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probably under conditions similar to those now pre- 
viiiling on tlie Continental Shelf. The total thickness of 
the Cincinnatian Series is about 800 feet. These shales 
and limestones have a lorn permeability; tlie small 
amount of water that does occur in them is in joints 
and cracks, whose distribution is erratic. AI though the 
permeability of these rocks niay be too low to sustain 
large mater yields from wells, the large area of sliale 
i n  contact with sand and gravel aquifers possibly coii- 
tributes a sigiiilicniit qutiiitity of water to the aquifers. 

Several times during tlie l'leistocene Ei)ocli, wliicli 
comprised the last 21/24 million years before the Holo- 
cene (Recent) Epocli, Ohio \vas in large part covered 
by contiiieiital ice sheets. O f  the four recogiiizetl iiiajor 
glaciations, three, possibly four (Ray, l!M;), iiivniletl 
the lower Great Miami River wlley. E:icli ice slicct 
blanketed the area with gliicial t i l l ,  wliicli is a tough, 
poorly-sorted aggregate with a predoiniii:iiitl~ clay i i i : i -  

tris containing pebbles, c-obbles, and bonltlers that, ii i  

the lower Great Miami Itiver valley, are largely lime- 
stone. This glacial t i l l ,  like the shnle bedrovk, is iiearly 
impermeable nlthougli water is locully preseiit iii pockets 
and lenses of sand and gravel within tlie till. 

-1s n result of the Pleistocene glnciations, imlxriiie- 
able bedrock was blanketed by eqiially iinperirieal)le 
till. I n  the vnlleys, ho\vever, glacial outwash deposits 
of the last glaciation o f  Wisconsin age, :irid per1i:ips 
those of the nest older glaciation of Illiiioiaii age, for111 
the most potentially productive water-bearing cIeposits 
in the Midwest. During one or more of tlie iiiterg1:tci:il 
ages the valley that is in geiieral followed by the pre+ 
erit Great Miami, 1)ec:iiiie eiitretiched in bedrock to 
deptlis of L'OO feet or iiiore. The lilli~ig of gliicinl ortt- 
\vash, consisting mainly o f  well-sorted sand ant1 gr:i\ el, 
\vas deposited in the eiitrenclied valley by tlie torrenti:il 
meltwaters of the younger ice sheets. Till, inteistrat- 
ified with tlie permesible oiitwasli sand ancl prnvel it1 

tlie valleys, has proclucecl confining layers of lower 
permeability. - 

GROUND WATER I N  T E E  HYDROLOGIC SYSTEM 

The Great Miami River valley has an abundant siip- 

ply of water owing to both tlie high storage capacity 
of tlie valley-traiii aquifers and the high a\-eri\pe :til- 

nun1 rainfall of about 40 iiiclies. Because of sucli pleii- 
tiful recharge and storage, the sustained dry-weather 
flow of tlie Great Mimi River is one of the highest i n  
Ohio. The mean discharge of the river at Ilaitiiltoii iq 

3,323 cfs (cubic feet per secoiid), nnd tlie discliarge 
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 R stream's siistainetl dry-weather flow. The Great 

HY DROGEOI,OCIC ENVIRONMENTS 
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GROUND WATER IN THE LOWER GREAT hlIAMI RIVER VkLLEY, OHIO 

Tlie concept of “hydrogeologic enviroiiiiieiit” \vas iri- 
troduced in tlie present investigation to bro:ideti t lie 
usual scope of geologic mapping. 11 Iiydrogeologic cn- 
vironment is here defined as a mappable area mliose 
underlying aquifer materials possess cl is t inc t liy (1 rologic 
and geologic properties that differ sigiiificantly from tlic 
properties of aquifers in tlie adjacent areas. In otlier 
words, ground water occurs under essentially anifonii 
hydrologic and geologic conditions within any given 
liydrogeologic environment. The term “liydrogeologic 
environment’’ oires its origin to the relatively new inter- 
disciplinary science of hydrogeology, which deals with 
the geology and ’liydrology of grouiid water. Hydro- 
geologic mapping-or  the tnnppiiig of 1iydrop)logic: 
environments-thus somewlint broadelis the scope of 
conventional geologic mapping. 

Tlie lower Great Miami River valley lias been classi- 
fied into 11 different hydrogeologic environments, wliicli 
are as follows : 

Valley-train deposita 

I. Sand and gravel aquifer; recharge by inducrd streriiii i i i l i l -  
tration potentially available. 

A. No interstratifled clay layers presetit. 
1. Aquifer 150-200 feet or wore thick. 
2. Aquifer less than 150 feet thick. 

1. Aquifer 150-200 feet or niore thick. 
2. Aquifer less than 160 feet thick. 

11. Sand and gravel aquifer; no recharge by induced strenu 

13. Interstratified clay layers possibly present. 

infiltration available. 
A. No interstratified clay layers present. 

1. Aquifer 1 S 2 0 0  feet or more thick. 
2. Aquifer less than 150 feet thick. 

1. Aquifer 150-200 feet or itlore thick. 
2. Aquifer less than 160 feet thick. 

111. Sand and gravel aquifer overlain by clay ; stream recharge 

IV. Valleys filled largely or entlrely with clay ; tnrge rnatt.r suit- 

Upland area8 

V. Shnle bedrock overlain by glacial till; large water supplies 

The four principal criteria on which this classification 
is based are nature of the aquifer, availability of re- 
charge by induced stream infiltration, presence or nb- 
senw of interstratified clay layers, and thichess of the 
aquifer unit. The above outline is arranged in order of 
generally decreasing potential for the development of 
large pound-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 tlie outline jus t  given. 

The following discussion of hydrogeologic eiiviron- 
ments in the lower Great Miami River valley is bnsecl 

B. Interstratifled clay layers p0~1lil)ly present. 

generally not available. 

plies generally uot avallable. 

generally not available. 

on tlie Iiydrogeologic niap of the :ire:i : 1 i 1 ( 1  :I rfi6i.icI.i of geo- 
logic sections (ltls. 1, 2). Tho scctioiis :I rc t-...i-t*cutively 
designated by IcItcrs (A--.L’, I{-&‘, : I I I I I  SO 1 , : ; )  Legin- 
niiig in tlii nort Iiorn part of tlie area, l)iit :I t ’ c ’  fliscussed 
iri- tlie order givcbri in the- above- outline. ‘l’lic. L~~~iinclaries 
between the envi~~oiiinents (pis. 1, 2) art! gtbilcr:llized, as 
is hiplied by the dashed lines. The coitt:i~f.i’, as  sliomn 
011 maps in this rcport, represent the best, gc!ticii.:ilizat.ions 
wliicli can be m:itle on the basis of n v a i l : d h  (1:ita.. Fur- 
tlier iiivestigatioiis iiiay reveal inforiii:itioii t l in t  mill 
perniit some relitiement of t.liis mnp. 

ENVIRONMENT I-A-1 

[S:iritl r i i i t l  gr:iwl :iiiiiifcr 15O-L‘OO feet or i l l o n :  t l \ i ( . i c  : 110 inter- 
stratified clay 1:iyers present ; stream reclurge :iv;iiluble] 

The most f a v o r:i ble en v i 1’011 men t for t I ie (lev elopmen t 
of 1:irgc grountl-n-ater supplies in t.lic lower Great 
Miami ltiver valley is in t.liose areas n11c1.c 150 feet or 
inore of sand and  gravel with no retarding cl:iy layers. 
are sitfliciently close to the river to permit iriclrtced IT$ 

cliwge by st.reaiii irifiltration. This hytlrogeologic envi- 
roiinient, des ig i~ ted  I-A-1, occurs in llirec p u t s  of the 
report area (pls. 1 ,  2) : tlie vic.ii1it.y of T I W I ~ O I I ,  imniedi- 
ately soutlinest of  ~~.idclletowii; t.iiat p : i t t  O F  I 11c v:ii~ey 
from a point n o r t h  of New &Iinini, tlii~oii=ti I I:iiitiItoii 
RIKI Fairfield, to  a point west of Ross: :111(1 t lie lower 
\Vliiteivat.er Rivrr valley, sout.heast o f  I Iarrisoti. Several 
of the largest groiiiid-mater supplies iii ~11e lo\ver (.;rent 
hf inni i  River va lk?  are in this eiivirotilllciit--:it New 
Miami, I-Inmiltoii, Fairfield, and Ross-Illit. I l i t !  aquifer 
in niucli of tliis Iiighly favorable territory reiiiniiis 
unt n plied. 

‘llio coeflicicnt. o f  transiiiisibilit~y (7‘ )  of t 1 1 1 1  :icliiifcr 
in  evironiiient I-A-1 ranges generally fix)iii :;oo,OOO t o  
5OU,OOO gpd per f t  (gnllons per day per l’oot ) .  ‘the coef- 
ficient of storago (8) is about 0.2, iii(~i(.:it.itig t Ii:tt tiic 
\\.:iter is unconli~ieel. Properly const riit*t ( i t 1  i i i t  l iv  idual 
wells can yield :I,OUO gpm (gtllons per t i i i i i i i t ( * )  or  inore 
and have specific capacities of as mucli iis :;i)o gpin per 
foot of dr:twdo\vii. 

Tlic geologic wc.tions on plate 2 sliow t t i c  si,~tiilitxnt 
characteristics ()E hydrogeologic env i r o i i  I I I(’ I i t. 1-11-1. 
Section E-E’ (pl. 2) is in the western p i t  of I l i t .  Iltimil- 
ton South well, lielcl, about 1 mile east. of tlic site of a 
new well field proposed by the city of (’iiw.iiiti:iti. Here 
the buried v a l l r ~  of the ancest.ra1 GI.c:it. hl i : i i i i i  River 
is about 2 miles wide. Its fioor is’nea.rlj Il;it. : i r i c I  its bed- 
rock walls are stwl). Alt.lioupli no arenlly cstc~riiive c.l:iy 
layeis appear to be present, a dist,iiic:l I : i j c r  of fine- 
grained materials, consisting of sand ant1 silt., can be 
identified in tlic loimr part of the rnlley f i l l .  

Sec.tion G-C’ (pl. 2) is represent:iti\~u of c*otitlit.ioris 
i n  t.lie lower IYliitewater Xiver valley. :\s ~ t b t ,  data from 

nn!‘,3 
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wells are rather scarce in tliis area for little clevelop- 
ment of the ground-water resourca hns beeii tloiie. Coti- 
trol on the bedrock surface for this cross sect ion is basrtl 
on results of a seismic refraction survey. The lenses of 
clay shown are diagramiiatic and indicate tlint ivitlelj 
scattered lenses and stringers of fine-grained iiiatcrial 
may be present anywhere in tlie valley fill. Tliese lenses 
are not, however, of suficient thickness or areal extent 
to act as semiconfining layers or to otlierwise affect the 
genernl movement of the grou1id water in the area. 

The bedrock floor of the buried Wliitewater River 
valley is flat and the walls are steep, just as they are in 
the Fairfield area (pl. 2). The Whitewater River va1lc.y 
ranges in width from 1 to 154 miles in tlie reiicli lwL\vceti 
I-Iarrison and Eliznbetlito\vn; the valley i i i  this reacli 
is somewhat narrower than Great hIiami River \-alley 
at Fairfield. The Whitewater River valley in tlie study 
area has undergone only little ground-wntcr develop- 
ment and, indeed, has all the characteristics favorable 
t o  such development; therefore, it is one of tlie niost 
promising parts of the lower Great Miami River valley 
for  future development of ground-water supplies. 

RECHARGE DY INDUCED STREAM INFILTRATION 

The key factor in sustaining the large groiind-water 
supplies in hydrogeologic environment I-A-1 is the 
availability of recharge by induced stream infiltrrttion. 
The rate of such recharge varies widely with respect to 
both place and time and depends on many factors, sucli 
as stream discharge, stream velocity, condition of the 
streambed, temperature of tlie stream water, and the 
hydraulic gradient in the aquifier. Induced infiltration, 
despite its major role in tlie hydrologic systctii, is, iioiio- 

tlieless, one of the least understood plienoiiieiin. 'l'liat 
it is not more clearly understood can be partly attributed 
to the fact that meaningful results are obtainable only 
with fairly large expenditures of time and funds. 
Induced infiltration in the lower Great Miami 12iver 
valley certainly should receive future study. 

Probably the most comprehensive study of strcam 
infiltration induced by pumping of ground water was 
made by Rorabaugh (1956) in the alluvial deposits o f  
the Ohio River valley in northeastern Louisville, K y .  
Rorabsugh (p. 117-125) derived several equations for 
the determination of infiltration characteristics, and 
these equations have become the basis of most subsequent 
in6ltration studies. 

Most induced recharge occurs during periods of high 
streamflow. This phenomenon can be attributed to t h e e  
causes : 

1. The higher stream velocities associated with high 
streamflom tend to keep the he-grained partic.lcs 
(such ns clay and silt) in suspension, and the 

resultant strenmlitd is conilmxd niaiiilj oC ~:ilitl 
:itit1 gr:ivcI and is c.lilitlucive to itifiltratioii. 

9 .  '1lielie:id tliirereiiti:il In.tiveeii \v:itcr i t1 t lie si I~ IYI I I I  : i i i ( . l  

wnter i n  the underljing aqrtificr is gre;itt*r :I! liilcli 

streniiiflow t-li;iii :it .  l ow  flow, : t i i d  lcucls to iltt:twwl 
infiltration. 

3. l'lie wetted area of t lie streaiiibetl is genernl I! 1:irgcr 
a t  high streanifion-. 

No iiidepenclent analysis of tliese t h e e  factors I M S  I)ccii 
inntle to ascertain t.lic?ir rolative iiiiportance. 

~lltlio~tgli niost iiitlircctl recliarge occiirs xt. I i i g I i  

strr:iiiillow, n Inrge : i i i i o l l l i t 7  is also kiiown to OCCII  I' t l i l1. i  tig 
pct*iotls o f  sustaiiiccl low streamflow. I t  is tlie : i I I I o i l t i t  I , €  

rccl1:irge dltritig 1)eriotls o f  low st rcniiiflow ~ I I : I I  is c.i . i t  - 
ica 1 i n stis t a i 11 i I ig 1 a rge g rou t id -  \v at  er si1 1) 1) 1 i t b s  d 1 I r i t i : 
prolotiged tlrorlglit periotls; therefore, niost st rc:ilii- 

iii1iltrnt.ion studies linvc ctriplinsized tliese pcrio(ls. 
l h v e  ( l O G 1 ,  1). G2-6t;) tlcteriiiined tlie rate ol' i l i ( l i t c . ( v I  

illfiltration a t  the well field of tlie Sout.li\vestcrii Oliio 
Water Co. near l<oss-iii hydrogeologic enviroiitiiviit 
I-12-l-b~ use of a flow-net analysis bascd oti w:\tvi . -  
level me'assureliietits i i i a ( l o  on August 31,:195G. 'l'ltc. C O I I I -  

piiiy's two horizontal rollcctors (wells 73 ant1 il) \vct.o 
being p~ i i l ) ed  at  n coiiihined rate of 16.9 mgtl j i i l i l l i o t i  

galloiis per day). Tile a\.(!r:ige disch,zrge of Grc;it 31i:itiii 
River at I-Inmilton on tltat day was 5%' cfs, :I r:ite. es-  
ceetled n h u t  85 percent o f  t.he tiiiie and consitlctwl 1 o IIC 
representa.t.ive of low st reamflow. The averagc i i i l i l t  I X -  

tion rate for t.lie affectctl reach of t,lie river W;I.G ~ Y I I C I I -  
1:itecl t.o be UO,OOO glitl (g:illoiis l)er day) pi!r :it-ix; i i f  

stre:inibed. 'l'lie inaxiliiiilti iiifilt.r:it.ion rate, l i o n x ~ v ( ~ t ~ ,  
W:L< considerably liigliw. 011  tlie Lmis of .the dclvi.iiiiiivil 

i1iIiItr;itioti rots at the lioiiit wliere t.lieinaxiiiiitiii ( i t  K : : T  
feet of 1ie:icl loss was iiieasured was 735,OOU g l ~ l  I I I ' L '  

acre of streanibecl. 
Another deterniinatioli of the average infi1tr;it i o i i  I . : II  t! 

in  the lower Great Mianii River valley was matlc {Iiir i t i :  

a ptiiiiping test concluctcd by the cit.y of Cinciii1i:it i O I I  

Julie 2G-29, 1962, at n site in Fairfield towiisliili  o f  
13utlcr Couiit-y, about 1i: i l f  way between t l i c  Sei111 1 1 -  
western Ohio Water Co. well and the I-Ianiiltoti SOIII I1 

1ve11 field. The test site is near the location of  ( ' i t i i . i n -  

1i:iti's proposed well field. 11. C. Smith (written cottitiIIiii. 

t.0 llie city of Cincinnati, 1932) calculated at1 :ivcl.:igc 
bililtratioii rate of M 2 J ) O O  gpd per acre for :I I I Y I ~ * I I  ot' 

:iborrt 1,800 feet of st.rr:;mbed a t  the site of 1 I I C  tcast, 
tlut.iiig which well 63 \vas pumped at 3,000 Fli1li f;)r 
3 t1;lys. 'l'lie results of t.liis test are discussed in c1i:iiiIt-r c' 
of the present series (Spieker, 19G8n, p. C5-C'!)). I ) i $ -  
cliarge of Great &Iiami Iiiver a t  Hamilton r a n p l  f ~ ( ~ l 1 1  

GTG to 621 cfs, a range exceeded over 75 perccrlt o f  tlie 
tirile (Cross nnd Hedges, 1959, p. 147). 

. . 

I . l l (49  Of  115,000 g[)(1 ] )4 ' t '  :I<'.I'O ])CL' 1'OOt Of Ilt.:itl I e l . 5 5 .  1 I I t '  

f-) ?I :I 4 
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Although the two estimates of stream infiltration rate 
itre of the same order of ningnitude, this does not iiitlictito 
tliat the phenomenon of stream infiltration in the (;rent 
Miami Kiver valley is adequately understood. 130th 
determinations were made in hydrogeologicnlly siinilar 
terrains and under similar streamflom conditions. The 
hydrologic regimen in the lower Great Miami River 
valley presents such a wide rangeof conditions tliat two 
determinations, alone, are not representative of it. 

Temperature is one of the variables that nffect iiifil- 
tration rates. Both the above determinations were ninde 
during tliesummer, when temperature of tlie river water 
was about 80°F. During the minter the river tenipern- 
ture is as low as 33OF. Inasmuch ns tliu viscosity of 
water varies inversely with tempernture, the pcriiie- 
ability of a medium varies inversely with viscosity of 
the water it contains. A decrease in tlie 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 mould decrense the 
infiltration rate by about 1.5 percent. Therefore, the 
infiltration rate for river water a t  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 a t  least partly offset by tlie generally 
higher streamflom that occurs during the colder nioiitlis 
of the year. Much additional research on the tempern- 
ture-infiltration-rate relationship is needed. 

EVIDENCE OF INDUCED S T B E A I  INFILTRATION 

Although recharge by induced streniii iiiiilti.:itioii is 
generally acknowledged by hydrologists, sonie xielitists 
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TEMPERATURE, IN DEGREES FAHRENHEIT 

' FIGWEE P.-Temperatun?-depth log aF well 62 after well 63 hnd been pumyed at 3,000 gpin for 2 days. Warm w:ilcr : a t w B t . .  ilir 
60-ioot depth lndlcatee thnt rlver water lins elitered ttw nquifer. 
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50-foot deptli in well 62 iiidicates tlint river water has 
iii tiltrated the aquifer. 

'I'he secoiid example of iiiduced streniii iiifiltrat i o i i  is 
:L progressive cliaiige in the cliemic:d qu:ility of  tlir 
water froiii Soutliwesterii Ohio \V:tter ('0. collector 1 
(well 77 in present report) near Ross. Table 4 gives 
selected results froin seven clieniical aiialFses of s:iiiiples 
taken :it the collector near Ross over a 13-year period, 
aiid results of similar nii:dyses of water from Great 
Aliiinii River at Hamiltoii. The first s:iiiiple froiii col- 
lector 1 WIS taken ,July 11, 1952, short15 :iftvr tlie col- 
lector was placed in ol)elzttion; the niost recent wiiple 
iiicluded i n  tlie present aiicilysis \vas ccillectetl Ftibrii- 
:try 16, 1965. Tliese :iii:dys"s slioiv that :i distiiict : i i i c l  

Iirogressive iiicreiise in the coiicentrntioii of S U I  fate, 
from 38 mg/l (niilligraiiis per liter) in 1052 to 121 iiig/l 

in 1965, occurred during this 13-year period, during 
\diich the collector wis piiinped n t  rirtes of 3-10 nigtl. 
I+lually iiotnble increases in the coiic.eiitr:itioiis of 
chloride, linrdness, niid dissolved solids occurred. Tlic 
temperature of water in the collector iiicre:isetl froiii 
5 4 O  F iii 1953 to G 3 O  F in 1965. A coiiil):irisoii of tlirse 
analyses froiii the collector with three selected aii:ilyses 
froin Great J1i:tiiii Iii\.er ;it Haniiltoii :ilso gi\.eii i i i  

tnb!e 4, iiiclicntes tlint the qiiality of the grouiitl water 
pumped from the collect or i n s  gradun1ly :ipproaclii iig 
that of the water from tlie river duriiig tliia 13-yr.nr 
1xx%cl. Thus, i t  is concluded tlint water iiirliiced froni tlic 
river iiiisetl with tlie groiii it l  water as a result o l  i i i t l i i w t l  

streiiili infiltration. 

TABLE 4.-Chemical analyses of water from horizontal collrclcr 
near Ross and from Grenl Miami  River a f  Haiirillorr, s h o w i n y  
progressive effect of induced dream injiltration 

[Data nre In rnllllgrams perliter except m hdlcntrd] 

~~ 

Soulbweslern Ohio W a l u  Co. collcc(a I well. neu Ross 
[Well 77 of  present report) 

_ _ _ _ _  _ _  - 

Creal Miaml RIw? at Hamlllon 
[Mean dlschnrge. 10-30-30 to C M M O ,  3.214 c k ]  

EFFECT8 OF INDUCED RECHARQE ON STREAYFLOW 

Iiiducetl stream recliiirge :iiicl cal)turetl groiiiitl-\v:iter 
rimoff not only affect. tlie sustained yield of wells, as  pre- 
viously discussed, h i t  :ilso :I tFect slreniiiflow. Gener:iIly, 
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and Spieker, 1966, table 4). The average daily ground- 
water pumpage in the Dayton a m  at tliat time (Norris 
and Spieker, 1966, table 6) was about 110 mgd. Tliese 
figures indicate that 48 mgd (the difference betweeii 
the stream loss and the total pumpage) was behg 
pumped from storage. 

Because most of the ground water wit1idr:iwi froiii 
the valley-fill aquifers is eventually returned to the 
river, the net depletion of streamflow for the rel'ort area 
as a whole is slight. Tlie principal effect of this cycliiig 
is on the quality of water; tlie water returned to the 
river is generally of lower quality and of higher tem- 
perature than naturally occurring ground water. 

ENVIRONMENT I-A4 

[Sand and gravel aquifer less than 150 feet thick; no interstrati- 
fled clay layere present ; strenm recharge available] 

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 
or less thick, has no areally extensive clay layeis, and is 
sdliciently close to a major stream to be recharged by 
induced infiltration. Tliis environment is present chiefly 
along two reaches of the Great M i m i  River (111s 1, 
2 ) ;  one, between Trenton and New Bliami, and the 
other, between New Baltimore and Cleves. Hydrogeo- 
logic environment I-A-2 also occurs adjacent to envi- 
mnment I-A-1 along the edges of the buried valley ; for 
example, along the walls of tlie Great Miami River 
valley southwest of Hamilton, between Fair field nud 
Ross. 

Section H-H' (pl. 2) displays the main cliaracteris- 
tics of hydrogeologic environment I-A-2. This section 
is a t  the Gulf Oil Co. refinery near Cleves. I [erc tlio siiiitl 
and gravel aquifer is about 100 feet thick. The buried 
valley is slightly lass than a mile wide but h'as virtiially 
$he same configuration (flat floor and steep walls) as 
does the wider, and deeper valley in the Hamilton area. 
(Compare with sections E-E' and G-G', pl. 2.) The 
valley fill consists mainly of sand and gravel, with a 
thin clay layer (prubably weathered bedrock) iniinrtli- 
atsly overlying the bdrbck. 

The transmissibility of the aquifer in hydrogeologic 
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 produotion 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 

. . 

environment is t.lic i~lnt-ively limited t I i i c l < i i ~ ~ ~ . ~  ..I' the 
aquifer, w1iic.h rest.ril*ts tlie av:iil:ible d r : t \ v ( l o \ v i i .  \\'Iit!ro 
the buried v.zllejs : i t +  iiwrow, as :it tlie ( . ; i t l f  Oil Co. 
refinery, tlie proxiiiiity of the valley w\.,zlls tciills I O  re.iult 
i i i  increase of d i x ~ v ~ I o \ v i i s .  l'liis tentlencj f o r  gi.c.;iter 
tl r.zn-do tv ns, coli ib i 1 I I \v i t.11 t.1 I R 1 i I 11 i ted n w i  1 ;I I I 111 I I I.: i \v - 
d o i v i i ~  t1ict:ites t h t  \vtblls be q ~ : i c d  f:lrtIier ; t I ) : i r t  t l i : i n  

in  tlie inow f:ivoi.:il)le lijrli~ogeologic ~ ~ ~ i v i i ~ ~ ~ n i i i ~ m t  

I-A-l . 
ENVIRONMENT I-B-I 

[Sand niid gr:ivel ncluifcr 150 to 200 feet or IUIIIX* t l i i ( . l <  : c.l:ij. 

IaFers possibly p r i w w t  ; streaiii recharge ; ivaiI: i t lh~]  

i\Liicli of tlie Giwit. h l i n m i  River valley I W I  ~ v w i i  tlie 
wtitr:d par t  of AlitI(ll(~toivii : i i d  t.lie iiortlt (VI;(* ( I (  t.lre 
st-udy :IIPR (111. 1) is iiiiderlain by sand ant1 y . ; i \ . ( b I  wit.Ii 
one or more interstixtitied Iajers of clay. 'l'liost> iliirts 

o f  the valley where I lie sand and gravel :iqiiifor is iiiore 
t l i a i i  1%) fwt, tliiclc : i i i t l  wlicro recliargc l)y iii(liicc.c?tl 

st.rea.ni inliltration is 1)oteiitialIy nvnilable arc tlrsigil:itecl. . . : 
as hydrogeologic enviiwnnient 1-13-1. Tliis eiivi  i~~iiiiient 
is also cliaracteristic of iiiucli of the Dayton :lre:i, to the 
Iiortli. Tlie cliaracte.~~istics of t.lie valley-fill :iqtiifor in  
the Dayton area h a w  Itccii described in cletnil l)y Sorris 
: i i i d  Spieker (lDGG, p. 3). 

is in the central part, of AIicldletown, near t l i e  AIitIdle- 
town Water Works. Scc.t.ion B-B' (pl. 1) slio\\~s 1 lie. , p i -  

erdized geology of t Iiis area. Here the v:dh!~.-ti*:iin de- 
Iiosits are sc~)arittetl iiito two tlistiiict. aq~i iC~s , I )y  :L I:iyer 
of c.lay 50 feet or 1iioi.e tliick. Otlier c.l;iy I:I.JTI.S :ire 
scat:te.red tlirougli tlio seot.ion. The upper aqiii fer is typi- 
cnlly about 50 feet t.hic.1~ but ranges in tliiclmcss t 'ro i i i  30 
to TO fcrt.. '1'110 In\vc*r :i(liiifcr is t.ypicnlly : I ~ I ~ I I I I  I I t O  IC.& 
t.1iic.k. 'l'lie s l o p  of tlio I)etlrock valley w:ills i s  It~ss +tt*ep 
:iiitl tlie floor is less f lat  t l inn i n  tlie IIamiltoii : i t*t%:i .  ( ( ' o i i i -  

pare section U-B', pi. 1, 1vit.h section E-E', 1'1. 2.)  Tlie 
deepest p i - t  o f  the Imried valley, below mi :iltitutle of 
100 feet, is in fer id  from seismic refmct.ion siirreys. 
The deepest known w l l  in tlie Middletown a i w ~  is :I test 
!vel1 a t  t.he Arnico Enst, Works which reaclicvl l)C ' ( l l 'CW*]C 

: i t . : i t i  tilt.itiitlc.of 408 VI,(+, 
'l'lie coefficients of t.ransiiissibility a i i c l  stc)r:i,:,.u. i i i  

environment 14-1 were not determined (111 riiiK tlie 
present investigntion. Korris (1050, p. 7) ,  Iio\vevei*: tle- 
t.eriniiied that the t.txtismissibi1it.y of the lo\ver : i t l i i i  fer 
a t  the Rohrers Islaiid well field of the cit.y of I h y t o n ,  
situfited in a similar environment, is 125,000 gpcl f t .  
At that site tlie lower aquifer is 50-75 feet tltick; t1ici.e- 
fore, a t  sites such as tlie Middletown well ficltl, wlici~e it 
is about 100 feet tliick, the transmissibility is prob:il)ly 
200,000-250,000 gpd per ft. The trnnsmissibility of the 
upper 'quifer is prolxilly less than 100,000 q c l  1wr ft. 
Tlie storage coefficicwt, in the upper aqiiifei. is 1 ) i . l  )I .i111y 

The best. esample of liyclrogeologic enviroiiiiient 1-13-1 . 
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about 0.2, a cliarcwteristic value reflecting uticonfined 
conditions. I n  tlie lo\rer aquifer the stor:tge cocIIicicwt 
probably ranges from 0.02 to 0.0002 aiicl thus rellects 
varying degrees of confinement by tlic cl:iy layer. 

Most large ground-water supplies ill this envircmirtetit 
are developed in the lower aquifer, for tlic itpper :~quifcr  
generally does not supply eiiougli :11 lo\v:iblc clr:~\vclo~vn 
to permit high yields. One notable exception is the Micl- 
dletown Water Works, which has 16 wells in the upper 
aquifer pumped by suctian pumps from a cctitr:il p i n i l ) -  
ing station (number 20 in present report). 'Fliis gronp 
of wells provides 1-2 mgd of hliddletown's total supply 
of 8 mgd. By thus pumping the supply froiii a large 
number of wells, it  is possible to reduce tlio dr:i\vdo\vn. 
Generally, though, an individual well hi tho upper q u i -  
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 mucli 
as 3,000 gpm. Well 2 of the Middletown Water Works, a 
typical 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. 

Separation of the valley fill into two aquifers is dis- 
tinct h the downtown Middletown am%, but i t  is not 
necessarily so distinct throughout hydrogeologic en- 
vironment I-B-1. Clay is generally present in wells 
drilled in this environment, but i t  is not always present 
in a single well-defined layer. Because of tlie irregri1:w 
distribution of clay in the section, adequate test drilling 
is needed prior to development of any large water sup- 
plies. Particular care should be taken hi both tlie selec- 
tion of the proper screen size and the developlnent of 
production 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 nmorked 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 
cluy u9 a rotarcliiig luyor, liowovor, rcnirrirls virtiuilly 
the same, regardless of its origin. 

I 

ENVIRONMENT 14-2 

[Sand and gravel aquifer less than 150 feet thick; clay lagers 
possibly present ; stream rechnrge available] 

I n  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- 
merit is designated I-U-2 (pl. 1) and bears tho s:inie re- 
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latioil t.o envirotinicnt I-U-1 as ell\ i t  ~ , I I I I I C I I ~  1-8-9 
iltnts to eiiviroiiriwtit I-A-1. 

Soction 11-1.1' (.[)I. l), at the 0. 1-1. 1Itiic.ltitigs st. a t' 1011 

of t.110 I h j t o i i  l'ower & Liglit Co., slio\vs tlie distinctive 
c1i:ir:icteristics of t.11is en~~ii~onmcnt.. 'l'ltc rtll'cd i tliick- 
ticss of.tlie a(l!iit'!ur is gq!er?l l~ 100 fwt, ~~ ( J L -  I C  
:I deep n:xrrow cli:iittiel just east of tlie 1 Ii t tcl  
lias. been ideiitilicttl, :uid :inut~lier deep ~~1 i : i~ t t~e l  west of 
t.lie power phnt. Iiiis been iiiferred fro111 scisiiiic refrac- 
tion sarveys. Sevvtxl clay 1:tjers al)[)c:ii* t o  Lc. present, 
:dt.lioagli iio sitiglc layer is :IS ~vell  dclittc~~l its tltc niajor 
clay layer nliicli se1)arates tlie valley fill itito t . \w aqui- 
feis in t.lie M.itldlct.own area. 

'llie cocllic:ic~tit. of transliiissibility 1)ix)I):tbl.y ranges 
from 100,000 to : ' ~ ~ , 0 0 0  gpcl per ft in Ii~.tlrogwlogic en- 
virotiiiieiit 1-13-2. The storage coelliciriit probably 
ranges from 0.2 to 0.02, depending OH tlte clcgree to 
which t.lie clay I:iyc.~s confine the : q u i  fer: 1 ti : t r v : ~  where 
t,lie lower part. oi the aquifer is confined I)? a n  extensive. 
clay layer, tlie stor:ige coefficient miglit be :IS lorn as 
0.0008. 

Tlie range of specific cap:icities in this cnviroiiiiient is 
great, indicathg that the rock materials are not homo- 
geneous. Table 5 shows tlie results of q)eccific-c,zpacity 
tests made on t.lie six production wells ( w l l s  7-12) at 
the 0. 11. I-Iutciiings station of the 1):iyton Pon-er & 
Light Co. Tlie specific capacities miigo frotii 59 to 550 
gpm per foot of elramdo~vn and average 232 glm per ft. 

. .  

TAULE ij.-Sfalic u:alcr level, drawdown,, and s p c c i j i c  cnpacily of 
production wells at the 0. H. Hulchings slution of the Dayton 
Power & Light Co., September 89, 1364 

1 _ _ _ _ -  ~ __.- _._ 30.4 673.4 1.025 1 7 . 1  59 co 
8 _______.-- *-- 31.4 6.54 68 
9 - - - - - - - - - - 80. ti Gi2.7 8w) 9 . 4  101 Ea 

23'2 61 
63 
80 12 ............ 31.1 671.7 1,146 8.1 136 

071.9 1,045 1.9  

868.6 w25 4:o 33.2 
30. 1 672.7 1,120 3 . 2  3.50 

10 ............ 
11 _______--_.- 

- 

A11 six wells :ire within 3,000 feet of c : t c - l i  (~(iier. 'l'lie 
\vater-teiiipernture raiige, 58' to Gal?, is .soiiiewh:it 
higher t-hail noi.iiia1 for ground water i i i  tliis :irea and 
indicates that ilicliicecl iiitiltratiou froti1 t l i t .  river has 
beell t.aking p h c e  over a 1)rolongecl perio(1 of t itiic. Incli- 
vidual wells at (lie more fa.i-orable sites i t i  1i.vtlmgeologic 
eiiviroiiiiie~it T-13--2 could probably A.icltl :is iiiucli as 
2,000 g p  ivit.11 (i-12 feet of drawdo\vti. ;Is i i i  ciiriron- 
nient I-U-1, l)roeluction-\\-ell sites sliotiltl 1 it! selected 
oiily after atlcclii:\te test drilling, and ( . : i i x '  r i i t i . - ~  be takw 
in (.lie clevclol)tiit.lit of wells. 

fTN3 
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GROUND WATER IN THE M W E R  GREAT MIAhII RIVER VALLEY, OHIO 

ENVIRONMENTS 11-A-1 AND 11-A-2 

[Snnd nnd grnvel nquiter; strcnrn recbnrge not nwilnble; nc 
interstrntilied clny lnxers present] 

Hydrogeologic environment 11-A occurs principally 
in a wide trough, which is the abandoned course of the 
ancestral Great Miami Itiver, between Trenton and New 
Miami (pls. 1, 2). This environment consists of n sand 
and gravel aquifer that contains no areally extensive 
clay layers. I t  is too fa r  from the Great Miami River to 
receive recliarge by induced infiltration. It is geolog- 
ically similar to environment I-A, the only significant 
difference being its lack of available stream recli:irgc. 

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 11-A-1. 
Areas along the edges of this trough, where the aquifer 
is less than 150 feet thick, are designated ns hydrogeo- 
logic environment 11-A-2. Environment 11-A-2 also 
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 aquifer 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 TI-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 11-A. The 
hydrologic system in environment 11-A-1, however, can 
probably sustain supplies of 500 gpm, and some wells 
possibly can yield as much as 1,OOO gpm. These areas 
may thus be considered suihble for light industry or 
small municipal supplies. Because environment 11-A-2 
is near the bedrock valley walls, it is not a favorable 
environment for the development of large ground-water 
supplies. 

ENVIRONMENTS 114-1 AND 11-B-2 
[ Sand-and-grnvel aquifer : stream recharge not nvnilnble ; In- 

terstratifled clay lnyers possibly prcscnt] 

Hydrogeologic environment 11-B is not especially 
significant in the regimen of tlie lower Great Miami 
River valley. The environment 11-B areas, where the 
sand and gravel aquifer with interstratified clay layers 
is *too far from a stream to permit induced recharge, 
occur only as small patches in contact with environment 
11-A. One such area (pi. 1) is about 2 miles west of 
West Carrollton, and another is a t  and around the town 
of Carlisle. The aquifer is more than 150 feet thick in 
these two areas, which are designated as hydrogeologic 
environment 11-B-1. A third such area, along the east 
side of the Great Miami River valley in Middletown, is 
designated 3s hydrogeologic environment 11-B-2, as the 
aquifer is less than 150 feet thick. 

.. 

I 

Individual wells clrilled in hydrogeolo,' "IC cbiiviron- 
iitetit 11-1) can bo csIlccted to jiclil IOO-WO yI)tll,  5 0  t.Itnt 
tlie :ireas in \vliicli it, ~XCUI'S sliould provitlc \v:itcr sup- 
plies suit.able for dc\-clopment of light iiitlii:it  ry. 

ENVIRONMENT I11 - 

[Suncl ni i t l  gravel acluifer overlniu by clay ; strc:l111 rcc11;lrge 
g~ll(*r:l~lJ'  not nrnilnble] 

In four arms of tlic lower Great Mianii 1;iver valley 
tho sand and gravel :tcluifer is overlaill by 50 fcct or 11ioro 
of clay. 'l'hese four :ireas (pls. 1, 2) are (1) t.lie aban- 
doned trough of t.lie ancestral Great Miami llivcr nortli 
of Carlisle, (2)  an a i m  soutlieast of &Iiddlclo\vn at:. tho 
iiioutli of the nncest.ixl Todds Fork valley, (3) n11 :tre;t 
soutlieast of I-Iamiltoii mliere tlie valley of tlic aricestrnl 
Ohio River enters tlic Great Miami River valley, : i rd  (4) 
the abondoned troitgli of tlie ancestral Ohio 1:iver 
bet\weii Xoss and lhrrison. Tho last area is Imo\vr i  as 
t.lie New Haven Trough (Fenneman, 1916, p, 33-31). ' . . 

Although the cliaracf.cristics of the overlying clay 1:iyer 
md its relat.ion to tlic sand and gravel aquifer arc not 
!.lie sniiio in :ill tliesc areas, the clay layer inl1ibit.i re- 
:Iiarge to the aquifer. Because these terranes are lijdro- 
!ogically similar, they are classified together as Iiydro- 
Zeologic environment 111. 

Three geologic sections illustrate the various fen t.rires 
if hydrogeologic environment 111. Sect.ion C-C' (111.1) 
diows the occurrence of this environment in t.lie soritliern 
>art of 3Litldleto~vii. ?'lie East Works of tlic Aiitci.ican 
Liolling Mill Co. (Aniico) is in the eastern part of this 
xxtion. I n  this highly generalized section, t.hc principal 
;and and gravel aquifer is shown to be overlain 113' 100 
hct or more of clay, Idieved to be largely of 1ncust.rine 
)rigin. 'Hie aquifer tlliiis as tho clay thickens to tlic enst. 
rhe deepest part of llte trough, as shown on scctioii C-C' 
:el. I), is inferred from seismic surveys. Tlic prcscnt 
alley of the Great h h m i  River is separntccl from t.lie 
buried ancestral valloy by n bedrock high; tlio river 
lowi over bedrock co\.crecl only by a veneer oF :iI~lriviirm. 
L'IIO i~rii ico E:ist I\rot.~;s area is t.lierefore in : i n  i i i t  f:t\.or- 
hle location for recciving recharge by induced stream 
nfiltrat.ion. 

A disthctive variat ion of hydrogeologic eiivironnicnt 
.I1 is shown on sect.ion D-D' (pl. 2) along Gilriiore 
b a d ,  soutlieast of 1I:iinilton. Here, the sand ai id gmvel 
rcliiifcr is 100-150 fwt  thick and is overlain by n clay 
nyer about 100 feet thick. Till units are dilrererit i:ited 
.t h t h  top and bot.toin of the clay leyer, niost of  which 
s considered to be of lacustrine origin. This 3 1 . ~ 2  diileis 
'rom the area soutlicast of hIiddletown in t.li:it its wi t s  
1.0 more uniform in 1 Iiickness, its'bedrock ~:iIlvy  ills 
re stccpcr and the floor flntfer, nnd no biv1iw-k Iiigli 
epirates it from tlio Great R1i:imi River. (SCP 111. 2.) 

. 
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GROUND-WATER HYDIIOI,OGY AND GEOLOGY 

The upper sketch of section D-D' (pl. 2) shows tho 
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 aqui icrs. Siicli 
exaggeration, however, distorts the true configuratioii 
of the buried valleys, so the upper sketch is intended 
to show their true order of magnitude. 

A third variation of liydrogeologic eiiviroiinicnt I11 
is shown by section F'-P' near Itdss, tl~rougli the well 
fields of tlie Southwestern Ohio Water Co. and tlic US. 
Atomic Energy Commission (pl. 2). This section sliows 
the relationship of hydrogeologic environment 111, on 
the northwest, to hydrogeologic environment I.A.1, on 
the southeast. Here a high terrace, composed iiiostly of 
till and clay, overlies tlie aquifer in the western part of 
the valley. This semiconhing layer continues west and 
south through the New Haven Trough and terminates 
southeast of Harrison (pl. 2). 

The large area of hydrogeologic environment I11 
north of Carlisle (pl. 1) is not too well k n o ~ n ,  for no 
industrial or municipal water supplies are situated 
there. The area is believed to be similar to the area soutli- 
east of Hamilton (section D-D', pl. 2), except that it 
contains more interstratified clay layers ill tlie aquifer. 

The transmissibility and storage coefficients in liyclro- 
geologic environment I11 differ greatly from place to 
place. The transmissibility ranges from 35,000 to 300,000 
gpd per ft.; the storage coefficient, though never nccur- 
ab ly  determined, probably ranges froiii 0.1 to 0.002. 
Norris and Spieker conducted an aquifer test at the 
Feed Materials Production Center of the US. Atomic 
Energy Commission near Fernald in the summer of 
1962. The hydrogeologic setting of this area is sliown on 
section F-F' (pl. 2). I n  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 a t  that site. The test indicated tliat the 
transmissibility of the lower half of tlie aquifer is 
150,000 gpd per ft.; therefore, the transmissibility of the 
entire aquifer is estimated to be about 300,000 gpd pcr ft. 

The transmissibility of tho 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. 139-14-4). Where a 
well-defined cone of depression around a n-ell or punip- 
ing center can be mapped, a flow net can be constructed 
in which the area between water-level contours is 
divided into approximate squwes. This was clone for tlic 
area between the 540- and 560-foot contours a t  the Arm- 
co field (pl. 1). The average pumping rate a t  Armco 
is 10 mgd. The flow-net equation, as stated bv Bennett, 
is : 

I 

Q=%Th, 
na 

where 
Q= discharge, i i i  gallons per day, 

n,=~iuitiber of JIII\V paths, 
?id= Iiuniber of j)otential drops, 
Y=coeficient ( i f  transmissibility, ill g:illuiis per 

dny per foo t ,  nnd 
h=totnl potciiti:il drop, in feet. 

'l'liis equation can IC rcnrranged into the for 111 

I11 t.he present ex:iiiiple, Q=10,000,000 glttl; n,=:??; 
?f,1=1; a i id  h=lo fcc'l. ~1ibStitlItioli of tlic.?tb. r:i 11113s i t1  

t.lic cqwit ion a d  solilt-ion for I' yields a c.iit!lIit.it\iii of  
transmissibility of 45,154 gpd per ft ,  wliicli slioiild IJC 
rounded to 45,000 gpd per ft. 
In t.lie siiiall area of liydrogeologic envirollitwiit 111 

sout.lieast of Haniil toti ,  the traiisinissibility is  ti <'.:ti- 
iiiatod .3UO,c)UO gpd per l t ,  based 011 the specific c.;il):icity 
of t.wo wells. The tr:i~isinissibility in the  arc:^ nortll of  
Cnrlislo is probably i n  the same general ralrgc. 

Individual wells in hydrogeologic envimliiiiriit. I 1 I 
can be expected gener:illy to yield 100-500 ~ ~ ' I I I ,  1 111811,:11 

yiclds of as niucli as 1,000 gpin are not uiicoiiiiiwir. \ \ ' 1 4 1 5  

in this environment that are close to the 1,outitl:iI.j 

with hydrogeologic environment I may h a w  c o t i ~ i t I l * r -  
a.bly liiglier yields owing to the possibility o f  i t i d i t q x ~ ~ i  
reclittrgc and to the aquifer's vast storage c:iiycitj.. ' 1 ' 1 ~  
need for test drilling tiad care in the ~ ~ ~ ~ I I I ~ I I I I ~ ~ I I I  ,,f 
wells is nonhero more important tlian in tliis ( ' 1 1  t.ii.8 ,II- 

mcnt because of the cotninon presence but iriytt1:t I' 1Ii.i- 
t.ribution of clay layers. 

ENVIRONMENT IV 

[Valleys filled largely or cwtirely with clay; large w:it<*r . - i l l q s i i i . s  

gener:iily not nvnilaltle] 

At 1c:ist two b u r i d  v:illeys t l ~ t  are tribiil:ii.x 1 ~ 1 . i  110  

11raiii buried valley of tlic airccs(ra1 GreaL A l i ; t i i i i  I "  , i t ~ ' r  

aro filler1 largely or cti(irely ivitli ciay; Iieiicct, I I I ~ . ~  : i r e  
not.suit:il)lc for tlrc dc\~c~lopmctitof Iargc w-nfvr ~ i t l ~ ~ ~ t i t - . : .  
'l'llcse .:ireas arc desi~ti:itecl :is hydrogeologic: i * i i i  i i ' e i i -  
ment IV. Oiie such a r ~ i  is in a tributary vall(:j ~I I I I I  11 l l f  

tllc tIrmco East ~ o r I t . s  in  BLitldIetowii ( p ~ .  1 ) :  : i i i 4 1  I 

other is in  tlie nortl iwskrn pzrt of I-Iamiltoii ( ' 1 1 .  2 I .  

ENVIRONMENT V 

[SII:ile bedrock owrlniii lip glacial t i l l ;  large nxlihr . . ~ i l ~ ~ * ' i . . i  

genw:illy uot nvnil:iblc] 

IIydrogcologic enviroiiinent V includes i i i o d  ( I f  I :I,! 

iipland areas and all :ireas filled with sand :iiiiI zi:i*. 1.1 
cscept tlie buried vallrjs. I n  general, the sIi:il~~ I I ~ - I ' I ~ ~ -  k 
of the Ciricinnntian Series of J d e  Ordovic.i:iii :I:!* i i  
overlain by 50 feet or less of clay-rich till. P!l:if 1il.r I !IO 

0 f? 2,. 0 
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till nor tlie bedrock is capable of yielding large quanti- 
ties of water to  wells. Many wells drilled in this cn- 
vironment are failures; others yield about 5-10 glm, 
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 ns much-as 50 
gpm to  wells. The distribution of these boclies is erratic. 

SURFACE-WATER REGIMEN 
The early settlement and industrialization of tlie 

Great Miami River valley mas largely due to the river's 
high sustained flow. The river thus provided a depend- 
able source of water for tlie Miami and Erie Canal and 
for the paper mills, whicli were the valley's earliest 
industries. The base flow, or sustained dry-Keatlier flow, 
of a river is largely due to ef€luent seepage of ground 
water from the aquifer. Thus, streams hydraulically 
connected with highly permeable aquifers are likely to 
have a high base flow. During prolonged periods of dry 

n-entlier, niost of tlic Great Miami River's coiisists 
of groiiiitl-water su'lxige. 

AIaiiy 1ijdrologi.I c: (Cross n 1 1 d  IIcclgcs, l!);~!), 11. 5-13) 
consider that tlie tliwliarge eqii:i Icd or esccctlcd 90 per- 
cent o i  the tinic is a gi)otl indcs of n strenni's tlrj-ivc:iLlier 
flow. An even bcttcr means of comparing tllc l):isc flow 
a t  various gaging d:itions is to cliride tlic 3O-percent 
cliscliarge by the sizc of the drainage are:t above tlie 
station. Tliis approncli equalizes the results oE :ill gaging 
stations with respcct, to drainage area, so tli:it, tlie rrcord 
of one station c:in Le compared with tlie recortl of any 
other station. Cross and Hedgcs (1050, 11. 5-13), suni- 
marizcd the flow-diiration data for all pri1ii:iry gnging 
stations in Ohio. 

Table G shows tlie flow-duration data for [lie two gag- 
ing stations, whose locations are shown 011 plates 1 and 
2, on tlie Great R1i:imi River in the report, are:\. Both 
stations have a high base flow. The dischnrgc cqiinlled 
or exceeded 90 percent of tlic time for Great Miami 

TABLE 6.-Flowduralion data for  Great illianri River at Mianrisburg and G r c d  Miami River at Harnilton 
[Data from Crwa and Hedges, 19591 

Dlschargo oqualcd or exceeded for indlcntod pcrccntnge of time (upper line, ciiblc feet per srcontl; lower Ilne. cubic feet per second Iirr s w i m  mile) 

6 10 15 2o 2s 30 40 50 80 io 75 80 85 00 05 
Perlod 
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8,100 
2 98 

8,600 
3.24 

11.180 
4.34 

6.190 
228 

4,750 
1. 75 

6,050 
1.86 

7.450 
2. 74 

3.550 
L 31 

'i% 2,880 
0.986 

i. 45 
2, 
0.743 

2.2% 
0.817 
2.3w 
0. 8iO 
3 .30  

1.21 
1. (30  
0. 5w 

1. WO 
0. ti92 
2. luo 
n. 735 
2. R10 

1.03 
1.3.N 
0.497 

1.410 
0. 519 
1.4ti0 
0. .w7 ., .>,>(I 
0. SI0 

0. 363 

-. .- 
1. ax) 

1,080 
0.397 
1,110 
0. ((18 
1. fill1 
0. (;ti2 

560 
0.287 

825 
0.304 

855 
0.315 
1.4aJ 
0.515 

625 
0. 230 

665 
O . ? l S  

1i:4J 

1. l::!ll 
n. 378 

5115 
0. ISII 

n. ::in 

592 
0.218 

57.5 
0.212 

s c i  
0.310 

458 
0.168 

525 
0.103 

505 
0. 180 

750 

410 
0.1G1 

n. ?tis 

455 
0.1tii 

452 
0.183 

ti43 
0. ?:lo 

358 
0. 13:' 

3Si 
0. 11.2 

: I ' l l  
n. iw 

310 
0.114 

310 
0. 114 

SI0 

-till 
0. rwo 
0. p 

4.970 
1.37 

a. 840 
1. m 

1.4s 
4 110 
l. 13 

2. .5Ro 
0. I35 
2,700 
0.567 
1. 9W 
0. sa 
3.0.50 
0.836 ' 

1,010 
U. 625 
3, iMJ 
1. 03 

2 G90 a 

1. Rcll 
0.49.5 
2. ow) 
0. 5M 

'1.4(10 
0 . 3 5  
2. ax) 
0. (11.5 

1, iW 
0.467 

1.3% 
0. 3G;I 

0: 4.53 

0: Eo1 
1,150 
0.316 

mn 
0.27s 
1. OiO 
0. 294 
860 

0. 230 
1,250 
0.344 

io0 
0.200 
1.450 
0.398 
860 

0.236 

G('i 
0.1.54 

738 
0. M 

620 
0.170 
m 

0.220 
640 

0.148 
1. O t O  
0.289 
600 

0.165 

fJR9 
0.1G2 

ti55 
0.1RO 

550 
0.151 

500 
0.182 

500 
0.137 

036 
0.257 

531 
0.146 

h?O 
0. 143 

572 
0.167 

476 

GI0 

460 
0. 1% 

6W 
0.2'20 

469 
0. 129 

a 131 

0. Ira 

378 
0. 104 

308 
0. lllg 

310 
0. olls 

4 0 2  
0.110 

370 
0. If3 

651 
0.151 

350 
0.096 

STATION DATA 

366. GREAT J i r . , i a i x ~ z v ~ ~  AT HAMILTON 1 361. GREAT MUMIRIVER ATMLQMISBURO 

Locstlon: Lat 3Q038'46", long MD17'Z0'', 800 ft downstream horn bridge on State 
Highway725at Mlamisburg.hlontgornery County, and 0.3 mlledo!~-nstrearn from 
Bear Creek. Prlor to 1824 at site 6.7 miles downstream and 1924 to 1935, at slte 2.2 
miles downstream. 

Drainage area: 2 718 sq. ml. At slte used 1916-20.2 i%l sq. mi.: 1924-35 2 i l 9  sq. mi. 
Period of record:'Ma?ch 1916 to Sopt. 1920, Aug. l& to Bept. 1935, Oct: lbZ to Sept. 

1955. 
Maximum daily d l s c h k e :  EO 800 cfs Feb. 27 1828. 
Mlnlmum dlaly dlscharge: ld cfs. d p t .  7 lh. 
Mean dlseharae: l8 ~ 8 8 1 8 .  1917-20. 1925-$. 1953-65: 2,217 cfs, 0.818 cfs per sq. mi.. 

Loeation: Lnt 39"23'28", lonc 8.1°34'20". 1 OOO It downstream from Coiiitiilki nrldge 
nt Hnniillon. Butler Count y, and 3 &lies downstrem from '~ : i l : in ' i i ik! :1  Creek. 

Drainage area: 3,639 sq. mi. 
Period of record: Ian.  1807 to Julie 1809 (fragmentary), Jan. 1010 to S w l .  1018, Apr. 

1927 to Sept. 1955. 
bfniirnuin dnily discharge: 71.500 cfs. Jan. 22,1037. 
blini~nuro tinily discharge: 155 rfs. Sept. 27, 1041. 
>lean discharge: 36 yenre, 191o-N. 192i-55:. 3.323 cfs,  0.913 cfs pcr sq. mi.. 12.40 ln. 
Adjusted mean discharge: 1921-45: 3.323 cis, 0.913 cfs per Sq. ml., 12.4U in. 
Llnxlmurri recorded diSCllnrgc: ;R.E00 cfs. hlnr. 19. 1W3. 
\Iinlinuin recordrd dlsclinrge: I I H I  cls. Scpt. 20, 27. 1941. 
ilrmnrks: Low llow reiinlntetl Ivy powerplnnt nt llnmllton. Floutl l l i w  rcFul::lrd by 

five retarding basins nbovu station beglnnlng.In 1920. Rcctnii riririr lo 1931 
affected by dlversion by  Blininl and Erie Canal; amount of diwrsioil uiiccrtah. 
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