RECOMMENDATI ONS

The programof acid mine drai nage control designated for theDeer Creek Vdtershed is
based on source abatenent. It is felt that the necessity to reducethe pollution potenti al
of the source to conpletely erase the contamnating agent is the nost efficient and
econom cal neans of controlling acid mne drai mge.

The chemcal treatnent of acid mine drainage was not considered atthis tine. The
treat nent process assures al nost 100%neutral i zati on of pol | uti on; however, the
operation and mai ntenance of a treatment facilityi s continuous and expensive. It
is felt that the fol |l ow ng source abatenent neasures ame the nost cost-effective neans of
pernanently elimnating the sources of acidmne drainage fromthe Deer O eek Vét ershed.
Thi s approach pl aces enphasis onelimnating the cause of the pollution rather than
controlling the end result.

The follow ng pol | uti on abat enent neasures have been recommended for inpl enentation
in the Deer Oeek Vdtershed. The nethods have proven to be succesful for various projects
designed to control or abate acid mine drainage. It isrecomended that follow ng the
i npl enentati on of abatenent neasures, that theseareas be nonitored and eval uated to.

determne tile effectiveness of the conpl eted wor k.

SURFACE M NE RECLANATI ON
This work invol ves the regrading, backfillng, contouring, and the soil

treatnent and planting of abandoned surfaceor "strip" mned |and. Overall,
this neasure is considered to be the nost inportant abatenent nethod recommended for the
Deer Creek Watershed.
The recl anati on work coul d include only the regrading and contouring ofmni nal |y
di sturbed surface mned |and. Were highwal | s are exposed, however,and | arge spoil
piles exist, this woul d require the conpl ete backfilling of the siteto its original
contour or a terrace type grading pattern.
Backfilling to original contour essentially restores the affected land to the state
prior to when it was mned. Terrace backfilling is the nethod bywhi ch the spoil
material is graded into benchesthus pronmoting the rapid expedition of runoff. Both
techniques utilize slopes that are designed to control the damagi ng affects of soil
erosi on and subsequent sedi nentation.
The spoil material in the Deer Oeek Vétershed, for the nost part, is very perneabl e and

potentially acid producing. Therefore, special surface conpaction
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may be specified for certain areas to prevent the percolation of runoff
into the subsurface.

Inmedi ately followng backfilling procedures, the land wll reeive soil
treatnent and planting. Representative sanples are taken of the nmaterial onthe
final-graded surface and are subjected to a conplete soil analysis. Thetesting.
determnes the optinum anmount of soil treatnent necessary to achievet he desired
veget ati on.

The soil, treatnent, and planting phase of surface mne reclantion is crucial to
maintaining the integrity of the reclai ned surface mne. The vegetation prohibits soil
erosion and its subsequent sedinentation. Alargequantity of surface water
entering the reclained | and i s absorbed by the root system This prohibits the
wat er fromperneating potentially acid produci ngspoil and pol | uting groundwat er
supplies. It also provides an aesthetical | yappeal i ng appearance to the conpl et ed
restorati on work.

SURFACE WATER MANAGEMENT

This method directsthe rapid renoval of surface water runoff on or
around reclai med surface mned areas. This is done to prevent recharge to

potentially acid producing nmaterial of restored strip mned areas. This reclam
-ation nmeasure is an integral part of surface mne reclamation recommended

for various areas of the Deer Creek Watershed. Surface water managenent

i ncl udes diversion ditches, lined channels or flunes and the reconstructi on and/or re
| ocation of existing stream channels: Diversion ditdes installed up slope
of the affected area are used todivert surface water around and away fromthe recl ai ned

mne site. DOtches |ocated on the reclanation area are used to col | ect surface water and

rapidly direct it into interceptor channels. These dtches are frequently
used on terrace and are usually lined with inpervious material to prevent
percolation into the spoil. All ditches are grass lined and areconstructed
to slopes ranging from 1%to 2% Interceptor channels accept and direct the
diversion ditch flowover the reclained | and for disposal intoexisting

wat ercourses. They arelined with inpervious material. Since thechannels
are usually installed on steeper grades, they are usually protectedwith a
riprap lining or tenmporary jutemtting for vegetation. The high exit
velocities are dissipated by flared riprap di scharge aprons at the end of the

channel s.

10
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In areas were a streamenters strip mned| and, the streamchannel ray belined or
rel ocated as necessary to prevent the water fromflow ngon or through acid producing

mat eri al .

| MPERVI QUS COVER
| npervi ous covering over reclained strip mned | and prevents surface water

infiltration into acid producing spoil. Mterials utilized include gels that forman
i npervious soil layer and natural inpewious material (clay) conpactedto a certain soil
density. Thelatter nethod i s dependent uponthe relative proximty of natural
inpervious nmaterial to the abatenent area.

An experinental project is presently being conducted on a large strip mnei n the
Toby Qeek (SL 191) Witershed to determne, the nost effective neans of achi eving

i nper vi ous cover.

DEEP M NE SEALI NG
This nethod prevents the lateral discharge of acid mne drai nage fromopenings of

abandoned deep mnes. The basic objective is to conpletky fl ood the deep m ne
wor ki ngs, thereby prohibiting thecontact of oxygen with sul phuricnaterial and
thus preventing the fornationof acid mne drainage. Al know deep mine entries wthin the
wat ershed are caved and i naccessi ble. Therefore, it isrecormended that those portal s
desi gnated for cl osure be seal ed by the renote net hod of deep m ne sealing.

The procedure consists of drilling a series of bore holes into the nmne entryand
pl aci ng aggregate through the holes to formfront and rear bul kheads. The cavity separating
the two is filled wth concrete in the sane nanner. A series of holes is then drilled
perpendi cular to the mne seal. The strata is pressure grouted to a predetermned hei ght
sufficient to flood the mnd. An observation hole is then dilled into the mne to nonitor
water levels inthe mne. Al mne openings of a deep mne conpl ex nust be sealed in this

manner is the inundation is to be successful.

Frequently, deep mnes are intercepted by strip mne activities perfornedon its
outcrop. This reduces the structural integrity of the outcrop barrier to contain a mne
pool in the deep mne workings. Therefore, inperviousbarriers are required in this
i nst ance.

11
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The successful sealing of a deep mne requires considerabl e know edge of
its structural geology, extent of mnedout areas, character of adjacent strata,
and location of portals. (ten tines exploratory drilling is required to ascerain this
i nformation.

| MPERVI QUS BARR ERS
The purpose of these abatenent nethods is to contain the water tabl e i nposed by the

fl ooding of a mne conpl ex or to prohibit the seepage al ong the outcrop of strip mnes.
These neasures include curtain grouting, clay packing, slurrytrench, and cl ay
bl anket i ng.
The construction of a grout curtain involves dilling aline of holes in
undi sturbed nmaterial toa depth bel ow the coal nmeasure. The grout can be a
conbi nati on or a mxture of naterial s such as cenent, flyash, and bentonite, etc.
The grout i s punped under pressure into the substrata, filling voids and
fractures in the rock strata. This grout curtain fornms a perched water table
to a predetermned, height which in turn, i nundates the coal neasure. The npst
practical use of curtain grouting is in conjunction wth the deep mne seal i ngor ocedur e.

Cay packing is recomrended nany times in conjunction with strip mne
reclamation. Its purpose is to forman inpervious barrier to prevent seepage al ongt he
stripped-outcrop of a surface mne. The material utilized is frequently the
clay found under the stripped o coal seam day is conpacted al ong the toe and up over
reclained spoil for a short distance.

The construction of a slurry trench involves the excavation of a trench
into whicha clay bentonite slurry is punped. The excavation extends to a
short depth be owthe coal neasure. As the digging continues, the excavated naterialis
mxed wth the slurry and is backfilled into the trench. The end result is an
i npervious barrier constructed to aheight sufficient to inundate the coal neasure or mne
workings. The trench is generally installed along a strip nmneintercepting the outcrop of
adeep mne conpl ex. The trench nust be excavatedi n unconsol i dated naterial. The general
procedure is to backfill the stripmne to provide a bench for the excavation, of the
slurry trench. Upon its conpletion, the backfilling of thestrip mne
proceeds to the final grade |ine.

The construction of a clay blanket is installed along a strip mne intecepting the
outcrop of a deep mne conpl ex. A clay blanket requires the excaation of a trench to a
depth bel owthe coal neasure. Qay is placed in the

12
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trench and conpacted in layers to an el evati on necessary to i nundate the coal neasure.
The renai nder of the trench is filled and conpacted wthl ayers of fi ne grained
spoil material. The top of the clay blanket is backfilled toa final grade line.
Sufficient natural inpervious material nust be avail abl enear the job site
for the use of this nethod to be economcal. This nethod i s not recomended where | arg
guantities of water nay be epected to enter the excavation.

COAL REFUSE DI SPOSAL AND MANAGE
The neasures recommended in this section relateto the disposition of coal refuse

fromactive and nonactive mning operations. (oal refuse fromabandoned deep m nes
is not consideredto be a najor source of pollution to the Deer reek Vétershed. The
limted extent of deep miningi n the area was such to preclude the fornati onof |arge
gob piles. It is, however, recoomended that refuse piles located withn the proposed
abat enent areas be properly disposed of. Wen abandoned strip mnes are in cl ose
proximty to the refuse sites, the waste naterial is excavated and transported to the
strip-mne for burial.

When refuse sites are isolated frompotential burial sites, the
material is spread and graded at the site. The material isthen disced
with |inmestone screenings where it receives a final earthcovering with
soil treatnent and pl anting.

Goal refuse is presently being generated fromcoal processing facilities |ocated
w thin the watershed. They are discussed further in the proposed abatenment portion of
this report. It is felt that any pollution discharged into the watershed from
these sites and the responsibility for corrective actions restssolely with the owners
of such facilities.

Met hods to prevent pollution fromthese sources woul d i nclude di versionditches
constructed upsl ope of tipples and storage areas. This woul d serveto channel water away
fromthe sites and woul d not need treatnent. In addition ditches shoul d be constructed
down slope of the facilities to capture all runoff at the site. This flow would be
directed into a series of settling and treatnent ponds before being rel eased
in the watershed.
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GAS AND O L VELL PLUGE NG
The abatenent of acid m ne drainage from abandoned oil and gaswel|ls

consi sts of a) locating the source (ol d casing) by excavation, b) reamng the well to a
predet erm ned depth or acquifer source, c) grouting the hole to a certain
depth and, d) plugging the remai nder of the hole with concrete. Large quantities ofacid
mne drai nage are di scharged to the Deer O eek Vdtershed fromthese sources.

In 1975, various abandoned oil and gas wells discharging acid m ne drai nage
were seal ed under Departnent of Environnental Resources Gontract No. AMP 16:2 inthe
Upper Paint Oresk Vtershed. A total of 12 wells were plugged, many of whi chwere
previously nonitored by thisstudy from 1973 to 1974. After the sealingwork
had been conpl eted, Gnun, Dobson & Forenan, Inc. perforned an eval uati on ofthe
abat enent neasures. The programwas felt to be 75percent effective with anestinated
average of 1,000 to 1,200 pounds per day of acidity renoved fromthe watershed. (The wells
located in a project area are discussed in nore detail.) This woul d indicate that
sealing of flowng oil or gaswells is a viable neans of abating acid nmne drai nage from
these sources. This abatenent neasure is akey conponent of the abatenent plan proposed
for the watershed.

EXPLORATORY DRI LLI NG
This phase is not considered a physical abatenent of acid mne drai age.

The information gather during exploratory drilling operations, however, is essenti al
for the engi neering designof abatenment facilities. It is included

as an integral part of the overall abatenent plan recommended for certain project areas.

Exploratory drilling is utilized for a) determning structural geol ogy of
a particular mning site relative to attitude of beds, outcrop determnation fault
di spl acenent, etc., b) determning the stratigraphic relationshi ps of amning site (rock
types, thickness of coal bed, presence of under clay), c) pressure testing strata adj acent
to deep mne workings, d) determning perneability
of, strip mne overburden or spoil, ande) ascertaining relationships
bet ween groundwat er sources and mning sites relative to locaion and quality of
acqui fers and recharge of isolated springs and wel | s.

14
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CEOLOGY

GENERAL
The geol ogical information utilized builds upon the |imted information

contained in previously published geol ogi cal reports. Many of these reports
are over 75 years old during which tinme considerable mning activity has taken
pl ace. The m ning operations may or may not confirm previous investigations.
The geol ogy of the watershed is conplex and highly variabl e; however, the
extensive field work required for identifying sources of acid m ne drai nage
has provided sonme additional data on the geology of the watershed. It is felt
that the geology as described in this report is adequate for the purposes of
defining the subsurface conditions relative to the acid m ne drainage problem
The Deer Creek Watershed is underlain by up to 12,000 feet of sedinentary
rocks dating back 540 million years to early Canbrian tinmes. The region at
that tinme was occupied by a vast inland sea. During this period, of. tine,

the present rocks were | aid down as sedinments. The typed of sedinent, varied
with changing conditions so that a succession of shale, |inmestone, sandstone,
coal and clay beds gradually accunul ated and subsi ded. At seal evel,

extensi ve swanps devel oped in which large quantitiesof vegetable matter
accurmul ated and gradual |y subsi ded. These deposits were covered with nore
sedinments. This cycle continued for many eras and has resulted in the rocks
presently exposed in the watershed

Some 200 mllion years ago, a trenendous uplift of the earth's crust
occurred from Al abama to New York. The forces were directed fromthe southeast
and lifted the accunul ated sedi nents above sea | evel. The sedinments were
severely folded in eastern Pennsyl vania, but gentle folding occurred in the
western part of the state. This area has since been above sea | evel and subject
to the erosional processes of weathering and stream action.

I medi ately following the uplift, erosional forces reduced the area
surroundi ng the watershed to a region of broad hills and valleys. This surface
is known as a penepl ane. The remmants of such a condition exist to this day in
that the hilltops in the area are nearly at the sane |evel or elevation

Due to a gradual uplift of the region, the streans have undergone a
m nor rejuvenation. This has increased the gradient of the stream and
subsequently increased their ability to erode the underlying strata. The
results of this rejuvenation were the steepening of the streamvalleys with

an associ at ed
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| engt hening of the streans to their present state.

The topography of the Deer eek Vtershed is characterized by steep, ruggedval | eys
and broad, flat hilltops. The | ower valley of Deer Creek near the nouth is steep
sided and narrow whil e the upper reaches are broader and w der. The steepness near the
lower end is apparently due to the outcropping of the rocksfromthe M ssissipian period
and the Pottsville Formati on of the Pennsyl vani anPeriod. These rocks are predonm nantly
nassi ve sandstone and are nore resistant to weathering ad erosion processes. The broad,
hilltop cap rocks of the watershed consist of shal e, sandstone, coal, and clay of the
Al | egheny Fornati on.

The gradient of Deer Oeek averages 27 feet per mle wth a slightly steepeni ng
gradi ent approaching the streamnouth This relatively steep gradient and resulting
high vel ocity of the streamprevents the accumul ati on of the iron precipitates (yellow
boy, etc.) in the stream bed.

The drai nage systemof Deer Qeek is dendritic in nature. This affect resenbl es the
branchi ng of a deciduous tree. This is due to the underlying bedock (sandstones of
Pottsville Formation) which is uniformin its resistance toerosion and has no control

over the direction of valley devel opnent or drai nage.

REG ONAL STRATI GRAPHY

The, exposed rocks of the Deer reek Vétershed are sedinentary in nature and bel ong to

the M ssi ssippi an and Pennsyl vani a series of the Carboni ferous systemThe deeper stream

vall eys contain recent alluviumdeposited during the Quartenary Period. The exposed rocks
are underlain by a great thickness of sedinentaryrocks. Information of these rocks has been
gathered solely froma study of borehol e records of oil and gas wel|s. The rocks penetrated
by these wells are bdieved to be portions of the Portage, Chenung and Cat&ill Fornation of
the Devoni an systemand a part of the Mssissippian series of the Carboniferous system A

di scussi on of the exposed strata of the Deer reek Vétershed fol | ows.

PENNSYLVANI AN SYSTEM
The Pennsyl vani an systemcontai ns the principal coal bearng fornmations of

the Sate. The rocks range in age from270 to 325 mllion years old. They nakeup virtually
the entire surface exposure of the Deer reek Vétershed. Depositedin near-shore narine or
continental environnents in the northcentral part of the Appal achi an basin, these rocks
consi st of interbedded shal e, sandstone, siltstone,
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i mestone, clay and coal beds. (See generalized stratigraphic colum,

page 19.) The systemhas been subdivided into four groups, named fromthe

ol dest: Monongahel a, Conemaugh, All egheny, and Pottsville. The

Monongahel a, Gonenmaugh groups and the upper portion of the Alegheny group have been
eroded or represent a hiatus in the Deer O eek Vétershed. A discussion of the renaiimg

portion of the All egheny ad Pottsville groups foll ows.

ALLEGHENY GROUP
The All egheny group includes all rock between the topof t he Upper Freeport coal

seamto the base of the clay beneath the Brookville coal. It isonposed of

sandst ones and shal es, interbedded with mnor amounts(vol unetrically) of coal, clay,
and Li nestone. The Al egheny group has divided into three fornmati ons Freeport,
Kittanning and Clarion. The Freeport formation and theupper portion of
the Kittanning fornation are not present in the watershed. The portiomf the Al egheny
group present in the watershed attai ns a naxi numthi ckness of Ki tt anni ng For mati on

The Kittanning formati on extends fromthe top of the UWper Kittanni ng coalseamto
the base of the clay under the Lower Kittanning coal. In the Deer O eekWt ershed, only
the shal e above the Mddl e Kittanning coal is present and that being in isolated
hilltops south of the Qarion Junction. The Lower Kittanning coal ranges from3 to 4
feet in thickness and is considered to be, interns of quality, the nost valuabl e seam
of coal in the watershed. Geat quantities of coal, however, have been renoved by
erosion and the renai ni ng reserves haveessentially been mned out. The seamreached
its greatest devel opnent southof Cl arion Junction and north of Hayni e where it
was strip mned. Varying qualities of plastic and flint clay underlie the coal
seamw th thicknesses rangingfrom 3 to 8 feet.

Clarion Formation
The Qarion fornati on extends fromthe base of the Kittanning Fornmation to

the base of the Brookville underclay. This formation contains nearly all of t he

m neable coals in the watershed. It consists of interbedded sandstone,
siltstone, shale, clay, coal, and |inestone. The principal mneral resources of the
formation, in descending order, include: Vanport |inestone, Wper Qarion coal, Lower
Clarion coal, and the Brookville coal.

The interval between the Lower Kittanning clayand the Vanport |i mestone
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general ly consists of coarse grained sandstone occasionally interbedded with
shal e or siltstone. The Vanport |imestone, a persistent bed i n westernPennsyl vani a,
has been rarely observed in the Deer Creek Watershed. It isbelieved to have
only spotty occurrence and has attai ned a thi ckness at nostof eight feet. |mmediately
above the linestone is a layer of iron ore several inches in thickness. Iron furnaces west
of Marianne and in Hiefner utilized the iron ore and |inestone fromthis nenber. In a large
area of the watershed where the Vanport |inmestone is absent, the interval

bet ween the Lower Kittanning and Clarion coals is occupi ed by a nassi ve coarse
grai ned sandstone and dark shal e.

The absence of the Vanport |inestone has major inplications relative to the
acid mne drainage conditions in the watershed. Goundwater quality in the
acquifers normally associated with the Vanport |linmestone is of a highly
al kal i ne nature. Intermxing of these waters (when present) wth acid mne drai nage
neutralizes the acidity of the water and, in essence, acts as a buffering agent. Si nce
the Deer Creek Watershed contains very little |linmestone, natural renovation
of acid mne drainage is virtually nonexistant. Wthout this renovation, it
is not known whether the streans wthin the watershed can ever becone totally non-
aci di c.

The C arion coals have both been extensively mnedin the watershed. Neither
of the coals are entirely persistent, with one or the other frequently mssing.Thus,
seam identification has been difficult. Both Clarion coals are sul phurous, carry
one or nore binders and contain high ash contents. The Upper A arion coal varies in thickness
from6 to 36 inches. This is separated by the Lower darion coal by approxinately 20 feet of
shal e. The Lower darionranges from 18 to 42 inches in thickness. Both seans are
underlain by plastic clay, 3 to 10 feet i n thi ckness. The coal s have been extensively deep
mned on the western water shed perineter between Lucinda and Arthurs and in the central
portion east of MIlerstown. Strip mnes have renoved the coals on the broad hilltops
anywher e hi gh enough to hold the coal axd where little overburden was encountered. A
considerabl e quantity of the mneable darion coal s has been exhausted in thenat er shed.

The interval between the Lower Qarion coal and the Brookville coal isseparated by up
to 70 feet of shale wth occasional interbeds of sandstone. The Brookville coal seam
averages 4z feet in thickness and is locally 7 feet thick.lt has a high sul phur and ash
content and contains thick partings of shal e and
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GENERALIZED STRATIGRAPHIC COLUMN OF EXPOSED ROCKS
DEER CREEK WATERSHED
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pyrite. It is underlain by upto 10 feet of variable quality clay. Relativelylittle
m ni ng has been done on the Brookville coal due, in part, to the poor quality of the
coal and the high level of activity on the Qarion coals; however,there are probably

| arge, unproven reserves of Brookville coal remaining in thewatershed and, therefore,
sone potential exists for future devel oprent.

POTTSVI LLE GROUP
The Pottsville group extends fromthe bottomof the Brookville underclay to the.

base of the Gonnoquenessi ng sandstone. It consists of thick bedded resi stantsandst ones
wth thin, lenses of shale and coal. It attains a naxi numthi ckness of 130 feet in the

wat ershed. The rocks of the Pottsville group formthe hillsides and valleys of the
watershed area. It consists of the follow ng fornati ons i ndescendi ng order: Homewood,
Mer cer and Connoquenessing. The upper limt of thegroup is occasionally
separated fromthe Brookville coal by a variabl e thicknessof shale. The lower limt lies
unconf or nabl y on the Burgoon sandstone of the M ssissippian period since the Mauch Chunk
formati on has been eroded fromthisarea. The line of separation is not clear due to the
fact that the sandstones of the Pottsville and Burgoon Sandstones arevery siml ar
in nature.

HOVEWOOD FORMATI ON

The Honmewood formation varies in thickness from30 to 40 feet. It extends fromthe
bottomof the Brookville underclay to the top of the Mercer shale.lt consists of a

gray nassive coarse grai ned sandst one.

MERCER FORNMATI ON
The Mercer shale fornation varies in thickness from6 to 40 feet. The forna on consists

prirmarily of black and brown shal es interbedded with thin beds ofcoal and clay. The Mercer
coal bed sporadically outcrops in the watershedstreamvalleys but little, if any, coal has

been m ned.

CONNOQUENESSI NG FORMATI ON

The Gonnoquenessing formati onranges from30 to 50 feet in thickness. It extends
fromthe base of the Mercer shale to the M ssissi ppi anPennsyl vani an contact. It
consi sts of a coarse grai ned, nassive sandstone w th occasional i nt er beds of shal e.

M SSI SSI PPI AN SYSTEM
The only exposure of the M ssissippi an systemconsists of the Burgoon sandtone of

the Pocono group. It outcrops along the steep hillsides near the nouth
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of Deer Oeek and is the ol dest rock exposure in the watershed. The contact wth he
Pottsville Goup could not be ascertained in the field due to the heavytal us on the

vall ey walls.
The Burgoon sandstone attains an average thi ckness of 310 feet in the wateshed. It

is of nonnarine origin and is wually thin bedded and uncl ean. It al so contai ns frequent
interbeds of thn shal e | enses.

STRUCTURAL GEOLOGY

The Deer reek Witershed is locate on the northern limts of the Appal achi an coal

basin. The basin or syncloriumis a | arge northeast - sout hwest trendi ng down fold of strata.
It isanear flat lying strata whichis only occasionally broken by small faults and
| ow, broad folds.

Limted information regardi ng structure has been obtai ned in and around t hearea of
the Deer Qreek Vdtershed. The geol ogy of darion Gounty was investigatedby the Second
Geol ogi cal Survey of Pennsyvania (H.M Chance) in 1880. In 1911, the Uhited Sates
Geol ogi cal Survey (Shaw and Minn) publ i shed the geol ogy of theFoxburg and d arion
guadrangl es, including a small portion of the Deer ( eekVtershed. Chance, in the 1880
study, reported straight, paallel folds at astrike of N 35 through the Deer QO eek
Wt ershed; the MIlersville anticline andsyncline. In 1911, however, Shaw and Minn coul d
find no such evidence of thesefolds, though the study proceeded only far north as
Shi ppenvi | | e.

Inlieu of conplete geol ogi cal data, structure contours have been fornulated for the
Deer-Qeek Vétershed. S nce the area has been heavily surface mned, thetopography of
such activities are found on the US GS 7%mnute quadrangl e series. (oal el evations have
been ascertai ned fromthese sites and correl atedw th available drill hol e and deep m ne
data. Structure contours have been compiled on the Lower AQarion coal seam The bed is
considered to be the nost persistent and heavily mned of any in the watershed. Theefore,
the seam where mned out, woul d be capabl e of generating nore data relative to structure
determnations. The resultant structure contours are in invervals of 20 feet.

It is felt that the contours are accurate to 10 feet. It nust be enphasi zed thatt he
structure obtained is of a regional nature only. Localized conditions at acertain mne
sitewll vary wth the formati on presented. For the purpose ofthis report, however,
it isfelt that the structure presented reveals theregional trends and
patterns.
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As aresult of the determnation, it can be seen that the structure north of
Shi ppenvi | | e can best be described as a nonocline rising gently, |ess than onehal f
degree, to the north. As the structure is foll owed to the south, begi nningsof an
irregu ar fold begins to appear. Evidence of a long, shallowtrough isfound in the area,
extending from Shippenville to WIliansburg, below Qarion. This feature together, wth
the overall southerly dip and constant el evation of the hilltops, serves to preservethe
Lower and Mddl e Kittanning formation in the southern reaches of the watershed. In the
northern reaches of the watershed, slight, folding and a general flattening of structure
is evident. A slight dip tothe northeast is noted near Tyl ersburg. Qrerall, the Lower
Qarion coal seamraises an estinmated 240 feet fromthe nouth to the headwaters of Deer
Qeek. As aresult of this rise, the isolated patches of coal near Tylersburg and Frills
Gorners represent sone of the northernnost reaches of mneabl e bitmnous coal inthe.
Appal achi an Basi n.

The direction of groundwater flow seens to be largely controlled by the | ocal
anonal i es in structure throughout the watershed. Because of this, there appearsto be no
general directional pattern to the flow of acid mne drainage. The interrelationships
bet ween abandoned surface mnes and groundwater contamnation i s di scussed under the
Exploratory Drilling Program page 25.
Q.03 C FACTGRS AFFECTI NG A D M NE DRAI NAGE AQ D PRCDUCTI ON

The nature and quantity of acidmne drai nage produced as an afternath of coal

mning is determned by various hydrol ogi c and geol ogi ¢ factors. Sone of these
factors are:
1. Thi ckness and conposition of the coal seans and associ ated strata
2. Depositional environnments of the strata.
3. Sze and chemcal constituents of the pyrite in the coal and
associ ated strata.
Folding, fracturing, joints, faults, and strike and dip of the strata
Locati on and extent of mned out area.
Roof thickness and character.
Topogr aphy.
Position of water tables.

© 0 N o g

Pernmeability and porosity of strata.

10. Availability of carbonates for natural renovation.

The basic theory of acid mne drainage formation is sinple and well known. Coal
m ni ng exposes the sul phur-bearing mnerals, pyrite and narcasite, to air and water.
These mneral s are oxidi zed chemcal |y and bi ochem cal |y, produci ng
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sulfuric acid, ferrous and ferric sulfate, and other acid salts such as the sul fates of
iron, alumnum and nmanganese. The mne drai nage nay al so contain the neutral sul fates
of cal ciumand magnesi umwhen cal careous rocks are present.

Recent research conducted by WIlians (1960), WIIlians and Ferm (1960),WIIlians and
Keith (1963), Caruccio (1968, 1970, 1972), and Garucci o and Fern{1974), has begun to
devel op patterns in acid mne drai nage formation in Vé¢sternPennsyl vani a. Through the
use of fossils, WIllians first determned the stratigraphi c pal eoenvironnents of
deposition andtheir lateral variations for each of the najor coal seans in the Al egheny
Goup. He found that in the basal portionof the Al egheny Goup, the rocks contain
fossils indicative of a narinebracki sh water pal eoenvironnent. In the upper portion of
the Goup, fossils are present which indicate a continental freshwater
pal eoenvironnent. |In general, as one passes upward through the stratigraphic
succession, the rocks grade slowyfromnmarine to continental, indicating a sl ow narine
regression over a long periodof tine. This work was further refined by WIlians and Fern
(1960), who denorstrated that the basal brackish rocks in the Al egheny Goup al so vary
lateral |y, becomng progressively nore narine to the west.

The significance of this, to the understanding of acid mne drainage, was revealed in
a study by Wllians and Keith (1963). This studyinvestigated the possible correlation
between sul phur (prinarily as pyrite) in coals and the pal eoenvi ronnent of deposition of
the coals. It was found that the anount of sul phur in the Lower Kittanning coal seam
i ncreased westward, directly correating wth the westward transition fromcontinental
to nmarine pal ecenvironnent. This was inferred to hold true for the other coal seans of
the Al egheny G oup.

For the past eight years, Caruccio has been investigating the nature ofthe pyrite
whi ch causes the acid mne drainage problem In a series of fieldand | aboratory
studi es conducted in western Pennsyl vania, he determned that the nost significant
paraneters affecting acid fornation are:

1. Mode of occurrence of the pyrite.

2. Dstribution of certain trace elenents in the pyrite.

3. Perneability of the host rock, as a contributing factor to the

oxi dation rate.

4. Availability of cal ciumcarbonate for natural renovation.

G oundwater pHbefore mning, as a control on the iron bacteria

whi ch catal yze the aci d produci ng chem cal reaction.
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The studies showed that there are four types of pyrite occurrences in

coal strata:
1. Euhedral crystals less than 10 microns in diameter.

2. Coarse-grained masses replacing original plant matter, greaterthan
25 mcrons in diareter.

3. Coarse-grained plate y nasses occupying joints in the strata, greaterthan
25 mcrons in dianeter.

4. Fine grained franboi dal pyrite, generally occurring as spheri cal
clusters of 0.25 micron particles.

The fine-grained franboi dal and euhedral pyrite appear to have been forned
cont enporaneously with the host strata, since the pyrite grains are aligned parall el
with bedding and forman integral part of the structure. These typesof pyrite are
products of the pal eoenvironnents of deposition for thestrata. The other types of
pyrite are secondary forns, resulting fromdeposition injoints and repl acenent of
pl ant materi al .

Caruccio has further determned that only the franboi dal prinary pyriteis
signficantly reactive. Sanples containing simlar amounts of total pyrite,
but only a snall percentage of franboidal, produce significantly | ess acid than

sanpl es with a high percentage of franboidal pyrite.

The reasons for the reactivity of franboidal pyrite appear to be at |east partially
controll ed by the existence of trace elenents. S ze alone is not theanswer, since
coarse-grained pyrite was nmechanically ground to a size equival entto franboi dal pyrite
and tested, wthout a significant increase in acid prodution. Spectroanal ysis of
sanpl es by Caruccio has shown significantly noretitaniumin stable pyrite than in
reactive pyrite, and presence of silver inreactive sanples only. Mre research is being
conducted to determne if silverincreases oxidation tendency, or if titaniumincreases
stability.

Recent work by Caruccio and Ferm(1974), and work in progress, has determ nedt he
franboi dal pyrite to be associated with strata fromback barrier and | onerdelta plain
deposits. Oiteria are being devel oped to recogni ze pal eoenvi ronnents in the field, in
hopes that progress can be made toward nappi ng theseenvironnents in the Appal achi an

coal fields.
There are several inplications of these studies for the Deer O eek Vétershed. The

surface rocks of the watershed are fromthe basal portion of the Al eghenyG oup,
representing restricted nearshore marine and narine pal eoenvi ronnents. As such, the

darion coal s and associ ated strata contain the greatest anmounts
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of franboidal pyrite, and are therefore the worst acid producers.

The situation within the watershed is wrsened by the scarcity of Vanport
limestone, which is a major contributor to natural renovation throughout muclof
western Pennsyl vania. The | ack of |inmestone, high degree of reactive pyrite,and poor
reclamati on practices of past mning, have conbi ned toproduce the serious acid mne
drai nage problemin the Deer O eek Vétershed. Mreover,the | ow pH val ues i n nany
areas probably encourage the growth of various iron bacteria, which act as a catal yst

in the acid production process.

EXPLORATORY DR LLI NG PRO®RAM
I nt roducti on

During the early stages of the study, one of the nost persistent problens
inrelating geol ogy to the acid mne drai nage probl emwas traci ng the novenentof the
pol lution. Normally, seepages fromsurface mned | and woul d occur at the
toe of spoil and mgrate in accordance with the geologic structure. At othertines,

rainfall would fall onto surface mned land, (particularly hilltop mnes)

and di sappear into the subsurface. In conjunction with this problem springsand wel | s
| ocated far downsl ope of these mning areas, were discharging consid

-erable quantities of acid mne drainage. Tle quality of the water closely
resenbl ed the drai nage that nornally woul d be di scharged as seepage or runoff from
strip mnes.

It was suspected that precipitaion was falling on the hilltop surface mnes and
infiltrating the highly permeable and acidic Clarion spoil material. This
was thought to be a logical assunption in that the surfaces of the mnes | acked
vegetation, were flat |ying, and contai ned rocky andpyritic overburden. The fl ow was
then assuned to infiltrate to an aquifer and then conveyed to the suface, exiting in the
formof springs and wells. To verify this assunption, an exploratory drilling
project, SL 191-0-101.5, was established for various areas in the Deer
Creek and adjoining Toby Creek (SL 193) Watershed. Core holes were drilled
bet wveen the abandoned mne sites and the pol |l uti on points. The cores were examned in
the field and in the office. Holes were drilled to depths so as to verify the presence

or absence of a single contamnating transmssion zone.

The drill logs and rel ated draw ngs of the project are presentedin the Appendi x and
shoul d be referred to in conjunctionwi th the fol |l ow ng di scussi on.
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Deer Creek Area No. 1
The project area was | ocated approxinmately 2.5mles northwest of Shippenvillein Bk

Townshi p. The purpose of the project was to determine the source of polution to the wells
and springs along Deer Qreek and the Penn Gentral (now Gonrail)railroad tracks. It was
suspected that the possible recharge area was a hilltopstrip-mne in the darion coal
seam approxi matel y 160 feet above the discharges. Hol es’ were drilled belowthe strip
mne to depths ranging from60 to 180 feet.

An examnation of the core borings revealed a |imted amount of iron precipitate had
forned on the rocks near the surface of each hole (except No. 15).The fl ow conveying the
precipitate woul d appear to follow a near surface pathand originates fromthe strip mne
above the di scharges. No evidene of a single contamnated acqui fer zone could be found in
the core borings. It is felt that the. springs are being recharged by the strip mne, but
acid production is limted. In addition, the gas wells nonitored by DE221 and 222 are not
affected by the mne as an examnation of hol e nunber 15 reveal ed. Recormendations for this
area are included in Project Area nunbers 4 and 7 of the proposed abatenent plan.

Deer Creek Area No. 2
The project area was |located just south of the village of Tylersburg. The purpose of

the project was to determne the source of pollution to the gas well sand springs al ong a
tributary to Licking Geek. It was suspected that thepossible recharge area was a hilltop
strip mne in the Aarion coal seam approximatel y 100 feet above the di scharges. Hol es
were drilled bel owthe mne to depthsranging from30 to 80 feet.

An examnation of the core borings revealed a limted anmount of iron precipiate
had formed on the surface of the rocks near the surface of each hole. The
fl ow conveyi ng precipitate woul d appear to followa near surface path and orignates from
the strip mne above the di scharges. No evidence of a single contam nated acqui fer zone
coul d be ascertained fromthe cores. It is felt thatthe springs are being recharged toa
degree by the strip mne, however, the flows observed at the gas wells are probably
beyond the influence of the mne. Thewell nonitored by DE46 and 47 was seal ed under AP
contract 16:2. Specificrecormendations for this area are included in Project No. 21-2 of
the proposed abat enent pl an.
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General Concl usi ons

As a result of the drilling program it appears probable that abandoned
surface m nes topographically situated on hilltops are capabl e of
di schargi ng variable amounts of acid mne drai nage to #al | ow groundwat er systens. It
isfelt that rainfall is percolating through an acidic, perneable spoil
until it is contained by an inpervious surface (usually the bottomof a strip mnepit).
The flowis then conveyed laterally in accordane wth | ocal gedogic structure, to a
point where it intercepts the soil nantle. The flow then foll ows anear surface flow path
until it appears to exit downslope at the surfece usually at a spring. The quantity of
pol | uti on appears to depend on the surface area oft he site, the degree of
vegetati on present, the anpunt of acid producing material in the spoil, the
perneability of the surface material, the type and anount of backfilling afforded to the
site and the presence of drainage facilities. Thepresence of a single oontan nated
acquifer zone was not found to exist as aresult of this program

The pol lution attributed to gas wells is seen as a nore conpl ex probl em
At certain extrene instances, the pollution to these wells nay have its sourcef rom
abandoned surface mres. It seens nore likely, however, that the probl ensare generated
far bel ow the ground surface and beyond the influence of the | ocal surface mned areas. An
in depth study of the gas well pollution probl emrequiresthe use of nore sophisticated
hydr o- geol ogi cal techni ques.

General Recommendati ons

The general findings of the exploratory drilling programshould not be applied in a
specific manner to all seepages and springs seemngly far renovedf rommned areas. The
geol ogy of the watershed rel ative to grouwmdwater hydrology is far too conpl ex to put
into sinplified ternms. Sone general reconmendati ons, however, can be nade that
shoul d i nprove the acid mne drainage conditions in these areas.
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Rel ying on the assunption that the surface mning of coal within the
wat er shed has effectively disrupted the groundwater systemto some degree, it woul d
seeml ogi cal that reclamation of these sitesis inorder. It is felt that re
grading the sites end installing drainage facilities to pronmote the rapid expdi ti on of
runoff is essential. Special conpaction of the surface to prevent the whol esal e
percol ation of water into the spoil nay be necessary in sonme cases. The experinental
programet e strip mne in the watershed is testing several methods to achi eve this end.
Al so consi dered necessary is conpl ete revegetation of the reclained site. The root
systemof the vegetation will help to absorb thewater that would nornal |y be
infiltrating through the acidic spoil.

Gas wel | plugging is considered e viabl e neans of abating deeterious flows.

Thi s techni que was successful |y inpl enented under AMBP contract 16:2 in the Uoper

Pai nt O eek Wat ershed (Deer O eek Watershed).

If these nmeasures are inplenented, there is no guarantee that the acid mne
drai nage di scharged fromisolated prings and wells will be conpletely abated. It is
felt that many of the sources have been di scharging naturally for a periodof nany
years. The abatenent of these sources woul d be considered next to inpossible. An
eval uati on of adjacent watersheds in thearea indicate simlar conditions of
groundwat er contamnation. The probl emnay be one of a regional zed nature and not one
due solely to local conditions. It is felt, however, that the quantity of water being
di scharged fromthese sources wll be reducedif the abatenent neasures are
i npl ement ed over a basi nw de area.
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M NI NG HI STORY
Cl arion Gounty has been mned for a variety of mneral resources since 1830. The

iron industry was the first activity to take advantage of various iron oredeposits in
the county. One bed occurs inmediately above the Vanport |inmestone(known then
as the "Ferriferous" linmestone). The ore at that tine was obtai nedprimarily by stripping.
The mned ore was then snelted i n charcoal furnaces, ruins of which are in evidence
throughout darion Gounty. Ruins of old furnaces can be observed on U S Route 322 east of
Shippenville and at Huefner. At onetine, there were 27 furnaces operating in the county
producing a total of 40,000tons of iron per year. The iron industry in this area,
hovever, experienced steady decline after 1860 due to the exhaustion of the nore

econom cal deposits and the di scovery of the higher grade Lake Superior ores.

Inmedi ately after the Avil Wr, oil was discovere in Qarion Gounty i n commerci al
quantities. The production of oil reached a peak in 1874 wth 3,900,000 barrels. By 1883,
an estimated 5,000 oil wells had been drilled. Mst of the crude oil production in the
Deer Oeek Vétershed area resulted fromthe Venango, Third and Fourth Sands of the
Gonewango Formation, Devonian Period. The petrol eumindustry, however, steadilydeclined
in Qarion GCounty when, in 1941, production dropped bel ow 100, 000 barrels for the first
tine. In 1941, it was also estinmated that 75 mllion barrels were physically recoverabl e
from180 mllion barrels of total crude oil still in the ground in darion County.

The devel opnent of the natural gas industry in darion Gounty coinci ded wth that of
the petrol eumindustry. The production of gas in darion Gounty reachedl5 billion cubic
feet in 1927 but has since declined. Mbst of the natural gasproduction in the Deer O eek
Véit ershed area resul ted fromthe Speechl ey Sand of t he Canadaway Fornation, Devoni an
Peri od and the previously nentioned Venango Sands.

Coal is the nost val uabl e and abundant mneral resource in darion Gounty. It has
been responsi bl e for the enpl oynent of thousands of nen and has been the prinary industry
of the county for the past 100 years. The fol |l owi ng estinatesof the coal reserves of
darion County represent thenost recent estinates: origi nal reserves - 2,043
mllion tons, mned out and lost - 190 mllion tons, recoverable by strip
mning (0-120 feet cover) - 237 mllion tons, recoverable deep mning - 80
mllion tons. Mned in conjunction wth coal were fire clays fromprinarily the Lower
darion and Lower Kittanning coal nenbers. They have
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primarily been used for fire brick and a variety of other wares.

The maj or seans located in the Deer Oreek Wtershed are, in order of inporance:
Lower C arion, Upper Clarion, Lower Kittanning, and Brookville. The coal, in
general, is classified as high volatile and has been usedprinarily as asteam coal . It

has the follow ng typical analysis:

Vol atile Matter 35-39%
Fi xed Carbon 45-53%
Sul phur 3-6%
Ash 8- 13%
Moi st ure 2-4%
Heati ng Val ue 13, 000-
14, 000 BTU

Large quantities of Wper and Lower Qarion coal have been renmoved by the stripping
net hod. The Lower Kittanning coal, where present, has been totally exhausted. Due to the
topography of the area, the principal nethod of stripping has been hilltop renoval .

Mbst of the economcally recoverabl e coal in the watershed has been exhausted. The
devel opnent of the Brookville coal will only occur when its reserves are proven and when
nore effective neans of reduci ng sul phur content are found. Wth a few exceptions, active
mning in the watershed has all but ceased at thisti ne.

Deep mning was perforned in the watershed up to 1930. Due to the thickness and extent
of the seans, no | arge mnes were devel oped in the watershed. bt deep mining was in the
formof snall country banks used mainly for |ocal purposes.

Mbst of the mne drai nage pol | uti on cones fromabandoned strip and deep
mnes where mning was conducted before the regul ati on of the industry and further
aggravated by mning practices at the tine. The najor cause of deep mne polltion is the
fact that until recently the mne openings were driven to the rise allowng for gravity
draining of water fromthe mne. Inadequate mne design related to roof support lead to
caving of the mne workings with resultingfracturing of adjacent strata. This has al | oned
surface and groundwater topercolate into the mne workings. Mne openings in the form of
man-ways, ventilation and supply adits were not seal ed fol |l ow ng mne abandonnent .

Inregards to strip mning, nost pits were not backfilled or planted all ow ng
surface water to infiltrate through acidic spoil, settle into i npoundnents and
contam nate groundwater supplies. Strip mne activities often renoved the
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outcrop barrier allow ng groundwater to fl ow uni npeded to the surface over theold
strip pit. Mne and tipple refuse consisting of high sul phur naterial was

not properly di sposed of.

As aresult of these practices, regulation of the mning industry cane into
exi stence wth the Pennsyl vania 0 ean Streans Act of 1937 (PL 1987 wth anendnents), the
1963 B tumnous Goal (pen Pit Mning Gonservation Act 133, the Land
the Surface Mning Conservation and Recl amation Act of 1971, and the Federal Surface
Mning Control and Recl amati o Act of 1977. Effective inplenentationand enforcenent of
these lans should elimnate or control any adverse conditionsresulting fromactive
m ni ng operations. Meanwhil e, mne drainage from abandoned deep and strip mnes
w il continue to degrade the wate quality in the area pladng severe restrictions on
the and and wat er environnent.
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STREAM QUALI TY EVALUATI ON

GENERAL DESCRI PTI ON
Deer Creek drains an area of approximately 69 square m |l es northwest of

the Borough of Qarion. The streamrises in the north central portion of Qarion Gounty
and flows 18 mles in a southwesterly direction to the point of confluence wth the
Qarion Rver. The watershed attains a naxinumw dth of 8 mles. Thenouth of Deer O eek
is located approxinately 3 mles downstreamof Finey Damonthe C arion River.

There are no continuous recordi ng gaigi ng stations in the watershed;, hence, | ong
termdi scharge records are not available for characterizing streamfl owBy assumng a
runoff factor applicable to this area, however, a general idea of average di scharge can
be estimated. By applying a factor of 1.5 cubic feet per second per square mle, it is
estimated that Deer (reek discharges an averageof 103.5 cubic feet per second (66.9
mllion gallons per day) to the darionRi ver.

The Uhited States Geol ogi cal Survey conducted a partial study of Toby Qeek fromJuly
to Decenber of 1973. Wter quality and flow were nonitored by a gaging station (03030100)
on Deer Oeek at the bridge over PA Route 854 near the nouth of Toby Creek.

The nmajor tributary to Deer Qeek is Paint Geek. It joins the main streamat WI son's
M1 I bel ow Shippenville. Paint Geek is forned bel ow Hief ner at the confluence of Mhles
Run and Licking Qreek. The nmajor tributaries to Paint Geek i ncl ude the foll ow ng:

Tri butary Wat ershed Area (Sq. M .)

Little Paint Creek

Mahl es Run ( Bel ow Huef ner)

Step Run

Foy Run

Mapl es Run (above Shippenville)
Cooper Run

G ol emund Run

Ratt| esnake Run

Frills Run

P PR R P DN®NO
N W oo mwOoO N O W
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The najor tributaries to Deer Geek eclusive of Paint Qeek are:

Tributary Vét er shed Area
(Sg. Mles)

Little Deer Oeek 3.8

Judi th Run 3.2

Boyd Run 3.0

Goal Run 1.4

These tributaries, as well as the main streamof Deer and vari ous unnamed tributari es,
were the subject of an investigation to determne instreamchemcal quality relative
to acid mne drainage pol lution paraneters in the watershed.
It was recogni zed, at the outset, that the tine required for conplete data col | ection
at nonitoring stations woul d i npose a practical |imton the nunber of streamsanpling
poi nts whi ch coul d be used. For this reason, a cursorysurvey was undertaken to screen

potential sites and sel ect the stations nost pertinent to the eval uation.

DATA COLLECTI ON

A prelimnary survey, during which 230 grap sanpl es were anal yzed, was conducted in

July of 1973 in order to evaluate streamquality and establish the opti numnunber and
| ocation of sanpling points. Based on this information, stationswere designated for
periodic determnations of streamflow and water quality. The specific | ocations for these
streamnoni toring points are shown on the base mapand Fi gure 3.

During the survey, additional sanpling stations were assigned as needed to clarify
data regarding pol lutant |oadings for specific streamreaches.n addition to
determning streamflow sanples were collected and anal yzed in thel aboratory for pH
acidity, alkalinity, iron and sulfates. IAstream| oadi ngs for each constituent were
conputed fromthis data. Tables of the basic data for each water quality station are
presented i n Appendi x B.

An effort was nade to conduct sanpling during periods with relatively consi st
ant streamconditions, i.e. under flow conditions roughly equivalenton a
proportional basis throughout the watershed. This is inportantif the resultant data
is to neasure the instreameffect of mne drai nage sources for a pari cul ar stage of
streamflow In practice, however, it is often difficult to achieve this objective

because the unexpected occurrence of rainfall, or varia
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tions in stormintensity during a sanpling period, affect the watershed
unevenly. Such variations in rainfall pattern preclude the possibility of correlating
in streamchemcal data. Appendi x D has graphs show ng daily rainfall accunul ation
during the study (July 1973 to Septenber 1974), as neasured at the d ari onweat her
station (P ney Dan). The periods for nonitoring water quality stationsare al so shown to
indicate the pertinence of rainfall to data interpretation.

Averages of the data obtained were used to express the general water
quality effect of mne drainage problens in terns of acidity |loadings. It should be
noted that these val ues nmay be sonewhat | ower than actual nean | oadi ngs because data
coll ection favored base flow and between | ow and nedi umsteamfl ows. Nevert hel ess,
it is felt that the data generated provides a reasonabl e indication of the
nmagni tude and distribution of the acid mne drai nage problemin theproject area.

DI SCUSSI ON OF RESULTS
The foll ow ng di scussion of the in streamaffect of acid mne drai nage on Deer

O eek was anal yzed downstreamfromits headwaters to the nouth of the darion R ver.
FHgure 4, which represents a schematic diagramof the Deer reek streamquality
noni toring stations, should be used in conjunction wththe narrative portion.
To facilitate the discussion of the water quality in the stream the wateshed has
been separated into najor areas.
Area A - Deer Qeek fromheadwaters to confluence with Paint QO eek.
Area B - Paint Creek sub-watershed
Area C - Deer Creek after confluence with Paint Creek

AREA A

This area enconpasses that part of the watershed drai ned by Deer O eekfromthe
headwaters to the confluence with Paint Qeek. This section repreents approxinately
25 to 30 percent of the total watershed drai nge area.

Monitoring station D17 recorded the water quality of the headwaters of this
portion of Deer Oeek. An average of 2300 | bs/day of acid and pH of 3. 7 was recor ded
here. Since strip mnes represent the extrene headwaters,this portion of Deer
Qeek is degraded by mne drainage its entire | ength. The sources of pollution are
the strip mnes northwest d Hayni e and aci d di scharges fromsprings and wel |l s
| ocated just above DF17.
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Judith Run was nonitored by DF18. An average acid | oad of 3250 | bs/dayand pH of
3.1 was recorded. Judith Runis alsoin an acidic condition along itsentire | ength. The
nmajor pollution source is the large strip mne at the headwaters north of Haynie.
Little Deer Oreek contributed an average of 1600 | bs/day of acid wth anaverage pH of
3.6 as nmonitored by DR16. Strip mnes at the headwaters account for the

acid condition of Little Deer Creek along its entire |ength.

Monitoring station D=15 records the net affect of the tributaries to thispoint.
S nce the station was | ocated bel ow Judith Run, the | oadings of the other stations (D~
16,17, 18) add al nost arithnetical ly. An average acid | oadi ng of 7400 | bs/day and pH of
3.4 was recorded here.

The water quality of Deer reek to its confluence wth Paint Oreek was reorded at DR
5. Sone dilution was afforded to the acidity in this reach aslittle mning activity
occurred between D=5 and D~15. The pH however, rewained the sane at 3.4 as did the
sul phat e | oadi ng of approxi nately 10 tons/day. In summary, Area A is degraded by acd
mne drainage along its entire reachresulting prinarily fromstrip mning al ong
tributary headwaters.
AREA B

The area consists of the entire Paint O eek subwatershed and represents

approxi nately 6570 percent of the total watershed area.
Monitoring station D~14 represented the water quality of the headwaters of Li cking

Qeek. An average pHof 3.3 and acidity |oading of 2750 | bs/day was recorded. Sources
of pollution are strip mnes at the headwaters and springsand wel | s di schargi ng n ne
drai nage al ong the main stream

Frills Run was nonitored by DE13. Vdter quality at this station indicatedan
average pHof 3.4 and acidity |oading of 550 | bs/day. This stream hasprobably i nproved
since the sealing of several gas wells under ANAP contract 16. 2

Rattl esnake Run, nonitored by DG12, contributed a negligible acid | oad to
Li cki ng Creek.

Li cking G eek was nonitored one mle downstreamof Rattlesnake by DF11.

An average pHof 3.5, acidity |oading of 4250 | bs/day and over 8 tons of sul phate were
recorded here. Pollution sources are attributed to the aforenentioned tributaries and
the acidic tributaries of Foy Run and G ol enund Run.
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Moni toring station D10 nonitored Step Run. This stream had the
hi ghest average pH of any major tributary in the watershed. Traces of alkalinity
were noted in this stream This nust account for the negligible acid | oad noted at
the nouth of Step Run, though there are many acidic springs |ocated al ong
its reach.

Li cki ng O eek downstream of Huefner was nonitored by DF9. Average aci dity | oadi ngs
of 7270 | bs/day and over 10 tons per day of sul phates were recorded here. This
represents an increase in acidity of alnost 3,000 | bs/day fronD~11. This can be
attributed prinarily to the discharges of springs and wel | sal ong Li cki ng O eek above
Huefner and strip mne activity between Snydersburgand Luci nda.

Mahl es Run, which joins with Licking Geek to formPaint Geek, was nonitored by D~
8. It is degraded by acid mne drai nage fromflow ng springs and wel | s att he
headwat ers strip mnesin the central region. An average pHof 3.9 and acidity | oadi ng
of 1270 | bs/day was recorded here.

Pai nt reek upstreamof Gooper Run was nonitored by DF7. An increase of acidity of
only 850 | bs/day was recorded, however, sul phates increased by over4 tons/day. This
resulted fromthe tributaries of Mihl es Run and Lauer Run andstrip and deep m ne
di scharges al ong t he wat ershed boundary between Luci nda andArt hurs.

Monitoring station D=6 recorded the water quality of the acidic tributary
of Little Deer Oek. Sources of pollution are alnost solely attributed to deepmne
di scharges east of MIlerstown and flowing gas wells. An average pH of 3.4 and acidity

| oadi ngs of 2200 | bs/day were produced by the subwat er shed.

Paint reek downstreamof Little Paint Qeek was nonitored by D=4. Increases of over
3200 | bs/day of acid and 25,400 | bs/day of sul phates occurred in thisreach. This can be
attributed solely to the introduction of acidic flows fromCooper Run and Little Paint
Creek.

Negligible increases in acidty and sul phate | oadi ngs were noted betwen DF4 and
D~3 on Paint Oeek. Little mning activity occurred in this reach. Results at OR3
above the confluence wth Deer Oeek at Wlsons MIIls revealthat Paint Qeek is a
consistent and substantial acid tributary to Deer Geek. The average water quality
indicates a pHof 3.3, acid |oading of 12,600 | bs/dayand sul phate | oadi ngs appr oachi ng
28 tons/ day.
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AREA C This area conprises the watershed area downstream of the confl uence of
Pai nt Creek and Deer Creek. At station D~2 below the juncture, the follow ng
aver age val ues were obtained pH- 3.4, Acidity 20,500 | bs/day, Iron- 1344 |bs/day
and Sul phates - 86,500 | bs/day. Approximtely 70 percent of the |oadings were
attributed to the Paint Creek watershed.Between D2 and D1 at the nmouth, no naj or acid
tributaries enter Deer Qeek. In fact, neasureabl e sources of alkalinity were recorded at Boyd
Run, wal Run, and several other unnaned tributaries. However, this has a negligibl eaffect on
the overall water qudity of the stream Mning activity inthis reach is restricted to the
wat er shed boundary south of Qarion Junction andi sol ated hilltops south of Shippenville.
Aso occurring in this reach was a |l oss of flow between the confluence and the nmouth. On
Novenber 27, 1974, internedi ate neasurenents were taken betweenDF-1 and DF2 to
ascertain the location of the flow | oss.

Locati on Fl ow( gpm
DF-1 64, 577
First stream bend above DF1 66, 974
Interstate 80 Bridge 60, 804
DF- 2 57, 224

The |l oss of flow woul d gpear to occur in the streamreach between the firststream
bend above D~1 and the nouth. An inspection of the area geol ogy map of
the C arion-Foxburg Folio reveals the deposition of alluviumin this sane
area. These deposits are unconsolidated in nature, conposed chiefly of
gravel, sand, and silt. It woul d appear that a portion of the flow of Deer Qeek is
infiltrating the alluvium and being conducted laterally through the
streanbed to the Clarion River. OQther possibilities may include the
di version of flow to regional groundwater systens by way of jointing and/ or
fracturing of the M ssissippian rocks. Watever nay be the case, this factor has a
major inplicati on on the nonitoring of acid mne drai nage of the Deer Creek
Wat ershed. It woul d appear that theacid loading to the Qarion Rver neasured at the

mouth of Deer GOeek is materially reduced due to the loss of flow It nust

be assured, however, that the subsurface flow containing significant quantities of acid
mne drainage al so has its ultinate disposd in the Qarion Rver. The probl em
therefore, beconmes one of nonitoring the mne drai nage where thetotal instream
water quality is relative to the stage of consistent streanflow
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The nost rational location of nmeasuring the contribution of acid mne dai nage from
the Deer Oeek VWtershed to the darion Rver would be in the vicinity ofthe first
bend upstreamof the nouth of Deer O eek.
CONCLUSI ONS
The net effect of the entire Deer eek drai nage systemthat di scharges taothe
darion Rver is the contribution of acid|aden streamflow derived fromcoal mne
rel ated drai nage, For the purposes of this study, the assunption has beemade that the
contribution of acid mne drainage to the Qarion Rver fromDeerQeek woul d be nore
realistically reflected el owthe junction of Deer Oeek andPai nt Creek. Averages of
data collected during the survey indicated that concebrations of pollutants neasured
at D2 related to 50 nyd woul d define | oadi ngsfromthe watershed of over 10 tons per
day of acid and four tines that amount of sul phates, For the range of conditions
sanpl ed, the pHwas determned to varyfrom3.1 to 3.5.
For the sake of conparison, the data were al so anal yzed fromthe standpoi ntof
water quality at the mouth of Deer Oreek characteristic of man streamflow It is
estimated that at a nean flowrate of 104 ngd., Deer Qeek woul d di scharge about 13
tons/day of acid and approxi mately 77 tons per day of suphates.
It is evident fromboth of these | oadings, no natter which is closer to the
actual values, that severe deterioration of streamquality occurs wthin the
wat ershed, and that Deer Oreek is causing a significant del eterious effect omat er
quality in the Carion R ver.
The major findings of the streamquality eval uation are summarized in the
foll owi ng statenents:
1. The water quality of Deer Geek is severely degraded by acid mne
drainage along its entire length. The pH of the O eek general lyranges
from3.0 to 4.0.

2. The majority of the major tributaries wthin the watershed are acidic. The
tributaries in order of degradation are: Judith Run, Little Paint Q eek,
Little Deer reek, Mahles Run (bel ow Hiefner) and Frills Run.Overall, the
Paint O eek Watershed contributes approxi mately 70%f the acid m ne
dr ai nage.

3. The severity of the acid condition increases in a downstreamtrend, wth

| oadi ngs at peak proportions at the juncture of Paint and DeerCreeks.
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4. The nagnitude of pollution |oadings increases frombase flowto highfl ow
conditions, though not in correspondi ng proportion. Althogh sluggng
conditions occur at high flow periods, some degree of dilutionis afforded
to the acidity during these conditions.

S. The watershed contai ns very few sources of neasureable alkalinity.

Gab sanpl es taken in the prelimnary survey indicate insignificant sources
at GCoal Run, Boyd Run and other snaller tributaries near thenouth.
Therefore, little or no neutralization or buffering capacity isafforded to
the acidity of Deer reek. This fact al so pl aces neani ngful doubt on whet her
Deer Oeek can ever be economcally returned to anon-acidic condition;
however, a significant decrease in the total acidloading to Deer G eek and
the Qarion Rver can be achi eved by theinpl enentati on of various abatenent
pr ocedur es.

6. Aloss of flowin Deer Oeek ocarrs between the nouth and the junctureof Deer
Qeek and Paint Geek. This may be due, in part, tothe ihiltration of flow
into alluviumin this reach. It is recommended that future nonitoring of Deer
Qeek relative to the overall contribution of mne dainage to the darion
Rver be nade in the vicinity of the first bend above the nouth of sone ot her
intermedi ate point before the affect of streamflow | oss becones evi dent.

7. The major sources of acid mne drainage in the Deer Oeek Vétershed are,in
order of nagnitude: strip mnes, oil or gas wells, deep mnes,springs and
ti pple runoff.
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