains generally uniform, the quality of surface
water fluctuates widely according to discharge. This is
readily apparent in table 9, which gives results of two
analyses (one representing low streamflow, and the

other, high) for four of the five sites listed. The con- .

centrations of most constituents are significantly greater
~at low streamflow. -

EVIDENCE OF CONTAMINATION

Surface waters, and to a lesser extent, ground Waters,
in the lower Great Miami River valley have become con-
taminated as a result of the activities of man. Pollution
by such constituents as phenols and detergents (ABS),
~ which do not occur in natural waters, and by high con-

centrations of nitrate is evident. The low dissolved-
oxygen content in some reaches of the Great Miami
River is further evidence of contamination. Contamina-
tion of ground water is most evident where large quan-
tities of surface water have been induced into the aquifer
as a result of pumping. Local contamination, however,
can result from leakage from improperly constructed
septic tanks or from seepage of water through fertilizer

on farm lands. The relatively high nitrate concentration

of water from well 40 is probably the result of such

causes, for the well is not in an area of heavy pumping,.

nor is it near enough to a major stream to be affected by
mduced 1nﬁ1trat10n

Contamination of ground-water supphes, though de-
tectable, has, as yet, been minor. The concentrations of
such critical constituents as nitrate and phenols, how-
ever, should be monitored in selected wells in areas of
induced infiltration so that any increase in contamina-
tion can be detected and a solution sought before the
problem becomes serious.

GROUND WATER IN THE LOWER GREAT MIAMI RIVER VALLEY, OHIO

INDIVIDUAL CONSTITUENTS AND PROPERTIES OF
a WATER

The concentrations and the significance of the individ-

*ual constituents and properties of ground water and sur-

face waters given in tables 8 and 9 are discussed in the
following sections.
Temperature

The temperature of ground water at depths of 200
feet or less is generally very close to the mean annual
alr temperature, which ranges from 52° to 55°F in the
lower Great Miami River valley. Temperature of stream
water, however, fluctuates from as low as 33°F in the
winter to as high as 90° F in the summer. Induced infil-
tration of river water can therefore cause wide variance
in the ground-water temperature, owing to the mixing
of surface and ground waters.

The temperatures of the ground-water samples given
in table 8 range from 53° to 63°F and average 56°F.
All ground-water temperatures above 56°F in this
area are probably the result of induced stream
infiltration.

Ground water, with a uniform temperature of 53°-
56°F, is more-desirable for public-supply use than is
surface water whose temperature fluctuates over a wide
range. The temperature of water to be used for indus-
trial cooling is a critical factor. Although a ground-
water supply may be the more expensive to develop, its
greater utility for cooling purposes may well compen-
sate for the additional cost. ~
Siliea (Si0,)

Silicon is second only to oxygen as the most abundant
element in the earth’s crust; it occurs naturally as the
silicate radical, SiO,, or as silica, SiO,. Though silica
has a low solubility, all natural water contains small
quantities of it. The silica content of ground-water
samples from the study area ranged from 8.1 to 17 mg/1
and averaged 11.7 mg/1; silica in selected surface-water
samples ranged from 3.4 to 9.3 mg/l and averaged 6.6
mg/1. It can cause a hard scale to form in boilers, pai-
ticularly in high-pressure boilers. ‘

Iron (Fe)

Iron is present in all rocks and, thus, is a constituent
of nearly all natural water. Iron concentration in the
ground-water  samples in the area of investigation
ranged from 0.00 to 8.2 mg/l and averaged 0.97 mg/l.
The range in the surface-water samples was from 0.01
to 6.8' mg/l; the average was 0.57. A concentration of
about 0.3 mg/] or more in the water will stain enamel,
porcelain, and clothing. Iron concentration of more than
about 0.5 mg/l gives water an unpleasant taste, but it
causes no harmful physiological effects. The U.S. Pub-
lic Health Service (1962) has recommended that the
iron concentration in drinking water not exceed 0.3

mg/1.
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The presence of “iron bacteria” in wells and water-
transmission lines creates a special problem. Iron bac-
teria are not true bacteria but are living organisms often
present in natural water. They depend upon iron for
existence and thrive in slightly acid water containing
2 mg/1 or more iron. C'renothriz is probably the most
common of the several iron bacteria known. Metallic and
nonmetallic materials that carry water containing iron
bacteria become coated by nodules of ferric hydroxide
or by a slimy scum impregnated with ferric hydroxide.
The water may turn red, and its rate of flow may be af-
fected by the activity of these organisms. They cause
one of the major water-treatment problems in the report
area but can be controlled by certain methods. One of
the most effective methods combines the use of chlorina-
tion to kill the organisms and the addition of a poly-
phosphate compound to keep the iron in solution.

Manganese' (Mn)

The concentration of manganese in water is generally.

less than that of iron; however, the two constituents
affect water similarly. Of the 80 ground-water samples
analyzed, 23 contained a measurable concentration of
manganese, which ranged from 0.01 to 0.45 mg/l and
averaged 0.17 mg/1. The maiiganese concentration in 19

samples equaled or exceeded the U.S. Public Health
Service (1962) recommended llmlt of 0.05 mg/1. Man-

ganese concentrations in ‘the surface-water samples
mnged from 0.00 to 0.30 mg/l and averaged 0.09 mg/1.

Calcium (Ca)

Calcium is one of the major. constltuents in natural

water in a limestone terrane, such as the lower Great
Miami River valley. Concentrations of calcium in the
ground-water samples analyzed ranged from 73 to 210
mg/] and averaged 97 mg/l. The corresponding range
- for the surface-water samples-was 47-95 mg/1, and aver-
aged 78 mg/1. Calcium and magnesium are the principal
causes’ of water hardness; their effects are dlscussed
under the headmo “I—I'u'dness ? ‘

Magnesium (Mg) :

Dolomitic rock or unconsolidated materials derlved
from it are the principal source of magnesium. ‘Magne-
sium concentrations in analyzed ground water samples
from the study area ranged from 20 to 82 mg/l and
averaged 31 mg/1; concentrations in the surface-water

samples ranged from 14 to 33 mg/1 and averaged 26

mg/l
Sedium (Nn) nnd potasslum (X) , .

The alkali metals sodium and potassmm are dlscussed
together, as their sources and their-effects on water are
similar. Sodium is generally the more abundant of the
two and is more easily dissolved from the source rock.

A29

In the ground-water samples the concentration of
sodium ranged from 2.5 to 31 mg/l and averaged 12.3
mg/1, and that of potassium ranged from 0.9 to 3.6 mg/1
and averaged 1.9 mg/l. In:the surface-water samples,
the concentration of sodium ranged from 7 to 64:mg/1
and averaged 33 mg/l, and ‘that of potassium ranged
from 2.2 to 5.2 mg/1 and averaged 3.8 mg/l. Although
relatively low, these concentrations of the alkalies are
sufficient to cause undersirable eﬁects in some uses; such
as in high-pressure boilers.

Bicarbonate (HCO,)

Water which contains carbon dioxide (CO,)- dis-
solves the carbonates of calcium and magnesium from
rock, and in this reaction the bicarbonate (HCO;) ion
is formed. In a carbonate-rich terrane, bicarbonate is
one of the major constituents of natural water. Concen-

| trations in the ground-water samples analyzed ranged

from 268 to 500 mg/]1 and averaged 344 mg/l. In the

| surface-water samples, concentrations were 146-352

mg/l and averaged 242 mg/l. In boilers and hot-water
facilities, bicarbonate decomposes at high tempera,tures
to yield carbon d10x1de, whlch is corrosive.
Sulfate (SO,) ' ‘

‘Sulfate in the natural waters of this area is largely
dissolved from gypsum, a highly soluble mineral which
occurs in the limestones and dolomites of western Ohio.
Concentrations of sulphate in the ground-water samples
analyzed ranged from 24 to 424 mg/] and averaged 80
mg/1; in the surface-water samples (table 9) -concen-

| trations ranged from 47. to 188. mg/l and averaged 108

mg/l. For the water year ending in 1964, the sulfate
content in the Great Miami River at Elizabethtown
(table 10) ranged from 33 to 190 mg/1. Sulfate, which

-causes much of the noncarbonate hardness of water,

combines with calcium to form hard scale in boilers and

other heat-exchange equipment. The U.S. Public Health

Service (1962) has recommended that the sulfate con-
tent of drinking water not exceed 250 mg/1.

The occurence of sulfate in waters of the Great Miami
River valley deserves further study. Average' sulfate
concentration in.the surface-water samples is higher
than that in the ground-water samples, and this suggests
that some of the sulfate may be the result of waste
products. The sulfate concentration in collector 1 of the
Southwestern Ohio Water Co. (well 77 of present re-
port) has progressively increased for 13 years, probably
because of induced stream infiltration. Water in three
wells (wells 22, 23, 24) at the Armco East Works con-
tains abnormally hlgh concentratlons of sulfate—from
142 to 424 mg/1l. Whether the high concentrations are
the result of contamination from industrial wastes or
of the abundance of clay and silt in this hydrogeologic
environment (environment IIT) .is not yet known.
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Chloride (Cl)

Chloride is a minor constituent of ground water in
the lower Great Miami River valley. Concentrations in
the ground-water samples analyzed ranged from 5.5 to
48 mg/1 and averaged 19 mg/1. Chloride concentrations
in the surface-water samples ranged from 14 to 78 mg/1

and averaged 44 mg/l. The high concentrations of -

chloride in the surface water sampled during periods
of low flow (table 9) probably reflect contamination.
All the samples both ground water and surface water,
contained less chloride than the 250 mg/1 limit recom-
mended by the U.S. Public Health Serv1ce (1962) for
drinking water.
Fluoride (F)

Minute quantities of fluoride are present in most water

from limestone terranes. In the analyses of the ground- .
water samples, the fluoride concentration ranged from °

0.0 to 0.5 mg/1 and averaged 0.013 mg/l. The range in

the surface-water samples is from 0.2 to 0.9 mg/1, and |

the average, 0.46 mg/1. Evidence indicates that fluoride

concentrations of about 0.6 to 1.7 mg/1 reduce the inci- -
~ dence of tooth decay but that concentrations greater than -

1.7 mg/1, although giving protection from decay, can

cause mott]ing of teeth. The recommended control limits |

of the U.S. Public Health Service for fluoride (1962,
p. 8) are based on the annual average of maximum daily
air temperatures. Thus for the study area, where the
-annual average maximum air temperature is between
63.9° and 70.6°F, the recommended range for fluoride
is from 0.7 to 1. 2 mg/l, with an optlmum value of 0.9
mcr/ 1. ' R

Nitrogen cycle

. Nitrogen occurs in ground water in the lower Great
Miami River valley in three forms: Ammonia (NH,),
nitrite (NQO,), and nitrate (NO;). Of the three forms,
‘which represent stages in the nitrogen cycle, only

" nitrate occurs naturally in ground water. Organic’

wastes, however, often contain nitrogen in all three
forms. The presence of ammonia and nitrite can thus
be considered as.evidence of pollutlon v

Under oxidizing conditions, nitrate is the end product
of the nitrogen cycle. An analysis for nitrate, however,

may not necessarily represent all the nitreuen present,
in the sample; therefore, tables 8 and 9 also show am-
monm, nitrite, and potential nltrate ¢

Concentratlon of nitrate in the ground-water samples
(table 8) ranged from zero in six samples to 18 mg/I
and averaged 3 mg/1. Most nitrate concentrations in
excess of 5 mg/1 are probably the result of contamina-

4 Potential nitrate is the sum of ammonia nitrogen (NH.), nitrite
(NO:), and nitrate: (NO2), ‘all reported as NOs. To convert milligrams
per liter NH. to milligrams per liter NOs, multiply by 3436 To
‘convert mg/l NO:= to mg/l NOs, multiply by 1.348.
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tion. All these concentrations are well under the limit
of 45 mg/1 for drinking water set by the U.S. Public

Health Service (1962). In the selected surface-water

samples the nitrate ranged from 3.9- to 19 mg/1 and
averaged 10.5 mg/1.

‘Potential nitrate in the 19 ground-water samples
ranged from zero'in 5 samples to 43 mg/1 and averaged
3.8 mg/1. The value of 43 mg/1 for well 43 was omitted
from the average as not representative. In the eight sur-
face-water samples, potential nitrate ranged from 15.9
to 22.4 mg/1 and averaged 18.9 mg/1.

Nineteen of the 31 ground-water samples listed in
table 8, and 8 of the 9 surface-water samples listed in
table 9 were anlyzed for ammonia and nitrite. Six of the
19 ground-water samples contained ammonia, which -
ranged in concentration from 0.1 to 18 mg/1 and aver-,
aged 0.4 mg/1° Five of the 19 samples contained nitrite,
and each of these had 0.05 mg/l. Ammonia ranged from
0.1 to 4.8 ing/1 and averaged 2.2 mg/1 in the surface-
water samples. In these sam ples nitrite ranged from 0.15
to 0.90 mg/1 and averaged 0.43 mg/1. These concentra-
tions suggest that the river is generally contaminated in
varying degrees by organic wastes.  The presence of
small amounts of ammonia and nitrite in six of the
ground-water samples suggests that the wells from
which the samples were collected had been recharged
with contaminated water, probably induced from the
Great Miami River.

The potential nitrate of the 19'ground-water samples
(excluding that from well 43) analyzed for the complete
nitrogen cycle (table 8) ranged from 0 to 18 mg/1 and
averaged 4 mg/1. In the surface water samples (table 9)
‘the potential nitrate ranged from 15.9 to 22.4 mg/]1 and
averaged 19 mg/lL -

Phosphorus as PO, i

Phosphates in surface or gr ound waters are derived -
from natural leaching of phosphatic rocks, from agri-
cultural drainage, and from industrial and -domestic
wastes. With the greatly increased use of synthetic de-
tergents, of which phosphates are a major constituent,
phosphate concentrations in waters (particularly in sur-
face waters) have shown significant increases.

In the samples from the Gre‘»t Miami River that were
analyzed in this study, phosphate concentration ranged
from 0.11 to 7.5 mg/1, with the higher values observed in
the area between Miamisburg and Middletown.

Phenols as C;HOH -

- The presence of phenolic material in naturally ‘ocur-

ring waters is the direct result of pollution. The efflu-
ents from coking plants, chemical plants, and oil re-
fineries often contain large concentrations of phenols.

5 The analysis of 18 mg/l from well 43 was excluded from the
average, as it is considered not represéntative.
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‘Inasmuch as phenols are unstable in the presence of

oxygen, they are not persistent in a typical aerobic
stream and are generally broken down within a short
-distance of their source. Thus, of the eight selected
samples from the Great Miami River anmlyzed for
phenols (table 9), only four contained measurable con-

centrations, which ranged from 0.009 to 0.020 mg/1. The °

higher concentrations generally occur at low streamflow.

The fact that phenols were present in samples from °

stations 1 and 8 but not in samples from stations 2 and 4
suggests that the. stations 1 and 3 are fairly close to

sources of contamination. The relative lack of dis*solved }

oxygen at station 1 may contribute to the presence of * [ . U purposes. 2
| recommended maximum for dissolved solids in drinking

phenols there. o
Of the 13 ground-water samples analyzed for phenols,
eight continued measurable concentrations, which

ranged from 0.001 to 0.011 mg/l. The occurrence of |

phenols in ground water in the lower Great Miami River
valley is probably the result of induced infiltration of
contaminated water from the river. All the wells con-
tammg phenols are in areas where mduced infiltration
is thought to occur. :

Even very low concentrations of phenols m water can
cause a disagreeable taste, and water containing phenols
in sufficient concentrations to be harmful is unpalatable.
The U.S. Public Health Service (1962) recommended
a limit of 0.001 mg/1 for phenols. Phenols from public
supply wells would probably break down when the
water -1s aerated; chlorination, however, stabilizes
" phenols. ' '

Synlhetle detergents -

‘One of the principal waste products of synthetlc de-

tergents has been anionic alkyl-benezene sulfonate, more
commonly termed “ABS.” This waste product is resist-
ant to breakdown by both chemical and biological proc-
esses and is therefore persistent in streams. Where the
concentration is high, foaming of stream water is plainly
visible. All the selected water samples from the Great
Miami River that were analyzed for ABS (table 9)
showed concentration ranging from 0.1 to 1.2 mg/1. Of
the 19 ground-water samples analyzed, however, only
pne——frbm_ the O. H. Hutchings Station of the Dayton
Power & Light Co.—showed a concentration of 0.1 mg/].
"The U.S. Public Health Service (1962) has recom-
mended that drinking water contain no more than 0.5
mg/1 of ABS. Although the Great Miami River always
contains some ABS, this substance has not significantly
contaminated ground water in.the study area. ABS con-
tamination has been disappearing from stream waters
as the detergent industry has changed over to making
LAS (linear alykl sulfonate), or “soft” (degradable),
detergents. ‘ ' '
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Dissolved solids .(résidue at 180°C)
The dissolved-solids content in water is determ'ined

| in laboratories of the U.S. Geological Survey by a
‘process of evaporating a suitable volume of the sample to

mear dryness on a steam’ bath and then drying the resi-
due in.anh oven for 1 hour at 180°C (Hem, 1959, p.
49-50). Concentrations of dissolved solids in’ ground- -
water samples from the study area ranged from 310 to
1,110 mg/l and averaged 435 mg/l. Total "dissolved
solids in the selected surface-water samples ranged from
245 to 590 mg/1 and averaged 436 mg/1. Water having
more than 1,000 mg/1 of dissolved solids is generally
considered to be unsatisfactory for most purposes. The

water is 500 mg/1 (U.S. Public Health Service, 1962).
Some specialized industrial applications requlre a much
lower concentration.

The extremely high dissolved solids content of 1 ,110

| mg/1 in well 23, at the Armco East Works, is problem-

atical. -(The high concentration of sulfate in this well
is discussed on p. A29.) Inasmuch as this well is in
hydrogeologic environment III, the abundance of dis-
solved solids may be the result of the water’s contact
with large amounts of clay. Another possibility is that
much of the solids content in this well is the result of
contamination from industrial wastes.

Hardness ‘ '

Foir many years, hardness in water has been con-
sidered to be the water’s soap-consuming property.
Soap-consuming water contains cations, chiefly calcium
and magnesium, that form insoluble compounds with
soap. This traditional concept is not entirely satisfac-
tory, however, because a great many other constituents
also contribute to hardness and react with soap. In
analyses by the U.S. Geological Survey a standard pro-
cedure has been adopted (Hem, 1959, p. 146). Hardness
is reported under two classifications: calcium-magne-
sium and noncarbonate. These are approximately equiv-
alent to the traditional terms “temporary hardness” and
’peun‘menlt hardness.” Hardness attributable to cal-
cium and magnesium is reported as an equivalent quan-
tity of calcium carbonate (CaCOs). -

Calcium-magnesium hardness of the ground-water
samples collected in the area of investigation ranged
from 285 to 862 mg/l and averaged 368 mg/l; non-
carbonate hardness of the same samples ranged from
29 to 451 mg/1 and averaged 88 mg/L: For the surface-
water samples, the calcium-magnesium hardness ranged
from 175 to 361 mg/1 and averaged 301 mg/l, and the
noncarbonate hardness, from 55 to 166 mg/ 1 and’ aver-

‘aged 102 mg/l.

Ground water in the study ‘ue‘L would be considered
hard by almost any standard. Treatment is necessary



A32

for boiler use and is desirable for most other uses. The
widespread use of detergents, however, has in many
localities eliminated the need for softening the water
used for laundering. The lime-soda method of treat-
ment is used by the Hamilton water system to reduce the
total hardness to about 100 mg/1. Most other public wa-
ter-supply systems in the area do not soften their water,
and most of the small installations that do soften water
use the ion- exchange or zeolite method, whereby the cal-
cium and ma,gnesmm ions are excha,nged for sodium

- iomns.

Specific conductance

The - conductance of a solutlon (its ablhty to con-

duct an electrical current) generally is directly related
to its dissolved-solids content. Conductance is the re-
ciprocal of resistance and is measured in'mhos, the re-

ciprocal of ohms. As the conductance of all natural wa-

ter is well below 1 mho, it is measured in micromhos

(mhos X 10-°). In water analyses by the U.S. Geologi-.
cal Survey, the specific conductance is reported as mi-

cromhos at 25°C (Hem, 1959, p. 38).

Although specific conductance is not always related to
the dissolved-solids content of water, it can be used to
estimate such content. In the ground-water samples
from the lower Great Miami River valley, specific con-

ductance ranged from 550 to 1,510 micromhos and aver- -

aged 708 micromhos. The specific conductance of water
from glacial-outwash aquifers in the study area gen-
erally is about 1.5-2 times the dissolved-solids. content.
Specific conductance of the surface-water samples
ranged from 382 to 958 micromhos and averaged 719
micromhos. In general; the higher specific conductances
occur during periods of low flow. - :
m L : , . :
‘The pH value (the negative logarithm of the hydro-
gen-ion concentration) is a measure of the acidity or
alkalinity of a solution. A pH value of 7.0 denotes a
neutral solution; a value less than 7.0, an acid solution;
and one greater than 7.0, an alkaline solution. The pH
of ground-water samples from the area of investigation
ranged from 7.0 to 7.7, values which reflect generally
alkaline conditions. The PH of the selected surface-
water samples ranged from 6.8t07.8.
Color :
. Color refers to the appearance of water that is free
from suspended solids. It is determined from the com-
parison of the water sample with the U.S. Geological
Survey’s arbitrary standard which consists of a series of
colored glass discs that have been calibrated to units of
the platinum-cobalt scale of Hazen. Most color in natu-
ral water is due to the presence of organic matter. In the
ground-water samples from the study area, color ranged
from. 0 to 12 color units and averaged 3 color units.
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These values are insignificant for most uses of water
and cannot be detected by the unaided .eye. For the
surface-water samples, however, the color ranged from
1 to 40 color.units and averaged about 12 color units. .
Dissolved oxygen : : ‘

. Ground water generally does not contain dlssolved
oxygen, but uncontaminated stream water invariable .
contains as much as 10 mg/1 of oxygen dissolved from
the atmosphere. Under normal stream conditions, at
least 5 mg/1 of dissolved oxygen is necessary to sustain
a varied fish fauna in good:condition. Data on dissolved
oxygen in the eight selected samples given in table 9
ranged from 1.8 to 104 mg/l, and the percentage of
saturation ranged from 14 to 87 percent. The reach of
the Great Miami River between Miamisburg and Mid-

dletown has become so badly polluted that the dissolved-
“oxygen content in this part of the stream is usually

deficient at low streamflow. South of Middletown, how-
ever, stream conditions appear to be more favorable.

CONCLUSIONS

The lower Great Miami River valley is favored with
the most abundant reservoir of ground water in ‘Ohio.
Although this aquifer system has-already been exten-
sively developed, the supply should be adequate in both
quantity and quality to meet all ant1c1pated requlre-
ments for several decades. .

The most favorable environments for development of
large ground-water supplies are those where the sand
and gravel aquifer is close enough to the Great Miami
River, or to another major stream, that pumpage from
wells is sustained by induced recharge from the stream.
In these environments, individual wells are capable of

‘y1eld1ng as much as 3 ,000 gpm. Evén aqulfers less than

150 feet thick or containing areally extensive clay layers
can provide large ground-water supplies if wells are
spaced, developed, and screened suitably.

The valley-train deposits along the entire reach of the
Great Miami River in the study area are generally in
these favorable hydrogeologic environments, Also, in
the study area, areally extensive clay layers are present
from Middletown north but are absent south of Middle-
town. The most favorable areas for the development of
new ground-water supplies (pls. 1, 2) are as follows:
The Trenton area, the reach of the Great Miami River
valley from New Miami through Hamilton and that
from Fairfield to New Baltimore, and the part of lower
Whitewater River valley between. Harrison and the
‘Ohio River. .

Hydrogeologlc environments less favorable for devel-
opment of large ground-water supphes are those Where
induced stream recharge is not available or where the
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sand and gravel aquifer is overlain by a ‘semiconfining

clay layer. Despite lack of available stream recharge,

~ the vast storage capacity. of the ‘aquifer in these-areas

should make development of moderately large ground-
water supplies poss1ble Many individual wells yield 500
gpm, and some wells in these env1ronments yield more
than 1,000 gpm. Where clay layers are present, both
the locatlon and the spacing of wells must be carefully
planned because of the wide variationin characteristics

and thickness of individual clay layers The chief ex-.
amples of these hydrogeolog1c environments are in the -
now-abandoned troughs carved by the ancestral Great
Miami River between West Carrollton and Carlisle, be-
tween Trenton and New M1am1, and between & point |-

west of Ross and Harrlson i

The least favomble areas for the development of large-v
ground-water supplles are in tributary buried valleys.
~ filled largely or wholly with clay, and in the uplands
where shale bedrock is overlain by 50 feet or léss of clay-

rich till. Many wells drilled in these environments are

failures; others may yield 5 to 10 gpm, which is adequate'
- for domest1c water supplies. ‘- -
The Great Miami River, the major stream of the area,:

has a high base flow and generally is an adequate source

of induced recharge to the aquifer. The dlschftrge-~
equaled or exceeded 90 percent of the time for Greati

Miami River at Hamilton, based on the ad]usted period
192145, is 490 cfs, or 316 mgd—nearly three times the
total ground water pumpflcre in 1964 1n.the study area.

Most of the area’s large ground-water ‘withdrawals
have not caused overdraft of the aquifer. The water
level in-the area is generally 15-50 feet below the land
surface; it fluctuates 5-15 feet annually. Minor cones
of depression which developed around’the pumping
centers have apparently become stabilized. An excep-
tion is in the southeastern part of Middletown, where
pumping:8-11 mgd at the Armco East Works hascaused
a fairly continuous lowering of.the water level and
formation of the only major cone of depression in the
study area. Apparently, pumping more than 8 mgd
causes dewatering of the aquifer.

The quality.of ground water in the lower Great Mi-
ami River Valley is generally good. Natural water in the
study area is of 'a calcium bicarbonate type, which re-
flects the abundance of calcareous materials in both the
bedrock and the alluvial deposits. The total dissolved-

solids content of ground water is typically 400-500 mg/1.
In hydrogeologic environment. with abundant clay, some
wells have a high iron content. -

A few ground-water supplies that receive 1nduced

recharge- from the Great Miami River have become

slightly contaminated, as indicated by small amounts
of phenols and “hard” detergents (ABS), two constit-

‘uents which do not occur in natural water. Ground-

water contamination has not yet become a serious prob-

lem in the Great M1am1 River valley. However,
“concentrations of contaminants should be periodically
.checked in wells which are known to have been slightly

conta.rmna.ted so that corrective measures oan be taken
before the contamination becomes too grea,t
Total pumpage of ground water in the area was

“about 110 mgd in 1964. The pumping rate has approx1-
imately doubled since the begmnlng of World War TI
“and is expected to have agam doubled by the year 2000.
§Most of this pumping is‘concentrated in and around
.the area’s large cities, especmlly Hamilton and Mid-
' dletown. Many favorable areas for development between
: the cities remain untapped

“‘The ground-water system of the lower Great Miami

‘River valley should be able to meet all ‘the: expected
‘demands on it until the year 2000 and then continue
'to beian adequate source of supply for many more years,
‘provided that future sourcés of supply are 1ntelhgently
-planned-and are located in favorable hydrogeologic en-

vironments, away from the cones of influence of existing

‘sources. Deterioration of water quality- will ultimately
.set the limit on development of this resource. ‘Most water

pumped from the aquifers is returned (near the.source

‘of supply) to a stream hydraulically connected with

these aquifers. Therefore, probably no sigmﬁca,nt de-

‘pletion of streamflow nor resultant reduction in the
‘rate of infiltration would occur because of increased

pumping. Hence, water can be recycled through the

system as many -times as necessary. As long as the

quality of water in the streams remains adequate, fur-

‘ther beneficial development. of the ground-water re-
tsource is possible. If the water recharging the aquifers
.were to become generally contaminatéd, however, the
‘aquifers would no longer be desirable sources of water.
.Accordmgly, man’s ability to maintain adequate water

quality will determine the extent to which this aquifer

" system.can be developed.
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TaBLE 10.———Records of. selected wells in ‘the lower Great -Miami River valley, Ohio

Well number: See p. A3 for descrlptxon of numbering system.-
Type of aquifer material: Sand and gravel.
Geologic horizon of aquifer: Pleistocene.

. Type of well: Drilled.
* Use: D, domestic; Ind, industrial; O, observatlon PS, public supply; T, test.
- Remarks: CA, chemical analysis avahable -

Alti- Y Water level . Yield .
Well X Owner s| tude |: * | Diam-| .
No. well (ft * Date | Depth eter .
(this : Owner Location designa- | above |!drilled | (ft) | I8 - | Draw-{ of Use Remarks
re- . . tion mesn |; Depth| Date Rate | down | well
port) : “osea | @ . (gpm)| (ft). | (in.)
level) ; : R
l
1 | Schell Dairy State Route 4 at Farmers- |[__...._._: 730 g 7-15-49 74 6 7-1549 50| 10 8 Ind
: ville and West Carrolton B . .
2 | Russel Lakes.. ! D
3 | Miami Paper Co. ! -Ind
4 Cil:y o( Mmmlsbur - PS
5 Gertrude Snyder D
6. D A
7 Ind
8 Ind ’
9 | Ind | CA..
- 10 Ind
11 Ind
12 Ind
13 , D
14 | Eugene Slaton_...._. PUPS . D
15 |, Woodall Industries...... Ind
16 | City of Middletown.. T
17 Do.......... PS CA.
18 Do .. PS
19 ) 5.7 RSN U i [+ SN PS
20 Do e PS CA.Bankof16
' ) ' . . shallow wells.
21 | ‘Gardner Park...__.._ .. . | . A0ccccciocciaeeaa | L 670 |- 1- 42 {2120 P DRI BRI IO 6 D
22 | Armco Steel Corporation sout,heast of Middleton..._.. 32 670 |- 1-15-59 b TR DRIPR AR FOR 26 Ind CA.
L East Works. 4 i ' .
26 Ind CA.
26 Ind CA.
26 Ind CA. -
6 T
6 T
6 T
6 T .
6. | T :
6 (o) “Union well.”
. 8 PS :
33 Arthur Richter__......._._. 6 D .
.34 | Village of Trenton.__.______ 12 PS
35 | Humane: Association of - 6 D - | Unused.
Miami Valley. '
36 | Fred Martin___ [} D
37 | Hubert'Lee...... 6 | D
38 | Cortland Thomp. 6 D
-39 | C. A: Kumler. "6 |'D
40 | Hickory Flat C Northeast of rpeck 7 D CA.
41 Angst_..... -| North of New Miami_....... 6 D
42 | Robt. Sehallip. ..o o} .80l 36 None | Dug.
43 | Armco Steel Corp..........| New Miami.__..___..._...... 2 26 Ind’ CA.
44 | City.of Hamilton._ Hamilt,on North well field..| 5. 26 PS CA.
45 [ Champion Paper Co..ovn Hamilton_._................ 10 26 Ind CA.~
46 | Champion Paper & FiberCo.|..... [ 1s VO, 4 26 Ind CA.
47 | City of Hamilton._._._..._. RN s [ SN B-39 593 | 2-23-43 205-| 30.10 | 3-3043 |..o.._|-cc.o_. 6 0, T | See Klaer and
: . , Kazmann
(1943) for
_ description.
48 DO 0, T Do.
49 Esther Spinelli 0, T Do.
-60 | Baltimore.& Oh "0, T Do.
.51 o, T Do. -
52 ‘0, T Do. -
. 63 PS Do.
- b o
55 PS Do.
56 | Federal Works Agency. o,T Do.
57 | City of Hamilton_..__.. P§, 0 Do.
58 | Pauline Benninghofen.. T
69 | City of Hamilton..__. PS, 0 Do.
60 | Joseph N. Conrad. ... 0, Do.
61 | City of Hamilton._.._....... PS CA.
62 | City of Cincinnat T
63 Do T CA.




GROUND-WATER HYDROLOGY. AND GEOLOGY - ' A35

.TaBLE 10.—Records of selected wells in the lower Great Miams River valley, 0h1§o——-Cont§nued )

) Alti- .. . . {. Water level Yield L
- Well . -| Owner’s| tude . Diam- .
No. ) ) . | owell (ft | Date |Depth oo . eter .
(this Owner Location designa-| above | drilled (ft) .o Draw-| of Use Remarks
re- L . : tion mean De}:th Date | Rate [ down | well .
port) T . sea - (ft) . (gpm)| (ft) (in.)
- level) i

64 555 [icacoaocac]onans 34.44 0o,7T

65 549 |......... 185 | 27.42 | o, T,

66 23. 585 o, T

67 24.25 o, T

68 -18.98 0, T

69 16.36 o,T

70 16.03 o, T

7 19.95 o, T L.

72 25.32 o, T D

B DOccicieiicciiiaee oo oooo..f2 ] B850 . 1965 | 140 |........ Ind CA. Horizontal
collector.

" o,T R

7% .0, T

76 o,7T .

ki " Ind CA:

78 o, T

79 o,T

80 0 Driven.. -

81 ) 07 0 Do.

82 | Raymond Irwin............ D

83 | U.S. Atomic Energy Comm o, T

84 ) 5 7 S S o,7T .

86 ) 07 T PS, O | 0l1d Adminis-
tration Build-
ing well.

86 ) 5 7 R U do 579 [ 8-24-51 210 | 58.15 | 10-15-64 716 ... 26 Ind

87 Do... <-.do.... 580 | 9-13-51 210 | 59.3 | 10-15-65 700 ... 26 Ind CA.

88 DO, ieeacaann B D do 679 | 10-11-51 210} 64 |.......... 8 e 26 Ind . .

89 | Nease Chemical Co. .| Fernald........ R, 525 | 2-16-59 -96 8 2-16-59 250 | 12 10 Ind

90 | John Emmert......_._..._. West of Fernald. ... .| ........ 606 |- 3- 1-60 112 | 83 ool oiiii]aeieeat 5

01 | Nu Maid Farms.._.......__ North of New Haven....__._|......... 576 | 3-13-54 110 | 49

92 Do_........... .| West of New Haven... 605 |. 6-20-54 142 | 78

93 | Milton Knollman...........|..... s [ S 585 | 8-28-52 9| 60.5

94 | Paul Wiwlo.ooooooooaitioi]oaon 3 [ I, - 572 | 8-31-60 147 | 5.6

95 | Orlik’s Department Store..| Harrison_ . ... __.....___focccoo.o 622 | 10~ 1-52 70| 28.6

96 | Paul Wiwi___...............

07 | Walter'F. Corson....

98 | Bommer Builders, Inc......{.cee @0ucmeeoneiniiieaaneeeomeeeaal 884 L ~

99 | Harrison 8and & Gravel...

UV 20 I U R DR s ' JOSURPIN PN R 1 (i3 SOOI,

101

102

103

104 Do [ [} T, 10-18-57

106 ECI Dupont de Nemours | West of North Ben 1955 CA.
0.
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