RAS 1452Y

Army Eaby Exh. # 4-B

[Originally Attached As EXHIBIT TDE #3 to Witness
Eaby’s pre-filed testimony]

U.S. NUCLEAR REGULATORY COMMISSION _
it Matirot S ARMY_(TE Frerse Brouie SRaund)
Dockst No. 40.-£83 §-ML Aorficial Exnibit No. ARMY EXH. #¢-B
OFFERED wz@ intervenor

NRC Staff - Other
IDENTIFIED on Witness/Panel
ActionTaken: ADMITTED REJECTED WITHDRAWN
ReportenClerk__

~

Greeman, T.K. 1981. Lineaments and

Fracture Traces, Jennings County and

| Jefferson Proving Ground, Indiana: U.S.

Geological Survey Open-FiIe Report 81-

1120.

DOCKETED
USNRC

October 25, 2007 (2:00pm)
OFFICE OF SECRETARY
RULEMAKINGS AND
ADJUDICATIONS STAFF

Docket No. 40-8838-ML

Sécyvd)



08/02/2007 12:08 FAX 7178018101 SAIC HARRISBURG

UNITED STATES
DEPARTMENT OF THE® INTERIOR
GEOLOGICAL SURVEY

LINEAMENTS AND FRACTURE TRACES, JENWINGS COUNTY
AND JEFPERSON PROVING GROUND, INDIANA

41005

i I Indianapolis, Ipdsans -
. : o - December 1981 . _

1 By Theocdore K. Greemen
‘ "g Open-Pile Report B1-1120
L
|
-
Prepared in cooperation with the - -
Indiana Department of Natural Resources
and the U.S. Army, Jeffersco Proving Ground



08/02/2007 12:07 FAX 7178018101

+
.

CONTERTS

Abltr‘ct.....-.o.---o.--.cooco--o-.--o-..--o--o--c.-...co-u-uacc.-.--.o.. 1
InmduCﬁonuon-con--oooo--.ooon--o---oco--ooo.oc-.onc-o.oo-uooao-.-oo--- 2
Mckgrmﬂ-....-..---....--....--...--.-.--“-.o..-...-..-....--a-..-.o.. 3
GQOlogi.c settmn.--oo-..;o..-...‘.-.....--ggo;--...---..oo..ooo--o-..... 5
Interpretation of lineaments and fracture €receB.....ccvccevecrsconsecees B8
Sources of water to Dedrotk WellB...ccesveonsessscenvossncvsacsvrscnnosss 12
Drilling wells on lineaments and fracture traces......cicecvieesciessasee 13
Sumery apd conclnaionn.u..............---u............................‘- 15

!‘:.gure 1.

Referen@“-.o-.....o--o..-...;....o..-....-...o.c.--..aac--.--.--..--ooo. ,6

ILI:USTBATIONS

Hap Bho'iu locatim Of B‘t\l(w am--....--.-.-.--...........- 4

. 2"

3. .

hﬁemon Pmﬁn‘ Gmd I‘d-"OOno--oonuovu.00--.-00;s'(fﬂlder)

nap showing Yedrock geoclogy of Jennings County and _
Jeffemm Prom Gmd. Inatoo-oa;o-o--co!ucu--noo-.-u-l' . .1
‘Gemeralised geologic columm for Jemnings and parts of = .
.‘Feffernon end ’Rxpley Counhes, Ind........................ 10

- i s —.~~.- e »w —-u-. -«_.At._..-- SR
e . -

I.inemnt ‘and’ fracture-tre.ce np of Jenninga me 20t




t

08/02/2007 12:07 FAX 717901810£

SAIC HARRISBURG

141007

FACTORS FOR CONVERTTSG INCH-POUND UKITS 70 THE INTERNATIONAL
T . gesred OF USITS (SI)

Multiply inch-pound unit

. foot (ft)

mile (mi)

gallon per mimate (gal/min) -

million gallons per day
{¥gal/day) '

cubic_foot per second
(££3/8)

¥

To obtain SI (metric) unmit

centimeter (cm)

. meter (o)

“kilometer {¥u)

‘1iter per minute (L/min) =
‘eubic meter per dey '
(p3/day)

“-cubig wmeter per second

_‘ E(uslé)

nectare (hs). .7

B R X 1
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! LI!TEA!(ENTS AND ?RACTURE TRACES, JENNINGS COUNTY AND JE?‘RERSON
' PROVING GROUND, INDIANA
By Theodore K. Greem'an:
ABSTRACT
adequate water supplies. . The North Vermon Vater Utility, supplying more than

25 percent of Jennizngs County's population,’ ‘obtains its water from the Vernon
TFork Muscatatuck River, -although streamflqw is lesms 4han . the average daily
'vithdmal 69 days of the year. The U.S. Army, Jefterson Proving Ground, pipés
water more than 5 miles and 1ifee it 375 feet -for .fire protection.. . “Another’
Jenninss ‘County utility pu.pes ‘wayer more than 15.miles to rurel dmstic ‘eon~.
sumers una‘ble to loca:te sufﬁcient grou:\d-water anppl:l.es...

| ' '

g \ Jennings and aeveral nﬂaaoent ccuntzes are eeonom.cauy roatricted hy ine
i
|

i pri:nci'pa.l aquifa ‘.-";- ' ' .

- irgle=dwelling: aseds,; -whsreas’ «uthau suppiy'

! the ‘wells tapping ‘the ‘aquifer :have - Joca For 5 1
l A are random 1o¢:ated in relatian to 1ineamts anﬂ fractun traces.

‘ Lineaments and fncture traees nro ohserved §
those most eanly !.nterpneted are shm on - a zap. |

Ple:.stocene dr.lft, ‘BVeTAGLAR | 25—30 200t thick, -covars poat of 'I:h b
.p..,-.., :. - mr—mwwﬂ»a—" hjsvrw n—n—-. t ua

PPifig of

'_'Tfeatnm my 'y.'l.eld aﬂequi:e eupplua for dmstie uea'.‘
-available’ dq ‘several areas of eouthneat Jminga N mty' e
lel mjor _Btrem clwnnela.,.u T oo

. Vell ;:hegnent is uportant m ‘hhi.e ama, o.s fracturos m a prineipal
scurce of nter to 1elh. -Ip aress of fractured ’bedroak. the 308t produetive
“well “locations ‘are :at . ‘the mtomct:.m ‘of hto or BOTE mpped ummnts oy

‘Practure traces and ‘at’ the lowest local. altitude. Tme of the’ linomnt ‘and

/‘ ‘Practure-trace map will not. gusrantee .8 sufficent npply of gran.nd nter but ‘
o ' ~-».~,~v:.11 n:lmize the chanue of drlnmg - méeqnate vell. R
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INTRODUCTION

This veport is the result of a 2-yr_ (yesr) study by the U.S. Geological
Survey in cooperation with the Indisna Department of Natural Resources and a
0.5-yr study in cooperation with the U.S. Army Jefferson Proving Ground (here-
after referred to =s the proving ground). The purpose of these studies was to
map the locations of Ilineaments and fracture ¢races obmerved in Jenninge
County a.mi parts of Jefferson and Ripley Counties within the proving ground
(p1. 1).

'I'he gtudy area ie underlain by a pearly horizontal limesione-dolomite aqul- :
fer. ' Watar moves through the squifer along “intercomnmecting - bedrock jnxnts. .
fractures, and solution channels. Locations of miny bedrock fractures are
indicated By linesments or fracture trmces at the land surface. These features
are helpful in prospecting for ground water. The report also describes water-

supply problems, geolon, md mterpretation and utnuation of linaaunta and
fractum traces. _ S ‘ : '

Linemnts ‘and - fracture tracee are .‘u.near to eligh‘tly curvilinur mtural
features ‘consigting of topographic, ‘vegetation, 8o0il “tone,. -and -drainage aline~'
mwente wvisitls on merial photographs and: mosaics, . sceording to Lettman {(1958).

In: tedroak maa, joi.nte vuiue on urial :pho'cngmphs are .'mclnded :m':'-:‘-th:.s; S -'
The AL

4are eonposed of ihort, thaccmtimous aemnts and that 'ﬂ;e a'bi.lity o‘r the :
inte?p:eter to fnse these segnenta :.nto B Itneament de:penda on. the rasolutlon, ‘

"-not appamt alcng axv of 'I:heee napped frﬁ ,,1‘99-

nost eedmntary rocks cm‘cqm \mter nithin voids.,- ‘For ‘example,

-T..stone. dolonite, gnld ahale contain from 4 4o 30 pereent watersfilled -voj.ds. 'byv
.volume {Davis ard DeWiest, 1966, -p. 548-349)." ‘Howéver, this water is. irapped -

-and ia mblo ‘o mve qnless the wvolds are i.ntercomectoﬂ. “Nertieal - fractur-' o

,ing of the’ hedrock ;u-oducee the conduits mcesaary for ‘the ‘mowement -of .'the o

, u’ter the trnpped water bag:.ns to awa. verticai mcturea ‘ean earry sur-"”
Pace water down into the rock, Weak mcids form when carbon dioxide and ‘soln-
ble ormic eonpmmds dinolve in: vater mving thrnu_gh an. urgani.c“aoil.' ‘Time=
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dissolution of the bedrock by the scids enlarges the water-filled voids and .
circulation paths. Therefore, wapped lineaments and fracture traces are pre- -
sumed to indicate the most prominent vertical bedrock fractures in Jemnings
County and the proving ground, and water wells drilled on these mepped linea-
aonts and fracture traces ghould offer ‘che greatest likelihood of intersecting
water-filled solntion cavities. .

BACKGROUND

Jennings County, l'ith 8 population of 21 012. ig in aoutheastem Indiann
(fig. 1). TForth Vernom, with a populatien of 4,601, is centrally ocated and
the largest town in the county. The town of Vernon. which .adjoine North
Vernon, is gaograph;eany isolated bty deeply entrenched meanders of the Vemon
Pork Mcatstuck River. . Vernon, the county seat, hms a populstion of &72.

The )populationa are eatimates !or July 1 197‘? (U.s. Department of 00merce.
1979). o . . b |

‘The principal source of uter for the rural pomlatmn of Jeminga Cuunty "

.is_the limestone-dolomite ‘bedrock. : Tields Prom  this‘equifer,: avhich ynderlies

most of the ‘county at’shalYew: depth,. are’ extmely variable. : Bedrgck welis are
geaeralb 6740, {1hch) 4 diameter.and are ‘equipped with: snhmera!.ble nlsctﬁ.c»
!any _ 113 drllled .at_. mnonly selected

pmes openting in Jenninga Caant-y supply enly rural . u-eas' {and mn towns >
0f tbhe companiee, three pipe water {into .the- courty: to -supply: mtmrs, -BOmE" . ‘
more .than 15 wi fromithe source.: ‘Fhe other: eonpa.niea ohtain 'cheir ‘water from e
the !orth Vmun Yater Btih‘cy 8 intake on *hha Verwn ?ork Huscatuwck '-R:.ver. EEEEE

S Dnring»l‘ﬁa,mthe -xorth- ahmm xam,numsanxumm _mmmt J' m ]

Lor 6 ‘ “pan: than the uttlity B
daily vithdmal. : ‘I!he North Vmon 1ifa*l:er: U‘b:.li'by ‘sapplies
2,000 : cutomra, includ:.ng 3 -gther utilitzes ‘thet supply 8y

' cuattmers (Joe S:.ener, Utn;ty Supenntendent. ora‘.\. coum o7

.Surfue-water defxcxenciea ‘were aecentuated 'by helw—noml precipitnt:.onl
during 1940, 1944, and 1949. ‘AB a pesult,’ ‘Brush ‘Oreek Resem:.r, a eontrollea"
surface-water -ifipoundment, was -eongtructed in 1954. This- neewoir ‘sustaing
~ Plow in “the YVernon ‘Pork Muscatatuck River during normsl ‘lowsfiow yperiods.
. During extreme lew flow, Brush Creék Regervolr .mmy bé dramsiat. .;.'mte of 2.6 -
‘Mgal/d foy 210 aa:ya into the" Vernon Pork Muscatatuck River. approxmtely 6 - -
npa'crem fron the North Vernun Vater ‘Ut:.lity intake. e
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¥ At Vernon, Inmdiana, in 1940, thers were 31 consecutive days of gzero flow in
the Vernon Pork Mumeatatuck River, followed bty 6 days of ﬂow that averaged
0.086 ¥gal/d and snother 17 consecutive days of zero flow. " During similar
gsero-flow periods, much of the water discharged from Brush Creek Reservoir is
likely to enter the ground-water system throngh bedrock fractures in the
streambed before it can reach the North Yernon Water Utility intske.

The U.S. Ammy, -Jefferson Proving Ground is an B6.35-mil (equare mile) area
(£ig. 1) used for mmitions testing. The proving ground, vkich is in adjoin-
ing parts of Jemngs, ‘Jefferson, end Ripley Counties, became operational in
the early 1940's. WMost of its area, once cleared for farming, has ‘nov reverte
ed to forest. Water for the proving ground is pumped from wells in & gravel
aquifer along the Ohio River. This water supply mist bde piped more than 5 mi
and lifted 375 £t (feet) to reach the south boundary of the proving ground.

1 Veter from thie supply is availsble coly within the south 5 mi of the 17-mi
long proving gro\md. :

In Jemnings County, reocourring surface-water shortages in the Vernmom Fork
Muscatatuck River and the need for rura) water utilities emphamige the need for
adequate ground-water supplies. Aerial photographs used in identifying linea~
ments and fracture traces have been helpful in developing ‘moderately 1large

- ground-water ‘supplies in qther areags underlain with limestone  and -dolomite
; -(Lattman and Parizek, 1964). . Therefore, these ‘procedures would pro‘hably he'
. ’ helpful dn - locat:.ng water -npphee vith:.n 'bhe stndy aren. - ‘ o

e em e o 4 o St e a0 trm

" . GEOLOCIC SEPTING - .

, The bedrock in Jenn:.ngs County and the p‘roving ground is covered ’oy ‘an
N N i lof. 25 P .gnd. comanly -more..than . :50..24. 5¢._Pleistosens. Arifi.. . Rrosion.
b - has ‘exposed the: ‘bedrock in many places, -especially. along streams.

- Kunkel (1940, p. 1), “the surface of -the drift slopes west-southwest at 18 f%/mi
. (foot per mile).

apd’ ths 1npemaus ailt &nd cln ‘that predominate.

o Paleozo:u: bedrock ‘anits aip vest-sauthwest -af. about 20 ft/m.. whems the'
* bedrock .erosicn -surfate slopes in ‘the same ‘direction at 12 ft/mi. (Schneider,
1966, - p.44). The. ‘gimilarity in :slope between the bedrock dip ‘and “bedrock

surfaoe ind:.cates etmct\n-any controlled erosion of the bedroek aurt‘nce. '

.o A stmctuml high began developmg in the tri-corner area of Indim. Ohio,'-'
and Kentucky during’ Grdovician tiwe {Cincinnati . arch). - Upper Ordovician and
younger - fomtlons "thin ‘as " they ‘approach this uplifted .area. . During the -

,"_S:.lurian and continuing foF "the ‘rémainder . of- the Paleozoio Era,  deep. structur-

' ml depressions  developed if southern Illinois (I1linois Resin), .esstern Ohié
" {Appalachian Basin), &nd the lower Peninsula of Michigan {(Michigan Basin).

‘Owing to the devalopment of 'baains to the east and vest, the shape of the

t
e el .

=5

‘Aocording to' .
“Phe :drift is poorly draimned,- owing to Ats 101 mrface relief"_..-_'."‘f‘i "
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Cincipnati arch became elongated mnorth-south. The curved axis of the

Cincinnati arch lies _approximately 60 mi east of the study area and trends
north to north-northwest in Indiena emd Ohio. .

Limestone and dolomite in Jennings County and the proving ground can Ye
grouped into two sequences, the upper and. the lower .(fig. 2). A diecontinucus

Silurian shale, as th;ck as 12 ft, separates the upper and the lower sequences
in some areas.

. The lower limestome-dolomite sequence is of Silurian age and S50 to 60 £t
"~ thick, excopt vhere erosion has thinned or removed it. A fine-grained, thick-
bedded dolomite wunit, containing mumercus chert nodules, .forms a resistant
proteetive cover Por.the lawer gequence. - In eutcrop, the lower sequence Lorms
a lov relief plein that underlies the proving ground. -This plain is traceable
northvard in JTndisna, until obscured by thickening till cover, and southward
into Rentucky for more than 50 mi.  Beneath the lower limestone-dolomite
sequence are  thin, interbedded, ergillacecus limestome and sehale ‘beds of

i ' Orﬂoﬁ.cnn ‘age that c'rop out nlong several stream channele on ﬁ;e eaat side of
i this area. _ '

-Several pen.ode of eros:.on have affected the dzstri‘uution of f.he S:.lurian o
'shale, vh:.ch aepa‘utee the upper and - lower- seqnences m BORmE - plaeea.» Before‘
. the depositi.on of ‘Devonian rocke in the -upper - seguence,. one Or. WOTE peri.ods of_‘
‘ erosion’ dunng lste; Bxlurian 4ime removed, ‘thie. shale .and wn over]ging*hueatoue ‘
from wmich ‘¢f the -ares- cadt of North Vernon: ‘Where unaffected Yy ‘pre-Devonian -~
;» : erosion, ¥he  dletribution’ of ; ‘the shale is the ‘same @8- the distri‘nntim of the -
! upper smce, _.which acta aa ‘8 protectiva unver preventing preaent-day ero-, o
; aion. T BIIlcE, W . . 3ules. . - e Lower
' sequence, iy of aecon&ary onsi.n- Thxs sﬁica proha‘bly otigl.nated i:n tha aha‘fé
and mgratad %o its present Iocat:.on during compaction. . Togethes,  the ghale’

and the chert noaules effectively ;)revent circulahon of’ n’m bet\reen t’ne t-o
aequenoea. R _ '

- :__.'southlest-“ga_rt of, the equuty

‘ '-~eztreme _,_t."'boundary of Jemnga COunty ami fm a11 the pruvj_n; -
S -puterop, th nyper sequenee has ) mdulatins Buri’aca,

- _‘mscatatue: R‘lver is entmched ahout 170 £t helm the nylmd ‘éutface.

owrlying 'bhe up'per hneetone—&olomita aeu.uenoe An the nst hnlf of “the -
Studw area ‘is ‘& ‘thick black ‘shale unit .of - Devonien. -and ‘Wissfesippién age.
- Wearly 100 £t of this shale is present =&t gome -locations elong the west bound-

! oo aryof 3ennings county- Short stra:.@t ulleys nth nteep ulopee douina‘l:' 'the :
R ~outcrop area of t!u.s ahale. )

ses

— e
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Although Joiuting ia promiment in both the ‘upper and lower limestone-dolo-
mite eequences, dissolution along joints is most pronounced at the top of ithe
upper sequence, as indicated by solution einkholes and swallow holes near ‘the
top of the upper sequence. Symbols indicating sinkholes can be seer on plate 1
along the Vernon Fork Muscatatuck Biver from secs. 18 and 19, T. 6 K., R. B &,
eagtward for meveral miles; Detween Crodked Creek and Otter Creek (formerly
South Pork, Vermon Pork) in seecs. 5, 6, and 7, %, € ¥., R. 9 E.; and along Big

Graham Creek between secs. 14 and 30, T. 6 K., R, 9 E. A large swallov hole
is located in NWiswt, sec. 5, T. 6 ¥., R. O E. .

Lithology and mguifer characteristics of esach geologic formation are given
in the genmeralized geologic columm (fig. 3), which is based on data in Shaver

and others {1970), Dawason (1941, P- 37-48), and well records om fne with
Indians Department of Natural Resourcea. Inﬂimpol:.a.

INTERFRETATION OF LINEAMENTS AND FRACTUHE TRACES

The probable locationa of vertioal bedrock fracturea nuh.cated on the line-

015

ament. and ‘fragture-trace mip (pl. 1) were interpreted op 1:24,000-8cale, - bhck-‘ -
and-lhito aerial photographa ‘obtained .on ¥arch 7, 1976, by :Indiana Department

of llatural Resourcea. and on L’prn 18, 1977, oy Acou-Air: &;rverya Inc., for .the

. _Original’ ;@otosrnphic inte:pretationd were tmsfémé 4o

.24,000-scg1e topographic maps...

availn'b].e for 1nspectim1 at the Geohsieal Bur'rey office 1n Inﬁianapohe. Ind. -

Plaiatocene drift, vhi.en ‘ripges in thickness Trem O to- 81 f%, aid mot -

inhibit the mapping of masrlyine bedrock. !rac'cures- 2 " Althotigh’ ':fthe effect of
ed - density “of. linesients’ and ‘fracture tmes is

. unknown, Mollard (1857, P

~are Tto s Aarge exteat ... guite Memaent of “tonography .as well as the’ age,'

~-.c.onpos1tmn and depth -of “eurface : mtemls “An wahish they -are expmsed.

' Kollard - (195‘7. ps ~36) ‘also “interpreted ineaments where ‘the -bedrock s oovered'

)" Fepertad At e pavterns forned ¥y -linesments .

bt s

- by mre than 350 .7t ‘of' unconsolidated - mtemls ‘of Pleistocene  and Holocane A
. 8ges TRAE - uterpretntion suggente that nneanents ‘apd fracture tracee form Yty
. an ongoing  process *Ei:at moves: ypward 2rom the ‘bedrock inte ‘overlying unconaol:.- :

o . ,iated uteriala. e

“Many factors a,ffect the' mpping ‘of Yinéamehts &nd- fracture mces‘ un'aarial '

- . cubsed -the .effects ‘of ‘Tilm “type, ;photographic .secale, time of .year,. ‘methed of
,enminat:.on, and length of. vim::s time per ‘photograph ‘m interpretations of

;::nmmnts nd !raetnre tmces.

R fmctum traees mpped.

‘Mainteining 8 uniferm 1ength of interpretation "
- ¥ine por. photograph i’ aasential to the ‘mieal: mtinuity of. the: multing AP,

'fipnotoguphs.- Tattman (1958), Trainer (1967), ‘and Moore {1976, :p. ~16-28) dis~ |

Veriatione in the length of time Spemt interpreting individua) ghotographs from

-a set of ;hotosraphs will leed %o variations in the demsity of lineaments and

-

?ox- ennpla, in the auuth ena o:t‘ the m-oving grouna
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(pl. 1), where additional lireament and fracture-trace mapping was dome, the
\ density of mapped fracture iraces is mich greater than :Ln adjacent sreas.

Another <factor affecti.ng the density of mpped lineanenta and fracture
traces is lithology. Different bedrock lithologies develop different fracture:
spacings. Shale develops pumerous short..joints, as shown Yty the mapped frac-

" ture traces in ‘the west half of the study area (pl. 1). Except along main

streams, where erosion has vemoved the thiok blaek shale, a high density of
gshort fracture traces ia observed.

lisestone and ‘dolomite ‘develop a low demsity of long fracture traces =nd
lineaments. Bedding thicknmess pertly controls fracture spacing and length.
The Salamonie Dolomite (loce) umage), which is demse and thick-bedded, under-

lies the proving gro\md an area of widely spaced lineanents ‘and fracture
traces (pl. 1).

Althcm;h each litholog:.c wmit expresses a dmracterietm fmcture denuty, .
relief can cause major variations in the mapped density of fracture traces amd
lineanents. Relief accentuates the effects of erosion on bedrock fractures
and fhus enablee the interpreter to observe and map a greater density of frac-
ture traces and linsmnte than vould be possible without it. .

Differenm in - la:nﬂ use alao cauge nriationa i the densrl:y ‘ot mapped
 lineaments .and . fractnre ‘iraces. HMany or man'e act:.uties ‘tend’, to -ohscure

. subtle natural “features. . Tn urban areas, 'man changes the- 1andscapé by rechan ' .
neling drainage,. m:llding roads and structures, amd leveling undulating land so

that only linaanents m'm be reeognised. Two airporta atithin t‘he atudy area;: -

,1) The other. now - abanduned. is at the sou'ch ofthe pro d (pl
- 1) - Bxténsive. earth ‘moving and “drainage Ttechanneling hes ohscureﬂ nearly all :
fracture tracee and all but one 11neament in ‘chese areu. '

j . Agrieultunl activ:lty tends to obecure some . fracture mces but seldomA
. Wmm paxtom &winﬂnemﬁ»%cultum-m .&e mpped:v.,
3~_-».densit7 0f lineaments. is minozr. hgeta.tion, ‘¥here allowed to' estadblish matu~ -

. tdoms:

fracture traees than aaauccnt sreas of Jemnga "Ccunty (pl. . ) 3L
hacture ‘tmeea and lneanents are generany aaaocinted nth surfaee ﬂrtnn-
"~age paths. - !a:or streams and main tnlmtariea, A equany s-paced ‘gnd -dlmogt
parallel, drain ‘the study area and ﬂov -southwest 'down : the . mgianal bedrock -
. 8lope. . SnoTt .minmer trihutmea drain - generally northwest -or aoutheast ‘and
-descend repidly to the miin streams from the level uplands :(Kunkel, 1940, p.
2).: -In ‘the 'study ‘area (pl. 1), the most prominent fracture-trace -emd linea- -
. ment oriemtations. ‘mapped -are -conjugate and “ere sriented northeaat-eouthvest -and
: "-‘ _-horthvwest-gouthesst,  parallel .to ‘the yprineipal drainage -oriéntdtions. . Lese
‘ ' ‘prominent | fractnre-trace ‘and lineament mentations .are mapped north-suuth ‘and

; | .east-west. ‘Most of ‘these less-prominent orientatim are in the outcrop area
.» of the xe' Ll\mv Shale, souﬂx ad west of north Vemon. , _ '
L

’9'-

“ral growth, Flelds :the.moat -complete lineament .and- 2racture-trace uterpreta-
‘Most of the ‘groving-ground ares, which les been waffeécted Yy an’simce . . .
‘the early 1940's, " uparta a’ slightly higher. aensity ot mpped hnements md R
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g The ovientation of streams draining the study area is not random. Rather,
- surface-drainage paths are conirolled by frectures in the bedrock.

Further
ipdication of fracture-comtrolled drminage is the nemr right-angle naanders of

the strem, wherens segments in between are atmight.

f ‘ SOURCES OF WATER TO BEDROCK WELLS

; ' The principal bdedrock aquifer in Jexnings County and the proviag ground
S congiste of the upper and lower limestone-dolomite wsequences. Well records for
; " Jermings County indicate that the yield from the limestone-dolomite squifer
ranges from O to 150 gal/min (gallon per minute). The grester the mmber and

the size of interconnecting water-filled opem.ngs intersected ‘hy the well bdore
the greater the neld.

VWork in other areas (Sidd:.qui. 1969. LaRiceia aad Eauch, 1976) indicates
that wells on or near vertical bedrock fractures mapped as lineaments and frac~
.- - ture trmces have mignificantly higher y:.elés than’ wells ip interfracture areas.

.. The ‘work of theee investigators  also indicates -that a. ei.g:ifieently higher

. - percentage .of adequate wells have been drilled -om A1ipeement or fracture-tmee, :
--gites than on randomly chosen sites. ‘Working with thiek dolomite  and limestone
tomtions, httmn and Pansek (1964) reported that “wells on & fracturs traoe‘

: in'bertracwre-trace areas. 11 these studies 154

~ lineaments overlie vertxeal gones 'of ‘advanced solvent activity and, *l:herefore.‘

are useful .prospecting guidee for locating the high—{pemability sonee v:.thin a
‘ hmestone or &olomte aqu:.fer. . .

revoa

_ «Zones «of. .high”.pemabxhgy nt!nn the li.sestone and dolonite aquifer have .

L ~éeve1opea eince deposition,. ‘owing to. ver‘hzca“l frac‘hlzing m-subeeqnant -s0lvent.. ini

- i‘metiom: - Stresses wii:hin ‘the’ bedrock ‘have “been’:relessed- by mimercus’ verticel . '

- fractures {(joints). ' The processes .of  chémical and' mechsnicel. erosiom ‘are. - .

accelerated Yy the water that .infiltrates ‘the fractures :and -penstrates the =

. aguifer .surface. Reeultzng d:.fferential -erosion rstes “induce ' prefemtial e

- development of ‘surface dreinage Toutes. along fractures. vertical hedrock frac- .
_"tures underlyizg lineaments -and fracture traces are widast ‘near. the groupd . - .

' gurface, where grounawater velocit:.es end ‘@olvent action -ave greatest. Solu-..

‘tion einkholes -edjacent to several w8 jor ira:.nage "routes a.re mrther evidenee
.'of the subsurface dra:.nage near the streans

it

LR

S . Most. reports of inadequnte bedrock nlla are from aresds . uhere aroeion has -
- ..:aaoved Ahe upper ‘u.mestone-dolonite aequence, leavinig only: the dense, _th:.ck-
. bedded, lower :sequence. . Permeability’ "iR “the ‘Yower ‘gequence is low ‘because the -~ -
' siliceous dolomite capping the -lower sequence - ie ‘extremaly reszs’cant bo - Ais-" '
. solution 8long vertical fractures emd hnr:.zontal “bedding planes. Vells - om
lineements ‘#nd fracture treces associamted with surfece drainsge routes have the
-~ "best possz'bihty for producing domeatic \tater aupplies from ‘I:he 1awer sequence. C

. -12-
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Yields of as mich as 50 gal/min mey be obtained from the lower sequence along

lineaments and fracture traces in the 2zone of high pemeability associated nth
most peremnial streams in the study area.

In the upper-sequence outcrop ares, well vecords indicate that drillers

Qo020

commonly obtain adequate domestic supplies of water above the lower sequence,
even' in areas wvhere erosion reduces the upper-sequence thickmess to 10 ft.

Peremnisl streame draining the upper-sequence outcrop area - flow in narrow,
fracture-controlled channels that are deeply enmtrenched in the hxgh-pameabil-
ity zones adjacent to these sireams.

Shale of warying thickness overlies most of the upper nmeatone-dolomte
sequence in the west half of the area.

common upstream, broader and become elluvium-fi}led valleye in this area.
These valleys are widest where the top of the upper sequence has dipped to

Narrow, entremched atream channels, -

gtream level and meanders have cut laterally into the overlying erodible shale. A

The bedrock permeability in Jennings County is highest in these valleys.
Yields of 150 gal/min or more may -be possidble from' bedrock wells drilled om
lineaments and fracture traceés in the wvide wvalleys. The shalée unit that forms
the upland surrounding the valleys greatly restricts recharge to the underlying
limeetone and dolomite .equifer. Some wells dérilled. through the shale to reach
the underlying.saquifer eare uneble to produce more than ~domestic “supplies.
Hydrogen sulfide; which indicates a restricted ground-'ater circulation,

ie
detected in 'maqy of the vells penetrating the . shale. _

- emall-to-moderate yielde. - Similar wells in the

- 'DRILLING WELLS ON LINEAMENTS AND FRACTURE TRACES

. Placement of the well i.s the most importmt step 4n developmg a- usable

i NA%EE. ~mupply in & mctnred Jimegtone oy dolomite .ferrain.. Walls.iz.an.anfrace.
- tured “limegtone ' or - dolomite produce from - n:er-ﬁned horisontal ‘operings

sk wlimt e

along bedding Planes and ‘interconnected - nter-f:.lled “yoids’ penetrated by -the |

well bore .

stone-dolonite sequence penetrate ‘mimerous ‘bedding planes and “generally

aequcnce are comonly abandonod 'becnuse of 1ow y:.elds. T

Exemplifying this'situaticn are wells in interfracture. arveas, where -
. yields“sre generally -smsll., “Interfracture wells in the ‘thin-bedded upper Ume~

“have ..
dense,. th:.ck-‘bedded lover '

nwever. wells 4n a vertn.cal ‘nodrock fraci:ure or in the mtersect:.on of two-

or more frectures produce from vertical vater-filled openings, a&s well. as from
the well bore.’

tures qmerally yield euff:.cient supplies for domesti¢ nseds. . ‘Because J1ines-

ments :and | fracture tmces 4ndicate nnderlying vertieal ‘bedrock fractures &nd

flow. through the dimentone-dolomite aquifer is generally toward ‘the lowest
gurface drainage routea, the most productive well sites will be at the inter-
section of two or more nnemnts or fracture truces.

R

_horigental bedding planes and intercomnected vater-ﬁ.lled voids pénetrated by

‘Vertical bedrock -fractures tremsmit a large ypart of the water
that is moving through the limestone-dolomite aquifer, and wells in the frac-

at Ahe loveat J.oca.l .
_.altitude. ' i :
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ﬁ Vell-site selection based on lineament and fracture-trace mapping enables
: the plamner to -detérmine the probable locations of promimemt hedrock Zfrac-
tures. The use of linesment and fracture-trece mapping does not guarantee an
adequate ‘ground-wvater supply because this depends on the needs of the indi-
vidual well umer. However, the use of lineament and fracture-trace ‘mapping
should allow the planmer to determine where the best vell vield in the 1med1-
ate v:.c:.nity can be obtained. ,

'Locating euitable well sites from lineament and £racture-trace maps may
create several problems and expenses not ordiparily experienced in developing
E a ground-water . .system. Because the most desirable lineament snd fracture-
trace gites are senerany located . in surface a.ra:.nagea, access for drilling
? equ;pnen‘c is frequently d1fficult without road eonstruet:.on. “Another problem
i is that meny linesment &nd ‘fracture-trace sites are several humdred feet from
v the well-drained soils used for house and building construction. - However,
?‘ ‘costs due to eite preparation and piping distence shonld he balanced by the
' savings obtained from drilling fewer Anadequate wells, especzally in the east .

E thimd of the atudy aree, Ashere the incidence of insdequate uelle is hizheat.
%
‘

Drilling -into . vartical ‘nedroek mctures anﬂ the:.r :.nteraect:.one may also
v inpose some diffienlties on the driller. Deflection of & Arill bhit by eangular
. -surfaces and- loose <rocks in vertica‘l fmeturee my result in’ -erooked ‘well
- - _ bores"that “are. mable. i In many. boles, greater lengtha ot oasing Ahan’noemal
.  are ‘peedeéd  to ‘seal “cut md that s ‘sluimped into ‘solution - openings. i When . . -
drm:.ng om . Yineamsuts,.-these d:.ff:.cnlt:.es may be ‘gvpided by Arilling" {rmedi~ -
. ntely naaaoem %0: the bearoek openi:ngs and aot directly $nto them. ILocal well
L ) ~well yields ey be obtained: within 100 P4 of. & o
‘Jineament.. ‘Bedrock: frnetu.reo underlying ;fracture moimm:mce—a——-—-——
~ surrounding bedrock - pemah:.lity fhen lineaments. Therefore, Hrillins on trac- 2
'tm.'e—traoe locatione ahould not he avoided. ‘ _ . .

ga ST

. 31though the zmin. bemefit from drilling on linsemeits End fracture mees' e
-*he@otentin-ior,huher .Figlde than-are mg;mn,;»m:uu, mother poe= .

.

01 ¢ Do ¥ et et St e

QM benafit. is Shﬁllﬁﬂt Brdliing aeﬂe
Lo ;eni’ter mta‘ble qmt;,u“ ,_,f water. have b
; d




e

08/02/2007 12:16 FAX 7179018101 SAIC HARRISBURG

SUMMARY AND CONCLUSIORS

This yeport is intended to aid utility planners, industriel and domestic
users, and drillers in loecating water supplies. The scale of the lineament and
fracture trmce map of Jemnings County and the Jefferson Proving Ground is
1:48,000. or 1 ineh = 0.76 mi. This scale mey make mmsite determinations 4iffi-

@o22

cult. However, 1t sllows the 467-m12 area to.be viewed on cme sheet, a per-

aspective that is needed when searching for the 1srgest lineament and frac-
ture-trace well yields in an srea. Maps and the original aserial photographs,
both &t a scale of 1:24,000, are available for inspection at the Geological
Survey office in Indismapolis.

Jernings County and adjscent counties to the north and east are economic-
ally restricted W inadequate water supplies. Examination of drillers' well
records and field inspection of 141 well eites indicate that much of the water
shortage in Jennings County may be due to drilling wells in mdrogeologicanv
unfavoreble locations. Data from areas that are hydrogeologically similar to
southeast Ipdiana suggest that the probabinty of locating domestic and larger
supplies of water 4is greatest at well gites on or near bdedrock frac-

tures. These fracturss are presumed to correspond Wwith' the lineauents -and -
fracture trnces that can be seen .on aerisl photographa. '

-15-
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