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The Upper Kerion Reserveir mear Bridgepor:, Tz2., Ifurnishes an asverage wa
supply of more than 7 Mgel/d (million gallons vper Zay) %o the Philadelphl
Sukurtan Weter Compary. The reservoir is in a forzer rock quarry that was exca-~
vated to & depth of 375 feet. VWater enters the reserveir through numerous vers
wical and nearly vertical fractures in the massive 2ulopite walls. Withérawal
of wezer frcm the reservoir lowers the water tadle in the dolomite aguifer mors
then 250 feet. T . '

Trichlorozthylene was Ifirst detected in the reservoir in 2pril 1979. To
determire <he possible pathways of ground-water fiow . fe tThe reservoir, wimewane
linezzments and frecture traces were mapped iz the zrea surrocunding the reser-
voir. Mapping was dome with 1948 end 1965 stereo-zerizl photogravhs. - Spacing
betweer perallel sets of mapped features ranges froz 125-140 feet. Two princi-
vel lineazrmart end ZIfracture-trace alinements werz observed, west-northwest <o
east~southeast and north-northesst fo scuth-scuthwest. These alinements c¢or-
meesend s thess Sf veTiicel w: wwarly verilcal tedrocx! festTures on the guarry
walls. A third fracsure 2linement iz the quarry (szsi-west) zrparenily doss not
correlate with lineszents or frazcture Irices.

Cwing to withdrawals Tor rtublic supply, the water level. . in the reserveir 3
Lower then the water .in the surrcundi=zg dolozite aguifer, <therefors, water i
<he colomite moves through the Irsciures Iinto the rmeservoir. The éaily inflow
¢f grourdé wetfer to the reserveoir is more than 7.25 Xzzl when thz water level
zeirtained at an altiitude of -125 feet.  (Fatiorzl Gesdesic Veriicsel Detum
1222 is used in tkis repo:-t.)l At the Keesler site, 0.6 mile southr ¢f zthe
reserveir, the altitude of the wzter fadble is atoul g=2T or about T5 feet
selow the land surface, and flow is to the Hoxrin towsri <he resarvoir.
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INTRODUCTICN
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The Urper Nerion Reservoir, en a¥andomed cuarry iz & highly industrialized

_southwest of Bridgepory, Pa., {fig. 1) has Teen ussi =5 a public wazer
7 -ty the Fhiledelphia Suburban Waier Compaeny since

22
supply 16€3. The supply hes
averzgzed slightly more than seven (7) Mzal/d end has gsnerzlly ranged from f-'_ve
{8) o zen (10) Mgal/d.

¥hern cuarrying was s‘topped in the l&uE 196C"'s, soproxicately 17 miliien
cudic yards of dolomite had deen rer:_o__ved, ané & pit about 1,000 leet in dizmeter
gzd 375 feet deep had been excavated. Durinz guarrying, ground waier entering
The pit Zhrough f**acmres and intercomnected openirzs in 3Ize dolomite bedrock
ned to be co:‘.:._,uous’lv —emavad . Taewctering lovorsd the waler Lével o -225
feet, during aetive gquarryirng. In early 1981, wher the waier level in the
reservoir was =125 feet, ground wzisr entered he reservoir at & Tate of zore
Than 7.25 ¥zal/4.

ize 1960 s, bmore the ?h.laaeln“_a Suburian Water Company hegan

Ig the 1
Sl aate:-_:_‘rgm...ne P %, the water was determinsd To bz suizable for peklic
suspi7y (Fez, 1584 s De 1) Beczuse recsi of the industiriss nezr ue Treservoir had
tger 2egtlishad for 3‘5’ years, the comsullanis cozcliuded that the potential
for SivuTs 'csntja:i:-a'-io",, was slighi. T

Inm azril 1678, routine saxdling znd znalyszis of water freoz tha resexvoir
indizaied That crgenic chemicals wsre pressats Cze ¢ the cgrzznic chemicals
cgtected Is <trichlorogthyleze, & carcircgen coomenly used as a2 Cry-<elesning
zgert ani a retal c'.eg easer. The source of the ‘chazicals wes urkmown. Iz
Cototer 1879, Legzeiis, Srashezrs, 2nd Grehez, Imc., 4 ccmsuliing firm, was
mived uc identify the source(s) azd i desigzm 2 sysIsc To Tezove ths chemicals
from The grouand waier (Fox, 1981, . 1).

To locaie the source(s) of pﬂss:cle contaminszion, the cozmsulianis: {1}

stadisd ":'.".e-'-ﬂology of the reservoir and measured nucercus vertical or peszsly
verticel fractures (Jjoints) in the “bedrock; (2) used sixteern wells pear the
Teservoir to dstermine the ground-weter=flow patierr and ths grediexnt; and (3)
cozpeTed ¥ a..e-r--cual:r.‘cy aralyses’ of szwples collzcied Srom thes reservolr, merni-
soring wells, streams, andéd an ,J.nu:zstrial.cesspool.

1
g

2 pctent'om tric Serac= in the d010n1ue auhzfer zezar the reserveir (fig.
2) indicates thet the ; *ounc—wa.er.f-o“' radient f£roz the souih is sieeper than
The grzdisnts from the east-northsast znd the west-souilwest. Although no mpozi-
Toring wells, are. ﬁocaued noru“wpiJ*“a reservoir, wetsr levels near the reservoir
indicafe thet ' is toward the reserveir from 21l directions.
Zeczuze o the zéés: ve. textu*e oF thne doloh*uv, zg expeosed in tﬁe resevoir
wzlls, znd the larzs volume of water. ;xa-laule ‘*o" _The resexrveoir, the consult-
zmts corcluigd fHET wWailif moves ﬁ:z" er T way of the mi--
erous highliz i 78 ztures (Fox ! . )
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or contaminaticn, the U.S. EBrvirgm=ental Srois
in lo.at? The sou:ce(s of the conmvacirziing
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teeting public water .sup-
ctidn igzency (EPA) becare
Zng chezicals arnd preventirg
the commection Tetwsen ground-weter moven
the EPA reguested that the U.S.
pake a Ifraclture-trace and lineazent anslysis of the erea -surroundi
¥erion EReservoir.

Geologi




— ~BACKGROUND

“he Upper Merion Reservoir is in an eesi-west trending wvellsr. This valley
underlzin by ti ntly folded silicecus dolomite that rzzszs in age froz
-brisr to Ordoviciarn (approximately 500 million wears). Tz= 2ills to the’
=<» and south of the valley are composed of metamorphic s=hist:se gquartz-mica
cz... & more recently deposited erkosic sandstone overlies tzz =stamorphic and
lomitic Tocks along” the morth side of the valley.

n

(‘]la.
OO0 0 W

[RTRLY I =]

The reservoir is in & pit resulting froz the quarrying of Z2clomite (Ledger
"ce) The walls of the reservoir indicate the Ledgzer Tolcezizs is a messive
e\havz.ng bedding planes dipping %o <the south st a.n_a:.::e s about 55°.
s ia...;,-. aul “HWEAFLy Vertlcal bpedrocxk irzctures, celled joi=%ts, 2zn he seen in
cne walls'of the reservoir. These fractures are alined ir tizr-2: crientations;
rerThezst-southwest and northwest-southeast alirements in errrixizetely equal
Tuxrars and eas..-wes» alinements that zre much less preveiez: Jox, 1981, p.
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i

The origipal (precua-*v_ng,) wa.te* level in the valley et Yo 3' withia 50
land surface. Thus, within the velley, fhe stz :‘. 27er table sloped
from an zltitude of more then 200 feet, 0.5 mile wess <f the reservoir

, %o 45 feet a2t the Schuvlkill River 1.9 miles east of 2z =-zserveir. The
tudée of +the praguarrying water level a%t the reserveir sitz wes probably
% S feet. In order to operate tThe quarty below <his lszvel, <he ocwners rad
: 7if. ¥Wrex guarryizg ¥2s. _sustended, dewa‘.:e:-;:.z ':.3,5. lowered %hne

- level to 2n aliizuie of -—225 feet cor zbout 3=u feet Ttslcv the original
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f the water. mcv:ng through the dolomite is frems=ii-si 23 bedd:.ng,
- veriical frezeotures while water iz the pore space ¢f <= Dolon.te is
z »zgé. The ccnsiderzble variability in yield of wells 4rillzl in dolomite
gz=nis on the location of the wells in relaticn to bed&:.::g Tizz2s zng fraelures
= he Tock. Yields of wells drilled in dolomite can ramge ::':: less than 1
z2/=in (zallon per minu uE) tc more "han 2,000 ga'?fn.:.n (D&v:s e=i Zsi¥iest, 1966,
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The problem of welleyield varisbility ia bedrock =zguif:zrz zitreeted <the
“nterest of geologisis studyirg ‘linear fesiurss observed oz eszr-izl shotograshs. -
wosiing with carbonate Tock similar 46 that at the UppeT ¥soiss Seservoira”
Lattz2n znd Perizek (1964, p. T2) descrited lineazerss a== :‘:a‘:':‘;:'etraces,.
iirear o slightly curvilinezr natural feetures consisting ¢ To7-ossz:
tasicz, scil-tone, and drainzge elinemenis <that are visitle = za=fgl gphoto-
grezns end mosaics. These features delineate undergrounéd s:lizi:z zones thal
effect <+the nmovezent and the occurrence of water in lizesztzzz =23 dolomite.

“eziran and Perizek {1904, p. 90-91) further sugzest the umsz =7 Zrzezment and

fracture-trace mepping &s a significant toel for ground-wz<sc- TTrssecting in
—axy rock types. The difference beiween lineaments and frsesuirs rzeces, zecord-
irg to Latimar (1958), is length. ILineaxments are discernizls F:r ‘ =ile or more
=2 zey bz discerned as severzl segzments totaling mery miles. Irzeture {races
avwa Yeas than 1 mla Ix longii. I bedruth eseas, joints visis_os sz ozerizl pho-
tcgraphs are included. Work by Mocre (1976, p. 30) and Hize (“372, 3. 2i) has
deterzined that lineaments and fracture fraces are the maprsetl: zxzrassiozs of
verticel bedrock fracture, ané are preferential paths for grou-i-~zizegs novarent.
cesmexn (1981) indicated that most of the ground water flowizz 32722zl a dolo-
-

gcuifer follows preferential wpathways foward the lowss~ T:osz

-
» e - —-Ma“-bv

a
=<, wnich is normally a streem. However, pumping frac <hz Tszer XYerion
2

IRCIROLI IR AR
(4]

gservecir maintairs a vwaver-level aliitude ip the reserveir I zizuz 100 feew,
r 130 feet ‘btelew the level of the Schuylkill Eiver. Tizrsicre, rpear
ciigeoort, Fa., ground-waier flow in the ILedger Dolomize s <:ivzzi <he Upger

Xerion Zeservoir, =znd preferential flow passages &re the vertizzl gnd nearly

verticel Iraciures that c¢an bz mapped from aerial thotogTesils 2z Zizzz=eris ené

-

S-eatore traces. .
.




photographs. Therefore, the success of the interprefer de

Lirezzerts and Ifracture <iraces in the aree sgurrcuziizz <z Tpper Kerion

Reservoir were mapped frem. =te*-eos'copic 1nspeculon of aegrizl zh:t:graphs. Sev-

erzl seis of phnotographs rﬂ'o“esentlng varicus siages in = inizs<rial and resi-
dential development in the ares we"e vieved.

By definition, lin eaments e.nd frac'l:ure traces must wisitle on aerial

= = resolution,

R
[T

-
-

scale, and conirast of. the available photographs. Owing =z 2z development

zround {he reservolir, old nhctogranhs of the area are preferztls <o more recent

OBES .

Two sets of Dblack end white photographs were used iz *hs z:rial mapping.
The most recent sci was taken in March end April 1963. This sz, vhose scale is
1:24;045, has good resolution. T}rbﬂn*zation of  the ares srz:zzi =he reservoir
'fi its the use of the 1965 pho»ographs- The second set was <zx:zz In May 1048.
This set, at a secale of 1:21, 000, also has good rasg‘hz-'fq Tohewizatism was

less extermsive. in 1048, Add_..‘clonal sets of eserial photogoz ;.:_.s zzzzn in November

1937 end October 1242 were &_so exzmired Wut were nst ussai.
gus izy. o -

szzzuce of poor

Liresmerts and fraciure Trazces were interpreted bty v:".e"i:g <z 2aria) photo=-

graphs through.a mirsor sizreoscope. This Imsirument gives ke Imterpreier a
three-dimensional view of the landscepe. HMepping oz _t...e 12232 ==z I photographs
'a'ae 7enciled directly orn the prinis. The. 1948 photegrazhe ==z T-zmgparencies.

terefore, mapping was 'oe:Lc:Lled .cn orz blue-lime cory.

After the mappirz wes complefed, =m=p scales were aéiz -t )
liresments and fraciure traces were ta.aﬁs,, rred To myler csve-lzr: {fizs. 3 and
4} of the s?.a::’d'a‘"rd Norristown and Valley Forge, Pemrsylva=iz Tuiszirszgles, 7.5-
zirute series, topograprhic maps having 2 secale of 1:2£,027 ¢ imch = 2,000
‘.eet)o

m
L) '
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SIZTLIS AND INTIRPRETATIONS

Yuzerous linesments end Iracture irazceés were mapged <= <=

it

Corer ¥erion Reserveir. Lineaments and fracture =Irzcsz =-s
develoted, snd continuous, whkich indicates that the umdezirizg Zsizzr Sclemite

gorczains mumercus vertical to nearly vertical fractures.

Alheugh several fractures are mepped in the hills =or<t =223 =::th o¢f the
reservoir, they are not well developed. These hills are z:zzi:zsi 27 zzszzorph-
ic sckistose guartz-zica rock, which is more imseluble thz= 32l:=

¥z2pped lineaments and fracture irmces are found Ixr =: zTizzirzl aline-
ments, west-northwest o sactesonthenat and neapth maprkoses =- s-omb ovombesnnd o

Trege szlinemenis correspond fo the princizal bdedrock jeizts =—szz=uirsi oz reser-
voir walls. A third east-west alinement measured on T2z Tezsrviis wells sas

rcst revped as a fracture-itrace orientetion cn the photggzerz=. Thiz suzzt s
Thet eemsi-west alined Jjoints have a minor Influence on Tx& =:we=szT of ground
wzter.

The depressior created in the waier iztle bty the rexs-=l
reservoir {fig. 2) is elorgezied in 2z zoriheast-southws:z
shece of the depressicn incdicates that the flow of weszer
aznuifer is net eghidizensicnzl. The oriertstign of the —=jzc=
geznirngd effects of sTructure and litholezr ars The ressz==s I:r
cel figw. The ridge 1 nmile south o¢f the reservoir is co—zcs
¢, which acts 25 2 berrier to grournd-wessr flow and eczi-sa=

jer-essicn To spread outward in the direction of grezstas zermsstilicy.
grzunéd-water depression extending mere than 1.6 milas eg=t =f <h: reEervois
iniicates that part of the water reaching the resszvoi- =otzes Zogx the
Sz2kuylkill River. At the Kessler sits, south of the rssza-viis, e zoound-
wastar-flow gradient towari the reserveoir is much sieeper *=e- <z:s= -cowari the
reserveir from the northeast and southwest. The shzpe eni ks greilzn: zf the
grounf-water depressign norih of the resecvoir is undelirsZ. Z.2¥3 izzs the
ssnzmec-

nerthwest quadrant of the quarry (Fox, 1981, p. 3) indicezx = :
Tiez o the arkosic sznédstone in that area. ,

The 1948 photogrephs show that <the gqusrry walls cor=s=3ir
jeizss spaced about 30 feet apart. Alithough mumerous lizsss

trazes are papped near the reserveir, thelr spacing is gsz=zsll- 2
125 feet. Therefore, mepped lineaments and fracture Trz2sz <=z <z gvarlie
anl7 =zjor bedrock joints, which are .preobebly the prineizsl z::2f:i<z Zzr the

movresment of ground water to the reserveir. Although a s-u=:iz =2 smruziéewater
geztazinants caunot be determined fror aerial phetegrezzs. =233 :iztezrzphs

rrztably indicrte the principal pathweys for the mevezmez=t I siz<zminated
gIcani wazer.
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fgure 2.-- Polentigmetric surface in the dofomite aguifer near the Upper Merion Reservair, Bridgeport, Pa.
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Fieure 7.-= Linesments and fracture-traces in the vicinity of the Unoer Merion Reservoir, Bridoenort, Pa.
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