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Conditions governing the cccurrence of gre
water in the Fernald arpa, Chio, with referw.cs
to the possibilities o? contamination by

-—- - --— disposal of chemical wastas. — — -

by George D. Dovs and Stanley E. Norris

' - Introduction

This report describss ground-water conditions in the vif.:’.nitv of
Fernald in southwest Chio in Hamilten County. It was prepared'at tha
request of the Atcmic Energy Commission to aid in the design of wasts
disposal and water supply facilities fer a uranium—pfocessing plant
now being constructed by the Atomic Energy Comﬁssion in the Fermald "
area. A knowledge of ground-mater conditions istmsded for design of
these facilities because the .reﬁning ocess will reqﬁire disposal
in some manner of wastes which would be injurious to public health
if allowed to contaminate ground-water suppliecs. The danger e:dsts
that ths plant's water supply, if developed locally, might be rendersd
unfit for use and that other water supplies in the area might be
damaged if the wastes are not handled carefully,

The field work on wiich this raport is based was dons in Iza}",
fugust, and September 1951 by Georges D. Dove and Stanley E. Norris,
geologists, of the Columbus offics of the Ground Tater Bramch, U. S.
Geological Survey, working umder ths direction of E. J. Schaefer,
D:Lsu'ic't Engineer, | rl.iost of the interpretations of ths basic da?;a givan
in th.is rapors were made by kr. Dove who is the principal author. The
local geology was stué.ied, well drillers and weil owmars were interviemed,
and a sur7ey was made of most of the. water wells in the araa.- Tater-
level measursments wers made in wells whersver possible and the elevaiisns
of ths watar level wers estimztad from the U. S. Geological Survey
‘opographic map for the area, with ths excsptions of the water levels for

wells L1 and L8 which w&e detarmined by instrumental leveling. The
0G0203
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; . .
water=level alevations given for many wells in table 1 ars based on

— reported dayths..to“naﬁer_ because the water level could ot be measured ===
at the time of ‘the investigation. Scma of these re.ported depths ars
somevhat discordant among ﬁhemselves and can be regarded, therefore, as
being only very approximate. o ' | ‘
V;ater samples were colloected from many of the wells sn.ﬁ-veyed. These
samples ars being retainsd by the Atomic Erergy Commission for comparisen,
if deemed desirable, with sasples to be collectad after the new plant is
put into operation. | - |
The Fernald area is'lecawd near the Harrdlton-Sutler County line , about
gix miles southwest of Namilton and tan miles nortimest of Cinecinnati. As
shown by the map, plate 1, threve small villages in the area, located with
reference to Fernald, ars New jaltimore, two milss scutheast, Venice (Ross
post office), six miles northezst, and Shandon, about eight milss nortimest.
‘These are =mall communitises, each having a population of less than 200, and
- none have public water supplies. All are in the }.b.am. River valley west
of the rifer. ' | '
There ars no J.a.r-e ground-mater supplies being pumped fsar t.he’ Fernald
area at this tims. A Ra:mey water collector is at present being buili
ths ..outhms‘ Chic Tater Company appro:d.matew one rdle east of the sit é of
the Atomic Dmergy Commission plant on the opposite side of the Miami River,
-The location of the collector is shown on plate 1. Then completed 4% is .
anticipated that the collector will ﬁm in excess of 15 mllion gallans ’
4 dgy. Ths water will bs piped to izidnstz‘ies in the Mill Creek Valley

impecistely north of Cincinnatd, -
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o o ; Geology and Ground=iater Conditions

The Miami valley is more- than tmo miles wide in the Fernald area. This
broad lovland was not eroded by the Miami River, but represents the farmer
wse of a much larger strean n.hich, pz'io:r to gladdation, had cut its c.ﬁaxmal
into the consolidated rocks to a level nﬁrs than 2C0 feet balow that of the
;u.-ésent stream. Glacial peltwaters filled the valley %o its resent level
chiefly with layers of sand and gravel, called valley tzain deposits, inio
which the Miami River has cut its present course. There :s a well-defined
terrace, vhich is prominently develo;:ed along the eastern elge of the
Froposed plant site, shown on Plate 1, that marks the boundary between
the floodplain of the present stream and the original level of the valley

train deposits

\ Flate 2. TView of the plant site showing very flat -
_ topography. Photograph was taken frem T
Routs 126 at N.E. cormer of plant site. 060205
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In some places the §auey tra.in deposits are interstratified by
generally thin and irregular layers of clay-like till. The permeability of
the till is 13: and in some areas produ;ces artesian conditions by confining
water celow it under hydrostatic pressure. lhers this occurs there are
generally two recognizaile aquifers, that found in the shillcwer depositas
where the ground-water level reprssents the true water table, and that fourd
at depth \md'er artesian conditions. In vwells drilled to the artesian
_aquifer the vater level rises above ths top of the aquifer after the
confiring layer has bteen penetrated. | In. the area of this investigation

.the ‘artesian level was generally lower than the water table.

The upper 10 to 25 feet of ﬁe valley train deposits c;onsist of river |
alluvium apd soil, developed during several thousand years since glacial
times., In the flood plain of the-present ldami River the soil and alluvium
are generally less than 10 feet in thicimess as seen‘ in e::posureﬁ along the
river. The scil of the lowland areas is very fertile and it supports some |
of the richest farms in Chio. m is m'sharp contrast to conditions in
the bordering upland a.reas whera soi.ls az-e thin and xmch less fertile, and the

. <~ n. B
consolidated rocks are eralLv covared 'by only a: few i‘eet of glacial c.i.f
R ‘!.-A-u-l. T b - :4:,‘ okt
The wnsolidated roc.ks, vhich are exposed in numerous plac-s on the

- -”_y -—m.\

uplands, censist o.f.‘ shales and interbedded limstonas of Ordcvi ian ags.
These strata are almost everywhere Qpémabla and are a negligible sourcs
of ground water, Upla.xxi farms depend for their mater supplies mainly on
cig wells in the glacial drift, spr'.ngs, and cistems. In prolonged dry
periods farmers often haul water from lowland farms or fram the river.

Cround water of good qualiiy is generally available in the Miami River
valley lowlands. Along the Jia.mi River most farmers simply drive a perforsted

Pipe 20 or 25 feet into the ground, atiach a pitcher pump, and a well is
: 060206
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complete. Because of the comparativé;y low cost of such wells mos‘r; fama

bave ssveral, located at convenient places. rarms located beyond the present

floodplain, at’the higher levels of the‘valley train deposits, gen_eral],y have
ghallow dug \ml_ls which rangs in depth from 20 to 30 feet on the average.
A fom famsv in these areas have drilled vells, generally L inches in diapeter
and.ﬁ'om 30 to 60 feet desp.

As shov;m by the data presented in table i, the avérage depth of the
drilled wells in Venice is approximately L2 feet; most of the driver wells ther

averags 23 feet in depth. The largest single water user in Venice ir the

! 'ueadowbrook swimming pool which has a capacity of 500,000 gallons, ani is

drainsd and refilled sach week in the summer tims,
Most ‘of the residents of New S2ltimore obtain water from cisteras, which

suggests thnat the alluvial and glacial deposits in that area are not as

permeanle in their upper part as they are at Venice.®
As shown on plate 1 the sits of the proposed reﬁ.xﬁ.ng plant inclucdes an

area of apcroximately 1.75 square m.les, c-ntermg about one mile wes:t of the
Miami River at the mean elevation of 580 feet. 'rhe records of test holss,

T et - ..-.-—-.-

.tablez d.illedbytha U. S.AnvCorps o Ensi.neers,andthe Layne-Chio

.--1-1--—*-1 R v.._'.-.

Company;, show that t.he t}uckness of the glacia.l deposits underlying .ths
plant s:Lte is ali,_,hﬂy mbre‘ th.n 200£e;t: Tﬁa upper 20uor 30 feet of thess
deposits consist chiefly of alluvial sand and silt, containing suf ficient
clay o make the whols of relatively low permsability. Some water is obtained
from these derosits frem dug wells but the best supplies in the pl;u;t sl te
irea are obtained from drilled wells tapping the more permeable gravel
deposits found at greater deptim. |

The measurements of water levels (table 1) made in the shallow wells in

06G0207 .
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tha ared sm'vey'ed show that the slope of the r:atar table wr-esponds closely to

the ,urface topograplw. Thers is, therefore, a ground-water divide which
czrTesponds rou',uy to the topographic divids marked approximatsly by the
600-~foot contour at the eastzrn _iide oi‘ the new plant .gite. Test of the

f divide the shallow ground water flows to Paddy's Run (plate 3) and east of

the divide it flows to the Uiami River. East of the diﬁda lmtcr levels in
shallow wells 2s measured or reported seem to correspond with those in deep
wells, leading to t.hg conclusion that the shallow and deep deposits form a

| =ingls aquifef. Test of the divide there are pronounced differances betseen
water lavels measured ar reported in the deep wells as compared to water levals

#§ in the shallow wells, the water levels in the shallow wells being higher

than in nearby deep wells.

Plate 3, View of Paddy's Run about 3,000 feet north .
of proposed plant site :
0CGL08 -

000008 A




6075

.?—

Sl Possitlities of Growd Water Contamtnation

. Although the upper 20 or 30 feet of_tmwmals_
mderly:.m, the p_rppcsed.plagt site ars of lew pswt that dug
mderyits 2o
wells are developed in these materials ind:.ca.cs that v:astsa diecharged cn tha

ground would very nrobably infiltrats o the wesex tahla, TCepending upcn
3 relationﬂ_'dip to the ground-vaier divide, the contaminant either would flow

westward to Paddy's Run, eastmard to the Miami River, ar it might percelzta
through ﬁhg upper and lesss permeacle material to thes mors permeable sands and
éravels of the lower acuifer. In the latter case it would also mve » in
-"i'esponse to the kydraulic gradient of the ares, to the Uiami .River because the
shallaw ard deep gravels as previousl_r s*ated apoarent..y become a single

' . aqu:Lfer east of the plant sits. Becauss wells rormally int erc-pt 2 portica

/
“of the grmmd-wate:/ﬁow in an area, local contamimation of the ground-water

aquifers rould al/most c.rth.ly result in the eventual contamination of
nearby watar szpnl:.es. : , : ' -
Peddy's Run, which is skowm on pl.ste 3, is prooab],; a sowrce of water for
. steck. Ary foxdic n::terials ‘discharged into the strea.m either by si>facse
dr-inage or by grounu.-wate flow, cou...d cause hzo to animals v-ateﬂ.ns thare,
~ Flew of contamirated ground water :..n‘.;a ths Mami R:.ver would alszo be undesiratzl:
unless the amount of di...ut:.cn offered by the relatively high Zlow of the river
is sufficient in'dry periods to cit the concerniratien of dangerous wastss
to amounts not considared harmiul -
In view of the potential hazards it is rot considered advisabdle to allcr
harmfl wastes to enter the sariacs c:'a:.r.age cr to b= c:’:scha:ge:: onto the

greund where it may infiltrate to wator-besring :;:arels and eventually rzach

Zacs streams hy undsrground flow,
0GGL0oYy
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- pvailable Ground Tater 'Supp;x- ~

T’i.t.hout eonmcwla detailed. pxmping tasts of the gravel deposita that

] 1ie the prc:posed plant site it is not posaible to pake a close quantitative

| {. of the amount of water that can be pumped or what effect such
' j_ng mu.ld. have on g-rctmd-wate. 1evels in the area. However, the poss:.b,.l...:.es
1” ;-ouuay judgcd on the basis of the inowledge of geologic conditioms -
,gd.ned. during the umstiga‘qlon, and on detailed investiga;ions made in areas

_ o '13_3 largest ground-water supplies in Chio are obtained frem highly

. i)é:;;ablc. deposits of sand and gravel, similar to those vrm.ch underlis the

_ 'mmi V&llw at Ferpald. There wells ars located so as %o canse the |
3 ..mﬁltratim of strean {low into the ground-water aquifers, large yields ars
,: i-.‘ ta.ned. 7t i3 this method of inducing strean recharge that is expected %0
. nnka possihle the withdrawal of appz'odmately 15 million gallcas of vater a
dzy “grom the collector being built for the Scuthwest Ghio Vater Company. This
_- T17’327 large yield is not expected w0 causs ground-water levels, except in the
o ,v pra:d-nﬁ-ty of the collector along the east side o“ ‘ths rive:, to be lowmersd

e 131'(.’3 a.mtmt. Thig is becsuse o.f the very high usnimn flow of the ¥iami

.-.q ‘__....

;River (lonest cn record 100 cubic feat pa.' second) r:hich should noovids

abundant redurga at the pro‘posed sate of wi‘chdraml into tbe highly pemzaal-
slacial deposits underlying the izl River. The largest water supplies,
t-‘lmfor!, in tae general arsa of the proposed Atemic m::‘g Commtssion plant
can probably te obtained frcm wells located on the flood plain of the Miacl
River, close encugh to the river to induce streax now into the aquifex.
Tells cengtucted farther froz the Miamt River, in the m:ed.a‘a plant

,_d-te area, would not encounter conditions as favorable as tho-e which prevail

j R . 0cu01u
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| near t.he rivu dtieﬂy béause recharge corﬂitions would not be as good.
Wm in: pumpi.n, Tells would be greater becausa a much more extensive
% cone of depression would result for any particular rate of pumping oe:!.'ore

; coudit:wn of steady flow is attained. In spite of these handicaps it is
believed. that two or three million gallons of water a day cam be obtained
in t.he area without e.:trem lowering of ground-water lgvels. If larger

B amounts of water are desirsd, ccantrolled pumping tests should be conducted
,‘ to provide a means for estimating tho effects of pump:.ng oa ratzr levels in
the surrounding area.
e Gualidy of the G ;.';romd Tater

mly one chemical analysis of rourd water from the proposed plant area

i .18 avﬁlable. It was a bailer sanmle talsn by a rcpresentativa of the Atomic
ol Energf Cormmission during the drilling of a deep well (No. 69), located nezr

; . ths center of the site. This sample was analyzed by the Quality of_?.’auer
Branc.h, U. Se. Geological Survey, Columbus, Chic. The analysis is presented

as follows:
| Parts per million
Silica (S102) 10 , carbonata (C03)
"Iron (Fe) See below Bicarbonate (HCO3) 37L
Glciwm (ca) 88 Sulfata (So) 8.4
4 Nagneaium (Mg) 27 Chloride (Cl)-~-:T= T8
; _ Sodiwm (n2) - 37 Fluoride (F) .0
§ - - -Potasglum (K)—— - - Te7 —— - - -— Nitrate (NO3) - —— . -~ 2.
langaness (i) .CO _
Dissolved solids LA H valne 7.6
Total hardness as ‘ : Oxygen consumed:
- Cac03 334 unfiltered
Suscended matter . £ tered -
Colex < Specific conductancs
: at 250 C (zcrozhos) 795
2 ' o
In solution when analyzsd 01
In sediment and solution 2.3 a3/
a/ Sample turikid with some . ... 060011

Sediment when collected

100001 |
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'mo gmund vat:r, as Sxom by t.h.is ana]ysis, is bard (331; P-p.m. a3 CaCO3)
hxt not much harder than most other g'amd. waters in Ohio. Un.t‘ortunately the

water sample was collected by bailer before the test well vas fully developed.

“‘As a result the sample Was turbid and the accuracy of the analysis of the

iron ccntent of the sample is therefore in doubt. This is explained by

. I;- Lamar, District Chemist, as follows: ;'It should be noted that this

sample was not clear when cocllacted. |'e are, therefors, unable to determina

the amcurt of iron in solutiocn at the time of collection. In order to

: "cieterni.ae the amount of iron in solution at the time of callection the sample
»_ ah;m’.d have ﬁem clear or filtered clear when collected. Since a clear
iaéixple was not collected it is difficult to evaluate the significance of the .
.u'on analysis. The iron in sclutiocn at the tims of analysis was 0.0l pep.3;e
but,vhen that contained in the sediment was added, the total amounted to 2.3

- p p.m. The latter is high and would make the water unsu.itable for scms

7 ¥ purposes unless some method of treatment is provied to remove the iron.

10890812
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Ti-l»ble 1 (mnto) -

Record of wells ihvestigated in the fici‘nity of Fernald, Oh:l.o.

8075

R B ~ Elev. of
: . Static level water level .
Tell Depth of (rt. belew (Ft. above Date data
No. Cner Tyse mell ¥well (Ft.) land surface) sea level) collected
L2 Game Prot'n Asan.  Drilled 125% L3.5 650 7/12/51
L3 Geo. Gisler éo 1CCs# - - do
Ll ™d Kinger do L= 30% 582 do
Ls* R. Cormican do 122# 50.1 560 do
u6 Vandies P'oyn Ch.. do IBES 23.5% S3k do
u7 John O'Erisn ¢o L1# 2 526 7/1/51
L3 Y. Williamson ca L 28.8 g26 7/12/°1
L H. T. HEilton. do . 35 204 531 7/11/5%
50. A. Hardert ) de €0® - - do
S1 - Formerly H.T. Hilton " ' ‘ - :
ncw A.E. Bayses éo L2 2% 537 da
52 Yerrit UcKee do LL.6# 5% S co
23 . L.C. Huddlesten do Low 25 520 do
Sk lotert %ada Drivea 36n 5% 522 7/30/51
&S Chas. Cisle Drilled Ll» Al 536 7/11/51
3 °  Mrs. 0. Ratterfield . de- L2 Aty 526 do
Evg Phillip Toffer do Lilps 30w 526 do-
S Naricn Reller do 1o 29+ 529 do
= Leor Jonnason do - L= 3C 528 co
2Q° Edwin Brater do So» 30n - 528 do
&L Formorly Stan Schuitz
now- Torksan - do 85+ - - do
& A. R. Robinson do - Tlw 224 583 do
63 Zrown Sisters do © 50w 3% S5 do
&l Formerly Dubtter- _ ,
$ield now Elliott: do Lz 23# .+ 522 do
és: U.S. Engr. Test 4
Hole #L do- 80 - - 5/10/51
U.S. Zagr. Test ’
Eole #17 do S0% - - do
U.S. Govtt Test ) :
vell #2 do Falily (Y4l 528
Rctert Busch Iives © 35% 28 SL8 7/30/51
U.S. Govit Tast
Tell # Drillsd 3% S5 519 8/21/51
U.3. Cortt Test S - o o -
Tell #1 do 138» Elyw 51 do
{ = Uoso E:-g.o Test ’
Zole #22 do 215+ - - 5/10/5
72 Scuthwest Chio Vater -
watar Co. csllector 137+ 0% 520 9/25/52
73 Frocter and ~31ls - .
Gazbie Co. tast well = 151 - - $/28/51
100001 W -"! “! ~



A 8075

Table 2
. ' Tell Logs |
' ' Depth in Pest
,,,,,, - - — — e - . Fram - To —
Tell llo. €5, Tast:hole U, drilled by U.S. Ky,
Corps of Engineers
Cray~brown clay . 0 6
Gray-trown sandy clay 6 37.5
Gray silty sanmd 37.5 LS
grey stliy-gravelly sand L5 53
Gray silty sand 55 €0
Cray glty-sardy gravel éo 65
Grgy silty-gravelily sand 65 70
BErown sard " 70 75
Cray silty=-gravelly sand 75 8o
wall No. 66. Tost hole #17, dridled by U.S. ATy,
Corps ol Engincers ' :
Brevm eley 0 5
Gray-trovn clay 5 b
Browm silty sand 10 12
Eremm clay 12 15
Gray clsy . 35 1
Gray sandy clay. ’ 15 .6
Brom silt ’ 22.8 22.6
Broom 8iliy sand (cemented) 23.6 31
Erevn silty sard i ! : 35
Erem silty sand (camented) 35 Lo
Bromn silty~-sandy gravel Lo - L3
Brown siliy sand . i L3 L5
Brema silty-sandy gravel LS - 50
Tell No. 67. Test fiell /2, drilled by Layne-Qaio Ccmpary
Seil - , _ o 3
Yellow sandy clay . - - . : 3 Lo
dard disty yellow clay Lo €o
Brom sard - bo 85
Coarse gravel a g5 S0
Coarss brown sard 0 h{e'e)
Sromn sa=d and graval - 1CC - 120
&Yy gevel 220 130
= Coarss grazel R 10 - -
Gray clzy "’ Lo 150
Sand a=d water i50 155
nddy gravel 155 163
Sand and gzraval 145 170
Coarse brown sand : - 170 180
2rcwa sand and grs"al 130 200
2>cmm sand 2C0 205
Bremwn sand and gravel . s 25
Brown sand : as a8
Grxy shals pat:l '

1000015 - ot |



Wﬁn No. 690

%all Ho. T1.

Tiell No. 73.

1000010

Table 2 (Comt.)
Tiell logs

6075

'rcs* well #2 d:':.l.ed by Layne-ohio Gompazv

Test hole /21, drilled by U. S. Army,
Corps of Exgs

Soil

Yellow clay’
Lirty sand
Dirty gravel
Cray claoy

Fine trowm sand
Sand and graval

Brom sand and gravel -

Coarse gray saad
Grey sand ard gravel
Eown sarnd and gravel
Gray sand and gravel
Cray fine sand _
Sand and gravel

Elue clay A
Gzy sand and clay
Fine browm sand

Gray sand and g:.-a.vel
Bromxn sand o
Coarse sand

Sand and gravel
Eroma sand :

Sand and gravel
Brovn sand and gravel
Cray clsy

neers
Top =0il
Cray-orom clay

Brema clay
Gray sandy-clay

Gray silty sand (cemented)
Gray siliy-sandy gravel
Gray silty-gravelly sacd
Grzy silty-sa2ndy gravel

D>ovn sand

Cray siliy-candy gravel

Cray soit shzle

Soil

- Sand and ;:v:l

Blue clsy .
Sand and gravel
Shale

Test 7ell drilled by lLayne=Chio Co. for Procter and Garbla Co.

Depth in Feet
Prcm To
0 3
3 18
18 ryj
27 29
29 L3
L3 Lé
Lé g0
50 €0
é0 65
&5 70
70 75
75 100
100 125
125 127
127 132
132 140
40 RHLS
us - 160
160 . 175
175 185
185 - 155 -
195 200
200 208
205 21
rabl 23
. /
-0 5
10 15
15 2L
i} 75
] 125
125 150
150 _ 178
178 202
202 204
0L 25
0 L
L 25
25 28
28 151
151
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