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Procedureŝ ......'.".".;"...;/. .-.'r'.ir,.. .V.T. .V.T̂  ̂....... c

Results and interpretations.............................................. 7

References....7............................ 0................ .............. £

ILLUSTRATIONS

(Attached)
i ' ' ' - / - "'"Figure 1. Kap showing Upper Merlon Reservoir and surrounding area.

2. Potentiosetric surface in the dolomite aquifer- near the
Upper Xerion Reservoir.-

3. Lineaments, and fracture -traces in.the vicinitr of the Upper
Kerion Reservoir, Bridgeport, ?a., -bhetcsrarhs fros
K s y 1948- - . - • • - "

4- • Lineaments and fracture traces in the viciniTr of the Un^er
Kerion Reservoir, Bridgeport, ?a.", phonographs fr.on
Karch and April .1.9,65-. ""...- .'...___;•



The Upper Xerion Heservoir near Bridgeport, ?£., furnishes an average wa
supply of more than 7 Kgal/d (zillion gallons per day) to the Fhiladelphi
Suburban V'ater Company. The reservoir is "in a former rock quarry that-was exca-
vated to a depth of 575 feet. Vater enters the reservoir..-through numerous ver-
tical and nearly vertical fractures in the massive dulomite walls. Withdrawal
of water from the reservoir lowers the water table in the dolomite aquifer more
than 250 feet. - - - ^

Trichloroethylene was first detected in the reservoir in April 1979- To
determine^ the possible pathways of ground-water flow . to the reservoir̂  rmrr.ovw*
lineaments and fracture traces were napped in the .area surrounding the reser-
voir. Katsping vas done with 1948 and 1965 stereo-aer^s.1 photographs. - Spacing
between parallel sets of sapped features, ranges-from 125-1.40 feet. Two princi-
pal lineament and fracture-trace alinements .were observed, west-northwest to
east-southeast and north-northeast to south-southwest. These alinements cor-
rccpcnc to thccc of "̂ rsrtlco.1 oi iic«±il.y *er!.ic&l bedrock: features on tne quarry
walls. A third fracture alinsment in the quarry .(east-west) apparently does not
correlate with lineaments or fracture traces.

Owing to withdrawals for public supply, the wa-er level,.in the reservoir is
Icwer than the water -in the surrounding dolomite aquifer,, therefore, water in
the dolomite moves through the fractures into the reservoir. The daily inflow
of ground water to the reservoir is more .than 7-25 ---gal when the water level
maintained at an altitude of -125 feet. (Kations.1 Geodetic Vertical Uatum
1929 is ussd. in this report.)1 At the Kessler site, 0.6 mile south of the
reservoir, the altitude of the va_ter table is about 75 feet or about 75 feet
below the land surface, and flow is to the noVth toward the" reservoir.

•A geodetic .datun derived fron a ger.era.I- -adjustzerit cf the first-order lev
rets cf both the Uni-ed Sta-es .and Câ s.d:af fcr̂ erlv., called : "Ke-an Sea Level."
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The Upper .Keripn Reservoir, an abandoned quarry in a highly industrialized
area. ..southwest of Bridgeport, Pa., (fig- 1) has been used as a public water
supply - cy" the Philadelphia Suburban Water Company since 19c9- The supply has
averaged slightly more-.than seven (7) Mgal/d and-'has generally ranged'from five
(5) to ten: (10) Mgal/d.

When, quarrying was stopped in the . late 1960'sr approximately 17 million
'cubic yards of-dolomite had been removed, and a pit about'1,000 fee*'in diameter
and 375 fest deep had been excavated.. .. .During quarrying, ground water entering
-he- pit through fractures and interconnected openings .in .the dolomite bedrock
had to be continuously -Aniovpn, T-evnterins ls:;crc- the va'te*- level io -2̂ 5
feet, during active quarrying. In early 1981, when, the water level in the
reservoir was -125 feet, ground'water entered \,he reservoir at a rate of acre
than 7.25 #gal/d.

In"" the late 1966's, before the ?hilac.elpM& Suburban Water Company >»egaTi
JM̂ .-U-e **s;iŝ -'.frQn . the pit"," "the water was . determined to be suitable for public
supply- (T.cz, - 1 $81 , p. 1_). Because, rest ..of the .industries near the reservoir had
been" ̂established for zany years, the consultants concluded that the potential
fcr future contamination, was slight. " - - - - - -- -

In April- 1979* routine sampling and. .analysis of .water free the. reservoir
indicated-.-that cTganic chemicals were present. ..One of the organic chemicals
detected is trlchloroethylene, ' £ carcinogen .commonly used as 'a dry-cleaning
agent and. a metal cegreaser. £he. source..,.of the . 'chezicals v&s unknown. In
October 1979> Lesgette, 3rashears, and Grahan, Inc., a consulting firs, was
hired tc identify the source(s) and. to design a syste~ to remove the checicais
frcn the ground water (?oz, 1931» ?• 1)-

To locate ..th'e source('s) of possible contaninaticn, the consultants: (1)'
studied the-* geology of the reservoir and measured numerous vertical or nearly
vertical, fractures (joints) in the bedrock; (2) used sixteen wells near the
reservoir to""deterEine the ground-water.^flow pattern and the gradient; and (5)
ccrpared. water-quality analyses' of. samples collected froa the reservoir, sicni-
tcring wells, streams, and an., .industrial cesspool. . .

The potentiometric. surface in the dqlpnite, ..aquifer nsar the reservoir -(fig.
2) indicates-"that" the ground-wster flow "gradient- fro-. the south is steeper than
the gradients from" "the east-northeast and the .west-southwest. Although no moni-
toring wells,, are! located north _pf.thf_reservoir, water levels near the reservoir
indicate, that ground-waters-flew is toward the reservoir from all directions.

Because "of "the ' massive- texture cf "the .dolordte-, as exposed in -the. reservoir
walls, siii the large -volume of .water, available^from, the reservoir, the consult-
ants corcludec that"water Tsoves through the dclor^it-e .aquifer "sy way of the nun-
ersus highly ""tranŝ is-sive""bedrock "fractures (Jcz. 1 SS.1, p. 5)-

-2- :' .
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As -he federal regulatory agency ir.-Shar̂ e • cf pretexting public vater .sup-
plies fro.c contamination, the U.S. Environment el Protection Agency (EPA) becar.e
involved in lo .ating trie source(s) of -he conx:ar:is=-;.ing cher.icals and preventing'^
further contasination. Because of the coiuiecvion cerveenrgrcunc-water
and • varsical "bedrock fractures, the> E?A requested That the U.S.
Survey prepare a fracture-trace and lineanent analysis of" the area
"he Upper Xerion Eeservoir. "
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The Upper Kerion E?seryoir is. .in,, an east-west trending vails-. This valley
is underlain by tightly folded siliceous dolomite that ra-re= in age fron
Cerbriaa to Ordovician (approximately. 500 million years). Zhs îlla to the'
ncr'"h. and south of the valley are composed of metamorphic schisTis.e'quartz-mica
rocl-c.--- A more recently deposited arkosic sandstone overlies zhe z.staaorphic and
dclo^itic rocks alonĝ the north side of the .valley-

The reservoir is in a pit resulting from the Quarrying of dclomite (Ledger
Sclcsite). The walls of the reservoir indicate the Ledger £clĉ it3 is a icassive
cclonite^--having bedding planes dipping to the south. at_an angle of about 55*.
Vc.̂ iwtl <mu lifeafly"" vertical oeofocic iractures, called joirts, sac tse seen in
the walls'of. the reservoir. ^es® fractures are .alined in three orientations;
r.cr-heast-southwest and, northwest-southeast alinements in errrcrisately eq_ual
rrirbsrs and. east-west alinements that are much less prevaler*: !?or, 19S1, p.
•K'V • '
S i * ' , _ _ _ _ .___

The original (pre.cuarrying) water level in the valley vas rr:-ssly within 50
fs*- of land surface. Thus, within the valley, the static va~sr table sloped
sasTA-ari fron. an altitude of more ' than .200 feet, 0-5 mile VSST cf the reservoir
si-e, to 45 feet, at the Schuylkill River 1-5 miles east of tie rtservoir- The
alTirade of the precuarrying water level at' the; reservoir si'e was probably
atcut 125 feet. In order to operate the quarry below "his level, the owners had
~c devater the pit." When, quarrying vas.. suspended, dewa-ering h=^ lowered the
waTer level .to an altitude of -225 feet or about 350 feet »lcv .the original
vatsr level- " , . . . . . . . . . .

Host of the water. -moving through the dolonite is trg".er* tree along bedding
.plsrss. end vertical fractures while water in the pore space of tie -Doloaite is
in- storage. __.-The. ccn$ide,rable variability in yield of wells drillsz.in dolomite
depends on .the location of the wells in relation to bedding glazes and fractures
ir. The rock. Yields of wells drilled in dolomite can ran̂ s f™n less than 1
ssl/̂ ia (gallon per minute) tc more than 2,000 gal/min- (Ds.vis ari -sViest, 9̂66,
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The problem of .veil-yield variability 5 a "bedrock acuif *rs attracted the
•'-tares- cf geologists studying linear features observed, c:: s.er:,=l photographs.-
Verging with carbonate rock similar to"-" that at the Upper £*riri Beservoi
lattzan snd Farizek (1964, p- 79) described lineaments and fracrire ^traces.
linear to slightly curvilinear natural features consisting-cf trrirrEphic, ve
taticn, soil-tone, and drainage alinements that are visible :- aerial .photo-
graphs and mosaics. These features delineate underground s;~'~~i«''zones that
affect the movement and the occurrence of water in. Iirest:~5 sni dolomite.
la—man and Parizek (I9t>4, p. 90-91) further suggest the use c: lineament and
fracture-trace mapping as a significant tool for ground -vater r respecting in
-ary rock types- The difference between lineaments and fracTur* traces, accord-
ing to L&ttman (1958), is length. Lineaments are discernible f:r * rile or more
acd siay be discerned as several segments totaling nany miles. 7racrJ.re traces
fi-« -!&«â  +-<h^^ 1 zilc ir IcngtL. Iij. ucdrock. ei-*sa.s, joints visi:_a ;r aerial pho-
tographs are included. Work by Moore (1976, p. 30) and Hir.e ''9~-» ?• 21) has
dtterzined that lineaments and fracture traces are the cappebl* ez^ressiong of
vertical bedrock fracture, and are preferential paths for ground-v=tsr movement.
Sreeniar (1981) indicated that most of the ground water flowing thrr-gh a dolo-
-itt aquifer follows preferential pathways toward the Iov»s- Irre^ dischnrgs
point, wnich is normally a stream. However, pumping frcr ths Tpper .Xerion
?.€ser-/cir maintains a water-level altitude in the reservoir cf ect-z -100 feet,
=r 150 feet below the level of the Schuyliiill . Hiver- ' 7-arsfcre, near
Bridgeport, ?a., ground-water flow in the Ledger Dolomite is ir-ari the ̂ pper
Merion Heservoir, and preferential flow passages_ ere the vsrzits.1 .and nearly
vertical fractures that can be mapped from aerial photographs a.s lineaments and
fn.oture traces-

-5— • ;-~ -
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Lineaments and fracture traces in " the area surrcuniiz.. TJIS Ifeper Kerios
Seservoir were mapped frcin. stereoscopic inspection of aerial Thct:graphs. Sev-
eral sets of photographs representing various stages in the industrial and resi-
dential development ...in the area were viewed.

By definition, lineaments and fracture traces must ce vl=i";Z.e on aerial
photographs. Therefore, the success of the interpreter dtjenis ;n resolution,
scale, and contrast of- fee available photographs. Owing TC *̂ r":£n development
'around the reservoir, -old photographs of the area are preferable TO more recent
ones. - . . - . . . , - -

Two sets of "black and white photographs were used ir. the serial mapping.
The most recent »eb was taken in March end April .1.965.* .This set, "hose scale is
1:241045, has good resolution. Urbanization- of, the area s.rc--i 5̂ae reservoir
limits the use of the 1965 photographs. .The second set vss Ta-ie- in Kay 1948.
This set, at a scale of i:_2_1_,000, also has good resalwtta:̂ *. Tr'i52isaticrL v&s
less extensive - in" 1948. Additional sets of aerial photographs -sier. in November
1937 .and October 1942 were also examined but were not ŝed . recsise of poor
quality.

Iiineaaejrtfs'and fracture traces were interpreted "fay vievir.g ~hs aerial photo-
.graphs through-a ..isirror, .stereoscope. This î strusent gives -iie interpreter a
-hree-dimensional view of the landscape.. Happing on the *565 s=" ~- photographs
was penciled directly on the prints. The- 1948 .photographs ar= transparencies.
Therefore, mapping"was- penciled, .en one blue-line copy.

After the mapping was. completed, map scales were acjested £r.d the aapped
lineaments and fracture traces were transferred to mylar c-rsrl="2 [figs- .5 and
4) of the standard Sorristowa and Valley Forgs, ̂ Pecnsylvaria »-.sirangles, 7-"5-
minute series, topographic maps having a scale of 1:2£,CCC '" iach * 2,000
feet). " . .

-o-
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line&ments and fracture trac'es were mapped in ti~ ĉ'lzity cf tj
Vpper Xerion Reservoir- lineaments and fracture zracea =re- £rmi=,zt, we
developed, and continuous, which indicates that the underlying Lsî sr Sclcaite
certains numerous vertical to nearly vertical fractures. >. '

Although several fractures are mapped in the hills .r̂ -r̂ z snc sc-th cf the
reservoir, they are not well developed. These hills are zc-p:ssi cf retazorph*
ic schistose quartz-mica rock, which is more insoluble than iclcrits.

Kapped lineaments and fracture traces are found ir. "zst TTizcirs.1 aline-
m̂ <^*J* WO * "W 65 V ̂JiO I! l**LiW tJfcS I/ OLJ tJ?^*SLi--'?>ri*li'*lr**ll^~*'' ** ,i ^ '~ i ̂» '̂ ^̂ •mf ̂- -rmim ---_—•_[ * ^ « -i- •* ̂  *** ' ̂  V •* *>̂ » ** ̂^ W » »

These elinements correspond to the principal bedrock 5C--̂ S r£=-H~-re; en reser-
voir vails- A third east-west alinentent measured on ths rs^srrcir" walla -'as
net mapped as a fracture-trace orientation en the photCEra.pi_£. Tzi3 £-gg- ':ts
that east-west alined joints have a minor influence on. -cî  rcTsn.ez': cf- sr;̂ -nc

The depression created 'in the water table "by the rescvstl if vs-er
reservoir (fig- 2) is elongated in a northeast -sou •sivesT cn-̂ n-E-i
shape . of the depression indicates that the flov of water zhrc-^ ~̂ L*
•suifer is not eq_ uidisensicnal . £he orientation of -the zs-̂ cr fr=.:ture
ccr.blr.ad effects of. structure and litholcgy are the reasons fcr ih* ĉ
c»l flcv. The ricge .1 cile south of the reservoir is ccrpcsei :f -ir
rock, which acts &s a barrier to ground -water flow and cs-£€E -±.e grr
depression to spread outward in the direction of greater perr.-5a":il
grcuad-water depression extending mere than 1.6 miles es-sr rf tr^
indicates that part of the water reaching the reservoir 2™a.s-
Schuvikill Hiver. At. the Kessler site, south, cf the rsserrc-r, -
vater-flow gradient toward the reservoir is such steeper *"-g- -ẑ zsi.'t
reservoir from the northeast and southwest. The shape sr5 ~̂ .~ craii?
ground -water depression north of the reservoir is undefirez- trflrrs
northwest quadrant' of the quarry (?or, 1 981 , p. 3) indicate- a t-zssi;!
ticn to che arkosic sandstone in that area.

The 1948 photographs show that the .quarry walls cont=-' — rrerr-s bedrock
joints spaced about 50 feet apart. Although cumerous li-^£n=-ts a~i fracture
traces are sapped near the reservoir, their spacing is gsr̂ rsLlr grsatsr than
1 25 feet. Therefore, mapped lineaments and fracture trasss r=-c t; crerlie
or.Lj zsjor bedrock joints, which are -probably the principal t-rriits for the
mcvscient of ground water to the reservoir. Although a sc-rc; cf *rcuz.d-vater
contp.r.rnaats cannot be detemined from aerial photographs... tiess ti;ccgraphs
prcbably indicr te the principal pathways for the sore-fir.*: cf cc-taminated
ground water.

-7-
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