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Introduction

"his memorandum summarizes the results of a stuly made by the
‘e 7o T0lorical “urvey at the request of the Ni'fice of the ’hief

of ‘n-inears, ‘epartmert of the irmy, to ascertain the availability

of water “rom wells -o supplement the presont vmter supply of the

Letterienn OUrdnance Je~o%, Chambersbur-:, :emnsylvania. i‘ield work
was lome durin; l'ay 1049.

te0losy as lelated to ‘round iator

Lotterkenny Urdnance Jepot is situated In an area underlain by
ancient ~arine sedimonts composed of limsstone amd shale. The dopot
lies south of the farthest exbtent of ~lacietion and, axcept for a
venaar of regidunl soil and secattered rermants of streame=lald
‘ravels rom adjacest hi-hlande, the bedroek formationg are exposed
a* tha surface.

althou-h “he de ot covers an area of about 20,000 a~res, most of

19 narznnnael, office buildin-s, warshouses, and other facilities
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requirin: water supply are located in a mmeh smaller area in the
southeastern part of the depote Imasmuch as any new weter supply
must be developed in or carried to this part of the depot, the followe
in: desoription of geologic formations is confined to the area in
questione 4

The oldest formation outeroppin: in the area is the Beelman-
towm limestone of Ordovician aze. This formation, daescribed in detail
by Stose in the Yercersburz-Chambersbur; folio, U's Se Geologicnl
Survey Atlas lNoe 170, is & thickebedded limestons with a basal cone
slomerate member and several interbedded layers of dolomite and marblee
The formation is about 2,300 feet tiicke The averaje yleld of S5l
wells in this formation in southeastern Pemnsylvamia is 2§ gallons a
mimtee “nly the extreme eagstern part of tho depot lies within the
outerop area of the "eekmantovm limestone.

The "eelmmantovm limestona is overlain by the Stones iver lime=-
stone, which ranzes in thickness from 675 to 1,050 feets This lime=
stone is wnusually pure, with the result that solution openin:s are
larger and more abundant than in other limestones in the area. The
average recorded yleld of wells in this formation in southeastern
Pannsylvania is 70 gallons a minute.

Overlyin; the Ttomes DNiver limestone is the Chambersbur; lime-

stonee This formation, 100 to 750 feet thisk, contains clay partings



and interbedded shale beds which retard the solution action of
zround watere The yleld of this limestone is comparable to that of
the Deskmantowne

The youngest formation in the area is the Martinsburg shale, come=
prising about 2,000 feet of dark orumbly shale, chan~ing to sof't shaly
sandstone in the upper parte Althourh the average yleld of water wells
throushout the outorop arca of this formation in southeastorn Pennsyle
vanla is 52 sallons a winute, welle in the "artinsburg in Franklin
County have a much lower averaze yleld.

All these formations lie within a regionul area of crustal
deformtion, so that the once horizental beds have been tilted, com=
preased into folds, and in places faulted and even overturned.

The moverent of ground water throush limestone and sghale formm-
tions takes place along openings within the rock mss developed by
frecturin;, or along bedding planese In carbomate rocks such under-
cround conduits may be emlarzed by the dissolving action of ground
watere The suscess of welles drilled into the rosk depends upon inter=-
sectlng a sulficient number or sufficiently larze openinzs to result
in a satisfastory yleld. There is nmo knovm method of predetermining
the position, number, or depth of such subsurface water-bearing opene
ings prior to drillinge. Mowever, a study of the structural coniitions,

ineluding zomes of promounced fracturing;, development and orientation



of sinkholes, snd gemeral topographic expression, aid in the inter-
pretation of unmdersround conditions and materially inorease the chance
of encounterin: water-bearing openings wpon drilling.

Of the several formations outeronving in the area, the “tones
River limestone provides the best possibility for wells or larpge yield.
Furthermore, 1%s outcror is advantageously situated with respect to
the location of wells near the existin: water-supply facilities.

Pield work by the authors during Yay 1949 was desizned (1) to ldentify
and map the Stomes iver limestons, considered to be the most favorable
agquifer, and (2) to identify areas of foldin; or faulting where it is
believed subsurface openings are likely to be more numerous and en-
larged by solutiome Such areas identif'ied in the field are described

later in the reporte

Present iater Suprly

The present water supply for the depot, avera:ing about 180,000
gallons a dav, 1s obtained from Rocky Spring (see map), which is
located in the southeastern part of the depot aroa. The sprin; issues
from an outerop of the Chambersburg limestone. Yo systematic record
of the yield of the spring is available. FHowever, the flow has besen
ohserved to fluctuate sharply in response to local precipitation as

well as seasomal climatic variations. loderate rains produce visible
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turbldity and an increase in flow within 5 to 6 hours after the te-
zimmin; of precipitatione Converssly, the flow will clear and de-
creass in volume at a slow but noticeable rate following periods of
raine Ury poriods of even a few weeks' duretion may reduce the flow
of the sprin: to rates insufficient for normel requirements of the
depote

The behavior pattern of the sprin: indicates nearby sources of
recharze from precipitation and repid underground movement to the
sprin: outlete The relation of variability of flow to precipitation .
and drv periods suggests a relatively small reservoir area for the
sprin;, or very low storaze eapacity of the rocks drmined by the
sprince One visibly active sinkhole was found near the sprinz during
the recent fiecld examination of the area, and numercus other surface
deprassions in the limestone were notedes In view of the above con-
siderations, the sprin; cammot be considered a dopendable source of
water supply Crom the standpoint of either guantity or quality.
Further dovelopment of Rocky “pring would not materially change these
cornditions for the better.

During the construction of the depot, in the early part of World
Yar 11, six wells were drilled in an attempt to supply the depot re-
quirements with well watere The locations of these six wells are

showm on the mape 7ells 1 and 2 were drilled in shale and ars reported



to have yielded vory little water.

the Stones Fiver limestone near the shals boundary.

were reported to vield 50 gallons a minute whom tosted.

fells 3 and 4 were drilled in
These wells

ifolls 6

and € wers drilled in the Ctones River limestones, and thouzh they

had an irdtial yleld of 125 zallons a minute each, the water was

turbid and they ware not put into use.

Irn 1945, the Xohl Brose

Drilline Coe, the orizinal contractor for all six wells, ajain

tested wells £ and 6 and determined that, after 48 hours of pumping,

the vield of each well was less than &0 rallons a minute and stability

had not been reacheds
wolle 5 and € have been destroved.

for these two wells:

Original depth
Depth - “ay 1949
Diamoter

Aquifer

Orizimal yvield (reported)
Yield - 1945

Oririnal depth to water level
(reported)

Depth to water level - YMay 11, 1949

The wator was too turbld for use.

iall 6

475 fest
44045 feot
8 inches

9tones iver
limestons

125 zpm

Less than 50 gpm

25 foet

40421 feet

A1l but

The followinz date waore obtainad

Jell €

425 feet
SLef faet
o inches

Stones River
limestone

125 zpm

Less than 50 gpm

40 feot

52420 feet



Sources of Additionmal Supply

Por the past several years, the summer yleld of the spring has
been imadeguate to supply the normel req: irements of the depot and
the curtailment o soms uges has beeon m’:osury. Twe sources may be
considered {or supplantin: or auzmenting the supply from Rocky Sprince.
A large spring approximtely 4 1/2 miles west of loecky “pring and in
a2 limestone valley just east of lorth lountain was tested earlier this
vear by pumping from the pool fed by the sprinze At the time of the
test the supply was far in excess of the quantity required by the
depote Towever, no seasonsl record of flow of the spring is avalle
able, and it ig not certain that the yield would be adeguate during
prolonged droughte Assuming the spring supply to be adequate, the
cost of the 4 1/2 miles of pipe line to the Jistridution system is
geveral times more than the estimated cost of developing a satisfactory
supply from wells near the presont wator system, even thou:h several
wolls may be requirede The difference in estimated cost of the two
sources is €0 :reatly in favor of loeal wells that only the well

supply is considered in this report.

Sites for liew .alls

The emclosed map shows the outline of the ecatchment area feeding
Rosky Sourinze The boundary for the area is drawm along the topo=~

graphic divide separating surface drainaze toward Pocky “pring from



drainaze which must use other courses. This area, approximtely
1,160 acrees in extent, is underlain by limestone and shale in about
equal smounte ‘ssuming the averaze annual precipitation at the depot
to be 40 inches, the averaze amount of water falling on the catch-
ment area as drawn is 3,865 acreofeet n year. The present armual
consumption at the depot, all of which is obtained from Rocky Spring,
ig adbout 201 acre~{aet, or J.2 porcent of ths total precipitation
within the area.

In Pemnsylvania in zeneral, runof'f a-proximates 50 percent of
total precipitation, water losses primarily duwe to svaporation and
transpiration sccountin; for the remaining 50 percente Ilowever,
there is no runoff from the Rocky Sprin; catchment area during most
of the yeare It ig reported that only after the heaviest rains is
there a flow in the valley ahove the springe This is substantiated
by the lack of a well-defined chamnel in the valley above Rocky Springe
Consecuvently, 1t is reasonable to assume that all the precipitation
that normally would rum off snters the underground reservoir, except
for the part of the water from the heavier raiu-&gh flows in the
poorly defined surface drainage near Rocky Springe It is helieved
that the zround-water recharre from precipitation in the catchment
area is much larrer than the flow of Recky Spring, amd a large part

of the wmter recharged passes beneath the spring, coming out in the
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valley of Rooky Spring Creek at points below the springe Rocky
Sprin; merely sikims the top of the ;round-water reservolr. Tells
\lvkggh encoumter adequate water-bearing opeminze, and located so
as to draw on the voluw of water passing beneath the sprinz }eould
oasily supply the amount required ry the depot throushout the year.

The five sites for newr water wells in the lLetterkenny Ordnance
Depot, showm on the map, were selected on the hasgis of the area in
which the water supply is %o be used, the zeolozy of the area con-
gcerned, and the factors believed to have a bearin; c¢® the quality of
wvatere In two earlier memoranda pertaining to jrevnd-water supplies
at the devot, dated Yay 7 and July l4, 1945, two promising areas for
drillin: water wells were desisnatade Toth the drillinr areas sug-
mosted at that time lis to the north of t.*(a sitos su;zested herein.
The locations Tormerly swigested would require longer pive linss to
the present treatent plant, and are losated near stock plles of ore,
stored on the surface since 1945 These ore piles are believed to
constitute potential sources of chemical pollution to wells drilled
near thems Because of the conditions just emumerated, no further
consideration of the former sites is -iven in this reporte.

The enclosed map shows the drillin: sites chosen on the basis of
field work by the authors in May 1943. 4ill the sites are relatively

close to existin: water facilities and lie within a catchment area
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showm on the map by a heavy dashed linee The northern boundary of
this catchment area is drawn alonz a low surface dividse It is be-
lisved that this swiace divide has its coumterpart in a ground-
water divide, from whish ground water moves northeast tirouch the
ore-plle area and southwest toward Rocky Spring.

The five sites showm on the map lie within the area of outerop
of the “tones Ziver limestone. They are located along the small
valley that ecarries surfece runoff during the heavier rains. In
general, statistics for both southeastern Pennsylvania and other
areas indicate that subsurfece openings in soluble rocks are better
develored along valleys than in intorstream areas. ["urther, the
location of the sites n{fo in the soutihwestern or dowmegradient part
of the catchment area, where the “tones River limestone is constricted

%of the less permeable

in a relatiwely narrow zone between outerop
Chambershurz limestonee Therefore, interception of a larze part of
the recharge %o the catolment area is possibdle.

The location and sharacter of each site are as follows:

3ite Yoe 1 is on the northwest side of the intermittent drainage
near a line of amall abandoned lime pltse Chservation of the charaster
of the rocks in these pits irdicates that this is the locus of sharp
folding and/or faultinze The Iracturins of the limestone in such zones

frequently provides the orizinal opemings alon; which sround-water
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movement may ocoure Enlargement Ly solution of such opemings pro-
duces [issures or cavitiss capable of ylelding large gquantities of
water to wells intersectin: thems

Fleld data sugpgest that site 1 and an active sinkhole approxie
mtely 000 feet north of the site lle alon; the same structural axis.
whide this evidence is favorable for the occurrence of water-bearing
openings at site 1, the possibility that fairly direct recharge of
surface water may occur throush the sinkhole should be considered.
If & wall drilled at site 1 is found t0 be directly oconnected to the
sinkhole, steps may be takon to seal off the ontrance of surface water
into the sinke

Site Foe 2 is north of the sewage-disposal plant, on the southeast
side «f the intermittent draimage. It lies on the axis of a minor
fold in which the beddinz shows less disturbance tian at site l.
Site T is the nortisastermmost of the five locations and is situated
up the ground-water gradient from the sinkhole previously mentioned,
and therefore it would be less subject to direct surfase recharge
than site l.

Jite Noe 3 1s on the south side of the intermittent drairvage
and about 600 foet southwest of site l. This location is just east
of the contact of the Stomes liver and Chambersburgy limestones and

within the outerop of the more soluble Stones Hiver limestons. The



location was chosen % take advantage of ;round-water movement in

the Stones iver limestone along the comtact with the less soluble
Chambersbur; limestone. F‘urthcj gtructural conditions noted at site 1
my oxtend southwostward to site 3.

This eite is *he southwestermmost of the five locationz and,
thorefore, has the alvantage of the ;reatest area of recharge.

Gite [ise 4 15 just west of the rcad lealding from “outh Patrol Road
to the sewage-dlgposal plante It lies about 00 feot south of site 2,
on the same structural axige 5ite 4 is near an area of perannial seop-
age ?h‘—fh my indicate relatively great pormeability of the limestone
at this place.

Site Yce U is about 250 feet eiast of site 1« The choice of this
site 13 bagod on the {avorable structural colditions described for
site le T"ite U lies across a synclinal axis from Noe. le¢ It iz be-
lioved that a single well may not adequately test the possibilitioes
of intersectin: water-fillod oponin:s related teo the rock deformtion
at this localitye T“hould the irst test at site 5 prowe to be

usucceas™l, a second is considered to be warranted.

Q\mlig_o!' the Yater

It 1 recognized that the present supply from Rocky ’'pring is
inadequate in quantity durin: periods of deficient rainfall and is
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also subjeoct to contaminatione The turbidity of the sprimg flow
af'ter rains, and the nearmess of Rocky !ill Cemetery and debris-filled
depressions immediately east of the siring, are undesiravle featurese

It is believed that properly constructed wells drilled at the
sites sujgested will provide water {ree of turbidity and bacteriolozically
safes “ith the exception of the sinkhole referred to near site 1, no
other surface conditions were observed that are believed likely to
affect the chemical or bacteriological character of the jround water.
If the sinkhole referred to is found to be connescted more or less
direetly to one or more of the wells, corrective measures such as
filling the sink with shale or :rout, surting it, or covering it may
be undertakene

Chemically, water cbtained from deep wells will be similar to
that ylelded by the springe Because the wells may tap water that
eirculates to greater depths than that feedins the spring, the well
wator may be somewhat harder than water from the sprin; during high
flow fellowing rains or prolonged thawse During such periods the
movement of zround water throush the soil and rock to the sprin; ocut-
let is accelerated soc that there is less time for the water to pick wp
soluble winerals, than durin: periods of slow movement. However, the

difference betwesn the chemical gquality of the well water and the
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wlbe

spring supply probably would be small and would net materially ine

crease softening costse

Zecommended Procedures

It is reocommended that the first well bo drilled at site 1l.

It is further sugzested that this and subsequent wells, if required,
be at least © inmches in diameter. This diamoter is belisvaed to he the
minioum permitting suf'ficiently deep pump settings to obtain the de-
sired gquantitye 'nless s sufficient quantity is obtained at shallower
depths, drillins should be carried to approximately 500 fleete. The
well or wells should be cased and rrouted to a depth of 20 to 50 leety
dependin: upon the rock conditions encounterede Casing may be carried
to nreater depths to shut off openings conneected to nearby surface
openintse A driller's log and wall ocuttinzs for each § feet of depth
should be kepte (perating wellsz should be equipped with an air line
and pressure zaze for determinins static and pumping levels, and any
well drilled and not equipped with a pump should be retained and used
for observation purposese. Yeolls 5 and 6, drilled in 1942, should also
be equipped with recorders for observation of water levels.

It is suggested that the Philadelphia eoffice, iround /ater Jranch,
United States Geologleal Survey, be notifled upon eompletion of drilling
at site 1l The authors will assist in testins the wells and may wish to
alter certaln of the recommendations listed herein on the basis of data
obtained from the first welle.
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