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VENICE AlUA, OHIO 
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ABSTRACT 

The U. S. Geological Survey in cooperation with the Board of Commissioners 
of Hamilton County, Ohio, and the Ohio Department of Natural Resources, Division of 
Water, investigated the ground-water resources in a 6-square-mile area along the 
Miami River near Venice, Ohio. The area is covered by glacial drift of both Illi- 
noian and Wisconsin age. The upland areas are covered by a veneer of Illinoian till, 
and the valleys contain thick and extensive Wisconsin outwash deposits of sand and 
gravel. The consolidated rocks, which occur beneath the outwash sand and gravel and 
which are exposed in numerous places on the uplands, consist of shale and interbed- 
ded limestone of Ordovician age. 

The Venice area lies about 12 miles northwest of Cincinnati and 7 miles 
southwest of Hamilton, and precipitation and temperature records are given for both 
of these cities. 
39.59 and 39.51 inches, respectively. 
is 54.0' F, and that at Cincinnati is 56.1'. 
in the area is about 53.3' east of the river and 54.3 

The average annual precipitation at Hamilton and Cincinnati is 
The mean annual air temperature at Hamilton 

The avegage temperature of ground water 
west of the river. 

The principal source of ground water in the Venice area is the glacial- 
Test drilling shows that outwash sand and gravel in the valley of the Miami River. 

the saturated thickness of these outwash deposits averages about I25 feet and that 
ground water occurs under water-table conditions. The saturated thickness of the 
deposits is affected by changes in river elevation, by rainfall, and by pumping at 
the Southwestern Ohio Water Company, The National Lead Company of Ohio, and the 
Meadowbrook swimming pool. If the porosity of the outwash sand and gravel is estl- 
mated as 35 percent, the total ground-water storage in the area averages about 0.17 
million acre-feet. 

4 

A controlled pumping test of the sand and gravel aquifer in the Venice 
area west of the Miami River was made January 27 to February 1, 1954. Adjustments 
were made for the effects of partial penetration of the pumped well, and the results 
of the test were analysed by the modified nonequilibrium formula. The coefficients 
of transmissibility and permeability were determined to be 374,000 gpd per foot and 
3,000 gpd per square foot, respectively. 

To check the results of the pumping test,the cone of depression around col- 
, lector 2 was studied, and to determine the coefficient of permeability east of the 

Miami River, the cone of depression around collector 1 was studied. 
mula Q = PIA, the coefficient of perme8bility of the aquifer west of the Miami River 
was found to be 3,000 gpd per square foot. 
from the results of the controlled pumping test. The coefficient of permeability 
of the aquifer east of the Miami River was found to be 2,800 gpd per square foot. 

The ground-water reservoir in the outwash deposits of the Miami River is 
/;recharged by precipitation within the area, seepage from the valley w a l l s ,  and in- 
I duced infiltration of water from the Miami River. 
\. amounts to about 570,000 gpd per square mile of catchment area, or 3.42 mgd (million 

Using the for- 

This value agrees with that determined 

I 
Recharge from precipitation 

- 1- 



gallons per 
Ordovician 

day) fo r  the en t i r e  6 
imestone and shale wh 

square miles studied. 
ch form the valley wa 

The permeability of the 
.s is not known, but numer- 

our w e l l  failures in the upland areas indicate tha t - the  permeability is low; it is 
assumed t o  be about 5 gpd per square foot.  Therefore the  t o t a l  amount of water mov- 
ing from the consolidated rocks in to  the outwash sand and gravel is about 1 . 2  mgd. 

Under heavy pumping the outwash sand and gravel deposits w i l l  be recharged 
chief ly  by induced i n f i l t r a t i o n  of water from the M i a m i  River. The i n f i l t r a t i o n  
r a t e s  f o r  sections of the Miami River, determined by computations mede using the  
formula Q = PIA, ranged from 113,000 t o  142,000 gpd per acre per foot .  Based on 
these figures,  it w a s  determined tha t  i n f i l t r a t i o n  supplies of 20 mgd could be de- 
veloped during periods of low streamflow I n  the area studied. 
water from the  val ley- t ra in  deposits, including recharge from precipi ta t ion,  seepage 
from the val ley walls, and induced i n f i l t r a t i o n  tha t  would be balanced by recharge 
during dry periods, is about 24.6 mgd. 

The t o t a l  yield of 

-2- 



INTRODUCTION 

I 
1 

(I 
The Southwestern Ohio Water Company withdraws approximately 14 million gal- E 

n 
I 
'I 
1 

The U. S. GeOlOglCal Survey, in cooperation with the Bo& of Commissioner: 
of Hamilton County, Ohio and the Ohio Department of Natural Reeources, Division of 
Water, investigated ground-water conditions and the hydraulic properties of the gla- 
cial-outwash deposits near Venice, Ohio, during the period June 1956 to Juce 1959. 
The purpose of this report is to present the results of the investigation and to dis- 
cuss some of the problems of interpretation. 

Venice (Ross Post Office) is in southwestern Ohio near the Hamilton-Butler \I 
County line, about I 2  miles northwest of Cincinnati and 7 miles southwest of Hamilton. 
(See fig. 1.) The principal source of ground water in the Venice area is the gla- 
cial outwash sand and gravel in the Miami River valley. 
recharged by induced infiltration from the Miami River, direct precipitation, and 
inflow from the valley w a l l s .  

These outwash deposits are 

lons of water daily from two large radial collectors near Venice. 
to manufacturing plants in the heavily industrialized Mill Creek valley north of 
Cincinnati. This large concentration of pumpage in an area unaffected by surface- 
water diversions or uncontrolled pumping affords a unique opportunity to study the 
effects of recharge by induced stream infiltration and the hydraulic properties of 
glacial-outwash deposits. The importance of determining infiltration rates is indi- 
cated by the fact that of the total ground-water pumpage in Ohio in 1955, estimated 
to be 500 mgd (mil l ion gallons per day), about 200 mgd vas pumped in the Miami River 
and Mad River valleys under conditions similar to those in the Venice area. 

The water is pipe3 

Moreover, there is also strong Federal interest involved in an appraisal of 

Much of the water pumped at Venice supplies several large industries which 
ground-water resources in the Venice area, apart from its contribution to research 
studies. 
are, or would become, of critical importance in the event of a National emergency. 
It is anticipated that the withdrawal of ground water in the Venice area will in- 
crease greatly in future years, and it is essential to provide data to aid in the 
appraisal of this vital resource. 

History of Promam 

In 1936, after major droughts in 1930 and 1934 had focused attention on 
declining water levels in the heavily industrialized Mill Creek valley, an investiga- 
tion was made by the U. 9. Geological Survey in cooperation with the Boards of Com- 
missioners of Butler and Hamilton Counties. 
published as U. 9. Geological Survey Water Supply Paper 999, entitled "Ground Water 
Resources of the Cincinnati Area, Butler and Hamilton Counties, Ohio," by F. H. 
Klaer and D. G. Thompson. This investigation revealed that the problem w a a  not lim- 
ited to the M I 1 1  Creek valley, but that a practical solution inevitably involved the 
Miami River valley. 

8 
1. 
II 
# 

The results of the Investigation were 

As a result of the findings by Klaer and Thompson, representatives of 11 
industries formed the Southwestern Ohio Water Company. 
the express intent of locating and eetablishing an adequate water-supply system for 
industries in the Mill Creek valley. 

This company was formed with 

In fulfillment of this desire to locate and establish an adequate water- 
supply system for nearby industries, a quantitative study of the glacial-outwash 

I-- 

I If -3- 
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deposits in the Miami Valley was made by ground-water consultants hired by the South- 
western Ohio Water Company. The purpose of this study was to determine the feasibil- 
ity of installing a large-diameter radial collector east of the Miami River near 
Venice. 
the glacial-outwash deposits underlying the Miami River in this area. On July 1, 
1951 radial collector 1 was completed, and almost immediately it began to supply 
water to industries in the Mill Creek valley. 

8 
The results showed that large ground-water supplies could be obtained from 

c 
I 
I 

In early 1954, in anticipation of even larger demands for water, an investi- 
gation of the glacial deposits on the west side of the Miami River was made. 
winter of 1954 the second large-diameter radial collector was installed which, in 
February 1955, began furnishing additional water to industries in the M i l l  Creek 
valley. 

In the 

The present investigation was begun by the U. S. Geological Survey in June 
This study was made under the immediate supervision of S. E .  Norris, district 

Hamilton County is represented in this 

1956. 
geologist, and under the general supervision of P. E. LaMoreaw, former chief, Ground' ' 

Water Branch of the U. S. Geological Survey. 
investigation by the Board of County Commissioners, consisting of James R. Clark,Jr., 
president, Louis J. Schneider, Jr., and Edwin J. Tepe. The Ohio Department of Natur- 
al Resources is represented by Herbert B. Eagon, director and C. V. Youngquist, chief, 
Division of Water. 

The specific objectives of this investigation are: 

1. To determine the lateral and vertical extent, and the geologic charac- 
ter, of the glacial-outwash deposits in the Venice area. 

I 2. To determine the hydraulic properties of the aquifer by the collection 
and interpretation of pumping-test data. 

3. To map the water table in the Venice area and determine the principal 
sources of recharge to the aquifer. 

I 
M 

4. To maintain an observation-well program in the Venice area to determine 
periodic changes in ground-water storage. 

5 .  To appraise methods for determining the recharge received directly from 
precipitation in the Venice area and from regional underflow and induced infiltration 
of s treamflow . 

6. To collect data on the chemical quality and temperature of ground water ' 8 
I 

and surface water, and possibly the sediment load in the stream, as aids to the over- 
all quantitative interpretation of the aquifer. 

7. To collect basic records. 

Revi ous Invest iRat Ions 

I 
Y 

One of the earliest geologic reports describing the Cincinnati area was 
written by Leverett (1902). 
ogy of the area, and a l s o  reported a few elevations on the bedrock floor of the old 
valley. 

hverett gave a general description of the qlacial geol- 

Fuller and Clapp (1912) discussed the occurrence of ground water in the 
I -- various formations underlying parts of 14 counties in southwestern Ohio and gave 

I\ 
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br ie f  descripyiona o f  ground-water ccnditior,s a t  specif ic  19cali t i3s md tables  cf 
w e l l  data. 
only t r i e f  menticn w a s  made of t h e  gnu-d-water r2ssurces cf the area. Stout, Ver 
Steeg, and h b  (1943) discussed g r3~3-wafe r  condltions a t  specif ic  l oca l i t i e s  i n  
southwestern Onio a d  discussed i n  general terms the water-SeariEg prcperries of the 
cansolidated md ucconsalidated deposits.  
water rSsources of the southwestern Onia area w a s  writ ten by Klaer md Thompson 
(1948). 
i n  Batler and Hamiltan Counties, detai led ground-water conditions i n  sFecif ic  Local- 
i t i p s ,  an2 alsc presented tablss of well dsta acd water-level elevations. Klaer End 
Thompson found t h a t  between 1890 and 1940 water levels  i n  some areas i n  the Mill 
Creek val ley had declined as much as 90 f e e t .  

The geoiogy of t h e  regia3 WES ? i l ly  described by F e n n e m  (1916), but 

The most recent snd 2etai led report  on t h e  

In t h e i r  repcr t  Klaer and Thonpson discmsed general grmnd-water cmditioris 

The authors aiso stated (p. 61) con- 
cerniag the Miami River 
of the material f i l l i n g  
ported, and the present 
quantity of water could 
able supply. I' 

valley south of Hamilton: 
the  buried valley, the re la t ive ly  small anoun%s of clay re- 
small pumpage indicate t h a t  probably a mderate t o  large 
be pumped from wells without serious depletion of the avai l -  

"The great thickness s ~ d  character 
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GEOGRAPHY 

GEOLOGY 3 
I 
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The Miami Valley is more than 2 miles wide in  the  Venice area. This broad 
lowland represents the former course Of a much larger  stream cal led the Norwood River 
by Stout, Ver Steeg, and Lamb (1943, p. 68). 
course as the present Mi& River from Hamilton south 88 far  as Venice. A t  Venice 
the Norwood River turned southwestward and flowed p a s t  New Haven t o  Harrison near the 
Indiana l i n e .  This stream cut Its channel i n to  the underlying consolidated rocks t o  ' 

a l eve l  more than 150 f ee t  below t h a t  of the  Miami River. 
the valley t o  its present level,  chief ly  with outwash sand and gravel depoaits, 
called valley t ra in ,  i n to  which the Miami River has cut i t s  present channel. A 
terrace prominently developed along the eastern edge of the National Iead Company of 
Ohio plant s i t e  marks the boundary between the floodplain of the present stream and 
the or ig ina l  l eve l  of the val ley- t ra in  deposits.  

The glacial-outwash deposits i n  the Venice area occur i n  the buried val ley 
which marks the approximate course of the Norwood River. The deep channel of t h e  
Norworxl River l ies north of col lectors  1 and 2, and it is probable that the  permea- 
b i l i t y  of the v a l l e y - f i l l  deposits increases t o  a maximum near the deep channel, 
figure 2. 
f i g .  l9), t h e  g l ac i a l  materials t h i n  abruptly and are composed ch ief ly  of c lay.  
Figure 3 shows the logs of test wells i n  the Venice, Ohio, area. 

The Norwood River occupied the same 

Glacial  meltwaters f i l l e d  

# 

South of the  area of col lectors  1 and 2, i n  the v i c in i ty  of w e l l  C-1 (see 

The consolidated rocks, which occur beneath the val ley- t ra in  deposits and 
which are exposed i n  numerous places on the  uplands, consis t  of shale and interbed- 
ded limestone of Ordovician age. The bedrock surface rises rapidly east of collec- 
t o r  1 and southward i n  the v i c in i ty  of well C - 1 .  
meable. 
lying g l ac i a l  d r i f t ,  springs, and c i s te rns .  A map of the g l ac i a l  and consolidated 
deposits of the Venice area is  shown on figure 4. 

These strata are r e l a t ive ly  imper- 
Upland farms depend fo r  their water supply mainly on dug wells i n  the over- 

PRECIPITATION 

The d is t r ibu t ion  of rainfall a rea l ly  and with respect t o  time exercises a 
For example, although the primary pronounced e f f e c t  on the available water supply. 

cause of drought is  lack of precipitation, an extremely uneven d i s t r ibu t ion  of ra i t -  
fa l l  throughout the year may be as disastrous as a shortage i n  t o t a l  amount. C1i.m- 
tological ly ,  the S ta t e  of Ohio is divided in to  three sect ions -- northern, middle, 
and southern. Each section differs somewhat from the other two in the d i s t r ibu t ion  
of prec ip i ta t ion  throughout the year. 
i c a l  sect ion of the State .  Because of its location between the c i t i e s  of Hamilton 
and Cincinnati, precipi ta t ion records are given for both of these c i t i e s .  
age annual precipi ta t ion a t  Hamilton and Cincinnati is 39.59 and 39.51 inches, res- 
pectively.  (See f ig s .  5 and 6 . )  

I 

t 

The Venice area is i n  the  Southern climatolog- 

The aver- 

Figure 7 shows cumulative departure from the average annual prec ip i ta t ion  
' 

a t  Cincinnati, Ohio. 
c ies  i n  prec ip i ta t ion  above or below the mean or average amount f o r  the period of 
record. When precipi ta t ion is i n  excess of the average during a par t icu lar  year, t h e  
curve rises; when less than average, the curve falla. For example, i n  1920 the pre- 
c ip i t a t ion  w a s  40.13 inches, or 0.59 inches more than average; the curve therefore 

This curve represents the accumulated excesses and deficien- 

i s -d rawn  above the average precipi ta t ion l i n e .  During 1921, prec ip i ta t ion  w a s  45-45 5 
I 
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Figure 4 .  Map of the glacial and consolidated deposits of the Venice area. 
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1 
inches, 5.94 inches greater than average. 
gives en accumulated departure of 6.53 inches greater than the average. As figure 7 
shows, the cumdative departure from the mean annual precipitation at Cincinnati w a s  
below average from 1934 to 1957, the lowest year on record being 1944. It was during 
this period (1940-45) that water became of vital concern to industries in the M i l l  
Creek valley engaged in the production of essential war materials. As shown by fig- 
ure 7, the cumuiative departure from the mean annual precipitation at Cincinnati be- 
tween the years 1920-59 is 6.39 inches. 

This excess added to the excess for 1920 

I 
Precipitation might be considered to be the primary influence in determin- 

ing the available water resources in a given area. There is, however, no simple re- 
lation between rainfall, streamflow, and ground water, as is shown by figures 8 and 
9 .  These figures show, respectively, the relation of flow in the Miami River to pre- 
cipitation at selected stations in the headwaters area of the Miami River and that at 

graphs shown in figures 8 and 9, however, show that runoff in the winter generally is 
Hamilton. Modifying influences are temperature, evaporation, and transpiration. 

greater in proportion to the total precipitation than it is in the summer. This is 
to be expected, largely on account of evapotranspiration losses in summer. The 
graphs also suggest a seasonal distribution of flows, which may be of significance in 
that :t relates to storage conditions in the aquifer. That is, during periods when 
ground-water levels are high, greater amounts of water seep from the ground and sus- 
tain a higher flow of the river. 

TEMPERATURE 

The mean annual air temperature at Hamilton and Cincinnati is 54.0° F and 
56.1' F, respectively. 
coldest. A graph showing the mean monthly temperature is given in figure 10. Max- 
i m  temperatures of 11l0 F and 108O F were recorded on July 21, 1934 at Hamilton m d  
Cincinnati, respectively. A minimum temperature of -20° F was recorded at Hamilton 
on January 19, 1918, and a m i n i m  temperature of -17' F was recorded at Cincinnati 
on February 9, 1934. 

July and August are the hottest months and January is the 

3 

I 
I 

s w u w  

The Miami River drains a total of 5,385 square miles, of which 1,437 square 
miles is in Indiana. The entire basin is in the Till Plains section of the central 
lowlands physiographic province ( Fenneman, 1938) . 
Miami River were recorded at Venice during the period 1919 to 1927. 
tion w a s  moved to Hamilton, where it has remained in constant operation. 

Discharge measurements in the 
In 1927 the sta- 

The max- 

1. imum and minimum flows of the Miami River at Hamilton and the dates they were record- 
ed are: 

Maximum daily discharge, 73,900 cfs (cubic feet per second), 

Minimum daily discharge, 155 cfs, September 27, 1941. 
Mean discharge (October 30, 1931 to September 30, 1960), 3,214 cfs . 
Maximum recorded discharge, 108,000 cfs, January 21, 1959. 
Minimum recorded discharge 100 cfs, September 26, 27, 1941. 

January 22, 1959. 

- 

I -The m a x i m  and minimum flaws of the-Miami River at Hamilton for the period 
1951-1957 are shown on figure 11. 
- \  
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I n  studying the flow of a stream there are several  types of curves t h a t  

I 
I 
I 
I 
I 
I 
I 

may be used i n  the analysis of streamflow records. 
haps the best  f o r  comparing f low charac te r i s t ics  of di f fe ren t  streams. 
t ion  curves show the frequency of occurrence of various ra tes  of flow. 
cumulative curve and is prepared by tabulating a l l  discharges of record i n  order of 
magnitude and arranging them according t o  percentage of time during which these 
spec i f ic  flows are equaled or exceeded. The shape of the duration curve is an index 
of the natural  storage within a basin, including ground water storage; the more near- 
l y  horizontal  the curve the greater is the storage e f fec t .  
duration cuzve f o r  the Miami River a t  Hamilton. 

The flow-duration curve is per- 
Flow-dura- 
This is a 

Figure 12 is a f low-  

The Miami River valley is subject t o  frequent floods. Since 1805, the date - 
of the first recorded flood, numerous damaging floods have occurred in the valley.  
These floods have taken hundreds of l i ves  and destroyed millions of do l l a r s  worth of 
property. During 
t h i s  flood more than 400 l ives  were l o s t  and more than 100 million do l l a r s  worth of 
property was destroyed. 
1913, engineers constructed f ive detention dams i n  the Miami River basin.  
1. ) 

By far  the worst flood on record in Ohio occurred i n  March, 1913. 

To prevent the recurrence of major floods such as t ha t  i n  
(See table 

These dams are  maintained by the Miami Consel-vancy Di s t r i c t .  

Since the  completion of the five detention dams i n  the Miami River basin, 
Fa i r ly  large floods occurred 

During the flood of January 1959, 

no f l o d s  have approached i n  magnitude that  of 1913. 
however i n  1922, 1929, 1937, 1943, 1952, and 1959. Figure 13 show the  inundated 
area near Venice during the flood of January 1959. 
co l lec tor  1 was pumped at approximately 10 mgd, yet  the water i n  the co l lec tor  rose 
about 30 f e e t  t o  an elevation of 520 feet, or  1 foot  below the  pump f loo r .  

Table 1.--Detention dams in the Miami River basin 

Drainage area T o t a l  storage 
Reservoir Stream 

Englewood S t i l lwa te r  River 
Germantown Twin Creek 
HUfAnan Mad River 
bckington bramie Creek 
Taylorsvil le Miami River 

i n  miles i n  acre-feet  
646 312,000 

275 
632 
261 

1,155 

106; ooo 
167,000 
70, ooo 
186,000 

Above Dayton the sustained f l o w  of the Miami River is  r e l a t i v e l y  high. 
From Dayton t o  Hamilton there i s  a general decrease in the dry-weather-flow indices 
of t r i b u t a r i e s  t o  the Miaml River except at  Miamisburg, where the e f f e c t s  of diver- 
sion at Dayton of municipal and i ndus t r i a l  water from the Mad River val ley  is notice-& 
able (Cross and Hedges, 1959). 
fo r  the Miami River a t  Taylorsvllle, Dayton, Miemisburg, and Hamilton are shown i n  
figures 14 and 15. The de- 
crease in dry-weather flow below Dayton probably results from less natural storage 
in the  t r i bu ta ry  stresms below Dayton. These streams drain the Ordovician shale  
terrane and flow i n  r e l a t ive ly  shallov, narrow val leys .  
flow over limestone and, moreover, they generally occupy r e l a t i v e l y  vide val leys  
f i l l e d  with permeable outwash deposits.  

Flow-duration curves adjusted t o  base period 1921-45 

2he location of these s t a t ions  i s  shown on figure 16. 

I Above Dayton the  streams 

I 
' ! 27 
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PERCENTAGE OF T I M E  DAILY DISCH'ARGE SHOWN WAS EOUALED OR EXCEEDED 

Figure 14. Flow-duration curve, Miami River ot Taylorsville and Dayton, 1921-1945. 

- 30 
-22- 



e MIAMI RIVER AT MIAMISBURG 

Q MlAM I RIVER AT HAMILTON 

DUR 
PER 

3 0 '  

'ION CURVES ADJUSTED TO BASE 

PERCENTAGE OF TIME DAILY DISCHARGE SHOWN WAS EOUALEO OR EXCEEDED 

I 
I 
I 

I 

I 

1921-1941 
Figure 15. Flow-duration curve, Miami River at Miamisburg and Hamilton, 

- -  

I i 3 1 ,  I 
I -23- 



t 

TAYLORSVILL 

----- 

I 

SCALE IN MILES 

f l  

Figure 16. Mop of Miomi River north of Homilton, showing locotions of 
streom - gaging stotions. 

-24- 



GROUND-WATER OCCURRENCE AND SMRAGE 

Ground water in outwash deposits, such a6 those in the Miami River valley 
near Venice, zlccurs in the irregular openings between the individual particles of 
sand and gravel. 
gravity and molecular attraction. Gravity is the force that causes water to flow 
from springs or $0 enter wells, and the molecular forces tend to resist motion. The 
most productive water-bearing deposit is coarse well-sorted gravel in which the spaccs 
between adjacent particles are large and interconnected so that they readily absorb 
water, store it in large quantities, and yield it freely to wells. 

I 
I 

The water in these openings is controlled principally by two forces, 

Water in the openings between sand and gravel particles may occur under 
water-table or artesian conditions. The water may be bounded above and below by M 4 
impervious layer, when it is said to be under confined or artesian conditiocs, or the 
upper surface of the ground water may be unconfined, when it is said to be under 
water-table conditions. Ground water in the outwash deposits of the M i a m i  River Val- 
ley in the Venice area is under water-table conditions. 8 

I 
I 

The I 
1 
I 

The saturated thickness of the valley-train deposits in the Venice area 
averages ebout 125 feet, and the porosity (the ratio of the interstitial volume of a 
rock to its total volume) of these deposits is estimated to be about 35 percent. The 
quantity of wa5er in storage, therefore is about 0.17 million acre-feet (55 billion 
gallons). However, not all the water in the pore spaces will drain into wells, a 
part being retained by the forces of cohesion and adhesion. 

specific yield is the volume of water that is free to drain by gravity from a satur- 
is free to drain by gravity from the aquifer is indicated by its specific yield. 

ated rock, expressed as a percentage of the total volume of the rock. From a study 
of the water-bearing properties of the aquifer at Venice, and based on computations 
for the san0 and gravel aquifer at Louisville, Ky. (Stuart, 1944), the average 
specific yield of the valley-train deposits near Venice is estimated to be about 0.2. 
If the average specific yield of the aquifer is assumed to be 20 percent, about 
95,000 acre feet (31 billion gallons) of water could be made available from storage 
in the Venico area by completely dewatering the aquifer. 

The amount of water that 

7- -- 

' 33 I 
I - 
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PUMPAGE 

The users cf the  la rges t  aclounta of grour,d water i n  t h e  Venice iro5 =e 

The Southwestgrc Ohlo Water Camcaoy p ~ p s  i 4  t o  1 5  mgd, the 
tho ScLthwsstzrz Ohio Water Compny, National h a d  Compszy cf Ohic, %xi tke Mesd0;r- 
brook Swimming Psol. 
Nationel k a d  Company af Ohio pumps aL average of 2 mgd and th? Mezd2w3roc~k Swlmmizg 
Pool pumps abcut half a mil l ion g a l i x s  of water o n e  a week k r i z g  the s . m e r .  
(See t ak le  2 . )  This reDort i s  conc5n35 primariiy with the pmTage o f  the Sgutkwss- 
t . 2 ~  Ohic W G ~ E ; -  Cm-;ay. 

I 

Grg?iad wztzr f o r  the Southwzatern Ohis Wat2r Ccmp&--y is sL;pplie5 by Lvo 
r a d i a l  c ~ l l e c t o r s .  
2 ,  r i spec t iv t iy .  Water pumFed from 
35-in=h-aiameter mzic t o  a resmvoi r  ir thc- M i i l  Croek valley,  whence it ficws by 
grgvity t.0 the ixias-h-ies served by tZii system. 
the  TWO Southwestex Ohio Water Compaajj C O i 1 2 2 t o r s  a r E  s h m  in  szjle 2. 

F ig i re  i7  and i8 c - o  diagrams of the c Q i k c t o r s ,  designat25 1 mc 
cc l lec tc rs  is piped sbaut 24 miles thrcugh 8 

Tne monthly r s t e s  of piunpage from 

Table 2.--Monthly pupage i n  m i l i b n s  of gellons a t  Soathwesterc Ohio 
Water COTLF~XIY co l lec tors .  

Cci l ic tc r  1 
a 

Jan. 

‘ Apr. 

,fi %e 
July 

SeFtt .I Aug’ 0s:. 
Nov . 
Dec. ! Daily Avg. 

Jan. 
I 

Apr . 
k Y  
3 a e  fl July 
Aug . 

362.764 
353.693 
342.415 
362.964 

156.492 385.585 

349.136 365.904 

i70.093 342.065 
329.302 408.736 

368.494 390.845 
254.480 313.124 
j26.8i7 316 687 

9.60 li .86 

1954 1955 1956 1957 1958 339.900 392.500 175.880 197.718 207.559 
309.367 396.369 159.517 257.132 200.222 
365 ’ 702 
339.527 
362.152 
350.750 
337.316 

346.225 
354.168 
355.979 
351.606 
11-39 

34k. 181 

309.180 
259.148 
208.798 
185.979 
1k4.313 
1-5.51;2 
171.372 
146.083 
239.697 
247.404 

7.80 

Co11ector 2 

11.567 
132 * 994 
165.047 
250.595 
289.975 
234.710 
313.673 
239.802 
278.697 
191.702 
188. 097 

7.39 

182.837 288.156 
170.228 256.787 

167.534 245.510 

173.215 196.318 
171.625 193.178 
186.9 53 179.460 
167.412 208.237 

5-72 7.35 

183.503 230.075 

172.350 209.462 
175.523 219.191 

224.707 
218. i66 
218.721 
237.101 
2u3.349 
233.916 
201.633 
275.931 

258.553 
220.693 

7.63 

211.410 

246.843 

255 40 j 
177 * sa3 
189.553 
222.058 
258.861 
246.016 
214.5 57 
232.051 
236.115 
251.561 
207.301 
193 * 3L3 

7-37 

211.037 
163. q ; 2  
2Lh a ?.: 5 
a 0  ,321 
207.2 j L  
191. i 9 L  
i71.5jL 
1g2.gae 
176.781 
206.961 
185.189 
22L. 060 

6.54 

’. 34 
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WATER-UVEL TRENDS 

I 
I 
B 

A quantitative study of the ground water supply in an area must be based in 
part on water-level fluctuations over a considerable period of time. This is neces- 
sary to determine the effects of variable precipitation, streamflow, pumping rates, 
and other factors that influence the amount of water available. During the present 
investigation, water levels in 35 observation wells have been measured periodically 
or continuously. The locations of these wells are shown on figure 19. Water-level 
fluctuations in the wells are shown on figures 20 to 30. Water-level fluctuations 
and monthly pumpage from collectors 1 and 2, respectively, are shown on figures 31 
and 32. 

I 
I 
a 
I 
I 

Figures 21 and 23 show the effect, in wells R-6 and K-1, of river stage on 
ground-water levels in the area. 
and well K - 1  is about 25 feet west of the river. (See fig. 19.) The hydrographs 
show that during typical high discharge periods (usually in April, May, and June) 
and during low discharge periods (usually in September and October) corresponding 
high and low water levels were recorded in the wells. 

Well €4-6 is about 300 feet east of the Miami River, 

The graph of the water level in well B-2, figure 22, is not affected by 
pumpage from collector 2 or by the stage of the Miami River. 
well generally Ceclines during the summer as a result of greater loss of water by 
evaporation and by transpiration from plants, and it rises during the winter, when 
these losses are at a minimum. The high and low points of the annual cycle, however, 
may be reached at different times as a result of many variable factors, such as the 
depth to the water table, the seasonal and areal distribution of rainfall, and the 
freezing of the ground in winter. 

The water level in this 
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I Rgure 20. Hydrogmph showing fluctuations of the water levels in wells R-I, R -3 ,  R - 4  ond R-5. 
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Figure 21. Hydrograph showing fluctuations of the water levels in wells R-6, R-7, R-8 and R-9. 
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Figure 22. Hydrograph showing fluctuations of the water levels in wells 8-2, 8-3, 8-4 and K-4. 
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Figure 23. Hydrograph showing fluctuations of the 
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Figure 24. Hydrograph showing fluctuations of the water levels in wells SW-2s and SW -20. 
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Figure 25. Hydrogmph showing fluctuations of the water levels in wells LB-I,L-I, WK-I and S - 2 .  
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I Figure 26. Hydrograph showing fluctuations of the water levels in wells W-I, W-2, SW-3and SW-4 
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Figure 27. Hydrogmph showing fluctuotions of the water levels in wells 0-1, 0 -2S,O-2Dand 0-3 
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Figure 28. Hydrograph showing fluctuations of the water levels in wells W-3, € - I ,  SW-5and S-I .  
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Figure 29. Hydrograph showing fluctuations in the water levels in wells H-2 and H-4. 
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PUMPING-TEST METHODS 

I 
I 
I 
I 
I 
I 
I 
1 
I 

I 

Field methods used for determining and comparing the water-yielding proper- 
ties of aquifers are grouped under the general term pumping tests. 
commonly are further divided into specific-capacity and aquifer-test methods. 

Pumping tests 

The specific-capacity method, though generally inadequate and subject to 
much criticism, is the oldest and still the most widely used pumping-test method. 
This method does not take into account the effect of time, turbulent flow thrcugh the 
screen and discharge pipe, or the effect of other pumping wells.  Nevertheless, if 
these limitations axe recognized and-considered, the specific-capacity method is very 
useful in analyzing hydrologic problems. In determining the specific capacity a well 
is pumped and its rate of discharge and the accompenying drawdown are observed. 
specific capacity of the well is then computed as the rate of discharge per unit 
drawdown of water level. It is assumed that this ratio of discharge to drawdown 
holds for a l l  discharges and drawdowns. 
and has a drawdown of 5 feet, the specific capacity of the well is 10 gpm per foot 
of drawdown. 
of 10 gpm per foot of drawdown, would yield (10 gpm/ft x 100 ft) 1,000 gpm. 

Th+ 

For example, if a well is pumped at 50 gpm 

Therefore a well with a drawdown of 100 feet, and a specific capacity 

Drawdown against rate of pumping in collectors 1 and 2 is plotted on figure 
33. The pro5lem of properly evaluating the specific capacity of a well or collector 
affected by the water-surface altitude of a nearby stream is shown by the wide scat- 
tering of the points. If, however, the specific capacities of the collectors are 
plotted opposite river discharge during the particular period of pumping used in de- 
termining the specific capacity, the points fall in a much narrower range, showing 
that the specific capacity is related to the discharge of the stream. (See figs. 34 
and 35.) 

In the controlled pumping-test method, the rate of discharge is held con- 
Draw- stant or different discharge rates are held constant for specific intervals. 

the recovery of water level also is measured after pumping stops. 
down is measured in the pumped well and in one or more observation wells. 

test are analysed by methods given in numerous U. S. Geological Survey publicatlms 
and other publications (Brown, 1953). 
permeability, transmissibility, and storage capacity -- thus are defined. 

The results of the 
Generaily’ I 

The hydraulic properties of an aquifer -- 

Explanation of Terms I 
I 
I 

The coefficient of permeability is the rate, in gallons per day, at which 
water at a temperature of 60° F vi11 flow through a cross-sectional area of 1 square 
foot under a hydraulic gradient of 100 percent (Wenzel, 1942, p. 7). 
temperature of ground water in a given region remains nearly constant, the coeffi- 
cient of permeability is generally determined at the prevailing temperature of the 
ground water. 

Because ;he 

This determination of the permeability is called the field coefficient. 

The coefficient of transmissibility (Theis, 1935, p. 520) is defined as 
the number of gallons of water that w i l l  move in 1 day through a verticle strip ~f 
the aquifer 1 foot wide, having a height equal to the full thickness of the aquifer 
under a hydraulic gradient of 1 foot per foot. The coefficient of transmissibility 
i8 equal to the average field coefficient of permeability multiplied by the thick- 
ness of the aquifer in feet. I 

I ’ -  I 
$::leases from or takes into storage per unit surface area of the aquifer per unit 

The coefficient of storage of an aquifer is the volume of water it re- 
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.38''5 
change in the component of head normal to that surface. 
such as that 9t Venice, when the water table is lowered by pumping, g r o u d  w a t e r  1; 
derived frzm ataro,ge by the gravity drainage of the pore spaces in that part of the 
aquifer unwaterod by the pumping. 

In a water-table quifer, 

Pumping Tests 

A controlled pumping test of the sand and gravel aquifer in the Venice 
area was made Jaauary 27 to February 1, 1954. 
thick; however, only about 125 feet of the sand and gravel is saturated, the water 
occurring under water-table conditions. 
itation and infiltration from the Miami River. 

I The sand and gravel is about i5O fret 

The aquifer is recharged chiefly by pr2eip- I 
Pumping was begun at 12:45 p.m. on January 27 and was continued at a 

relatively constant rate of 1,175 gpm until 3:09 p.m., February 1, 1954. The p m p -  
ing  well was 12 inches in diameter and w a s  equipped with 40 feet of iron screen sef  
at the bottom of the aquifer. 
tion wells to aacertain the effects of pumping on water levels at other points in t h q  
aquifer. The location a d  arrangement of the wells used in the +,oat are shown orr 
figure 36. 
and stopping the pump in the pumped w e l l  are shown in figures 37 to 39. 

Recording gages were installed on nine 6-inch o b a e ~ s  

I 
I 

I 
I 

'I 

The effects of water levels in the observation wells caused by startizg 

Drawdown in the observation wells was determined 5y comparing the ex%,-ap- 
olated graphs of nonpumping water levels with those made during the pumping perids. 
The results of the test were analysed by the modified nonequilibrium formula des- 
cribed by Cooper and Jacob (1946). The computed average coefficients of transmissi- 

figures 40 to 42.) Wells W-2, N-2 and S-ld were not used in computing these ai-erage 
f;ility and penneability were 360,000 gpd per ft and 2,900 gpd per square foot. 

coefficients because measurements were not accurately obtained before infiltration 
effects from the nearby river were observed. 

Outwash sand and gravel generally is highly stratified and consequently 
I s  less permeable vertically than it is horizontally. 
differene in permea3llity, water entering wells that only partly penetrate the q - 1 -  
fer must percolate vertically downward or upward in a less permeable path t h m  -.ss=: 
entering +,he wells in a horizontal direction. The vertical compon%n+, of groundwst5- 
flow thus prrciuced is not in accordance with the horizontal component on which :he 
modified nonequilibrium formula is baaed, and the effect w i l l  be reflected 13 BE 

increase in drawdowns in the well. The observed drawdowns in the wella n&t there- 

parfjial penetration of a pumped well are discussed by Wenzcl ( : S ~ ! J  
fore be adjusted for the effect of partial penetration of the pumped well. The ad- 
justments for the 
and outlined by JacobJ (written communication). Using the adjusted values of d m w -  
down due to the effects of partial penetration of the pumped well, the corrected e:- 
efficients of transmissibility and permeability of the aquifer were found to be 
370,000 gpd per ft. and 3,000 gpd per square ft., respectively. 

Because of this directlor-ai 

I 

(See figure k3. ) 

I On December 2, 1956, ground-water pumpage in collector 1 was 6.318 
and ground-water pumpage in collector 2 wae 2.487 mgd. 
pumpage in collector 2 was increased to 10.605 mgd, an increase of 8.118 mgd. 

At 1O:OO p.m. on December 2, 
The 

I I 
Jacob, C. E., 1945, Partial penetration of pumping well, adJustment.8 for: U. 3 .  

- -  *ol. Survey Water Resources B u l l . ,  p. 169-175, August. 

1' 55 
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Figure 36. Mop showing locations of wells used during controlled pumping test 
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pmpeg? w a s  h..-;d canstant zt about 6.318 and ~ 0 . 6 0 5  mgd in co;lectors 1 ar.i 2, r e s -  
22crively, x t i l  K i d s i g h t ,  Dec2rnber 7 ,  1955. Figure L 4  ar.d 45 a-e mzps sh9w:r.g :he 
pcsitlcr, cf th2 water tabiz on 9ec~mk.e: 2 z d  December 7, 
greph of eitva5iC23 on the M i a m i  Ri-Ter d;rring :he period of the Fum7ing test. 1956. F;We b6 is E 

The cc3e of depressim srcu?d cs l lec tor  2 was analyzed t o  check the co- 
e f f i c i en t  cf Fermeability compu:?d f z x  L i s  resui ta  of the coctrci ied pumpicg ?.est 
&e J ~ u s r y  27 t o  February 1, 1954, an? the c3ce arcvizd col loctor  1 w a s  scaiyzed t o  
determine +;he c x f f i c i o n t  of ;ermoatili:y .=f the nattr:ais ea s t  of +!E M i a m i  R i v r r .  
The jog- ar-d ji0- f x t  water-tablo cxitcx~rs a r o u d  cc l iec tor  1 and the 510- and 5 i l -  
foot water-taSle csntours wound col leztor  2 wer? sclected fcr analysis because they 
do m t  i n t e x e p t  the r iver ,  acd they 2 s ~  T;ot i n  the zcne of t h ?  prcjected I s t z r s l s  3f 
the col lzctars .  

A l l  the watcr. pumped from the col lectors  moved through the areas encum- 
passed by t h e  509- and 510- foot and the 510- acd 511- foot  water-table contours of 
co l i tc tors  1 aq.3 2 ,  respectiveiy, i n  accardarce w i t h  D a r c y ' ~  I s w ,  which may be ex- 
pressed i n  the form &= PIA (Ferr is ,  1949, p. 226). 
t o r  i n  galions Ber day, P is  the coeff ic ient  of permeability of the aquifer i n  gal-  
lons per day per square foot, I is the hydraulic gradient of f e e t  per foot,  and A 
i s  the cr3ss sect ion of the area of flow i n  square fee t .  

Q is the discharge of <he col iec-  

The hydraulic gradipnt (I) governing the movemect of water thro-dgh the 
aquifer w a s  computed by using the formula I = c where: 

WL 
r3 = the water-table-contour in te rva l  i n  f e e t  (1 foo t ) .  

A' = the area in  square f ee t  between the 509- and 510- foot  water- 
t&-clle contour of co l lec tc r  1 (1,130,000 square f e e t )  and the 
510- snd 511- foot water-taSie contour of co l lec tor  2 
(2,580,000 square f e e t ) .  

L = the average length of the 509- and 510- foot  water-table 
contour of col lector  1 (4,600 f e e t )  and the 510- and 511- 
foot  water-table contour of col iector  2 (8,530 f e e t ) .  

I = .0040 (col lector  1) 

= .0033 (cc l lec tor  2) 

The crass  section of the area of fhw, A, w a s  computed by using the form- 
la A = Im; 

wher2 : 

L = the  averwe length of the wster-table contours i n  f e e t .  

(See above. ) 

m = the average saturated thickness of the aquifer midway betwesn the 509- 
and 5iO- foot  and 510- and 511- foot  wafer-table contours of col lec-  
t o r s  1 and 2, respectively (125 f e e t ) .  

A = 575,000 square f e e t  ( ca l l ec t s r  i) 
f . -~ - = i,C64,OoO square f e e t  (co l lec ta r  2)  

1 '65-  
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I - 
Substituting the figures I = 0.004 and 0.0033 ft per ft, A = 575,000 and 

I 
I 
I 

1,064,000 square feet, and Q = 6.318 mgd and i0.605 mgd for collectors 1 and 2, r e s -  
pectively; in the formula Q = PIA, the coefficient of permeability of the aquifer in 
the vicinity of collector 1 was determined to be 2,800 gpd per square ft, snd The 
permeability near collector 2 was determined to be 3,000 gpd per square ft. 

is slightly less than that determined at collector 2, indicating that the permeakii- 
ity of the aquifer may increase to the northwest toward the deep channel cf The Nzr- 
wood River. (See p. 7). The coefficient of permeability of the deposits desermic3.d 
near collector 2 agrees with that determined from the results of the controlled pump- 
ing test (p .47 ). 

The coefficient of permeability of the outwash deposita near coliector i 
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RECHARGE 

Pr?cipitatiox? ar,d Szbsnrface Inflow 

Tht  p - i x i p a l  sources of recharge t o  an aquifer are the i n f i l t r a t i o n  cf 
r a i n  and s m w  f a l l i n g  on the intake area, seepage frcm streams, subsurface inflow 
from adjacest areas, and v e r t i c a l  le&kage from other aquifers through re la t ive ly  im- 
permeable canfining beds. 

When ra in  and snow fal ls  on the land some of the water flows d i r ec t ly  in to  
streams, s m e  evapra t e s ,  some is  t ra ispired by plants,  and the remainder seeps in to  
the ground. The ammnt of precipi ta t ion tha t  seeps in to  the ground and reaches tho 
water t.&bk, depends upon such factors  as:  
materials; (2)  tapogr6Fhy; (3)  vegetsl  cwer ;  (4 )  s o i l  moisture; ( 5 )  land use; (6) 
depth t o  wazer table;  ( 7 )  intensi ty ,  duration, and seasonal d i s t r ibu t ion  of r a in fa l l ;  
a d  (8) the a i r  tem2erature. 

(1) character of s o i l  and underlying 

The area ( 6  square miles) used t o  compute recharge t o  the val ley- t ra in  
depcsits from precipi ta t ion is  shown i n  f igure 4. Contours of the water table  north 
of the Colerain Pike bridge (5,000 f e e t  north of col lector  2 )  and near the south end 
of the oxbow bend ic the Miami River show tha t  ground water is discharging in to  t i e  
Miami River r-orth and south of these areas (see f i g .  45).  
area is a flood-plain deposit  consisting chiefly of a s i l t y ,  sandy loam underlain by 
coarse sand and gravel. The area is level,  and, as shown by the lack of flow during 
the most of the year i n  Dry Run and other small streams i n  the area, there is l i t t l e  
or no surface-water runoff. The loss from transpirat ion is chiefly from ag r i cu l t&s l  
crops consisting almost en t i r e ly  of corn, wheat, and hay. Based on unpublished 
s tudies  by L. T. Pierce' under conditions s i m i l a r  t o  those a t  Venice, these crops 
have en aversge evapotranspiration r s t e  of 26 inches during the growing season. The 
a-Jerage t o t a l  precipi ta t ion between April and September, the growing season, is 
20.67 inches; therefore, evapotranspiration generally exceeds precipitation by about 
5 inches. The depth of t he  water tab le  averages more than 20 f ee t  below the land 
surface i n  most of the area, and f o r  all prac t ica l  purpose8 there is no evapotrans- 
pirat ion of ground water. This means there is a soil-moisture deficiency created 
during the growing season t h a t  must be replenished before ground-water recharge can 
occur. 

The surface s o i l  i n  the 

From a study of the hydrology of the val ley- t ra in  deposits i n  the Mad River 
valley near Fairborn made by Walton (1960, p. 35>,  annual recharge from precipitatiorr 
w a s  estimated t o  be about 12 inches. The topographic relief, vegetal cover, land 
use, and air temperature, a t  Fairborn is very similar t o  t h a t  i n  the Venice area. 
"he average annual precipi ta t ion is  about 2 inches less, and the permeability of the 
underlying sand and gravel deposits is  s l i g h t l y  greater near Fairborn than a t  Venice. 
The smaller annual precipi ta t ion and the greater permeability of the underlying 
rriaterials at  Fairborn, however, tend t o  compensate fo r  the larger  annual precipi ta-  
t i c n  md the smaller permeability at  Venice, so t ha t  an estimate of recharge of 12 
inches of precipi ta t ion per year i n  the Venice area i s  not unreasonable. During the 
year of normal precipi ta t ion,  the 12 inches of recharge, therefore, amounts t o  abost 
570,000 gpd per square mile of catchment area, or 3.42 mgd f o r  the 6 square miles IC 
the Venice area. 

h e a t h e r  Bureau State  Climatologist, U. S. Weather Bureau, Columbus, Ohio 
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I z d i i x d  Infiltratim from the Miami River 

Wr-es a w e l l  is  pumped, water is withdrewn from storage i n  the aqu:f?r, szd 
c ,he ws5e: 1e-.-el is C,hs v i c i n i t y  of t h e  w e i l  is  drawn dam i n  the  s tape of ai? i r r e r t e l  
c x e  cslie3. :he cc:e of depression. As purnping co r , t i xes  the cooe exphy-dc, a l i  'i? de.  

;inile drawiag w s t c  fzom storage ir. the  aquifer  u n t i l  e i t h e r  a hydraulic gradient I s  
establ ished becwien the pumped w e l l  .md a.n area of recharge s u f f i c i e n t  t o  replenish 
t h s  amount cf vater being pumped o r  s u f f i c i e s t  water is diver tzd from some are3  3f 
d i s c k x g e  t o  k a l a x e  the  pumpage. If the w e l l  is placed near a surface s ~ u r c e  such 
as t h e  M i z m i  Ris-er, m d  the cone of depzftssion expands u n t i l  it in te rcepts  the bed 
of t h c  r iver ,  the water being pumped from the  w e l l  w i l l  be repiaced i n  pa r t  by water 
enter icg  t h e  q u i f e r  from the  r i v e r .  This method of induced i n f i l t r a t i o n  of surface 
water is a major source of recharge t o  ground-water reservoi rs  i n  Ohio, and par t icu-  
l a r l y  is t h i s  t m e  i n  the  M i a m i  River val ley.  

The rate at  which water en ters  an aqui fe r  from a surface source w i l l  depen? 
on sweral  fs.zt,:rs; such as, t he  posi t ion of the  water table,  the permeability 12f t t c  
streem bed and the underlying aquifer,  the depth and width of water in t he  stroam, 
and the  temperatur: of t he  water. In  adei t ion a stream bed does not remain s+,able 
over a iocg period of t i m e ,  consequeatly i t s  permeability may be increased by %he 
scouring ac t ion  of the  waters during high flow and decreased by the deposit ion of 
f i n e  materials on the r i v e r  bottom during p e r i d s  of low f l D w .  

The shape of the water-%able cor?tours caused by pumping from the  c.2llec- 
t o r s  on each side 3f the stream indicates  a ground-water mound bzneeth the %?: 

the  Miami Rivgr ir, the  oxbow bend near Venice. 
is  d i s to r t ed  so t h a t  gzadients between the  r i v e r  and the  collec5ors a re  s teeper  tnaz 
those on t he  lmdward side of the  co l lec tors .  
beceu~5  the  q u i f e r  receives large amounts of recharge from the  r i v e r .  
fac tors  being equal, t he  flow toward the  co l lec tors  w i l l  be greatest on the  sid? 
newes t  the saurce, where the  gradients are steepest. 

f 
The shape of the cone o f  cie-,rJzslcz 

The cone of depression i s  di:-so.,-zeL 
A l l  o?he: 

Cor',curs of t h e  water t ab le  north of t he  oxbow area of the  Miami River 
becd upstream, and those south of the  OXSOW roughly p a r a i l e l  the  r i v e r ,  indicazmg 
tha'; ground water is moving toward and discharging i n t o  the  r i v e r  io  those areas. 
Recharge t o  the two r a d i a l  co l lec tors  by the izduced i n f i l t r a t i o n  of surface water, 
th<rcfore,-% confi ied to--&e reach of the  r i v e r  encompassed between the  dashed 
lices shown on f igure  47. 

The dcshed l i n e s  t h a t  cross tk2 water-table cor,+,ours ahovn on figure 47, 
drawn from the r i v e r  toward the  co l lec tc rs ,  are ca l led  flow l ines .  
aze th? paths tha t  t yF ica l  paz t ic ies  r,f water wodd f o l h w  i n  moving from the  r i v e r  
through +,he aydifer i n  the  direct ion-of  decrezsing head. 
f l c w  l i n e s  cross the  water-table cmtours  a t  r igh t  mg les ,  which is  the d i r ec t ion  of 

These flow l ines  

Under idezl condit.icns, 

-p& 

/Vi 
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naxirnum gradient. 
t ims of the aquifer through which all the infiltrated water from the M i a m i  River 
moved towards the areas of withdrawal. 

The four limiting flow lines shown on figure 47 deiiait the sec -  

The two sections of the aquifer included between the four limiting flow 
lines and the 512- and 513- foot water-table contours were used to determine the 
amount of induced infiltration from the river. Tke equation Q = PIA w a s  used to 
s-rive at the amount of water infiltrated from the Miami River on August 31, 1956. 
Tne hydraulic gradients (I) and the areas ( A )  were computed for that part of the 
aqJifer lying between the limiting flow lines and the 512- and 513- foot water-table 
contours. The permeabilities, previously determined, and the hydraulic gradients 
an6 &teas computed for August 31, 1956, were substituted in the equation. 
of water being infiltrated from the Miami River on August 31, 1956, was 10 rngd, 0: 
abaut 60 percent of the water being pumped from collectors 1 and 2. bpage at 
collector 1 averaged 6.2 rngd, and pumpage at collector 2 averaged 10.7 mgd, or a 
total of 16.9 rngd. 

The amount 

The average rate of infiltration from the Miami River determined from the 
study of the infiltration between the four limiting flow lines on August 31, 1956, 
was 240,000 qpd per acre. This rate was derived by using the average width of the 
river (200 feet) and assuming that infiltration was uniform over the entire river 
bed. The infiltration rate, however, varies across the river, most of the flow dur- 
ing dry periods being concentrated in the deeper part of the channel. 
48. ) 

(See figure 

Flow lines also were drawn towards the collectors from the river at stream 
bed profiles B - B' and E - E', E - E' and F - F', F - F' and K - K'. Determinations 
similar to those previously outlined show that recharge by induced infiltration from 
the Miami River on August 31, 1956, included between profiles €3 - B' and E - E', w a s  
2.35 rngd; that between E - E' and F - F' was 4.08 mgd, and recharge between F - F' 
and K - K' W ~ S  3.57 mgd. 

During the summer of 1956, ten 2-inch-diameter observation wells were 
driven about 6 inches into the bed of the Miami River to determine water levels be- 
neath the bed of the river. The head loss, and difference between 
the surface elevation of the river and the water level inside the river well is given 
on table 3. The average width of the river and the length of the river between pro-  
files were then determined. Using the average head loss between profiles, the infil- 
tration rate of the river bed was determined to be 113,000 gpd per acre per foot be- 
tween sections B - B' and E - E', 142,000 gpd per acre per foot between sections 
E - E' and F - F', and 117,000 gpd per acre per foot between sections F - F' and K - 
K' . 

(See fig. 47.) 

The average infiltration rate of the river bed determined from a study of 
the infiltration between sections B - €3' and K - K' varies from one location to 
another. This variation may be explained in part by two natural dams formed when 
the flow of the river changed from a high to a low velocity. 
vicinity of D - D' and J - J', fig. 47.) In adjacent areas upstream from these dams, 
the water is ponded, and silt and clay settle to the bottom and reduce the permea- 
bility of the river bed. 

(Riffles occur in the 
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Figure 48. Cross sections showing the configuration of the Miami River bed in the Big Bend area. 
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Table 3.--Head loss in river wells Rw-1 to Rw-10 caused by 
infiltration from the Miami River on August 31, 1956. 

Well No. 

Rw- 1 

Rw-2 

Rw-3 

Rw- 4 

Rw- 5 

Rw- 6 

Rw-7 

Rw-8 

Rw-9 

Rw- 10 

Elevation of 
we 11 

524.28 

523 51 

523 - 38 
522.21 

521.71 

522.17 

522.06 

522.47 

522.30 

520 73 

Depth to water 
in well 

2.10 

3 - 6 6  

4.57 

4.16 

3.90 
- 
8.02 

6.86 

5.47 

2.95 

Depth to 
river 

2.15 

2.08 

1.92 

2.08 

1-99 

- 
1.65 

2.57 

2.76 

2.54 

Head 
10s s - 
+.os 
- .78 
-2.65 

-2.08 

-1.91 

- 
-6.37 

-4.29 

-2.71 

- .41 



SILTING OF THE RIVER B E D  

During dry periods, most of the flow of the Miami River i n  the Venice %rea 
is concentrated i n  a deep channel about 100 f e e t  wide. The veloci ty  of the r iver ,  
recorded a t  Hamilton, during periods of low flow (100 c f s )  is about 0.3 feet  per 
second. The flow a t  Venice is r e s t r i c t ed  t o  a narrower channel than t h a t  a t  Hamiltor., 
and t h e  v e l m i t y  i n  the  deep channel is approximately 0.5 f e e t  per second during com- 
parable low-flow periods.  
amounts of s i l t  from s e t t l i n g  from the moving waters. However, i n  the shallow pa r t  
of the r i v e r  a t  Venice, which is about 100 f e e t  wide also,  the flow is  very sluggish, 
End s i l t  and clay undoubtedly s e t t l e  from these slow-moving waters, reducing the per- 
meability of t h i s  pa r t  of the r ive r  bed. 
during periods of lov streamf'low are shown on f igure  48. 

This veloci ty  i s  probably great  enough t o  prevent large 

Cross sections of the  r i v e r  channel made 

The av2rage mean discharge of the Miami River at Hamilton is 3,214 c f s .  
Because the  r i v e r  has a f a i r l y  high veloci ty  during par t  of the year (7 or  more f e e t  
per second during periods of high flow at Hamilton) the e f f e c t s  of s i l t i n g  of the 
r i v e r  bed probably are confined t o  shor t  periods of low-velocity flow i n  the late 
summer and e a r l y  f a l l . :  
f o r  a long-term sediment-sampling program t o  aid i n  determining the e f f e c t  of s i l t a -  
t i o n  of t h e  r i v e r  bed on the  r a t e  of i n f i l t r a t i o n .  Table 4, however, gives pa r t i c l e -  
size analyses, date collected,  discharge, and t o t a l  suspended sediment load of the 
M i a m i  River a t  Dayton a t  selected times. I n  addition, figure 49 shows the  configura- 
t i o n  of t h e  bed of the Miami River a t  d i f f e r e n t  dates a t  Hamilton, Ohio. 

Funds f o r  t h i s  invest igat ion unfortunately did not provide 

Table 4 . - -Part ic le-s ize  analyses of suspended sediment, Miami River a t  Dayton, Ohio. 

Concentration Sediment load by 
Instantaneous of sample Tons per percent 

Date of co l lec t ion  discharge ( c f s )  ( ppm) day clay s i l t  sand 

January 26. 1952 
March 11, 1952 
March 12, 1952 
January 19, 1953 
March 4, 1953 
March 19, 1953 
f i Y  9, 1953 
May 15, 1953 
b Y  20, lY53 

May 23, 1953 
b Y  22J I953 

June 11, 1953 

20,500 

7,260 

6,700 
2,930 
5,700 
5,810 
11,400 
16,900 
6,560 

l7J 900 
18,700 

10,700 

1,360 
568 
459 
228 
644 
308 
184 
230 
93 

1,040 
259 

1,580 

75,300 
27,400 
23,200 
4,470 
18,600 
5,570 
1,460 
3,540 
1,460 
32,000 
11,800 
28,000 

51 47 
83 14 
83 15 
90 10 
88 12 
82 l a  
84 16 
68 31 
74 25 
79 l a  
92 7 
84 16 

2 
3 
2 
0 
a0 
0 
0 
1 
1 
3 
1 - 
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In sdditim to silting of the river Sed infiltration rates vary with :he 
temrxrztcrc, of the water being infiltrated, the viscosity of the water being direczly 
related to its temperature. A decrease in the temperature of the water increasez its 
viscosity and decreases infiltration rates. For conditions of laminar flow, whim 
usually prevail in ground-water movement, the viscosity of water changes about 1 . 5  
percent per degree (Fahrenheit) change of temperature. 
both surface water and ground water therefore are necessary to any infiltration study 
Figure 50 is a grsph showing the relationship between the temperature of water and 
its viscosity. 

Records of temperature of 

The temperature of the water withdrawn from a river infiltration system 
such as that st Venice is controlled by several variables. These variables are: 
temperature of river water, distance of well or collector from river, spacing of 
wells or collector, volume of aquifer, amount and temperature of ground-water flow 
from the land side, and the specific heat of the material composing the aquifer. A t  
a given time the water flows to the pumping unit by various paths and at different 
rates. Water entering from the riverward side, where gradients are steepest, travels 
to the unit in a relatively short time compared to water entering from the landward 
side or from more distant points upstream or downstream. 
pumped at any givcn time is made up of water which entered the aquifer at different 
points and at different times. 

Consequently, the water 

Temperatures have been meas*Jred monthly in the two radial collectors at 
Venice since September 1956. Temperatures also were measured at 5-foot intervals of 
depth in the other wells by means of an electric-resistance thermometer. The month- 
ly variations of temperature with depth in selected wells are shown on figures 51  to 
53. 

The temperatures measured in many of the wells from June 1956 to June 1959 
show a wide vertical range, suggestive of the effects of horizontal layers of widoljr 
different permeability of the aquifer. 

In areas comparatively far from the river, the average ground-water texpr- 
In these ature is about 53.3' F east of the river and about 54.3' west of the river. 

areas the annual temperature change is only a degree or less above or below the 9vc; 
age. In wells K - 1  and R-4, figure 19 the temperature close to the river, rmges 

fer has a temperature range from 34.2O to 82.8 . 
from 50.2' to 67.5' and 49.3' to 68.8 6 respecthvely. River water entering the aqui- 

(See figure 54.) 

From September 1956 to December 1958, the temperature of the water in c o l -  
lector 1 ranged from 56.9O to 58.9', and the temperature of the water in collector 2 
rmged from 53.7' to 57.4'. 
and 2 was 57.8' and 54.9', respectively. 
collector 2 probably is due to the fact that it is made up of a smaller proportior 
of river water and a larger proportion of ground water than that in collector 1. 
fact that the valley wall is a greater distance from collector 2 a l s o  has a bearing 
on the lower water temperature in that unit. 

The average temperature o f  the water in collectors 1 
The lower average temperature of water in 

'D-e 

Because the viscosity of the water varies with its temperature it is neces- 
sary to decide what point in the aquifer shouldbe selected to determine changes in 
the rate of iniiltration caused by variations in the water temperature. If a point 
immediately addacent to the river is selected, the change in the ground-water tem- 
perature would be about 48O, as the temperature of the river water ranges from 34.2' 
to 82.8'. If a point about 30 feet from the river is chosen, the temperature change 
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TEMPERATURE OF WATER IN DEGREES FAHRENHEIT 

---Figure 50. Graph showing the relationship between the temperature ' .79, of water and its viscosity. 
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38.5, 
of the water is about 18O. 
and 53.) 
only a degree or less. 

(See temperature range in wells K - 1  and R-4 figures 52 
If the average aquifer temperature is selected, the temperature fluctuates 

Rorabaugh (1956, p. 152-154) apparently chose variations in ground-water 
temperatures at the site of the pumping well to determine the effects of water tem- 
perature on the rate of infiltration. He states " ..., the added distance from the 
river will reduce the seasonal temperature variations, so that the average aquifer 
temperature would stay above the value of 36' F used in computing the curves. 
fore, the minim yield would be above that shown by the curves.'' Seasonal varia- 
tions in ground-water temperatures in collectors 1 and 2 at Venice is only about 3 
or  4'. 
the change in the viscosity of the water, the infiltration rate during the winter 
would be about 96 percent of that in the summer. 

There- 

Thus, using temperature variations at the pumping well and considering only 

As the water entering the aquifer is at a temperature roughly equal to that 
of the river, changes in the rate of infiltration based on the viscosity of the water 
must be determined at or near the river. 
test data of August 31, 1956, was determined when the average temperature of the 
river water was about 82O. During the winter the temperature of the river water 
usually declines to about 34'. 
and the viscosity of water at 34' F is 1.7313 centipoises, one centipoise being the 
viscosity of water at 20° C or 68' F. 
river and considerina only the change in viscosity of the water, the infiltration 
rate during the winter will be only about 48 percent of the infiltration rate during 
the summer. 

The rate of infiltration computed from the 

The viscosity of water at 82' F is 0.8360 centipoise, 

Therefore, choosing points at or very near the 
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QUALITY OF WATER 

Water is  a "universal solvent" and thus takes i ts  Themical properties from 
the a i r ,  s o i l ,  and rocks through and over which it passes. As it f d l s  from the sky, 
water is f a i r l y  pure except f o r  dissolved atmospheric gases and pa r t i c l e s  of dust  
picked up during its descent. Once on the ground the  water picks up pa r t i c l e s  of 
s o i l  and acquires some color and bacteria.  Of the  water tha t  falls upon the ground, 
t h a t  pa r t  t h a t  percolates i n to  the ground is f i l tered and purified as it moves slow- 
l y  through the  rocks, but the  water i n  turn  dissolves some of the mineral matter 
from the rocks. 

Surface water, derived both from overland runoff and pound-water discharge, 
generally contains i n  varying but lesser amounts the same mineral const i tuents  con- 
tained i n  ground water. 
sol ids  such as s i l t ,  clay, sand, and organic matter derived from the na tura l  decom- 
posit ion of s o i l  and from pollution. 
consti tuents and the minimum concentration of suspended sediment i n  surface water 
generally occur during periods of low flow. 

In addition, surface water commonly contains suspended 

The maximum concentration of dissolved mineral 

Analyses of water from the  Miami River and from radial col lec tors  1 and 2 
i n  the Venice area were made by the  U. S. Geological Survey and are shown i n  t ab le  5. 
The source and significance of these dissolved so l ids  is  shovn i n  t ab le  6. The dis-  
solved so l ids  are reported i n  ppm (par t s  per mil l ion)  which is a u n i t  f o r  expressing 
the concentration of a consti tuent by weight i n  a million parts of water. To des- 
cribe the  composition of water and the re la t ionship  among the  ions i n  solution, it 
is desirable t o  express them i n  equivalents per million. An equivalent per million 
(epm) is  a uni t  chemical equivalent weight of a consti tuent i n  a million uni t  weights 
of water. A un i t  chemical equivalent weight may be calcuSated by dividing the con- 
centrstion of a consti tuent i n  parts per mill ion by t h e  chemical combining w e i g h t  of 
the :onsti tuent.  In t h i s  form the concentrations and re la t ions  of the  const i tuents  
are d i r ec t ly  comparable (See figure 55. ) 
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SUMMARY AND CONCKJSIONS 

Test d r i l l i n g  i n  the glacial-outwash deposits underlying the Miami Ri-rer 
near Venice, Ohio, shows t h a t  the bedrock surface slopes generally t o  the northvesc 
t o  a deeply buried channel, which trends northeast  t o  southwest. h e  bedrock s u r -  
face l i e s  between elevat ions of 360 and 440 f e e t  above mean sea  level ,  which is f rcn  
80 t o  160 f e e t  below the  Miami River. 
ing the  va l ley  have been computed a t  2,800 gpd per square f t  ea s t  of the r i v e r  and 
3,000 gpd per square f t  west of the r ive r ,  ind ica t ing  t h a t  the deposi ts  become more 
penneatle toward the  buried channel t h a t  l i e s  northwest of the Miami River.  

The permeability of the outwash deposi ts  f i l l -  

Recharge from p rec ip i t a t ion  within t h e  6 square mile a rea  of va l l ey - t r a in  
deposits average about 12 inches a year or  3.4 mgd. Recharge from the consolidated 
rocks ( sha le  and limestone) which form the va l ley  w a l l s  i s  about 1 .2  mgd. The poten- 
t i a l  recharge from inf ' i i t ra t ion  of water from the  Miami River during periods of low 
streamflow is about 20 mgd. The y ie ld  of water from the  va l ley- t ra in  deposi ts  t h a t  
would be balanced by recharge during dry periods, therefore ,  is estimated t o  be about 
24.6 mgd. 

The y ie ld  of the  va l ley- t ra in  deposi ts  t h a t  would be balanced by recharge 
during periods of low streamflow, however, is not t he  maximum dependable y ie ld  t h a t  
could be developed. The quant i ty  of water i n  s torage i n  the  area i s  about 0.17 
mil l ion acre  feet .  If the  s p e c i f i c  y i e ld  of t he  aqui fe r  is assumed t o  be 20 percent, 
about 95,000 acre  feet  of water (30 m g d  f o r  1,000 days) would be made ava i lab le  by 
completely dewatering the  aquifer .  O f  course the  complete dewatering of t he  aquifer  
is impractical ,  as t he  y ie lds  of w e l l s  diminish rap id ly  as the  saturated thickness 
of the aquifer  is reduced. However, because of the  high permeability of the valley- 
t r a i n  deposi ts ,  the  cone of depression will spread t o  great dis tances  when l a r g e  
amounts of water are pumped from storage i n  d r y  periods, thereby encompassing a much 
la rger  area of stream bottom. In addition, the  mean discharge of the  Miami River a t  
Hamilton f o r  30 years of record is 3,214 cfs ,  whereas, the  discharge of the r i v e r  
during the  low-flow period of August 31, 1956, w a s  587 c f s .  Therefore, taking i n t o  
account t h e  s torage ava i lab le  i n  the aqui fe r  during periods of low streamflow (min- 
i m u m  rates of i n f i l t r a t i o n ) ,  it is not unreasonable t o  conclude t h a t  the  average 
annual recharge by induced i n f i l t r a t i o n  may be 40 mgd, or more than twice t h a t  
estimated for low-flow conditions.  The p o t e n t i a l  y i e ld  of the  va l l ey - t r a in  deposits 
i n  the Venice area, including recharge from p rec ip i t a t ion  and subsurface inflow fron 
the  va l ley  w a l l s ,  is estimated t o  be about 45 mgd. 
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