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SPECTAL NOTE

The section on mine maps (pages 11-13) is synopsized
from existing Federal regulations (30 CFR 75..1200)}. This
section is included to emphasize the importance of mine
maps in relation to mining under or near bodies of water and
is not intended as an additional mapping requirement or as a
proposed amendment to .current regulations.

Panel and pillar nining, being used in the United
Kingdom, is not vet extensively used in the United States.
This system which works well in deep coal, has much less
application here, particularly ip the eastern part of the
country wherg the bipgest tonnage is relativaly shallow.
The panel width used has been so wide that only deep coal
can qualify for mining by this method. However, if this
methed iz imported, as the longwall method was in the past,
some guidelines for its use will be available, The method
should find use vhere the coal 1s at the necessary depth,

because higher recovery is possible than with room-snd-
pillar methods.
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RESULTS OF RESEARCH TO DEVELOP GUIDELINES FOR MINING
NEAR SURFACE AND UNDERGROUND BODPIES OF WATER

by

Clarence 0. Bobcock ! end Verne £, Hooker?

ABSTRACT

“This Bureau of Mines publication presents guidelines for mining near
surface and underground bodies of water. The guidelines were based on Lnfor-
mation developed under contract in three phases of study, as follows:

(1) Collection and documentation of data from worldwide sources; (2} appli-
cation of existing guidelines, foreign, Federal, and State, to case histories
of previous inundations; and (3) development of recommended guidelines for

. underground coal mining near bodies of water aimed at maximum efficient urili-
zation of underground coal rescurces consistent with minimizing inundation
hazards., While the contract guidelines were for the mining of coal seams,
they may also be used for mining any tabular sedimentary mineral deposit.
Tables are given for the determination of the size of coal pillars needed;

for other bedded deposits, gimilar tables could be determined based on their
strength properties. ’

TRTRODUCTION

The need for practical safety guldelines when mining near bodies of water
is growing because of increasing mineral demands and an increasing number of
water inpoundments near mineral resources. Accordingly, the Buresau of Mines
generated a program for the development of potential vecommended guidelines
for mining in close proximity to bodies of water. The objective was maximum
efficient utilization of underground ccal resources consistent with minimiz-
ing inundation hazards,

It should be emphasized that an empirical approach to data collection wae
used in developing these recommendations, The basic englneering concepts are
sound; however, when there is sufficlent engineering data or mining experience
availahle, these conservative recommendations should be modified. TFurther
research is under consideration to refine the engineering conditions on which
the recommendations are based.

iMining Engineer.
23upervisory geophysicist.
Both authors are with the Denver Mining Research Centex; Bureau of Mines,
Denver, Colo.
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Two contracts on the subject were initiated im May 1975 and completed in Septem-
ber 1976.®> Results of the contracts were evaluated and compiled by the authors into
a single comprehensive set of recommended technical guidelines relative to surface
waters, surface structures, and abandoned workings.

These recommended guidelines cover total extraction by longwall or retreat pil-
lar robbing, partial extraction by room and pillar, partial extraction by panel min-
ing, and a combination of these methods. Some of the important variables involved
are the solid rock cover above the coal seam(s), allowable tensile strain at the bot-
tom of the water body, the number of seams that may be mined or restricted, and the
allowable proximity of faults, old workings, etc.

SURFACE WATERS
Fotal Extracticn Mining

A total extraction mining system is defined as the extraction of the whole min-
able thickness of a coal seam or other hedded mineral depesit over a large enough
area so that the lateral dimensions in any divection are equal to or greater than
the depth of mining., The methed of extraction, whether by longwall, coatinuous, or
conventioi.al mining, is not relevant to this definition.

The following guidelines are recommended with respect te total extraction min-
ing. These guidelines xequire the establishment--by drilliﬁg or otherwise~~of the
thickness of solid rock cover above the proposed total extvaction workings. If it
is desirved to have overlying material(s) other than solid rock cover included in the
minimum depth stipulation, it is necessary to demonstrate the nature and permeabil-
ity of such materials. Where the woxd “coal” or ''seam" is used, it also appliecs to
any bedded mineral deposit, ’

1. Any single aseam of coal beneath or in the vicinity of any body of surface
water may be totally extracted, whether by longwall mining or by pillar robbing, pro-
vided that for each l-foot thickness of coal seam to be extracted, a minimun of 60
feet of solid strata cover exists between the proposed workings and the bed of the
body of surface water,

2. Where more than one seam of coal exists, all may be worked by total extrac
tion provided that for each 1 foot of the aggregate coal and rock thickness of all
seams to be extracted, a minimum thickness of 60 feer of solid strata cover exists
between the proposed workings in the uppermost seam and the bed of the body of

35kelly and Loy (Harrisburg, Pa.). Guidelines for Mining Near Surface Waters
(Contract HO252083), BuMines Open File Rept. 29-77, 1977, 1%0 pp.; avallable
for consultation at the Buzeau of Mines libraries in Denver, (ole., Iwin Cities,
Mimn., Pittsburgh., Pa., Spokane, Wash,, and Carbondale, Il1l.; at the Cemtral
Library, U.S5. Department of the Interior, Washington, D.C.; at the libraries nf
the Morgantown Energy Research Center-~ERDA, Morgantowm, W, Va,, and the Training
Facility--MESA, Beckley, W. Va.; and from the National Technlcal Information
Service, Springfield, Va., PB 264 728/AS,

K. Wardell and Partners (Newcastle, United Kingdem). Guidelines for Mining Neaxr
Surface Waters (Contract HO252021). Butlines Open File Rept. 30-77, 1977, 59 pp.;
avajlable for consultation at the Bureau of Mines libraries in Penver, Celo.,
Twin Cities, Minn,, Pittsburgh, Pa,, Spokane, Wash,, and Carbondale, I1ll.; at the
Central Library, U.S. Department of the Interior, Washiongten, D,C.; at the
libraries of the Morgentown Energy Research Center--ERDA, Morgantown, W. Va., and
the ¥rafining Facility--MESA, Beckley, W, Va.; and from the Kational Technical
Information’ Service, Springfield, Va,, PB 264 7209/AS,
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surface water. When subsidence observations have been carried out and satis~
factory calcuvlations of surface tensile strain can be made, any number of
seams may %e mined by total extraction provided that the maximum cumulative,

calculated® tensile strain beneath a body for surface water will nowhere
exceed 8.75 rm/m (0,875 percent).

3, Where a single seam has alrcady been mined by total extraction in
accordance with the provision that for each l-foot thickness of mineral and
rock extracted, a minimum of 60 feet of solid strata cover should exist, no
other underlying seam should be mined by total extraction. Where the cover
between the two seams is 60 times (oxr greater)} the extractable thickiness of
the lower seam, such a lower seam should be mined by partial extraction--in

accordance with the subsequent guidelines here stipulated--as though the upper
seam represented a body of surface water.

4. Where wash or other natural or artificial deposits, which may be
nighly permeable or which when wet may flow, exist between bedrock and the ted
of a body of surface water, these should be excluded from the thickness of
so0lid strata mentioned, except where it has beén demonstrated that such wash

or other deposits would not be likely to flow when wet and could be considered
as impermeable.

5. Where a fault which might coanect mine workings with a body of sur-
face water and which has a vertical displacement greater than 10 feer, or an
intrusive dike having a widih greater than 10 feet, is known to exist or is
met with during development, no seam should be totally extracted within
50 feet horizontally on either side of such fault or dike.

Partial Extraction Mining

A partial extraction system is one in which designated pillars are delib-
erately left unworked for the purpose of giving more or less permanent support
to the overlying strataand the land surface. Two such systems are the room-
and-pillar first working and the ptael-and-pillar system,

Room and Pillar

In the room-and-pillar system of mining about 30 pexcent of the coal is
recovered by two intersecting sets of parallel entries, usually nearly per-
pendicular to one another. The result is a checkerboardlike array of pillars
which systematically support the roof rock. In the following discussion the
term "first working'" means that the coal 1s mined by drxiving the entries, as

opposed to "secondary workings'" in which the coal left in the pillars is mined
to increase recovexry.

Minimum Depth of Cover

A minimum thickness of solid strata covershould he lefr above the coal

seam, Both the height and width of the entries and the characteristics of

*Caicﬁlation procedure is given in the appendix,
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the roof beds are significant parameters with respect to expected roof col-
lapse height.

The separate provisions with respect to drifts and tunnels are stip-
ulated because the practicability and cost of supporting and maintaining them
would be renerally acceptable. In rocm-apd-pillar entries, however, the cost
of perranent supports would be exceptionally high and their waintenance would
be generally impracticable.

The following guidelines are recommended with respect ko a minimum depth
of seolid strata for room-and-pillar workings.

1. HNo entry should be driveu in any coal seam lying beneath or in the
vicinity of any body of surfarz water where the total thickness of solid
strata cover above the s.am is less than 5 times the maximum entry width (5s)
or 10 times the maximum entry height (lOt), whichever is the greater. Where
at least one competent bed of sandstene or similar material is present within
the solid strata and has a thickness at ieast 1.75 times the maximum entry
width, mining at a lesser cover than 5s or 10t may be considered,

2. In the case of drifts or tunnels beneath or in the vicinity of the
body of surface water driven through the strata for the purpose of gaining
access to a coal seam, the provision of 10t or 5s should also apply unless
drifts or tunmels are permanently supported and are so maintained. In the
latter event, however, there should be a minimum solid rock cover of 1,75
times the maximum drift or tunnel width,

Pilla. Dimensions for First Workings

The results of observing the bebavior of mine pillars uynderground with
respect to stability, of laboratory testing of coal samples, and of theo-
retical considerations were combined to establish the size of coal pillars
needed for safety as functions of coal thickness, depth below surface of the
coal seam, and the room width used. In accordance with the results, the fol-
lowing guidelines are proposed with respect to pillar dimensions for room-and=-
pillar first workings,

1. Where room-and-pillar first working is to be carried ocut beneath or
in the vicinity of any body of surface water and at cover depth greate: than
the atipulated minimum, the minimum width of pillar should be determincd in
accordance with tabies 1 chrough 7.° An exception is made where specirnie
local data (including relevant and comparable mining experience) exist which
demcnstrate that a lesser width could be used with safety.

- - . . L . _ e csreew s AR B e

ETables include seams thicknesses of 3, &, 6, B, 10, 12, and 14 feet. If
other seéam thickness data are required, the tabulated value, W, can be
obtained by trial and error oy numerxical methods from the equation

(R /W)P1.5D = 1000/ JH + 20 (W/H)?,where W, R, B, and D are piilar widch,

room width, seam thickness, and depth from surface, respectively.
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2. Vhere an upper seam has been mined by room-and-pillar first working
in accordance with these guidelines, underlying seams should not be mined--
whether by total or partial extraction--except by considering the upper seam
as though it were the base of the surface body of water.

3. Where pillar widths are determined in accordance with these provi-
sions, the calculated pillar loading should not exceed the allowable load-
bearing capzcity of the immediate roof and/or floor beds.

TABLE 1. - Minimum pillar widths for pillar heights of 3 feet, feet

Depth, feet Room width :
16 feet 18 feet 20 feet 22 feet 24 feet
100 12 13 14 - -
150 15 16 16 17 18 i
200 17 18 19 20 20
250 19 20 21 22 22
300 20 21 22 23 24
350 22 23 24 25 26
400 23 : 24 25 26 27
450 25 26 27 28 29
500 26 27 28 28 30
550 27 28 29 30 31
600 28 28 30 31 32

NOTE.-~The flgures in this table i: no way exclude the application of total
extraction mining at the appropriate solid strata cover and seam
thickness,

TABLE 2. - Minimum pillar widths for pillar heights of 4 feet, feet

Depth, feet Room width
16 feet 18 feek. ., 20, feet 22 feet 24 feet

100 14 15 16 - -

150 17 18 19 20 21
200 20 21 22 23 24
250 _ 23 24 25 26 27
300 . 25 26 27 28 29
350 27 28 29 30 31
400 29 30 a1 3z i3
450 30 3t 33 34 35
500 32 33 34 35 36
550 33 34 36 37 3B
600 35 36 37 36 a9

NOTIE,.-~The figures ia this table in no way exclude the application of total
extraction mining at the appropriate solid styata cover and seam
thickness.
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TABLE 3. - Minimum pillar widths for pillar heights of & feet, feet

Depth, feet Room width

16 feet 18 feet 20 feet 22 feet 24 feet

100 17 19 20 - -
150 22 24 25 26 27
200 26 28 29 30 32
250 30 31 33 34 35
300 33 35 36 37 38
350 36 37 39 40 41
400 35 2y ' 41 43 hé
450 41 4 44 45 46
500 43 45 46 47 48
550 45 47 48 49 51
600 47 49 50 51 53

NOTE,--The figures in this table in no way exclude the anplication of total
extraction mining at tle appropriate solid strats cover and seam
thickness.

TABLE 4. - Minimum pillar widths for pillar heights of 8 feet, feet

Depth, feet Room width )
16 feet 18 feet 2J feet 22 feet 24 feet

100 21 22 24 - -
150 27 29 30 - A2 33
200 33 34 36 37 38
250 37 39 40 42 43
300 41 - 43 44 46 47
350 45 47 48 49 51
400 48 50 51 53 54
450 51 53 55 56 57
500 54 56 57 59 60
550 57 59 60 62 63
600 60 ' 61 63 64 66

NOTE,=--The figures in this table in no way exclude the application of total
extraction mining at the appropriate solid strata cover and seam
thickness.
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TABLE 5. - Minimum pillar widths for pillar heights of 10 feet, feetr

Depth, feet

Room width

16 feeg 18 feet 20 feet 22 feer | 24 feet

100 24 26 27 - -

150 32 34 35 37 38
200 39 40 42 43 45
250 44, 46 4B 49 51
300 49 51 53 54 56
5o 54 56 57 59 60
400 58 60 6L 63 64
450 62 64 65 67 68
500 66 67 69 70 72
550 69 71 72 74 75
600 72 74 76 77 79

NOTE.~--The figures in this table in no way exclude the application of total

extraction mining at the appropriate solid strata cover and seam

thickness.

TABLE 6., -~ Minimum pillar widths for pillar heiphts of 12 feet, feet

Depth, feet Room wideh
16 feet 18 feet 20 feet 22 feet 24 feet
150 37 i9 40 42 44
200 45 46 48 50 51
250 51 53 55 . 57. 58
300 57 59 61 63 G4
350 63 65 66 68 70
400 68 70 71 73 75
450 73 74 76 78 79
500 77 75 80 a2 84
530 81 83 84 36 éa
600 85 87 a8 90 91
650 88 50 92 94 95
700 92 94 g5 97 99
720 93 95 97 98 100

NOTE.~-The figures in this table in no way exclude the application of total
extxaction mining at the appropriate solid etrata cover and seam

thickness,



TABLE 7. - Minimum pillay widths for pillar heights of 14 feet, feet

Depth, feet Room width
16 feet 18 feet 20 feet 22 feet 24 feet
150 41 43 45 &7 48
200 51 53 54 56 53
250 58 60 62 64 6k
300 66 67 69 71 T
350 72 74 76 77 79
400 78 80 8L &3 &5
450 a3 85 87 &8 90
300 88 90 92 93 a5
550 93 95 96 98 100
GO0 97 99 101 - 103 104
650 102 103 105 107 108
700 106 107 109 111 113
756 - 109 111 113 115 116
800 - 113 115 116 119 120
840 116 118 120 121 123

NOTE,-~The figures in this table in ne way exclude the application of total
extraction mining at the appropriate solid styrata cover and seam
thickness. : .

Panel and Pillanx

The panel-and-pillar system is defined to bhe one in which a bedded
deposit 1s totally extracted from panels which are of such width in relation
to their depth that the main strata can gpan any one of them with little
defiection. Individual extraction panels are gepavated by sbutment pillars
designed to sustain the load of the main strata overlying a group of such
panels and pillars. The minerals from the panels may be extracted by long=
wall mining, or the panels may first be mined by room and pillar and the
pillars may subseguently be taken by eithexr continuous or conventional mining
methods.

The following guidelines are recemmended with raspect to panel-and-~
pillar mining beneath and in the vicinity of bodies of surface watex.

e . . T v B S



1. Where the panel-and-pillar system is to be carried out beneath or in
the vicinity of any body of surface water, there should be & minimum solid
strata cover thickness of 270 feet or 3p, where p is the width of the panel,
whichever is preater.

2, The widths of extraction panels should not exceed one-third the depth
of mining, and th~ widths of pillars between extraction panels should be 15
times their height or one~fifth the depth of mining, whichever is greater.

3. Where more than ore seam is to be mined by this system, the panels
and pillars in all seams should be superimposed in the vertical direction with
the panel widths being determined from the depth vo the upperwost seam and
the pillar widths beinpg determined by reference to the thickest and/or deep-
est seam, whichever would give the greater dimension,

4. Where the pancl-and-pillar system of mining has been employed in an
upper seam, it should not be permissible to mine by total extraction in any

underlying seam except by conszidering the upper one as though it were the base
of the surface body of water, )

From observed behavior of wock strata and soil above mined-out regions,
& zone ia known to exist that will most likely fail if wmined, causing flood-
ing of the vorkings and damage to the surface and to surface styuctures. From
rock mechanics consideraticns the approximate shape and extent of this zone
can be identified. If no risk can be taken, obviously no mining is possible,
For many conditlons of mining, no damage is likely to occur and mining should
be permitted,

Surface Waters

The following guidelines are recommended with respect to safety zones
around and beneath bodies of surface watex,

1, Where any body of suxface water le prestnt sbove the potential mine
workings, & safety zone sround such body of surface water should extend 200
feet horizontally from the high-water mark, or perimeter of the water body,
and vertically downwaxd from this point to a depth of 350 feet, then outward
at an angle of dip of 65° as shown in figure 1.

2, 1f mining is considered within such a safety zone, it should be in
accorvdance with the guidelines for mining beneath surface waters,

Y. The width of such a safety zone may be increased or decreased if
local observations snd/or experience justify.

Styructures Retaining Wateyx

Sinca there is slways some vrisk that demage will occux to surface struce
tures by mining, no mining should be done in a safety zone beneath and around
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|-— 2oo'A«I !—‘ 200"
Surface water .

Nomal
axtraction
permitta

extraction
permitted

Room and pillor | 55 or 10f
Pang! 3por 270 1t
Total extroction] 601

%= Whichever ia lorger

FIGURE 1. - Sofety zone beneuth hody of surfece water.

a sctructurs where its failure would cause loss of life, property damape, or
damage to water supplies needed for the public welfare. If the consequences
of styructuyxal feilurxe are not severz, mining may be undercsken.

The follewing guidelines ave recommended with respe.t to sefety zones
around and beneath structures the surxvival of which is important to the public
welfars,

1. %Where any surface structure is impounding & substantial body of sur-
face water and domage to that structure by mine subsidence effects could lead
to a risk of structural failure and prejudice to public safety, no mining
eghould be permitted within the safety zone of such a structure,

2, The perimeter of the structure requiring protection should be estab-
lished by those responsible for its maintenance and safety. The nafety zone
around the perimeter of protection should extend outward 200 feet in all diyrec-
tiona, then downward for 350 feet, and then outwaxd ac a dip of §5° from the
horizontal &s shown ip figure 2. This safecy zonma in designeted &a a zone of
no extraction, Figuye 2 slego shows the yestriction on mining beneath the
impounded water,

!
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Impounded surface water
Nourmal
. extraction
permitted
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parmitted uxl:cctl‘o‘n

Zone ol no
extraction to,
protact dam

Zong of extraction
using guidelinas

Raopm ang pdlar {5s or 10t
Pangl . 3por 270 f1t
Totat extraction| 60t

- Whnichever is forger

FIGURE 2, - Sofety zone beneath dom ond impounded body of surface water.

3.. A greater or lesser distance than that specified in paragraph 2 may
be used where local observations and/or- experience so indicate.

UNDERGROUND WATERS

Mine Maps

The operator of a coal mine should have in a fireproof repository
{located in an area on the surface of the mine chosen by the mine operator to
ninimize the danger of destruction by fire or other hazard) accurate, up-to-
. date maps of the mine drawn to scale.

Surface Features

Surface features may be shown divectly on the mine map, or on a trans-
parent o translucent sheet, which, when overlain on a map of underground
vorkings, shows true and exact velations of surface features to mine workings
and excavations, Surface features to be shown include-«

1. Name and address of the mine,
2. Scale and orientation of the map,
3. Boundary lines and names of all surface property owners.
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‘ 4. Boundary lines of the coal rights pertadining to each mine.

! 5., All outcrop lines. :
‘ 6. Topographic features such as hills, ravines, intermittent and i
| permanent streams, bodies of standing waters (with elevations and
!

estimated depths).
7. Location an' identification of municipal subdivisions (State, county, ]

townships).

8. Location of all vailroads and sidings, highways, and other roeads.

9. Location and identification of mine buildings and facilities,

10. Location -of all utilities and pipelines.

11l. Location and depth of holes drilled for oil, gas, water, or geologic
information that penetrate a workable seam,

12. Lecation of all surface fans.

13, location of mine openings.
14. The location and description of at least two permanent baseline

pointa coordinated with the underground and surface mine traverses,
and the location and descriprion of &b least two permanent elevation
bench marks used in connection with establishing or referencing mine
elevation surveys. Location and description of a permanent beach
mark or wonument near the main mine opening

ket e S e ibaddd,

Underground Features

el

Whether or not combined on the same shect with surface features, at
least one get of maps showing underground features should e composed on the
same scale. Pertinent information to be recorded on the mine map should

include--

1. Name and addregs of the mine,
2. Scale and orientation of the map. :
3. Boundary lines of coal rights and owner identification. !
4, ftructure contours and dip of the coalbed being mided at not i
greatoes than 10-foot elevation intervals. f
i 5. Location of all dxill holes that penetrate the mined bed, |
% 6. All shaft, slope, drift, and tunnel openings and avger~ and strip- {
3 mined areas of the bed being mined. i
¥ 7. Location of all ventilation fans. !
< 8. Location and exact extent of adjacent active or abardoned under- ;

ground workings above, below, or in the same sesm, If abandoned

workings are known to exist in an ares, but exact extent is not

known, it should be so indicated.

9. Up-to-date locations of active work aress, worked-out areas, and
abandoned areas,

10. Locations of entrles and aircourses with direction of airflow i

indicated by arrow. _ ;

11, Location of all escapeways.
12. Location and exact extent of all water pools, watex~-beaving strata,

or fluidlike materials which tend to flow when wet (quicksands,

peat, etc.).
13. Location antd elevation of any body of water dammed orx held back in

any portion of the mine.

e
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14. The elavation of tops and bottoms of shafts and slopes, and the
floor at the entrance to drift and tunnel openings.

15. The elevation of the floors at intervals of net more than 200 feet :
in-- :

a. At least one entry of each working section and main and cross
. entries,
b. The last line of open crosscuts of each working section, and of
main and cross entries, before such sections and main and cross
entries are abandoned,

c, Rooms advancing toward or adjacent to property or boundary linas
or adjacent mines,

16, The owner, agenk, or manager of & mine should take all reasonable
steps to determine whether there ig any wmaterial below the surface
which could affect active, or soon to be active, areas in a mine s8¢
as to cause danger to minexs working in that mine, All facts
pertaining to such conditions should be presented teo the manager.

e enthem oo s KLt 1 L il N b i+ w0

Property Boundary Barrier Pillars

To insure that the mining of the coal seam by one company up to the propexty
line does not favor rhat company over another company that mines later, the :
following guidelines are recommended, !

1. A boundary pillar of unmined coal should ke left to ihe property line; !
it should be of a wideth calculaced by the equation Pb = 10 + 2T + 50, Pb is
the pillar width in feet, 10 is a constant safety fackor, T is the thicknhass
of the bed in feet rounded to the next highest integer, and D ia the depth of :
‘the seam at the property line in L0Q~foot increments rounded to the next high-
est integer. This pillar width should be required on both sides of the prop-
" erty line, When mining on one side of the property line has approached closer

than would be permitted by this puideline, the edvencing working should )
increase its property boundary barrier pillar requirement so that the cumula-
tive pillar size s equal to 2 Pb. Where foults ave known to occur, which
could result in & connection betwaen the ghandoned and active workings ox
which could seriocusly weaken pillar stability .and strength, additional pillar
widths should be used. This additional width should be based on the experi-

ence and judgment of the mine engineer and mine inapector.

2. Boundayy barrier pillarws should not be altered for increased mineral
recovery unless the mining proposal insures inspection.and certification that

all of the affected workings are free from hazardous secumulations of water,
and the proposal hag=-

U U ORLAS P ML

a. Been ggreed to by the interested mining companies and superintendents.

b. Been approved by the mine inspector. )

c. Receilved approval from the vesponsible government regulatoxy agency. :

d. Considered eventual interconnection of the mining operations by ;
either sccident or development plan, ' : i

e. ‘Considored the developmsnt. plans frem all affacted mining companies.

[ LIPS S
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Abandoned Workings, Abandoned Areas, and Adijacent Mines

Water-filled mine openings, the presence of whizh is unknown or if known
the extent of which is poorly defined, are of wmajor concern to mine operators.
The following guidelines are recommended with respect to these problems.

1. No mining should be permitted witkin 200 feet of any known or sus-
pected abandoned workings (that are part of the present mine andfor other
prior mine) which cannot be inspected and certified free of dangerous accu-
mulations of water. When these abandoned workings can be inspected and certi-
fied as safe, wining can proceed to within the distance permitted by the
Property Boundary Barrier Pillar guidelines, or to within the distance cor-
responding to a pillar width-to-thickness ratio of 10.to 1, whichever 15
larger. Where faults are known to occur that could iwmpair the effectiveness
of the pillar as a water bavrier, additional pillar width may be used as
determined by the mine engineer and mine inspector.

2, Locator boreholes should be drilled from the advancing face nearest-
to the abandoned mine through the 200-footr barrier pillar to determine the
location of abandoned workings. The equipment and materials necessary to -
plug the borechole upon breakthrough must be available to the drxill crew, The
watey head pressure or atmospheric conditiong in the abapndoned workings should
be determi-ied.

3. Unless dovmhole instrumentation definitely established that no water
cxists in the abandoned workings, even though pressure or gravity flow does
not gecur at breakthrough, the workings should be agsumed to be flooded. If .

it is subsequently determined that the abandoned workings are dry, mining may

proceed up to the limits of boundary barrier pillar (when approaching the
property line) as defined by Pb = 10 + 2T + 5D; or normal mining operations
should be permitted when the property limits are not a factor to be considered
in this development. .

4, Water way be drained from abandoned workings through a drift or auger
entry, if possible, or from boreholes drilled from the surface. Water also
nay be draiped through the 200-foot bazrrier pillar to the active workings and
pumped to the surface. This latter method is potentially hazardous,. however,
and should only be used under the direction of knowledgeable and experienced
personnel, If permits are necessary to discharge the water on the suxface,
they will need to be procurad,

5. If the abandoned workings are not initially dry or drained of warer,
an effective safety barrier pillar should be sized by utilizing modeling tech-
niques and unconfined compressive strength tests. For modeli:, a factor of
safety of 4 should be used in pillar design. Whenevey the pressdare head is
equal to or greater than 5 atmospheres, consideration should he given to
draining these workings. The peymeability of the unnined baryiex pillar
should also be determined for counsidezation of its effect on waterflow and
further pillar development, Two proving headings (for ventilation purposes),
kept as narrow as possible and protected by boreholes, would be a safe mining
plan to utilize for developing the barrier pillarup to the limits determined
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FIGURE 3. -

Coal thickness =T

Number of holes requ:red -—W:‘ST
(next whole number)

Hole ‘ength =7 T

Sofe odvance.= 4T

Safety pillar =37

Angle @ = ATAN w/(77+d).

w=width of oid head:ngs,nf known;

if wis unknown use w=T

Drill pottern for safe advance through coal

with unknown inundotion hazards,

i5

by this recommended testing
procedure, These headings
should be limited to

15 feet in width, The min-
ing crew should be alert for
slgns of pillay instability,
excessive water leakage,
strong sulfur smell, or
other indicators of water,
and mining halted or
reevaluated as necessary.
The permeability of the pil-
lar can be reduced and its
strength increased by intro-
duction of grout or other
cementing agents,

6, Whenever any working
place approaches (1) within
10t or Pb, whichaever is
greatest, of abandoned
areas in the mine as shown
by surveys made and certi-
fied by a registered engi-
neer or surveyox and the
area cannot be imspected, or
{2) within 200 feet of any
other known abandoned areas
of the wine that cannot be
inspected and that may con-
tain dangerous accumulatlons
of water or gas, or

(3) within 200 feet -of known
“workings-of an adjacent mine,
"a borehole configuration

" such as that shown in

figure 3 should be drilled
in advanceé of the working
face of such working place
and should be continually
maintained in advance of
the working face, (NOTE.--

~In figure 3; w is the width

of the smallest old open-
ings, if known. If not
known, w is the value of the
seam thickness, T}.
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Q0il and Gas Well Pillars

Mining should not come closer to active oil and gas wells than
150 feet in any direction). When these wells are abandoned, however, they
can be sealed and the barrier pillar mined through, provided that the seals
are tested for leakage prior to mining.

Shaft and Vertical Opening Barrier Pillars

When these abandoned openings can be inspected and certified free of
hazardous accumulations of water, they can be mined through as in normal pil-~
lar recovery operations.

YWhen mining in the area of any abandoned shafts, raises, or other
openings that cannot be inspected and certified free of dangerocus 2ccumula-
tions of water, a barrier pillar 300 feet in diameter should bhe left around
the opening, provided that a minimum of 100 feet of solid coal is left around
the abandoned opening, Where these openings can be inspected and certified
safe, a pillar of width-to-thickness ratio of 10 to 1 should be left around
each opening. When mining in the area of abandoned slopes and Like openings,
the guidelines for wmining near abandoned worlcings should be followed,

Mining Under Abandoned Flooded Workings

Mining under flooded abandened workings should conform to the 60t and
maximum tensile strain rules for total extraction, to the 5s or 10t rules for

room~and-pillar extraction, and to the 3p or 270-foot riles for panel-and-
pillar extra;tion.
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APTENDIX

In the United Kingdom, numerous examples of total extraction beneath the
sea have been exumined in which no seawater passed into the wines. The maxi-
mum seabed tensile strain for each of these cases was calculated, and the
results ranged from 5.0 to 15.0 millimeters per mcter (mm/m). On the basis
of this analysis, the Naticnmal Coal Board has adopted a criterion of 10.0
mm/m of calculated maximm tensile strain as governing the winimum depth for
total extraction. The expression used in the United Kingdom for calculating
maximum tensile strain E, , is

K S
LN

The value of § ,, with longwall caving is normally taken as 0.90t, and the

average value for K as 0.75 in the United Kingdom.‘ Thus , “the minimum depth
of cover required for safety, D,,, is

Dyyp = 67.5¢t,
where t is the thickness of the coal seam mined. For a limiting tensile
strain of 5.0 mm/m, the limiting depth for total extraction would be 135t;
for a limiting tensile strain of 15.0 mm/m, the limiting depth would be 45¢t.

If experience in the United States results in recommended strain values
other than those used in the United Kingdom, these valucs may be used.
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