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Jlmtopocr 1- 

The purpoae of thio report i r  to present data on the movewnt of 

$round uater and ground-water cont.nln.tloa in the vicinity of the 

l e m a l d  Plant, a facility operated by tbe National Lead Co. of Ohio for 

the U.S. Atmlc Energy Coamirsion. 

requert of the Atomic Energy Caaarirrion specifically to ascertain 

whether seepage frocn four large waste disposal pits located near the 

west edge of the plant production area b e 8  entered the principal aquffer 

frm which vater ir rupplied to the AEC plant and to many other ground 

The investigation was made at the 

I water usera in the arm. 

This investigation would not have been porsible without the whole- 
0 

hearted cooperation of offlcialo of the U.S. Atomic Enerm Cosmnirslon 

and of the National Lead Co. of Ohio. 

thank Xerarr. Edward L. Ciebel of the A t m l c  BaerZly Carrpirsion and 

H. Starkey and Leroy Uilliup. of the Natfolurl Lead Co. of Ohfo for 

their arsietance with the  invertigation. 

121. authorr uirh particularly to 

1 



u1 (1948). a d  -for (1947). rod 8pf.L.r (1961) 

.ad contamination %a admin~rtrativa report. which pravido 8 bckground 

and foundation for the present invertigation. 
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i n  aLtftod. from 575 to 600 feot, about SO feet above the nl.ai Uvor 

floodplain (f ia.  2). Si r  terrae., rhich q be part of the El.mnll 

motaino 81 rhrna by Goldtiwait and otherr (1961), cmrirtr of chy-rich 

till  35 to 70 feet  thick. The rurficial  t i l l  10 not cootinuour t o  the 

vert  rid. of the val ley;  i t  probably pinchea out into mad i n  the 

vicinity  of Paddy'r Run. 

and ir indicated in  the drillerr log of  well Hcr-21. 

the till  rheet wert o f  Paddy's Run and the thiancrr of the t i l l  in the 

vicinity  of the varte mtor'age p i t a  faci l i tater  reepage of water into 

the underlying deposita. 

Sand lr exposed fa the bed of Paddy'r Run 

tbe abseaco of 

Below the till  rheet are eand and gravel deposftr, about 150 feet 

thick, which f i l l  the entire buried valley. Underneath the AEC plant 

there daporltr are separated horizontally by a Layer of clay 10 to 20 

feet  thick. The clay layer, the top of v h i c h  i s  130 to 140 feet below 

the ourface, i r  believed to  txtend vurtwsrc! to  the bedrock valley Val1 

La the vicinity o f  Sbacdon Staticn and nouthvestward a t  least aa far 

or mev &ven. The clay layer does not extend entirely acrosts the 

buried valley, as i t  fr reported i n  cone of the test wells drilled 

for the Southvestern Ohio Water Co. It appears t o  pinch out near the 
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eastern boundgrg of the Government Beoarvation. 

deposited i o  an ice-marginal l a b  or a8 a backwater depooit of a 

prwglacial stream. 

The clay vias probably 

,.- . 
The " o h ~ l l o o o  aquifer" of Do\re and Rorrie (1951) i e  a perched body 

of water reatrictsd to the high terrace. 

the Baeervation tap t h i o  aquifer, which probably cansiete of discontinuous 

pockets of oond and gravel interotratifiod vtth the 5tsrfhci~L ti l l .  

perched body of water i s  probably of l i t t l e  conoequence w i t h  regard to 

the rcovement of ground water under the Govanun&e Beservaefon. In the 

present report the term upper aquifar r'ofara to that portion of  the 

principal 8opd and gravel aquifer situated above tho clay bed about 140 

feet bel- the eurfaco and not to the perched aquifer. 

the present report t h e  corraeporrde to thae of Qre (196lb, p. 4 ) .  

Dug wells at  fanno surrounding 

This 

The usage of 

I 
1 

I 



382 v 
The clay bed conrtihrtor a poorly pmrawblo corrftnily bed, 

oeparatiog the uaJ a d  $ravel deporita into an upper a d  a lawor 

aquifer. ba Augurt 2, 1962 -0Ut.P.OtO Padm with 8 h ~ ~ h 1 y - O 0 ~ O i t i V e D  

thermistor-type thxmmuter rband t b t  stouad-uater temperature a b w e  

the clay bed vae about 0.)" I lawor t h n  tht blow the clap bed in the 

vicinity of the plant rupply vellr. 

and 8 and on August 1 4  and 15,  u8hg the plant oupply well@, show that 

vertical leakage through the clay bed, by vhlch water UIOyeB from the 

upper eo the lower sand and gravel aquifer, i o  the principal rource 

Aquifer tertr made on Augurt 7 

I 
of recharge to those v e l l e .  

e i b i l i t y  and storage coefficieatr of the lower aquifer, and of the 

permeability of the semi-confining clay bed. 

eeeenttel in aaresoing the rate of ground-water movement into the 

lower aquifer 

The tertr yielded valuer o f  the tranemir- 

These factors are 

There are three water-supply we110 a t  the AEC plant, located on 

the we8t ride o f  the production 8188. The W l l 8  are 8p8ced 400 feet 

apart and etr8yed in a north-routh line, w i t h  -11 1 bring the northern- 

met v e l l .  The welle are 210 feet deep aud are screened i n  the lover 

20 feet.  Presently plant vatex-uee omuurita to about 1.2 q d  (million 

gellone per day). \ 

i 
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b t& 4uit . r  @ut d om mt 7 a d  8,  wll 1-0 

rt&l, at  -0 of wo ( ~ U O I U  dmto) tot apgmximt~l, 

20 b o r a  a l a  tlw -ad rrb-4 a& rawvory of th.rnk? 

lml umm roaordd in  a b4nch di8nt.r  obaammtiorr -11 18S feot 

h p ,  d t J  D y r  -4 ~ 1 1  2. 

tho tut, wll 9 -0 

tho #tor requiraonts of tbr plant. 

-0 revorood, ~ l l  3 hi- tort pIBp.d, 8t 275 Sp, W h i h  well 1 - 0  

used to oupply -tor to tha plant. 

?OX tro &,a prior to  a d  buriq 

Otodi ly  8t tho rat0 of 800 8 p  to Oupply 

on 4 w t  14 mad U tho p t t o n  

burl- both tortr fl\rctwtLotu i n  tho w8t.r 1 . v o l  were recorded 

in 8 well 1 1 8  foet deep, OC1Ieoo.d 8bove the remi-eonfining c h y  bed, 

and locoted about 2,OOO beet northeart o f  tho mapply uollr  a t  the r i t o  

of the **old" Admidotration Bulldizq. 

well war unaffectod by th8 tsrtr; however, the we11 revealed flucturrtioar 

in water level a w e d  by clawem in atmorphraric presrure i n  about the 

mate degree 80 thore reeordod i n  tho deeper obre1rv8tion well. 

The water level  i n  the r b r l l w e r  

The 

hydrqnph O f  tho Ohr11- -11 -0 U r d ,  thaOfOr0, 80 8 C O I I V ~ i U I l t  

barograph from which to c a m c t  apparent variation fa trendr of tho 

dr8udoun and rocovary tyrvoa uwod by atmoophric proowre chngor. 

P l a n t  o ~ i n a e r r  mmfnkined u c o l l e n t  control of pumping, Leepi- it 8t 

8 VOQ r t ~ d ~  and rOOU1tO O f  tho tW0 t8.t. 8r8 O h i h r ~  

.i 
i 

6 
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Tba larrr n.1 .al plt.1 yoifu Ma a amofflaioat o t  tranuta-,' I @ibil icJ O f  .brt w,doo ).+ @ d 8 eeofflei8Et 08 

ot- of  0,001, th late- rrlw bow i. tlw 8ttUlaa m. utth 
wt0rnt.l tht-00 of 8-t.l~ 7 0  fOOt, tLw -ifor bu 8 mf- 

f i c k n t  of p e r r w b i 1 i Q  of  appro aim to^ 2,000 ~1 p.r day por oq it, 

.ah. typier1 of tbr amd 8d $rrvrt &poOit@ i n  tb. Xfami Va11.1, A t  

tho miry ntoa aoed i n  tho tortr rmcbqo 

a f t e r  about 30 oiauteo, aftor uhlclr tho thora =o orrentially no more 

drawdam 

a o t i c w b l y  offoctlvo 

The coefficient of  188kage of tho confiaiq but, that ir the ratio 

of i t r  permeability t o  t h i c h r r ,  d e t e r m i d  by nmthodr dercribed by 

~ a l t o a  (1960), wao computed a8 about 0.21 anti 0.32 gal per day per ft3  

for wellr 1 and 3, reopoctive1y. Thatre valuor rbu1tipli.d by it, thicknear 

a t  the respective ~ 0 1 1 0 ,  yield8 valuer f o r  the coefffcfuat o f  permeabilfty 

Of the remi-confinfq bsd O f  3.2 gal par 6.y per O q  f t ,  at t b  @ i t 8  O f  

8 U w l y  Vsll 1, .ad Of 2*5 w1 p r  6.p aq ft at  thr r i t e  Of Urpply 

-11 

a8 permeable ao the urd and 8raV.l aquifu rrbich i t  Qv.Ilio8, it i a  

nevertholeor porPwrb1a o q h  to t n d t  la-e qruntitioa of #tar froe 

the upper to the 1-r aquifer *err tb area i n  uhich l u l u g e  occurr 

i 8  fairly brae, won though th. differ-. in hydraulic head between the 

hrr, aqufferr rmy be mall. ?or examplo, i f  we take ar the eosfficient 

of permeability o f  the rami-confining bed tho value of  3.0 gal per day 

pcr rq f t ,  and ure 12 feet a8 i t r  average thicknere, the laakage 

Alt-h tba r . p l - t o n f i a i q  bed i o  only about om raven-hundredth 

i 2  
7 
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L A h  
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Q -  - 0.25 x (3,280)2 8 1 

70 l l lurtrate  furthor, tho production 8tu of tb8 plant, inchdin$ 

tho land on vhich the disposal pita are dug, coa~prtrer abart 400 acrei. 

lor 1.2 wd of water, the a m n :  prarently being ptnnped a t  tbo plant, 

to move t h r q h  the semi-confining bed in t h i r  area the average bead 

difference bctwtsn the upper and the lower aquifer rued8 only be about 

0.2 foot. 

averogeo 0.25 gal per day per 4. 
t h i s  1. on the aesumptlon that the leakage coef f ic ient  
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accurate i n  the area art of the Qovrmmmt hrenntion,  but d o g  to 

rp. tre data it fa oommbat looo accurate on and wort of tb. Rerenmtion. 

Any rwirionr madm porrible by 4ddition.l  data vould bo in the nature 

of reffnemtnt of d e t a i l  rather t b n  o f  changing the h r i c  ralationrhipr. 

The Covenment Reservation i r  rituatod jurt vert o f  a major ground- 

- ta t  divida. 

Shrndon Station ooutheastwrd through the Reservation toward the M i a d  

River. 

urt  boundary of tho Rercrvation. 

towrrd the M i a m i  ELivor bemaen Fornald and #au klttraora. 

i a f l ~ c o  aured by pumping a t  the AEC plant doer not c h q e  the regional 

~rwnd-wstur movemeat . 

Ground-water movement Io iu  general from the vicinity of 

The d i v i d e  Le roughly prrallel to and generally eart of the 

Water wtrt of  thir divide movee 

The cone of 

Ttm offect 00 ground-uater movement of the rmf-confining c l ~ y  

layor roportod fn the U C  wllr at the depth of .bout 140 feat i a  

coMidet8d to be only of local extent. Tho region81 ~ r o u d - r r ~ t e r  

mwament i n  tho .and 4nd gravel i r  practiwlly horizontal, and th. head 

difforence between the upper and lower aquifera ia alight -- generally 

9 
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yr1f.f. mra wed. 

% avaralo rogioarrl hydraulic gradiant b u d  oa tho pi.tonwtric 

contoura is u t r m e l y  flat 0- about 0,0014 foot por foot, or 7*5 fcot 

per milo. 

a a x b  ateeper. 

datermlaed uriag the equation 

L o a l l y ,  in tho v i c i n i t y  of pumping v d h ,  thia  gradient f a  

The averago velocity of $tound-water motion can be 

vharat 

v = velocity, i n  feet per day 

I = hydraulic $radioat, i n  feet per foot 

p = coefficient of poxmeability of the aquffer, i n  

8 . 1 1 0 ~  per rquaro foot par day 

8 porosity of tho nrteri.1, fn percent 

2 Uaicy the value of p - 2,000 gal por f t  p.r day, 80 dotermi~ed 

from the  8qulfcr t e r t r ,  and the hydr8ulic gradient I - 0.0014, 8nd 

areuming the porooity 0 to be 25 percent; 

10 
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v -  

Q - gallona per day 

T COeffiCi.trt Of tr8lUd88ibility of tb upifor ,  

in g811ona per &y per foot 

I - hydraulic gndient, in  foot por foot 

U width in feot of th. roction through which 

flow l a  Ocmrriq 

8.80d on CO@ffiCietkt Of traarmi88ibi1ity Of u#),m gal per d.y 

per foot, for the entlro uturated thicknear of the aquifer (2,000 gal 

por day por 8q f t  x 150 it), 8 hydraulic 8r8diont of 0.014,  8nd vidth Y; 
I 

Q - 300,m X OOOOU X Y - 420 W l  per day x u 
T a k i q  800 foot 81 tbm width (W) of tho di8paml p i t # ,  8pproximntoly 

350,000 gallons of uater wnto daily b o a u t b  the pita, in  8 generally 

routheaatuard direction. 

11 



prereatly p a r ~ o  beautb the dirpoml pitr.  

Fivo t o r t  v a l l r ,  located roughly i n  a c i r c l e  about tha dfrpoul 

pftr (fig. 4 ) .  mro drilled fa the rumm8r of 1959 and b o 8  bean pumped 

more or larr contiauourly rinco the rpriag of 1962. Test well 1 lr 

pumped a t  the comparatfvdy high rata of about ZOO gpa; each of the 

othor tea t  wllr ir pumped a t  le88 t b n  about 20 8p. 

wLl 1 i o  pllrp.d back into the dfopowl p i t a ;  w t o r  pumped from t b  

othor U d l 8  i r  dirclmrged to Paddy'@ Run. 

Water from tart 

O f  th t0.t U81h b.8 C w t d  .Pull CO-8 O f  doprerrlm 

around thrro v o l l r  which locally roverre tba regiorul gndlent and 

capture part of the wtor that otharvire uould move tawrdr the rupply 

wellr. 

around the test we110 coasiat only o f  water-level 1na80~rgaentr -de in 

Data upon vhich to bare tho extent of the cone8 of deprerrion 

0' 
17 
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from tho p i t a  mold bo capturd by tho t o r t  wlla rad mosm uould movm 

conem of deprerrion produced around tbe trot uella at pramrat puapiag 

rat08 vi11 be eraentially of local extent, 81 indicated by tho piuomettic 

contaurr on figure 3. 

Owing t o  tho low region81 voloclty of tho ground -tor, diotaat / 

offectr of ConUlPlrUtLoo vi11 not bo not& until long 8fter tb contad- 

nated u a t ~ r  onter8 the aquifer. It require8 an ertiamted 2 to 5 p a r r  

for ground Yoter to move the 2,000 feet from the p i t  area t o  the p l a n t  I Npply -110 8Rd 8 8  mch a8 25 or 30 y8W8 fo move 1 4 , m  fb.t to tb 

)(1.pli Uvor near 01.v b.ltimoro. n . r o  aro bolievsd to  be the average 

u 100 potcont,  oirhot fartor, ariq t o  pntoroatial f l a  prtb o f  hiaer  

than mota80 penneabllity, or rlarnr, owiog t o  more circuitour flau path,. 

I/ tho rpecffic  a p a c i t y  of tent well 1, that is the ratio of its 
yield-to draudQvLI, i 8  u d y  about b l f  am hiah a8 the o p o d f i c  up.citi.8 
of the rupply wrllo. 
parumable in the v i c l a i t y  of teat v e l 1  1 t h n  i n  the area of the rupply 
wells but ,  08 no data have been collected an relative well eEflciencier 
no deffnlte wnclwfon ir mrr8ated. 

Thio d g h t  i n d l a t e  that the a q u i f e r  is leer 

13 
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&r4 tm US9 tlw largo llquld rut. d i o p o u l  p i t  (?it 3) .I 

p h 0 d  U n  0 8 OOttlfQ& b o l a .  m r t 0  119t.t. 8ft.t ha blrtd 

t o  8 clwr-wll portion of tho pit, l a  

throw a p i p  l i ~ .  

poiat ubon thio till f a  ralativoly thin. Then i o  .pid.aca t h t  ia 

u c a v a t i q  tho p f t  the till waa r d  i n  placoa to  t& top of tho 

o r d e r l 7 i q  wad and gravol aquifor. w e  (1961, p. 4) outer :  'Tha 

warto d i r p o u l  p l t r  ... e x m a t e d  to a depth of approximately ZS feet ,  -- 

into tb. M i . r i  Uv.rr 

Tho p i t  i o  d q  into tho ourficL.1 till at  

extend bel- the ramewhat i I P p t r V f O U 8  Ourface hyerr,  8nd i n  oomo of 

there p i t  ercavationr 1en-r or depo8itr of pura oand 8nd gravel -re 

encountered. 

with a layer of  clay but there i o  no a r ~ ~ r a n c .  that the 8 ~ 1  l a  r t i l l  

completely coatinuour and water tight.  

show evidence of considerable 'rlipplng' or 'opalling' and i t  l a  l ikely  

that aopss of the clay liner on the ridevalla bas been destroyed. 

thio La tbe car., pronounced aeopage may OCCUT vhon tho #tar 1-01 i n  

thr p i t  tire0 a h e  there 'rlip'  ~ o a e a . ~ ~  

The bottom and side8 of them p i t o  wero sealed initfal ly  

rtrS inride walls of P i t  #3 

If 

J l o r w r l y ,  .bout 1.3 tqgd of varte effluout rrnt into the p i t  and 

thoace uar pumped t o  the Mimi River. 

goily into tho pit ,  which i r  kept aearly b r h h r l l .  

gallons arm Currently i n  r tonge  in the p i t ,  which compriaoo an area 

Prerantly, about 0.8 q d  are 

About 50 million 

of about 74 acrer. Although the flow into and Out o f  the p i t  i r  known 

with roam accuracy, i t  i r  probable t h t  r e v e n l  tono of thouourado of 

8alloru per day of affluent could eeep from the p i t  w i t h o u t  being 

detected . 

14 1 9  



2, a d  4, f i r r t  rhoumd contamimtioa h t o  in 1960. To &to th. plantor ~ 

mpply -110 rhor no rign of coatadartion. 

Of r0ver.l potoatfa1 wnmmiruota, of priociprl concorn aro 

u r ~ i ~  a d  thorim cmpoundr, C h h r i d O O ,  nitt . tOr 8nd fluorider. 

(1961, p. 5) It8teit "Of the@., t& ChlOlrideO, nitnt.0, m d  fluoride8 

are the mort l ikely contamimntr. 

i n  tho vlrrter i n  high coacentrationr ( i n  the 1,000'0 of parto per 

mil l ion by weight). 

and the fluoridor relatively roluble. 

.lightly roluble and 81 such are prob8bly of recondary 6 i g a i f i u n c e  i n  

8 conrideration o f  ground water pollution i n  the area." 

Chloridar and nitrater are prerent 

the chlorider 8nd nitrater are extrendy roluble 

The uranium prcxluctr are only 

Lirted 81 fotlaur are nitrate and chloride concentrationr i n  

uater urnplea collocted from the te8t v.111 8nd p h n t  rupply ~ 8 1 1 8  

011 3, 1962: 
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-11 

Do- 2 

Do- 3 

0 0 

350 150 

Do-- 4 11 18 

Do-0 5 300 100 

Huirarra permitted by U . 8 .  
Public Realth Serulco 
for drinkin$ vater 45 250 

nor. camplet. a ~ l y r e r  of water w p l e r  from tort wall 1, plant 

rupply well 1 and disposal pit 3, laad. by the Lktlonal W d  Co. of 

Ohio, at. llrted a8 follow: 

16 
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0 

0 

Iluorfdeo, a0 fluoride - - - - - - - - - - - - - - 1*12 

.os 
7.22 

3 100 

22 

17 
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3.0 

426 

7 .23  

03 

.01 

23 
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m eoamatrrtioar o f  tlrr fn a tut allr fluecut. 

-4 oa th rrbtin t.- 88 rdrm tb mlla am ki- m. 
Im t b  fall of 1960 tmat -11 1 y t o l d d  aa l u h  aa 3,OOO (prrta p u  

d f 1 i O a )  c1 kf0- Prp- 8t cb S 8 t O  Of 220 h n d  

thoro coocontratiow to 1y.r t b i r  pmront k o l r .  

Oa tho k r i r  of pmooatly available information it  10 aot parriblo 

to  dotemino oithor h# far contamilutioa bar rprwd beyond tho pita or 

vhcther tho cantu~inanto krvo l.rM through t b  clay layor into tbo 

lower aquifer, Several additional t o r t  wllo located botwm tho pito 

urd tbo production are8 .ad upping both aquiferr would be required to 

pravido thir information. 

(figure 3) the p i t  area i r  oituated mot of the major ~roulbd-wator divide, 

and the contaminated water, once i t  lmveo the iamedioto v i c i n i t y  of the 

pita, will move tow8rd the H i u a i  River between Ienwld and New IkItimore. 

It would thur appear that thero i o  no danger of contamirmtiag the South- 

weoteru Ohio Water Co. wpply. 

Ita pooition im courtantly ohifti- i n  nopotue to c b q o r  i n  wing and 

. 

On the b r i o  of tho pietaawtrlc contauro 

But tho ground-water divide ir not rtatic .  

I rechargo. 

Southuertern Ohio Water Co. we11 f i d d  doer not 8-r l ikely  it annot  

bo ~ 1 . d  out. 

there uuuld bo no potential m o r  of coataminatfag the propossd Cincfnnati  

well f iold near Pairfield. 

altitude of about 550 feet, nearly 30 feet higher than i t a  altitude at  the 

Pernald plant.  The porrfbility t b t  pumping a t  the propo8ed Ciocfnaati 

iartallation uould spread 8 cone of depreorion downatream far 8n-h to 

intercept ground-water runoff from the l e n v l d  plant i s  indeed remote. 

Althou(lh wwenont of ground-wtor from t b  p i t  are8 to tbr 

It can be o u t e d  with reamnablo certainty, hawever, t b t  

Tho Yater table In t h i o  v i c i n i t y  otandr a t  an 

25 
20 



382 

th of -oiom a d  th. plant rrrpply wllr .Id, a f t o r  

Loa- bararrd th-h tho clay h p r ,  rill oator t h o  urllr. Tho 

&MU1 ptrp.WtiW O f  th. Cw bOd k O f  8-t W Z u w O ,  

tharafot., r i t h  rupoct to potontL.1 coatadnmtion, 80 in parol* 

thxoqb t h i o  bod coacentrationo of a- o f  tho mom brmful toartitu- 

ratr m y  k nduced. 

cont8miuation of th8 aquifer, the eontamiluntr already i n  tho aquifer 

probably would oventually be rufficiently d i l u t e d  to  render t h a n  

hnmlerr. 

cannot be too highly rtrearcd. 

If tho pitr  could bo realed to  prevent f u r t h r  

Tho mad for realias the pit, to prevent further coatupination 

Of major concern i o  the porribility that 8 crt88trophic break might 

occur i n  the l l n l q  of the dirpoml p i t r ,  allowing the quick releiwe 

of a l l  the contaminant to the underlying aquifer. Thir vould result 

initi811y in 8 ground-vlrter a d  being forawd beneath the pitr,  thus 

r t e e p e n i ~  tho hydr8ulic gr8dicnt loccrlly, axtd uuring -tar to move 

outtmrd rapidly fraP, tho pitr,  porribly at 8 r8ts a8 high 81 20 or 25 

feet per day. 

though there wellr were being pumped to their prerent mrximum capacity, 

and eventually would arrive in the area of influence o f  the p l a n t  rupply 

wellr. The rate of movement of the contunimnted w e e r  would decraare 

progressively w i t h  i t r  distance from the pitr ,  a0 the hydraulic gradient 

became lesr steep. 

l b m t  of thir uater uould b y p r r  the test n l l r ,  mea 
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< 
T b  mroru pkrt 0s a h  m t m  laa8t.a .o hQb t m m ,  eapaod 

of poorly poau)k a l u l a 1  till abut  50 foat thiek, ovozviq tb 

blah17 poiwrb10 ud 8 d  8-1 . g r i fo t  rrhtch f i l l r  tha .acoatnl  

uhmi Uvmr valhy. In tho r l a i a i t y  o f  tba plant tho u n d  .Oa anvo l  

d i v i d d  iOt0 tr0 8 ~ ~ f o ~ @ r ,  U c h  about 75 fOOt thickr, b7 8 h y O f  O f  

clay about 10 to 20 foot thick. 

i r  cap.bLe of tnwmlttiq La-0 quaotitiar of  uater from one aquifer 

t o  tho other vharo a h u d  differonce between there aquifer8 exirtr.  The 

regional hydraulic gr8diont of the 88ad and gravel aquifer i r  .bout 7.5 

feet per mile toward the 8outheast. 

CoverarPeat Rerarvetfon i o  a 8rcuad-water divide, mot of which water 

movei eartward tmrd the Saatbeotern Ohio Water Co. collectoro. 

Zbo c h y  *orr, Poorly p . r m a b h ,  

#ear the u o t  bordor of the 

C o n k h a t e d  water from the waote dispose1 pita northwest of the 

production area bar 81ready entered revaral teat wllr curroundlag the 

pftr.  Haw f8r b o y 4  tho p i t  are4 cootadrution extend8 ir 48 yet 

unkaovn, but it  fa . a d  tht con&&aimted mtcr h r  wved b q d  

the teat v e l h  i n  rerpoare to the ragiop.1 hydr8ulic gradtent. Ovirrg 

to the slaw wvramt of ground -tor i n  the are8, it vi11 t.k. fran 2 

to  5 year. for contaminated uater to reach tho plant eupply vellr uld 

frena 25 to 30 parr  for i t  to r u c h  tho M i a m i  River. 

28 
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m k1lal.l o?ul f i .  -thM a m  m& ktb to &8Umta# 

of eootritmtio, a d  eo d8lmtmm mi. )nrinQ tb ..at a d  

‘LIUMI. of gmaurr aart.dortioa i. tb kaucrt 

(1) Appnalmato&y 18 mot val& oboald be drilled u indiatd 

f w  4. mc# Of  -0 8-U p r # t n t O  tb wiw b d  

i n t o  tho 10- aquifer, rhilo  th. r-1- to rdeuto  b t b  

upper .@for a t  dopth of 7 0  to 100 feet.  Tho obllar toot mll8 \ 

rhould be drilled t o  tho top of tho 8ami-confining clay byor .  ACctrmte 

logs ohould be kept of all wellr. 

changer i n  the water level a8 the well8 are deepened should bo carefully 

noted. Ila experisnced geologiat rhould obsertro and mupewire a l l  

drilling. 

SMplee should be collact8d, a d  

(2) Wonthly sarcplcs should be taken from all test wellr, both 

existing and ptopored, t o  determine the extent of contamination. A 

portable eubceroibla pump would be fiultable for such aampliag. 

(3) Periodic measurements of the static (ma--pi%) wter lmel 

should be =de in all veils to determine any shifting of groud-wter 

divldes  caused by c b n g d  p8tt.m of puspi-. 

p 0 1 d  wfch # h i l a r  aeasurmentr dr@ady beiag d e  by the Sarthuertern 

Ohio -tar Co. 

Zhem &ta rhould bo 
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Figure 4 .  Mop  showing opproximote location o f  existing and recommended 
addition01 wells a t  U. S. Government Reservotion. 
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