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ABSTRACT

The purpose of this study is to formulate practical guidelines

for active underground mining in close proximity to water bodies.

This was accomplished through systematic completion of three phases

of study: I) Collection and Documentation of Data; II) Application of

EXisting Guidelines to Case Histories of Previous Inundations; and III)

Development of Recommended Guidel ines for Underground Coal Mining

Near Bodies of Water.

Phase I of the study involved a worldwide data collection effort

designed to obtain foreign and domestic guidel ines for mining near

water bodies ~ and accident records and case histories of accidental

mine inundations. Within Phase II~ existing guidelines were categorized

and c lae s if'ted , and then evaluated as to their effectiveness in precluding

past inundations had they been in effect at the time of inrush. Advantaqes

and disadvantages of existing guidelines were defined.

Drawing on the broad data base establ ished in previous study

efforts, Phase [II was directed at development of viable guidelines to

promote the greatest possible coal extraction while precluding accidental

mine inundation. Two levels of guidelines are presented; Level I Guide-

lines require 1itile or no subsurface exploration on the part of the mine

operator, while Level II Guidelines recommend various testing and
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investigative procedures to permit greatest possible mineral extrac-

tion.

This report presents findings and conclusions of the study.
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INTRODUCTION

To fully understand the genesis of this project, we must first con-

sider the chronological turn of events. In the early days of coal mining,

very little importance was given to mine regulations, and most emphasis

was placed on economics of coal removal. For the most part, miner

safety was left to the individual companies, some of whom did not possess

the necessary expertise to incorporate safety into the total development

plan.

After several serious inundations, public concern prompted pas-

sage of regulations governing mining in close pr-oxtrntty to dangerous

accumulations of water. Pr'imarily, these regulations were directed at

adjacent flooded workings rather than surface waters (since this was the

major area of concern); rarely were these regulations rigidly enforced.

Early regulati.ons were usually rules-of-thumb guidelines, as very little

specific information was available on exact causes of water inrushes. As

more information became available concerning the cause of inundations

(such as bar-r-ter- pillar thickness at time of inrush), more stringent regu-

lations were enacted. Since coal was a rather plentiful commodity, little

regard was given to potential overrestrictiveness of these guidelines,

especially in light of the consequences of underrestrictive guidelines, L e. ,

the potenti.al for multiple loss of life. As a result, many areas were
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essentially sterilized from development.

With the advent of the recent energy crisis, a new awareness

for resource conservation was born. Project Independence calls for

major expansion of the coal industry as one means of reducing our

dependency on imported oil. As part of this expansion and conserva-

tion effort, we must encourage maximum recovery of our coal resources.

Historically, we have ostracized enormous quantities of otherwise recov-

erable coal by inefficient mining practices and, quite frankly, lack of

concern. Until recently, such an attitude was popular because of the

seemingly endless coal reserves and relatively low cost of alternate

energy sources such as natural gas and oil. Economics encouraged, and

oftentimes dictated] the abandonment of many mining operations because

more easily recoverable seams were so readily available.

The sudden awakening brought about by the energy crisis in the

winter of 1973, which precipitated drastically increased coal prices,

gave renewed hope to the coat industry and economic incentive to secure

maximum eoaI recovery. In light of the present economics and energy

conservation aspects of coal recovery, the Bureau of Mines initiated

this study for the purpose of developing practical guidelines for mining

in close proximity to bodies of water to assure adequate protection to

coat miners while realizing maximum coal recovery. To efficiently

-4-



accomplish this task, the project was initially subdivided into three

interrelated phases:

• Phase I - Collection and Documentation of Data
Phase II - Appltcation of Existing Standards to
Case Histories of Previous Inundations

Phase III - Development of Recommended Guidelines
for Underground Coal Mining Near Bodies of Water

Because of the complexity and severity of this potential problem,

an exhaustive literature research program Was conducted during Phase I

to document the success and failure of previously established guidelines

for mining near water bodies. The coal producing regions of the United

States were divided into five well defined regions (in order) to

facilitate collection of voluminous amounts of data. In determining these

subdivisi.ons, emphasis was given to geologic, topographic, and climato-

logical characteristics conducive to similar mining trends and potential

water problems. Si.nce the study involves only underground coal mining,

only areas with deep mi.neable coal reserves were consi.dered.

Utilizing printed questionnaires as a basis for information

retrieval, over 800 form letters and 150 personal letters were sent to

various individuals and agencies in virtually every corner of the world.

suspected to be knowledgeable in the area of mining near bodies of water.

In addition, over 250 contacts were made by telephone to every identifi-

able source in the United States believed to have any involvement with
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underground mine inundations or gUidelines. Contacts included:

• State agencies (geological surveys, mining departments"
regulatory agencies)

• Federal Agencies (such as MESA and the USBM)

• Coal Associations (NCA, BCR, State Trade Organizations)

• Insurance Agencies

• United Mine Workers (Safety Department)

• Coal Companies (knownto operate near surface waters)

• Consulting Firms

• Recognized Experts

• Foreign Sources (500 form letters to 55 countries - from
embassy officials to consulting mining engineers)

The cumulative result of all data collection efforts 1S q. complete

copy of all present state and federal guidelines for mining near water

bodies - both past and current - and seemingly complete docurmentation

of foreign guidelines as well. Additionally" all available information was

obtained on past inundation accidents in order to provide a comprehensive

understanding of the causative factors involved in these inrusHes.

The second phase of study -- Application of Existing Guidelines to

Case Histories of Previous Inundations -- sought to determine whether the

various applicable guidelines should have prevented specific inundation

accidents if those guidelines had been in effect or implemented when the
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incident occurred. To assure a logical approach to the problem, a

well-defined series of concentrated efforts was delineated. The first

step was preparation of complete case histories for each documented

mine inundation from the accident reports gathered in Phase I. Next,

the completed case histories were carefully evaluated to pinpoint any

simi larities or trends that might warrant further study. Based on this

evaluation, four general situations or categories defining causes of mine

inundations were recognized: 1) mining under continental surface waters;

2) submarine mining; 3) mining near abandoned workings and water

bearing zones; and 4) situations in which general mine planning was at

fault.

When the four major categortes of mine inundation incidents

were defined, all guideline information gathered in Phase I was care-

fully reassessed and, where relevant and applicable, placed wtthin one

or more of the categories. Guidelines for each individual category

were comparatively analyzed in detail, and then subdivided into distinct

classes. The definition of each of these classes varies somewhat

between categories, but generally represents the relative effectiveness

in terms of miner safety and effective coal production of the guidelines

within that class.

Tables, charts, and figures describing in detail the various
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mining procedures, incident categories, and guideline classifications

were drafted throughout each stage of Phase II. These illustrations,

combined with comprehensive case history exhtbtts , visually portray

the effectiveness of tile guidelines in preventing accidental inundations.

The graphic portrayals readily identity those aspects of the mining

guidelines which are either overrestrictive or excessively weak.

Based on this information, outstanding portions of effective pr-ovtatons

were easily defined for use in Phase III.

The final phase within this study, representing the primary

goal of this project, is the development of recommended guidelines

for underground coal mining under surface water bodies. To permit

maximum flexibility and avoid needless loss of time and money in. the

development of underground mining operations, two distinct categories

of guidelines are presented. The first category, Level I guidelines,

requires little or no subsurface exploration or testing on the part of

the mine operator, other than routine survey. However, the general-

ization of these recommended gUidelines, designed to pr-ovtde maximum

protection to the miner, may sterilize a great amount of recoverable

coal. Level II guidelines reduce this sterilization by illustrating methods

of testing and evaluating specific conditions to permit safely exceeding the

limitations set forth in Level 1. Each technique presented includes a
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discussion of its applicability, reliability, benefits, utilization, and factors

of safety. Research needs are also defined.

The guidelines presented in this report will not totally preclude the

possibility of an inundation because they do not offer protection against

mining into unknownand unexpected water-filled abandoned workings or

glacial and alluvial deposits. To avoid these relatively infrequent occur-

rences would require massive geological evaluation and constant borehole-

pattern drit ling in advance of mining at every working face in the country.

The increased safety of the operation to an inundation hazard may be

negated by the injuries and deaths that could result due to the additional

men that would be required in the face area as a consequence of such a

massive drilling effort. Adherence to these guideli.nes should, however-,

offer the best possible operational safety that can reasonably be attained.

The following sections of this report address Phase III of this

study. Complete discussi.ons of Phases I and II are presented in the

respective Phase r-epor-tss submi.tted to the United States Bureau of Mines

at the conclusion of each study task.
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DEVELOPMENT AND PRESENTATION OF
LEVEL I GUIDELINES

PURPOSE OF LEVEL I GUIDELINES

Gui.delines that govern mining in the proximity of surface waters

are necessary to ensure the safety of those who labor within these mines.

The guidelines presented in this part of the report, termed Level I Guide-

tines, are designed to ensure the safety of people in the mine and the

integrity of the surface waters with minimal consideration of operational

testing. In addition, adherence to these guidelines should also prevent

occurrence of an inrush when mining in areas where glacial or other

water saturated alluvial depostts are knownto occur, or in areas where

flooded abandoned mines are knownor suspected.

Adherence to these guidelines will require little or no surface or

subsurface exploration or testing on the part of the mi.neoperator, other

than determi.ning that a hazard exists. For example, where abandoned

workings are knownor suspected, the operator should procure and con-

suIt any and all mine maps related to these workings. Many maps of

abandoned workings are available from mine map repositories of the

United States Bureau of Mines and from related State agencies. Addition-

al information may be available from the Mining Enforcement and Safety

Administration (MES6..)offices that were responsi.ble for inspecting and
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approving plans and developments for the now abandoned mine. Careful

consideration of all available data may significantly affect planning and

development of the presently active mine. For example, if it is found

that while mining in the same seam a former operator approached closer

to the property line than is acceptable under Level I Guidelines, the

present operator should leave additional coal to compensate.

Adherence to Level I Guidelines will necessarily isolate from

development some of the coal that is within the property limits of the

mine operator. For instance, in the example cited above the operator

would be required to leave an additional thickrless of coal to meet the

boundary pillar requirements of Level I Guidelines. If in so doing he

precluded the development of, say, 500 acre feet of coal, the result is

900, 000 tons that cannot be recovered. Level II Guidelines wi11define

methodology which wi11permit recovery of some of these reserves.

Under Level I, this coal is Iost , but the safety of the operation is assured

with little or no effort expended by the operator.

CURRENT GUIDELINES USED IN LEVEL I DEVELOPMENT

Many current State, Federal, and Foreign guideli'nes which fit

the Levell category have been devetoped through the years and have

demonstrated their applicabHtty in preventing inundation accidents.
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These are stated in Appendix A for convenience and for purposes of com-

parison with the Level I Guidelines presented here. In some instances,

the Laws and Guidelines were developed as a consequence of an inundation;

in others they were developed to prevent an inundation. It is no coincidence

that the various guidelines presented in Appendix A have a great deal of

similarity. Expert witness the world over was generally catted upon for

advice, assistance, testimony, and guidance in the formulation of these

Laws, Acts, Rules, Codes, Orders, Regulations, and other Guidelines.

LEVEL I GUIDELINES

In order to ensure the safety of coal mine personnel and mine

workings from the hazards of tnundattori, the following Level I Gui.delines

are recommended. These guidelines were taken almost totally from those

currently observed, as 1isted in Appendix A. As discussed in the Phase II

Study Report, precautionary measures utilized to preclude underground

mi.ne inundati.ons can be logically delineated in specific guideline categori.es.

Three major categories are recognized in the following discussion of Level I

Guideli.nes:

1. Mining Under Continental Surface Waters
2. Mining Near Abandoned Workings and Natural Subsurface

Hazards
3. General Mi.nePlanning Procedures
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In addition to these major categories, sUbcategories are defined where

applicable to more accurately address specific conditions.

Specific gUidelines are presented in Table 1; a discussion of the

methodology of gUideline development follows.

Mining Under Continental Surface Waters

A mining safety zone shall be established beneath and adjacent to any

stream, river, and natural or artificial body of water that" in the opinion

of the license or permi.t granting officials or other appropriate agency

official" is sUfficiently large to constitute a potential hazard to mining.

The safety zone should extend 200 feet horizontally from the high water

mark of each bank of such stream or river, or from the knownperimeter

of any other body of water" and should extend downward to the limit of the

workable beds or to 350 feet, whichever is less. At the intersection of the

350 foot vertical depth line and the 200 foot horizontal line, the safety zone

should continue downward on aline projected 25 degrees from the vertical.

This safety zone is designated as the Zone of No Extraction and is shown

in Figure 1.

This safety zone, modeled from guidelines in use in Pennsylvania

and Australia, should protect the integrity of the surface waters while

affording miner and mine working protection from massive surface water

inundations. The only requirements on the operator are that he accurately
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FIGURE 1. SAFETY ZONE FOR MINING UNDER

CONTINENTAL SURFACE WATERS

LEVEL I GUIDELINE
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survey the Zone of No Extraction and incorporate this area into his mine

plan. Level II Guidelines, presented later in this report, will allow addi-

tional recovery of coal reserves in this Zone, but only after an intense

geologic and engineering data gathering effort.

The continuation of the safety zone at a 250 inclination from the

350 foot level is intended as protection against the subsidence inbreak

angle due to roof falls and full extraction mining. Figure 2 gives an ex-

ample of inbreak angles. These angles are influenced by the type of

overlying rock, the dip and thickness of the coal seam, and also the

direction, rate, and type of mining being conducted. Of course, work-

ings at depths of 350 feet or greater usually do not induce surface subsi-

dence effects as a result of localized roof failures. In one inundation

case history, however, 344 feet of cover was not sufficient to prevent

mine flooding when a safety barrier pillar underlying a stream was

breached by a small development entry.

Consideration of Percentage Extraction

The percentage of the coal reserve base that can be recovered in

the area designated Normal Extraction Permitted (Figure 1)will depend

on many factors other than the surface waters. Some of these factors

are: depth of the proposed workings beneath the surface; thickness and
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AREA OF POTENTIAL SUBSIDENCE

FIGURE 2. EXAMPLE OF

AREA DUE TO

POTENTIAL SUBSIDENCE

INBREAK ANGLES.
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integrity of consolidated rock structures in the overburden; thickness of the

seam; strength and resistance to subsidence and cave-ins of the overburden

rock structures; existence of abandoned workings and their proximity to the

active workings; preference of mine officials for partial or full extraction

mining methods; government restrictions which may limit recovery; and

purchases of coal reserves by surface land owners. These factors should

already have been considered in the mine devetoprner.t plan of the company.

Mining Near Abandoned Workings and Natural Subsurface Hazards

As with Continental Mining Under Surface Waters, the full and

partial extraction guidelines for Mining Near Abandoned Workings will

generally be identical. The requirements for Level I Guidelines ensure

the safety of the miners with Iittle or no subsurface exploration or testing

on the part of the mine operator. This leaves large blocks of coal and

overburden which generally afford adequate protection to the mine work-

ings regardless of extraction methodology or percentages. The full and

partial extraction guidelines for Mining Under Unconsolidated Deposits

and Natural Reservoirs are necessarily di.fferent as denoted in Table 1.

Establish Barrier Pi.llars Around Abandoned Workings

Breaking through into abandoned workings presents the greatest
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inundation hazard to underground mining. Even when these abandoned

workings can be inspected and certified free of potentially dangerous

accumulations of water, they still should be approached with caution.

The disrupted rock mechanics in the strata above the abandoned workings

can cause roof problems for the approaching mine which could possibly

result in fracturing to overlying waters. Therefore, guidelines presented

in this sub-section consider flooded and dry abandoned workings.

Whenever a working section approaches within 200 feet of any

abandoned workings of that mine or any other mine that cannot be inspec-

ted, it should be assumed that these abandoned workings contain potentially

hazardous accumulations of water and all mining should cease. The 200

foot stopping distance affords adequate protection to the mine workings

while allowing for some degree of survey error in mine mappi.ng. VVhen

the abandoned mine or workings can be inspected and certified free of

dangerous accumulations of water, the active section can appr-oach closer

than 200 feet; but no closer than permitted by property boundary barrier

pillar requirements, or no closer than the minimum effective pillar size

as reflected by the width to thickness ratio of 10 to 1, whichever is

applicable. VVherefaults are knownto occur that could impair the

strength of these barrier pillars, additional pillar width may be required

as determined by the mine engineer and mine inspector.
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Charles T. Holland, Professor Emeritus, West Virginia Univer-

sity, has found that pillar stability can generally be assured when the width

to thickness ratio of a square pillar is at least 9 to 1. To at low for var-

iability in the affecting parameters and for consideration of the crushed

edges of the pillar due to uneven load distribution, a ratio of at least 10

to 1 should be adopted. Therefore, extraction in a 5 foot thick coal seam

should leave square pillar supports of 50 feet. Pillars of smaller width

are frequently utilized with very satisfactory results where the stress on

the pillars is not great. For example, where pillar stress is 900 psi and

60 percent of the coal is recovered in first mining with 12 foot wide pas-

sageways, a factor of safety of about 2 is realized with pillar width of 21

feet. Determining the width of passageways and pillars is site specific

for each individual operation considering the follOWingfactors: ability of

roof rocks to span the passageway; mining method and equipment used;

possibility of falls extending to the surface or to overlying beds which

should be protected; and the possibility of squeezing of roof and floor

rocks.

In summation, this guideline allows mining to within 200 feet of

any abandoned workings which cannot be inspected, and to within a distance

where pillar stability is assured by a minimum pillar width to thickness

ratio equal to 10 to 1 for workings which can be inspected and certified
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free of dangerous accumulations of water (or to the limit of the property

boundary pillar r-equtr-ement, whichever is larger).

Property Boundary Barrier Pillars

A boundary barrier pillar of solid coal should be left to the prop-

erty line of each individual operation to guarantee the integrity of that mine

and any adjacent mines, and to avoid the possibility of breakthrough into

any abandoned workings which may have been mined near to or beyond

their property limits. This guideline will offer protection to future mine

workings if a present mine should be abandoned and allowed to fill with a

dangerous accumulation of water.

The width of the pr-oper-ty bar-r-ier- pillar wi ll depend upon the

thickness of the seam being mined and the depth of that seam below

the property line and is calculated as fol.lowa:

Pb = 10 + 2T + 50,

where Pb is tile wi.dthof the boundary barrier pillar in feet, T is the

thickness of the bed in feet rounded to the next highest integer, and 0

is the depth of the bed at the property line in 100 foot increments rounded

to the next highest integer. For example, a 50 inch thick seam (4 feet,

2 i.nches; T = 5) at a depth of 520 feet below the surface at the property

line (0 = 6) will require a 50 foot thick barrier pillar. This requirement
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is imposed on both mine workings on each side of the propert,y line and

as such results in a total pillar thickness of 100 feet.

Where the coal on one side of the property line has been mined

closer than is permitted by this guideline, the approaching workings

must compensate and the width of the boundary barrier pillar should be

increased. For instance, if in the above example the previous working

had come to within 10 feet of the property limits, the approaching work-

ings must leave a barrier pillar of 90 feet to provide the 100 foot total

requirement.

Areas where faults occur within the coal that is to be left as a

boundary barrier pillar may require additional pillar width to the fault

line to so compensate. FaUlts, joints, and other types of fr-aotur-ee may

be natural or man-made and may have bond strengths ranging from zero

to values greater than the host rock. Additional pillar width that may be

required to protect the mine workings under these conditions should be

estimated, based on the experience and judgment of the mine engineer

and mine inspector.

Mining Near Wells, Shafts or Other Openings

on and Gas Wells

Current Federal regulations require barriers of not less than
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300 feet in diameter to be left around all oit and gas wells that penetrate

the coal bed. It is recommended that the well be located within 30 feet

of the pi.llar center. This protects the workings from potential inrush

of natural gas or water (generally the water problem is more serious

with abandoned wells). The 300 foot barrier pillar has proven satis-

factory in protecting the mine workings from any leakage that may be

associated with the wen and in preventing accidental mining into the

well casi.ng itself. The Bureau of Mines and Energy Research and De-

velopment Administration are currently working on methods of sealing

abandoned wells to permit mining through and recovery of these barrier

pillars. These will be discussed more fully within the Level II Guidelines.

At present there seems to be no reason to alter the current Feder?J re-

quirement of leaving barrier pillars of unmined coal 300 feet in diameter

as protection around oil and gas wells.

Shafts and Other Mine Openings

Generally, to protect the shaft entry and the surface buildings and

equi.pment from subsidence, a barrier pillar of unmined coal is left around

the shaft. These coal pillars are also left around slope and drift entries

and around important gaHeries such as haulage ways, traveling ways,

some drives, raises, and other mine structures which are needed for an
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appreciable time. If the shaft is cased and grouted properly, it should

offer no water seepage problem to the mine working.

Uponabandoning of the workings, these pillar supported areas

offer cavities where substantial water accumulation may occur. The

barrier pillar requirements outlined in this section offer protection in

most instances; however, mining into raises, shafts and like structures

is not necessarily prevented.

Where shafts, raises, and other vertically extended structures

penetrate the coal seam, and cannot be inspected and certified free of

dangerous accumulations of water, a 200 foot thick barrier pillar of un-

mined coal should be left around the structure as protection against inun-

dation. This 200 feot stepping di.stance affords adequate protection to

the mine workings while allowi.ngfor some degree of survey error in

mine mapping. When these structures can be inspected and certified

safe, a barrier pillar of width to thickness ratio of 10 to 1 should be left

to guarantee present mine integrity. When mining in the area of abandoned

slopes and other inclined openings, the guidelines for mining near abandoned

workings should be foHowed.

Mining Uncler Unconsolidated Deposits and Natural Reservoirs

Whenever natural reservoirs or unconsolidated deposits that are
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likely to flow when wet are knownto exist above the coal seam or to inter-

sect with the coal seam, a partial extraction guideline must be followed to

prevent their inundation of the mine. Whenever these are knownto exist

above the worked seam" the thickness of the intervening strata separating

them from the seam should be at least 180feet. Nomining should be

permitted within that 180feet of overlying strata. Holland has noted that

roof falls generally do not extend vertically more than three times the

passageway width.•however .•certain factors have very significant effects

on the vertical extent of roof falls. Holland denotes these as: 1) Howwell

the cleavage system is developed in the roof r-ocks • A well developed set

of joints will promote falls of greater extent; 2) the stress system that is

acting in the horizontal direction. R.oof rock tension could extend the

height of a fall, and open joints may be an indication of roof tension; 3) the

strength of the rocks that compose the roof. Strong rocks such as sandstone

usually mean shallower falls. Since Level I Guidelines preclude the compi-

lation of this information" the 180foot guideline has been adopted from

present mining directives in this area. This gUidelineshould also apply

when mining under a previously mined seam whose workings cannot be

inspected and certified free of dangerous accumulations of water.

VVhenthese natural reservoirs or unconsolidated deposits are

knownto intersect the coal bed, a pi.llar of coal large enough to protect
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the integrity of the mine workings must be left. In order for this pillar

to give adequate protection to the workings, it should be 200 feet wide or

as wide as those required when mining near abandoned workings.

Guidelines in this sub-section apply totally to partial extraction

techniques. Full extraction will require considerable surface and sub-

surface exploration and testing by the mine operator and is therefore

considered within the Level II Guidelines.

General Mine Planning Procedures

Upon reviewing case histories of mine inundations, it was found

that some massive water influx occurred even though precautionary guide-

lines existed as defined under the other major guideline categories. Nat-

urally, the benefits or protection realized by followtnq established guidelines

can only be as reI iable as the superintendent of the operation responsible

for their implementation and supervision. Even though a conscientious

plan for guideline implementation may be practiced, poor or inadequate

mapping can offset any attempt to ensure proper safety factors. Many

other precautionary factors, critical to the safe operation of an underground

mine, are a matter of good common sense and frequently do not lend them-

selves to documented guidelines. It is with this thought that the following

General Mine Planning Procedure guideline recommendations are presented.
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These guidelines were derived entirely from existing regulations and, if

implemented, should effectively preclude accidental inundations with tittle

or no subsurface exploration on the part of the mine operator.

Management and Supervision

Management-supervisory personnel have very significant influ-

ences on inrush potential, as all judgments and responsibilities lie under

their jurisdiction. Existing guidelines are aimed at ensuring competent,

qua1ified personnel in decision making positions. In some cases, exact

duties of certain individuals are defined. Some of the guidelines which

general management has the responsibility to implement are briefly out-

lined below:

• Take all steps necessary for obtaining existing information
which indicates or tends to indicate the presence or absence
of:

a) abandoned contiguous workings
b) rock strata containing or likely to contain water
c) material that is likely to flow when wet

in the vicinity of any proposed workings in a mine. It
is management's responsibility to substantiate all col-
lected data.

· Copies of all collected data should be distributed to all
planning personnel to make possible complete evaluation
and delineation of potential danger areas.

• Where it is thought that an abandoned.• disused .• or discon-
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tinued working or excavation contains or is likely to
contain a dangerous accumulation of water, the sur-
veyor should, by notice in writing, inform the super-
intendent to that effect.

• The surveyor should ensure that the superintendent is
at all times aware of the faces which are being advanced.

• The surveyor should be responsible for correct establish-
ment of survey pegs necessary for measurement, direction,
and inclination of such workings and shall provide the super-
intendent with correct, relevant survey data in writing.

• The surveyor should inform the superintendent in writing
when workings are approaching limited work areas as
imposed by abandoned workings, surface waters, or
other dangers.

• All survey work should be performed by a competent regis-
tered engineer or surveyor.

Mine Plan Mapping and Geologic Data

To fully assess inrush potentials, supervisory personnel must

have current, complete, and accurate information on existing conditions

in the mine area. Needless to say, decisions and plans of action for

mine development which are designed to guard against massive inunda-

tions can only be as dependable as the accuracy and completeness of

collected information. General guidelines which pertain to mapping and

geol0.gicdata gathering include:

• All mine surveys and map preparation should be conducted
by a competent registered engineer or surveyor.
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• All materials submitted with applications for permits
or approvals must be supervised and certified by a
competent registered engineer or surveyor.

• All collected geologic data should be reviewed and
evaluated by a competent geologist and/or mining
engineer.

• The operator of a mine must have an accurate, up-
to-date map of that mine, drawn to a consistent scale,
and kept in a safe, fireproof location on the surface which
minimizes danger of map destruction. Such a map should
include the following pertinent information:

Surface: Surface features may be shown directly on the
mine map, or on a transparent or translucent sheet,
which, when overlain on a map of underground work-
ings, shows true and exact relations of surface features
to rntrie, workings and excavations. Surface features to
be shown include:

Name and address of the mine
Scale and orientation of the rYlCl.p

Boundary lines and names of all surface
property owners
Boundary lines of the coal rights pertaining
to each mine

. All coal outcrop lines
Topographic features such as hills, ravine's,
intermittent and permanent streams, bodies
of standing waters (with elevations and
estimated depths)
Location and identi.fication of municipal sub-
divisions (state, county, townships)
Location of all railroads and sidings, highways,
and other roads
Location and identification of mine buildings and
facilities
Location of all utilities and pipelines
Location and depth of holes drilled for oil, gas,
water, or geologic information that penetrate a
workable seam
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• Location of mine openings
• Location and description of a permanent bench

mark or monument near the main mine opening

Underground: Whether or not combined on the same sheet
with surface f'ea.tur-e.s , at least one set of underground
mine maps must be composed on the same scale. Perti-
nent information to be recorded on the mine map includes:

• Name and address of the mine
Scale and orientation of the map
Boundar-y lines of coal rights and owner
identi fication
Structure contours and dip of the coal bed being
mined at not greater than 10' elevation intervals
Location of all drill holes that penetrate the
mined bed

• All shaft, slope, drift, and tunnel openings and
auger and strip mined areas of the bed being
mined
Location of an ventilation fans
Location and exact extent of adjacent active or
abandoned undeeground workings above, below,
or in the same seam. If abandoned workings
are known to exist in an area, but exact extent
is not known, it should be so indicated
Up-to-date locations of active work areas,
worked out areas, and abandoned areas
Locations of entries and aircourses with
direction of airflow indicated by arrow
Location of al t escapeways

• Location and exact extent of all water pools,
water bearing strata, or fluid-like materials
which tend to flow when wet (qutckaands ,
peat, etc.)

• Location and elevation of any body of water
dammed or held back in any portion of the
mine

• The location and description of at least two
permanent base line points coordinated with
the underground and surface mine traverses,
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and the location and description of at least two
permanent elevation bench marks used in con-
necti.onwith establishing or referencing mine
elevation surveys

• The elevation of tops and bottoms of shafts and
slopes, and the floor at the entrance to drift
and tunnel openings

• The elevation of the floor at intervals of not
more than 200 feet in:

1) At least one entry of each working section,
and main and cross entries

2) The last line of open crosscuts of each working
section, and main and cross entries before such
sections and main and cross entries are aban-
doned

3) Rooms advancing toward or adjacent to property
or boundary lines or adjacent mines

• The owner, agent or manager of a mine should take
all reasonable steps to determine \Nhether ther-e is
any material below the surface which could affect
active, or soon to be active) areas In a mine RS to
cause danger to miners working in that mine. All
facts pertaining to such conditions must be presented
to the manager.

The general guidelines presented above are the most notable pre-

cautionary measures. Any inability to accurately record the information

described above will cause r-ettance on faulty data, resulting in potentially

dangerous operating conditions.

Water in Mines

Proper and efficient handling of water in a mi.necan help protect

against accidental flooding and can reduce effects of water infiltration.
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General guidelines pertaining to water in mines include:

Keeping all passageways and wor king places used by persons
and equipment well drained and free of water while occupied.

Prohibiting construction of any restraining dam or structure
where rupture of such would imperil the safety of any miner
in that mine or any other mine. (In emergency situations,
installing a temporary restraining dam may be acceptable,
but only after approval by the proper regulatory agency. )

Forbidding men to work in any por-t.iori of a mine where a
body of water is dammed or held back at a higher elevation
in the same mine (unless approval is obtained by the proper
regulatory agency).

Establ ishing and maintaining storm water trenches and em-
bankments to protect surface machinery and urider-qr-ound
workings from flooding, at every shaft or other similar
opening from the surface which connects with underground
workings.

. Closing a mine whenever the lives of miners employed herein
are jeopardized by reason of high water or overflow of adjacent
streams, until the danger has passed.

Keeping watch on all reasonably accessible sources of flooding
danger, all artificia 1 constructions for conserving or transport-
ing water which may cause water to converge or accumulate.

Escapeways

Establ ishing safety or escapeways during the course of mining

affords excellent protection for miners in case of sudden inrush of water.

Generally, in any mine, where there is a potential danger of a sudden

inrush from any source, additional openings should be provided that
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permit miners to escape without using the traveling ways likely to be

inundated. Locations of such escapeways should be dictated by a respon-

sible regulatory agency.

Occasionally the mining plan will consist of a single entry, stope,

riase or small drift which does not lend itself to escapeway construction.

As a minimum~notification should be posted at the entry to that area, that

no escapeway is available.
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DEVELOPMENT AND PRESENTATION OF
LEVEL II GUIDELINES

PURPOSE OF LEVEL II GUIDELINES

The recommended guidelines presented in this section of the

report, termed Level II Guidelines, are those where various testing

and investigative procedures are outlined, whose adherence would pro-

mote the greatest possible mineral extraction while precluding accidental

mine inundation. This section of the report also discusses the economic

benefits which could accrue if these guidelines are incorporated into the

mine development plan. The type and extent of the required testing and

investigative procedures are fully defined for each circumstance encoun-

tered, and the reliability of the resulting mine development in terms of

mine safety and recommended factors of safety is addressed. In addition,

the appropriate geophysical, rock mechanics, and mining engineering

design and analysis techniques are discussed. Level II Guidelines define

the methodology to follow in recovery of some of the coal reserves that

are necessarily lost through Level I requirements.

Some of the uncertainties of subsurface strata relate to the non-

homogeneities encountered, such as:

(a) Differing permeabilities of the various sedimentary strata.
(b) Differing permeabilities of faults and other fractures and

the difficulty in predicting their hydraulic continuity.
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(c) Shatter zones frequently found adjacent to faults which
tend to be highly permeable aquifers.

(d) Dikes, veins, sills and other intrusive strata that form
impermeable barriers in the host rock.

(e) Other non-homogeneities such as old river beds, channels,
grouted well casings, etc.

Methods of testing and investigating for these non-homogeneities and

other factors influencing mining are discussed in subsequent sections

of this report.

CURRENT GUIDELINES USED IN LEVEL II DEVELOPMENT

The current State, Federal, and Foreign guidelines which fit the

Level II category are summarized in Appendix B. Where necessary, the

Level I Guideline is repeated in order to facilitate a more cornpl ete under-

standing. Guidelines for mining under the sea are also included and are

further discussed in Appendix C. While there is no present, and little

future potential for, mining under the sea in the Ur.ited States, the guide-

lines and special mining considerations that have been developed in other

nations do have potential application in operations beneath overlying flooded

mines, large river systems, stored surface waters, and other subsidence

related problems. In light of this fact, these engineering concepts warrant

consideration.
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LEVEL II GUIDELINES

Level II Guidelines have been developed with the intent of recov-

ertng the greatest percent of coal reserves possible while providing for

a working environment safe from inundation hazards. Application of and

adherence to these guidel ines should have precluded the occurrence of

prior coal mine inundations that were reported in the Phase II report of

this study. Guidelines presented here are taken in part from current

guidelines that have proven applicable to inundation prevention. In addi-

tion, methodology has been developed for investigative and testing pro-

cedures to define mining limits. These techniques should permit mining

up to safe limitations in areas of differing parameters or in areas where

inundation hazards are known or suspected to exist. For ease of discussion,

gUidelines are divided into the following major categories:

Mining Under Continental Surface Waters
Mining Near Abandoned Workings
Mining Under Natural Subsurface Hazards

Major categories are subdivided as needed to address specific considerations.

The General Mine Planning Procedures category, presented in Level I Guide-

lines, is considered applicable to Level II operations and need not be re-

peated here. These guidelines are applicable when mining under any water

body that, in the opinion of the mine inspector and responsible government

permit granting agency, could present a hazard to underground mining
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operations. A thorough review of inundation case histories reveals that

during seasonal high water flow or flooding conditions, even normally

small water bodies present potential hazards to underground mining. There-

fore, it is recommended that the mine inspector and permit granting agency

take into consideration such factors as normal and peak volume flow, water-

shed area and flow, and water-table levels.

Guidelines presented here are applicable to flat lying beds and beds

that are inclined less than 30%. When applying guidelines to inclined beds,

the strata overlying that part of the bed closest to the water body should be

evaluated for strength and cohesiveness.

Level II Guidelines are not directly applicable to mining steeply

inclined beds such as are often found in Pennsy!vania anthracite fiAlds. In

order to develop guidelines for these conditions, much more empirical data

would need to be gathered. These steeply pitching beds can outcrop in river

beds or in abandoned strip pits that have filled with unconsolidated deposits.

Values for such parameters as slip plane frictional coefficients between the

coal bed and surrounding rock, the strength of the coal in the overlying pillar,

the time dependent effect of permeability on strength, the minimum pillar

height required to protect the workings, the pressure head above and the

permeability of the overlying coal all need to be assessed. Guidelines for

these steeply inclined workings are beyond the scope of this report.
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Specific Level II Guidelines are presented in Table 2. Unless

otherwise denoted, these guidelines presume that no additional hazards

(faults, impermeable zones, etc ;'), other than those specifically addressed,

have been delineated by the investigative and testing procedures that are

conducted in advance of mi.ning. The assumptions, considerations, and

methodology used in developing Table 2 are presented in the sections

following.

Mining Under Continental Surface Waters

In order for mining to progress into the safety zone establ ished

under Level I Gui.delines, the operator should ensure that he is in pos-

session of as much geologic and prior mining information relo.ted to inter-

lying strata between the water body and working seam that is available.

He should know, to the extent possible, the location, extent, and thickness

of unconsolidated and cohesive strata that overlie and underlie the coal

bed. Location and extent of old workings andun-mined beds that should

be protected should also be known. Reservoir beds and zones of high

permeability should be delineated along with fault zones and any associ-

ated shatter zones or zones of impermeability. Water problems experi-

enced by prior mining in overlying seams should also be evaluated for

potenti.al applicability to present mining conditions. This data, along
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with mine development plans for the area within the safety zone, should

be presented for permit approval to the responsible government agency.

With the above information, Level II Guidelines will allow partial and

full extraction resource recovery in the safety zone of no mining that

was established by Level r Guidelines.

Geologic stratigraphy should be obtained by coring of the strata

within the safety zone dtr-ecttybe low and adjacent to the water body,

from the surface to the strata below the coal bed. Much information

can be gleaned from core evaluations, as discussed in the following

sub-section entitled" Partial Extraction Guidelines". The location

and number of holes to be cored will depend on the extent of the water

body, presence of discontinuities, nature of sedimentary deposits (flat

bedded or inclined), presence of lenticular deposits or intrusive struc-

tures and the percentage core recovery. These corings must be evaluated

by qualified, competent individuals who will be responsible for submitting

these core evaluations to the responsible government agency. Those

conducting the coring program must be able to determine the required

locations, distance between drill holes, and total number of corings

needed. Frequently, holes for reserve evaluation and mine planning

are drilled on 330 foot centers; however, this may prove inadequate for

proper evaluation of strata under continental surface waters. This
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requirement should be euoject to final approval by the responsible govern-

ment agency prior to issuance of a permit to mine within the safety zone.

Generally, the cost of coring will average about $14 per foot of

strata. The cost of the coring and core evaluation program win need to

be evaluated against the benefits accruing from this additional resource

recovery.

Additional information may be obtainable from aerial photography.

Color or color infrared low level photography would probably be the most

applicable type of aerial data gathering as it would allow adequate resolu-

tion of small or local ized surface structures. Some of the structures that

could be detected include faults, fracture traces, general stratigraphy,

subsidence areas, str-eams and rivers, ponds and lakes, impoundments,

watershed divides, and drainage areas.

Partial Extraction Guidelines

Existing regulations related to mining near the surface are fre-

quently based on local conditions and experiences. For example, extensive

evaluations of surface subsidence due to partial extraction mining in England

has shown that overburden thickness of 150 feet is generally sufficient to

prevent subsidence problems and to protect the integrity of mine rooms that

are Iimited to 10 feet in width. Where the operator has sufficient information
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about intervening strata to determine that hazardous conditions would

not ensue if he mined closer than 150feet, mining is permitted to within

60 feet of the surface or 10 times the height of the coal seam, whichever

is greater. In Pennsylvania, mining is permitted under surface water

bodies where test drilling has shown at least 35 feet of competent rock

cover overlying the coal. In addition, most submarine mining regulations

(such as those of the United Kingdom, NovaScotia, British Columbia,

Japan, and Chile) require about 200 feet of overlying strata to the seabed.

While most of these guidelines are based on extensive research and testing,

it is important to note that they are usually site specific. As such, they

cannot be universally adopted.

Roof Rock Evaluation

For purposes of this Level II Guideline and in order to protect the

integrity of the mine, it is recommended that partial extraction mining

can be practiced wherever cohesive roof rock strata that is equal in

thickness to 5 times the width of the mined rooms exists between the

workings and the water body. (Partial extraction mining, as used here,

refers to room-and-pillar first mining of approximately 50 percent of

the reserve). The cohesiveness of the rock can be determined by various

laboratory and in-situ testing procedures such as uniaxial and triaxial
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testing, core evaluation, and seismic velocity testing.

For evaluation purposes, a core stringer should be taken from

the first coherent rock strata below the surface, downto the level of

the coal bed; or until it has been determined that the minimum required

roof rock thickness does exist.

Much information on natural subsurface hazards can be obtained

from exploratory drilling; however, a great deal of important additional

information to fill in strata profiles between drill holes must be obtained

by seismic techniques. Seismic evaluation of the strata overlying the

coal seam is necessary to reveal the location and extent of subsurface

hazards such as channel sands and alluvial deposits. Guidelines for

these subsurface hazards are discussed in Section III, "Mining Under

Natural Subsurface Hazards".

From the standpoint of cohesiveness, the most applicable data

derivable from a geological examination of cores is the rock quality

designation (RQD). Rock quality designation is a quantitative measure-

ment of the extent of the cored strata that is intact. Deere and others

describe a method of specifying RQDby core logging(9). The ratio of

the total length of intact cored strata that are 4 inches long, or longer,

compared to the total length of the hole drilled, gives a measure of RQD.

For example, if the total core run is 75 feet with intact strata of 4 inches
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TABLE 3 - Uniaxial Compressive Strength of
Some Coal Mine Rocks, psi

Southern Illinois Coal Area

Shale (Main Roof) - _
Limestone (Immediate Roof) _
Shale (Immediate Roof) ------
Clay-Shale ------ _
Clay-Shale (Immediate Roof) ----
Sandstone (Sub-Floor) _

Source: Dr. H. Reginald Hardy, Jr. (18)

2,500 to 4,500
6,600 to 15,900
5,000
1,400
5,400 to 7,600
6,900

Pennsylvania Coal Area

Floor Rock:
Sandstone
Red Siltstone
Shaly Siltstone

Roof Rock:
Siltstone
Limestone
Red Shale
Shale
Sandstone

9,400 to 12,600
5,000
3,500 to 6,700

6,500 to 29,100
3, 400 to 4, 200
2,200 to 2,900
3,700
9,500 to 12,600

Source: Engineering Characteristics of the Rocks of Pennsylvania,
Bureau of Topographic and Geologic Survey, 1972.

or longer comprising 50 feet, the RQD is 50/75 or 67 percent. RQD

percentage values of 0-25 denote very poor qual ity rocks, 25-50 are

poor, 50-75 are fair, 75-90 are good, and 90-100 are excellent. This

is one step in evaluation of cohesiveness of the intervening strata. In

addition to the RQD, core examination also gives a measure of fracture
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or parting spacing as well as qualitative indicators of cohesiveness such

as rock type and recementation of tr-actur-es ,

Uniaxial and triaxial compressive tests determine the stt""ength

characteristics of rock strata under laboratory conditions. These lab-

oratory derived values are indicative of the relative strength character-

istics of in-situ rocks. Values for some typical rocks are shown in

Table 3. The geometry of the cores used was generally 2 or 2.5 to 1,

height to thickness ratio, with a core diameter of 2 inches.

A classification of the strength categories of intact rock deter-

mined by uniaxial compression testing is shown in Table 4. Rocks that

are classified low strength and above (::: 4000 psi) can be considered

as acceptable, cohesive roof rock.

TABLE 4 - Engineering Classification for Intact Rock

Class Description
Uniaxial Compressive

Strength, psi

A
B
C
D
E

Very high strength
High strength
Medium strength
Lowstrength
Very low strength

> 32,000
16,000-32,000

8,000-16,000
4,000- 8,000

<4,000

Source: D. V. Deere and R. P. Miller (8).

Additional research is needed to determine the proper methodology
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in core evaluation. At present only that part of a core that remains intact

when a test specimen is cut from it, is used in unconfined compression

tests. A method of evaluating the total core would prove beneficial in

making an average strength determination.

Onodera describes howto measure moduli.of elasticity for in-situ

(E in-situ) and intact (E intact) rock to determine rock soundness and crack

coefficient characteristics by conducting seismic velocity tests(33). Rock

soundness is determined by the ratio of Eintact/Ein-situ, and Eintact --

Ein-situ/Eintact is referred to as the crack coefficient. His method of

classifying rocks according to these measurable characteristics are shown

in Table 5. A geological description of these various classifications is also

given. This method of evaluation, however, is not as universally applied

or accepted as is uniaxial compression testing.

In summation, there must exist between the water body and the

mine workings, cohesive roof rock at least equal in thickness to 5 times

the width of the passageway. This roof rock must:

1) Be evaluated to determine the rock quality designation;
2) Be equal to or greater than 4,000 psi in compressive

strength as determined by uniaxial tests;
3) The thickness of the strata that fits requirement 2 above

must, when multiplied by the rock quality designation,
give a resultant roof rock thickness equal to or greater
than 5 times the mine room width.

The permeability of these roof rocks will also be of interest to the
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TABLE 6 - Classification of In-Situ Rock

Soundness Classification Geological Diagnostics
of Rocks In-Sib..! of Rock Grade

Symbol Grade Soundness-Crack Coefficient Geologic Description

A Excellent 0.75-1.00 <0.25 Fresh, no alteration,
few joints

B Good 0.50-0.76 0.25-0.50 More or less jointed,
joints only slightly
open; some weath-
ing along surfaces

C Available 0.35-0.50 0.50-0.65 More or less parted
by joints with or .
without minor clay
filling; rock fresh
but joint surfaces
weathered

D Deficient 0.20-0.35 0.65-0.80 Joints rather widely
opened containing
clay fill, water in
joi.nts, rock more
weathered

E Bad <0.20 0.80-1.00 Advanced weathering;
conspicuously joint-
ed, cracked or
crushed

Source: T. F. Onodera(33).
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mine operator. Some typical permeabil ities of rocks encountered in

coal mining are given in Table 6.

TABLE 6 - Typical Permeabilities of Rocks
Normally Encountered in Coal Mining

Material
Permeability Range

gal per day/ft2*
Clay
Shale
Limestone
Sandstone

10-5 to 10-3
1 to 100
1 to 100

10 to 1000

*As defined by Meinzer, the rate of flow in gallons a day through a
square foot of the cross section of material, under 100 per cent
hydraulic gradient, at a temperature of 60oF.

Source: The Water Encyclopedia(44).

The greater the permeability, the greater will be the seepage of water

into the mine. Therefore, the amount of water that will require pump-

ing from the mine will be directly related to the permeability of the

strata underlying the water body.

Not all coal mining operations below or near surface waters will

prove to have large water inflows. In room-and-pillar mining where

ground disturbance above workings is a minimum, the quantity of water

entering the mine will primarily depend on in-situ permeability of frac-

ture systems and the specific yield of water bearing zones in the over-

burden and floor strata. A classification of geological features likely to
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influence the ground water regime between mine openings and surface

waters is given below(37):

(a) Sedimentary systems where the strata is composed
of layers of material of different permeability, I.e.
sandstone/~hale or sandstone/coal/clay.

(b) Gouge-filled faults and seams tending to form imper-
meable barriers within rock masses.

(c) Shatter zones forming highly permeable aquifers with-
in a rock mass. These are often found adjacent to faults.

(d) Dykes or other intrusive zones haVinga different permea-
bility than the host rock.

(e) Solution channels.

Indirect methods of strata evaluation involving aerial photography, cor-

relation of downholeand surface observations, and seismological testing

may provide valuable data on the geometry of geological features. How-

ever, the intrinsic hydraulic properties of such features can usually be

determined only by localized testing. The most important hydraulic

property which must be assessed in estimating water inflows is the per-

meability of overburden material and coal. Permeability can sometimes

be determined from pump-in-pressure-tests in drt 11holes conducted at

and near grade of an underground mine opening or tunnel. Two widely

used methods of conducting pressure tests use single packer and double

packer methods respectively. Figure 3 illustrates a single packer set-up

- 61 -



utiltzed at a tunnel project in Australia; such a set-up may be applicable

for permeability testing in coal operations located under water bodies.

Packer testing sometimes gives erroneous results due to leakage, espe-

ciatly where the strata is friable. A series of packer tests, however,

may give a good indication of strata permeability.

Assuming steady flow in accordance with Darcy's law, that the

ground is saturated, and that the rock is or can be regarded as a homog-

eneous, isotropic, pervious medium, Goodman et at , (15) have derived

an approximate equation for permeability making use of an assumed

value for the radius of influence of the drill hole:

K = 8q/(2 P) . . • .. . . • . . • . • . . . . . . . . • (1)

where, = length of the hole being pressure tested, cm or ft.
K = permeability for water in units of em/sec, or ft./min.
P = gage pressure usually measured at the collar and

corrected for the water table elevation and for the
friction losses in the pipe between the meter and the
discharge point in the bottom of the hole, pounds per
foot(2)

q "= pumping rate into the hole, pounds per min.

Thus, on the basis of water loss measurements in pressure tests

conducted in dr-tl l holes, it is possible to assign a value of permeability

to given regions in a rock mass along the line of a planned tunnel or under-

ground mine opening. If in addition, geological studies can outline or give

an indication of the location of zones of expected water inflow, it is possible
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DIAMOND --l~
DRILL

BYPASS VALVE
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PRESSURE FROM THE HYDRAULIC
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FIGURE 3. SINGLE PACKER ARRANGEMENT AS

PROPOSED FOR PERMEABILITY

TESTING OF OVERBURDEN AND COAL
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to offer prediction of the size and duration of water inflows as underground

workings advance through a water-bearing zone.

Determining the Width of the Heading

The width of the mined rooms will depend upon the strength and

horizontal stress component of the roof rock and its ability to span the

opening. The rock quality designation (RQD)for the immediate roof rock

(as defined by the quantitative geological examination of cores) is one tool

that can be used as an indicator of roof stability. An RQDof 50 percent

or greater indicates a quality of rock which will safely span an opening

of from 20 to 40 feet without requiring additional, heavy support. "Addi-

tional heavy support" denotes when portions of the overburden load is

transferred away from the roof and the pillars to the artificial support

constructed in the mine entry. Roof bolting and other light support sys-

tems which only hold loose rock surrounding the opening are not considered

additional, heavy support systems. Roof rock with an RQDof less than 50

percent will require heavy support such as beams, yielding arch supports,

cribbing, etc.

In addition to uniaxial testing and RQDevaluations, there are other

methods of determining rock strength and cohesiveness. Dr. H. Reginald

Hardy, Jr. and others have developed a fracture density classification
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method for cored strata(18). They relate this evaluation to rock strength

and cohesiveness to predict roof control problem areas in the mine. The

results of these site specific evaluations have not as yet been published.

PHlar Dimensioning

Pillars should be dimensioned as needed for stability and to ac-

commodate the room width. Holland and Gaddy have developed a formula

for estimating strength of coal pillars where:

5 = K L
T

where S is unit strength in psi, L is the least width of the pillar in inches,

(1 L
T

12)

T is the pillar thickness in inches, and K is determined by:

K :::: S Dc (3))

where Sc is the strength of the specimen as tested i.nthe laboratory and

D is the edge dimension of the cubical specimen being tested(19). The

units of K are pounds per inches to the 1.5 power. To determine Sc

in equation (3), a representative sample of the coal seam is secured.

From this sample, 20-25 cubical speci.mens, preferably 3 inches on a

side, are cut. The cubical specimens are water saturated and tested

wet in a uniaxial compression test. The average strength determined

by the 20-25 tests is then used as the value for sample strength in

equation (2). For example, if a representative sample has an average
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specimen strength of 4,000 psi, then K is approximately equal to 4,000

times V3or 6950 Ibs/in. 1.5.

The shape of the pillar will also influence its strength as shown in

Table 7. The circular pillar has the greatest relative strength; however,

a square or rectangular shaped pillar is generally better suited to mine

development. Moreover, the least width dimension appears to have the

greatest effect on, and appears to be directed related to, relative strength.

TABLE 7 - Relative Supporting Strength of Pillars
HavingVarious Cross-Sectional Shapes and the Same Area

Least Width Strength Relative
Shape of Pillar Feet psi Strength

Circle 58.5 3100 1.30
Hexagon 56.0 3000 1.25
Square 52.5 2900 1.21
Rectangle
L x 1~ L 42.7 2600 1.08
Rectangle
Lx2L 37.0 2400 1.00

Source: (20)C. T. Holland •

To determine the stress on the pillar, we can generally assume

that overburden pressure equals 1 psi for every foot of overburden thick-

ness. Whenmining a seam at a depth of 500 feet with 50 percent extrac-

tion, the average load on the pillars win be equal to 500 psi or 1000psi •
•5
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When applying a factor of safety of 2, the pillar should be designed to

withstand 2,000 pst. A factor of safety of 2 is applied to accommodate

irregularities in the seam and uneven load distribution on the ptttar-,

Referring back to equation (2), when S = 2,000 psi, K= 6950 lbs/in. 1.5.

and T = 60 inches, we can determine a value for L, the least width of the

pillar. Therefore,

L = (s;t
or L is appr-oxtrnatety equal to 300 inches or 25 feet. For 50 percent ex-

traction with square pillars, the room would necessarily be about 10 feet

wide. Extraction of grE::aterthan 50 percent could probably be considered,

or room width could be increased to accommodate the mining equipment.

A reliable pillar monitoring system can also be used to warn of

any impending failure in the roof or ptllars. A microseismic array mon-

Horing system can be considered such a reliable monitoring system.

Hardy reports that microseismic monitoring can effectively be done from

the surface (to evaluate strata 1000 to 1500feet deep) or it can be done

from within the underground mine workings(18). The hardware for a

seven array station to effectively monitor a 500 by 500 foot area would

cost from $50,000 to $75,000. This hardware is reusable with replace-

ment required for approximately $2,000 worth of geophones and related

equipment for each monitoring site. Unless a long term need could be
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discerned for this equipment, the mining company would probably wish

to contract with a service agency to do this work.

Holland has shown that mine pHlars free from water and working

under a factor of safety of 1.6 to 3 have stood for more than 34 years

with no evidence of failure; and will probably not fail over several times

this long(20)• Vv'henmining under surface waters, however, the pillars

may become wet which would tend to significantly reduce their strength.

This is why in originally defining Sc the specimens are saturated prior

to testing.

Floor Rock Evaluation

So far we have defined methods of evaluating ~ and acceptable

values for, cohesive roof rock and coal pillars. All that remains is to

determine the bearing strength of coal bed floor rock. Cores should be

taken in the floor to a depth equal to twice the width of the mine heading.

A1illi.ps has shown that bearing capacity of laboratory tested core

samples can be determi.ned based on the theory of elasti.city with a factor

of safet;y of 4 by:

P == 1.81 So' (4)

where P is the safe bearing capacity and So is the tensile strength of the

rock(34). A 2 to 1 ratio of sample height to thickness was used. Unfor-,
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tunately, field evaluations of the theory are not provided.

Prandtl, however, observes that for clay the bearing strength

in the mine is at least equal to 2.6 times the laboratory derived uni-

axial compressive strength(35). Dulaneyevaluated the strength of shale

floors and found that the ratio of bearing strength in the mine to the uni-

axial compressive strength for wet shale samples ranged from 1.2 to

3.2(12) •

It is safe to assume that uniaxial compressive tests will give

satisfactory measures of the bearing strength of mine floor rock.

Therefore, the pillar must be designed so that the load it imparts to

the floor rock is within the bearing strength capabilities of that rock

as determined by these uniaxial tests when a factor of safety of 4 is

applied to the results of these tests. A factor of safety of 4 is recom-

mended due to the scarcity of empirical data to confirm the results of

laboratory unconfinedcompressive tests. Better correlating and

predictive methods could probably result in a reduction of this recom-

mended factor of safety. Some typical values of bearing strength, as

determined by Dulaney, are given in Table 8. The geometry of the

core samples used by Dulaneywere 2 to 1, height to thickness ratio.

The samples tested ranged from 1 inch squares up to 12 inch squares.
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TABLE 8 - Compressive Strength and
Bearing Strength of Coal Bed Floor Shales

Coal Bed Unconfined Compressive
Strength

psi

Bearing Strength
as fOU'1din the Mine

psi

dry wet

Elkhorn No. 3 3436 1341 1950
C Seam 4257 1968 5540
Upper Banner 3655 1250 4088
America 5857 1381 2272
Mary Lee 4447 1575 1994

Source: R. L..Dulaney (12).

Development Plan

If any abandoned workings exist in the same seam or overlying seam,

or if natural reservoirs or unconsolidated materials that are likely to

flow when wet overlie the workings, the applicable guidelines pertaining

to those hazards should also be considered.

When mining is to be conducted for the first time under the water

body or in any bed overlying the bed of first extraction, a safe development

plan would consist of 2 headings (to meet venti lation requirements) kept

-as narrow as possible, driven through the safety zone. These headings

-should not exceed 15 feet in width unless special permit approval has been

received from the responsible government agency. The mining crew should

be alert for increasing water leakage, sulfur smells, or other indicators
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of potential water hazards and the operation halted or reevaluated if

these occur.

Fun Extraction Guidelines

Full extraction mining should not be attempted unless at least

100 feet of intervening strata exists, between the bed and the surface

waters or interlying hazardous strata, for each 1 foot of extracted seam

thickness; and, it has been determined that the cumulative effect of mul-

tiple seam mining does not induce a tensile strain of more than 10 parts

per thousand at the floor of the water body.

Stefanko has indicated that longwall mining under overburden of

650 feet or less can experience many roof control problems that make

the system untenable and hence uneconomical(42). In addition, sub-

marine mining regulations in Nova Scotia require at least 700 feet of

overburden to the seabed for subsidence protection before allowing full

extraction mining to take place. However, National Coal Board guidelines

require only about 350 feet of overburden in submari.ne mining areas.

For these reasons, it is recommended that full extraction mining not be

considered uncler roof that is shallower than 700 feet unless the overlying

strata is to be monitored by techniques such as microseismic monitoring.

If microseismic monitoring is to be used, the overburden can be as shallow
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as 350 feet, for coal beds that are 3.5 feet or less in thickness. Mtcro-

seismic monitoring should detect fracture zones extending toward the

water body and allow the mining operation to be halted or reevaluated

before a potentially hazardous situation occurs. If mining is to be con-

ducted in the intervening strata between 350 and 700 feet, the tensile

strain limitation of 10 parts per thousand should be followed.

Tensile strain, which is a measure of the intensity of disturbance

of the surface at the bottom of the water body, can be computed as follows:

Emax = CR, (5)

where Emax is the maximum tensile strain, C is K2times Smax, K2 is

a constant (ranging from 0-1) derived from local observations, Smax is

a multiplier for local surface subsidence (ranging from 0-1),R is the ratio

T/0, T is the thickness of the seam and 0 is the depth of the seam. K2

and Smax are site specific values which can only be determined through

extensive observations. If no empirical observations are avafl.able , K2

and Smax should be assigned maximum values of 1 for calculation

purposes. For example .• if we are evaluating the maximum tensile strain,

where no empirical data exists, for a coal bed 4 feet thick at a depth of

1200 feet, Emax is simply ~or 3.3 parts per thousand. For multiple
1200

bed mining, the tensile strain is cumulative. If another overlying or
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underlying bed is being mined at a depth of 1600feet and a thickness of 5

feet~ the additional tensile strain would be approximately 3.1 parts per

thousand for a total tensile strain of 6.4 parts per- thousand.

Actual values of K2and Smax average 0.75 and 0.8 for the United

Kingdom. These values should be determined empirically for each area

where extensive multiple seam longwall mining is to be conducted. These

values can be artifically reduced by means of atowtnq, strip packing,

single packings, etc. where stow material (rubbish, waste, debris) is

placed into the void created by longwall mining to effectively reduce over-

burden subsidence. Some specifi.c stowing materials and techniques are

more effective than others. For example, solid stowing with more than

80%solid rock is more effective than llsing 50'%rock and 50%dirt. The

effects of these on K2and Smax should be part of the empirical observa-

tions.

When considering tensile strain, the question arises as to whether

consideration should be given to the subsidence effects of old partial extraction

workings that cannot be inspected in the vicinity of the active operation as

well as to prior full extraction workings. These effects are generally

minimal due to the resealing of fractures over time. In addition, roof

collapse and material swell and recompaction reduces the subsidence

effect of pittar failures while also increasing pillar strength.
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When the maximum tensile strain of 10 parts per thousand has

been attained, no further full extraction mining should be conducted; how-

ever, partial extraction with stable pillar design can be considered at

this point. The tensile strain guideline will assure ground support near

and under the surface waters for the proj ected life of all present and future

mining operations. The permeabi lity of the overlying strata should again

be considered and maximum potential seepage planned for by construction

of sump areas and by providing for adequate pumping capacity.

Mining Near Abandoned Workings

Establish Barrier Pit lars Around Abandoned Workings

Level I Guidelines require a barrier pillar thickness of 200 feet

around any abandoned workings that cannot be inspected and certified free

of potentially dangerous accumulations of water. In order to mine closer

than 200 feet, the nature of the intervening strata and the exact location of

the abandoned workings relative to the advancing mine should be known.

Presence and pressure of any water contained within the abandoned

workings should also be ascertained. This additional requirement necessi-

tates the implementation of Level II Guidelines. Level II guidelines wiII

allow additional mining, up to total recovery of the barrier pillar, where

safety can be assured by proper app1ication of the investigative and testing

procedures described below.
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The best way to locate abandoned workings is by a borehole locator

program. This involves radia lly dr-i IIing from the advancing face that is

nearest to the abandoned mine, through the 200 foot barrier pillar until

the abandoned workings are located. Equipment and materials necessary

to cap the borehole upon breakthrough must be available to the drill crew.

The water head pressure or atmospheric conditions in the abandoned

workings can also be determined at this time for their effects on develop-

ment planning for this pillar. Methods of performing these tests include

use of in-line pressure gages and vacuum pump-vacuum container systems

for sample isolation.

If water is not encountered upon breakthrough, it should not be

assumed that the abandoned workings are dry; the dri II bit may have entered

at a level above the water line. Unless definitive measures are taken which

absolutely establish that no water exists (as determined by down-hole

instrumentation), the mine should be assumed flooded.

If it is subsequently determined that the abandoned workings are

dry, and present no hazard to the advancing workings, the same guide-

lines should apply as in Level I where these workings are inspected and

certified safe. Mining may then proceed up to the limits of the boundary

barrier pillar requirement, if mining is near the property tine, or

normal mining operations should be permitted if property limits are not
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a consideration. If permanent barrier pillars are to be left where the

property line is not a consideration, a pi llar width to thickness ratio of

10 to 1 is recommended.

If it is found that the workings do contain water, there are several

alternatives open to the mine operator. One alternative is to drain the

water by a drift or auger entry, if possible. Another alternative is to

dri 1I boreholes from the surface to pump water- from the workings. It

is also possible to drain through the unmined coal pi llar to the active

workings. T his method is potentia lly hazardous and should on ly be don e

under the direction of knowledgeable and experienced personnel. The

necessary permits would be needed to allow proper discharge of this mine

water- on the surface.

Another alternative is to maintain an effective safety barrier

pillar between the flooded and active workings. P:lIar strength should be

accurately determined by modeling and uniaxial laboratory testing. Mod-

eling consists of dimensioning the test specimen to scale with the actual

pi ltar-, Uniaxial laboratory testing should be done as pr-evtous ly discussed

in the section entitled "Partial Extraction Guidelines for Mining Under

Continental Surface Waters". Again, the testing should be done with

water saturated samples to simulate actual conditions. A factor of safety

of 4 should be applied to these strength determinations. If these flooded,

abandoned workings are on the up-dip, they present an increased hazard
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due to the gravitational pressure head. Whenever the pressure head is

equal to or greater than 5 atmospheres, consideration should be given

to draining the abandoned workings.

Pillar permeability should also be assessed if these workings are

to be utilized for any length of time. Permeability may be assessed by

packing a borehole a measured distance into the pillar .• then injecting an

easily detectable liquid or vapor into the void to determine the time rate

of flow. High permeabi lity could hamper further development of the barrier

pillar by allowing an intolerable inflow of water into the advancing face.

With this strength and permeability information, the necessary minimum

barrier pittar size can be determined and mining can progress to these

new limits. A mining plan to be used within this potentiatly hazardous

zone could i.nclude driving two headings as narrow as possible (protected

by boreholes to detect uncharted, abandoned workings as described in the

following section), up to and along this newly defined boundary. Headings

should be limited to 15 feet in width. The mini.ngcrew should be alert for

increasing water leakage .•strong sulfur smells, or other indicators of

potential water hazards and the operation halted or reevaluated if these

occur. If no problems are encountered by this exploratory heading, normal

mining procedures can be resumed to the pillar limits. If additional pro-

tection is required, the permeability of the pillar can be reduced and its

strength increased by introduction of grout or other cementing agent.

- 77-



Drilling Boreholes in Advance of Mining

The requirement to find abandoned workings by drilling a locator

borehole into the 200 foot barrier pillar before mining does not obviate

the need for constant borehoIe drilling as protection for advancing workings.

A locator borehole wilt only give an indication of the extent of the old

workings. Proper protection for the advancing heading can only be given

by a continuous boreho le pattern.

Current State, Federal, and Foreign gUidelines generally require

boreholes to be drilled and maintained at least 20 feet in advance of

workings in the vicinity of abandoned mines - one borehole to be cen-

trally located in advance of the face and one each in the left and/or right

rib (as required by the relative locations of the abandoned and advancing

workings) at an angle of 450 to the advance. The center hole must be

maintained at a minimum advance of 20 feet with rib holes of 20 feet

drilled every 8 feet. A typical borehole pattern in advance of mining is

shown in Figure 4.

Although this guideline is almost universally accepted, it never-

theless has the potential to miss sizeably flooded workings due to the

limited depth, number" and spatial pattern of the boreholes. The theo-

retical envelope of safety afforded by existing gUidelines appears adequate

UitH we assume a single abandoned heading as shown in Figure 5. In
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this circumstance, present guidelines would not assure borehole contact

with the abandoned workings until they were separated by a dangerously

thin pillar of unmined coal; possibly too late to prevent an inundation. In

order to reduce the possibility of this occurring, a change in the rib hole

pattern is proposed. It is recommended that rib holes be drilled at an

angle of 300 to the advance for a length of 30 feet at 10 foot intervals;

side face holes about 2 feet from the rib should be drilled at an angle of

150 to the advance and maintained at a length of 20 feet; and 2 center face

holes or lead holes spaced about 2 to 4 feet apart in the center of the

advancing section should be maintained 20 to 30 feet in advance. Since the

lead holes must be maintained at least 20 feet in advance of the workings,

we propose the following methodology for a continuous mirier- section:

a) Dri11the lead holes 30 feet in advance of the heading;
dri II the side face holes about 2 feet in from the rib,
on one or both sides as required by the relative loca-
tion of the abandoned workings, a length of 30 feet at
an angle of 15° to the advance.

b) Drill rib holes in one or both corners as required by
the relative location of the abandoned workings. These
holes are to be drilled at an angle of 300 to the advance
for a length of 30 feet.

c) Move the dri II crew and eqUipment out of the heading
and advance the workings by 10 feet.

d) Move the miner out of the face area, roof bolt, and
advance venti lation as required.

e) Drill face holes, which are now 20 feet in advance, at
least an additional 10 feet. Drill new rib holes at a
30° angle to a distance of 30 feet.
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f) Repeat, c , d , and e as required.

For a conventional mining section:

a) Same as a above.

b) Same as b above.

c) Drill holes for explosive charge.

d) Undercut the seam, charge and blast the boreholes.

e) Load the coal out of the section, roof bolt and advance
venti lation as required.

f) Repeat c , d, and e until the section has advanced 10 feet.

g) Same as e for continuous miner.

h) Repeat c , d, e, f, and g as required.

The ideology behind the 10foot advance in mining and rib hole

spacing is that is falls In lme with the current ventilation requirements

of the 1969 Coal Mine Health and Safety Act which requires brattice

cloth or tubing to be maintained within 10 feet of the working face. Also,

the rib holes angled at 30° give a better "look" at what lies in advance of

the workings, as shown in Figure 6. By implementing the proposed

guidelines, borehole contact would be made with the abandoned mine,

as shown in Figure 7, when the workings were 30 feet apart; while

under existing guidelines, contact is made at a much shorter distance.

This requirement should not be applied when the abandoned wor-k -

ings are part of the present mine and it can be safely determined, by the
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FIGURE 6. PROPOSED BOREHOLE PATTERN
IN ADVANCE OF MINING
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mine inspector, that these are not flooded. In this case, normal mining

operations should be permitted. If partial extraction is to be conducted,

the safety pillar should be sized according to property boundary barrier

pi llar requirements, if mining is near the property limits.

Mining Under Flooded Abandoned Workings

Mining under flooded, abandoned workings can be hazardous due

to the vertical extent of roof falls and also because of the increased,

localized stress on the floor of the' abandoned mine due to remaining pillars.

It is not difficult to envision an instance where a roof fall in the active mine,

under an area of severe pillar stress in the abandoned mine, could result

in the pi llar- punching through into the active workings.

In order to ensure safe operations under a flooded, abandoned mine,

it is recommended that at least 100 feet of cohesive rock strata, as defined

by RQD and compressive strength testing, interlie between the flooded,

abandoned mine and the presently active mine. It is also recommended that

development headings be no greater than 15 feet in width in order to ensure

that adequate intervening strata will remain in the event of a roof fall of

vertical extent 2 or 3 times the width of the heading. If headings are to be

greater than 15 feet in width, a permit should be acquired from the respon-

sible government agency.
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Additional research is needed in this area to determine safe

limitations to mining that do not unnecessarily isolate reserves from

recovery. The 100 feet of intervening, cohesive rock strata that is

recommended here may prove to be too restrictive; however, this is recom-

mended to ensure the safety of the mining operation until future research

and observation denote more practical limitations.

Property Boundary Barrier Pillars

Level I Guidelines for property boundary barrier pillars are

designed to protect the integrity of the present and any future mine opera-

tions from accidental breakthrough into abandoned or active workings.

These guidelines should not be altered for increased mineral recovery

unless it has been agreed by the interested mine superintendents, approved

by the mine inspector, and permit approval received from the responsible

regulatory agency so that mining can progress up to the property line.

Application of this Level II requirement could allow for eventual intercon-

nection of all of the mining operations for total pillar recovery or permit

mining to within new barrier pillar limits that have been determined sare ,

This can only be done when all of the workings can be inspected and

certified free from any hazardous accumulations of water or when a

borehole locator program and down-hole instrumentation certifies the

safety of the workings. Mining development plans should be a part of this

- 86-



agreement with all superintendents and the mine inspector aware of, and

in agreement with, the methods in which mine developments are to take

place.

These guidelines shall be applicable to any partial or full extraction

mining method.

Mining Near Wells, Shafts or Other Openings

Oil and Gas'Wells

Whenever active oil and gas wells penetrate the coal seams, there

should be no mining closer than the 300 foot diameter barrier pillar

required by Level I Guidelines. The 300 foot diameter barrier pillar is

used to prevent large amounts of methane from seeping into the mine

workings and to protect against accidentally mining into these wells. Even

with large barriers, however, some gas seepage does occur, especially

through the face cleats of the coal bed. Zabetakis, et al., have measured

methane contributions from nearby oil and gas wells to be 58 to 70 percent of

the total methane volume released into the workings being surveyed(46).

Measurable inflows of methane were noted from wells separated from the

workings by over 700 feet of unmined coal.

The possibility exists that a barrier pillar around an oil or gas well,

as protecting against inundation, could be much sma ller than 300 feet. As
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protection against large methane emissions, however, it is recommended

that this current requirement for active wells be continued. When these

wells have been abandoned, however, they can be effectively plugged to

permit additional coal recovery. Application of this Level II Guideline wiII

a llow up to tota I recovery of this barr ter pillar.

The Bureau of Mines successfully demonstrated a technique for

well plugging and monitoring during 1971. Methodology for locating and

mining through these plugged wells can be obtained from Bureau of Mines

TPR 56, 1972, or from the Energy Research and Development Administration

office, Morgantown, West Virginia. In short, this procedure involves

pulling the casing and cleaning the hole prior to plugging. About 100 feet

of neat cement is set in a column immediately above the oil or gas reservoir

and cement pLugsare placed below, through, and above the coal seam.

Either full or partial extraction can be conducted once the well is

safely plugged. (Methods of testing the effectiveness of these plugs include

the use of sulfur hexafluoride tracer gas.) Mining through these plugs

does not damage the extraction equipment nor the plug itself. Cleaning

the hole removes the potential water hazard while plugging affords protection

from future inflows.
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Shafts and Other Mine Openings

When these shafts and other openings are sti II being used, the

barrier pi Ilar s surrounding them are necessary for protecting surface

structures as well as the openings themselves, and should not be mined.

When these are abandoned, however, application of Level II Guidelines will

allow mining through as in normal pillar recovery provided they can be

inspected and certified free of potentially hazardous accumulations of water.

If they cannot be inspected, a borehole should be drilled to the opening

and down-hole testing conducted to determine if water is present. If

the tests show no water, the pillar can be recovered as in normal opera-

tions. Where water exists, it should be drained out of the opening before

the pillar is mined.

After draining the water, it should be determined that no further

leakage into the opening (from surface waters, ovedying reservoirs, etc.)

is occurring. If there is leakage, the opening should be plugged and fi Iled

in, much the same as with abandoned oil and gas wells. Testing for plug

effectiveness should be conducted and, if adequate, the pillar can be mined.

This requirement, of course, may vary with specific conditions. For

example, if these pilLars are the last, or close to the Last, reserves of

the mine, and if the leakage is quite small so that water presence will not

be a hazard to mining operations, the pillar may be pulled as in normal
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operations. This is a decision that should be considered by the mine

inspector.

Mining Under Natural Subsurface Hazards

Partial Extraction Guidelines

The location and extent of subsurface hazards to mining, such as

channel sands and alluvial deposits, should be ascertained by seismic

testing prior to mining within the 180 foot restricted zone of Level L

The underlying strata down to the coal bed should then be evaluated by

coring and laboratory testing for cohesiveness and strength.

The thickness of the interlying cohesive roof rock (which has been

evaluated by the testing methods described in the "Par-tta l Extraction

Guidelines for Mining Under Continental Surface vv=+er-s ") should be equal

to 5 times the width (5W)of the advancing heading. Application of this

guideline will allow recovery of those coal measures that exist within the

5Wto 180 foot interval required by Level L This intervening strata should

also be relatively impermeable, as well as cohesive, to reduce the leakage

of water into the mine. Water in the mine can reduce the effective strength

of pillars and roof and floor rocks. An 8 foot measure of shale or rock of

equivalent permeability is usually sufficient to keep the workings dry.

Some typical permeabilities of roof rock were given in Table 6. When

- 90-



mining for the first time under these potential hazards, or when mining

in any bed overlying the bed of first extraction, two development headings

kept as narrow as possible should be driven through the hazardous area.

I hese headings should be the only development permitted until the hazard

has been passed or until the cohesiveness of the roof rock has been demon-

strated to the satisfaction of the mine inspector by extensive development

mining and monitoring. IWo headings are required to satisfy ventilation

requirements. These headings should not exceed 15 feet in width unless

special permit approval has been received from the responsible government

agency.

Hazardous natural strata includes reservoirs and unconsolidated

mater-tat that is likely to f'low when wet; auch as moss, peat, sand, gr'avel,

si It, mud, or rocks consisting of loosely coherent or uncemented particles.

HoLLandhas shown that roof falls generally do not extend vertically more

than 3 times the heading width (20). Since cohesive rock usually means

shallower roof faLLs, the guidelines specified here will adequately protect

the workings provided that the pi llars and rooms are properly sized to

accommodate the appl ied stresses.

Full Extraction Guidelines

Level I Guidelines do not allow full extraction mining under natural

subsurface hazards. Application of Level II requirements, however,
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permits full extraction in these underlying coal beds.

The same guidelines as proposed for full extr-aotton when Mining

Under Continental Surface Waters should be applied here. At least 100

feet of intervening strata should exist for each 1 foot of extracted coal

thickness. The tensile strain limit of 10 parts per thousand at the base

of the natural subsurface hazard should also be considered as in Mining

Under Continental Surface Waters.

Mining can be conducted closer to the natural hazard or abandoned

working than is permitted by the 100 feet to 1 foot ratio, if the intervening

strata is evaluated for strength and cohesiveness by RQD and uniaxial core

testing and is monitored for stability by techniques such as microseismic

array equipment. The height of the caved zone and induced fractures

should also be monitored by the microseismic equipment and the operation

halted if caving and fractures become too extensive.

Full extraction mining should not be done when less than 700 feet

of overburden exists between the coal and the surface because of economic,

roof control, and subsidence related reasons unless monitoring techniques

are to be used. If monitoring is used, the overburden requirement can be

reduced to 350 feet for coal beds up to 3.5 feet thick. When mining in the

strata between 350 and 700 feet, the maximum tensile strain of 10 parts

per thousand should be considered.
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FUTURE RESEARCH NEEDS
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FUTURE RESEARCH NEEDS

A set of gUidelines should be developed which would detail proce-

dure, equipment needs, parameters to be measured, steps to be followed,

and degree of caution to be exercised during exploration for, and drainage

or safe isolation of, abandoned workings. Methods of determining water

pressures and potential water volumes should also be studied.

1. Means by which abandoned workings can be located and the
level of confidence that can be expressed in these methods
should be evaluated. These would include:

• Surface indications of old workings such as abandoned
shafts, drifts, or tipples.

· Collecting and analyzing all available old mine maps,
claims, and other legal documents.

· Evaluating the physical indicators (such as sulfur smell,
water seepage, etc.) delineated in the active workings.

· Borehole patterns from active workings that overlie,
underlie, or are in the same bed as the abandoned workings.

· Seismic and other geophysical techniques.

2. Alternate methods of drainage should be evaluated, including:

• Drilling boreholes from the surface to the abandoned
workings to tap and drain the water.

· Drilling boreholes through the abandoned workings to
open abandoned workings below (which pose no threat
to future mining operations), for water drainage.

· Draining the abandoned workings from overlying or under-
lying active workings.
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• Methods of draining abandoned workings in the same seam
from approaching active workings •

3. Methods of isolating abandoned workings so that they have no
affect on present workings also should be considered, including:

• Barrier pillars of sufficient size surrounding accurately
located abandoned workings .

• Use of grout, cement, or other material to significantly
reduce the permeability and increase the strength of bar-
rier pillars allowing closer mining without drainage.

These three areas of research would delineate which methods are the

safest, most efficient, recover the greatest additional coal reserves, and

offer the best benefit/ cost ratio.

Under present guidelines, a 200 foot barrier pillar- must be left

adjacent to abandoned workings in the same coal bed that cannot be inspected

and certified free of hazardous accumulations of water. When accurate

mapping of these workings is not available, it must be assumed that they

were developed to the pr-oper-tyline, as shown in Figure 8.

If methods were available to accurately determine the location and

extent of these abandoned workings, development could progress to the

limits determined by property boundary barrier pillar requirements pro-

posed in Level I guidelines. For example, using the formula Pb = 10+

2T + 5D (see Level I guidelines), if development is in a 5 foot seam that is

1000 feet deep, a 70 foot barrier pillar must be left on both sides of the
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property line. Figure 9 shows how additional reserves can be recovered

if the abandoned workings are accurately mapped. The worst case in

Figure 9 allows development to wi.thin 140 feet of the property line; the

best case shows development to within 70feet of the property line. In a 5 foot

seam with 50 percent mining, an additional 4500 tons of reserve, for each

additional acre that is opened for development, could be recovered.

According to a recent publication by the Environmental Protection

Agency entitled "\Vater Pollution Prevention and Controll', there are at

least 100,000 abandoned, flooded mines within the United States. If we

can assume that, by accurate determination of their location and extent, we

could free an average of 25 acres for new development at each mine, we could

recover, at 50%extraction in 5 foot seams, an additiona 1 11 bi11ion tons o~_~oa1.

In addition to accurately locating these abandoned workings, re-

search should be conducted to determine the applicability of alternate

methods of drainage. If the abandoned workings in the above example

could be safely and effectively drained it is possible that new mining could

be permiUed to progress up to the property boundary limits. This would

free additional reserves for recovery.

If it is determined that drainage of the abandoned mine would be

uneconomical at the time, means of safely isolating it from the present

workings should be studied and evaluated. These methods of isolation
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IMPLEMENTATION OF LEVEL I GUIDELINES WHEN

ABANDONED WORKINGS CAN BE ACCURATELY LOCATED.
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should consider that at some time in the future it may become economical

to drain the flooded workings to recover the barrier pillar.

An additional area of research should involve guidelines for mining

under flooded, abandoned workings. The guidelines that are recommended

in the text, under Level II, require at least 100 feet of cohesive intervening

strata. In many instances, this may tend to be restrictive and may isolate

large quantities of coal from development. It is estimated that at least

5 percent of the coal reserve base, or about 20 billion tons, would be lost

to development due to this gUideline.

Currently, not much information exists on the problems related to

mining under 'or- over abandoned workings, especially partially extracted

abandoned workings. The objective of this research effort would be to

evaluate the factors, both positive and negative, currently encountered in

mining over or under prior extracted seams. From this evaluation, guide-

lines based on field measurements to allow the greatest possible resource

recovery could be developed.
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saf
ety

of
the

pe
rso

ns
wo

rki
ng

in
the

mi
ne
).

Th
e

su
pe
rin
ten

de
nt

sh
all

no
t

pe
rm
it

the
mi
nin

g
of

co
al

the
en
tir
e

dis
tan

ce
to

a
pro

pe
rty

bo
un
da
ry

lm
e
,
bu
t

sh
all

lea
ve

a
ba
rri
er

pi
Ila
r

fro
m

the
op
era

tio
n

to
the

pro
pe
rty

bo
un
da
ry

lln
e

of
no
t

les
s

tha
n

ten
fee

t
plu

s
tw
o

fee
t

for
ev
ery

foo
t

or
pa
rt

of
a

foo
t

of
thi
ck
ne
ss

of
the

be
d

me
asu

red
fro
m

the
roo

f
to

the
flo
or

plu
s

fiv
e

fee
t

for
ea
ch

on
e

hu
nd
red

fee
t

or
pa
rt

of
on
e

hu
nd
red

fee
t

of
co
ve
r

ov
er

the
be
d

at
the

bo
un
da
ry

lin
e;

an
d

wh
ere

the
co
al

on
on
e

sid
e

of
the

pro
pe
rty

bo
un
da
ry

lin
e

sh
all

ha
ve

be
en

pre
vio

us
ly

mi
ne
d

clo
ser

to
the

pro
pe
rty

bo
un
da
ry

lin
e

tha
n

he
rei
nb
efo

re
pe
rm
itte

d,
the

n
the

ba
rri
er

pil
lar

to
be

lef
t

in
the

mi
ne

ap
pro

ac
hin

g
the

bo
un
da
ry

lin
e,

sh
all

be
at

lea
st

eq
ua
l

(w
he
n

ad
de
d

to
tha

t
alr
ea
dy

lef
t

in
the

ad
jac
en
t

mi
ne
),

to
tha

t
he
rei
nb
efo

re
req

uir
ed

on
bo
th

sid
es

of
sai
d

pro
pe
rty

bo
un
da
ry

lin
e:

Pr
o-

vid
ed

fur
the

r,
tha

t,
if

in
the

op
ini
on

of
the

dis
tri
ct

ml
ne

tri
sp
sct
or-
,

or
the

su
pe
rin
ten

de
nt

of
eit
he
r

pro
pe
rty
,

the
re

is
a
Fa
ult
y

co
nd
itio

n
or

lia
bil
ity

of
sq
ue
ez
ing

,
an
d

the
ba
rr
ier

pi
lla
r

as
he
re
in
be
fo
re

re
qu
ire
d

is
de
em

ed
in
su
ffi
cie
nt
,

th
en
,

af
ter

du
e

no
ttc
e

to
ad
joi
nin

g
ow

ne
r

or
ow

ne
rs,

a
ba
rri
er

pil
lar

of
un
mi
ne
d

co
.al

(on
e-h

alF
of

wh
ich

sh
all

be
on

ea
ch

sid
e

of
the

pro
pe
rty

bo
un
da
ry

lin
e,

ex
ce
pt

as
pro

vid
ed

ab
ov
e

in
thi
s

sec
tio
n)

sh
all

be
lef
t,

of
su
ch

thi
ck
ne
ss

as
in

the
jud

gm
en
t

of
the

ot
str
-Ic
t

mi
ne

ins
pe
cto

r,
an
d

the
su
pe
rin
ten

de
nt

or
ow

ne
r

of
eit
he
r

pro
pe
rty

is
de
em

ed
ne
ce
ssa
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afF
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d

pro
tec
tio
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(a)
Th
e

mi
ne

for
em

an
sh
all

see
tha

t
the

wa
ter

is
dr
-a
lr.
ed

ou
t

of
the

wo
r-k
ing

pla
ce
s

llt
}fo

ro
thl
~

nh
)n

Ul
\ll
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fIn
d

th
at

th
e

w
l.\

t'k
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Y
pl

ttc
e.

s
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'u
kc

pt
d~
:
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fru
ln

wa
ter
-
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pr
-a
o-

tic
ab
le

du
rin
g

wo
rki
ng

ho
urs

.
(L

)
Wh

t:n
~v
(;r

an
y

wo
rkl
n~

pl
ac

e
in

n
rru

ne
ap

pr
oa

ch
co

w\
Ul
in

fif
ty

t'c
et

of
ab
an
-

do
ne

d
wo

rk
in
gs
.

in
su
ch

rru
ne

as
sh
ow

n
by

su
rv
ey
s

ce
rti

l'l
.:!

o
I)y

i\
re
qi
stc
ro
cJ

en
ql
ne
r>
,r

O
r"

su
rvo

yo
r

,
or

wt
tl

un
tw
o

hu
nd
ro
d

l'e
et

of
an
y

ot
he
r

ab
eri
do
nu
d

wo
rk
in
ys

of
su
ch

m
in
e,

wh
ich

ca
nn
ot

be
ins
pe
cte
d

an
d

wh
ich

ma
y

co
nta

in
da
ng
ero

us
ac
cu
mu

lat
ion

s
of

wa
ter

or
ga
s,

or
wi
thi
n

tw
o

hu
nd
red

fee
t

of
an
y

wo
rki
ng
s

of
an

ad
jac
en
t

mi
ne

••.
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n
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the

sam
e
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l
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W
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U
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E
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N
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P
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B
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A
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O
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E
C
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V
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D
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E
G
U
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N
G

A
G
E
N
C
Y

-
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t
1
l
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t
1
l
.
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o.
L
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~
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a

Vi
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a

Ke
ntu

ck
y

PR
OT

EC
TI
ON

AG
AI
NS

T
W
AT

ER
AN

D
GA

S

Ru
le

30
. (C

)
In

ev
er
y

mi
ne

wh
er
e

the
re

is
da
ng
er

of
a
au
do
er
-

inb
ur
st

of
wa

ter
,

ad
dit
ion

al
pa
ss
ag
ew

ay
s,

sh
all

be
co
ns
tru
cte

d
as

ar
e

ne
ce
ss
ar
y

in
the

op
ini
on

of
the

De
pa
rtm

en
t,

to
ins

ur
e

the
es
ca
pe

of
wo

rkm
en
.

(d
)
Ex
ce
pt

in
em

er
ge
nc
ies

no
re
str
ain

ing
da
m

sh
ell

be
ins

tal
led

in
an
y

mi
ne

wh
er
e

the
ru
ptu

re
of

su
ch

da
m

wo
uld

im
pe
ril

the
sa

fet
y

of
me

n
in

sa
id

mi
ne

or
oth

er
mi
ne
,

•••

AP
PR

OA
CH

IN
G

AB
AN

DO
NE

D
W
OR

KI
NG

S

Se
cti
on

45
.1-
93
.

•••
wi
thi
n

fifW
fee

t
of

ab
an
do
ne
d

wo
rki
ng
s

in
su
ch

mi
ne

as
sh
ow

n
by

su
rve

ys
ma

de
an
d

ce
rtif
ied

by
a
co
mp

ete
nt

en
gin

ee
r

or
su
rve

yo
r,

or
wi
thi
n

tw
o

hu
nd
re
d

fee
t

of
an
y

oth
er

ab
an
do
ne
d

wo
rki
ng
s

or
su
ch

mi
ne
,

wh
ich

ca
nn
ot

be
ins

pe
cte

d.

BO
RE

HO
LE

S
IN

AD
VA

NC
E

OF
FA

CE
,

W
HE

N
RE

QU
IR
ED

Se
cti
on

35
2.3

71
.

W
he
ne
ve
r

an
y

wo
rki
ng

pla
ce

ap
pr
oa
ch
es

wi
thi
n

fift
y

fee
t

of
ab
an
do
ne
d

ar
ea
s

in
the

mi
ne

as
sh
ow

n
by

su
rve

ys
ma

de
an
d

ce
rtif
ied

by
a
re
gis

ter
ed

en
gin

ee
r,

or
wi
thi
n

tw
o

hu
nd
re
d

fee
t

of
an
y

oth
er

ab
an
do
ne
d

ar
ea
s

of
the

mi
ne

wh
icn

ca
nn
ot

be
ins

pe
cte

d
an
d

wh
ich

ma
y

co
rita

tr-
da
ng
er
ou
s

ac
cu
mu

lat
ion

s
of

wa
ter

or
ga
s,

or
wi
thi
n

tw
o

hu
nd
re
d

fee
t

of
an
y

wo
rki
ng
s

of
an

ad
jac

en
t

mi
ne
,

•••

MI
NE

MA
PS

Su
pe
rvi
sio

n
by

Pr
ofe

ss
ion

al
En

gin
ee
r

or
Lic

en
se
d

La
nd

Su
rve

yo
r;

Se
al

an
d

Ce
rtif
ica

tio
n;

Co
nte

nts
,

Ex
ten

sio
ns
;

Re
po
sit
or
y;

Av
ail
ab
ilit
y;

Tr
av
er
sin

g;
Co

pie
s;

Ar
ch
ive

;
Fin

al
Su

rve
y

an
d

Ma
p;

Pe
na
ltie

s.

Se
cti
on

22
-2-
1.

(16
)

Th
e

loc
ati
on

of
an
y

bo
dy

of
wa

ter
da
mm

ed
in

the
mi
ne

or
he
ld

ba
ck

in
an
y

po
rtio

n
of

the
mi
ne
,

bu
t
su
ch

bo
die

s
of

wa
ter

ma
y

be
sh
ow

n
on

ov
er
lay

s
or

tra
cin

gs
att
ac
he
d

to
the

mi
ne

ma
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us
ed

to
sh
ow

co
nto

ur
lin
es
,

as
pr
ov
ide

d
un
de
r

su
bd
ivi
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n
ten
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s

se
cti
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Th
e

ele
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tio
n

of
an
y

bo
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of
wa

ter
da
mm

ed
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mi
ne

or
he
ld

ba
ck

in
an
y

po
rtio

n
of

the
mi
ne
;

(16
)

Th
e

ab
an
do
ne
d
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rtio

n
or
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rtio
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ne
;
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A
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.
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D
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A
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O
R
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R
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G
N

C
O
U
N
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G
U
ID
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E
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B
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C
A
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O
N

O
F
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W
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C
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A
TE

R
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U
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N
G

A
G
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C
Y

W
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t
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a

M
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M
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S
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or
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cti
on

22
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(C
on
td.
)

co
or

di
na

ted
wi

th
th

e
un

de
rg

ro
un

d
an

d
su

rfa
ce

m
in

e
tr-
av
er
-s

es
,

an
d

th
e

loc
at

ion
an

d
de

sc
rip

-
tio
n

of
at

lea
st

tw
o

pe
rm
an
en
t

ele
va
tio
n

be
nc
h

ma
rk
s

us
ed

in
co
nn
ec
tio
n

wi
th

es
tab

lis
hin

g
or

re
fer

en
cin

g
m

in
e

ele
va

tio
n

su
rv

ey
s;

(20
)

M
ine

s
ab
ov
e

or
be
low

;
(21

)
W
ate
r

po
ols

ab
ov
e;

(22
)

Th
e

loc
ati
on

of
the

pr
inc

ipa
l

str
ea
ms

an
d

bo
die

s
of

wa
ter

on
tbe

su
rfa
ce
.

Du
tie
s;

Ve
nti
lat
ion

;
Lo
os
e

Co
al,

Sl
ate

or
Ro
ck
;

Pr
op
s;

Dr
ain

ag
e

of
W
ate
r;

M
an

Do
or
s

Se
cti
on

22
-2-
8.

(a
)
Th
e

du
tie
s

of
the

mi
ne

fo
rem

an
sh
al

Ib
e

to
ke
ep

a
ca
ref
ul

wa
tch

ov
e

I"
the

ve
nti
lat
ing

ap
pa
rat
us
,

the
air
wa
ys
,

tra
ve
lin
g

wa
ys
,

pu
mp

s
an
d

dr
ain

ag
e.

Th
e

mi
ne

fo
rem

an
sh
all

ha
ve

all
wa
ter

dr
ain

ed
or

ha
ule

d
ou
t

of
the

wo
rk
ing

pla
ce
s

wh
ere

pr
ac
tic
ab
le,

be
fo
re

the
mi
ne
rs

en
ter
,

an
d

su
ch

wo
rk
ing

pla
ce
s

sh
all

be
ke
pt

dr
ya
s

fa
r

as
pr

ac
tic

ab
le

wh
ile

th
e

m
in

er
s

ar
e

at
wo

rk
.

ro C

ti
l
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Q
l e

>
~

tl
'5

Q
l

C
3

19
74

Q
l
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E

0 ti
l

t
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j
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E
'
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G
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AN

DO
NE

D
W
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W
he
ne
ve
r

an
y

wo
rk
ing

pla
ce

in
an

un
de
rg
ro
un
d

mi
ne

2.p
pr
oa
ch
es

wi
thi
n

50
fee

t
of

ab
an
do
ne
d

wo
rk
ing

s
in

su
ch

mi
ne

as
sh
ow

n
by

su
rv
ey
s

ma
de

an
d

ce
rti
fie
d

by
a
co
m-

pe
ten

t
en
gin

ee
r

or
su
rv
ey
or
,

or
wi
thi
n

20
0

fee
t

of
an
y

oth
er

ab
an
do
ne
d

wo
rk
ing

s
of

su
ch

mi
ne
,

wh
ich

ca
nn
ot

be
ins
pe
cte
d

an
d

wh
ich

ma
y

co
nta

in
da
ng
ero

us
ac
cu
mu

lat
ion

s
of

wa
ter

or
ga

s,
or

wi
th

in
20

0
fee

t
of

an
y

wo
rk

inq
s

of
an

ad
jac

en
t

mi
ne

,
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AD
DI
Ti
ON

AL
OP

EI
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iN
G

FO
R

PR
OT

EC
TI
ON
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AI
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T
iN
UN

DA
TI
ON

Se
cti
on
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.

At
an
y

m
in
e

wh
er

e
th

er
e

is
a

str
ea

m
or

bo
dy

of
wa
ter
-

on
th
e

su
rfa

ce
,

or
In

the
wo

rk
ing

s
of

the
mi
ne
,

at
a
hig

he
r

lev
el,

wh
ich

is
lik
e~
y

to
br
ea
k

thr
ou
gh

int
o

su
ch

mi
ne
,

an
d

inu
nd
ate

eit
he
r

the
tra
ve
lin
g

or
es
ca
pe
me

nt
wa
y

of
su
ch

mi
ne
,

so
as

to
pr
e-

ve
nt

th
o

L'L
1f
X'
!~
:~
~;()r
r)(
~r
:,o
n~
:,

l.'n
,p
l~
·)y
t'd

th(
!r'

l'il
l,

th
('

l)W
IIL'

r,
lC
'j:;
v~
',

or
iH

Jl
:fl

l
~~
h•.d

l
pr
-o
vld

o
an
d

ma
int
ain

an
ad
dl

tto
ria
l

op
en
ing

by
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do
ne
d

all
an
d
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s
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thi
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0

fee
t
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su
ch
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d

an
y

un
de
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un
d

are
a
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su
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.n
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)
Su
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er
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the
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re
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00
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(C

on
td.

)

ide
nti

fy
tho

se
are

as
of

the
mi

ne
wh

ich
ha

ve
be

en
pil

lar
ed

,
wo

rke
d

ou
t,

or
ab

an
do

ne
d,

wh
ich

are
ina

cc
ess

ibl
e

or
ca

nn
ot

be
en

ter
ed

saf
ely

an
d

on
wh

ich
no

in
fo

rm
at

ion
is

av
ail

ab
le.

AD
DI

TI
ON
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IN
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IO

N
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M
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E
M
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Se
cti

on
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Ad
di

tio
na

l
in

fo
rm

at
ion

re
qu

ire
d

to
be

sh
ow

n
on

m
in

e
m

ap
s

un
de

r
se

cti
on

75
.12

00
sh

all
inc

lud
e

the
fol

low
ing

:
(a)

Na
me

an
d

ad
dre

ss
of

the
mi

ne
;

(b
)

Th
e

sc
ale

an
d

or-
te

rit
atl

on
of

th
e

m
ap

;
(C

)
Th

e
pro

pe
rty

or
bo

un
da

ry
lin

es
of

the
mi

ne
;

(d)
Al

l
dri

ll
ho

les
tha

t
pe

ne
tra

te
the

co
e.l

be
.d

be
ing

mi
ne

d;
(8

)
Al

l
sh

af
t,

slo
pe

,
dr

ift
,

an
d

tu
nn

el
op
er
.lo
qs

an
cl

au
ge

r
an

d
str

ip
m

in
ed

are
as

of
the

co
alb

ed
be

ing
mi

ne
d;

(f)
Th

e
loc

ati
on

of
al!

su
rfa

ce
mi

ne
ve

ntl
lat

ion
f3n

s;
the

loc
ati

on
ma

y
be

de
sig

na
ted

on
the

mi
ne

ma
p

by
sy

mb
ols

;
(g)

Th
e

loc
ati

on
of

rai
lro

ad
tra

ck
s

an
d

pu
blt

c
hig

hw
ay

s
lea

din
g

to
the

mi
ne

,
an

d
rni

r-e
bu

ild
in

gs
of

a
pe

rm
an

en
t

na
tu

re
wi

th
id

en
tif

yi
ng

na
m

es
sh

ow
n;

(h)
Th

e
loc

ati
on

an
d

de
scr

ipt
ion

of
at

lea
st

tw
o

pe
r-r
na
ne
rit

ba
se

hn
e

po
int

s
co

or
di

na
ted

wi
th

th
e

un
de

rg
ro

un
d

an
d

su
rfa

ce
rn
tne

tra
ve

rs
es

,
an

d
th

e
loc

at
ion

an
d

de
sc

rip
tio

n
of

'a
t

lea
st

tw
o

pe
rrr
iar
ve
rrt

ele
va

tio
n

be
nc

h
ma

r-k
s

us
ed

in
co

nn
ec

tio
n

wi
th

es
ta

bl
ish

in
g

or
re

fer
en

cin
g

m
in

a
ele

va
tio

n
su

rv
ey

s;
(i)

Th
e

loc
ati

on
of

an
y

bo
dy

of
wa

ter
da

mm
ed

in
the

mi
ne

or
he

ld
ba

ck
in

an
y

po
rti

on
of

th
e

m
in

e;
pr

ov
id

ed
,

ho
we

ve
r,

su
ch

bo
di

es
of

wa
ter

m
ay

be
sh

ow
n

on
ov

er
lay

s
or

tra
ci

ng
s

at
ta

ch
ed

to
tl'

1e
m

in
e

ma
ps

us
ed

to
sh

ow
co

nt
ou

r
lin

es
as

pro
vid

ed
un

de
r

pa
rag

rap
h

(m
)

of
t"'
LS

sec
tio

n;
U)

Th
e

ele
va

tio
ns

of
top

s
an

d
bo

tto
ms

of
sh

aft
s

an
j

slo
pe

s,
en

d
the

flo
or

at
the

en
tra

nc
e

to
dri

ft
an

d
tun

ne
l

op
en

ing
s;

(k)
Th

e
ele

va
tio

n
of

the
flo

or
at

int
er-

va
l

s
of

no
t

ma
r"

tha
.n

20
0

fee
t

in:
(1

)
At

lea
st

on
e

en
try

of
ea

ch
wo

rk
in

g
se

ct
io

n,
an
d

m
ain

an
d

cr
os

s
en

tri
es

;
(2

)
Th

e
las

t
lin

e
of

op
en

cr
os

sc
ut

s
of

ea
.ch

wo
rk

in
g

se
cti

on
,

an
d

ma
tri

an
d

cr
os

s
en

tri
es

be
fo

re
su

ch
se

cti
on

s
an

d
m

ain
an

d
cr

os
s

en
tri

es
ar

e
ab

an
do

ne
d;

(3
)

Ro
om

s
ac

va
nc

tno
tow

ard
or

ad
jac

en
t

to,
:or

op
ert

y
or

bo
un

da
ry

lin
es

or
ad

jac
en

t
m

in
es

;
(I)

Th
e

ele
va

tio
n

of
an

y
bo

dy
of

wa
ter

da
mm

ed
in

the
mi

ne
or

he
ld

ba
ck

in
an

y
po

r-t
ron

of
th

e
m

in
e;

an
d,

em
)

Co
nt

ou
r

lin
es

pa
ssi

ng
th

ro
ug

h
wh

ole
nu

m
be

r
ele

va
tio

ns
of

tr
,a

co
a

lbe
d

be
in

g
mi

ne
d.

Th
e

sp
ac

ing
of

su
ch

lin
es

sh
all

no
t

ex
ce

ed
10

-F
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t
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va
tio

n
lev

els
ex

ce
pt

tha
t

a
bro

ad
er

sp
ac

ing
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ur
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es
ma

y
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ap
pro
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d
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Se
cti
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75
.

(1
)

In
the

ca
se

of
ev
er
y

mi
ne
,

the
ow

ne
r

th
er
-e
of

an
d

the
ma

na
ge
r

th
er
-e
of

sh
all

ea
ch

be
ch
ar
ge
d

wl
th

the
du
ty

-
(a
)

of
tak

ing
su
ch

ste
ps

as
ma

y
be

ne
ce
ss
ar
y

fo
r

se
cu
rin
g

tha
t

he
is

at
all

ma
ter
ial

tim
es

in
po
sse

ssi
on

of
all

tnf
or
-m
att

co
wh

ich
ind

ica
tes

or
ten

ds
to

ind
ica
te

the
pre

sen
ce
.

or
ab
sen

ce
,

in
the

vi
c
irv
it
y

of
an
y

wo
rki
ng
s

ca
rri
ed

or
.
or

pr
op
os
ed

to
be

ca
rri
ed

on
in

the
mi
ne
,

ol~
-

(l)
an
y

dis
us
ed

w0
rk
inS

Js
(w
he
the

r
mi
ne

wo
ikr
nq
s

or
no
t);

(II
)

an
y

ro
ck

or
str
atu

m
co
nta

ini
ng

or
lik
ely

to
co
nta

in
wa
ter

(w
he
the

r
dis
pe
rse
d

or
in

na
tur
al

ce
.vi
tlO

S)
i

(Il
l)

all
Y

PU
':'l
t,

n1
0:
:j:.
.i,

~,
:u
ld,

gl"
'.:.
\vc

l,
:il
ll

or
'.J
U·
)~
r

rn
otc

r-t
al

tha
t

LS
lLk

ely
to

flo
w

wh
en

we
t;

an
d

(b
)

of
tuk

lng
su
ch

s
top

s
as

rY
lu
y

I..•c
ne
ce
ss
at"

"./
for

lh8
pu
rp
os
e.

of
5u
bs
tar
ltln

tln
g

oJ
.n
y:
:";
Ll
dl

Ln
l',.
Jr
rY
K1

U
I..
)rl

W
l1
lV
h

co
rn
vu

ll1
ltJ

hl
~·
;
PU

'~
;·.
I..
.~
':3
~3
in
n(
w
hl
...
:L
he
r

in
co
.v
-c
ou
on
ce

of
th~

dU
..:,c
ho
.rq
u

of
lhe

uu
ly

Lr
np
ou
ed

up
on

hL
m

t,y
the

l'o
r0
~J
oin

~J
p.
:1
r?
l.~
Jr
Cl
ph

or
no
t)

• (2
)

In
the

C3
SI
..~

or
ev
ery

rn
i
nc

,
the

ow
ne
r-

tht
~r
eo
f

<t
lld

th
l~

nlT
l.~
VH

J'~
r

th
nr
-e
of

:o
;"
.-:
,n

L\
•.\I
..:
:h

l'L
'

I,.
:i1
;.\
1\
Jl
."
!

w
l
tI
\
U
IL
'
du
ly

-
(a
)

for
thw

ith
aft
er

an
y

su
ch

inf
or
ma

tio
n

as
is

m
er
v.t
on
eo

in
pa
ra
gr
ap
h

(a
)

of
th
e

fo
re
gO

lng
su
bs
ec
tio
n

co
m
es

irr
to

his
po
ss
es
s

Lo
n

(w
he
the

r
in

co
ns
eq
ue
nc
e

of
til
e

di
~~
ch
i1
t"'
lJG

of
th
t.~

du
ty

Lt
1lP

U(
;o
d

up
on

him
l~y

lhw
fX
ll"'
d~
JI"
'i..
\ph

or
no
l)

,
of
'

fu
rn
i.s
hin

g
to

the
oth

er
oa
r-t
i

cu
l
ar
-s

of
the

irr
fo

r-
rri
at

ior
i;

an
d

(b
)

for
thw

ith
aft
er

tak
ing

an
y

ste
ps

in
ct

sc
ha
r-q

o
of

the
du
ty

im
po
se
d

up
on

him
by

pa
r-a

qr
-a
ph

(b
)

of
tho

t
su
bs
ec
tio
n,

of
I\.
Jrl
lis
!li
:l~
~

to
t!1
8

oth
er
'

pa
rti
cu
lar
s

of
the

ste
ps

tak
en

an
d

of
an
y

co
nc

lus
tor
i

re
ac
he
d

as
a

re
su
lt

of
tak

ing
the

m.

AD
DI
TI
ON

AL
IN
FO

RM
AT

IO
N

ON
MI
NE

MA
P

(C
on
td.
)

Se
ctl
on

75
.12

00
-1.

(C
on
td.
)

Ma
na
ge
r

for
ste

ep
ly-
pit
ch
ing

co
alb

eo
s

,
Co

ritc
ut-

lin
es

ma
y

be
pla

ce
d

on
ov
er
lay

s
or

tra
cin

gs
att
ac
he
d

to
mi
ne

ma
ps
.

AB
AN

DO
NE

D
AR

EA
S.

AD
JA
CE

NT
Mf
NE

S;
DR

ILL
IN
G

OF
BO

RE
HO

LE
S

(S
TA

TU
TO

RY
PR

OV
IS
10
NS

).

Se
cti
on

75
.17

01
.

W
he
ne
ve
r

an
y

wo
rki
ng

pla
ce

ap
pr
oa
ch
es

wi
thi
n

5e
fG
et

of
ab
an
do
ne
d

ar
-e
as

in
the

mi
ne

as
sh
ow

n
by

su
rv
ey
s

ma
de

an
d

ce
rtif
Le
d

by
a

re
t:ji
3te

re
d

en
gin

ee
r

or
su
rv
ey
or
,

or
wl

tht
ri

20
0

fee
t

of
an
y

oth
er

ab
an
do
ne
d

ar
ea
s

of
the

mi
ne

wh
ich

ca
nn
ot

be
ins
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cte

d
an
d

wh
ich

ma
y
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nta

in
da
ng
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ou
s

ac
cu
mu
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s
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wa
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S
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A
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O
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E
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C
O
U
N
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G
U
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E
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N
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P
U
B
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C
A
TI
O
N

O
F

LA
W

E
FF

E
C
TI
V
E

D
A
TE

R
E
G
U
LA

TI
N
G

A
G
E
N
C
Y

PR
EC

AU
TI
ON

S
AG

AI
NS

T
EX

TE
F<

NA
L

DA
NG

ER
S

TO
W
OR

KI
NG

S
(C
on
td.
)

Se
cti
on

77
.

It
sh
all

be
the

du
ty

of
the

ma
na
ge
r

of
ev
er
y

mi
ne

to
tak

e,
wi
th

re
sp
ec
t

to
ev
er
y

wo
rki
ng

in
the

mi
ne
,

su
ch

ste
ps

as
ma

y
be

ne
ce
ss
ar
y

to
pr
ev
en
t

an
y

in
ru
st,

int
o

the
wo

rki
nq
s

of
ga
s

fro
m

dis
us
ed

wo
r-k
lnq

s
(w
he
the

r
mi
ne

wo
r-k
inq

s
or
-
no
t)

or
of

wa
te
r-

or
ma

ter
ial

tha
l

flo
ws

wh
en

we
t

(w
he
the

r
fro
m

dis
us
ed

wo
rki
ng
s

or
fro
m

an
y

oth
er

so
ur
ce
).

Se
cti
on

78
.

(1
)

W
he
re

an
ins

pe
cto

r
is

of
op
ini
on
,

wi
th

r-e
s
oe

ct
to

a
wo

rki
ng

in
a

mi
ne
,

tha
t

the
re

is
a

da
ng
er

of
the

oc
cu
rre

nc
e

of
su
ch

an
inr
us
h

.nt
o

the
wo

rki
ng

as
is

me
n-

tio
ne
d

in
the

las
t

for
eg
oin

g
se
ctl
on
,

be
i.n
g

a
da
ng
er

tha
t

in
his

op
ini
on

is
ca
pa
ble

of
be

ing
av

ert
ed

,
an

d
eit

he
r

no
ste

ps
for

av
er
tLn

g
the

da
ng
er

ha
ve

be
en

tak
en

or
ste

ps
tha

t
ha
ve

be
en

tak
en

for
tha

t
pu
rp
os
e

ap
pe
ar
-

to
the

ins
pe
cto

r
to

be
ina

de
qu
ate

or
irr
.p
r-o

pe
r-,

he
ma

y
se
rve

on
the

ma
n.:
lQ
er

of
the

mi
ne

a
no
tic
e

sp
ec
ify
ing

the
wo

rki
ng
,

sta
tin
g

tha
t

he
is

of
op
ini
on

afo
re
sa
id

wi
th

re
sp
ec
t

the
re
to,

an
d

tha
t,

as
the

ca
se

rn
ay

be
,

no
ste

ps
for

av
er
tln
g

the
da
ng
er

ha
ve

be
en

tak
en

or
ste

ps
so

tak
en

ap
pe
ar

to
him

to
be

ina
de
qu
ate

or
im
pr
op
er
,

an
d

im
po
sin

g
all

or
an
y

of
th
e

fol
low

ing
re
qu
ire
me

nts
,

tha
t

ls
to

sa
y:

-
(a
)

a
re
qu
ire
me

nt
tha

t
the

ma
na
ge
r

sh
all
,

be
for
e

tr
e

ex
pir
ati
on

of
su
ch

pe
rio
d

be
gin

nin
g

wi
th

the
da
te

on
wh

ich
the

no
tic
e

be
co
rn
es

op
er
ati
ve

as
ma

y
be

sp
ec
ifie

d
the

re
in,

ex
ec
ute

su
ch

wo
rks

for
the

pu
rp
os
e

of
av
er
tin
g

the
da
ng
er

as
ma

y
be

sp
ec
i.fi
ed

in
the

no
tic
e;

(b
)

a
r-e

qu
tr-
e

rn
e
ot

tha
t,

un
til

su
ch

wo
rks

ha
ve

be
ef'

ex
ec
ute

d,
no

pe
rso

n
sh
all

(sa
ve

for
the

pu
rp
os
e

of
ex
ec
uti
ng

the
wo

rks
or

sa
vin

g
life

)
be

pe
rm
itte

d
by

the
ma

na
ge
r

to
be

in
the

mi
ne

or
in

su
ch

pa
rt

the
re
of

as
ma

y
be

sp
ec
ifL
ed

in
the

no
tic
e;

(C
)

a
re
qu
ire
me

nt
tha

t
op
er
ati
on
s

for
ge
ttin

g
mi
ne
ra
ls

in
the

wo
rki
ng

sh
all
,

to
su
ch

ex
ten

t
as

ma
y

be
sp
ec
ifie

d
in

the
no
tic
e,

be
dis

co
nti
nu
ed

un
til

su
ch

wo
rks

ha
ve

be
en

ex
ec
ute

d,
or

sh
all

no
t

be
co
nti
nu
ed

oth
er
vv
ise

tha
n

in
ac
co
rd
an
ce

wL
th

su
ch

a
sy
ste

m
of

wo
rki
ng

as
ma

y
be

so
sp
ec
Lfi
ed
.

(2
)

VJ
he
re

an
Ln
sp
ec
tor

is
of

op
trii
on

,
wi
th

re
sp
ec
t

to
a

wo
rki
ng

in
a

mi
ne
,

tha
t

t1l
er
e

is
a

da
ng
er

of
the

oc
cu
rre

nc
e

of
su
ch

an
inr
us
h

int
o

the
wo

rk
Ln
g

as
is

me
ri-

tio
ne
d

in
the

las
t

for
eg
oin

g
se
cti
on
,

be
ing

a
da
ng
er

tha
t

Ln
his

op
irii
on

is
no
t

ca
pa
ble

of
be
ing

av
er
ted

,
he

ma
y

se
rve

on
the

ma
na
ge
r

of
a

mi
ne

a
nc
tic
e

ap
e

ci
ryt
nq

the
wo

rki
ng
,

sta
tin
g

tha
t

he
is

of
op

iru
or
i
afo

re
sa
id

wi
th

re
sp
ec
t

the
r-a

to
,
an
d

re
qU

irin
g

tha
t

op
er
a-

tio
ns

for
ge
ttin

g
mi
ne
ra
ls

in
the

wo
rki
ng

be
pe
rm
an
en
tly

dis
co
ntL

nu
ed

an
d,

if
the

ins
pe
c-

tor
thi
nk
s

f'it
,

im
po
sin

g,
in

ad
dit
ion

,
eit
he
r

or
bo
th

of
the

f01
10
wi
rg

re
qu
ire
me

nts
,

tha
t

is
to

sa
y;

-
(a
)

a
re
qu
ire
me

nt
tha

t
the

ma
na
ge
r

sh
all
,

be
for
e

the
ex
pir
atL

on
of

su
ch

pe
rio
d

be
oin

nL
ng

wi
.th

the
da
te

on
wh

ich
the

no
tic
e

be
co
rn
es

op
er
ati
ve

as
ma

y
be

sp
ec
ifie

d
the

r-e
to

,
ex
ec
ute

su
ch

wo
rks

for
the

pu
rp
os
e

of
pr
ote

cti
ng

the
re
st

of
the

mi
ne

as
ma

y
be

so
sp
ec
ifie

d;
(b
)

a
re
qu
ire
me

nt
tha

t,
un
til

su
ch

wo
rks

ha
ve

be
en

ex
ec

ute
d,

no
pe
rso

n
sh
all

(sa
ve

for
the

pu
rp
os
e

of
ex
ec
uti
ng

the
wo

rks
or

sa
vtr
iq

life
)

be
pe
rm
itte

d
by

..
.
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D
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R
A
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A
N
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R
E
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N

G
U
ID
E
LI
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E
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V
E
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IC
LA

S
S
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IC
A
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O
N
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8T
A
TE

,
FE

D
E
R
A
L

G
U
ID
E
LI
N
E

P
U
B
LI
C
A
TI
O
N

E
FF

E
C
TI
V
E

R
E
G
U
LA

TI
N
G

O
R

FO
R
E
IG
N

O
F

LA
W

D
A
TE

A
G
E
N
C
Y

C
O
U
N
TY

'"
PR

EC
AU

TI
ON

S
AG

AI
NS

T
EX

TE
RN

AL
Do

'<N
GE

RS
TO

W
OR

KI
NG

S
(C

on
td.

)
S

"'
::
>

'"
u

r
'"

Se
cti

on
78

.
(C

on
td.

)
x

L
'<
t

W
lll", ::>

O
l

:c
-

the
ma

na
ge

r
to

be
in

the
mi

ne
or

in
su

ch
pa

rt
the

reo
f

as
ma

y
be

sp
ec

ifl
ed

a~
Un

ite
d

Ki
ng

do
m

-0
••.
•

19
54

~
in

the
no

tic
e.

ii
i~

<
l

(3
)

Th
e

pr
ov

isi
on

s
of

Pa
rt

XV
of

thi
s

Ac
t

wi
th

res
pe

ct
to

ref
ere

nc
es

(f
)

"'
U

"0
up

on
no

ttc
es

se
rv

ed
by

ins
pe

cto
rs

sh
all

ap
ply

to
a

no
tic

e
se

rv
ed

un
de

r
eit

he
r

of
the

'"
«

ii
i

c
for
eg
oin

g
su
bs
ec
tio
ns
,

an
d

an
y

su
ch

no
tic
e

sh
all
,

if
it

is
so

sp
ec
ifie

d
the

rei
n,

~
:5

be
co

me
op

era
tiv

e
fo

rth
wi

th.
<

U '"I
It

is
the

du
ty

bo
th

of
the

ow
ne

r
an

d
of

the
ma

na
ge

r
of

ev
ery

mi
ne

_
(a)

to
tak

e
su

ch
ste

ps
as

ma
y

be
ne

ce
ssa

ry
fo

r
se

cu
rin

g
tha

t
he

is
at

all
ma

ter
ial

tim
es

in
po

sse
ssi

on
of

all
inf

or
ma

tio
n

wh
ich

ind
ica

tes
the

pr
es

en
ce

or
ab

se
nc

e
in

the
vic

ini
ty

of
an

y
wo

rk
ing

s
ca

rri
ed

on
or

pr
o-

po
se

d
to

be
ca

rri
ed

on
,

of
-

(I)
an

y
dis

us
ed

wo
rk

ing
s;

(II
)

an
y

ro
ck

or
str

atu
m

co
nta

ini
ng

,
or

lik
ely

to
co

nta
in,

wa
ter

;
(II

I)
an

y
pe

at,
mo

ss,
sa

nd
,

gr
av

el,
sil

t
0'"

oth
er

ma
ter

ial
tha

t
is

lik
ely

to
flo

w
wh

en
we

t;
an

d
(b

)
to

tak
e

su
ch

ste
ps

as
ma

y
be

ne
ce

ssa
ry

fo
r

the
pu

rp
os

e
of

su
bs

tan
tia

tin
g

an
y

su
ch

inf
or

ma
tlo

n
(7

5)
.

It
is

the
du

ty
of

the
mi

ne
ma

na
ge

r
to

tak
e,

wi
th

r-e
.sp

ec
t

to
ev

ery
wo

rk
ing

in
'"u

the
mi

ne
,

su
ch

ste
ps

as
ma

y
be

ne
ce

ssa
ry

to
pr

ev
en

t
an

y
inr

us
h

int
o

the
wo

rk
ing

"'
it

'"
of

ga
s

fro
m

dls
us

ed
wo

rk
ing

s
or

of
wa

ter
or

ma
ter

ial
tha

t
flo

ws
wh

en
we

t
(7

7)
.

c
0

~
L

W
he

re
an

ins
pe

cto
r

is
of

op
ini

on
,

wi
th

res
pe

ct
to

a
wo

rk
ing

in
a

mi
ne

,
tha

t
.8

the
re

is
a

da
ng

er
of

the
oc

cu
rre

nc
e

of
an

inr
us

h
of

ga
s,

wa
ter

or
ma

ter
ial

tha
t

flo
ws

'ii
i

<
l

wh
en

we
t

int
o

the
wo

rk
ing

,
an

d
tha

t
the

da
ng

er
is

ca
pa

ble
of

be
ing

av
ert

ed
,

he
ma

y-
8

.J
Un

ite
d

Ki
ng

do
m

(a)
req

uir
e

the
ma

na
ge

r-
to

ex
ec

ute
wi

thi
n

a
sp

ec
ifi

ed
tim

e
llm

lt
sp

ec
lfl

e
d

.s
19

55
'ii
i c

wo
rk

s
fo

r
the

pu
rp

os
e

of
av

ert
ing

the
da

ng
er;

:c
-

o
(b

)
req

uir
e

tha
t

un
til

su
ch

wo
rk

s
ha

ve
be

en
ex

ec
ute

d
on

ly
sp

ec
ifl

ed
pe

rso
ns

~
~

sh
all

be
pe

rm
itt

ed
by

the
ma

na
ge

r
to

be
in

the
mi

ne
or

in
an

y
sp

ec
ifi

ed
III

E
pa

rt
of

the
mi

ne
;

(f
)

'" c
(C

)
req

uir
e

tha
t

op
era

tio
ns

fo
r

ge
tti

ng
mi

ne
ral

s
in

the
wo

rk
ing

sh
all

to
su

ch
-

ex
ten

t
as

ma
y

be
sp

ec
ifi

ed
be

dis
co

nti
nu

ed
un

tt
l

su
ch

wo
rk

s
ha

ve
be

en
ex

ec
ute

d,
or

sh
all

no
t

be
co

nti
nu

ed
oth

erw
ise

tha
n

in
ac

co
rd

an
ce

wi
th

su
ch

sy
ste

m
of

wo
rk

lng
as

ma
y

be
sp

ec
ifi

ed
.

W
he

re
an

ins
pe

cto
r

is
of

op
lni

on
wi

th
res

pe
ct

to
a

wo
rk

ing
tha

t
the

re
is

a
da

ng
er

of
the

oc
cu

rre
nc

e
of

an
lnr

us
h

of
ga

s,
wa

ter
or

ma
ter

-ta
t

tha
t

flo
ws

wh
en

we
t

int
o

the
wo

rk
ing

,
an

d
tha

t
the

da
ng

er
is

no
t

ca
pa

ble
of

be
ing

av
ert

ed
,

he
ma

y
_

(a)
req

uir
e

tha
t

the
ma

na
ge

r
sh

all
,

wi
thi

n
a

sp
ec

ifi
ed

tim
e

lim
it,

ex
ec

ute
sp

ec
ifi

ed
wo

rk
s

fo
r

the
pu

rp
os

e
of

pr
ote

cti
ng

the
res

t
of

the
mi

ne
;

(b
)

req
uir

e
tha

t
un

til
su

ch
wo

rk
s

ha
ve

be
en

ex
ec

ute
d

on
ly

sp
ec

ifi
ed

pe
rso

ns
sh

all
be

pe
rm

itt
ed

by
the

ma
na

ge
r

to
be

in
the

mi
ne

or
in

a
sp

ec
lfl

ed
pa

rt
of

the
rn

in
e

(7
8)

.
1.

Th
e

ow
ne

r,
ag

en
t

an
d

ma
na

ge
r

of
a

mi
ne

eh
al

l
fro

m
tim

e
to

tim
e
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S
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D
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O
R

FO
R
E
IG
N
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U
N
TY

A
P
P
E
N
D
IX

A

C
U

R
R

EN
T

ST
A

TE
,

W
H

IC
H

FI
T

FE
D

ER
A

L.
A

N
D

FO
R

EI
G

N
G

U
ID

EL
IN

ES
TH

E
LE

VE
L

IC
LA

SS
IF

IC
A

TI
O

N

G
U
ID
E
LI
N
E

P
U
B
LI
C
A
TI
O
N

O
F

LA
W

E
F
F
E

C
T

IV
E

D
A

T
E

R
E

G
U

L
A

T
IN

G
A

G
E

N
C

Y

U
l
<
D r t. <
I
l 6 "t

l Ii
j

U
l
<
D C ~

Un
ite
d

Ki
ng
do
m

Un
ite
d

Ki
ng
do
m

ca
us

e
all

re
as

on
ab

le
ste

ps
to

be
tak

en
to

as
ce

rta
in

fro
m

all
av
at

lab
l

e
tn
ro

rrn
at
to
n

an
d

ev
ide

nc
e

wh
eth

er
th

er
e

is
an

y
ma

ter
ial

be
low

th
e

su
r-r
ac
e

wh
t

ch
ma

y
So

aff
ec

t
an

y
wo

rk
in

gs
be

in
g,

or
ab

ou
t

to
be

,
ca

rr
ied

on
at

th
at

m
i.n

e
as

to
ca

us
e

da
ng

er
to

pe
rso

ns
wo

rki
ng

the
rei
n

an
d

sh
all

en
su
re

tha
t

the
fac

ts
so

asc
ert
ain

ed
are

in
the

po
ss

es
si

.o
n

of
th

e
m

an
ng

er
.

2.
(1)

No
wo

rki
ng

wh
ich

is
ep
pr
-o
ac
+u
no

an
d

wl
thi
n

15
0

fee
t

of
the

su
rfa
ce

sh
all

be
ca

rri
ed

on
in

an
y

m
in

e
un

les
s

th
e

rn
ar
ra
qe
r-

ha
s

su
ffi

cie
nt

in
fo

rm
at

io
n

ab
ou

t
th

e
na

tu
re

of
th

e
ma

ter
lal

be
tw

ee
n

th
e

wo
rk

i.n
g

an
d

th
e

su
rF

ac
e

to
de

ter
mi

ne
wh

eth
er

it
ma

y
ca

us
e

da
ng

er
to

pe
r-s
on
s

wo
r-k
tn
q

in
th

e
n1

ln
e:

Pr
ov
ide

d
tha

t
thi
s

pa
rag

rap
h

sh
all

no
t

ap
ply

wh
ere

the
re

is
an
oth

er
wo

rki
ng

or
a

di
su

sed
wo

rk
in

g
ve

rtl
ca

lly
ab

ov
e

th
e

wo
rk

in
g

at
a
cts

ten
ce

no
t

les
s

th
an

30
fee

t
or

fiv
e

tim
es

th
e

th
ick

ne
ss

of
th

e
sea

m
to

be
wo

rk
ed

,
wh

ich
ev

er
is

th
e

gr
ea

ter
.

(2)
No

wo
rki
ng

sh
all

be
ca
r-r
-te
d

on
at

an
y

pla
ce

in
an
y

mi
ne

if
the

re
is

ev
ide

nc
e

tha
t

wi
thi
n

15
0

fee
t

the
reo

f
the

re
ma

y
be

an
y

rn
at
.e
r-l

al
wh

ich
wh

en
we
t

is
lik
ely

to
flo

w,
in

clu
di

ng
pe

at,
mo

ss,
sa

nd
,

gr
av

el
an

d
st
lt
,

un
les

s
th

e
ma

na
ge

r
ha

s
su

ffi
cie

nt
in

for
ma

tio
n

to
de

ter
mi

ne
th

e
na

tu
re

,
po

sit
ion

,
th

ick
ne

ss
an

d
ex

ten
t

th
er

eo
f.

(3)
No

wo
rki
ng

sh
all

be
ca
rr-
te
e

on
at

an
y

pla
ce

in
an
y

mi
ne

if
the

re
is

ev
ide

nc
e

tha
t

wi
thi
n

15
0

fee
t

the
reo

f
the

re
ma

y
be

an
y

roc
k

or
str
atu

m
lik
ely

to
co
nta

in
wa

ter
(w

he
th

er
di

sp
er

sed
or

in
na

tu
ra

l
ca

vit
ies

)
un

les
s

th
e

rn
an

ag
er

ha
s

su
ffi

cie
nt

in
for

ma
tio

n
ab

ou
t

th
e

na
tu

re
or

po
sit

ion
th

er
eo

f
to

de
te
r-r
ru

ne
th

at
it

is
no

t
da

ng
er

ou
s

to
pe

rso
ns

wo
rk

in
g

in
th

e
mi

ne
,

or
su

ffi
cie

nt
in

for
ma

tio
n

ab
ou

t
th

e
na

tu
re

,
po

sit
ion

,
th

ick
ne

ss
an

d
ex

ten
t

th
er

eo
f

to
de

ter
mi

ne
wh

eth
er

it
ma

y
ca

us
e

da
ng

er
to

su
ch

pe
rso

ns
.

4.
No

wo
rk

oth
er

th
an

wo
rk

ne
ce

ssa
ry

for
th

e
pr

ese
rv

ati
on

of
th

e
mi

ne
or

for
the

sln
kin

g
of

sh
aft
s

or
the

dri
vin

g
of

dri
fts

fro
m

the
au
r-r
ac
e

sh
all

be
ca
rri
ed

ou
t

in
an
y

mi
ne

wi
thi
n

60
fee

t,
or
O
f
gre

ate
r)

ten
tim

es
the

ma
xlm

um
he
igh

t
of

the
wo

rk
in

g
or

pr
op

os
ed

wo
rk

in
g,

of-
(a)

an
y

ma
ter
ial

de
scr
ibe

d
in

pa
rag

rap
h

(2)
of

reg
ula

~io
n

2,
•.•

TH
E

CO
AL

AN
D

OT
HE

R
M
IN
ES

(P
RE

CA
UT

IO
NS

AG
AI
NS

T
IN
RU

SH
ES
)

RE
GU

LA
TI
ON

S,
19
56
,

Ha
vin

g
Ef
fec

t
as

if
M
ad
e

Un
de
r

Se
cti
on

On
e

Hu
nd
red

an
d

Fo
rty
-on

e
of

the
M
ine

s
an
d

Qu
arr
ies

Ac
t,

19
54
.

1.
Th
ese

reg
ula

tio
ns

sh
all

ap
ply

to
ev
ery

mi
ne

of
co
al.

str
ati
fie
d

iro
ns
ton

e,
sh

ale
or

fir
ec

lay
,

an
d

in
th

ese
re

gu
lat

ion
s

"rn
tn
e

"
me

an
s

su
ch

a
mi

ne
.

2.
(1)

W
ith
ou
t

pre
jud

ice
to

the
ge
ne
ral
ity

or
sec

tio
n

sev
en
ty-
fiv
e

of
the

Ac
t,

no
wo

rk
in

g
wh

ich
is

ap
pr

oa
ch

in
g

an
d

wi
th

in
on

e
hu

nd
re

d
an

d
fif

ty
fee

t
of

th
e

su
rfa

ce
sh

all
be

ca
rr

ied
on

in
an

y
mi

ne
,

un
les

s
th

e
ma

na
ge

r
ha

s
su

ffi
cie

nt
in

for
ma

tio
n

ab
ou
t

the
na
tur
e

of
the

ma
ter
ial

be
tw
ee
n

the
wo

rki
ng

an
d

the
su
rfa
ce

to
de
ter
ml
ne

wh
eth

er
it

ma
y

ca
us
e

da
ng
er

to
pe
rso

ns
wo

rki
ng

in
the

mi
ne
:

Pr
ov
ide

d
tha

t
thi
s

pa
rag

rap
h

sh
all

no
t

ap
ply

wh
ere

the
re

is
an
oth

er
wo

rki
ng

or
a
dis
us
ed

wo
rki
ng

ve
rti
ca
lly

ab
ov
e

the
wo

rki
ng

in
qu
est
ion

at
a
dis
tan

ce
no
t

les
s

tha
n

thi
rty

fee
t

or
fiv
e

tim
es

the
thi
ck
ne
ss

of
the

sea
m

to
be

wo
rke

!"
wh

ich
-

ev
er

is
th

e
gr

ea
ter

.
(2
)

No
wo

rki
ng

sh
all

be
ca
rri
ed

on
at

an
y

pla
ce

in
an
y

ml
ne

if
the

re
is

ev
ide

nc
e

tha
t

wi
thi
n

on
e

hu
nd
red

an
d

fif
ty

fee
t

the
reo

f
the

re
ma

y
be

an
y

pe
at,

mo
ss,

san
d,

gra
ve
l,

sil
t

or
oth

er
ma

ter
ial

tha
t

is
lik
ely

to
flo
w

wh
en

we
t,

•.•

U
l

B
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t.

0
0

o
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o
S
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.2
!

1
5

<
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~
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)
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)

U
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)

~
~

Q.
t.

~~ U
l
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~O ~
I
D
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Q)
U
l
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"
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"

<
I
l
~

-
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<
I
l
O
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AP
PE

N
D
IX

A

C
U
R
R
E
N
T

S
TA

TE
.

FE
D
E
R
A
L

W
H
IC
H

FI
T

TH
E

A
N
D

FO
R
E
IG
N

G
U
ID
E
LI
N
E
S

LE
V
E
L

IC
LA

S
S
IF
IC
A
TI
O
N

ST
AT

E.
FE

D
ER

AL
O
R

FO
R
EI
G
N

C
O
U
N
TY

» r ..•
.

e
x
>

Ca
na

da

Un
ite

d
Ki

ng
do

m

G
U
ID
EL

IN
E

TH
E

CO
AL

AN
D

OT
HE

R
M

IN
ES

(P
RE

CA
UT

IO
NS

AG
AI

NS
T

IN
RU

SH
ES

)
RE

GU
LA

TI
ON

S
(C

on
td.

)

(3
)

No
wo

rk
ing

sh
all

be
ca

rri
ed

on
at

an
y

plz
ce

in
an

y
mi

ne
if

the
re

is
ev

ide
nc

e
tha

t
wi

thi
n

on
e

hu
nd

red
an

d
fif

ty
fee

t
the

reo
f

the
re

ma
y

be
an

y
ro

ck
or

str
atu

m
co

nta
ini

ng
or

llk
ely

to
co

nta
in

wa
ter

(w
he

the
r

dis
pe

rse
d

or
In

na
tur

al
ca

vit
ies

)
•••

4.
W

it
ho

ut
pr

eju
dic

e
to

the
ge

ne
ral

lty
of

se
cti

on
se

ve
nty

-se
ve

n
of

the
Ac

t,
no

W
or

kin
g

wh
ich

is
ap

pr
oa

ch
ing

an
d

wi
thi

n
on

e
hu

nd
red

aid
tw

en
ty

fee
t

of
an

y
pla

ce
co

n-
tai

nin
g

or
llk

ely
to

co
nta

in
an

ac
cu

mu
lat

ion
of

wa
ter

or
ma

ter
-Ia

l
tha

t
flo

ws
wh

en
we

t
or

of
an

y
dis

us
ed

wo
rk

ing
s,

no
t

be
ing

wo
rk

ing
s

wh
ich

ha
ve

be
en

ex
am

ine
d

an
d

fo
un

d
to

be
fre

e
fro

m
ac

cu
mu

tat
ton

s
of

wa
ter

or
ma

ter
ial

tha
t

flo
ws

wh
en

we
t,

•..
5.

Th
e

ma
na

ge
r

of
ev

ery
rn

iri
e

sh
aH

en
su

re
tha

,:
no

pe
r-s
on

ca
rri

es
ou

t
an

y
wo

rk,
oth

er
tha

n
wo

rk
ne
ce
ss
ar
y

for
the

pr
es
er
va
tlo
n

of
the

rn
in

e
or

Fo
r

the
sin

kin
g

of
a

sh
aft

or
the

dr
iV
ing

of
an

ou
tle
t

fro
m

the
su
rfa
ce
,

in
an
y

wo
rki
ng

in
the

mi
ne

wi
thi
n

six
ty

fee
t

or
ten

tim
es

the
he

igh
t

of
the

wo
rk

ing
(w

hlc
h

ev
er

is
the

gr
ea

ter
)

of
-

(a)
an

y
pe

at,
mo

ss,
sa

nd
,

gr
av

el,
sI

lt
or

oth
er

ma
ter

ial
tha

t
is

lik
ely

to
flo

w
wh

en
we

tj
or

(b
)

an
y

ro
ck

or
str

atu
m

co
nta

lni
ng

or
llk

ely
to

co
nta

in
wa

ter
(w

he
the

r
dis

pe
rse

d
or

in
na

tur
al

ca
vit
ies

)
no

t
be

ing
ro

ck
or

str
etu

m
wh

ich
by

rea
so

n
of

its
na

tur
al

po
sit

ion
LS

no
t

da
ng

ero
us

;
ex

ce
pt

in
ac

co
rd

an
ce

wi
th

sp
ec

ial
reg

ula
tio

ns
ep

pl
ica

ble
to

tha
t

mi
ne

.
6.

(1)
In

the
se

reg
ula

tlo
ns

the
fo

llo
wl

ng
ex

pr
es

sio
ns

ha
ve

the
me

an
ing

s
he

reb
y

••e
sp

ec
tiv

ely
as

sig
ne

d
to

the
m,

tha
t

is
to

sa
y

-
lith

e
Ac
t!'

me
an
s

the
Mi
ne
s

an
d

Qu
ar
rie
s

Ac
t,

1H
54
;

"rr
rir

ie
"

ha
s

the
m

ea
ni

ng
as
sig

ne
d

the
re
to

tn
r-e

q.
rla

til
on

on
e.

(2
)

Th
e

In
ter

p
r-e

tat
ion

Ac
t,

18
89

(d
),

sh
all

ap
ply

to
the

int
erp

ret
ati

on
of

the
se

r-e
qu

l
att

on
s

as
it

ap
pli

es
to

the
In

ter
pr

eta
tio

n
of

an
Ac

t
of

Pa
rli

am
en

t.

CH
AP

TE
R

18
8

Se
cti

on
88

.

(1)
W

he
re

the
wo

rk
ing

s
in

an
y

mi
ne

are
ap

pr
oa

ch
ing

an
y

ab
an

do
ne

d
wo

rk
ing

s,
wh

eth
er

in
or

be
lon

gin
g

to
tha

t
mi

ne
or

an
y

oth
er

mi
ne

,
the

ow
ne

r,
ag

en
t,

or
ma

na
ge

r
in

ch
arg

e
of

the
pr

es
en

t
wo

rk
ing

s
sh

all
r-e

po
r-t

the
cir

cu
ms

tan
ce

s
in

wr
iti

ng
to

the
In

sp
ec

tor
fo

r
the

dis
tri

ct
in

wh
ich

the
wo

rk
ing

s
a=

e
sit

ua
te

be
fo

re
the

pr
es

en
t

wo
rk

ing
s

rea
ch

wi
thi

n
thr

ee
hu

nd
red

fee
t

of
the

ab
an

do
r.e

o
wo

rk
ing

s;
an

d
no

wo
rk

sh
all

be
do

ne
wi

thi
n

th
••e

e
hu

nd
red

fee
t

of
the

ab
an

do
ne

d
wo

rk
ing

s
un

til
a

de
fin

ite
me

tho
d

of
pr
oc
ee
di.
ng

wi
th

the
wo

rk
ha
s

be
en

sL
d.l
mi
tte
d

to
an
d

ap
pr

-o
ve

d
by

the
In

sp
ec

tor
. (2

)
Th

ls
se

cti
on

sh
all

no
t

ap
ply

wh
ere

the
ab

an
do

ne
d

wo
rk

ing
s

ca
n

be
rea

dil
y

ex
am

ine
d,

an
d

a
kn

ow
led

ge
ob

tai
ne

d
of

the
co

nd
iti

on
s

pr
'ev

ail
ing

the
rei

n.

PU
BL

IC
A

TI
O
N

O
F

LA
W
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l
<
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Ca
na
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Ca
na
da

CH
AP

TE
R

21
7.

Se
ctl
on

8. (1
)
W
he
n

an
ad
va
nc
ing

se
etl
on

of
a
mi
ne

ap
pr
oa
ch
es

ab
an
do
ne
d

wo
rki
ng
s

sit
ua
ted

in
the

sa
me

se
am

J
wh

eth
er

the
se

be
lon

g
to

the
mi
ne

afo
re
sa
id

or
no
t,

the
ow

ne
r,

ag
en
t,

or
ma

na
ge
r

sh
all

re
po
rt

the
cir
cu
ms

tan
ce
s

In
wr
itin

g
to

the
Ins

pe
cto

r
for

the
dis
tri
ct

be
for
e

the
ad
va
nc
ing

roa
dw

ay
s

or
fac

es
co
me

wi
thi
n

fiv
e

hu
nd
red

fee
t

of
the

ab
an
do
ne
d

wo
rki
ng
s,

an
d

op
er
atl
on
s

sh
all

ce
as
e

un
til

the
de
tai
ls

of
the

me
tho

d
to

be
fol
low

ed
wh

en
ad
va
nc
em

en
t

is
re
su
me

d
ha
ve

be
en

su
bm

itte
d

to
the

Ins
pe
cto

r
an
d

ha
ve

re
ce
ive

d
his

ap
pr
ov
al.

(2
)

In
no

cir
cu
ms

tan
ce
s

sh
all

the
ad
va
nc
ing

se
cti
on

ap
pr
oa
ch

ne
ar
er

tha
n

on
e

hu
nd
re
d

an
d

fift
y

fee
t

to
ab
an
do
ne
d

wo
rki
ng
s

sit
ua
ted

in
the

sa
me

se
am

.••
(3
)
Su

bje
ct

to
su
ch

mo
dif
ica

tlo
ns

as
the

Ch
lef

Ins
pe
cto

r
de
em

s
ne
ce
ss
ar
y,

su
bs
ec
tio
ns

(1
)
an
d

(2
)
sh
all

ap
ply

,
mu

tat
is

mu
tan

diS
,

to
the

ca
se

of
liv
e

an
d

ab
an
-

do
ne
d

wo
rki
ng
s

slt
ua
ted

in
dif
fer
en
t

se
am

s
wh

en
the

ab
an
do
ne

d
wo

rki
ng
s

an
d

ad
va
nc
ing

se
cti
on
s

ar
e

se
pa
ra
ted

by
les

s
tha

n
on
e

hu
nd
re
d

an
d

eig
hty

fee
t

of
so
lid

me
as
ur
es
.

(4
)
Th
is

se
cti
on

sh
all

no
t
ap
ply

wh
er
e

it
is

po
ss
ibl
e

to
ex
am

ine
the

ab
an
do
ne
d

wo
rki
ng
s

to
the

ex
ten

t
tha

t
a
de
fin
ite

kn
ow

led
ge

of
the

ce
nd
itio

ns
pr
ev
ail
ing

in
all

pa
rts

the
re
of

ca
n

be
ob
tat
ne
d

,

AL
BE

RT
A

Se
cti
on

13
2.

W
he
n

an
y

wo
rki
ng

ha
s

ap
pr
oa
ch
ed

wi
thi
n

12
0

fee
t

of
a
pla

ce
wh

ich
is

lik
ely

to
co
nta

in
a
da
ng
er
ou
s

ac
cu
mu

lat
ion

of
wa

ter
or

ga
s

or
of

dis
us
ed

wo
rki
ng
s

(n
ot

be
ing

wo
rki
ng
s

wh
ich

ha
ve

be
en

ex
am

ine
d

an
d

fou
nd

to
be

fre
e

fro
m

ac
cu
mu

lat
ion

s
of

wa
ter

an
d

ga
s),

•••

CH
AP

TE
R

3.

Se
cti
on

14
.

(1
)
Th
e

ow
ne
r,

ag
en
t,

or
ma

na
ge
r

of
ev
er
y

ml
ne

ah
alt

ke
ep

in
the

off
ice

of
the

mi
ne

ac
cu
rat
e

pla
ns

on
a
sca

le
in

ac
co
rda

nc
e

wi
th

go
od

en
gin

ee
rin
g

pra
cti
ce
,

an
d

up
to

a
da
te

no
t

mo
re

tha
n

thr
ee

mo
nth

s
las

t
pa
st,

as
fol
low

s:
-

(a)
A

su
rfa
ce

pla
n

sh
ow

ing
the

Hc
en
ce
s

or
lea
ses

on
wh

ich
mi
nin

g
i.s

be
ing

ca
rri
ed

ou
t

an
d

sh
ow

ing
all

lak
es,

str
ea
ms
,

ma
in

roa
ds
,

rai
lw
ay
s,

po
we
r

tra
ns
mi
.ss
ion

-L
ine

s,
bu
ild
ing

s,
sh
aft

op
en
ing

s,
ad
its
,

sur
fac

e
wo

rki
ng
s,

dia
mo

nd
-d
rill

ho
les

co
lla
re
d

on
su
rfa
ce
,

du
mp

s,
an
d

tai
lin
gs

po
nd
s

an
d

the
ir

ov
er
flo
w.
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E
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U
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N
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C
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.

Ru
le

13
6. (a)

No
bu
lkh

ea
d

or
da
m

to
im
po
un
d

wa
ter

sh
all

be
co
ns
tru
cte
d

un
de
rgr
ou
nd

wi
tho

ut
the

wr
itte

n
pe
rm
iss
ion

of
the

ins
pe
cto

r,
an
d

the
n

on
ly

wh
en

co
ns
tru
cte
d

in
ac
co
rda

nc
e

wi
th

pla
ns

an
d

sp
ec
ifi
ca
tio
ns

tha
t

ha
ve

be
en

ap
pro

ve
d

by
him

.

Ru
le

13
8. (b)

(I)
W
he
re

the
wo

rki
ng
s

in
a
mi
ne

are
ap
pro

ac
hin
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reh
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wa

ter
inv

olv
ed

.
Th

e
typ

e
of

str
ata

sh
all

be
de

ter
mi

ne
d

by
co

re
tes

t
dri

ll
ho

les
as

pre
scr

ibe
d

by
the

Co
al

M
ine

Sa
fet

y
Di

st
r-L

ct
M

an
ag

er.

IS
SU

AN
CE

OF
PE

RM
IT

S

Se
cti

on
75

.
17

16
-4

If
the

Co
al

M
lne

Sa
fet

y
Di

str
ict

M
an

ag
er

de
ter

mi
ne

s
tha

t
the

pro
po

sed
mi

nin
g

op
era

tio
ns

un
de

r
wa

ter
ca

n
be

saf
ely

co
nd

uc
ted

,
he

sh
all

iss
ue

a
pe

rm
it

for
the

co
n-

du
ct

of
su

ch
op
e
r-a

tto
ns

un
de

r
su

ch
co

nd
iti

on
s

as
he

de
em

s
ne

ce
ss

ar
y

to
pr

ot
ec

t
th

e
saf

ety
of

m
ine

r-s
en

ga
ge

d
In

tho
se

oo
er-

att
on

s
,

PR
EC

AU
TI

ON
S

AG
AI

NS
T

EX
TE

RN
AL

DA
NG

ER
S

TO
W

OR
KI

NG
S

Se
cti

on
76

. (1
)

It
sh

all
be

the
du

ty
bo

th
of

the
ow

ne
r

an
d

of
the

,
ma

na
ge

r
of

ev
ery

mi
ne

to
tak

e,
wi

th
res

pe
ct

to
an

y
wo

rki
ng

s
ca

rr
led

on
or

pro
po

sed
to

be
ca

rri
ed

on
In

the
mi

ne
in

the
Vi

cin
ity

of
the

sea
,

a
lak

e
or

riv
er

or
an

y
oth

er
bo

dy
of

su
rfa

ce
wa

ter
(w

he
the

r
ac

cu
mu

lat
ed

na
tur

all
y

or
art

ifi
cia

lly
)

su
ch

ste
ps

as
ma

y
be

ne
ce

ssa
ry

for
asc

ert
ain

ing
the

tot
al

thi
cl<

ne
ss

of
the

str
ata

lyi
ng

be
tw

ee
n

the
wo

rki
ng

s
an

d
the

su
rfa

ce
wa

ter
.
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R
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A
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,

FE
D

ER
A

L
W

H
IC

H
FI

T
TH

E
A

N
D

FO
R

EI
G

N
G

U
ID

EL
IN

ES
LE

VE
L

IT
C

LA
SS

IF
IC

A
TI

O
N

C
D I ...•
.

"'
"

ST
AT

E.
FE

D
ER

AL
PU

B
LI

C
A

TI
O

N
EF

FE
C

TI
VE

R
EG

U
LA

TI
N

G
O

R
FO

R
EI

G
N

G
U

ID
EL

IN
E

C
O

U
N

TY
O

F
LA

W
D

A
TE

A
G

EN
C

Y

"1
.

Th
e

ow
ne
r,

ag
en
t

an
d

ma
na
ge
r

of
a
mi
ne

sh
all

fro
m

tim
e

to
tim

e
ca
us
e

all
rea

so
n-

ab
le

ste
ps

to
be

tak
en

to
asc

ert
ain

fro
m

all
av
ail
ab
le

inf
orm

ati
on

an
d

ev
ide

nc
e

wh
eth

er
the

re
is

an
y

ma
ter
ial

be
low

the
su
rfa
ce

wh
ich

ma
y

so
aff
ec
t

an
y

wo
rki
ng
s

be
ing

,
or

ab
ou
t

to
be
,

ca
rri
ed

on
at

tha
t

ml
ne

as
to

ca
us
e

da
ng
er

to
pe
rso

ns
wo

rki
ng

the
rei
n

an
d

sh
all

en
su
re

tha
t

the
fac

ts
so

asc
ert
ain

ed
are

in
the

po
sse

ssi
on

of
the

ma
na
ge
r.

2.
(1)

No
wo

rki
ng

wh
ich

is
ap
pro

ac
hin

g
an
d

wi
thi
n

15
0

fee
t

of
the

su
rfa
ce

sh
all

be
ca
rri
ed

on
in

an
y

mt
ne

un
les
s

the
ma

na
ge
r

ha
s

su
ffl
cie
nt

lnf
orm

ati
on

ab
ou
t

the
na
tur
e

of
the

ma
ter
ial

be
tw
ee
n

the
wo

rki
ng

an
d

the
su
rfa
ce

to
do
te

r-r
ntn

e
wh

eth
er

it
ma

y
ca
us
e

da
ng
er

to
pe

rs
on

s
wo

rk
in

g
in

th
is

m
in

e:
Pr
ov
ide

d
tha

t
thi
s

pa
rag

rap
h

sh
all

no
t

ap
ply

wh
ere

thn
re

is
an
oth

er
wo

rki
ng

or
a

dis
us
ed

wo
rki
ng

ve
rti
ca
lly

ab
ov
e

the
wo

rki
ng
.

at
a
dis
tan

ce
no
t

les
s

tha
n

30
fee

t
or

fiv
e

tim
es

the
thi
ck
ne
ss

of
the

sea
m

to
be

wo
rke

d,
wh

ich
ev
er

is
the

g~
ea
ter
.

(2)
No

wo
rki
ng

sh
all

be
ca
rri
ed

on
at

art
Y

pla
ce

in
an
y

mi
ne

if
the

re
is

ev
ide

nc
e

tha
t

wi
thi
n

15
0

fee
t

the
reo

f
the

re
ma

y
be

an
y

ma
ter
ial

wh
ich

wh
en

we
t

is
lik
ely

to
flo
w,

inc
lud

ing
pe

at,
mo

ss,
sa

nd
,

gr
av

el
an

d
sil

t,
un

les
s

th
e

ma
na

ge
r

ha
s

su
ffi

cie
nt

inf
or

ma
tio

n
to

de
ter

-
mi
ne

the
na
tur
e,

po
sit
ion

,
thi
ck
ne
ss

an
d

ex
ten

t
the

reo
f.

(3)
No

wo
rki
ng

sh
all

be
ca
rri
ed

on
at

an
y

pla
ce

in
an
y

mi
ne

if
the

re
is

ev
ide

nc
e

tha
t

wi
thi
n

15
0

fee
t

the
reo

f
the

re
ma

y
be

an
y

roc
k

or
str
atu

m
lik
ely

to
co
nta

in
wa
ter

<
D

(w
he
the

r
dis
pe
rse
d

or
in

na
tur
al

ca
vtt
tee
j

un
les
s

the
rna

na
qe
r-

ha
s

su
ffi
cie
nt

inf
orm

ati
on

0
U
l

if
ab
ou
t

the
na
tur
e

or
po
sit
ion

the
reo

f
to

de
ter
mi
ne

tha
t

it
is

no
t

da
ng
ero

us
to

pe
rso

ns
wo

rki
ng

Q
) c

0
in

th
e

m
in

e,
or

su
fF

Lc
ien

t
in

fo
rm

at
ion

ab
ou

t
th

e
na

tu
re

,
po

sit
ion

,
th

ick
ne

ss
an

d
ex

ten
t

~
'-

the
reo

f
to

de
ter
mi
ne

wh
eth

er
it

ma
y

ca
us
e

da
ng
er

to
su
ch

pe
rso

ns
.

0
'ii
i

.D

3.
(1)

No
wo

rki
ng

wh
ich

-
lU

0
.J

Un
ite
d

Ki
ng
do
m

(a)
is

ap
pro

ac
hin

g
an
d

wi
thi
n

15
0

fee
t

of
the

su
rfa
ce
,

or
0

19
55

'ii
i

(b)
is

wi
thi
n

15
0

fee
t

of
an
y

ma
ter
ial

de
scr
ibe

d
in

pa
rag

rap
h

(2)
of

the
las
t

.S
§

pre
ce
din

g
reg

ula
tio
n,

or
.?
;>

:g
(C
)
is

wi
thi
n

15
0

fee
t

of
an
y

ma
ter
-Ia
l

de
scr
ibe

d
in

pa
rag

rap
h

(3)
the

reo
f

(ot
he
r

tha
n

.2
l

m
at

er
ial

wh
ich

by
re

as
on

of
its

na
tu

re
or

po
sit

ion
ts

no
t

da
ng

er
ou

s),
lU

E
(/)

2
sh
all

ex
ce
ed

10
fee

t
in

wi
dth

un
les
s

the
co
nd
itio

ns
sp
ec
ifi
ed

in
the

fol
low

ing
pa
rag

rap
h

are
s

sat
isf
ied

.
(2)

Th
e

afo
res
aid

co
nc
ttto

ns
are

tha
t

-
(a)

no
tic
e

of
the

pro
po
sed

wo
rki
ng

ha
s

be
en

sen
t

by
the

ow
ne
r,

ag
en
t

or
ma

na
ge
r

to
the

ins
pe
cto

r
of

the
div

isi
on
;

an
d

(b)
eit
he
r

-
(I)

Th
e

ins
pe
cto

r
of

the
dlv

isi
on

ha
s

wi
thi
n

on
e

mo
nth

no
tif
ied

the
ma

na
ge
r

tha
t

he
ha
s

no
ob
jec
tlo
n

to
pro

po
sed

wo
rkl
ng
s

or
the

pro
po
sed

wo
rki
ng

su
bje

ct
to

co
mp

lia
nc
e

wi
th

co
nd
itio

ns
for

en
su
rin
g

the
saf
ety

or
pe
rso

ns
wo

rk
in

g
in

th
e

m
in

e,
or

(II
)

It
ha
s

be
en

de
ter
mi
ne
d

in
ma

nn
er

pro
vid

ed
by

the
Ac
t

for
set
tlin

g
dis
pu
tes

tha
t

the
pro

po
sed

wo
rki
ng
,

or
the

pro
po
sed

wo
rki
ng

su
bje

ct
to

co
mp

lia
nc
e

wi
th

co
nd
itlo

ns
for

en
su
rin
g

the
saf
ety

of
pe
rso

ns
wo

rki
ng

in
the

mi
ne
,

wo
uld

no
t

be
da
ng
ero

us
to

su
ch

pe
rso

ns
;

an
c

.
(c)

wh
ere

an
y

su
ch

co
nO

itio
ns

for
en
su
rin
g

saf
ety

are
im
po
sed

,
the

y
are

co
mp

lie
O

wi
th.

4.
No

wo
rk

oth
er

tha
n

wo
rk

ne
ce
ssa

ry
for

the
pre

ser
va
tio
n

of
the

mi
ne

or
for

the
sin
kin

g
of

sh
aft
s

or
the

Or
ivi
ng

of
dri
fts

fro
m

the
su
rfa
ce

sh
all

be
ca
rri
ed

ou
t

in
an
y

mi
ne

wi
thi
n

60
fee

t,
or

(if
gre

ate
r)

ten
tim

es
the

ma
xim

um
.

he
igh

t
of

the
W
Or
kln

g
or

pro
-

po
sed

wo
rki
ng
,

of-
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A
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W
H

IC
H

FI
T

TH
E

FE
D

ER
A

L
A

N
D

FO
R

EI
G

N
G

U
ID

EL
IN

ES
LE

VE
L

II
C

LA
SS

IF
IC

A
TI

O
N

m I ~ co

Un
ite
d

Ki
ng
do
m

ST
AT

E.
FE

D
ER

AL
O

R
FO

RE
IG

N
CO

UN
TY

G
UI

DE
LI

NE
PU

BL
IC

AT
IO

N
O

F
LA

W
EF

FE
CT

IV
E

DA
TE

RE
G

UL
AT

IN
G

AG
EN

CY -"<tl0 5
1
t

~O <tl
<
.

E
0

"
.0

~
<
t
l

E
-l

Un
ite
d

Ki
ng
do
m

(a)
an
y

ma
ter
ial

de
sc
rib
ed

in
pa
rag

rap
h

(2
)
of

reg
ula

tio
n

2,
or

(b
)

an
y

ma
ter
ial

de
sc
rib
ed

in
pa
rag

rap
h

(3
)
the

reo
f

(o
the

r
tha

n
ma

ter
ial

wh
ich

by
rea

so
n

of
its

na
tur
e

or
po
sit
ion

is
no
t

da
ng
ero

us
),

ex
ce

pt
in

ac
co

rd
an

ce
wi

th
sp

ec
ial

re
gu

lat
ion

s
fo

r
th

e
m

in
e.

II

TH
E

CO
AL

AN
D

OT
HE

R
M
IN
ES

(P
RE

CA
UT

IO
NS

AG
AI
NS

T
IN
RU

SH
ES
)

RE
GU

LA
TI
ON

S,
19
56
,

Ha
Vi
ng

Ef
fec

t
as

if
M
ad
e

Un
de
r

Se
cti
on

On
e

Hu
nd
red

an
d

Fo
rty
-O
ne

of
the

M
ine

s
an
d

Qu
arr
ies

Ac
t,

19
54
.

1.
Th
es
e

reg
ula

tio
ns

sh
all

ap
ply

to
ev
ery

mi
ne

of
co
al,

str
ati
fie
d

iro
ns
ton

e,
sh
ale

or
fir

ec
lay

,
an

d
in

th
es

e
re

gu
lat

ion
s

"m
in

e"
m

ea
ns

su
ch

a
m

in
e.

2.
-
(1)

W
ith
ou
t

pr
eju

dic
e

to
the

ge
ne
ral
ity

of
se
cti
on

se
ve
nty

-fi
ve

of
the

Ac
t,

no
wo

rk
ing

wh
ich

is
ap
pr
oa
cn
tnq

an
d

wi
thi
n

on
e

hu
nd
red

an
d

flf
ty

fee
t

of
the

su
rfa
ce

sh
all

be
ca

rr
ied

on
in

an
y

rn
tne

,
un

les
s

th
e

m
an

ag
er

ha
s

eu
ffl

cte
nt

in
fo

rm
at

ion
ab

ou
t

th
e

na
tu

re
of

the
ma

ter
ial

be
tw
ee
n

the
wo

rk
ing

an
d

the
su
rfa
ce

to
de
ter
mi
ne

wh
eth

er
it

ma
y

ca
us
e

da
ng
er

to
pe
rso

ns
wo

rk
ing

in
the

mi
ne
:

Pr
ov
ide

d
tha

t
thi
s

pa
rag

rap
h

sh
all

no
t

ap
ply

wh
ere

the
re

is
an
oth

er
wo

rk
ing

or
a

dis
us
ed

wo
rk
ing

ve
rti
ca
lly

ab
ov
e

the
wo

rk
ing

in
qu
es
tio
n

at
a
dis
tan

ce
no
t

les
s

tha
n

thi
rty

fee
t

or
flv
e

tim
es

the
thi
ck
ne
ss

of
the

se
am

to
be

wo
rk
ed

wh
ich

ev
er

is
the

gr
ea
ter
.

(2
)

No
wo

rk
ing

sh
all

be
ca
rri
ed

on
at

an
y

pla
ce

in
an
y

mi
ne

if
the

re
is

ev
ide

nc
e

tha
t

wi
thi
n

on
e

hu
nd
red

an
d

fir
ty

fee
t

the
reo

f
the

re
ma

y
be

an
y

pe
at,

mo
ss,

sa
nd
,

gr
av
el,

sil
t

or
oth

er
ma

ter
ial

tha
t

is
lik
ely

to
flo
w

wh
en

we
t,

un
les
s

the
ma

na
ge
r

of
the

mi
ne

ha
s

su
ffi
cie
nt

inf
or
ma

tio
n

to
de
ter
mi
ne

the
na
tur
e,

po
sit
ion

,
thi
ck
ne
ss

an
d

ex
ten

t
the

reo
f.

(3
)

r-l
o
wo

rk
ing

sh
all

be
ca
rri
ed

on
at

an
y

pla
ce

In
an
y

mi
ne

if
the

re
is

ev
ide

nc
e

tha
t

wi
thi
n

on
e

hu
nd
red

an
d

fif
ty

fee
t

the
reo

f
the

re
ma

y
be

an
",

ro
ck

or
str
atu

m
co
nta

ini
ng

or
lik

ely
to

co
nta

in
wa

ter
(w

he
th

er
di

sp
er

se
d

or
In

na
tu

ra
l

ca
vit

ies
)

un
les

s
th

e
m

an
ag

er
of

the
mi
ne

ha
s

su
ffi
cie
nt

lnf
or
ma

tio
n

ab
ou
t

tb
e

na
tur
e

or
po
sit
ion

the
reo

f
to

de
ter
mi
ne

tha
t

it
is

no
t

da
ng

er
ou

s
to

pe
rs

on
s

wo
rk

in
g

in
t+
e

m
in

e
or

su
frl

cie
nt

in
fo

rm
at

ion
ab

ou
t

th
e

na
tu

re
)

po
sit

ion
)

th
ick

ne
ss

an
d

ex
ten

t
th

er
eo

f'
to

de
ter

m
in

e
wh

eth
er-

it
m

ay
ca
us
e

da
ng

er
to

su
ch

pe
rso

ns
.

3.
W
ith
ou
t

pr
eju

dic
e

to
the

ge
ne
ral
ity

of
se
cti
on

se
ve
nty

-se
ve
n

of
the

Ac
t,

no
wo

rk
ing

wh
ich

-
(a)

is
ap
pr
oa
ch
ing

an
d

wi
thi
n

on
e

hu
nd
red

an
d

fif
ty

Fe
et

of
the

su
rfa
ce
;

or
(b
)

is
wt
tht
n

on
e

hu
nd
red

an
d

fif
ty

fee
t

of
an
y

pe
at,

mo
ss,

sa
nd
,

gr
av
el,

sil
t

or
oth

er
ma

ter
ial

tha
t

is
ltk
ety

to
flo
w

wh
en

we
t;

or
(C
)
is

wi
thi
n

on
e

hu
nd
red

an
d

flf
ty

fee
t

of
an
y

ro
ck

or
str
atu

m
co
nta

ini
ng

or
lik
ely

to
co
nta

in
wa
ter

(w
he
the

r
dis
pe
rse
d

or
In

na
tur
al

ca
vit
ies
)

no
t

be
,ng

ro
ck

or
st

ra
tu

m
wh

ic
h

by
re

as
on

of
its

na
tu

re
01

"'
po
s

ltto
n

is
no

t
da

ng
er

ou
s;

sh
aH

ex
ce

ed
te

n
fe

et
in

wl
dth

,
un

le
ss
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the
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r
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-
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·ca
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eig
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ad
va
nc
e,

at
lea
st

on
e

bo
reh

ole
ne
ar

the
ce
ntr
e

of
the

wo
rk
ing

,
an
d

su
ffi
cie
nt

fla
nk

bo
reh

ole
s

on
ea
ch

sid
e.
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cti
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cti
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a
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do
ne
d

wo
rk
ing

s
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e
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fiv
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as
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re
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t
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d
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rk
ing

s
ha
ve

be
en

dr
ain

ed
of
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d
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dif
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s
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an

do
ne
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n
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eig
hty

fee
t

of
so
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l
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e
co

al
ar

ea
m

ay
dr

ive
pa

ssa
ge

wa
ys

to
wi

n
th
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eig
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rra
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lch
is

lik
ely

to
co

nta
in

a
da

ng
ero

us
ac

cu
mu

lat
lon

of
wa

ter
or

ga
s

or
of

dis
us

ed
wo

rk
ing

s
(n

ot
be

ing
wo

rk
ing

s
wh

ich
ha

ve
be

en
ex

am
ine

d
an

d
fo

un
d

to
be

fre
e

fro
m

ac
cu

mu
lat

lon
s

of
wa

ter
an

d
ga

s),
the

wo
rk

ing
ap

pr
oa

ch
ing

su
ch

pla
ce

sh
all

no
t

ex
ce

ed
8

fee
t

In
wi

dth
or

he
igh

t
or

su
ch

gr
ea

ter
wi

dth
s

as
ma

y
be

pe
rm

itt
ed

by
the

Di
rec

tor
'

of
M

lne
s

an
d

the
re

sh
all

be
co

ns
tan

tly
ke

pt
at

a
su

ffi
cie

nt
dis

tan
ce

,
no

t
be

ing
les

s
tha

n
15

fee
t

in
ad

va
nc

e,
at

lea
st

on
e

bo
reh

ole
ne

ar
the

ce
ntr

e
of

the
wo

rk
ing

fac
e

an
d

su
ffi

cie
nt

Ra
nk

bo
reh

ole
s

on
ea

ch
sid

e
at

int
erv

als
of

no
t

mo
re

tha
n

15
fee

t.
In

ca
se

of
ov

erl
ay

ing
ac

cu
mu

lat
ion

s
of

wa
ter

,
the

Di
str

lct
In

sp
ec

tor
,

aft
er

co
ns

ult
ati

on
wi

th
the

en
gin

ee
r

an
d

the
mi

ne
ma

na
ge

r,
ma

y
req

uir
e

tha
t

so
lid

pil
lar

s
be

lef
t

in
or

the
ar

-e
a

de
wa

ter
ed

.
Ev

ery
su

ch
dir

ec
tio

n
in

thi
s

co
nn

ec
tio

n
by

a
Dl

str
ict

In
sp

ec
tor

sh
all

be
co

mp
lie

d
wi

th.
"

EF
FE

CT
IV

E
DA

TE
RE

G
UL

AT
IN

G
AG

EN
CY

PU
BL

IC
AT

IO
N

O
F

LA
W

., o <{ c .9 ~ :i
Q

l

01
<
.

Q
)

.a
~

n
l

"'
U

i

'"
a
,

c ~
Q

l

19
48

.J
';
;j

C n
l

0
:0

0
n
l

I
C

C
n
l

0
()

:;
:; n
l

'ii
i

'0
,
.5

Q
) o ,;:
:

U
)

'0
Q

l
19

55
c

<
.

~
.8

'ii
i

.5
0 0

'ii
i

.S
c s

1i
'

n
l

~
C <
.

n
l

.8
if)

s



AP
PE

ND
IX

B

C
U

R
R

EN
T

ST
A

TE
.

W
H

IC
H

FE
D

ER
A

L
A

N
D

FO
R

EI
G

N
G

U
ID

EL
IN

ES
FI

T
TH

E
LE

VE
L

II
C

LA
SS

IF
IC

A
TI

O
N

ST
AT

E.
FE

D
ER

AL
O

R
FO

RE
IG

N
CO

UN
TY

G
UI

DE
LI

NE
PU

BL
IC

AT
IO

N
O

F
LA

W
EF

FE
CT

IV
E

DA
TE

RE
G

UL
AT

IN
G

AG
EN

CY

(j) '" ~ ~ (j) &
!

u ~ (j) ~ s

C
D I ro -"

Ca
na
da

GE
NE

RA
L

RU
LE

S,
Se
cti
on

28
.

Ru
le

13
U. (a)

W
he

re
an

y
wo

rk
i.n

g
in

a
mi

ne
ap

pr
oa

ch
es

a
pla

ce
wh

er
e

th
er

e
is

or
ma

y
be

an
ac
cu
mu

lat
ion

of
wa
ter
,

bo
reh

ole
s

sh
all

be
ke
pt

we
ll

in
ac
va
nc
e

,
an
d

su
ch

ad
dit
ion

al
pre

ca
utl
on
s

sh
all

be
tak

en
as

ma
y

be
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em

ed
ne
ce
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ry
to

ob
via

te
the

da
ng
er
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a

su
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bre
ak
ing

-th
rou
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of
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.

(b)
(I)

W
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re
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ng
s
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a
mi
ne

are
ap
pro

ac
hin

g
an
y

ab
an
do
ne
d

wo
rki
ng
s,

wh
eth

er
in

or
be
lon

gin
g

to
tha

t
mi
ne

or
an
y

oth
er

mi
ne
,

the
ma

na
ge
r

in
ch
arg

e
of

the
pre
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h
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APPENDIX C

SUBMARINEMINING

GENERAL DISCUSSION

Eight foreign countries with active submarine mining operations

have been identified, including Japan, Chile, Taiwan, Turkey, Spain,

Australia, Canada, and the United Kingdom. Most of these countries

have been confronted with serious mine inundations at some time.

Majorfloodings in Japan between 1900 and 1959 took 611 lives - with

235 men lost in a single incident in 1915. Fatal inrushes also occurred

in Chi le, Austra 1ta , and Spa in. Unfortunate ly , deta iled information

concerning many of these accidents is not available.

Data that was gathered indicates that most submarine inundations

have been attributed to failure of thin, consolidated rock cover or inter-

ception of water bearing faults and high flow aquifers. In some cases,

mining to within 100 feet of the sea floor was accomplished before break-

through occurred.

Various mining guidelines are utilized to prevent inrush occurrences

in submarine mining operations. The most widely used submarine mining

guidelines involve the limit angle of 35 degrees, as defined in previous

Phase Reports.
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A line projected downward to the mineral seam at an angle of

350 fr-om the vertical away from the body of water on all sides establishes

the boundary or perimeter. Within this boundary, no mining is permitted

within approximately the first 200 feet of cover. Below this zone of no

mining, partial extraction (about 50 percent) is permitted. The zone

where full extraction can take place is variab le with cover thicknesses

based on local geology and experiences. The Nova Scotia guideline is the

most restrictive, however, requiring at least 700 feet of cover.

Presently the United Kingdom and Canada have substantial subma-

rine coal production, and guidelines utilized have been developed through-

out their long mining history. These guidelines have been enhanced by years

of subsidence studies which enable prediction of the potential for failure

of strata supporting man-made structures or surface waters. (Subsidence

pr-edtcttve methods are discussed in detail in the following section.)

According to the accident record, these guidelines, although they

differ in their requirements, afford reasonably good protection. Since

many miners in these submarine operations are working one or two miles

from the nearest onshore escapeway, a great deal of precaution is taken

to eliminate possibilities of an inrush. Precautions against seabed breach-

ing are also taken to prevent sterilization of considerable coal resources.

National Coal Board guidelines afford good protection for their

submarine mining regions • Thorough review of these explicit guidelines
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indicates a wide variety of problems are anticipated and considered in

development of safety precautions. Major considerations include:

• Strength, type and thickness of overlying rock strata including
the coal left in pillars.

• Recognition of deep buried channels in the floor of the seabed
which could be mistaken for solid rock cover. Actual rock
cover in such instances would be much less than predicted.

• Mapping of faults with regard to their displacement and pos-
sib le water bearing capacity.

• Location of water bearing strata, aquifers or fracture zones,
which may convey unacceptable quantities of water into mine
workings.

• Consideration of previous and proposed mining to determine .
combined rock strain effects on over-lytnq strata if new mining
proceeds.

• Consideration of previous mining to prevent inadvertent con-
tact v..lith flooded mine workings.

• Use of provi.ng headings for controlled seaward advance of mine
workings and to provide on-site testing of rock integ r-ity and
permeabil ity.

The specific requirements of the National Coal Board for full and

partial extraction mining methods are summarized below:

• Longwall Mining

No extraction permitted (panels) with less than 344 feet of
cover between seabed and top of seam, or with less than
197 feet of carboniferous strata overlying the seam.

The sum total of all mining is not permitted to induce a ten-
sile strain at the seabed exceeding 10 parts per thousand.
Analysis and testing methods (subsidence predictive methods)
to evaluate tensile strain are presented in the fol lowiriq
section.
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The stability of old pi lIars must be considered in assessing
strain predicted.

Positions of working edges (ribs and face lines) may be
staggered to minimize strain.

- Particular attention must be given to the "hurnp" in the sub-
sidence trough caused by chain pillars and pack walls, es-
pecially for multi-seam mining.

- If solid stowing is adopted, subsidence predictions (strain
calculations) are permitted using half the seam thickness
for the best methods, others being judged by their own
merits •

• Room-and-Pillar (Partial Extraction)

No partial extraction where cover between top of seam and
seabed is less than 197 feet, and where thickness of car-
boniferous rock is less than 148 feet.

- Minimurn dimension of pillar, where seam thickness is
equal or less than 6.5 feet, shall not be less than h/10
(h = depth of seam). For seam thicknesses greater than
6.5 feet the minimum width is h/10 plus the thickness of
the seam. The above applies when the width of extraction
(room) does not exceed 20 feet. Depth determinations must
include 1/2 the depth of sea water. Where bottom rock is
plastic when wet the minimum pillar width shall not be less
than h/6 tncluotno 1/2 the depth of water.

• Room-and-Pillar (Pillar Extraction)

All requirements and restrictions apply as for longwall
mining discussed above.
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• Other Requirements

All potentially dangerous sources of water (faults, aquifers,
etc.) must be mapped, Includtnq effects of mining induced
subsidence and resultant increased permeabtl ity of rock
strata.

Elevations of all seabed and consolidated rock interfaces,
thicknesses of unconsolidated material, and locations of any
buried river channels shal 1be indicated.

Any reductions in thickness of carboniferous rock units must
be determined. When minimum thickness is not met, only
a proving heading is permitted in such areas.

- Exemptions from the provisions above may be permitted
only through application and subsequent. approval.

The restrictions and r-equir-ernenta of the Province of Nova Scotia,

Canada are summarized below:

• Full Extraction Methods

Total extraction of the coal in the submarine field may be
carried out safely by allowing 100feet of cover for every
foot of seam mined, providing a minimum cover of 700 feet
is met.

Where any workings are carried on using the longwall
system (or where pil lar-s are pulled) less than 1,000 feet
below sea bottom, any suspect areas (faults) must be first
explored with a proving heading in a seaward direction 150
feet in advance of the workings. If this ground is proven
by other workings, exceptions to the above may be granted.
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• Partial Extraction Methods (Room-and-Pillar:)

Weight of overburden, ultimate crushing strength of coal,
and method of extraction must all be considered.

The following list of approved pillar sizes shall assist sub-
marine mine planning. These approved pillar sizes were
establ ished using an average crushing strength of 2,500
pounds per square inch and weight of overburden using 150
pounds per cubic feet.

Approved Pillar Sizes

Cover (ft.) Seams over 5.5' and under 7.0' Seams 7.0' and over
Size of Pillar Percent left Size of Pillar Percent lett

(ft. ) in pillar (ft. ) in pillar

200-300 32 x 48 e;o.o 32 x 48 50.0
300-350 34 x 50 51.5 34 x 50 51.5
350-400 36 x 52 53.0 36 x 53 53.0
400-500 38 x 54 54.3 38 x 54 54.3
500-G50 40 x 56 55.6 40 x 56 55.6
550-600 40 x 56 55.6 43 x 59 57.5
600-650 41 x 57 56.2 43 x 59 57.5
650 or over 45 x 61 58.5 47 x 63 59.5

• All Methods

No mining (workings) is permitted under less than 180 feet
of solid rock cover. Entries to win coal may be driven under
not less than 100 feet of solid cover. Mining under less cover
by less efficient mining methods is only permitted if sterili-
zation of significant coal resources would otherwise result.

In all workings where the overhead cover is less than 500
feet, levels shall be taken at least every three months and
soundings taken at reasonable distances. Such data will
indicate depth of water at least 1, 000 feet in advance of
wor-ktnqs ,
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- No new lift or level of coal may be worked from an existing
mine without acquiring a new permit.

In submarine mining areas, a 150 foot barrier between pro-
perties shall be left, 75 feet on each side.
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SUBSIDENCE PREDICTIVE METHODS

(Abstracted From "Subsidence Engineers Handboo.k"
National Coal Board - Mining Department 1975)

HORIZONTALSEAMS

One of the most critica 1factors contr-o 1ling fracture of over lying

strata is the width 01'1)or the mine void. If 0!V)is kept small, unfractured

strata wit I bridge the void as shown in Figure C1. However, as the width

is increased, fracturing will commence and arch upwards. Depending on

depth of the seam (h), seam thickness (t), and overlying rock type, the

critical width 0!Vc)is achieved when fracturing progresses to the surface

(see Figure C2). Critical widths are achieved both by increasing 0!V)at

a given depth or by excavating the same width at a shallower depth. The

resulting sag of the surface is referred to as the subsidence trough.

The width or area of surface disturbance is greater than the ex-

tracted width or area. Figure C3 illustrates the increased width of

disturbance which is equal to twice the depth times the tangent a (angle

of draw or limit angle a). The angle of draw is thought to be decreased

with increased depth of workings and the occurrence of thick sandstones

overlying the coal seam. In Europe, this angle is approximately 35

degrees; however, the subsidence effect is small beyond 25 degrees. The

amount of subsidence (s) varies across the excavation and reaches a max-
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imum (5) at the center. If a supercritical width (+W)is reached or ex-

ceeded, maximum subsidence (Smax) occurs. Resultant rock displace-

ment 0/) creates tensile (+) and compressive (-) strains in strata toward. .

the point of Inflectton (near both ribs) inward to the center of the void. At

the point of inflection or transition, subsidence is found to be half (S/2)

of the maximum in the profile. For (- W), the transition point is found

over the rib and for CNc) it is more toward the gob. An angle between the

horizontal and another upward from the edge of the rib to the point of

maximum tensile strain is referred to as the "angle of break".

The amount of surface disturbance, or movement, is a function of

overburden type, inclination of the strata, surface topography, thickness
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and depth of seam, width of excavation and resulting angle of draw. The

above phenomena applies to individual rooms, extracted longwall panels

(where length of panel is 1.4 times the depth) and full extraction room-

and-pillar workings. Any remaining chain pillars and pack walls will

produce a hump in the subsidence trough.

Measurement of subsidence value (S) is accomplished by precision

leveling at surface subsidence stations. Such leveling data permits graphical

illustrations of (S), (h) and (:N). Discussions of maximum trough subsidence

are often facilitated by eliminating seam thickness (t) in place of (S/t),

percentage of seam thickness. The subsidence development curve, Figure C4,

was established from surface measurements taken over 157 British coal

mines, 100 to 2,600 feet deep. These mines had seam thicknesses ranging

from 2 to 18 feet; dips to 25 degrees; widths (Withfull caving) between 100

to 1,500 feet; and yielding Width/depth (:N/h) ratios from 0.05 to 4.0.

Adapted From National Coal Board
Subsidence Handbook, 1975
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SUBSIDENCE TO (W/h).
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From this figure, it is evident that the percentage of seam thickness sub-

sided is negligible (as are surface damages) if the W/h ratio is less than

0.25 and that subsidence to the extent of 90 percent seam thickness is

achieved when the W/h ratio exceeds 1.2. This is a general rule and does

not necessarily hold true of all coal basins. For instance, measurement

of ground subsidence in the Sidney Basin coal measures of Australia indi-

cate corresponding values are considerably less than 0.9 of the original

seam thickness. Currently, maximum subsidence values are multiplied by

a "reducing factor of 0.85 for use in the Sidney Basin. Corresponding

values for U. S. longwall mining might be less than 0.75 because of the

practice of leaving entry pillars.

A number of subsidcnc8 predictive methods have bean developed;

among these are the National Coal Board's, which merit special mention.

Knowtnqthe width (W)and depth (h) of workings, the ratio of maximum sub-

sidence (S) to seam thickness (t) is obtained from Figure C5, which was

developed empirically in the United Kingdom. If solid stowing (pneumatic)

is used, subsidence reduction is 50 percent. The limiting conditions for

this figure's application, permitting its use within 10 percent accuracy, are:

(1) where working panels extend for a distance of 0.7 times the
depth in front and beyond the surface where subsidence is to
be predicted, or total length of the panel (L) must be about 1.4h.

(2) no center gate stowing in panels or other zones of spatial
packing, apart from those in main and tail gates.
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(3) panels are not developed parallel and an average value is
usually chosen.

When a panel does not have sufficient length (1.4 h), Figure C6 values

must be used as a reduction factor in accordance with the proportion of

maximum subsidence which the limiting face advance permits.

Subsidence reduction is calculated by considering the length (L) of

face travel as a fraction of the depth, applying the appropriate partial sub-

sidence curve for any given depth (h). Distance traveled (L) as a fraction

of depth is read off the horizontal scale and Figure C5's subsidence factor

is multiplied by the corresponding vertical scale correction factor.

If, for example, a caved face traveled only 150m, working a panel

180m wide, in 1.5m thick seam at a depth of 300m, Figure C5 indicates

Sit = 0.61. Therefore, S = 0.6 x 1.5m or 0.815m, which corresponds

to Smax for L = 1.4 times the depth (about 420m). Applying the correction

factor from Figure C6, where advance over h is 0.5 (150/300) on the bot-

tom scale, the value of sis is 0.51 or S is 51 percent of 0.815m or 0.467m

(actual maximum subsidence). Experience in the United Kingdom indicates

it is possible to achieve an sit value of 0.8 for both deep and shallow

workings if the shallow working panels are wide enough.

In addition to the value of S, discussed above, the remaining pro-

file values of subsidence must be determined to ascertain the complete

effects of mining. The shape of a subsidence trough is a function of widthl
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depth ratios as determined from field observations. For any width/depth

value, a curve can be established relating sis ratios at any distance out

from the center of panel, with d/h, the distance from center, given in

terms of depth. Graphs relating sis to dlh for various W/h ratios were

used to develop Figure C7, a family of curves from which the subsidence

values sis for any subsidence trough can be obtained. The following table

of values (Table C1) were used to plot the curves and can be conveniently

used in place of Figure C7.

The usual method for plotting the subsidence profile for a particular

mine extraction is provided below.

If a longwall face 160 meters wide 0N) works a 1.4 meter thick seam

(t) at a depth of 400 meters (h) the W/h rati.o i.s 0.4. From Fi.gure C3 i.t is

then determined Sit equals 0.37 or S is 0.518 meters. For remaining

vertical movements (s) within the trough, assumed values of sis are tab-

ulated as shown below in column 1. From Table C1, distances in terms

of h are chosen for corresponding values of siS for W/h ratio of 0.4

(column 3). Having determined S is 0.518 meters, s in meters (column

2) for the assumed values of siS are calculated; for example if siS is

0.5 then s is 0.5 x 0.518 or 0.259.

The point of inflection, shown in the subsidence profile (Figure C8),

marks the transition of tensile to compressive strains inward towards the

center of the panel. This point also agrees with the position of half-maximum
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(i; 0.25
a:wt;j 0.50
:E
~ 0.75

GROUND LINE
DATUM

Adapted _From National Cool Board
Subsidence Handbook, 1975

PILLAR

I--w--l
Distance in Distance in

siS (1) s(meters) (2) terms of h (3) meters (4)

0 0 0.90 360
0.05 0.026 0.59 236
0.10 0.052 0.47 188
0.20 0.104 0.34 136
0.30 0.155 0.28 112
0.40 0.207 0.24 96
0.50 0.259 0.21 84
0.60 0.310 0.18 72
0.70 0.363 0.15 60
0.80 0.414 0.12 48
0.90 0.466 0.08 32
1.00 0.518 0.00 0

FIGURE ca. TABULATION AND PLOTTING OF
SUBSIDENCE PROFILE VALUES.

subsidence S or 5/2. This inflection point has been found to migrate

inwards with increasing W/hvalues or for increasi.ng panel widths while

maintaining the same cover. The precise location of maximum subsidence

and point of zero subsidence are diffi.cult to determine within 3 percent

C-25



accuracy. Contributing to these problems are movement of monitoring

stations, rainfall and "temperature.

TILTED SEAMS

The above subsidence profile discussions are applicable to level

seams. However, most coal beds dip somewhat and thereby cause dis-

placement of the subsidence trough toward the dip. From Figure C9

variations in limit angles can be determined. It should be noted, how-

ever, that such data obtained from field experience is extremely limited

for seams pitching more than 25 degrees. Figure C10 illustrates the dis-

placement of the trough profile determined in the foregoing example. Re-

sultant surface tilting can be determined from the subsidence profile values

tabulated above. For example, if two points 92 and 112 meters from the

center (20 meters apart) undergo 0.196 and 0.147 meters of subsidence,

respectively, the difference of 0.049 meters over the 20 meters of station

separation produces a tilt or slope of 0.0025 or 0.17 degrees. In many

cases the original mining plan may not be followed to completion and resul-

tant subsidence may increase. I\s an extra precautionary measure, maxi-

mum possible subsidence should be anticipated when planning a new operation.

The above profiles do not consider the so-called "hump" or possible

flattening of the trough resulting from center gate or other packing zones.

For deep lying seams, the critical width may extend across two or three

C-26
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FIGURE C9 . VARIATIONS IN LIMIT ANGLE FOR TILTED
SEAM.

Adopted From Notional Coal Board
Subsidence Handbook, 1975

FIGURE C10. DISPLACEMENT OF TROUGH PROFILE FOR
TIL TED SEAM.
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panels and their respective support zones which decrease maximum sub-

sidence. The National Coal Board has examined such cases of reduced

subsidence and developed the following graph (Figure C11) which relates s

(at top of hump) to the otherwise predicted 5. Figure C11 plots siS against

w/h for the mean of stowed center gates and solid coal pillars, the latter

being left between adjacent panels. As indicated, wide pack walls (greater

than O.7h) produce a subsidence of 0.45 where equivalent width solid pillars

almost eliminate subsidence. It should also be noted that packs and pillars

pr-ovidelittle subsidence reduction when small.

Adapted From National Coal Board Subsidence Handbook 19751.0 "

\\ \
~ .v7'!....R

GATE

\-,
""~

{~~
••......

0.8

0.6

SIS

0.4

0.2

o 0.2 0.4 0.6 0.8 1.0
WIDTH OF PACK OR PI LLAR ZONE

IN TERMS OF DEPTH

l2

FIGURE C 11 •. SUBSIDENCE, REDUCTION OVER CENTER

GATES AND SOLID COAL PILLARS.
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Subsidence produces horizontal strains (e) by producing changes in

lengths of a section of ground. This change is usually expressed in mm/m,

for example, 0.01 would be 10mm/m. The direction of change resulting in

compression or extenetons .is indicated by (-) and (+) signs, respectively.

Zones of maximum extension and compression are designated by (+E) and

(-E), respectively. The transition point between -e and +e occurs near

ribside when the w/h ratio is greater than 1.35 and over the rib if less.

Maximum compression occurs at the panel center when Widths are less

thanO.42h, but with greater ratios two compression zones are developed.

Table C2 provides values of e/E used in Figure C12 to illustrate strain changes

associated with increasing panel widths for 0.42h, 0.9h and 1.5h (See Figure

C13). The middle diagram (b) does not vary greatly from 0.5h to 1.4h.

Figure C14 shows howthe compression (-e) on such humps compares with

maximum compression (-E).

The relationship of strains, extension and compression is of

interest as w/h ratios change. The intensity of +E is 25 percent greater

than -E for critical width panels. However, for more narrow width panels

-E is significantly greater than +E, in fact, twice as great for panel widths of

o .43h. Figure C15 illustrates these relative amounts of strain for increasing

w/h ratio panels. The vertical scale, S/h, is chosen since strain is pro-

portional to subsidence and inversely proportional to depth, or maximum

C-29
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W= 0.42h
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.••.•.•••. Adapted From National Coal Board
Subsidence Handbook, 1975W= 1.5h

FIGURE C 13. PRINCIPAL TYPES OF STRAIN PROFILES.

Adapted From National Coal Board Subsidence Handbook, 1975
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FIGURE C 14. COMPRESSIVE STRAIN AT PANEL CENTER

RELATIVE TO MAXIMUM COMPRESSION.
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4 Adapted From National Coal Board Subsidence Handbook 1975
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I'h

FIGURE C15. PREDICTION OF MAXIMUM SLOPE AND

STRAINS FOR VARYING VALUES OF ~/h.

o

strain is proportional to S/h, S being the maximum strain over the

workings. The slope in Figure C15 is the maximum slope (G) in a sub-

sidence trough derived by the multiplier S/h.

Although-previous methods of determining +E merely used 0.75S/h

for panel widths to 0.7h, it has been found that Figure C15 values are more

aocur-ate •. One method which facilitates quick determination of G, +E or -E

is the calculation of S/h then multiplied by the corresponding value (:N/h)

from Figure C15. This figure only applies when no center gate or other

cause for a hump (reduction is S) exists •.
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The above mentioned predictive methods for calculating ground

strains apply to essentially level terrain and corrections are r-equtr-ed when

the surface slopes. The following nomograms are utilized to correct such

strain values. Figure C16a applies to bay lengths (lengths between stations

measuring subsidence) computed horizontally and Figure C16b, along the

slope. When predicting strains as indicated above, the strain adjustment

must be added to tensile strain and subtracted from compressive strain.

When the surface is level and the seam is dipping, 'a correction

factor increases tensile strain on the dip side and decreases it on the rise

side. Although this phenomena still requires some investigation for sloping

surfaces, correction factors listed in Table C3 below are useful within the

gradient'r'angei in 1.5 to 1 in 10 for level surfaces. For example, if a

seam is dipping at 1 in 3 and the calculated strain for a level seam were

1mm/m, the corrected strain would be 0.46 mm/m on the rise and 1.54 on

the dip side.

Prediction of strain values from the radius of curvature (p) of a

subsidence profile has proved useful. The smaller the radius of curvature,

the greater the strain; hence, strain is proportional to 1/p. Angle G-,

differential slope, is small, and if considered in radians for a given bay

length (1), then p equals l/G-and strain is proportional to &/1. Although much

could be said concerning proper selection of bay lengths, a useful and

C-34
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TABLE C3. EFFECTS OF SEAM GRADIENT ON
TENSILE STRAIN.

Proportion of Normal
GRADIENT Tensile Strain

Rise Dip

1 in 1.5 0.29 1.71
1 in 2.0 0.35 1.65
1 in 2.5 0.41 1.59
1 in 3.0 0.46 1.54
1 in 3.5 0.51 "1.49
1 in 4.0 0.56 1.44
1 in 4.5 0.60 1.40
1 in 5.0 0.64 1.36
1 in 5.5 0.69 1.31
1 in 6.0 0.73 1.27
1 in 6.5 0.76 1.24
1 in 7.0 0.80 1.20
1 in 7.5 0.83 1.17
1 in 8.0 0.85 1.15
1 in 8.5 0.87 1.13
1 in 9.0 0.89 1•11
1 in 9.5 0.91 1.09
1 in 10 0.92 1.08

Adopted From National Coal Board Subsidence Handbook, 1975

accurate length is 0.05h or one twentieth the depth. Mean values of strains

proportional to ell have been ascertained by the NCBwithin usable limits

of accuracy and are shown on the following graph (Figure C17).

The relationship of subsidence to time for any point of interest near

an excavation has also received in-depth study in the United Kingdom. As

a face advances toward a point P on the surface, detectable subsidence

occurs when the face is within0 .75h, reaching about 15 percent of Smax

when the face is below this point, or more accurately below on a line drawn
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FIGURE C 17. GRAPH

normal to the dip and intersecting the face. When the face advances a dis-

tance 0.7h farther from the point, regardless of whether advancement con-

tinues, all noticeable subsidence is complete. Field observations further

indicate two types of subsidence occur, an active and time-dependent or

residual subsidence. Both occur together unti1active subsidence ceases,

at which time residual continues, the amount varying according to the dis-

tance from the face. At points where combined subsidence was the fastest,

most residual subsidence occurs, other points having less toward the angle

of draw. Maximumresidual subsidence is typically about 0.095 at the point

of 5/2. Figure C18 illustrates typical subsidence development discussed

above. Exceptions or variations of the above subsidence development may
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FIGURE C 18. SUBSIDENCE DEVELOPMENT CURVE FOR

TYPICAL CONDITIONS.

result when unusually strong strata exist, in which case residual subsi-

dence is increased.

Room-and-pillar subsidence reacts differently where size and

number of pillars, soft bottom thickness of underclay, seam thickness

and depth of cover are determining factors. The type of work accomplished

in the gob, whether full caving, strip-packing or solid stowing, has little

effect on development behavior, as demonstrated by Figure C19.
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FIGURE C19. SUBSIDENCE DEVELOPMENT WITH
VARIOUS GOB TREATMENTS.

It must be stressed that white the above methods of subsidence

related predictions are useful, this information was derived from British

case histories, many of which involve longwall mining and gob stowing.

Thus, application to United States mining and overburden conditions must

be done with caution. Other relevant sources of information include:

State of the Art of Subsidence Control - Abandoned Mines by General.

Analytics, Inc. for Appalachian Regional Commission; Factors in the

Design of Mine Pillars for the Support of Overburden Permanently by

Charles T. Holland.
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