
 

Quick Start Projects 

Orientation 

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 aimed specifically at developing an 

abatement plan for the mine complex designated Yatesboro 4 and 5. An addendum to 

the contract in September, 1971, was designed to include a quick start project 

for developing an abatement plan for the mine complex 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 conclusions and recommendations 

for a program of direct and immediate action to abate discharge from these 

sources. 

Specifically, our contract objectives called for: (1) a detailed analysis 

of the physical and chemical conditions of three known discharge points, (2) an 

extended investigation of other possible points of discharge, (3) the 

development of recommendations for abatement, (4) preparation of plans and 

technical specifications necessary for core borings and other detailed 

investigations, (5) preparation of plans and technical specifications necessary 

for plugging flows at three known bore holes, (6) design of a monitoring 

program that would evaluate the effectiveness of abatement action. Results for 

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

In brief, the Quick Start problem associated with both mine complexes has 

been to investigate the conditions of drainage of these mines so as to be able to 

determine from among alternative methods of abatement the one most feasible for 

reducing to within acceptable limits the quantity of pollutants flowing into the 

Cowanshannock. The matter was complicated, however, by the fact that it was not 

clear exactly which conditions were relevant (if any), nor was it clear what would 

stand as "acceptable" tolerance limits. Furthermore, it was by no means transparent 

what ultimate effects would result from a given course of action relative to 

drainage abatement. Thus, the problem had to receive further and more 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 could meaningful 

conclusions be drawn with respect to the outcome of each course of action open to us in 

developing an abatement program. 

 

 

Geologic Factors 

The geological aspects of the problem faced in applying abatement technology 

to a given mine, or mine complex, is not a problem of general geology. We may draw 

upon the latter, but nonetheless, we need a special geological theory in order to 

adequately formulate and solve such a problem. Consequently, we shall introduce what 

may be called "Subterranean Reservoir Theory" (See Illustration on Plate 15). 

Central to the approach is the concept of a s ubterranean reservoir, 

generalized to have arbitrary shape, elevation, and volume. 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 forming 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 prime 

example. 

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

saturated strata, it is evident that the fluid core will comprise all free flowing 

waters within the reservoir cavity and its connected, outlets such as fissures and 

seepage channels. Clearly, any change worked upon the equilibrium of such a system  and 

abatement 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 

maintained, and (2) How is surveillance and control of undesirable side effects to be 

executed? The effort to answer these questions in terms of the concept of an 

underground reservoir results in exactly the sort of more precise formulation of the 

geological aspect of our problem which was originally sought.  

Thus, (a), regarding the reservoir cavity, we must determine the following: 

(1) Its size. 

(2) Its attitude (total flooding is generally feasible only in the 

down-dip mine). 

             (3) Whether deposits, the recovery of which could be  

economically viable, still remain. 

(4) The character of the top and bottom adjacent strata:  

(a) Relative to permeability. 

(b) Pyrite deposits. 

(c) Strength. 

(5) Strata along the course of cavity openings to be closed or 

sealed. 

(6) The limits of the critical zone within which unknown outlets or 

weaknesses could possibly exist. 
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For either partial or total drainage abatement those factors mentioned above 

must be determined, and doing so is a matter of special geological 

investigations-not general geology. 

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 

channels. 

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

zone. 

(4) Thickness and strength of overburden. 

In connection with (c), the fluid core, it is necessary to know: 

(1) The location of all present discharge points.  

(2) Present volume of water. 

(3) Present water level. 

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

Finally, in regards to (d); the capillary envelop, it would be helpful to 

know: 

(1) Approximate magnitude of capillary forces operating contrary to 

gravitational pull. 

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

fluctuations thereof.  

For a variety of practical reasons, we cannot expect complete and perfectly 

accurate facts in all of the above matters; but be cause these are the relevant 

factors, they serve to guide field. investigations and, moreover, a final decision as 

to abatement procedure will be only as reliable as these facts are available and 

accurate. 

 

 

Hydrologic Factors 

Interwoven with the geology of drainage abatement, there are a number of crucial 

hydrological considerations. We shall develop these in terms of an "input-output, 

theory" of local hydrology, 
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the aim of which is complementation of the previously developed geological 

theory of subterranean reservoirs. 

Conceptually, we can posit an input-output system on each 

of two levels relative to an underground reservoir. In the first level, the input 

precipitation, is analyzed into its major output components each of which can be 

quantitized 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 rain over 

and against gentle rain.The main cases are presented in Table 10 with estimates 

which are oriented to the Yatesboro area. 

  

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

having the following component output. 

The total volume 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 

will 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 

slugging). 

Over the long run, these input-output systems achieve a normal 

equilibrium. Abatement measures will disrupt equilibrium; however, in time a new 

equilibrium will be established. 

 

 

Surface Relations 

In the previous two sections our aim was to develop special theories capable 

of indicating exactly which geological and hydrological facts should be considered 

in dealing with the problem of drainage abatement for the Yatesboro 4 and 5 and 

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

which they embody, form a reasoned framework for later evaluation of various methods of 

abatement, as well as, providing a justification for the selection of one of t hese 

methods for actual application. Also, by supplying the basis for pre diction, such 

theories provide a number of measures of the suc cess of the program which is 

selected. 

More yet is required however. These geophysical factors must be 

meaningfully related to various socio-economic 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 

the abandoned Yatesboro and Margaret complexes.  

Changes in the environment, such as those anticipated by a program of pollution 

abatement, will have their major impact so far as the human population goes, in 

social and economic conditions. Relative to animal and plant life, the major 

impact would be ecological. These are inter -related sets of conditions, and 

for precisely that reason it is desirable to conceive all surface relations in terms of 

land use patterns and potentials for the area. 

Surface relations theory then establishes a number of impor tant implications 

regarding the possible effects of changes in the 
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geophysical life-support systems as these relate to land use. Water and 

substructural support are the main systems. The latter has importance mainly for 

the human population, but the former applies to animals and plants as well. 

Geological change that alters substructural support could extend to 

residential, commercial or industrial buildings, to transportation routes, 

agricultural activity, water, gas, oil or power transmission lines, to sewage 

systems, or to natural or man-made water bodies. Such zones are so designated 

because they represent locations at which one or more land uses may be jeopardized 

as the result of some geological condition which an abatement program could 

conceivably aggrevate-e.g. the relative thinness of overburden with respect to the 

height of mined coal channels underneath. Itis especially for buildings that such 

conditions could become serious. In the Yatesboro area approximately 30% to 35% of 

the zone of moderate to high density building construction has been undermined. 

Conversely, about 6% of the total mined area has moderate to high density above 

it. 

Hydrological change induced by abatement 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 Plate 19 and 24 show the distribution of land use for each of the 

three major ecological communities (human, animal, and plant).  

Since the explicit aim of abatement is the improvement 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 example, a spring or well could be harmed by 

polluted underground waters forced from their normal course by abatement measure. 

On the other hand, improvement of water quality will eventually change patterns 

of land use all across the ecological range. Thus, significant improvement in 

stream quality might, for example, induce the Pennsylvania Fish Commission to 

reconsider a 1968 decision to drop the 1967 proposal to stock the Cowanshannock with 

game fish. This would no doubt enhance  
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aspects of the social economy of the entire region, and hence, bring about 

significant changes in land use patterns. 

However, for immediate purposes the more urgent question is that of 

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

despite their polluted condition? Or conversely, could abatement lead to 

significant flooding or "swamping" in areas currently under dry land use? 

In this connection, three things appear to be important: 

(1) Current supplies (flows) that will cease with abate  

ment. 

(2) Locations where new flows could possibly emerge.  

(3) Alteration in pool level of various surface and sub  

surface water bodies (swamps, ponds, wells, s treams, 

or even the water table itself). 

In the case of Yatesboro 4 and 5 there are several places where currently utilized 

water supply could be cut off by abatement. These are indicated on Plate 17; the 

present use of such water is primarily that of drinking water for livestock. 

Locations where new flows could possibly start comprise:  

(1) Natural egresses, the discovery of which would be a  

major task of any abatement monitoring program.  

(2) The totality of existing mine openings.  

In our investigations all of the latter have been catalogued and many 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 monitored since 

a preliminary critical zone has been defined by the thickness of overburden and to 

be further defined by elevation contours when the results of calculations based on 

pressure measurements at key openings has been initiated. In a similar way each 

point of potential discharge has been examined to determine the most likely 

drainage channels were a flow to develop following ini tial abatement steps. 

Alteration in the pool level of ponds, swamps, etc., are possible in a 

number of places. These have been charted and analyzed for their likely 

influence on current land use (See 
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detail No. 2, Plate 19 and 24). To the extent that such inundation occurs, 

additional water quality investigation will become necessary. 

 

 

Criteria 

In stating the Quick Start problem of the mine complexes, it was asserted 

that ultimately, pollution was to be brought to within "acceptable limits." Thus, it 

is necessary to provide some 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 

economic waste land although it is in an economically depressed area. But such an 

attitude fails to take into account a kind of loss that is progressively becoming 

more and more intolerable, namely, the extensive "opportunity loss" which is 

adding to the general depression of the quality of life itself. 

In 1967 the Pennsylvania Fish Commission had considered the Cowanshannock 

as a potential cold water fishery. Stocking the creek and its feeder streams with 

abundant game fish could eventually enhance the entire watershed as a recreational 

area. But this potential was lost when in 1968 further tests showed intolerable 

quantities of pollutants in these waters. Recent tests made by the Department of 

Environmental Resources in October, 1971, show some improvement in water quality. 

Nevertheless, the fact remains that pollution still remains and loss was suffered 

from lack of a program of pollution control. 

This is just one case in which loss has resulted from the lack of standards 

and necessary control of coal mine drainage. The high sulfate content, for 

example, in the waters of the Yatesboro region adds also to economic detriment. 

The quality of drinking water is reported low, and the cost for producing 

drinkable water is made higher by the need for more elaborate purification 

methods. In a similar way the lack of water quality criteria and a program to 

insure that they are met, has all too often dampened the interest of industry and 

new investments. 
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The Yatesboro--Rural Valley--Meredith populous hasn't the benefit of an 

advanced municipal water supply facility. Drinking water is substandard and comes 

from independently operated purification stations, or is drawn from wells that show 

signs of drainage pollution. 

Value derives from land use; and the productive use of land depends upon an 

abundant supply of quality water. Of course, not every use has standards that are 

equally stringent with the highest, nevertheless, each category of use (domestic, 

wildlife, industrial, etc.) will have certain requirements that simply must be 

satisfied. In Plate 16 there are presented a number of primary categories with those 

water quality parameters that govern each. The representation in this Plate shows the 

existing level of each possible water pollutant (pH, sulfates, iron, etc.) as a heavy 

horizontal line. The shaded areas in the figure represent the general range of 

tolerance 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 warm fish is 

higher than the general pH values as indicated by the heavy dark line. This 

represents a pollution source for these categories because pH readings lower than an 

accepted standard indicates an acidic condition. For the same 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 pH of the water is not 

considered as critical. For a second example, look at sulfates in the same figure. For 

sulfates, the range of tolerance for all categories are below the existing level for this 

parameter, (heavy horizontal line) and are, thus, considered a polluter for all 

categories. 

 

 

Discussion 

From our development of the Quick Start problem in terms of its major components, 

the theory and pertinent facts surrounding each, we are now able to draw a set of 

conclusions on the basis 
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of which recommendations for action can be forwarded. Essentially, these 

conclusions fall into two classes: (1) Those regarding the applicability of 

various methods for dealing with the problem of the quick start mine complexes, 

and (2) those dealing with contingent aspects of the course of action selected, 

e.g. the monitoring program, etc. is all of which we have summed up under the 

heading "maintenance." 

Once these conclusions are drawn together, recommendations for action can 

be made with a fair degree of confidence that the Quick Start solutions will 

prove efficacious. 

 

 

Methods Feasibility 

A wide variety of methods for dealing with pollution resulting from coal mine 

drainage was surveyed, this review was carried out with specific reference to the 

theoretical and factual context of the Yatesboro and Margaret complexes. The results of 

this research are summarized in this section. 

To begin with, we found it convenient to divide pollution con trol methods into 

two broad classes: those that focus on the treatment of polluted waters, and those 

that aim to accomplish abatement of these waters. The idea of abatement can be 

applied either to control of the waters themselves, i.e. discharqe abatement, or to the 

control of the process of pollutant formation, i.e. reaction abatement. 

The nature of the Quick Start Project has recognized the way in which the Yatesboro 

and Margaret complexes fits with other mines in the same region and how these mines assumed 

a contributory role in the overall problem of coal mine drainage pollution in the 

Cowanshannock Watershed. Treatment of at least a portion of the mine water effluent 

can be considered in light of the marginal quality of drinking water now available in the 

populated project area. A demonstration project aimed at the production of potable 

water is within the realm of existing technology. Capital costs would vary 

depending upon the volume processed. A minimal capital  
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cost for a demonstration project would be approximately one hundred and fifty 

thousand dollars ($150,000.00) and processing and maintenance costs would presently 

be twenty to thirty cents ($.20-$.30) per thousand gallons. Consumptive rates for 

Rural Valley Borough alone would be about 100,000 gpd based upon a population of 1000 

persons consuming 100 gal/person/day. This means a daily cost of as much as thirty 

dollars ($30.00) or about eleven thousand dollars 

($11,000.00) per year for processing and plant maintenance. A new distribution system 

and pumping is not included in the above analysis. 

The Yatesboro 4 & 5 complex is currently discharging about 2.1 million gallons 

per day. Yatesboro 1, 2, & 3 and Margaret 8 is discharging about 3.2 million gallons 

per day. A total for both mines runs 5.3 million gallons per day. The cost of 

processing and treatment of this volume of water at twenty cents per thousand gallons 

($.20), which is in the area of minimal 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 flowing sources would necessarily be sealed in 

order to have a one source effluent for each complex (or one effluent if the two 

complexes were joined) and thus one, or a maximum of two, treatment facilities, we 

are able to conclude that the question of treatment of waters from the mine complexes 

is strategically inappropriate at this time because of cost. 

Thus, we may concentrate our attention on abatement techniques. Among the 

techniques of reaction abatement are included the following: Air sealing, surface 

diversion of influent waters, the use of plastics and/or foams to cut off the major 

reactants of the pollution forming processes, and the use of inert gases to void the 

entire mine cavity of an environment capable of supporting the pollution reactions. 

Numerous factors associated with the Yatesboro complex makes this approach, 

generally, an unpromising one. Foremost among the factors militating against 

reaction abatement methods is the size of the mine complexes. As noted in the mine 

description, Yatesboro 4 and 5 alone cover 7200 acres and the Yatesboro 1, 2, 3, and 

Margaret 6 and 8 covers 4300 acres. Few mines larger than  
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a mere 100 acres have been previously dealt with successfully by reaction 

abatement means. 

Furthermore, a variety of conditions at Yatesboro 4 and 5 

raise other reasons against the different types of reaction abatement methods. For 

example, air sealing techniques have not been proven feasible especially for mines 

with moderate overburden thickness, of which these complexes are an instance, because 

of a tendency for the mine to "breathe" (and thus replenish the air supply). with 

changes in atmospheric pressure. Or again, the diversion ditch and surface 

water impoundment method wouldn't be feasible for a mine complex which is spread over so 

large an area, and which has as many openings as these complexes do. Some 55 openings 

are presently recorded for the Yetesboro 4 and 5 complex and 74 openings have been 

recorded for the Yatesboro 1, 2 1 3, and Margaret 6 and 8 complex. 

Foams, plastic shields, and inert gas atmospheres are all tech niques of dubious 

utility even for small mines. For the sprawling complex at Yatesboro and Margaret, 

such admittedly novel ideas can have no practical overall application. One 

qualification is in order however: At a later stage in abatement, when perhaps 

only very localized problems of residual pollution remain (for example, as the result of 

air pockets intrapped by flooding), it may well prove to be a useful supplement to 

whatever general approach is adopted to employ a "pinpoint" use of such techniques. 

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

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

In a negative sense, discharge abatement can be partially ac complished by 

dilution. That is, if harmful discharges are satis factorily diluted with respect to 

offending pollutants, than it is just as if the discharge itself had been stopped. 

Indeed, this has the further advantage that water sources dependent on these discharges 

would 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 accomplish the desired dilut ions. And since the total 

present discharges issuing from both complexes measure in the neighborhood of 

5.3 million gallons per day, for a conservative 1.9 billion gallons per year, it 

appears altogether hopeless to seek such a solution.  
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But again, it is worth keeping in mind the idea, for should drastic 

reduction of water supply in certain areas result from a program of direct 

discharge abatement, then a modified application of the technique might 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 detrimental 

to a particular land use, while the latter contained other pollutants, the 

deleterious effects of which were regarded as intolerable for the given intended 

use. Such a procedure more properly termed "differential dilutions" may well 

prove useful. In fact, the process of differential dilution can be observed in the 

Yatesboro area where mine water is now diluting domestic 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 abatement via water 

tight seals of mine openings, and the subsequent flooding of at least part of the mine 

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

to produce a certain amount of reaction abatement . 

as well, since flooding, if complete, can significantly reduce the amount of oxygen 

available for adverse reactions. 

Hydraulic sealing of mine openings is a means of helping abate mine acid flow 

either by complete inundation by flooding or by partial inundation by partial 

flooding. Complete flooding of the mine cavity results in the elimination of a major 

portion of the oxygen necessary for the chemical conversion of naturally existing pyrites 

to sulfuric acid, iron, and sulfates. Partial flooding allows the elimination of part 

of the gaseous atmosphere, including some oxygen and the attendant deleterious chemical 

reaction, via its replacement with water. Abatement thru the use of partial 

inundation is advanced here on the theory that the undesirable elements of acid mine 

drainage (sulfuric acid, iron, and sulfates) formed will settle to near the lowest 

elevation of the underground reservoir. Thus, mine water effluent, using the 

partial flooding method, is directed to flow at its highest eleva tion in order to draw 

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

reservoir. 

The decision to completely inundate the mine cavity or to partially inundate 

the cavity is a decision based principally upon the geology, hydrology, 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 mine location will change. This could mean, especially in 

the areas of concern outlined as areas of 100 feet overburden or less on Plates 

18 and 23, that well water could be affected. Thus, a rise in water table ele-

vation could cause adverse conditions such as water seepage into basements or the 

pollution of existing wells. 

Blow-outs of hydraulic seals generally depends upon three parameters: the 

level of water contained, the strength and condition (geology) of rock supporting the 

seal, and upon-the strength and condition of the seal itself. The general geology 

within the quick start areas indicate that the rock strata, although in a geologic 

unconformity, will support hydraulic seals; however, a closer investigation via a 

core drilling program will 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. 

Blow-outs could occur at areas other than where seals are constructed. These 

areas would be expected where the least over burden occurs and where coal mine workings 

are close to the ground surface. These areas are defin ed in Plates 18 and 23 as 

areas of low overburden. In the case of both of the proposed quick start projects 

in this report, it is this parameter, minimal overburden, that limits the maximum 

allowable water elevation in the mine cavities. More precise information 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 

development of an abatement program for these deep mine complexes. Extensive 

investigative drilling beyond the preliminary investigative drilling outlined in the 

cost summary of this report its likely. 

The possibility of additional mine subsidence is a factor that must be 

considered, especially in the critical zones out- 
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lined. Normally, one can expect an increase in hydrostatic pressure that results 

from an increase in mine water elevation to have a buoyant effect on the roof of the 

mine complex and thus help to prevent subsidence to some degree. There is, however, 

the adverse possibility that the added head could cause water movement through cracks 

and fissures surrounding the mine tunnels and perhaps weaken the overburden to the 

point of collapse. Critical areas where subsidence could occur were analyzed by use 

of existing mine and topographical maps. This type of analysis must in turn be 

followed by a more detailed physical analysis of areas of concern via monitoring or an 

in-depth study of the area geology. 

The possibility of flooding adjacent active mine workings was considered, 

especially in the area of the active Margaret 7 mine it was determined that the 

construction phase of an abatement program should not begin at Margaret 8 until active 

Margaret 7 is abandoned. Recommendations made here concerning sealing and flooding 

other abandoned mine workings will not affect the active Margaret 7 mine workings via 

the possibility of flooding. 

Strip mine activities in the quick start project environs were found to 

represent areas of additional geologic investigation. A drilling program and analysis 

is recommended where it is evidenced that a strip mine encroaches on or is close to 

deep mine cavities to be flooded. However, most strip mine activities  in the 

environs are of secondary concern. Where some of the strip mines do encroach the 

deep mine complex, the encroachment is at an elevation higher than the proposed 

final expected mine water elevation. Though seals at these points of 

encroachment may be required to prevent a flow of water into the mines, they are 

considered as secondary importance at this time. 

A change in the water reservoir via an increase in water ele vation is expected 

to cause some change in the water table in ad  jacent watersheds, especially where 

the deep mine complexes encroach. The amount of change is unknown except that a small 

increase in water table elevation is expected. A portion of the Pine Creek 

watershed is in the critical low overburden area and should be monitored clo sely. 

      Existing flows from mine openings are proposed to be cut off. This will likely 

work to some detriment of local inhabitants in the  
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Yatesboro-NuMine area where the effects of differential dilution from the existing 

flow at 4BH14 helps in the abatement of domestic sewage. A deep mine flow at 4BH15 

is presently being used on the Wilson farm as a source of supply for livestock 

watering. This source would be completely or at least partially cut off as sealing 

is completed. 

Within the areas of critical concern (areas of 100 feet overburden or less) 

there are geologic, hydrologic, and physical conditions of the deep mine complexes 

that cannot be determined without a very extensive investigative and construction 

program. This report proposes the use of a nominal investigative, construction, and 

monitoring program with the use of valved seals as a safety measure. However, a more 

positive approach to sealing the mine complexes can be taken by thoroughly investigating 

all possible areas of concern via geologic and hydrologic investigations. This 

procedure of extensive investigation may be considered as an alternate to the more 

moderate method proposed. 

Maintenance 

The term "maintenance" is pointedly being used here in a broader than usual sense. 

Because the nature of the mine sealing program affects not only the mine itself, but 

the geology and hydrology of the surrounding region as well--not to mention the indirect 

effects worked on ecology and human activity in the area --because of all this, 

maintenance of such a program involves necessarily considerably more than just the 

ordinary maintenance of the seals constructed.  

We may say, therefore, that maintenance of such a program means:  
1. Periodic investigation of seals, valves and other con tracted 

structures. 

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

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

4. Measures capable 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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Given a phased program for abatement, maintenance efficiency will be enhanced in all 

of the above facets. Changes and/or improvements in type or design are thus possible 

with a minimum of loss. Remedial maintenance can be made part of the monitoring 

program also. The design of the monitoring program, therefore, is a critical part of 

the overall proposal. 
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During this period, mining was performed on the down-dip within the Upper Freeport 

coal seam by a modified room-and-pillar system. Coal was undercut, drilled, and 

blasted and then loaded onto conveyors which emptied into waiting mine cars. Upon 

completion of a room, the pillars were removed for about 15% of the mined area. 

In spite of this action, it has been noted that only one discernible shallow 

surface subsidence has occurred. During mining operation, several in-mine 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 randomly selected bore holes. 

Approximately 14% of the coal seam has been left unmined. Currently, a pair of 

bore holes (4BH14 and 4BH15) and backfilled mine shaft (4PS2) are continuously 

issuing gravity discharges of polluted effluent at the combined average rate of 

about 2.1 million gallons per day. Resulting pollutants from these discharges 

are: 

 

Acidity 0.8 ppm 14#/d 2.6 T/yr.  

Iron 13.4 ppm 240#/d 44 T/yr.  

Sulfates 366 ppm 6567#/d 1198 T/yr.  

Hardness 180 ppm  3230#/d  589 T/yr. 

 

Total volume of the complex is in the neighborhood of 1.49 billion cubic 

feet. At an average depth of 200', the entire complex has exploited the Upper 

Freeport coal, and is in this area, therefore, a down-dip operation. There are 

few deviations from a uniform 3% downgrade from the north, east, and west fringes 

toward the south fringes of the exploited seam. The predicted advance of the water 

level in the mine, if the reservoir cavity is filled, is shown by the sketch on 

Plate 18. 

Reports from R&P Coal Company indicate that less than 14% 

of mineable coal remain in the seam in this area; moreover, it appears not 

feasible to remove any of this. Hence, total flooding would in no way create an 

economic disadvantage. 
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The strata immediately above and below the coal seam are the Conemaugh Formation 

and the Allegheny Formation strata respectively. The permeability of these strata can 

be described as moderate to high. Furthermore, seasonal variations in precipitation 

would likely have some effect. 

Pyrite oxidation was evidenced by strong acid discharges during the active 

mining period, however, recent investigation shows that the acid contribution has 

reduced considerably. Strata adjacent to the Upper Freeport are generally analyzed 

to have minimum pyrite inclusions. Upon flooding, we could expect discharge points 

in the elevation range, 1120 to 1140, to be the least acid. 

The stratum directly above Upper Freeport Coal consist primarily of 

various weak shales and, in most areas, appears sufficiently thick to support 

the existing overburden. However, there is evidence of a subsidence in one area 

and in some other areas shallow overburdens make additional subsidence possible.  

The existing discharge points for Yatesboro 4 and 5 have been recorded and 

carefully investigated in the field. In our recom mendations we indicate where core 

borings appear to be necessary. At present, opening No's. 4A51, 4AS2, 4PS1-N, 4PS1-S, 

4BH1, 4BH2, 4BH5, 4BH10, 4BH17, 4BH18, 4BH19, 4BH20, 4BH21, 5PS1, 5BH2, 5BH3, and 5BH15 

are filled with debris which has halted discharge. How ever, a swampy condition 

exists at 4BH10 and 4BH21. Generalized stratigraphic data indicate conditions that 

would favor a debris type of bore hole seal for many of the openings. For openings 

No. 4BH14, and 4BH15, a concrete seal with valve would be prefer able. 

Water table data for the saturated zone over Yatesboro 4 and 5 is shown on Plate 

17, including a graph regarding seasonal fluctuation. Also, that Plate indicates for 

each actual or potential point of discharge, its probable channel of flow.  

Geologic information on the strata through which most sub surface ground waters 

would pass, indicate a fair purification capacity in the immediate neighborhood of 

the coal vein. However, 
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if additional flooding of the mine is effected, the return of the water table 

nearer to its original level would be expected to improve the water quality in 

wells and natural outflows. 

Thickness of the overburden varies from approximately 20 feet to 300 feet 

with about 80% being in excess of 150 feet. Moreover, reference to typical 

stratigraphic data (Plate 18) as well as old core boring results have shown slate 

and shale of considerable thickness and intermediate strength to exist above the 

mine vein in most areas. This presents a favorable picture as far as reduced 

likelihood of subsidence goes. This likelihood is slight and where it does exist 

the analysis allows us to make a close pinpointing of those places where the 

greatest concern would exist. 

All points of discharge are presently recorded and important parameters 

noted. Present estimates, based on fairly reliable measures, indicate some 

8,500,000,000 to 10,000,000,000 gallons of water already in the mine. This 

represents about 80% to 90% of the total mine cavity volume. Pressure readings 

would be desirable at 4BH14 and 4BH15 to be able to calculate the static head 

which would reveal a more accurate water level elevation. 

The theory we are forwarding here postulates equal distribution of pressure 

throughout the subterranean reservoir. This pressure is based on the standard 

formula p=Hd. The head elevation is thought of as marking the elevation of the top of 

the capillary envelop, hence, roughly approximating the highest elevation of the 

water table for a mine completely sealed and flooded. This has key application in 

drawing several conclusions upon which some recommendations are based. 

As far as the magnitude of capillary forces operating contrary to gravity are 

concerned, no measure is presently available. Therefore, for a completely sealed 

and flooded mine the capillary envelop would be treated as if its influence were the 

same as an equal volume of unimpeded water. Further investigation accompanying the 

first phase of the abatement program will give a basis for better evaluation of this 

factor; meanwhile, a safety margin is employed in determining the area of concern in 

our monitoring program. It is expected that close monitoring 
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of pressure and flooding following initial abatement will provide information 

regarding the fluctuation flow of capillary waters. 

It will be utilized in later review of the program and its improvements. 

 

 

Conclusion - Yatesboro 4 & 5 Mine 

The particular characteristics of the Yatesboro complex, as well as the broader 

geologic and hydrologic factors involved, lends itself to the application of seal-

flood technology. Systematic sealing of discharge points will allow close control of 

possible side effects, as well as, permitting better evaluation of particular types 

of seals. Such an approach maximizes the opportunity for continued scientific 

investigation of the theoretical aspects of the problem. It  is probable that 100% 

flooding of the mine will not be possible because of low overburden in the southwest 

area of the Number 4 mine without the expense of additional sealing. Overburden in 

this area (Shown as area 4A on Plate 20) is approximately 20 feet and it is 

expected that the maximum safe head allowed in this area to be 40 feet. This 

allowable head would dictate a maximum water elevation of 1140. 

The important requirement here, of course, is development of a carefully 

designed monitoring system to accompany the abatement program. As for the extent of 

abatement to be achieved, currently the mine has uncontrolled flooding to about 80% 

to 90% of its capacity. A sealing program would allow this percentage to be 

increased under control up to approximately 95%. Of course, it is possible even at 

maximum (100%) flooding, water quality standards may not be met if water quality 

parameters other than those for this report are considered, or because of the 

natural high iron content of the local sandstone; in which case other methods, in-

cluding treatment, might be needed. 

One of the effects to be achieved by eventually attaining 95% flooding of the 

mine 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 

might well be of more acceptable water quality as the result of natural purification. 

On the other hand, it seems certain that because of the 
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huge volume of water involved in partial flooding of Yatesboro 

4 and 5 it would be desirable to have some immediate controls in addition to that 

afforded by phasing the program of abatement. Thus, the use of valve-type seals on at 

least some strategically selected openings is definitely called for.  

Observe further that the use of underground impermeable barriers may be 

required in order to deal with certain special con ditions that could conceivably 

develop--especially in connection with wells and springs, or even building 

foundations located too close to seepage routes or areas in which abatement 

stimulates significant shifts in water table elevation. Here, it is most 

important that careful monitoring be initiated so that controls can be exercised 

sufficiently early for remedial action to be taken. 
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Recommendations 

Program 
Results of research lead us to submit the following 3-part version of an 

abatement program for the Yatesboro 4 and 5 complex. We recommend: 

1. A phased plan of direct discharge abatement (See Plate 20).  

Phase I (upon approval of this report) 

a) Core borings, pressure testing, and piezometer installation at mine openings No. 

4PS2, 4BH14, 4BH15, and Area "4A". 

b) Location boring at 4PS1-S, Area 4A, and in the area 

of mine portal shaft No. 4PS2. 

c) Clean and caliper 4BH14 and 4BH15.  

d) Core Boring at 4PS1-S. 

 

Phase II 

a) Grout seal mine tunnel at 4PS2. 

b) Valve-type seal of bore holes No. 4BH14 and 4BH15. c) Excavate 

entrance at 4PS1-S to El. 1139 and prepare a channel for water flow to the 

existing reservoir. 

 

Phase III 

a) Three-month "quarantine" as water rises to elevation 

1139. 

b) Careful monitoring in affect. 

 

Phase IV  

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

other openings until flow ceases at all openings except 4PS1-S. 
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Phase V 

a) Continue monitoring program at least one year after sealing is completed. 

b) Water quality testing to continue. 

     2. A comprehensive monitoring program (see Plate 20) which will include: 

a) Continuation of the water testing program on monthly 

basis for a nominal 2 years or a 1 year minimum.  

b) Checking of seals and other installations. 

c) Measurements to include pressure and flow at seal 

points. 

d) Weekly investigation of the critical zone for new flows. 

 

     3. A contingency plan. 

a) Establish some 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 recommended in the foregoing section depends 

upon execution of the following procedural steps: 

1. Early approval of the general program outlined in this report. 

Consultation needed for clarification and/or revision should be 

requested as soon as possible. 

2. Core borings and field investigation for those mine openings specified 

in Phase T, a and b above, should proceed as soon as possible. Real 

estate permits will be required for this work. 

3. Further water quality testing to commence before construction 

begins. 
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4. Construction    

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

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

Phase I, II, III, and initial work in 

Phase IV. 

Right-of-way purchases are not included in the above costs. 
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Quick Start Study No. II  

Yatesboro 1, 27 3, and Margaret 6 & 8 Mines 

 

 

Description of Mine 

The Yatesboro 1, 2, 3, and Margaret 6 & 8 mine complex comprises some 

4300 acres of undermined terrain in the eastern part of the Cowanshannock Creek 

Watershed. The entire complex lies south of Cowanshannock Creek. Approximately 

90% of the total abandoned mine complex falls within the watershed area, while 

10% falls into the Cherry Run and Plum Creek watershed on the south. It is 

estimated that the total complex, were it tot ally flooded, would have an 

underground volume of some 6.3 billion gallons. 

This mine complex is bounded on the north and east by the abandoned workings 

of the R&P Coal Company's Yatesboro 4 and 5 mines, however, there is no physical 

connection between these two mines (Plate 3). Margaret No. 7 mine is located 

south of Margaret 6 and 8. Margaret 7 is an active mine and is con nected to 

Margaret 6 mine which is used as an air return for the active workings. Therefore, 

for the purposes of this report, Margaret  6 mine will be treated as an active 

mine. The life of Margaret 7 is expected to be approximately four to five years 

according to the R&P Coal Company. Upon abandonment of this active mine, the mines 

(Margaret 6 & 7) will be flooded. It is then expected that the overflow from the 

flooding will enter the Cowanshannock Watershed via egress thru the abandoned 

Yatesboro 1, 2, and 3 workings and Margaret No. 9 mine (the connection between Yatesboro 

3 and Margaret 6) shown on Plate 28 in the appendix. 

Topography above the mines is characterized by steeply rising hills separated 

by shallow straight valleys and leading downward to the wide flat flood plain 

valley of Cowanshannock Creek. The thickness of overburden covering the 

larger portion of the mine averages 200 feet, ranging up to a maximum of 400 feet on 

the hilltops. Approximately 8% to 10% of the mine falls within the critical range where 

the overburden is 100 feet or less. 
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The down-dip concave character of this particular vein of 

the Upper and Lower Freeport coal formations is evidenced by the mine cross-sections 

on Plates 21 and 22. Coal outcrops of the complex are found along both sides of the 

Huskins Run sub-watershed. 

Operated by the R&P Coal Company in the early 1900's, the Yatesboro 1, 2, and 

3 mines were in continuous production until the late 1950's. During this period, 

mining was performed on the down-dip by a modified room-and-pillar system. Coal was 

undercut, drilled, and blasted and then loaded onto conveyors which emptied into 

waiting mine cars. Upon completion of a room, the pillars were removed for about 

15% of the mined area. In spite of this action, it has been noted that no 

discernible shallow surface subsidence has occurred. During mining operations in-

mine seals were constructed in order to control the flow of percolating ground 

waters. 

Abandonment procedure consisted of backfilling or sealing the main portal and 

bore holes. Approximately 5% of the coal seam has been left unmined in the area 

north of the complex running along and adjacent to Cowanshannock Creek. Mining 

activity is continuing in the southern section of the complex in active Margaret 

No. 7. Currently one bore hole is continuously issuing a gravity discharge from 

Yatesboro 1 (1BH8) with intermittent discharges from bore hole 1BH7 and seepage at 

portal shaft 1PS3 where flows could not be measured. The average rate of flow from 

1BH8 and 1BH7 at Yatesboro 1 is about 940,000 gallons per day. Pollutants from this 

discharge are: 

 

 

 

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

about 102,000 gallons per day. Pollutants from this discharge are: 
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One continuous gravity discharge is found at Yatesboro 3 

at shaft 3PS3 along with an intermittent discharge at shaft 3PS2 with a combined 

average discharge of approximately 2,000,000 gallons per day. Pollutants from this 

discharge are: 

  
Margaret 8 has two continuous gravity flows at shafts 8PS2 

and 8PS11 plus intermittent and seepage flows at several openings. The combined flow 

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

discharges are: 

  
Combined discharge for Yatesboro 1, 2, and 3, and Margaret 8 averages 

approximately 3,160,000 gallons per day with a total average pollution load of: 

  
Water from Margaret 6 drains to active Margaret 7 mine. However, part of the 

drainage from Margaret 8 mine passes across Margaret 6 and 7 near the entrance at 6AS1 and 

7PS1 and eventually finds its way to Yatesboro 3 via the Margaret 9 mine. Water is 

then discharged at 1BH8 at Yatesboro 1 or 1PS3 at Yatesboro 3. 

At an average depth of 200', the Yatesboro 1 and 2 and Margaret 6 and 8 complex has 

exploited the Upper Freeport coal whereas Yatesboro 3 has exploited the Lower Freeport 

coal where mining has been primarily a down dip operation. There are few 

deviations from a uniform 3% downgrade from the north, east, and west fringes toward 

south fringes of the exploited seam. The predicted advance of the water level in the 

mine if the reservoir cavities are filled to safe capacity is shown by the sketch on 

Plate 23. 

Reports from R&P Coal Company indicate that less than 15% of mineable coal 

remain in the seam in this area; moreover, it 
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appears not feasible to remove any of this. Hence, total flooding would in no way 

create an economic disadvantage. 

The strata immediately above and below the Upper Freeport coal seam are the 

Conemaugh Formation and the Allegheny Formation strata respectively. The 

permeability of these strata can be described as moderate to high. Furthermore, 

seasonal variations in precipitation would likely have some effect. 

Pyrite oxidation was evidenced by strong acid discharges during the active 

mining period; however, recent investigation of the long abandoned mine complexes 

shows that the acid contribution has reduced considerably. Strata adjacent to the 

Upper Freeport are generally analyzed to have minimum pyrite inclusions. Upon 

flooding, we could expect discharge points in the elevation range 1120 to 1140 to 

be the least acid. 

The stratum directly above Upper Freeport Coal consists primarily of various 

weak shales, and, in most areas, appears sufficiently thick to support the existing 

overburden. However, most evidence indicates that a geologic unconformity exists 

along the lower strata of the Conemaugh Formation (Mahoning sa ndstone) in this area. 

Thickness of the overburden varies from approximately 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 slate and shale of considerable thickness and intermediate strength to exist 

above the mine vein in most areas. This presents a favorable picture as far 

as reduced likelihood of subsidence goes. This likelihood is slight, 

and, where it does exist, the analysis allows us to make a close pinpointing of 

those places where the greatest concern would exist. 

The existing 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 

recommendations 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 regarding seasonal fluctuation. Also, that plate indicates for each 

actual or potential point of discharge its probable channel of flow. 
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Geologic information on the strata through which most subsurface ground waters 

would pass indicate a fair purification capacity in the immediate neighborhood of 

the coal vein. However, if additional flooding of the mine is effected, the return 

of the water table nearer to its original level would be expected to improve the 

water quality in wells and natural outflows. 

Present estimates indicate some 4,000,000,000 to 5,000,000,000 gallons of water 

already in the mine. This represents about 65% to 75% of the total mine cavity 

volume. Pressure readings would be desirable at 1BH8 and 1BH7 to be able to 

calculate the static head which would reveal a more accurate water level elevation. 

The theory we are forwarding here postulates equal distribution of pressure 

throughout the subterranean reservoir. This pressure is based on the standard formula 

p=Hd. The head elevation is thought of as marking the elevation near the top of the 

capillary envelop, hence, roughly approximating the highest elevation of the water 

table for a mine completely sealed and flooded. This has key application in drawing 

several conclusions upon which some recommendations are based. 

As far as the magnitude of capillary forces operating contrary to gravity are 

concerned, no measure is presently available. Therefore, for a completely sealed 

and flooded mine the capillary envelop would be treated as if its influence were 

the same as an equal volume of unimpeded water. Further investigation accompanying 

the first phase of the abatement program will give a basis for better evaluation of 

this factor; meanwhile, a safety margin is employed in determining the area of 

concern in our monitoring program. It is expected that close monitoring of pressure 

and flooding following initial abatement will provide information regarding the 

fluctuation flow of capillary waters. It will be utilized in later review of the 

program and its improvements. 

 

 

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

The particular characteristics of this complex, as well as the broader 

geologic and hydrologic factors involved, lends itself to the application of 

seal-flood technology. Systematic 
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sealing of discharge points will allow close control of possible side effects, as 

well as permitting better evaluation of particular types of seals. Such an approach 

maximizes the opportunity for continued scientific investigation of the theoretical 

aspects of the problem. It is probable that 100% flooding of the mine will not be 

possible because of low overburden in the northern area of the Yatesboro 1 mine and 

the restrictions of overburden and updip nature of the Margaret 8 mine without 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 maximum safe head 

allowed in this area to be 40 feet. This allowable head would dictate a maximum 

water elevation of 1140 in this area of the mine. Other areas considered critical 

because of minimal 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 1BH8 or 3PS3 or 

other selected points if the shaft connecting this section of the Yatesboro 2 mine 

has not been sealed. The seal at 2PS25 should be valved and monitored via 

piezometer readings in order to determine if the water is finding an egress. 

Similarly the water elevation in the northern section of Margaret 8 will rise and 

allow an overflow through mine 8 to, discharge into Margaret 3 mine when 8PS11 and 

8PS12 are sealed. However, coal in the Margaret 8 area has been worked close to 

the outcrop and strip mine activity in the same area has resulted in a minimal 

barrier between the deep mine workings and the ground line. A water head of 

approximately 17 feet will result in order to obtain an overflow in Margaret 8, and 

considerable investigation in order to determine the extent of workings near the 

outcrops will be necessary along with a well designed monitoring program. 

Investigation of mine 8 can begin immediately however, construction on seals should 

not commence until Margaret 7 is abandoned because of the possibility of water damming in 

the area of mine 7 as a result of abatement activities. 

The water elevation in Yatesboro 1 and 2 can be raised enough to flow at shaft 1PS2 by       

sealing bore holes 1BH7 and 1BH8 
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and shafts 3PS2 and 3PS3. Portal shaft 1PS3 should be investigated and pressure 

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

The important requirement here, of course, is development 

of a close and carefully designed monitoring system to accompany the abatement     

program. As for the extent of abatement to be achieved, currently the mine has 

uncontrolled flooding to about 65% to 75% of its capacity. A sealing program would 

allow this percentage to be increased under control up to approximately 68% 

to 78%. Of course, it is possible even at maximum (100%) flooding, water quality standards 

may not be met if water quality parameters other than those used for this report are 

considered, or because of the natural high iron content of the local sandstone; in which 

case other methods, including treatment, might be needed.  

One of the effects to be achieved by eventually attaining 68% to 78% flooding of the 

mine 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 then, such flows 

might well be of much more acceptable water quality as the result of natural 

purification. 

On the other hand, it seems certain that because of the huge volume of water 

involved in partial flooding of Yatesboro 1, 2, 3, and Margaret 6 and 8 it would be 

desirable to have some immediate controls, thus, the use of valve-type seals on at least 

some strategically selected openings is definitely called for.  

Observe further that the use of underground impermeable bar riers may be required in 

order to deal with certain special conditions that could conceivably develop--especially 

in connection with wells and springs, or even building foundations located too Close  

to seepage routes or areas in which abatement stimulates significant shifts in water table 

elevation. Here, it is most important that  careful monitoring be initiated so that 

controls can be exercised sufficiently early for remedial action to be taken. 
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Recommendations 

Program 

Results of research lead us to submit the following 3-part version of an 

abatement program for the Yatesboro 1, 2, 3, and Margaret 6 & 8. We recommend: 

 

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

Phase I (upon approval of this report) 

a) Core borings, pressure testing, and piezometer 

installations at 1PS3, 1BH7, 1BH8, and Area lA. 

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 lA, Area 8A,  

Area 8B, and Area 8C. 

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

Boring at 1PS2. 

 

Phase II 

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

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

mining is completed 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, 8PS11  

and 8PS12. 

 

Phase III 

a) Three-month "quarantine" as water elevation rises.  

b) Careful monitoring in affect.  

 

Phase IV 

a) Additional core borings and analysis (where needed). 

b) Sealing of other openings until flow ceases at all openings 

except 1PS2. 
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Phase V 

(a) Continue monitoring program at least one year after sealing is 

completed. 

(b) Water quality testing to continue. 

 

2. A comprehensive monitoring program (see Plate 25) which will include: 

(a) Continuation of the water testing program on monthly 

basis for a nominal 2 years or 1 year minimum. 

(b) Checking of seals and other installations. 

(c) Measurements to include pressure and flow at seal 

points. 

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

 

3. A contingency plan. 

(a) Establish some 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 recommended in the foregoing, section depends 

upon execution of the following procedural steps: 

1. Early approval of the general program outlined in this report. 

Consultation needed for clarification and/or revision should be 

requested as soon as possible. 

2. Coreborings and field investigation for those mine openings specified 

in Phase I should proceed as soon as possible. Real estate permits 

will be required for this work. 

3. Water quality testing to continue during construction.  

4. Construction 

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

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

II, III, and initial work in Phase IV. 

 

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