Quick Start Projects

Oientation

In July of 1970 the Department of Environmental Resources contracted with
Carson Engineers to execute a total watershed study for Cowanshannock Creek to be
coupled with a "quick start" project ainmed specifically at devel oping an
abatenent plan for the m ne conpl ex designated Yatesboro 4 and 5. An addendumto
the contract in Septenber, 1971, was designed to include a quick start project
for devel oping an abatement plan for the mne conpl ex designated Yatesboro 1, 2,
3, and Margaret 6 and 8. This section of the report presents the nature and
results of the quick start projects, along with concl usions and recomendati ons
for a programof direct and i mediate action to abate di scharge from these
sour ces.

Specifically, our contract objectives called for: (1) a detailed analysis
of the physical and chem cal conditions of three known di scharge points, (2) an
extended investigation of other possible points of discharge, (3) the
devel opment of reconmendations for abatenent, (4) preparation of plans and
techni cal specifications necessary for core borings and other detail ed
i nvestigations, (5) preparation of plans and technical specifications necessary
for plugging flows at three known bore holes, (6) design of a nonitoring
programthat would eval uate the effectiveness of abatenent action. Results for

items 1, 2, 3, and 6 constitute the substance of this report.
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Probl em

In brief, the Quick Start problem associated with both m ne conpl exes has
been to investigate the conditions of drainage of these mnes so as to be able to
determ ne from anmong al ternative nethods of abatenent the one npbst feasible for
reducing to within acceptable limts the quantity of pollutants flowing into the
Cowanshannock. The matter was conplicated, however, by the fact that it was not
clear exactly which conditions were relevant (if any), nor was it clear what woul d
stand as "acceptable" tolerance limts. Furthernore, it was by no neans transparent
what ultimate effects would result froma given course of action relative to
drai nage abatenment. Thus, the problem had to receive further and nore precise
formulation in terms of explicit theory regarding each facet constituting its
overall nature. Only in that way have we been able to justify the gathering of
certain facts to the exclusion of others, and only on such a basis coul d neani ngf ul
concl usi ons be drawn with respect to the outcone of each course of action open to us in

devel opi ng an abat enment program

Ceol ogi ¢ Factors

The geol ogi cal aspects of the problemfaced in applying abatement technol ogy
to a given nine, or mne conplex, is not a problemof general geol ogy. W may draw
upon the latter, but nonethel ess, we need a special geological theory in order to
adequately fornul ate and sol ve such a problem Consequently, we shall introduce what
may be call ed "Subterranean Reservoir Theory" (See Illustration on Plate 15).

Central to the approach is the concept of a subterranean reservoir,
general i zed to have arbitrary shape, el evation, and volunme. Such a reservoir is at
once a body of reservoir waters and a reservoir region containing them It is

convenient to visualize the reservoir waters as consisting of a fluid core and its
attendant capillary envelop. The latter includes all waters
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bearing upon the fluid core but which are partially suspended in the saturation
zones of strata formng the reservoir region. These waters are often referred to as
gravitational waters since they respond to gravitational attraction although
under the influence of other forces as well. The water table is a prine
exanpl e.

Since the reservoir region consists of a reservoir cavity, and adjacent

saturated strata, it is evident that the flui d core will conprise all free flow ng
waters within the reservoir cavity and its connected, outlets such as fissures and
seepage channels. dearly, any change worked upon the equilibriumof such a system and
abatenent is just such a change-will present the possibility of change in any or all
of these factors.
Two questions arise: (1) How can desired change be best effected and
mai ntai ned, and (2) How is surveillance and control of undesirable side effects to be
executed? The effort to answer these questions in terns of the concept of an
underground reservoir results in exactly the sort of nmore precise fornulation of the
geol ogi cal aspect of our problemwhich was originally sought.
Thus, (a), regarding the reservoir cavity, we nust determne the foll ow ng:
(1) Its size.
(2) Its attitude (total flooding is generally feasible only in the
down-di p mne).
(3) Whet her deposits, the recovery of which could be
econom cally viable, still remain.
(4) The character of the top and bottom adj acent strata:
(a) Relative to permeability.
(b) Pyrite deposits.
(c) Strength.
(5) Strata along the course of cavity openings to be closed or
seal ed.
(6) The imts of the critical zone wi thin which unknown outlets or

weaknesses coul d possi bly exist.
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For either partial or total drai nage abatenent those factors nentioned above
nmust be determ ned, and doing so is a matter of special geol ogical
i nvestigati ons-not general geol ogy.

Regarding (b), the saturated zone of the reservoir region, we require:

(1) Approximate location of the water table.

(2) The existence, actual or potential, of significant ground water

channel s.

(3) The water purification capacity of strata in the saturated

zone.

(4) Thickness and strength of overburden.

I n connection with (c), the fluid core, it is necessary to know

(1) The location of all present discharge points.

(2) Present volune of water.

(3) Present water |evel.

(4) Present pressure and flow rate at discharge points.

Finally, in regards to (d); the capillary envelop, it would be hel pful to
know:

(1) Approxi mate magni tude of capillary forces operating contrary to

gravitational pull.

(2) The rate of flow of capillary waters into the reservoir cavity and

fluctuati ons thereof.

For a variety of practical reasons, we cannot expect conplete and perfectly
accurate facts in all of the above matters; but because these are the rel evant
factors, they serve to guide field. investigations and, noreover, a final decision as
to abatenent procedure will be only as reliable as these facts are avail able and

accurate.

Hydr ol ogi ¢ Factors

Interwoven with the geol ogy of drainage abatenent, there are a nunber of cruci al
hydr ol ogi cal consi derations. W shall develop these in terns of an "input -out put,

theory" of local hydrol ogy,
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the aimof which is conplenentation of the previously devel oped geol ogi ca
theory of subterranean reservoirs.

Conceptual ly, we can posit an i nput - out put system on each
of two levels relative to an underground reservoir. In the first level, the input
precipitation, is analyzed into its major output conmponents each of which can be
gquantitized as a percentage of the total input. These proportions will be different
for rain than they are for snow, and again, they will. differ for intense rai n over
and agai nst gentle rain. The main cases are presented in Table 10 with estinates

which are oriented to the Yatesboro area.

TABLE 13
Input Precipitation
Annual Ave. Intense Gentle
Output Inches % Rain % Rain % Snow %
Evaporation 5 14 4 30 25
Transpiration 5 14 3 15 17
Surface Storage 4 10 18 10 10
Surface Runoff 15 40 55 20 30
Subsurface Flow 8 22 20 25 18
Total 37 100 100 100 100

In the second | evel, subsurface flow may be viewed as an input itself,

havi ng the foll owi ng conponent out put.

TABLE 14
Subsurface Flow
Output % of Total Flow

Subsurface Runoff 40
Capillary envelop 24

(Water table)
Fluid Core 30

(Reservoir cavity)
Reservoir discharge 6

The total volune of the parts of the underground water (fluid core and
capillary envelop) will, of course, fluctuate with fluctuation in the
subsurface flow. This latter will show seasonal variation, and additionally, it

wll respond to storm
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activity. Indeed heavy and/or prolonged precipitation may produce sudden and
significant increases in discharge flow rates and pollution content (acid
sl uggi ng) .
Over the long run, these input-output systens achieve a normnal
equi l i brium Abatenment neasures will disrupt equilibrium however, in tinme a new

equilibriumw || be established.

Surface Rel ations

In the previous two sections our aimwas to devel op special theories capable
of indicating exactly whi ch geol ogi cal and hydrol ogi cal facts shoul d be consi dered
in dealing with the probl em of drainage abaterent for the Yatesboro 4 and 5 and

Yatesboro 1, 2, 3, and Margaret 6 and 8 conpl exes. Such theories, and the facts

whi ch they enbody, forma reasoned framework for |ater eval uation of various nethods of

abatenment, as well as, providing a justification for the selection of one of t hese
met hods for actual application. A so, by supplying the basis for prediction, such
theori es provide a nunber of measures of the success of the programwhich is

sel ect ed.

More yet is required however. These geophysical factors nust be
meani ngful ly rel ated to various socio-economc features of the affected region.
Thus, in the present section a "surface relations theory" is introduced, and
following that, in the next section we take up criteria. These two "tie things
together” in a way that provides full and precise specification of the problem of
t he abandoned Yat esboro and Margaret conpl exes.

Changes in the environnent, such as those anticipated by a program of pollution
abatenment, will have their major inpact so far as the human popul ati on goes, in
soci al and economic conditions. Relative to animal and plant life, the major
i npact woul d be ecol ogical. These are inter -related sets of conditions, and
for precisely that reason it is desirable to conceive all surface relations in terns of

| and use patterns and potentials for the area.

Surface relations theory then establishes a nunber of inpor tant inplications

regardi ng the possible effects of changes in the
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geophysical |ife-support systens as these relate to land use. VWater and
substructural support are the main systens. The latter has inportance mainly for
the human popul ation, but the former applies to animals and plants as well.

Ceol ogi cal change that alters substructural support could extend to
residential, comrercial or industrial buildings, to transportation routes,
agricultural activity, water, gas, oil or power transm ssion |ines, to sewage
systens, or to natural or man-made water bodies. Such zones are so designated
because they represent |ocations at which one or nore |and uses may be jeopardized
as the result of some geol ogi cal condition which an abatenent program could
concei vably aggrevate-e.g. the relative thinness of overburden with respect to the
hei ght of mned coal channels underneath. Itis especially for buildings that such
condi tions could becone serious. In the Yatesboro area approxi mately 30% to 35% of
the zone of noderate to high density building construction has been underm ned.
Conversely, about 6% of the total mned area has noderate to high density above
it.

Hydr ol ogi cal change induced by abatenent can be expected to influence both
the quality and quantity of various natural water supplies, as well as possibly
working direct effects upon the usability of land for certain purposes. The
schematic plans on P ate 19 and 24 show the di stribution of |and use for each of the
three maj or ecol ogi cal comunities (human, animal, and plant).

Since the explicit aimof abatenent is the inprovenent of water quality, there

should be no direct deterioration of overall water quality for the area.
Nevertheless, it is possible that water quality in certain places could be
adversely affected by abatement. For exanple, a spring or well could be harnmed by
pol | uted underground waters forced fromtheir normal course by abatenment measure.
On the other hand, inprovenent of water quality will eventually change patterns
of land use all across the ecol ogical range. Thus, significant inprovenent in
stream quality mght, for exanple, induce the Pennsylvania Fish Comm ssion to
reconsi der a 1968 decision to drop the 1967 proposal to stock t he Cowanshannock with

game fish. This would no doubt enhance
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aspects of the social econony of the entire region, and hence, bring about
significant changes in land use patterns.
However, for immedi ate purposes the nore urgent question is that of

water supply. |Is abatement going to "dry up" water supply currently in use

despite their polluted condition? O conversely, could abatenent lead to
significant flooding or "swanping"” in areas currently under dry |and use?
In this connection, three things appear to be inportant:
(1) Current supplies (flows) that will cease with abate
ment .
(2) Locations where new fl ows coul d possi bly energe.
(3) Alteration in pool |evel of various surface and sub
surface water bodies (swanps, ponds, wells, streans,
or even the water table itself).
In the case of Yatesboro 4 and 5 there are several places where currently utilized
wat er supply could be cut off by abatenment. These are indicated on Plate 17; the
present use of such water is prinarily that of drinking water for |ivestock.
Locati ons where new fl ows could possibly start conprise:
(1) Natural egresses, the discovery of which would be a
maj or task of any abatenent nonitoring program
(2) The totality of existing m ne openings.
In our investigations all of the latter have been catal ogued and nany of them
actually located in the field (See Table on Plate 17 and 21). It is to be noted that
not all mine openings (either natural or artificial) need be closely nonitored since
a prelimnary critical zone has been defined by the thickness of over burden and to
be further defined by el evation contours when the results of cal cul ati ons based on
pressure measurenents at key openings has been initiated. In a sinilar way each
poi nt of potential discharge has been examned to determ ne the nost likely
drai nage channels were a flowto develop following ini tial abatenent steps.
Ateration in the pool |evel of ponds, swanps, etc., are possible in a
number of places. These have been charted and analyzed for their likely

i nfl uence on current |and use (See
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detail No. 2, Plate 19 and 24). To the extent that such inundation occurs,

addi tional water quality investigation wll become necessary.

Citeria

In stating the Quick Start problemof the mne conplexes, it was asserted
that ultimately, pollution was to be brought to within "acceptable limts." Thus,
i s necessary to provide sone account of this crucial phrase.

No doubt it could be argued that the present conditions are "acceptable"
since the area isn't altogether desolate ecologically, nor is it classed as an
econom c waste land although it is in an econom cally depressed area. But such an
attitude fails to take into account a kind of loss that is progressively becom ng
nore and nore intol erable, nanmely, the extensive "opportunity |loss" which is
adding to the general depression of the quality of life itself.

In 1967 the Pennsylvania Fi sh Comm ssion had consi dered the Cowanshannock
as a potential cold water fishery. Stocking the creek and its feeder streams with
abundant gane fish could eventually enhance the entire watershed as a recreationa
area. But this potential was |ost when in 1968 further tests showed intol erable
gquantities of pollutants in these waters. Recent tests nade by the Departnment of
Envi ronment al Resources in Cctober, 1971, show some inprovenent in water quality.
Nevert hel ess, the fact remains that pollution still remains and | oss was suffered
fromlack of a program of pollution control

This is just one case in which loss has resulted fromthe lack of standards
and necessary control of coal mne drainage. The high sulfate content, for
exanple, in the waters of the Yatesboro region adds also to econom c detrinment.
The quality of drinking water is reported |ow, and the cost for producing
drinkable water i s made higher by the need for nore el aborate purification
methods. In a simlar way the lack of water quality criteria and a programto
insure that they are net, has all too often danpened the interest of industry and

new i nvest nents.

it
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The Yatesboro--Rural Valley--Mredith popul ous hasn't the benefit of an
advanced nuni ci pal water supply facility. Drinking water i s substandard and cones
fromindependently operated purification stations, or is drawn fromwells that show
signs of drainage pollution.

Val ue derives fromland use; and the productive use of |and depends upon an
abundant supply of quality water. O course, not every use has standards that are
equal ly stringent with the highest, neverthel ess, each category of use (donesti c,
wildlife, industrial, etc.) will have certain requirenents that sinply nmust be
satisfied. In Plate 16 there are presented a nunber of primary categories with those
water quality paranmeters that govern each. The representation in this Plate shows the
existing level of each possible water pollutant (pH sulfates, iron, etc.) as a heavy
hori zontal line. The shaded areas in the figure represent the general range of
tol erance for each category. Look at pH values in the area of the quick start
projects. The range of tolerance for domestic, wildlife, cold fish and warmfish is
hi gher than the general pH values as indicated by the heavy dark line. This
represents a pollution source for these categories because pH readings | ower than an
accepted standard indicates an acidic condition. For the sane parameter (pH), the
categories of industrial and coarse fish have a range of tolerance that falls within the
general pH values. Thus, for these two categories the pHof the water is not
considered as critical. For a second exanple, |ook at sul fates in the sanme figure. For
sul fates, the range of tolerance for all categories are bel owthe existing level for this
paraneter, (heavy horizontal line) and are, thus, considered a polluter for all

cat egori es.

Di scussi on
From our devel opnent of the Quick Start problemin terns of its major conponents,
the theory and pertinent facts surrounding each, we are now able to draw a set of

concl usions on the basis
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of which recommendati ons for action can be forwarded. Essentially, these
conclusions fall into two classes: (1) Those regarding the applicability of
various nethods for dealing with the problem of the quick start m ne conpl exes,
and (2) those dealing with contingent aspects of the course of action selected,
e.g. the nmonitoring program etc. is all of which we have sumred up under the
headi ng "nmai nt enance. "

Once these conclusions are drawn together, recommendati ons for action can
be made with a fair degree of confidence that the Quick Start solutions wll

prove efficacious.

Met hods Feasibility

A wide variety of nmethods for dealing with pollution resulting fromcoal mne
drai nage was surveyed, this reviewwas carried out with specific reference to the
theoretical and factual context of the Yatesboro and Margaret conpl exes. The results of
this research are summarized in this section.

To begin with, we found it convenient to divide pollution control mnethods into
two broad cl asses: those that focus on the treatnment of polluted waters, and those
that aimto acconplish abatenent of these waters. The i dea of abatenment can be

applied either to control of the waters thensel ves, i.e. discharge abatenent, or to the

control of the process of pollutant fornation, i.e. reaction abatenent.

The nature of the Quick Start Project has recogni zed the way in which the Yatesboro
and Margaret conplexes fits with other mnes in the same regi on and how t hese m nes assured
a contributory role in the overall problemof coal mne drainage pollution in the
Cowanshannock \Watershed. Treatment of at |east a portion of the nine water effluent
can be considered in light of the marginal quality of drinking water now available in the
popul ated project area. A denonstration project aimed at the production of potable
water is within the real mof existing technology. Capital costs would vary

dependi ng upon the volume processed. A mniml capital
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cost for a denonstration project wuld be approximately one hundred and fifty

t housand dol I ars ($150, 000. 00) and processi ng and nmai nt enance costs woul d presently

be twenty to thirty cents ($.20-%.30) per thousand gall ons. Consunptive rates for
Rural Valley Borough al one woul d be about 100,000 gpd based upon a popul ati on of 1000
persons consum ng 100 gal / person/day. This neans a daily cost of as nuch as thirty
dol lars ($30.00) or about eleven thousand dollars

($11, 000. 00) per year for processing and plant maintenance. A new distribution system
and punmping i s not included in the above anal ysis.

The Yatesboro 4 & 5 conplex is currently discharging about 2.1 mllion gallons
per day. Yatesboro 1, 2, & 3 and Margaret 8 is discharging about 3.2 mllion gallons
per day. A total for both mnes runs 5.3 mllion gallons per day. The cost of
processing and treatment of this volune of water at twenty cents per thousand gal | ons
($.20), which is in the area of nminimal costs, would be one thousand and sixty dollars
per day ($1,060.00) or about $386,900.00 per year excluding capital costs. In view of
the idea that existing and potential flow ng sources would necessarily be sealed in
order to have a one source effluent for each conplex (or one effluent if the two
conpl exes were joined) and thus one, or a maxi mumof two, treatment facilities, we
are able to conclude that the question of treatnent of waters from the m ne conpl exes
is strategically inappropriate at this time because of cost.

Thus, we may concentrate our attention on abatenent techni ques. Anong the
techni ques of reaction abatenent are included the following: Air sealing, surface
diversion of influent waters, the use of plastics and/or foans to cut off the mgjor
reactants of the pollution formng processes, and the use of inert gases to void the
entire mne cavity of an environnent capable of supporting the pollution reactions.

Nurrer ous factors associated with the Yatesboro conpl ex nakes this approach,
general l y, an unprom sing one. Forenost anong the factors mlitating agai nst
reacti on abatenment methods is the size of the mi ne conplexes. As noted in the mne
description, Yatesboro 4 and 5 al one cover 7200 acres and the Yatesboro 1, 2, 3, and

Margaret 6 and 8 covers 4300 acres. Few mines |arger than
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a mere 100 acres have been previously dealt with successfully by reaction
abat ement neans.

Furthernore, a variety of conditions at Yatesboro 4 and 5
rai se other reasons against the different types of reaction abatenent methods. For
exanpl e, air sealing techniques have not been proven feasible especially for mnes
wi th noderate overburden thickness, of which these conpl exes are an instance, because
of a tendency for the mine to "breathe" (and thus replenish the air supply). wth
changes in atnmospheric pressure. Or again, the diversion ditch and surface
wat er i mpoundnent net hod woul dn't be feasible for a mne conplex which is spread over so
| arge an area, and which has as many openi ngs as these conpl exes do. Sonme 55 openings
are presently recorded for the Yetesboro 4 and 5 conpl ex and 74 openi ngs have been
recorded for the Yatesboro 1, 2; 3, and Margaret 6 and 8 conpl ex.

Foans, plastic shields, and inert gas atnospheres are all techniques of dubious
utility even for small mnes. For the spraw ing conplex at Yatesboro and Margaret,
such admttedly novel ideas can have no practical overall application. One
qualification is in order however: At a |ater stage in abatenment, when perhaps
only very localized problens of residual pollution renain (for exanple, as the result of
air pockets intrapped by flooding), it nmay well prove to be a useful supplenent to
what ever general approach is adopted to enploy a "pinpoint" use of such techni ques.

It appears then, that the general solution to the Quick Start problens will have to

proceed by way of discharge abatenent rather than by reaction abatenent.

In a negative sense, discharge abatenment can be partially ac conplished by
dilution. That is, if harnful discharges are satisfactorily diluted with respect to
offending pol lutants, than it is just as if the discharge itself had been stopped.

I ndeed, this has the further advantage that water sources dependent on these discharges
woul d not be suddenly shut off, or reduced to useless trickles.

However, use of this method requires large quantities of good water from other
sources in order to acconplish the desired dilutions. And since the total
present discharges issuing from both conplexes nmeasure in the nei ghborhood of
5.3 mllion gallons per day, for a conservative 1.9 billion gallons per year, it
appears al t oget her hopel ess to seek such a sol ution.
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But again, it is worth keeping in mnd the idea, for should drastic
reduction of water supply in certain areas result froma program of direct
di scharge abatenent, then a nodified application of the technique m ght be worth
while. It is conceivable that certain "polluted" waters could be used to dilute
other "polluted waters” if the former involved pollutants not seriously detrinmental
to a particular land use, while the latter contained other pollutants, the
del eterious effects of which were regarded as intolerable for the given intended
use. Such a procedure nore properly terned "differential dilutions" may well
prove useful. In fact, the process of differential dilution can be observed in the
Yat esboro area where nmine water is now diluting donestic sewage.

In general, it becomes apparent that conditions at Yatesboro 4 and 5 and
Yatesboro 1, 2, 3, and Margaret 6 and 8 call for direct discharge abatenent via water
tight seals of mne openings, and the subsequent flooding of at |east part of the mne

cavity. It should be noted, too, that such an approach is very likely, as a side-effect,

to produce a certain amount of reaction abatenent -
as well, since flooding, if conplete, can significantly reduce the anount of oxygen
avai | abl e for adverse reactions.

Hydraulic sealing of mne openings is a nmeans of hel ping abate mne acid flow
either by conplete inundation by flooding or by partial inundation by parti al
fl ooding. Conplete flooding of the mne cavity results in the elimnation of a najor
portion of the oxygen necessary for the chemcal conversion of naturally existing pyrites
to sulfuric acid, iron, and sulfates. Partial flooding allows the elimnation of part
of the gaseous atnosphere, including sone oxygen and the attendant del eterious chem cal
reaction, via its replacenent with water. Abatenent thru the use of partial
i nundation is advanced here on the theory that the undesirable el ements of acid nine
drai nage (sulfuric acid, iron, and sulfates) forned will settle to near the | owest
el evation of the underground reservoir. Thus, mne water effluent, using the
partial flooding method, is directed to flow at its highest elevation in order to draw

water fromthe top of the reservoir pool .
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This should be done with a mninum of short circuiting of the flow within the
reservoir.

The decision to conpletely inundate the mne cavity or to partially inundate
the cavity is a decision based principally upon the geol ogy, hydrol ogy, and surface
relations of the area.

As the water level in the mine rises, it is anticipated that the water
table at, or near, the mne location will change. This could nean, especially in
the areas of concern outlined as areas of 100 feet overburden or less on Pl ates
18 and 23, that well water could be affected. Thus, a rise in water table ele-
vation coul d cause adverse conditions such as water seepage into basenments or the
pol lution of existing wells.

Bl ow-outs of hydraulic seals generally depends upon three parameters: the
| evel of water contained, the strength and condition (geol ogy) of rock supporting the
seal , and upon-the strength and condition of the seal itself. The general geol ogy
within the quick start areas indicate that the rock strata, although in a geol ogic
unconformty, will support hydraulic seals; however, a closer investigation via a
core drilling programw || be necessary to determine the strength and type of rock at
each seal in order to design a proper seal for the anticipated head of water

Bl ow-outs coul d occur at areas other than where seals are constructed. These
areas woul d be expected where the | east over burden occurs and where coal m ne worki ngs
are close to the ground surface. These areas are defined in Plates 18 and 23 as
areas of |ow overburden. In the case of both of the proposed quick start projects
inthis report, it is this parameter, mninal overburden, that l[imts the maxi mum
al |l onabl e water elevation in the mne cavities. Mre precise informtion on the
nature of the geology in these areas will be required via a rock core drilling program
in order to better ascertain the shear value of the overlying strata, porosity,
fissures, and depth to the mine cavity. This investigation is very critical to the
devel opnent of an abaterment program for these deep nine conpl exes. Extensive
i nvestigative drilling beyond the prelimnary investigative drilling outlined in the
cost summary of this report its |ikely.

The possibility of additional mne subsidence is a factor that nust be

consi dered, especially in the critical zones out -
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lined. Normally, one can expect an increase in hydrostatic pressure that results
froman increase in nmne water elevation to have a buoyant effect on the roof of the
m ne conplex and thus help to prevent subsidence to sone degree. There is, however,
the adverse possibility that the added head coul d cause water mnmovenent through cracks
and fissures surrounding the mne tunnels and perhaps weaken the overburden to the
point of collapse. Critical areas where subsidence could occur were anal yzed by use
of existing mne and topographical maps. This type of analysis nust in turn be

foll owed by a nore detail ed physical analysis of areas of concern via nonitoring or an
i n-depth study of the area geol ogy.

The possibility of flooding adjacent active m ne workings was consi dered,
especially in the area of the active Margaret 7 mine it was determ ned that the
construction phase of an abatenent program should not begin at Margaret 8 until active
Margaret 7 i s abandoned. Recommendati ons made here concerning sealing and fl oodi ng
ot her abandoned mi ne workings will not affect the active Margaret 7 mne workings via
the possibility of flooding.

Strip mne activities in the quick start project environs were found to
represent areas of additional geologic investigation. A drilling programand anal ysis
is recoomended where it is evidenced that a strip mne encroaches on or is close to
deep mne cavities to be flooded. However, npbst strip mne activities in the
environs are of secondary concern. \Were some of the strip mnes do encroach the
deep m ne conpl ex, the encroachnment is at an el evation higher than the proposed
final expected m ne water elevation. Though seals at these points of
encroachment may be required to prevent a flow of water into the mnes, they are
consi dered as secondary inportance at this timne.

A change in the water reservoir via an increase in water elevation is expected
to cause some change in the water table in ad jacent watersheds, especially where
the deep m ne conpl exes encroach. The amount of change is unknown except that a smnall
increase in water table elevation is expected. A portion of the Pine Creek
watershed is in the critical |ow overburden area and should be nonitored clo sely.

Exi sting flows from m ne openings are proposed to be cut off. This wll likely

work to some detrinent of |ocal inhabitants in the
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Yat esboro- NuM ne area where the effects of differential dilution fromthe existing
flow at 4BH14 hel ps in the abatenent of donestic sewage. A deep mine flow at 4BH15
is presently being used on the WIlson farmas a source of supply for I|ivestock
watering. This source would be conpletely or at least partially cut off as sealing
is conpleted.

Wthin the areas of critical concern (areas of 100 feet overburden or |ess)
there are geol ogic, hydrol ogic, and physical conditions of the deep m ne conpl exes
that cannot be determned w thout a very extensive investigative and construction
program This report proposes the use of a nominal investigative, construction, and
monitoring programw th the use of valved seals as a safety neasure. However, a nore
posi tive approach to sealing the mne conpl exes can be taken by thoroughly investigating
all possible areas of concern via geologic and hydrol ogi c investigations. This
procedure of extensive investigation may be considered as an alternate to the nore

noder at e et hod proposed.

Mai nt enance

The term"nai ntenance" is pointedly being used here in a broader than usual sense.
Because the nature of the mne sealing program affects not only the mne itself, but
t he geol ogy and hydrol ogy of the surrounding region as well --not to nention the indirect
effects worked on ecol ogy and human activity in the area--because of all this
mai nt enance of such a programi nvol ves necessarily considerably nore than just the
ordi nary mai ntenance of the seals constructed.

V¢ nmay say, therefore, that naintenance of such a program neans:

1. Periodic investigation of seals, valves and other contracted
structures.

2. Provision for contingencies including renmedial action
(construction, if necessary) where side-effects require it.

3. A nonitoring program based on a good theoretical under standing
of the conditions of the mine, and the nature of the abatenent
operation and its predictions.

4. Measures capabl e of checking critical predictions re garding success or
failure of the goals of the program as well as anticipating side-
effects.
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dven a phased program for abatenent, nmaintenance efficiency will be enhanced in all

of the above facets.

Changes and/or inprovements in type or design are thus possible

with a mninum of |oss. Renedial maintenance can be nmade part of the nonitoring

program al so. The design of the nonitoring program therefore, is a critical part of

the overall proposal.
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During this period, mning was performed on the down-dip within the Upper Freeport
coal seamby a nodified roomand-pillar system Coal was undercut, drilled, and
bl asted and then | oaded onto conveyors which enptied into waiting mne cars. Upon
conpletion of a room the pillars were removed for about 15% of the mned area.
In spite of this action, it has been noted that only one discernible shallow
surface subsidence has occurred. During mning operation, several in-mne seals
were constructed in order to control the flow of percolating ground waters.
Abandonment procedure consisted of backfilling the main portal and air
shafts, in addition to debris plugging of randomy sel ected bore hol es.
Approxi mately 14% of the coal seamhas been | eft unmned. Currently, a pair of
bore hol es (4BH14 and 4BH15) and backfilled m ne shaft (4PS2) are continuously
i ssuing gravity discharges of polluted effluent at the conbi ned average rate of
about 2.1 mllion gallons per day. Resulting pollutants from these discharges

are:

Acidity 0.8 ppm14#/d 2.6 T/ yr.

I[ron 13.4 ppm 240#/d 44 T/yr.

Sul fates 366 ppm 6567#/d 1198 T/ yr.
Hardness 180 ppm 3230#/d 589 T/yr.

Total volume of the conplex is in the neighborhood of 1.49 billion cubic
feet. At an average depth of 200", the entire conplex has exploited the Upper
Freeport coal, and is in this area, therefore, a down-dip operation. There are
few deviations froma uniform 3% downgrade fromthe north, east, and west fringes
toward the south fringes of the exploited seam The predicted advance of the water
level in the mne, if the reservoir cavity is filled, is shown by the sketch on
Plate 18.

Reports from R&P Coal Conpany indicate that less than 14%
of mneable coal remain in the seamin this area; noreover, it appears not
feasible to renove any of this. Hence, total flooding would in no way create an

econoni ¢ di sadvant age.
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The strata imredi atel y above and bel ow the coal seam are the Conemaugh Formation
and the Al |l egheny Formation strata respectively. The perneability of these strata can
be described as noderate to high. Furthernore, seasonal variations in precipitation
woul d |ikely have sonme effect.

Pyrite oxidation was evi denced by strong acid discharges during the active
m ni ng period, however, recent investigation shows that the acid contribution has
reduced considerably. Strata adjacent to the Upper Freeport are generally anal yzed
to have mnimum pyrite inclusions. Upon fl ooding, we could expect discharge points
in the elevation range, 1120 to 1140, to be the | east acid.

The stratum directly above Upper Freeport Coal consist primarily of
vari ous weak shales and, in nost areas, appears sufficiently thick to support
t he exi sting overburden. However, there is evidence of a subsidence in one area
and in sonme other areas shal |l ow over burdens make additional subsidence possible.

The existing discharge points for Yatesboro 4 and 5 have been recorded and
carefully investigated in the field. In our recomnendations we indicate where core
bori ngs appear to be necessary. At present, opening No's. 4A51, 4AS2, 4PS1-N 4PS1-S
4BH1, 4BH2, 4BHb, 4BHI0, 4BHL7, 4BHL8, 4BH19, 4BH20, 4BH21, 5PS1, 5BH2, 5BH3, and 5BH15
are filled with debris which has halted di scharge. However, a swanpy condition
exists at 4BH10 and 4BH21. Generalized stratigraphic data indicate conditions that
woul d favor a debris type of bore hole seal for many of the openings. For openings
No. 4BH14, and 4BH15, a concrete seal with val ve woul d be prefer abl e.

Water table data for the saturated zone over Yatesboro 4 and 5 is shown on Plate
17, including a graph regardi ng seasonal fluctuation. Al so, that Plate indicates for
each actual or potential point of discharge, its probable channel of flow

Ceologic information on the strata through which nost subsurface ground waters
woul d pass, indicate a fair purification capacity in the imedi ate nei ghborhood of

t he coal vein. However,
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if additional flooding of the mne is effected, the return of the water table
nearer to its original level wuld be expected to i nprove the water quality in
wel |'s and natural outfl ows.

Thi ckness of the overburden varies from approximately 20 feet to 300 feet
with about 80% being in excess of 150 feet. Moreover, reference to typica
stratigraphic data (Plate 18) as well as old core boring results have shown slate
and shal e of considerable thickness and internediate strength to exi st above the
mne vein in nmost areas. This presents a favorable picture as far as reduced
l'i kelihood of subsidence goes. This likelihood is slight and where it does exist
the analysis allows us to make a cl ose pinpointing of those places where the
greatest concern woul d exi st.

Al'l points of discharge are presently recorded and i nportant paraneters
noted. Present estimates, based on fairly reliable measures, indicate sone
8, 500, 000, 000 to 10, 000, 000, 000 gall ons of water already in the mne. This
represents about 80% to 90% of the total mne cavity volune. Pressure readi ngs
woul d be desirable at 4BH14 and 4BH15 to be able to calculate the static head
whi ch woul d reveal a nore accurate water |evel elevation

The theory we are forwarding here postul ates equal distribution of pressure
t hroughout the subterranean reservoir. This pressure is based on the standard
fornmula p=Hd. The head el evation i s thought of as nmarking the el evation of the top of
the capillary envel op, hence, roughly approxi mati ng the hi ghest el evation of the
water table for a mne conpletely sealed and fl ooded. This has key application in
drawi ng several conclusions upon which sone recommendati ons ar e based.

As far as the magnitude of capillary forces operating contrary to gravity are
concerned, no neasure is presently avail able. Therefore, for a conpletely seal ed
and fl ooded mne the capillary envelop would be treated as if its influence were the
sane as an equal volune of uninpeded water. Further investigation acconpanying the
first phase of the abatement programw |l give a basis for better evaluation of this
factor; neanwhile, a safety margin is enployed in determning the area of concern in

our nmonitoring program It is expected that close nonitoring
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of pressure and flooding following initial abatement wll provide information
regarding the fluctuation flow of capillary waters.

It will be utilized in later review of the programand its inprovenents.

Concl usion - Yatesboro 4 & 5 M ne

The particul ar characteristics of the Yatesboro conplex, as well as the broader
geol ogi ¢ and hydrol ogic factors involved, lends itself to the application of seal -
fl ood technol ogy. Systematic sealing of discharge points will allow close control of
possible side effects, as well as, permtting better evaluation of particular types
of seals. Such an approach maxi m zes the opportunity for continued scientific
i nvestigation of the theoretical aspects of the problem It is probable that 100%
flooding of the mne will not be possible because of | ow overburden in the sout hwest
area of the Nunber 4 mine without the expense of additional sealing. Overburden in
this area (Shown as area 4Aon Plate 20) is approximately 20 feet and it is
expected that the maxi num safe head allowed in this area to be 40 feet. This
al | onabl e head woul d dictate a maxi rumwater el evation of 1140.

The inportant requirenment here, of course, is developnent of a carefully
designed nonitoring systemto acconpany the abatenment program As for the extent of
abatenent to be achieved, currently the m ne has uncontrolled flooding to about 80%
to 90% of its capacity. A sealing programwould allow this percentage to be

i ncreased under control up to approximately 95% O course, it is possible even at

maxi mum (10099 fl ooding, water quality standards nay not be nmet if water quality
paraneters other than those for this report are considered, or because of the
natural high iron content of the |ocal sandstone; in which case other nethods, in-
cluding treatnent, m ght be needed.

One of the effects to be achieved by eventually attaining 95% fl oodi ng of the
mne is the raising of the water table. If the water table can be forced into higher
zones, particularly where it appears that some purifying strata exist, such flows
m ght well be of nore acceptable water quality as the result of natural purification.

Oh the other hand, it seens certain that because of the
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huge vol ume of water involved in partial flooding of Yatesboro

4 and 5 it would be desirable to have sone immediate controls in addition to that
af forded by phasing the program of abatenent. Thus, the use of val ve-type seals on at
| east some strategically selected openings is definitely called for.

(oserve further that the use of underground inpermeabl e barriers nmay be
required in order to deal with certain special conditions that could conceivably
devel op--especially in connection with wells and springs, or even buil di ng
foundati ons | ocated too close to seepage routes or areas in which abatement
stimulates significant shifts in water table elevation. Here, it is nost
important that careful nonitoring be initiated so that controls can be exercised

sufficiently early for renedial action to be taken.
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Pr ogr am

Reconmendat i ons

Results of research lead us to submt the follow ng 3-part version of an

abat enent program for the Yatesboro 4 and 5 compl ex. We recommend:

1. A phased plan of direct

Phase | (upon approval of this repor

a) Core borings, pressure testing,

4PS2, 4BH14, 4BH15,

b) Location boring at 4PS1-S, Area 4A,

of m ne portal shaft

and Area "4A".

No. 4PS2.

t)

c) Gean and caliper 4BH14 and 4BH15.
d) Core Boring at 4PS1-S.

Phase |1

a) Gout seal mne tunnel at 4PS2.

b) Valve-type seal

entrance at 4PS1-S to El.

existing reservoir.

Phase |11

of bore hol es No.

a) Three-nmonth "quarantine" as water

1139.

b) Careful nonitoring in affect.

Phase |V

di scharge abatenent (See Plate 20).

and pi ezoneter installation at mne openi ngs No.

and in the area

4BH14 and 4BH15. c) Excavate

1139 and prepare a channel for water flowto the

rises to el evation

a) Additional core borings and analysis (where needed). b) Sealing of

ot her openings unti l

fl ow ceases at

al |

openi ngs except 4PS1-S.
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Phase V

a) Continue nonitoring program at |east one year after sealing is conpleted.

b) Water quality testing to conti nue.

2. A conprehensive nonitoring program (see Plate 20) which will include

a) Continuation of the water testing program on nonthly
basis for a nomnal 2 years or a 1 year mi ninmum

b) Checking of seals and other installations.

c) Measurenents to include pressure and flow at sea
poi nts.

d) Weekly investigation of the critical zone for new fl ows.

3. A contingency plan.

a) Establish sonme contacts with residents in or near critical zone, in

case of emergency.

Procedural detail needed for carrying out this program and the sequence of
these details are outlined in the next section.
Procedure

Initiation of the plan which was recomended in the foregoi ng secti on depends

upon execution of the foll owi ng procedural steps:

1. Early approval of the general programoutlined in this report.

Consul tation needed for clarification and/or revision should be
requested as soon as possible.

2. Core borings and field investigation for those mne openings specified
in Phase T, a and b above, should proceed as soon as possible. Real
estate pernmits will be required for this work.

3. Further water quality testing to commence before construction

begi ns.

82



default
82


4. Construction

5. Mbdnitoring



Costs
Phase 1

Phase II

Phase III

Phase IV

Investigation of Flowing Sources $ 9,700.00
(Subsurface Investigation, etc.)

Contract Preparation $ 4,400.00
Supervision & Administration 5,700.00
Analysis of Results 1,800.00

Total Phase I. « « « « « « « « « % 21,600.00

Grout Mine Tunnel @ 4PS2 $ 34,300.00
Valve Seal 4BH14 & 4BH15 22,320.00
Channel Construction 4PS1S 24,300.00

Sub=-Total (Construction) $ 80,920.00
Plans & Specifications $ 5,300.00
Topo Survey & Stakeout 2,400.00
Inspection 5,100.00

Total Phase II o o « ¢ o o o o o o3 93,720.00

Monitoring $ 8,000.00

Total Phase III. « « « « « « « « % 8,000.00

Investigation of Potential Flowing

Sources $ 16,000.00
(Subsurface Investigation, etc.)

As Required

Plug Bore Holes (7 Estimated) @ $5,000 $ 35,000.00
Sub=-Total (Investigation &

Construction) $ 51,000.00

Plans & Specifications $ 3,200.00

Topo Survey & Stakeout 2,800.00

Inspection 1,680.00
Possible Grout Seal in Area 4A

Including Engineering (650 Feet) 100,000.00

Total Phase IV . + o &« « « « - . .$158,680.00
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Phase V
For One Year

Total Phase V .

Summary
Phase I
Phase II
Phase IIT
Phase IV
Phase V

Grand Total

The cost estimate for Phase IV is given

potenti al
Phase I, Il, 11, andinitial work in
Phase | V.

Ri ght - of -way purchases are not

Monitoring & Water Samples

$ 10,000.00

10,000.00

- L] Ll - - - - - - .$

$ 21,600.00
93,720.00
8,000.00
158,680.00
10,000.00

$292,000.00

only as a gui de based upon

flows. The true cost of Phase IV is dependent on the results of

included in the above costs.
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Quick Start Study No. 11

Yat esboro 1, 2; 3, and Margaret 6 & 8 M nes

Description of Mne

The Yatesboro 1, 2, 3, and Margaret 6 & 8 mne conpl ex conprises sone
4300 acres of undermined terrain in the eastern part of the Cowanshannock Creek
Wat ershed. The entire conplex lies south of Cowanshannock Creek. Approxi mately
90% of the total abandoned m ne conplex falls within the watershed area, while
10%falls into the Cherry Run and Plum O eek watershed on the south. It is
estimated that the total complex, were it tot ally flooded, would have an
under ground vol ume of sone 6.3 billion gallons.

This mine conplex is bounded on the north and east by the abandoned worki ngs
of the R&P Coal Conpany's Yatesboro 4 and 5 mnes, however, there is no physical
connection between these two mines (Plate 3). Margaret No. 7 mine is |ocated
south of Margaret 6 and 8. Margaret 7 is an active mne and is connected to
Margaret 6 mne which is used as an air return for the active workings. Therefore,
for the purposes of this report, Margaret 6 mne will be treated as an active
mne. The life of Margaret 7 is expected to be approxinmately four to five years
according to the R& Coal Conpany. Upon abandonnent of this active mne, the mnes
(Margaret 6 & 7) will be flooded. It is then expected that the overflow fromthe
flooding will enter the Cowanshannock Watershed via egress thru the abandoned
Yat esboro 1, 2, and 3 workings and Margaret No. 9 mine (the connection between Yatesboro
3 and Margaret 6) shown on Plate 28 in the appendi x.

Topogr aphy above the mnes is characterized by steeply rising hills separated
by shall ow straight valleys and | eading dowward to the wide flat flood plain
val | ey of Cowanshannock Creek. The thickness of overburden covering the
| arger portion of the mne averages 200 feet, ranging up to a maxi numof 400 feet on
the hilltops. Approximately 8%to 10%of the mne falls within the critical range where

the overburden is 100 feet or |ess.
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The down-di p concave character of this particular vein of
the Upper and Lower Freeport coal formations i s evidenced by the mne cross-sections
on Plates 21 and 22. Coal outcrops of the conplex are found al ong both sides of the
Huski ns Run sub-wat er shed

Qperated by the R&P Coal Conpany in the early 1900's, the Yatesboro 1, 2, and
3 mnes were in continuous production until the late 1950's. During this period,

m ning was performed on the down-dip by a nodified roomand-pillar system Coal was
undercut, drilled, and blasted and then | oaded onto conveyors which enptied into
wai ting mne cars. Upon conpletion of a room the pillars were renoved for about
15% of the nmned area. In spite of this action, it has been noted that no

di scerni bl e shall ow surface subsidence has occurred. During mning operations in-
m ne seals were constructed in order to control the flow of percolating ground

wat er s.

Abandonment procedure consisted of backfilling or sealing the nain portal and
bore hol es. Approximately 5% of the coal seam has been left unnmned in the area
north of the conpl ex running along and adj acent to Cowanshannock Creek. M ning
activity is continuing in the southern section of the conplex in active Margaret
No. 7. Currently one bore hole is continuously issuing a gravity discharge from
Yatesboro 1 (1BH8) with intermttent discharges frombore hole 1BH/ and seepage at
portal shaft 1PS3 where flows could not be neasured. The average rate of flow from
1BH8 and 1BH7 at Yatesboro 1 is about 940,000 gal l ons per day. Pollutants fromthis

di scharge are:

Acidity 228 ppm 272#/d 49.6 T/yr
Iron 31 ppm 29#/d 5.3 T/yr
Sulfates 635 ppm 568#/d 104 T/yr
Hardness 336 ppm 269#/d 49 T/yr

e shaft in Yatesboro 2 issues a continuous gravi ty discharge at 2PS25 of

about 102, 000 gal | ons per day. Pollutants fromthis discharge are:

Acidity 10.1 ppm 80.3#/d 14.6 T/yr
Iron 1.6 ppm 12.44#/4d 2.26 T/yr
Sulfates 300 ppm 2368 #/4d 432 T/yr
Hardness 240 ppm 1893 #/d 345 T/vr
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One continuous gravity discharge is found at Yatesboro 3
at shaft 3PS3 along with anintermttent discharge at shaft 3PS2 with a conbi ned
aver age di scharge of approximately 2,000,000 gal lons per day. Pollutants fromthis

di scharge are

Acidity 0.0 ppm 0.1#/d 0.0 T/yr
Iron 2.5 ppm 42 .5#/4a 7.8 T/yr
Sulfates 307 ppm 5200 #/d 949 T/vyr
Hardness 238 ppm 4028 #/d 735 T/yr

Margaret 8 has two continuous gravity flows at shafts 8PS2

and 8PS11 plus intermttent and seepage flows at several openings. The conbi ned fl ow

of 8PS1, 8PS2, and 8PS11 is about 120,000 gallons per day. Pollutants fromthese

di scharges are:

Acidity 29 ppm 29 #/d 5.3 T/yr
Iron 5.7 ppm 5.7#/d 1.0 T/yr
Sulfates 136 ppm 136 #/d 25 T/yr
Hardness 134 ppm 134 #/d 24  T/yr

Conbi ned di scharge for Yatesboro 1, 2, and 3, and Margaret 8 averages

approxi mately 3,160,000 gallons per day with a total average pollution |oad of:

Acidity 14 ppm 381 #/d 70 T/vyr
Iron 3.4 ppm 90 #/d 16 T/yr
Sulfates 467 ppm 12322 #/d 2249 T/yr
Hardness 240 ppm 6324 #/d 1154 T/yr

Water fromMargaret 6 drains to active Margaret 7 mine. However, part of the
drai nage from Margaret 8 m ne passes across Margaret 6 and 7 near the entrance at 6ASl and
7PS1 and eventually finds its way to Yatesboro 3 via the Margaret 9 mine. VWater is
then di scharged at 1BHB at Yatesboro 1 or 1PS3 at Yatesboro 3.

At an average depth of 200", the Yatesboro 1 and 2 and Margaret 6 and 8 conpl ex has
expl oited the Upper Freeport coal whereas Yatesboro 3 has exploited the Lower Freeport
coal where mining has been primarily a down di p operation. There are few
devi ati ons froma uniform 3% downgrade fromthe north, east, and west fringes toward
south fringes of the exploited seam The predicted advance of the water level in the
mne if the reservoir cavities are filled to safe capacity is shown by t he sketch on
Plate 23

Reports from R&P Coal Conpany indicate that | ess than 15% of m neabl e coal

remain in the seamin this area; noreover, it
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appears not feasible to renove any of this. Hence, total flooding would in no way
create an econom c di sadvant age

The strata i medi ately above and bel ow the Upper Freeport coal seam are the
Conemaugh Formation and the All egheny Formation strata respectively. The
perneability of these strata can be described as noderate to high. Furthernore,
seasonal variations in precipitation wuld likely have some effect.

Pyrite oxidation was evidenced by strong acid di scharges during the active
m ni ng period; however, recent investigation of the | ong abandoned m ne conpl exes
shows that the acid contribution has reduced considerably. Strata adjacent to the
Upper Freeport are generally anal yzed to have m ni num pyrite inclusions. Upon
fl oodi ng, we could expect discharge points in the elevation range 1120 to 1140 to
be the | east acid.

The stratumdirectly above Upper Freeport Coal consists primarily of various
weak shales, and, in nost areas, appears sufficiently thick to support the existing
over burden. However, nost evidence indicates that a geologic unconformty exists
along the | ower strata of the Conermaugh Formation (Mahoning sandstone) in this area.

Thi ckness of the overburden varies fromapproximately 20 feet to 300
feet with about 70% being in excess of 150 feet. Moreover, reference to
typical stratigraphic data (Plate 23) as well as old core boring results have
shown sl ate and shal e of considerable thickness and internediate strength to exist
above the mine vein in nost areas. This presents a favorable picture as far
as reduced |ikelihood of subsidence goes. This |ikelihood is slight,
and, where it does exist, the analysis all ows us to make a cl ose pi npoi nting of
those pl aces where the greatest concern woul d exist.

The exi sting discharge points for Yatesboro 1, 2, 3, and Margaret 6 and 8 have
been recorded and carefully investigated in the field (see Plate 21). In our
recomrendati ons we indicate where core borings appear to be necessary. Water table
data for the saturated zone over Yatesboro 4 and 5 is also shown on Plate 21, including
a graph regardi ng seasonal fluctuation. Also, that plate indicates for each

actual or potential point of discharge its probable channel of flow
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Ceol ogic information on the strata through which nost subsurface ground waters
woul d pass indicate a fair purification capacity in the i mredi ate nei ghbor hood of
the coal vein. However, if additional flooding of the mne is effected, the return
of the water table nearer toits original |evel would be expected to inprove the
water quality in wells and natural outfl ows.

Present estimates indicate some 4,000, 000,000 to 5, 000, 000,000 gal |l ons of water
already in the mine. This represents about 65% to 75% of the total mne cavity
vol ume. Pressure readings would be desirable at 1BH8 and 1BH7 to be able to
cal cul ate the static head which would reveal a nore accurate water |evel elevation
The theory we are forwardi ng here postul ates equal distribution of pressure
t hr oughout the subterranean reservoir. This pressure is based on the standard fornul a
p=Hd. The head el evation is thought of as marking the elevation near the top of the
capill ary envel op, hence, roughly approximating the highest elevation of the water
table for a mne conpletely sealed and fl ooded. This has key application in draw ng
several concl usions upon which sone recomendati ons are based.

As far as the magnitude of capillary forces operating contrary to gravity are
concerned, no neasure is presently available. Therefore, for a conpletely seal ed
and fl ooded mne the capillary envelop would be treated as if its influence were
the same as an equal volume of uninpeded water. Further investigation acconpanying
the first phase of the abatenent programw || give a basis for better evaluation of
this factor; meanwhile, a safety margin is enployed in determining the area of
concern in our nonitoring program It is expected that close nonitoring of pressure
and flooding following initial abatenent will provide information regarding the
fluctuation flow of capillary waters. It will be utilized in later review of the

program and its inprovenents.

Conclusion - Yatesboro 1, 2, 3, and Margaret 6 and 8

The particular characteristics of this conplex, as well as the broader
geol ogic and hydrologic factors involved, lends itself to the application of

seal -fl ood technol ogy. Systenatic
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sealing of discharge points will allow close control of possible side effects, as
well as permtting better evaluation of particular types of seals. Such an approach
maxi m zes the opportunity for continued scientific investigation of the theoretical
aspects of the problem It is probable that 100% fl ooding of the mne will not be
possi bl e because of |ow overburden in the northern area of the Yatesboro 1 mne and
the restrictions of overburden and updip nature of the Margaret 8 nmine wthout the
expense of additional extensive sealing. Overburden in Yatesboro 1 (shown as area 1A
on Plate 25) is approximately 20 feet and it is expected that the maxi num safe head
allowed in this area to be 40 feet. This allowable head would dictate a maxi mum
water elevation of 1140 in this area of the mne. Other areas considered critical

because of m nimal cover are shown as areas 8A, 8B, and 8C.
Water elevation in part of Yatesboro 2 will rise after

2PS25, 2PS27, and 2PS6 are sealed and the water will find its way to 1BH3 or 3PS3 or
other selected points if the shaft connecting this section of the Yatesboro 2 mne
has not been seal ed. The seal at 2PS25 shoul d be val ved and nonitored via

pi ezonmeter readings in order to determne if the water is finding an egress.
Simlarly the water elevation in the northern section of Margaret 8 will rise and
all ow an overfl ow through mne 8 to, discharge into Margaret 3 m ne when 8PS11 and
8PS12 are seal ed. However, coal in the Margaret 8 area has been worked close to
the outcrop and strip mne activity in the same area has resulted in a mnimal
barrier between the deep m ne workings and the ground line. A water head of
approximately 17 feet will result in order to obtain an overflowin Margaret 8, and
consi derabl e investigation in order to determne the extent of workings near the
outcrops will be necessary along with a well designed nonitoring program

I nvestigation of mne 8 can begi n i medi ately however, construction on seals should
not comrence until Margaret 7 is abandoned because of the possibility of water damming in
the area of nine 7 as a result of abatenent activities.

The water elevation in Yatesboro 1 and 2 can be raised enough to flow at shaft 1PS2 by
sealing bore holes 1BH7 and 1BH3
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and shafts 3PS2 and 3PS3. Portal shaft 1PS3 should be investigated and pressure

gages installed for monitoring purposes if flow conmences in this area.

The inportant requirenment here, of course, is devel opnent
of a close and carefully designed nonitoring system to acconpany the abat enent
program As for the extent of abatement to be achieved, currently the m ne has
uncontrolled flooding to about 65% to 75% of its capacity. A sealing programwoul d
allowthis percentage to be increased under control up to approximtely 68%

to 78% O course, it is possible even at maxi num (100% flooding, water quality standards
may not be net if water quality paranmeters other than those used for this report are

consi dered, or because of the natural high iron content of the |local sandstone; in which
case ot her nethods, including treatnment, mght be needed.

e of the effects to be achieved by eventually attaining 68%to 78% fl oodi ng of the
mne is the raising of the water table. If the water table can be forced into higher
zones, particularly where it appears that sone purifying strata exist then, such flows
m ght well be of nuch nore acceptable water quality as the result of natural
purification.

O the other hand, it seens certain that because of the huge volune of water
involved in partial flooding of Yatesboro 1, 2, 3, and Margaret 6 and 8 it would be
desirable to have some immedi ate controls, thus, the use of valve-type seals on at |east
some strategically selected openings is definitely called for.

(bserve further that the use of underground inperneable bar riers may be required in
order to deal with certain special conditions that could conceivably devel op--especially
in connection with wells and springs, or even building foundations |ocated too d ose
to seepage routes or areas in which abatenent stimulates significant shifts in water table
elevation. Here, it is nost inportant that careful nonitoring be initiated so that
controls can be exercised sufficiently early for remedial action to be taken.

90
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IPS3 |R.8& P. COAL CO. —  [NO FLOW /POSSIBLE SEAL — 2PS30 |R.&P COAL CO. —_ MONITOR — nggruf‘s’d !
1BHI ROY E. JONES — MONITOR — 2BHI WILLIAM REARICK — MONITOR —
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2PS2 | ANN M. SOWERS — MONITOR —
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Pr ogram

Reconmendat i ons

Results of research lead us to submt the followi ng 3-part version of an

abat enent program for the Yatesboro 1, 2, 3, and Margaret 6 & 8.

We recomrend:

1. A phased plan of direct discharge abatenent (See Plate 25).

Phase | (upon approval of this report)

a) Core borings, pressure testing, and piezoneter
installations at 1PS3, 1BH/7, 1BH3, and Area | A

b) Core boring and pressure test at 2PS25, 3PS2, 3PS3,
8PS11, 8PS12, 8PS2, Area 8A, Area 8B, and Area 8C

c) Location borings at 3PS2, 3PS3, Area | A Area 8A,
Area 8B, and Area 8C

d) Clean and caliper 1BH8 and 1BH7. e) Core

Boring at 1PS2.

Phase 11

a) Seal mne tunnel at 1PS2, 2PS25, 3PS2, 3PS3.

b) Seal nmine tunnel at 8PS11 and 8PS12 after active

mning is conpleted at Margaret 7.

c) Valve-type seal of bore holes No. 1BH7 and 1BH8

d) Channel Construction at 1PS2.

e) Install Piezometers at 2PS25, 3PS2, 3PS3, 8PSl11
and 8PS12.

Phase 111
a) Three-nonth "quarantine" as water elevation rises.

b) Careful nmonitoring in affect.

Phase |V

a) Additional core borings and anal ysis (where needed).

b) Sealing of other openings until flow ceases at all
except 1PS2.

openi ngs

91
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Phase V

(a) Continue nonitoring program at |east one year after sealing is
conpl et ed.

(b) Water quality testing to continue.

2. A conprehensive nmonitoring program (see Plate 25) which wll include:
(a) Continuation of the water testing programon nonthly
basis for a nomnal 2 years or 1 year mnininmm
(b) Checking of seals and other installations.
(c) Measurenents to include pressure and flow at seal
poi nts.

(d) Weekly investigation of the critical zone for new fl ows.

3. A contingency plan.
(a) Establish sone contacts with residents in or near critical

zone, in case of energency.

Procedural detail needed for carrying out this program and the sequence of

these details are outlined in the next section.

Procedure

Initiation of the plan which was recommended in the foregoing, section depends

upon execution of the follow ng procedural steps:

1. Early approval of the general programoutlined in this report.

Consul tation needed for clarification and/or revision should be
requested as soon as possi bl e.

2. Coreborings and field investigation for those m ne openi ngs specified
in Phase | should proceed as soon as possible. Real estate permts
will be required for this work.

Water quality testing to continue during construction.

4. Construction

5. Mnitoring
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Costs

Phase I

Phase II

Phase III

Investigation of Flowing Sources
(Subsurface Investigation, etc.)

Contract Preparation
Supervision & Administration
Analysis of Results

Total Phase I. . . .

Yatesboro 1, 2, & 3 Mines

Seal 1PS2 (Includes Nominal Grouting)
Seal 2PS25 (Includes Nominal Grouting)
Seal 3PS2 (Includes Nominal Grouting)
Seal 3PS3 (Includes Nominal Grouting)
Valve Seal 1BH7 & 1BH8

Channel at 1PS2

Sub-Total (Construc-—
tion Yatesboro 1, 2,
& 3)

Plans & Specifications
Topo Survey & Stakeout
Inspection

Total Construction &
Engineering Yatesboro

Margaret 8 Mine

Seal 8PS11 (Includes Nominal Grouting)
Seal 8PS12 (Includes Nominal Grouting)

Sub-Total (Construc-
tion Margaret 8)

Plans & Specifications
Topo Survey & Stakeout

Inspection
Total Construction &
Engineering Margaret
8
Total Phase II . . .
Monitoring

Total Phase III. . .

27,100.00

5,200.00
10,000.00

45,900.00

14,000.00
14,000.00
14,000.00
14,000.00
24,000.00
12,800.00

92,800.00

6,100.00
8,300.00
9,000.00

$116,200.00

$

14,000.00
14,000.00

$

28,000.00

1,800.00
1,800.00
2,800.00

$

$

34,400.00

.$150,600.00

12,000.00

.$ 12,000.00
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Phase IV Investigation of Potential Flowing
Sources
(Subsurface Investigation, etc.)
As Required
Yatesboro 1, 2, 3 $ 15,000.00
Margaret 8 10,000.00
Yatesboro 1, 2, & 3
Seal 3 Mine Shafts $ 67,500.00
Possible Grout Seal in Area 2A (250 feet) 40,000.00
Margaret 8
Seal 9 Mine Shafts 96,000.00
Possible Grout Seal in Areas 8A,
8B, and 8C (1,000 Feet) 169,000.00
Sub=~Total (Investi-
gation & Construc-
tion) $397,500.00
Engineering $ 25,900.00
Topo Survey & Stakeout 16,000.00
Inspection 16,000.00
Total Phase IV. « « « .$455,500.00
Phase V Monitoring & Water Samples for One Year $ 16,000.00

potential flows. The true cost of Phase IV is dependent on the results of Phase I,
[,

Total Phase V . « . . .$ 16,000.00

Summary
Phase I $ 45,900.00
Phase II 150,600.00
Phase III 12,000.00
Phase IV 455,500.00
Phase V 16,000.00
Grand Total  $680,000.00

The cost estimate for Phase IV is given only as a guide based upon

and initial work in Phase |V.

Ri ght-of -way purchases are not included in the above costs.
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