
60.89 
s .  

G-000-307 .8 

REPORT TO THE SOUTHWE%TER~ OHIO WATER COMPANY ON 
EVALUATION OF THE POTENTIAL YIELD OF THE AQUIFER IN THE 
BIG BEND AREA, OHIO (USED AS A REFERENCE IN THE O U I ,  
OU2, OU4 AND OU5 RI REPORTS) 

I 156 

45 
REPORT 



. 

r 
Fie2ort t o  

The Southwestern Ohio Water Company 
on 

yield. o f  the aqui fe r  ir, t he  
3 ig  3end a rea  

Schaef e r  & Walton 
Consulting Ground '?la t e r  Hydr o l  o gL s t s 

Evaluation o f  the p o t e n t i a l  

bY 

1 

, 

6 0 8 9  

-% 
c 



-. 9.. -.. 

... . . ._ - . .. - .... 

. 

Cont znts 

synopsis ........................... 
Introduction ......................... 
General review of ground-water 

conditions................. ....... 
The hydraulic pro2erties o f  the aqai fe r  

Controlled pumping tests.......... 

The water table of  the aquifer... ..... 
Recharge by the induced infiltration 

of water in the M i a m i  River....... 

Infiltration rates................ 

Potential yield. of the aquifer.. ...... 
Conclusions..............~..~..~....... 

~eferences.~..........~.....~ ......... 
~~PFendix.... ............................ 

Page 

1 

4 

5 

11 

12 

17 

20 

22 

28 

43 

46 

47 

t 
i 

000002 



I l l u s t r a t i o n s  

iJi+gure Page 

I.., 

1. Map showing contours 3n the  bedrock surface. . . . . .  8 

2, Kap shoving l o c a t i o n s  of wel ls  used d w i n g  
con t ro l l ed  purping tests....................,..,, lb 

3. 3istance-drawdown semi1o.g graphs f o r  t e s t  1 
and t e s t  Z . . .  .................................... 15 

5. P r o f i l e s  showing the  conf igura t ion  of  t h e  
bed of the  Miami River i n  the  S ig  aend area,  
C-C', D4', H-Ef and I-If....................... 25 

6 .  Profiles showing the  configurat ion of the  
bed o f  the  Miami River i n  the 3 i g  3end area,  
S - Z ' ,  F-F' and S - ~ ' . . . . . . . . . .  .................... 26 

7 .  Mean d a i l y  gage heights  o f  the N i a m i  River 
a t  Earnilton, Ohio during 1954.. .................. 30 

9 *  T r o f i l e s  of the r i v e r  channel along l i n e  EI-F1.... 31 

? * ,  Graphs showing the  average depth and width of 
t he  Yiami River f o r  var ious s tages  o f  the 
r i v e r .  ........................................... 32 

10. Gra?hs showing the average depth of t he  IvXami - a i v e r  sr,d the  average a rea  3i' t h e  r i v e r  bed 
. submerced T o r  var ious stages o f  the  r i v e r . .  ...... 33 

11. iiater l e v e l s  ir, observat ion % j e l l  K-2,1952-1956.. 39 

12. Theore t ica l  3Lstance-dr~wdo;~rn graph. ............. $1 



Synopsis 

7 

.._-. .. 

-. . - 

?& hgdrogeoloeical survey was xade t o  detGrmine t h e  

7 o t e n t i a l  y i e ld  o f  t he  Southwestern Ohig !:later Corpany 

wel l  f i e l d . ,  %e well f i e l d  3s locstsci  along t h e  Fliani 

!?iver near  Venice, Ohio about L!L miles northwest o f  Cin- 

c i n n a t i .  A t  the  pres -mt  time an average o f  about 13 q d .  

of ground water i s  pmped from tkio !.later Co l l ec to r s  i n  the  

permeable sand and gravel de,osits which u n d e r l i e  the area.  

I 

Geologic s t u d i e s  show t h a t  aermeable sand and g rave l  

de.;>osits averaging about 1-50 Feet i n  thicL--ess 0cc-m in an 

a rea  about 1-3/4 m i l e s  wide a t  the wel l  f i e l d .  These g l a c i a l  

depos i t s  p a r t i a l l y  fill the deep buried v a l l e y  of  t h e  

a n c e s t r i a l  Niami River, 

7rom t he  r e s u l t s  of two cont ro l led  pum;?ing tests and 

a s tudy of the  water t ab le ,  t he  average c o e r f i c i e n t s  o f  per-  

meab i l i t y  and t r a n s m l s s i b i l i t y  of t h e  sand and grave l  aqu i f e r  

were computed t o  be 2560 gpd./sq.ft. and 315,000 gpd./ft. 

r e spec t ive ly .  The c o e f f i c i e n t  of storap o f  t h e  aqu i f e r  was 

est imated t o  be 0.20. These hydraulic p r o 2 e r t i e s  o f  the 

g l a c i a l  depos i t s  f i l l i n g  t h e  wide buried v a l l e y  a r e  high 

enough t o  p e r n i t  t h e  development o f  a large su>?ly of ground 

water. 

Under heavy pun2ing conditions,  recharge t o  t h e  va l ley-  

fill de3os i t s  will occur c h i e f l y  by the induced i n f i l t r a t i o n  

o f  su r f ace  water Z r x n  tke Xriami River. y o t e n t l a 1  I recharge 

f r o x  t h i s  source was e8ti:nated by c o r r e l a t i n g  F f l i l t r a t i o n  

and st remf ' low d a t a  f o r  the  record dry 2erli;d 1952, iC53 
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'The xa t e r  l e v e l s  i n  about 40 obs.2rvation w e l l s  were 

used t o  ? re?are  a water- table  nap shok-ing the cones of  de- 

p re s s ion  crRated by 9umpinE from t h e  e x i s t i n g  c o l l e c t o r s .  

The cones o f  depression, d i s t o r t e d  by recharge From tile r i v e r  

between the t w o  c o l l e c t o r s ,  m r e  analyze." and the  average 

1 , n f i l t r a t i o n  r a t e  o f  the r i v e r  'led was determine? t o  b e  

168,000 ga l lons  per  day per  acre  o f  r i v e r  Sed per  f o o t  of 

head. Corn2utations show t h a t  62 ;?ercent of the ?rzzpage 

from the collectors, about 10,550,000 gpd., was recharged 

by t h e  h d x c e d  i n f i l t r a t i o n  of r i v e r  water on ihgtist 31, 

1956. Studies  of ground-water l e v e l s  a t  eleven measured 

s e c t i o n s  of t h e  r i v e r  bed show t h a t  most o f  t h e  i n f i l t r a -  

t i o n  occurred i n  t h e  deep narrow channel o f  t h e  r i v e r  and 

that  only a small amount of  i n f i l t r a t i o n  occurred i n  t h e  

shallow p a r t  of t h e  r i v e r  where f i n e  s i l t y  matee ia l s  have 

been deposited.  Two nature1  dams i n  t h e  r i v e r  (ra_nids 

occur up and downstrsem f r o m  the  c o l l e c t o r s )  adverse ly  

a f f e c t  the i n f i l t r a t i o n  capac i ty  o f  t h e  r i v e r  bed. 

The ma,gnitude o f  p o t e n t i a l  recharge by t h e  induced i n -  

f i l t r a t i o n  o f  sur face  water wa8 estimated by c o r r e l a t i n g  data 

' c o l l e c t e d  on t%a s t age  o f  the  X a n i  3 ive r  d w i n g  t h e  pe r iod  

la52 throush 1954 (an extended d r y  > e r i c d )  w i t h  data 3n the 

a v e r q e  infiltration r a t e  o f  the rlvsr bed. 

TAe s t - d i e s  show t k a t  t h a  ;)otential g i e i d  31' the well 

field area is a b o u t  $0 m i l l i o n  gs l lons  a day i.1 dry  periocis. 

I n  the yecord dry ?er;_cii s txd ied  ( 1952, 1953, 1?5k) x i t h -  

-< -  



drawals o f  $0 mgd. would have been ba lmxed by recharge,  

c h i e f l y  by indL;ced i n f i l t r a t i o n  f r o n  the  X a m i  River. I n  

t h i s  pe r iod  the recharge a t  t imes wozld have averaged as 

l i t t l e  as 2$ mgd. ?owever, c o x p t a t i o n s  show t h a t  the s to rage  

. .  -. . 

i 

a v a i l a b l e  i n  t h e  aqui fe r  would have ::een more than adequate 

t o  s u s t a i n  the  40 mgd. r a t e  throuEh %he Aninnun i n f i l t r a t i o n  

r a t e  per iods ,  and u n t i l  replacement of the l o s t  s t o r a s e  i n  

higher  i n f i l t r a t i o n  r a t e  per iods.  

The s t u d i e s  also show t h a t  a n  extensive,  r e l a t i v e l y  

flat cone of depression w i l l  be c rea t ed  when l a r g e  arnounts 

o f  water a r e  pumped f r o m  s to rage  i n  the dry periods.  For 

example, i t  w a s  found i n  checking t h e  ava i l ab le  s torage,  that 

i n  these  dry per iods  ground-water l e v e l s  1 mile no r theas t  

of e x i s t i n g  Col lec tor  2 would be lowered as much a s  29 f e e t  

\ 

and t h a t  the lowering l-l/4 miles  southwest of Col lector  2 

would be a s  much a s  23 f e e t .  

A l l  pred ic t ions  i n  t h e  r epor t  were made on the  assump- 

t i o n  t h a t  the  well f i e l d  w i l l  be l i n i t e d  t o  the a r e a  south  

o f  t he  Bu t l e r -Emi l ton  County l i n e .  I t  should be emphasized 

t h a t  t h e  pred ic ted  $0 mgd. y i e l d  is t h e  m i n i m  y i e l d  t o  :;:.e 

expected. I n  years o f  normal o r  aitove normal p r e c i p i t a t i o n  

the  y i e l d  o f t h e  aqu i f e r  w i l l  be much g r e a t e r  and t h e  dec l ines  

i n  ground-watm l e v e l s  f o r  t h e  $0 mgd. p u p i n g  r a t e  w i l l  b e  

l e s s  than   those mentioned above. .~ 

The ; ioter . t ia l  y i e l d  of t h e  well f L e l d  arei! conputed i n  

t h i s  r e p o r t  ($0  q d . )  i s  much less than the y i e l d  (63  ;ngd.) 

given i n  the  p o g r e s s  r q o r t  9revioi;sly sLthmitted by t h e  i n i t e r s ,  

becaGse the  a.:versc ef'fec:ts of' the EatLirai danTs i n  the  r i v e r ,  

vere  not  

. 

which iu'cfre x,?l:r?own be fo re  the  ; , ~ . e s z ~ ~ t  i!ivesti:-c c,,ibLor:, - -  . .  

c o n s i d e r e d  i n  cor?:!ctations mad<: i.n t h e  ;>~ev:~3:iS re.:.m?.t. QP&O@~ - 2 -  
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The Southwestern Ohio Water Com?any is now p w q i n g  

ground water atr an average r a t e  of aboLt 13  mgd. from two 

Ranney Water Col lec tors  i n  the  nor thues t  corner o f  Colerain 

Township i n  nor thern  !iamilton County, Ohio. The wel l  f i e l d  

13 l oca t ed  along t h e  oxbow meander of the  M i m i  i ' iver near 

Venice, Ohio about 14 miles northwest of Cincinnat i .  The 

Water Company 7 lans  t o  i nc r sase  withdrawal r a t e s  i n  the  near  

f u t u r e  and i s  conducting an i n v e s t i g a t i o n  t o  de te rv ine  t h e  

p o t e n t i a l  y i e l d  of the ground-water r e s e r v o i r  i n  t h e  wel l  

f i e l d  a rea  (gig Send a r e a ) .  

In  January, 1956 the w r i t e r s  were authorized t o  s q e r -  

v i s e  the  i n v e s t i g a t i o n  mentioned above and t o  2 e r i o d i c a l l y  

r e 2 o r t  on t h e  r e s u l t s  o f  the study. A r e p o r t  e n t i t l e d  

" F i r s t  Progress  Renort on R e s u l t s  of  Test-Well 3 r i l l i n g  and 

Observation-Well Program" was prepared by the  w r i t e r s  and 

presented t o  The Southwestern Ohio 'dater Coic2any on June 6 ,  

1?56. -This r e ? o r t  descr ibed the in i ' o rmt ion  obtained f'rom 

six explore tory  t e s t  ho le s  and seven observat ion wel l s  which 

were d r i l l e d  o r  i n s t a l l e d  during the winter  and sp r ing  months 

o f  l ? S h .  The na ture  o r  the  s t u d i e s  t o  be made d x i n g  t h e  

sumer end f a l l  months of  1956 was discussed and recornlendz- 

t i o n s  were made as t o  the number and l o c a t i o n  o f  a d d i t i o n a l  

observat ion w e l l s  needed t o  sccui-ateig de f ine  the x a t e r  tab le .  

I n  addi t ion ,  upon reques t ,  the  w r i t e r s  estimated t h e  st lstained 

y i e l d  or' the well f i e l d  by staclying t h e  meager geologic acd 

hydrologic d a t a  a v a i l a b l e  a t  that tiifie. The w i t e r s  expressed 



t he  opinion, based c h i e f l y  on ava i l ab le  i n f ' i l t r a t i o n  data 

c o l l e c t e d  i n  o the r  p a r t s  o f  Ohio, that  the p o t e n t i a l  recharge 

t o  t h e  aqu i f e r  i n  the  Big ';end a r e a  by t he  induced inl ' i l tra- 

t i o n  of r i v e r  water during extended dry  per iods  could be ex- 

pected t o  be about 63 mgd. 

During t h e  summer months o f  1?56 fou r t een  2-inch 

diameter observat ion we l l s  were i n s t a l l e d  and the water l e v e l s  

i n  these  wells toge ther  with 26 o the r  observat ion we l l s  were 

measwed each month. Eight o f  the above mentioned observat ion 

w ells were dr iven  5.n t h e  r i v e r  bed. The conf igura t ion  of  

t he  r i v e r  3ed was determined i n  August by tak ing  soundings 

a t  11 p o i n t s  along the  r i v e r .  In October and Iiovember s tud ie s  

- 

were made of  e x i s t i n g  cont ro l led  puv2ing t e s t  and streamflow 

da ta .  This r e p o r t  describes,  t he  inf 'orxotion obtained t o  d a t e  

and gives  the  r e s u l t s  of an i n t e r p r e t a t i o n  o f  the d a t a  with 

' r ega rd  t o  the eva lua t ion  of t h e  well field capaci ty .  

The 3ig 3end a r e a  Ls under la in  by ap;iroximately 150 feet 

of unconsolidated deI;>osits cons i s t ing  mostly of sand and 

gravel. These ma te r i a l s  i i a r t l g  f i l l  a deep v a l l e y  now occupied 

in p a r t  by the  Yiami River. The thick depos i t s  of sand and 

g rave l  xere f o r  t h e  most ?ar t  dzposjtcd dQr in3  t w o  g e r i o d s  

of  I lGlstocene c l a c i a t i o n .  The i eep  v a l l e y  ? m s  i nc i sed  i n  

bedrock o f  secXnentary o r iF in  and Crdovician age. The 

r o c k s  t h a t  crop a u t  a long the s i d e s  ai' t%e v a l l e y  a m  r e l a t i v e -  

l y  isii,erneable siiales and l imestones.  
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Sef'ore the l l l i n o i a n  s tage  of' g l ac iu t i c r i ,  t h e  rocks 

of t h e  CLncinnati :.ezion :..re?e i31aned t o  a f a i r l y  sriooth, 

t nen t ly  r o l l i n 6  s w l a c e  i n t o  which .decy vc l l eys  had. been carved 

by the cu t t iEg  ac t ion  of sur face  streams. One o f  the p r i n c i p a l  

streams o f  t he  re<qion was t h e  a n c e s t r a l  !iiami Liver ( s e e  EClaer 

and  Thompson, 19143) which occupied ap2roximutely t h e  sane 

course a s  t h e  ?resent IIiami 3 i - - e r  a s  f a r  south as Venice i n  

Ilamilton County. A t  Venice, i n  the  7ig 3end m e a ,  t h e  mces-  

t r a l  1 5 a r n i  River turned west and flowed p a s t  Iiew Iiaven and 

joined t h e  a n c e s t r a l  hxitewater 9 ive r  near Ear r i son ,  The 

d e a 3 s i t s  under study occur i n  t h e  buried volley which marks 

t he  ap2roxinate  cc?irse of the  a n c e s t r a l  E I i a x i  River. The 

buried v a l l e y  i s  about 1-3/$ miles  wide and i s  probably 

U-shaped, having a broad, r e l a t i v e l y  f l a t  bottom and s teep  

' v a l l e y  walls 

The sand ard p a v e 1  ma te r i a l s  vere  delJosited i n  t h e  

bur ied  v a l l e y  'cg t h e  m l t w a t e r s  rron t h e  g l a c i e r s  o f  

P l e i s tocene  age. 'The meltwatzrs,  by washinc a c t i o n  p r i o r  

t o  f i n a l  deaosition of  the  g l a c i a l  ma te r i a l s  which they  

ca r r i ed ,  renoved a h igh  percentace o f  f i n e  sand and s i l t ,  

and sized and sortec! the  remaining sand and gravel  i n t o  

a hi,chly permeable mixture.  

A. c a r e f . d  s tudy  o f  t h e  l o g s  o f  exil loratory t e s t  we l l s  

r ec .>n t lg  d r i l l e d  and the  logs of' a l l  o ther  wel l s  d r i l l e d  t o  

d a t e  r e v e a l s  that i n  general  a sandy zone containing c l a y  

l e n s e s  e x i s t s  between t h e  a2proxirnate depths of 105 t o  125 

f e e t  below land. surface.  These dei 'ositz li,nit t o  some ex- 

-6- ' 



tent t h e  ver t i . ca1  movcmcnt o f  ground water i n  the val ley-  

fill depos i t s .  

.\s shoim i n  f i g x r e  1, the becirock su r face  i n  t h e  Sig 

Send a rea  s l o p e s  gene ra l ly  towards ;he northwest t o  a deep 

Surled channel which trench nor theas t  t o  southvest  and under- 

13es the  v i l l a : - c  o f  ;.'enice 9.nd por t ions  of  the  Sarnilton Cleves 

Aoad. 'ibe axis o f  t h e  deep c h r m e l  tu rns  west i n  the vicinity 

of  well 0-2. The e l e v a t i o n  of tke  f l o o r  of' t h e  narrow dee? 

c h a m e l  is ?robably about 360 f e a t  above mean s2a level and 

the  e l evc t ion  o f  the  l and  surface is  about 540 fee t .  The 

bedrock sur face  r i s e s  ab rup t ly  eas t  of Col lec tor  1 near the  

& 3 t  I".iau.li R i v e r  road ar,d Ln the  v i c i n i t y  of  well C-l as 

the  edge of the b w i e d  v a l l e y  is. ap2roachea. Col lec tor  1 

is l o c a t e d  over a bedrock to r r ace  which has zn e leva t ion  of 

about 400 f e e t  above sea l eve l .  

. 

The average th ickness  of the  sand and t7raael beneath 

the  bed. o f  t h e  I b ? i a m i  Eiver  i s  over 100 feet. Bedrock was 

encountered a t  a depth of 113 f e e t  below t t e  l and  su r face  i n  

wcll 7.5-1, ( s e e  f iga re  1) nor th  of t h e  Coierain ?ike bridge. 

The glacial m a t e r i a l s  unclerlyinc: .< the  Kia-r,i 2 i v e r  near  and 

s o u t h  or' w e l l  S-1 a r e  t h in ,  and a r e  composed chiefly of 

clayey mater ia l s .  

Smilnc? watzr i n  t h e  g l a c i s 1  depos i t s  i n  the ai,.; 3end 

area occurs i n  t h e  b - r egu la r  spaces o r  ?ores tha t  c i s t  

between the imiividual ~ s r t i c l s s  oi' sand and Zravel.  ,%e 

pores  z r e  relatively S L E . ~ . ~ ,  i r r e g u i k r  i n  sha?e md. i n t e r -  

connected s o  that; ws tzr  can '.iovo under the  a c t i o n  of gyavi ty  
\ 
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by percolatin;: t'rom one openin? t o  another.  

. .  . .  

'The percentay?;e of . ) O T ~  s;>aces t h a t  a !-rater-bearing 

formation (aqu5fer)  contains  13  indicatoc! . ,y  the 3oFosi-Q of  

t he  rorllation. E ' o r o s i t j  !-s ex?ressed quan t i t a t ive17  a3 the 

r R t i o  o f  the  void space t o  the t o t a l  vollxne of t he  aqui fe r .  

"he p o r o s i t y  o f  g l a c i a l  outwash d e ? o s i t s  qene ra l l a  ranges 

from 25 t o  $0 percent.  

Kot a l l  of the  water i n  the  >ore spaces o f  an aqu i f e r  

w i l l  d r a i n  i n t o  wel ls .  A p a r t  o f  t h e  s t o r e d  water i s  r e t a i n e d  

a g a h s t  t he  fo rce  o f  g r a v i t y  by t h e  f o r c e s  of  adhesion and 

cohesion. The amount o f  watzr t h a t  an aqu i fe r  will y i e l d  by 

g r a v i t y  dr r inage  i s  ind ica t ed  by i t 3  s p e c i f i c  y i e l d .  S:Jecif'ic 

yield i s  e q r e s s e d  q u a n t i t a t i v e l y  as the r z t l o  o f  t he  volume 

o f  water yielded by an aqui fe r  t o  t he  t o t a l  vo lu l~e  of t h e  

aqui ror .  The average s p e c i f i c  y i e l d  o f  t he  outwash sand and 

g rave l  i n  the 9 ig Bend m e a  i s  estimated t o  be 0.20. 

The source of ground water is p r e c i p i t a t i o n .  O f  the 

p r e c i F i t a t i o n  t h a t  f a l l s  on the  land su r face  a part runs 

o f f  overland t o  streams, a ?.>,rt evaporates o r  i s  t r a n s p i r e d  

by p l a n t s ,  and the remainder seeps into t h e  ground t o  r e -  

charge t h e  ground-water r e s e r v o i r .  A reasonable ezt imate  of 

t he  average annual r a t e  o f  rechsrqe.f'rorn p r e c i ? i t a t i o n  i n  t h e  

3 ig  Bend a r e a  i s  a b o u t  22 2ercent  of t h e  average anmal pre- 

c i . j i t a t i o n  (39.55 inches )  o r  about 8-1/2 inches p e r  year. 

On t h i s  b a s i s ,  conaidering square rAle o f  c a t c h e n t  area,  

t he  recharge under n a t x r s l  cozdi t ions ,  woulc! amlint  t o  

approximately $00,000 gpd. 
i, 
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Under heavy pumping conditions, larce anounts of re- 

chaPge aye contributed to the aqx i fa r  in the 9ig 2end area 

by percolation of water in the i.?iami X v e r  through the river 

bed and into the aquifer. The cones of  depression created by 

the punping of the collectors ma7 be considered to be pirating 

agents. Wnen a collector is first pumped water is withdrawn 

from storage in the aquifer in the immediate vicinity of the 

collector. Tho cone then spreads, drawing from storage con- 

tinuously, and as water levels are lowered in the discharge 

area (l,?iaqi 3iver), more and more of the natural discharge 

is diverted to the ?wiping, collector and less and less is 

discharged by natural methods, which include evaporation from 

the water table, transpiration through plants, and pound-water 

runoff t o  the M i a m i  River. Ultimately, when withdrawal rates 

- exceed natural discharge, grouvd-water levels decline below 
the level of  the river and surface water is induced to flow 

into the aquifer. 

If infiltration from the reach of the river in the 

Lmediate vicinity of the collector does not keep pace with 

pumping ratas, the cone o f  depression spreads us and down 

stream until it intercepts sufficient area of  the river-bed 

to balance induced hfiltration with ?upage. During ex- 

tended dry ?eriods, ?um?age may exceed the maximum inf'il- 

t r a t i o n  rate and the cone of depression deepens and expands 

as water is taken f rom storage within the aquifer. In vet 2er- 

iods, the  cone shrinks a s  larce amounts of recharge a r e  rc- 

ceived from hi?h strean f lo: .~s .  

-10- O G 0 0 3 . 3 '  
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i?echarce t o  ag anlrifer Sv the i n f l u e n t  see:>qe of  

su r f ace  vratar dc:jends upon many f a c t o r s .  1m;)ortant anms t h e s e  

are (1) the  permeabi l i ty  o f  the  r iver- ; -ed cnd u n d e r l - ~ i n g  

m a t e r i a l s ;  ( 2 )  the  2 o s i t i o n  o f  the x a t e r  t ab le  with r e sgec t  

t o  t h e  bed of' the  r i v e r ;  and ( 3 )  streetnf'low c h a r a c t e r i s t i c s .  

Recharge f 'rm strearCZlow i s  d i r e c t l y  proilortional t o  the 

dii 'f 'erence bztween groxnd-wator levels Oenaath t h e  r i v e r  and 

the  river l e v e l ,  mtil  t h e  water t a b l e  has decl ined  below t h e  

river-bed. Thus, t h e  i n f i l t r a t j o n  r a t e  of t h e  r5ver  & z i n g  

high flows nay be seve ra l  t imes t h a t  ex2erienced during low- 

flow periods because ~ i '  th3 change i n  the destil o f  water in 

t he  r i v e r .  In  addi t ion ,  t he  permeabi l i ty  o f  t h e  r iver -bed  

is temporar i ly  increased bjr the scourine ac t ion  i n  high 

f l o w  per iods  and i s  temporar i ly  decreased by the depos i t i on  

The hydraul ic  pro;erties o f  the aqu i f e r ,  cormonly 

expressed i n  terms of  the  c o e f f i c i e n t s  o f  permeabi l i ty , .  

t r a n s m i s s i b i l i t y  and storaze, were used i n  making a quanti- 

t a t i v e  es t imate  o f  t h e  water a v a i l a b l e  in the  3ig 3end area. 

These c o e f f i c i e n t s  %ere coxputed f rom the  r e sGl t s  of two 

con t ro l i ed  p w y i n g  t e s t s .  

The c o e f f t c i e n t  n? y e r x e a b i l i t g  (.?I i s  def ined as the  

r a t e  01' f low or' wstsr i n  zallons ;7er day throuqh a v e r t i c a l  

c ros s - sec t iona l  ar8a ~f 1 sq.f't. of tCe nquifsr  under a 



hydraul ic  g r sd ien t  o f  one f o o t  p e r  root  a t  t he  p rova i l ing  

tem?eraturs of the g:ro-nd water. The c o e f f i c i o n t  o f  transzrls- 

sibilitg (-.'), i s  defined as the r a t e  cf' flow of  water i n  

gallons per  day throcgh a v e r t i c a l  s t r i p  of t h e  aqu i f e r  1 f o o t  

wide and 2xtendinz t h e  full s s t s r s t e d  th ickness  unaer a 

h g d r a i l i c  ;.r:-..dient of one f o o t  per  foot and a t  t h e  :>revail ing 

t expe ra t a re  of t?-i-,e water.  T = h, where in  is the  s a t u r a t e d  

thickness  o f  the  a q u i f e r  i n  f e e t .  The coe1'f'ic:ent of stora,ye, S, 

i s  clcfined a s  the chang5 i n  the  s to red  volm-e o f  water i n  t h e  

a q u i f e r  f o r  each u n i t  change i n  head on e a c h - a i t  s w f a c e  area 

o f  t h e  aqx i f e r .  (Under wat,:r-tabl$ condi t ions,  S i s  f o r  

. p r a c t i c a l  p . . r ~ o s e s  equal t o  the siiecii ' ic y i e l d  o f  t he  aqtril 'er). 

gnder favorable  c o n d i t i x s ,  the  hydraul ic  p r o p e r t i e s  

of  an a q x i f e r  can be determined by means o f  a c o n t r o l l e d  

pumping t e s t .  I n  t h i s  tyge o f  a t e s t  a wel l  d r i l l e d  i n t o  t h e  

aquifer i s  pui2ed a t  a h o w n  constant  r a t e ,  and the e f f e c t s  

o f  t h i s  pumging on water l e v e l s  a t  o the r  po in ts  i n  t h e  a q u i f e r  

a r e  deterrnined by obta in ing  water-level mecsuremnts  i n  o t h e r  

we l l s  d r i l l e d  ?'nto t h e  aqui fe r  f o r  observat:on p;ir?oses. 

Measueyents  are c o l l e c t e d  - i n  t h e  observat ion wel l s  p r i o r  

t o  and &irin&r th3 pum?ing ,-)eriod. ?ne d a t a  s o  obtained i s  

then processed p-aphica l ly ,  - -2nd. -used i n  hydraul ic  i'orm=?las 

t o  deterrw.ine the hydrxdl ic  p r o p e r t i e s  o f  the aqu i f e r  . 
Cor, t rol l2ci  pun2ing ' c e 2 k s  el" tha  sand  find z r c v s l  aq;ifer 

underlytnz tile 3i.S ?end a r sa  xere  ?lade i n  1950 and 1?5$, 
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wel ls ,  eqcilj,i)ed I q i  th automatic water s t a g e  r eco rce r s .  The 

p a t t e r n  o f  wells was loca ted  south of tlie !.!iEu;?i River. P~un~p- 

in& was s t a r t e d  a t  l:$s ?me, :~e- , te inber  1, lC5d, 2nd ?-]as con- 

t lnued a t  a constar.t r a t e ,  l35d z p ~ . ,  f o r  c :ieriod of 96 hoxrs  

ending a t  1:45 pw., Sei>teriber 5, 1950. P u n ? h g  t e s t  2 was 

conducted from January 25, l?S$ t o  fi'ebruerg 2, 135:; using one 

12-inch pimping we l l  and nine 6-inch observat ions,  equipsed 

w i t h  automatic water s tage  recorders.  The p t t e r n  of wells 

was l a c a t e d  nor th  of the river as shorn i n  f i p r e  2. iJmping 

WQS s t a r t e d  a t  l2:45 pn. on January 27, 1954, and was continued 

a t  a c o n s t a r t  r a t e ,  1175 gpm. ,  for a per iod  of  about 5 days 

ending a t  3:OS pm., February 1, 1954. 

Values o f  drawdoxns i n  the observation wells were 

determined by corn;>arinT t h e  extrapolated Eraphs o f  water 

l e v e l s  before pimping s t a r t e d  w i t h  t he  graphs of  water l e v e l s  

during t h e  pumping periods. The drawdowns i n  t h e  observa t ion  

we l l s  close t o  t h e  pumped w e l l s  ::ere adjus ted  ( see  computation. 

Bheet i n  ap2endix) f o r  the e f f e c t s  of  9 a r t i a l  pene t r a t ion  

us ing  the method o u t l i n e d  by Jacob (19b5). 

Adjusted values or" draiadowns i n  the  observa t ion  vel13 

? w a l l e l  t o  the river vere ;>lott ted a g a i n s t  values  o f  t i l a  

d i s t ances  fro3 the --?nm;,,ed wells t c  the  r e s ? e c t i r e  observat ion 

w e l l s ,  on semilo? ?ape7 as shorm i n  r i g a r e  3. S t r a i z h t  l i r e s  

were drawn tkrg:zh the  6e ta  f o r  each tec:t and t h e  s l o n e s  of 

. -13- 0 c, 0 03. G 
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t he  s t r a i 3 h t  l i n e s  wx-e a s e d  t o  co::i:xte the coei 'f ' icients 

of t r a n s m i s s i b i l i t y  of the aqxif'cr a t  t h e  two t e s t  s i t e s  by 

cs ing  t h e  fol lowing e q ~ x t i o n :  

527 . 74 
T =  

AS 

where : 

T = c o e f f i c i e n t  of t r m m i s s i b i 1 i  ty  i n  gallons 
per  dag p::r f o o t  

Q = ciischarge of punped wel l  
minute 

i n  ga l lons  pe r  

AS = drawdown d i f f e rence  ger  l o g  cycle,  i n  f e e t  
as  determined from semilog graph. 

For com?lete t h e o r e t i c a l  analyses  of groirnd-watcr 
hydraul ic  formulas see references.  

The diut,.nce-drawdotm d a t a  i s  somewhat s c a t t e r e d ,  suggest ing 

t h a t  the  aqui fe r  i s  heterogeneous and s t r a t i f i e d  and t h a t  t h e  

permeabi l i ty  o f  t h e  sand and  grave l  depos i t s  v a r i e s  w i th in  

t h e  a reas  of in f luence  o f  t h e  prunping. 

The d a t a  obtained during the t e s t s ,  when analyzed 

us ing  procedures mentioned above, yielded the fo l lowing  r e s u l t s :  

(1.) The c o e f f i c i e n t s  o f  t r a n s m i s s i b i l i t y  of  t he  

aqu i f e r  a t  s i t e s  1 and 2 are 2a5,OOO gpd. / f t i  and 

345,000 gpd./ft. r e spec t ive ly .  The c o e f f i c i e n t s  of  

permeabi l i ty  02 the  aqu i f e r  a t  s i t e s  1 ant: 2, a r e  

2380 gpd./sq.ft. and 2760 gnd./sq.ft. r $ s?ec t ive ly .  

The sak i r a t ed  thickmess o f  t he  aqu i f e r  was about 

120 f e e t  a t  s i t e  1 ar,d about 125 f e e t  a t  s i t e  2. 

( 2 . )  The ?s r !~eah , i l i t y  oi' the aqu i f e r  increp-ses t o  

t he  north as does  t!;e sat*a-zted thickness  of'  

' 

-15 - 
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t he  aquifer .  The dee? channel o f  the buried va l l ey  

l i e s  north of  s i t e  2 and i t  is probable t h a t  the 

p e r n e a b i l i t g  o f  the valley-fill de?os i t s  i nc reases  

t o  a m a x i i n u n  value i n  the  deep channel. 

The coei ' f ic ient  of s t o r < -  e of the  aqu i f e r  can no t  be 

determined from the  t e s t  d a t a  "cause the  t o t a l  values of t h e  

drawdowns, which a re  used i n  corquting S, were a f f e c t e d b y  

rechnrze f rom the induced i n f i l t r a t i o n  o f  r i v e r  watcr.  A 

rezsonable  estirnate, based on experience i n  o ther  a reas ,  of 

t h e  c o e f f i c i e n t  o f  s t s r a g e  of the  aqui fe r  i s  0.20. 

The exis tence of r i v e r  i n f i l t r a t i o n  i n  the  a reas  

t e s t e d  i s  conclusively shown i n  the  r e s u l t s  of' t h e  punping 

t e s t s .  h'ater l e v e l s  i n  t h e  observat ion wells  rose  r a p i d l y  

i n  response t o  r i s e s  i n  t h e  s tage  of the Klarni River. In 

add i t ion ,  the rate of the  dec l ine  of  water l e v e l s  decreased 

more r a p i d l y  during t h e  t e s t s  than would have been expected 

The i r r e p l a r  su r f ace  below which a l l  the  pore spaces 

of t he  sand and r a v e l  aqu i f e r  a r e  s a t z r a t e d  i s  c a l l e d  the 

water t ab le .  ;dater l e v e l s  i n  40 observatzan wells i n  t h e  

9ig 3end apes were measured on Lug,ist 31, l ? S h .  The eleva- 

t i o n s  o f  the  water surface i n  each well  w&s comp-zted t o  sea  

l e v e l  ( s e e  a??endix s h e e t )  and n l o t t e d  on a base ma? prs?arcd 

by Lgers and 3raf ,  C i v i l  k q i n e e r s  ;.ma Surveyors. '?he water- 

-17- 
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t a b l e  map sho7w-n i n  p l a t e  1 was then prepared by drawing 

contours through a o i n t s  having the  same water-love1 e leva t ion .  

tl contour i n t e r v z l  of 1 f o o t  vas used. 

From the water- table  nap the  d i r e c t i o n  of  movement of  

ground water,  the slo:je or' t h e  water t ab le ,  a reas  where i n f i l -  

t r a t i o n  of sxri'ace water i s  occtlrring, and cones OF depress ion  

caused by p u q i n g  water f r o m  tho two c o l l e c t o r s  may be de t e r -  

mLned. Ground-water movement i s  always i n  a dormslope d i r e c t i o n  

a t  r i ; rht  angles  t o  t he  water-table contours as i nd ica t ed  by 

the  arrows i n  $ l a t e  1. 

The cones o f  depression around each c o l l e c t o r  were 

s tud ied  t o  check the c o e f f i c i e n  s o f  permeabi l i ty  computed 

from t h e  r e s u l t s  o f  t h e  con t ro l l ed  pumping t e s t s .  The contours 

having e l eva t ions  of 512 and 513 f e e t  above msl. were se l ec t ed  

for a n a l y s i s  ..ecauso they do not  i n t e r c e p t  the  r i v e r  ana they 

a r e  no t  i n  the zone o f  the  pro jec ted  l a t e r a l s  o f  t h e  c o l l e c t o r s .  

Consider t h e  approximate cy l inde r s  o f  t h e  aqu i f e r  as 

ou t l ined  by t h e  two contours with an  e leva t ion  of 512 f e e t  

above msl. A l l  o f  t h e  water pumped f rom So l l ec to r s  1-and 2 

moved throxgh the  walls  of t h e  two cyl inders  i n  a c c o r d a c e  

with k r c y l s  l a w  which may be s t a t e d  as follows: 

(2) 2 = PIA 

where : 
Q = qcmtitg of' water f'lowing through a civen cross -  

s e c t i o n  of  m aqu i fe r  i n  ga l lons  2er  day (d ischarge  
of  c o l l e c t o r )  

A coef 'f icient oi '  ?errnesbili tv ,  i n  ga l lons  per dag D =  

per  squar3 f o o t  

I = hydraul ic  ,yr:.,dient, i n  f t , / f t ,  



i The c o e f f i c i a n t  o f  ijerrneabilit;? of the  aqx i f e r  i n  t h e  

v i c i n i t y  of each c o l l e c t o r  w a s  dattxwined by s a b s t i t u t i n g  

appropr ia te  d a t a  i n  equation 2. The hydraul ic  g rad ien t s  

governing the  movement o f  wut  e r  through the  a q u i f e r  were 

computed by usLng the  folLowing form=lla:  

C 
I =  

A' /L 

where : 

C = water-table c m t o u r  i n t e r v a l ,  

( 3 )  

i n  f e e t  (1 f o o t )  

At = a r sa ,  in.sq.dare Feet,  between t h e  512 and 
513 water-table contours 

L = average length  of the  512 and 513 water- 
t a b l e  contours,  i n  f e e t .  

'The c ross - sec t iona l  a reas  A l a n d  k2 o f  t he  a q u i f e r  

through which the  water moved t o  c o l l e c t o r s  1 and 2 were 

corquted by using t h e  following formula: 

where: 

L = average l eng th  oi' t h e  512 and 513 water- 
t a b l e  contours,  i n  f e e t .  

m = average sa tu ra t ed  th ickness  o f  aqu i f e r ,  i n  
square f e e t ,  a t  s e c t i o n  midway between t h e  
5iZ and 513 water-table contours 2 s  determined 
f r c m  the  water- table  and bedrock-s-aface 
m a i j s  of' the area. 

'The c o e f f i c i e n t s  of  perxeabill t3- o f  t h e  aqui fe r  i n  the  

v i c i n i t y  of Col lec tors  1 and 2 rmre cox?uted ( see  appendix) 

t o  be 2':lCO gpc?./sq.ft. and 2710 gpd,/sq,ft ,  r e s p e c t i v e l y  by 

us in<  the f o r n u l a s  mentioned above. These values  agree c l o s e l y  
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with the c o e f f i c i e n t s  or  ?erineabilZt;? determined f r o m  the  

r e s u l t s  o f  the two con t ro l l ed  punping tc;sts and were used t o  

s tudy i n f i l t r a t i o n  as  descr ibed helow. 

.. 

The water - tab le  conto-ms on the  map ( p l a t e  1) bend 

i n  an u p s t r e m  d i r e c t i o n  and i n  a il'omstrearn d i r e c t i o n ,  and 

roughly p a r a l l e l  the r i v e r  In the  oxbow a rea  i n  8 ? a t t e r n  

which shows t h a t  a ground water mound e x i s t s  beneath the  bed 

of t he  r i v e r .  The slope o f  t he .wa te r  t ab le  between t h e . c o l l e c t o r s  

and the r i v e r  is much g r e a t a r  than t h e  s lopes  of  t h e  water t a b l e  

landward f r o m ' t k e  c o l l e c t o r s .  The water-table map i s  d i s t o r t -  

ed because t h e  aqui fx-  was rece5vin.g la rge  amounts o f  recharge 

f r o m  the  r i v e r .  Puwing f r o n  t h e  c o l l e c t o r s  lowered ground- 

water l e v e l s  below stream l e v e l  which i n  t u r n  induced sur face  

water t o  f l o w  do7mward throazh the  r i v e r  bed and i n t o  the  

a q u i f e r  . 

. 

Coptours of t he  water t a b l e  nor th  of' the Colerain P ike  

br idge  and near  the south  end of  the  oxbow Send i n  an u p  

st ream di rec t ior , ,  erecting vo l l eys  I n  the  water t a b l e  cor res -  

ponding t o  t h e  channel of' t h e  r i v e r .  .?his shovs t h a t  ground 

water i s  novifis towerd and discharging l n t o  the l Z a r r i  %oer 

through sse?s 2nd spr ings  no r th  o f  the Sridge and n e m  the  

south  end of the oxbow. %us, rechars3 S g  the indxced infil- 

t r a t i o n  01' sxnfece water T J R S  confinec! t~ t h e  rcrc2i cf t h e  

r i v e r  s o u t k  of' the ZolPrain Pilie L r i d g 2  and no r th  ~f the  south 

end or' t h e  oxbow. 

. .  



... 

>'low l i n e s  (the path f o l l o w e d  by a p a r t i c l e  of water 

as i t  moves through t h e  aquii'er in the d i r e c t i o n  o f  decrsas ing  

head)  were dra:.m f rorz  t he  r i v e r  a t  t h e  no r tn  and south ends 

of the cxbow towards the  c o l l o c t o r s  as shown i n  p l a t e  1. .The 

fou r  f l o w  l l n e s  d e l i x i t  the s e c t i o n  of the  aqLifer through which 

t h e  i n f i l t r a t e d  water I k o n  t he  r i v e r  moved toiwrds tke  areas 

o f  withdrawal. 

The t w  o sec t ions  o f  t h e  aqu i f e r  inclxded between t h e  

f o u r  l i m i t i n g  flow l i n e s  and the  512 and 513 water- table  

contours were studled i n  d e t a i l  t o  determine t h e  m o u n t  o f  

induced i n f i l t r a t i o n  occurri 'ng 'on August 31, 1Q5h. 

'The hgdraui ic  g rad ien t s  involved were computed by use 

of  eqxation 3, fn which At i s  t t e  mea ,  i n  square f e e t ,  

between the  two l i m i t i n g  f l o w  l i n e s  and the  512 and 513 

water- table  contours, and L i s  the  average o f  the lengths of 

the 512 and 513 water-table cor,tours included between the 

f low lines, i n  f e e t .  A planimeter was xsed t o  measure the 

area between t h e  f l o w  l i n e s  and contours.  i?orrneabilitg, hy- 

d r a u l i c  grad ien t ,  and cross -sec t iona l  d a t a  xere then  sub- 

s t i t u t e d  i n  equation 2 and t h e  anocn t  of  i n f i l t r a t i o n  was 

determined. Conputations ( see  cqpendix) show t h a t  approx- 
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( s e e  appendix) s?r t i la r  t o  thGse outl ined above show that 

recharge on A ~ g a s t  31, 1956 by thc inckcetl i n f i l t r a t i o n  o f  

su r f ace  :.rater P o r n  the reachcs  oi’ r i v e r  inclxded betveen 

p r o f i l e s  E-Z and G-GI , 2 - C !  and 3-31, mc! .%21 and I-1’ 

amounted t o  6,250,000 gpd., 1,280,000 @d., and 965,000 g?d. 

r espec t i v e l g .  

I n f i l t r a t l o n  r a t e s  

m e  averago i n f i l t r a t j o n  r a t e s  of t h e  r i v e r  bed along 

the  oxbow and along t he  reackes of  r i v e r  ( s e c t i o n s  E-3’ t o  

recharge was inves t iga t ed  8s ex7lained i n  t he  p e c e e d i n g  sec- 

t i o n  of t h i z  r e 2 o r t  vere  computed by using t h e  fo l lowing  

f orrrula  : 

vher e : 

Ih = i n f i l t r a t i o n  r a t e  i n  gallons per day p e r  acre 

Q? = q u a n t i t y  of water i n f i l t r s t e d  f r o m  s t r e t c h  

o f  r i v e r  bed p e r  f o o t  of  head l o s s  

of  r i v e r  under inves t iga t ion ,  i n  gallons per  
day. 

€1 = a v e r q e  hezd l o s s  assoc ia ted  with the  inf‘ i l -  
t r a t i m ,  i n  f e e t  

Lr = l e n c t h  of the  s t r e t c h  o f .  r i v e r  under Tnvesti-  
Z c t i o n ,  ir, f e e t .  

7.: - - averags width of’ t h e  s t r e t c h  o f  tho r5-vr;r under 
inves t iga t ion ,  In  f e e t .  

The somdincs  made t o  de te rn ine  the  conf igura t ion  o f  the 

r i v e r  bed a t  the  eleven sec t ions  shown i n  p l a t e  1 were ? l o t t e d  

-3- 
L c. - oc0025 



i on s tandard gra:?h 2ai3sr and f i r o i ' l l o s  o f  the r i v s r  bed xe re  

pre9ared ( s s e  f i z z e s  &, '5 and 6) .  Gromd-wster l e v e l s  be- 

neath t h e  r i v e r  bod,  as ind ica t ed  by the  r i v e r  Iriells, and the 

sur face  of t h e  r i v e r ,  b o t h  coi:x;mted t o  s2a l e v e l  e leva t ions ,  

were drawn on the  g r o f i l e s .  The average head loss ( d i f f e r e n c e  

between t h e  st irface of  the r i v e r  and yromd-water  l e v e l s ,  o r  

t he  bed o f  t he  r i v w  i n  the  case where the water t a b l e  i s  

below t he  be2 of t h e  r i v e r )  and the average width o f  t he  r i v e r  

a t  each profile werz then determir,ed. The l eng ths  of river be- 

tween sec t ions  were measured ?y means of  a c a l i b r a t e d  map 

measuring ins trunen t . 
Com3utations ( see  apgendix) show that  t h e  a v e r a p  in -  

f i l t r a t i o n  :--ate of the r i v e r  bed as determined from a s tudy  

of i n f i l t r a t i o n  betwoen sec t ions  I 3 4 1  and K-K? is 168,000 ad./ 

acre/ft. The average i n f i l t r a t i o n  r a t e  o f  t h e  r i v e r  bed v a r i e s  

from one l o c a t i o n  t o  another and decreases  dorlrnstreaT f r o m  

- 

- 

t h e  c o l l e c t o r s .  The i n f i l t r a t i o n  r a t e s  f o r  t h e  reaches of 

r i v e r  included between s e c t i o n s  E-3 and G - 3 8 ,  E-2' and Dd', 

- - and G-Sf and I-:' w e re  compted  a s  245,000 gpd./acre/ft., 

229,000 gpd./acro/ft., and 63,500 gpd./acpe/ft. r s spec t ive lg .  

The i n f i l t r a t i o n  r a t e s  given a bove were determined 

by using t h e  averege x i d t h  of' the  r i v e r  assuning t h a t  t h e  

i n f ' i l t r a t i o n  r a t e  was uniform over the e n t i r e  r i v e r  bed. liow- 

ever, t h e  i n f i l t r a t i o n  r a t e  v a r i e s  across  ;he r i v e r  'c.cd. IIost 

of t:>e f l o w  o f  tke  r i v e r  dur inz  dry ?eriocls i s  concentrcted 

i n  a deep channel l e s s  than 100 f e e t  wide as Shorn by t h e  

r iver-bed p * o f i l e s  i n  f i p r e  4, 5 m d  6 ,  The v e l b c i t g  o f  the 
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f low ir, t h e  eaep  chZr.nel i s  h i g h  enouch t o  ??event l a r g e  

tiliiot?nT;s o f  3i1t m d  sedirnent f r o r i  s e % t l i n g  f r o n  t h e  moving 

watcrs.  Conciitims e r e  the re fo re  revorable  f o r  a h igh  i n f i l t r a -  

t i o n  r a t e  i n  the rleep c h a m e l .  i:o:izver, the  flow i s  s l q g i s h  

i n  the  shallow pa?t of  the r l v e r ,  :rhich i s  over 100 f e e t  wide 

and about 2 f o e t  deep. Fine mat2r ia l s  s e t t l e  from t h e  slow13 

moving waters and these m a t e r l r i l s  -, ecome more o r  less con- 

.solidcited through the  interloc!<ine of p a r t i c l e s  and t h e  cement- 

ing  a c t i o n  or' c o l l o i d a l f m a t a r i a l s .  "he de:)osition of f i n e  

m a t e r i a l s  on the r i v e r  bed i n  the  shallow p a r t  o f  t he  r i v e r  

tends t o  reduce i t s  permeabi l i ty .  The i n f i l t r a t i o n  r a t e  o f  

t h e  r i v e r  bed i n  t h e  shallow part o f  r i v e r  i s  t h e r e f o r e  only 

a f r a c t i o n  o f  the i n r l l t r a t i o n  rate o f  t h e  r i v e r  bed i n  the  

deep channel. 

The s t r e t c h  of tine r i v e r  bctws;cn sec t ions  &Z1 and 

G-Gt was studied t o  d e t e r d n e  the  i n f i l t r a t i o n  r a t e s  of the  

shallow and dee? ?arts o f  t h e  r i v e r  charnel. P!ost of the 

flow a t  sec t ions  Z-El # F-Z'f, and S-2' I s  concentrated i n  a 

dee? channel ap;?roximatelg 95 f e e t  wide. ,The amount of water 

i n f i l t r a t e d  be tw  een sec t ions  2-Z'  and G-Gf was com?uted, 

as s t a t e d  ir, the preceeding s e c t i o n  of  t h i s  r e p o r t ,  t o  b e  
I 

about 6,250,000 gpd. I t  is e s t i r a t e d  t h a t  about 5,890,000 gpd. 

was i n f i l t r a t e d  from the deep chmnel .  >The zverage hsad l o s s  

a s soc ia t ed  xith-the zbove iiient ionec! k f i  Itr a t i o n  is 3.4 f e e t .  

Com>utat5ons (sae aiipendix) made L L S : ~ . ?  equation 5 show t h a t  

t h e  h f i l t r a t i o n  r a t e  o f  t he  r i v e r  bed I n  t k e  6een c h m e l  i s  

about Lil5,'300 g?d./acre/ft.  The i n f i l t r z t i o n  r a t e  or' the 



i 
river Sed. i n  ti=e s k i l l o w  p a r t  i s  esti iaated t o  be about 

$9,000 gpd./acre/ft.  

r) lhe de?th and w i d t h  o f  the  r i v e r  i n  t h e  3 i g  3end a r e a  

during 2er.iods. o f  loir strczrrd'loii i s  con t ro l l ed  5 y  trqo n a t u r a l  

dams (?a?ids occur i n  the  v i c i n i t y  of  s ec t ions  3-3' and 1-11), 

The r e l a t i v e l y  l o w  averaF;e i ! ! f i l t r s t i on  r a t e  of t h e  r i v e r  bed 

r e s c l t s  from t i te  ponded condi t ion behind these r a2 ids .  

The rnaz;;nitude of' :>otent ia l  r e c h z g e  by t h e  induced 

i n f i l t r a t i o n  o f  si'irfnce water WAS e s t i x a t e d  by c o r r e l a t i n g  

d a t a  on the average depths 01' water i n  the r i v e r  with d a t a  

on tine average i n f i l t r a t i o n  r cce  oi' the r i v e r  bed. The r e s u l t s  

o f  t h e  con t ro l l ed  pwping  t e s t s ,  m d  of geologic and hydrolo- 

g i c  s t u d i e s  ma2e in tke 3ig 3enC =-ea, were iiszd t o  p r e d i c t  

f u t x r e  pimping l e v e l s  i n  c o l l e c t o r s  r e s u l t i n g  f r o x  assumed 

?urnping concii t ions .  

The naxirmrn aqount o f  i n f ' i l t r s t i o n  w i l l  occur along 

the  por t ions  o f  the  r i v e r  where t h e  water t a b l e  has Seen 

lowered below t he  r i v e r  bed a C  all o f  t h e  head o f  the 

s w f a c e  water has been used. The maximum p o t e n t i a l  recharge 

by induced i n f i l t r a t i o n  i s  the L3rodLct OF the i n f i l t r a t i o n  

ra5e  per f o o t  o f  kea2 (g?c. /acrs / f t / ) ,  t h e  a r e a  of r i v e r  bed 

being i n f i l t r z t e d  ( a w e s ) ,  and ti;e average de2th o f  water 

in t1-e r i v e r  (head I n  f e e t ) .  The s r a l l e s t  amocnts of  recharge 

will o c c z r  da-eng e x t m d e d  dry p e r i o d s ,  thersi 'ore,  t h e  average 

d e p + , h s  of water i n  the  r l v e r  which o c c w  ir, prolonged low-flow 



periGds ;mst be nscd t o  coxix 'ce  the  p o t e n t i a l  i n f i l t r a t i o n .  

were co l l ec t ed  during t h e  recent  unusual d ry  period, 1952 

through 195$, by' The Southwestern Ohio Water Comnpang a t  the 

Colerain ;like bridge. In  addi t ion ,  d a i l y  gage he ight  readings 

f o r  t h e  dry period a re  ava i l ab la  f o r  the gaging s t a t i o n  a t  

Ea rn i l t on ,  Ohfo which i s  operated by the Yiami Conservancy 

D i s t r i c t  i n  coo2eratlon with t h e  i j .  S.Geologica1 Survey. The 

d a t a  co l l ec t ed  i n  the  per iod 1952 through 1954 a t  t h e  Colerain 

Pike br idge ,  is given i n  the  appendix. D a i l y  gage he ight  

readings  f o r  t h e  year 1954 a t  Tarnilton a r e  shown i n  f i g u r e  7 .  

The n r o f i l e s  of  t he  r i v e r  c h a m e l  shown i n  f i g d r e s  4.) 
5, 6 and Y were used t o  determine t h e  average de2th o f  water 

i n  t h e  r i v e r  and tne  average width o f  the r i v e r  f o r  d i f f e r e n t  

stazqes o f  t h e  F iax i  River as recorded a t  the  Colerain Pike 

brid.-e. Graphs of t he  e leva t ion  o f  the  r i v e r  a t  the dolera in  

Pike bridge versus t h e  averace depth o f  water i n  t h e  r i v e r  

and the  average width o f  the  r i v e r  were then  prepared ( s e e  

f i g m e  9 ) .  ?he r e l a t i o n  between gage he ight  readings at 

Eamilton and the  e l eva t ion  o f  t h e  r i v e r  a t  t h e  Colerain Pike 

br idpe  was es tab l i shed  by corn7aring the  a a t a  collected Dp 

The Southwesta-n % i o  'deter Zompany and by the  g.;*Geological 

Survey. The gra3h of  gage readings a t  Earnilton versus  the  

aversge de2th 91' t he  r i v e r  i n  t h e  Sig 3end a r e a  was then 

prei)ared ( s e e  i ' igme 19) so  t h a t  the nore complete records 

c o l l e c t e d  a t  ?&Tilton could. S e  used t o  comgute p o t e n t i a l  

, 

i n f i l t r a t i . 0 2 .  Considering the length o f  r i v e r  south of the 
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C o l e r a i n  Pike bridge ava i l ab le  f o r  i n f i l t r a t i o n ,  11,000 f e e t  

bssed on geologic d a t a ,  a gra?k: o f  average depth of water i n  

the  r i v e r  versus  acres  of r i v e r  bed submerged was prepared 

a s  shown i n  f i g u r e  10. 

In i ' i l t rE t ion  v a r i e s  with the  v i s c o s i t y  of t h e  su r face  

water.  k decrease i n  t h e  temperature of' t h e  water i n c r e a s e s  

i t s  viscosity and thereby decr3ases i n f i l t r a t i o n .  A d e c l i n e  

i n  temperature o f  one degree w i l l  decrease i n f i l t r a t i o n  

about 1.5 percent .  The i n f l l t r a t i o n  r a t e  computed f r o m  t e s t  

d a t a  was determined i n  August when t h e  average temperature 

of' t h e  r i v b r  water w a s  about 82OF. During the winter months 

the  temperature o f  t he  r i v e r  water dec l ines  t o  about 39'P 

according t o  records co l l ec t ed  by the  Champion Paper and 

Fib re  Company at  h'amilton ( s e e  Rose, 1951 i n  r e f e r e n c e s ) .  

m *hus, consider ing only t he  change i n  v i scos i ty ,  t h e  inf ' i l -  

x t r a t i o n  r a t e  per f o o t  o f  he3.C on the  r i v e r  bed a w i n g  t h e  

winter  r?onths w i l l  be only about 52 percent  o f  the i n f i l -  

t r a t i o n  r e t e  2er f o o t  of head measured during the summer 

months. 

Streamf'low records,  the  gra2hs i n  f i g u r e s  ? and 10, 

and tem2ereture data  were used t o  cotiqutc the  maxinuin 

p o t e n t l a l  recharge by the  induced i n f i l t r a t i o n  o f  su r f ace  

water i ' i - 9 ~  the reach o f  t h e  :'iami ?,iver south o f  t h e  

Colernin 'ike bridce f o r  esch day of the years  1952 through 

1954 ( s e e  ap2enciix). The d s t a  mentioned above were sub- 

s t i t ; i t e d  i n  the  following i'ormula: 

. .. 
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!? = pot.:r,tial reciiilrgs by tha  indLced i n f i l t r a t i o n  
of sur face  water in ga i lons  per  dhy 

I h  = a v e r s p  i n i ' i l t r a t i o n  r a t e  o f  r iverbed  as de te r -  
nine2 f'rorr! da t a  co l l ec t ed  iiugust 31, 1956, 
I ~ ~ , W O  gpd./acre/ft.  

,qt = coet ' f lc ient  of  v i s c o s i t y  a t  ten:?eraturo o f  r i v e r  

Nd = coe f f i c ion t  o f  v i s c o s i t y  a t  t exqe ra tu r s  of r i v e r  

& w i n g  :JerZ:xJ oi' coxgiitation 

d i i r i q  , ; u p s t  , 1956 
%a = nveraze depth o f  watsr a t  s t age  of r i v e r  being 

inves t iga ted  i n  f e e t  

A = area  D f  r i v e r  bed submerged during period of 
computation, i n ' a c r e s  

Co-ryutations show that  t he  average rnaximum amount o f  recharge 

t o  be  expected daring a prolonged d rg  per iod sirnilar t o  1952 

through 1954 from the two-mile reach  o f  t h e  r i v e r  south  of 

t he  Colerain Pike bridge i n  the Big &nd arga is about 

( s e e  appendix) 

mgd. 

The cone c;f de?resslon c r e a t e d  by $urnping l a r g e  

q u a n t i t i e s  of water fram c o l l e c t o r s  loca ted  south o f  the 

So le ra in  Pike  bridge would spread a t  l a a v t  1-1/2 miles up- 

stream f r o n  t h e  bridge. Sround-water l e v e l s  would be lowered 

beneath t h e  level of  t he  r i v e r  2nd i n f i l t r a t i o n  o f  s u r f a c e  

water  wolild occar q s t r e p m  from th;e brid3e. ;Craxirmun i n f i l t r a -  

t i o n  would ?roha'=ly b e  l imi t ed  t o  the reach  of t h e  r i v e r  about 

3/4 m i l e  no r theas t  of t he  br idge where t h e  water t a b l e  would 

d e c l i n e  below the bed ~f the r i v e r .  i n f i l t r a t i o n  tn reduced 

anounts would occm f u r t h e r  ups t reaT where t h e  cone of de- 

g r e s s i o n  would be re1a t ior ; ly  shallow. :! reasonable es t imate  



o f  the  2oten t i . a l  -r%charae l'ro:n t h e  s t r e t c h  o f  the r i v e r  

mentioned above d w i n g  extendec! d ry  per iods i s  about 1 2  mgd., 

1/2 of the  cozputed ,2otential  recharge f o r  the  s t r e t c h  of t h e  

r i v e r  south of t t c  bridge. 

The a v e r q e  z v o ~ n t s  of  recharge t o  be expected i n  the  

B i g  Send a rea  during dry -;?riods are given below: 

Induced i n f i l t r a t i o n  from s t r e t c h  o f  
r i v e r  southwest of Colerain P i k e  
br idge  ............................... 24 mgd. 
Induced i n f i l t r a t i o n  f rom s t r e t c h  of  
r i v e r  nor theas t  of  CoYerain Pike 
bridge. .............................. I 12 mgd. 

Recharge f r o m  prec ip i ta t ion . . . . . . . . . .  3 mgd. 

Plow f r o m  va l l ey  w a l l s  (7  milea of 
v a l l e y  wall. >'low estimated a t  
150,000 gpd. per mile..............,, 1 mgd, 

Tota l  40 W d .  

Recharge bg  the i n f i l t r a t i o n  of  water frorn Dry Run 

during dry 2s r iods  would be very s m a l l  and because i t  can not 

be 'es t imated wi th  any degree of  accuracy i t  i s  orrlitted from 

the inventory.  The S a t e n t l a l  yielci of the aqu i f e r  i n  t h e  

3ig Send area d;:ring extsndec! dry  per iods  i s  t h e r e f o r e  es- 

t imated t o  b 3  i n  the magnitude o f  $0 mgd. 

I n  com2uting p o t e n t i a l  I r f l l t r s t i o n  i t  wcs assumed t h a t  

tho i n f i l t r z t i o n  r a t e  remained cons tan t  Tor low and high flovis 

and t h a t  the i n r ' i l t r a t i  n r a t e  cox?utcd from data  c o l l e c t e d  

i n  -4-cEL;st 1956 would a;,,ly t o  the  dry per iods  recorded 1952 

through l.95$. Secause mos t  O S  the  flow i n  t he  r l v e r  I s  con- 

c m t r a t e d  i n  a deep channel l e s s  than 1/2 the  x i d t h  of  t he  
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r i v e r  and t h e  f l o w  i n  r i v e r  dur:i_ng August 1956 was almost as 

low as t h e  f l o w s  recorded ciurir-q the d r y  ?eriod, t h e  m i t e r s  

be l i eve  t h a t  the  op7ortuni ty  f o r  f i r ie  s i l t y  niate.8 l a l s  t o  

s e t t l e  on the r i v e r  bed redticice i t s  : )e rneabi l i ty  was aboct 

a s  g r e a t  i n  ILLtgzst 1956 a s  i t  was during 1952, 1953 and 1954. 

During d ry  periods the v e l o c i t y  of' flow i n  the  deep channel 

i s  s u f f i c i e n t  t o  prevent deaos i t ion  o f  l a r g e  amounts of  sed- 

iment. The r i v e r  ked i n  t h e  shallow ? a r t  of' the r i v e r  where 

most o f  t h e  deposi t ion o f  f i n e  n a t e - i a l s  occars with low 

flows con t r ibu te s  very l i t t l e  recharge during most summer 

months. Thus, even if the  i n f i l t r a t i o n  r a t e  of  t h e  shallow 

p a r t  of t h e  r i v s r  was lower i n  1352, 1953 and 195$ than i t  

was i n  August 1956, no ser ious  e r r o r  would be introduced 

i n  t h e  computations made i n  this r epor t .  A t  t i m e s  o f  h igh  

r i v e r  flows f i n e  sediments a r e  scoured f ' r o m  the  r iver-bed 

and the i n f i l t r a t i o n  r a t e  i s  increased.  Eowever, very few 

high r i v e r  f l o w s  occurred durir,g the  extended d ry  per iod.  

The congutations made by a s ing  a low-flow i n f i l t r a t i o n  

r a t e  are therefor2  not  overly conservat ive.  

p 

Streamfflow records show t h a t  t h e  discharge o f  t h e  

Yiarni Iiiver i s  more tkan enough t o  re:?len;sh t h e  large 

withdrawals of ground water which can b e  o!rtained from 

induced j . n f i l t r s t i c n  through the  r i v g r  bad i n  the  B i g  

Send area .  :!L s - m a r p  o f  the s t r s s c t t l o w  records ( ? ? o r r i s ,  

Cross and Goldthwait, 1?4.3) o f  the : i i & I ? i  3 iver  a t  Venice 

a s  given b e l o w  shows t h a t  even 3n the day o f  lowest record-  

ed f l o w  ( 9 / 3 / 2 5 )  the  flow was 232 c f s .  which i s  about 150 mgd. 

-37- 
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i 
grzinage area (square miles) 31 790 

P e r i o d  o f  r e c o r d  1915-1927 

?%an Discharge ( c f s . )  

iiighest; day 55,600 (4-22-20) 

Eizhest month 

Eighes t yew, 

16,900 (Jan.1916) 

5,630 (1927) 

Lowest day 232 (9-9-25) 

Lowest nonth 4.80 (Oct.1923) 

Lowest year 1680 (1925) 

Minimum S'lomentarg Xshharge ( c f s )  225 (9-8-25) 

The water- level  data c o l l e c t e d  t o  date show t h a t  the yield 

of t h e  aquifar i n  the big 3end area i s  much g r e a t e r  than 

present pumping r a t e s .  T'ne d i f f e rence  betwesn the maxinun 

and minimum water levels i n  observat ion well B-2 i n  the 
. . .- 

--- per iod  1952 t o  1956 (see  figure 11) i s  l e s s  than 9 f e e t  

which i s  small indeed when com;?ared t o  t h e  average s a t u r a t e d  

th ickness  of t h e  aqui fe r ,  over 100 f e e t .  'dater l e v e l s  i n  

well H-2 l eve led  off dur ing  tile dry period R S  recharge by 

the induced infiltratim of surface water balanced discharge.  

Lletermination o f  drawdowns t o  b e  expected i n  a system 

of c o l l e c t o r s  2es-igned t o  pum2 the  a m o u t  o f  water a v a i l a b l e  

i n  t h e  316 ?.end area were Irlade by substituting a hydraul ic  

system anena5le t o  mathematical treatment f o r  the  complicated 

hydrogeologic system o f  the  a rea  under i n v e s t i g a t i o n  and by 

using the  image-well theory ( r ' e r r i s ,  1951). '?'ne y i e l d  of t h e  

a q u i f a r  during dry 9 e r i o d s  'Gas used i n  the cornnutations. 

-3q- 
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Reckarae & s i n g  the fall and winter months of years  

sirniler t o  1652, 1953 u.d L?5!/. ( s e e  ap:)er!dix) w i l l  be less 

than the avers,Te rzchwge,  !LO E&., conpited f'or the e n t i m  

dry  ?eFiod and will snoznt  t o  about 24 nqyd. Thus, approxi- 

matc lg  16 aGd. m u s t  be r.;ithdrmn frcm stora;e during t h e  fall 

and winter  months of' each d ry  v e r r  t o  balance a ymping  r a t e  

of 40 xgd. 

ilss-dzle t h a t  t w o  add i t iona l  c o l l e c t o r s  m e  constructed 

a t  d i s t ances  o f  k000 f e e t  nor theas t  and soathwest o f  exist- 

ing Col lec tor  2, as shown on the computntl'.on shee t  i n  the  

appendix, and t h a t  40 rngd. a r e  p m y e d  f r o m  f o u r  c o l l o c t o r s .  

The magnitude o f  t h e  drawdown ir ,  Col lec tor  2 a t  t h e  end o f  

a pr.olonged d ry  period 2s a r e s u l t  o f  the withdrawal o f  40 mgd. 
was com2uted by using th4 hydraul ic  system shown i n  t h e  

appendix. ,Two discharging i:nai;e w e l l s  with s t r eng ths  o f  16 mgd. 

each.were used t o  i m i t a t e  t he  cozbined e f f e c t s  of t h e  two 

v a l l e y  ~ d . 1 ~  (lirnitec! a r e a l  ex tan t  o f  t he  a q u i r e r )  and p a r t i a l  

recharge (25 rngd.) on the  drawdown In Collector  2. 

I 

The nonequilibrium f o r m l a  (Theis,. 2.935 ), the  av.eraze 

value o f  T computed rrom t h e  con t ro l l ed  pmpine t e s t  d a t a  

descTibed e a r l i e r  i n  t h i s  r epor t ,  and the estimated va lue  

o f  S were used t o  cons t r cc t  t k e  t h e o r e t i c a l  distance- raw- 

do*m curve given i n  f'i>qwe 12. ;? valxe o f  4C'3 days, the  

a>?roximate a c c u m l 3 t i v e  nun!:er o f  d a ~ r s  vhen discharge exceeds 

recharge durin!? ZR exten3e2 dry pe-.iod 5irr.j.lar t o  1?52 

through 195k, was scksti t2,ted flpr t i n  the nonequi l ibr iuq  

forrnilla given below. 

..- 

- 
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where : 

and 

& -  
b -  

S =  

i d =  

T =  

s =  

r =  

!J(u) = 

\ 

eoU aD 

1 du 
U U 

1 . 87r2S 
u =  

'It 

time i n  dags sine? piimpityg s t a r t e d  

d:*awdown a t  any 2o in t  i n  a rea  of' in.fluence 
of pumping, i n  f e e t  

discharge of  pumped well, i n  ga l lons  p e r  
minuta 

c o e f f i c i e n t  of  t rs lm:: issLbi l i tg  i n  gallons 
per  day p e r  f o o t  

c o e f f i c i e n t  o f  s torage,  as a r a t i o  o r  decimal 

d i s t ance  o f  po in t  i n  a r e a  of in f luence  f r o m  
purn2ed well i i l  f e a t ,  o r  i f  tho analysis i s  
being made f o r  a PUTiIed well, r is t h e  e f f e c t -  
ive  radius o f  the yxx;eed well I n  f a e t .  

The n e t  drawdown, ST, in Col lac tor  2 as a r e s u l t  of  

Turnping $0 ngd. from 4 c o l l a c t o r s  d w h c  a dry per iod 

( inc ludes  the wl thdrawal  or r\r.%ter f rox s t o r q e  i n  the  aqaifer  

as nentionec! a s r l i e r )  i s  e q c z l  t o  the drawdo-m dLis t o  ?um?ing 

tfiz c o l l e c t o r  -itself ' ,  plus the i n t e r t z . - e n c e  d i e  t o  pump5ng t he  

3 a t h e r  c o l l e c t o r s ,  p lus  t ' . e  n e t  draw2o-m d z e  t o  t h e  two 

-42- 
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minus the  recharge ef i ' sc ts .  The net d-.awdown, ST, must be 

1ncreesi:d t o  c9rn;ensace f o r  the dewzltcring o r  t h e  aqb i f e r  

by t%e q u m t i t y  s;1'/2m, whwe m is the o r i g i n a l  s a twe- t ed  

thichiess  of  the a q u i f e r .  

Corngutations ( s e s  ap:;enciix) mado by using figure 1 2  

2 

show t n a t  t h e  drawdown i n  Co l l ec t c r  2 caulsed by development 

of a 40 mgd. w a t e r  supglg in the  3ig 2end a rea  under adverse 

condi t ions  will b e  about 73 feet. BE pumping l e v e l  would be 

about 30 f e e t  above the top o f  t h e  screens i n  the  c o l l e c t o r .  

The coe f f i c i enz  o f  t rams! : i ss ib i l i ty  Gf' the a q u i f e r  i s  

high and as a resuz t ,  the  ccme o f  depression c rea t ed  by 

p m g i n g  ( s e e  f i g u r e  1 2 )  has a r e l a t i v e l y  flat s lope .  Larse 

quantities of water can be t ransmi t ted  from d i s t a n t  po in t s  

t o  a puqping c o l l e c t o r  under tha inf'luence ol" a low hydrau- 

lic gradien t .  'i7hus, during dry periods when l a r g e  amounts 

o f  water are taken f r o m  s torage,  the ~ o i i e  will spread t o  

r e l a t i v e l y  great d l s t a c e s  from t h e  c o l l e c t o r s .  For example, 

computations show that watsr l e v e l s  would be lowered about 

29 f e e t  one m i l s  nor theas t  isf Collector 2 and about 23 feet 

l-l/$ miles southwest oz c o l l e c t o r  2 .  

d a t a  5.cscriSer.i in the  report t h e  p o t e n t i a l  gro;uid water 

y i e l d  of the 3 i g  3end area  is esti inated t o  be $0 m i l l i o n  

gallons 8 dag i n  6ry  per iods.  The record dry $ariod s tudied  

i n  d 9 t a i l  a s  descr ibed  in the  rbpmt includeci t he  yea r s  

1952, 1953 and 1954. The computations described in the r e p o r t  

-213- 
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show t h a t  withdrawals from c o l l e c t o r s  averaging 40 mgd. 

would have been balanced by recharge i n  t h i s  period, c h i e f l y  

by induced i n f i l t r a t i o n  from the  Miani i?iver. I n  this  per iod 

t h e  recharge a t  times would have avertiged as  l i t t l e  as  2k mgd. 

Sowever, t he  cony,Ktations described i n  the r epor t  show t h a t  

the  s torage  a w i l a b l e  i n  the  aqu i f e r  would have been more 

than adeq'date t o  s u s t a i n  the 40 mgd. punping r a t e  through 

t h e  minimum i n f i l t r a t i o n  r a t e  periods, and u n t i l  replacement 

o f  t he  l o s t  s torage  i n  higher i n f i l t r a t i o n  r a t e  per iods.  

For computation purposes, a fou r -co l l ec to r  system w a s  

used t o  check the adequacy o f  the a v a i l a b l e  storaEe, a s  

descrihed i n  the  r epor t .  Further  study should be given, 

however, t o  proper l o c a t i o n  of new c o l l e c t o r s  t o  i n su re  that 

e f f i c i e n t  opera t ion  o f  t h e  c o l l e c t o r  f i e l d  a s  a whole w i l l  

be obtained. 

As l a r g e  amounts of x a t e r  a r e  pumped from s to rage  

i n  the  a q u i f e r  i n  dry  per iods t h e  combined cone of in f luence  

of t he  pumping will extend over a r e l a t i v e l y  l a r g e  area: 

The computations show f o r  example that water l e v e l s  i n  the  

a q u i f e r  will b e  lowered as much as 29 f e e t  one :rile north-  

e a s t  of e x i s t i n g  Col lec tor  2 and about 23 f e e t  a t  a d i s t ance  

l-l/4 miles  southwest o f  Col lec tor  2. 

A l l  p r ed ic t ions  i n  the r e ? o r t  were made on t h e  assump- 

t i o n  t h a t  the  w e l l  f i e l d  w i l l  be 1i:Blited t o  t h e  a rea  south 

o f  t he  3utler-Eamllton County l i n e .  It' shozld k e  enphasized 

t h a t  the  p red ic t ed  40 rngd. y i e l d  i s  the  mininrum y i e l d  which 

will be obtained i n  very dry 7er iods.  I n  years  o f  norna l  o r  
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above normal p r e c i 2 i t a t i o n  the  y i e l d  o f  the  a q u i f a r  will 

be much g r e a t e r  and the  dec l ines  i n  ground x a t e r  l e v e l s  

f o r  t he  40 mcE. pmping r a t e  will be  less  than given i n  
B 

t he  r epor t .  

I t  should Se noted  t h a t  the  2 o t e n t i a l  y i e ld  of  the 

wel l  f i e l d  a r e s  computed i n  th i s  re ; )or t  ($0  Wd.1 i s  much 

l e s s  than the  y i e l d  (63  mgcl.) est imated i n  the  2rogress  

r e p o r t  previously suhmitted by t h e  w r i t e r s ,  because the  

adverse e f f e c t s  o f  t h e  n a t u r a l  dams I n  the  r i v e r ,  which 

were unknown before the  present  - i n v e s t i g a t i o n ,  were no t  

considered i n  computations made in t he  previous r epor t .  

Columbus, Ohio 
IGovember 2b, 1956 

Schaefcr & 'Jalton 
Consult i ne fr ound !.later Hgdr ol ogi  s t s 

bY 

? J i l l l a m  C. ' Jalton 

and 
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