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Dr. Clarence O. Babcock acting as Technical Project Officer.
Mr. David J. Askin was the Contract Administrator for the
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contributions of the following individuals: Dr. Verne Hooker
of DMRC/USBM for technical advice; Messrs. Gerald Davidson
and Edward Hollop of MSHA Denver Technical Support;
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area, L2

= elastic strain in creep eguation at time = 0, dimensionless
= wall length, L

= bulking factor, dimensionless

steady state creep strain, dimensionless

= wall height, L

pillar strength, FL-?

transient or primary creep, dimensionless

drag coefficient, dimensionless

Chezy roughness coefficient, dimensionless
variate of roughness coefficient, dimensionless

depth of mining, L
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raiﬁ, Cimensionless

strain rate, T-!

traveling strain, dimensicnless
extraction ratio, dimensionless

base of natural logarithms, dimensionless
force acting on person in water, F

force on weil, F

flexural strength, FL-2

acceleration due to gravity T-?

piliar height, L

height of sinkhole, L

height 0f wster, T

slope of energy grade line, dimensionless
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interest, dimensionless
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coefficient of permeability (Meinzers), L3T"!L™?2

= subsidence constant, dimensionless

= length of water pathway, L

width of zone of horizontal extension and vertical
compression, L

width of sinkhole, L
volume of mine entry, L3

height of wall per square foot, FL~?

= subsidence factor, dimensionless

variate of number inflows, dimensioconless
coefficient of roughness, dimensionless
{in statistics) a number, dimensionless
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vertical subsidence, L
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time, T
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1,0 INTRODUCTION

In order to fully realize and recover the nation's
reserves of cozal, mining must be planned and carried out
with safety. 1In underground mining, a hazard which has
always been of great concern is the sudden inrush of water.
Since many coal mining areas are overlain by water bodies
such as lakes, streams, rivers, ponds, and so on, techniques
to assure mine safety when mining beneath water are neces-
 sary.

Recognizing this need, the Bureau of Mines supported a
program for research on guidelines for mining in close
proximity to bodies of surface water. Accordingly, two
contracts, both entitled "Guidelines for Mining Near Surface
‘Waters" were awarded, one to Skelly and Loy, Harrisburg, PA
(Contract No. H0252083) and one to K. Wardell and Partners,
Newcastle, United Kingdom (Contract No. H{0252021). The
results of the two contracts are published as Bureau of
Mines Information Circular 8741, entitlied "Results of
Resezrch to Develop Guidelines for Mining Near Surface and
cround Bodies of Water,"

Uncer reproduced in Appendix A. The
‘gulde;lnes have hzdé limited application, however, because of
problems in defining both water bodies of concern and the
nature of the strata.

Mining has been conducted and may be planned under
larce bodies of water such as oceans, large lakes, and
rivers or small bodies like streams, farm ponds, and other
impoundments. If it is assumed that a hazard always exists
while conducting mining under or in the vicinity of surface
bodies of water irrespective of their size and gecmetry, a
large percentage of reserves are likely to be left unmined.
On the other hand, it is likely that by adopting specizl
mining plans and procedures, it may be possible to release
reserves for exploitation which otherwise would have been
unmineable under surface bodies of water which are relative-
ly smzll in size. Accordingly, the present study undertzakes
to develop criteria for determining whether (or when) a body
of surfazce water constitutes & hazard to mining. This work
was carried out under Bureau of Mines Contract No. J0285011
entitled, "Criteria for Determining When a Body of Surface
VWater Constitutes a Hazard to Mining.”

IT SEOULD BE NOTED THAT A SUGGESTED STEP-BY-S5TEP PRO-
CEDURE FCR HARZZRD DETERMINATION HAS BEEN SUMMARIZED AS
APPENDIX E OF TEIS REPORT AND INCLUDES A SUGGESTED APPLICA-
TION FORMAT TOCETHER WITH SUGGESTED GUIDELINES FOR MINTING.

Preceding page blank 15



1.1 Scope of Work

This work is restricted to investigation of the exploi-
tation of stratified mineral deposits with overlying surface
waters. Vein and disseminated deposits are not covered, nor
are breakthroughs into adjacent mines in the same horizon.

1.1.1 Determination of Critical Size of Water Body

Water bodies may be divided into three categories based
upon their potential hazard to underlying mining activity:

® catastrophic potential
e major potential
e limited potential

Catastrophic potential would include oceans, large lakes,
large inland reservoirs, and rivers that can flood the mine
completely in a short time.

Major potential water bodies include lakes and streams
which have the potential to flood only portions of the
mine andé pose a dzncer to both life and property if not con-
sidered in mininc plans.

This study hzs mostly attempted to determine what sizes
of such water bodies do not constitute a hazard to mining and
how their sizes depend on the special mining plans and proce-
dures.

Limited potential would include finite bodies of water
which have a volume considerably smaller than the mine volume,
and flowing streams which have a relatively small rate of
replenishment which can be dealt with by pumping or isolation
in the event they flow into the mine. Such bodies of water
may cause an inconvenience such as temporary disruption of
production or some damage to the eguipment. On rare occasions
some personnel injuries may also occur.

1.1.2 Approach

Based on reported surface subsidence measurements, inves-
tication of strata deformations through instrumentation of
boreholes in the subsided zone, studies of actual case his-
tories of inundaticon accidents, and several instances of work-
ing under water bodies successfully, a concept regarding the
existence of an overlving water barrier of strata {agquiclude)
above the mined cozl seam has been developed and presented in
this report,

16



Several studies regarding water flow patterns revealed
that with proper planning and sequence of mining, mines may
be designed to accept considerable quantities of water
without causing much damage to the mine and eguipment, and
at the same time affording safe escape routes or shelters
for personnel. It is proposed that the critical size of
the water body be fixed depending upon its size in relation
to the capacity of the mine volume which can be planned to
accept the entire volume of water in the event of an inunda-
tion.

Based upon these studies a suitable chart indicating the
cover for working below water bodies of major potential size
has been developed. It envisages reduction of the cover
previously suggested for larger bodies of water depending
on the nzture of the intervening strata.

The safe cover suggested for working below major poten-
tial water bodies is based on judgement and practical exper-
ience. Xormally, no danger of inundation should exist.
However, geolocical ancmalies cannot be ruled out completely.

Fver if such anc-zlies exist, and an inundation should tzake
placs, the rztes ¢f inflow of water =t th suggested

cover are not lixely to be disastrous provided the mine plan
has tzken this possibility into account. This is further
supported by examples of actual inflow rates which are avail-
able in ¢ase histories, These rates of inflow are not insur-

mountable and can be taken care of by proper planning of the
mine znd seguencing of operations.

Ezsced upon the above study consolidzted guidelines have
been p*e;a red mhﬁch can be used by the 1ndustry to de51gn

MaxXimam resource utlllzatlon, and can also be used by regu-
iatory acencies to ensure that all operations zre carrled
out with safety and precautions.

1.2 Prior Work

ady mentioned, prior work related to developing
or mining in the proximity of surface water
carried out by Skelly and Loy, and K. Wardell and
ks these works are relevant to this study they
summearized below.
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In zadition, an inguiry has been carried out by the
Covernment of the State of New South Wales, Australia, on
a discpute concernine coal mining beneath water supply reservoirs
in & sincle cozsl fiegld that involved much study. This work
is also surmarized.



1.2.1 Summary of Skelly and Loy Report

The Phase I report dealt with the collection of infor-
mation on mine inundation case histories, description of
successful mining under bodies of water at relatively
shallow cover without any water inflow, and summaries of
regulations and guidelines used in different states and
countries.

The Phase II report contained summaries of a number
of major inundations which were tabulated, evaluated, and
grouped into the four general categories designated - 1)
Mining near 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. Guidelines for each individual category were compar-
atively analyzed and then subdivided into classes. The
different - classes represent the effectiveness of the guide-
lines in terms of safety of workers and of the mine.

Class I guidelines include those which arbitrarily fix
the safety zone, szfe depth, method of work, percentage
recovery, and so on. These are considered to be inadeguate
and conservative because they do not give consideration to
the size of the water body, or to geological factors like
competence and permeability of different strata, and special
methods of work. They are inherently inflexible.

On the other hand, Class II guidelines reguire the
approval of mining plans on the merits of the individual
case. Safety zones are defined and the guidelines are form-
ulated to help layout the mine and to ensure each application
is reviewed on an egual basis and that no items are over-
looked which may adversely affect safety. Guidelines can
then be made flexible, to give consideration to the effects
of depth of the seam, mining system, past mining activity,
geological factors, thickness of extraction, percentage
recovery, gob filling, and other items.

The Phase II report also considered whether the various
inundation accidents could have been prevented had applicable
guidelines been complied with. Also included are physical
and geological characteristics affecting inundation potential
within various regions of the ecountry, method of predicting
subsidence, and patterns for advance test boreholes in ex-
ploratory headings.
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Some of the points mentioned are that a 100 acre lake
and 15 ft wide stream may present the same inundation hazard
but the reserves which may be locked-up are different and
the mine planning considerations should be different as well.
The depths of the seam, integrity of the strata, method of
work, extraction zratic, and the existence of contlguous old
workings all need to be considered.

The Phase IiI report contains Level 1 Guidelines and
Level 2 Guidelines which have been primarily based on the
guidelines existing in different states and countries.

1.2.2 BSummary of K. Wardell & Partners Report

The Phase I report discussed geclogical and physical
factors affecting the risk of inundation of mines from
surface waters, particularly the sea. The regulations
-governing undersea mining in the various countries and the
general rationale of these stipulations have also been dis-
cussed. The stipulations with respect to minimum thickness
of cover between the sea and mine worklnas in varicus coun-
tries are given here in Table 1. BAlso, the stipulations

resarding the maximum seam thickness which could be mined
under the sez and the minimum depth of cover are given in
Teble 2 for the various countries,

The Phase 11 report discussed subsidence phenomena and
its rélevance to mining beneath water. Included was that
total extraction over a sufficiently large area causes dis-
turbance cof both the immediately overlying strata and the
surface. The height of the zone of disturbance in the
immediate roof is considered as a function of the height of
extraction and the caving characteristics of the roof beds.
The intensity of the disturbance at the sea bed is deter-
mined by calculating the maximum tensile strain. The formula
for calculating maxiumum tensile strain presented has been
adopted by the National Cocal Board in the United Klnqdom
and is:

= k'smax
D

E
max

Where k is a constant whose value is found empirically from

. loczl observations. S is the maximum possible vertical
surface subsidence. ehpressed as & fraction of the seam thick-
ness £t and D is the depth of mining below the land surface.
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Minimum Thickness of Cover Stipulated in

Table 1

Different Countries for Any Undersea Mining
{after Wardell, 1976)

Country
New South Wales,
Australia
Nova Scotia,

Canada

British Columbia,
Canada

United Eincdom (1)
Japan (2)
Chile

Minimum Cover

to Sea Bed for Form of
any Mining Regulation
120 ft Statutory &

180

180

197

230

ft

ft

ft

ft

ft

Mandatory
(Crown Leases)

Statutory

Statutory

Mandatory
(Nat. Cozal
BEoard Dir.)

Statutory
Mandatory

(Ser. of
Mines Dir.)

Remarks
For partial
extraction only
For partial

extraction only

No restriction
stipulated

For partial
extraction only
For partial

extraction only

For partial
extraction only

NOTE: (1) A minimum of 148 ft of the cover must
: be Carboniferous strata.

(2) This only applies where there are . no

Quaternary deposits {mostly clays) at
the sea bed.

If there is at least
33 £t of such deposits and at least

100 £t of solid strata, mining may

take place to a minimum depth of 125 ft.
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Table 2

Minimum Thickness of Cover Stipulated in

Different Coun@ries for Total Exiraction Under Sea

Country

Nova Scotia,
Canada

Vancouver Island,
British Columbia,

-
- e

aneda

United Kingdom

Japan

Chile

(after Wardell, 1976)

Minimum Cover ~
Thickness to Sea

Bed at Which Total

Extraction is
Permitted

700 £t

400 £t

197 £t
(with no uncon-
solidated clay
deposits)

482 £t

21

Maximum Seam .

Thickness Which

May Be Worked &t
Minimagm Depth in
One Seam Only

1 £t of seam for
each 100 ft of
thickness

None given

5.6 ft

2.6 £t

No restriction

Remarks

Thickness
for cover

Thickest seam
worked averages
& ft approx.

Minimum thick-
ness of
Carboniferous
strata - 187 ft

Mining must
be in sections
with dams

Thickest
available seam
is 4.6 ft



Smax and D must have the same units. The value of k is
generally around 750,000 pe and that of Spax varies from
0.6t to 0.9t in different regions. Assuming average values
for k as 750,000 pye and Smax as 0.8t, the relative inten-
sities of disturbance at the sea bed in different countries
work out as follows in units of microstrains (ue):

Nova Scotia: 7,710

Véncouver island: 7,500

United Kingdom: 10,000
Japan: 8,000
Chile: 5,030

The United Kingdom is the only country which specifies a lim-
iting value. The values for the other countries are from other
specified or known information (National Coal Board, 1968,
1971).

Tnhe Phase III report discussed particulars of incidents
of mine flooding both from sea water and inland bodies of
surface water or deposits which have a tendency to flow.
Summaries of these incidents are given in Table 3 and Table 4
reproduced from the Wardell (1976} report. All such incidents
had been reviewed to determine common causative factors.

Factors like strata permeability, the dimensions of mine
openings or entries, the support system, the physical pro-
perties of the strata, and the time period for which the
workings need to be protected against danger of inrush, have
been discussed to determine the rationale of a minimum rock
cover thickness.

Regarding the stability of room and pillar workings, the
work carried out by Holland (1964) based on the laboratory
testing of coal samples has been discussed. Other approaches
based on statistics by Salamon and Munro (1967), and analyti-
cal techniques IWilson and Ashwin, 1972) were also pPresented.
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TAME 3= Inoldenta of Mine Flooding
from Sea Wnler (nfter Wardell,1976)

GTAM 0 . covrr (TO SEA BMED) YEAR OF .| LIVRS
, HTNT: COUNTRY | rycnrss RYSTEM OF HINTNG AT POINT OT INUNDATION| INCIDENT | LomfT
g {ft) (Lt)
Mortyn, N. Wnlen u.K. 9 -1% Room and plliar Int working 72 - 90 1800 1838 ) wi1
{Tmwvintionn = Den 2nd wortiiup lnenlly, 1818 1845
Fntunry) 1829 1884
Trahelln Mt u.K, 10 Room and pilinr Int & 2nd 120 1837 27
Werkington, Ounb, whp,  Typlenl Iat wh, voada
(Ut fon-Tr fah Run 5 ydme plitarn 7-R ydn,
Tamah[pping, Pemh, u.K, Net Rnmm Not Ronun 60 Pt mand. 1843 A0
9. Walnn, 4 Tt rock :
(Tnomednkion rom
Tidal Ttuer),
.- P
Puehoeo, Coronel Chile Nnt Known N Doatatin aid to he thin and 1881, Hil
(Sea Inundatlon)
Fernidale; Australia Room and pilinr 50X ext, Roof fall collapae to
{Tovmdntion from hane of deponita - 1806 1
Tldal Creek) below tidal creek 63
{t cover (top 23 { ...
ft mand and silt)
Santapumt (Jen) Japan | Not Known Drtafla Unkown 46t (ine, 7 ft 1900 23
_l aea hed_daponita)
Anturian Mine Co, ) Total extrnction with wante
(Fepdor From mea Spain Hot Known | packing. Not Hnown 1905 il
hed, mine ahondoned)
Mnhou, Novp Scotin Canada ? Headway townrd nea. 110 1909 il
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Tahle 3- Continuved

SFAM COVER (TO SFA BFED) YEAR OF LIVES
MINT COUNTRY THICKNESS SYSIEM OF MINING AT POINT OF TNUNDATION INCIDENT LOBT
— e (TR), (EE)s
St patn Jnpan Nob Known Detal ba Vndorowe 50 £ (inc. 7 ft mea 1o 78
hed depoaitn).
Port Ibad, flnom aned plifar 94.ft to AT4 ft mnndatone} )
Mova Scotla Canndna 6 - 7 nsome phltar deuwing,) 1R £t aand, then 40 ft . 1911 Nil
(Sen) rhnle over conl.
W praahimd some Roam ane pillar 155 ft aandstone, RZ ft
calt,lhe, Japan Not Known aome plllar dArawding,i alluvium, Water vis 1918 . 2N
Yamapuchiaken, fniit in mandstione, .
Nishiokinayama éJT fr{inc, 15% ft aea
- 1
(Srn% o Japan Not Known Detalln Unknown bed deps) (fault). 1913 TNLL
Shinuea (Sea)d Japan Not Known Details Unknown 66 [t{inc. 23 £t mea bed 1020 34
deps),
Mitoyama (Sea) Japan Not Known Detailn Vnknown 50 Ft {fnc. 46 ft sea bed 1921 NiL
: depna),
Matsushima (Sea) Japan Not Known Detalln Unknown 200 It mea hed depm, 1934 54
o . (fautt). Rock cover
i unknown,
Motoyama (Sea) Japan Not Known Petalls Unknown 285 £t {inc., B6 ft sea bed| 1936 NiL
' deps) (fault) :
Chosel (Sea) Japan Not Known Detnils Unknown 119°Ft. {inc.99 ft sea bed 1942 11
deps) (faults)
Chosei (Sea) Japan Not Known Details Unknown 65'5% {inc. 27 ft sea bad | 1948 NiL
1 dept),
Toknpmani (Sea) Japan Not Known Detalls Unknown 79 £t (inc. A6 fr wea bed 1039 4

deps),
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rdall,1976)

table 4- Incidants of Mine Floodina_Lrom_jnland Water Bodien(after W
i . SEAM e e COVER AT FOINT YEAR OF | LIVES
MINE COUNTRY TULCKNESS SYSTEM OF MINING OF INIHH)I\TION. weipest | LosT
- - ntﬁét (Lt
Clifvon Coily,
Fendlnhury,
LanenlTarush
of Sand/Cravel/ Pregumed hending
Water), U, K, Not known, No detalln, inta wash, 1829 Rot known.
Sthieled Dridpe,
W g, UK, Room and Pillar, 18 ~-40 1847 6
Guoindeaoth,
[H RN \
Clonndat fon : . .
of guicksand) 1.K, Not known Not known. Noat known, 1852 26
e roughs,
Ploinsvillae,Pa,
(Incuah of
Sand/Water) U.S. A, Not known. Mot knoun, Breal into wagh, [1872 Nil.
Wanamie, Pa, )
(Inrush of Sand
and Mater), U.5.A Not kuown, Not known. Rreak into wash, 1874 mit,
Troedyrhiew Call,
‘G.Walea,
JCimrunh of Mons i
nd Wnter), UK, Not knouwn, Naot known Not lawown, 1877 3
lama Farm, 7.5~ B [t 108 ft= mopkly sand |
Lanatk, (14"8“ 5¢ Room & and clay, sald chiv )
Sceotland, UK, fined) Rnof Pillae roclk cover collapse .
Coal lefg, i , couged R, Clyde to
overflow into
enllapse adjncent 1877 A
Lo Lk,
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able 4- Continued

- o . iR A ' YEAR OF LIVES:
PR COUNTRY SEAM SYSTEM OF MINING COVER AT POTINT
) . OF INUNDATION. INCIDENT 10ST.
Tlnﬂgmss Y}tq
Haltby,
Swoyernville,
Fa.{Inrurh
of Sind and
Water)., U.5.A. Not known. Not kaoun, Break inro wash, 1882 Not known.
¥rabdwood, TLL,
(tnrush of .
Water). U.5.A, 3 Longwall 54 f¢ aand and drift,; 1883 61
Ful ler, '
Swoyuravilla, .
Pa. (Inrush of )
Sand & Water), U.8.A, Not known, Not known, Brank into wnsh, 1884 Not known.
T?:;"I:;\’ks;l’"' Tapped into pothole
: Et d it
culm bank), U.5.A, Not known, Not known, iggk cov:E ¥2LE 48 1885 26
£r rhick.
Tmasd Vale,
Skelmeradale, U.K. Not knowu, Inrush via outcrop.| 1897 2
M. Lookout Mine '
Wyoming, Pa,
(Sand/Water U.S.A, Not known, Not known, Tapped into wash, 1897 Nil.
ruuh) .
Wannmie ,Pa,
Sand fWatere '
rush). U.5.A. Not known. Not known. Tappad into wash, 1898 Not known.
Frawklin,
Willkeasbavre, o,
(Sand/Water) ILS.A, Not known. Not known, Tapped into wanh, 1099 Not kaown.
Ma. 1 Blopse
Manticoke,Pa. 0.5.A, Hol loow, NoL Tiown, 'l‘uppad Into waph, Nil.

1,
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pable 4- Continued

COVER AT PUINT

YEAR OF

\ N AN g LIVES
HIRe GO i svsii oy winte, | gy RO INCLoENT. | Losy.
e R - . (re) £e)
iss Miwe,
Hanave s, *a. . .
(Sand/Witur) U.5.4 Not known. Nut kiuwn. Tapped inlo wash. | 1899 Not kuoun
DalwmelYington UK
I’Q”“?‘Fs'l Working holed into | Late 19th
fy‘:?llj' : Hotr lnown. Not Jnown, griavel below river| century, 2
Seablapd. .
A , . lleading driven 11 fc of Hoss/Sand
Vuunb11gtln. uiﬁ' 58 Lo the outcrop. 7 f¢ of wvighgggdxudggnl 8
Wraneepetl Cobd ] ILK, Hol known tot knewa, Holed into body of 1905
water at surface. Not known.
Ruoaehibiri, LK. 4, 3 licading driven to [69 €t of Masa/Peat/ 1908 1
the outcrop. Clay, :
o ru Mining operations
?lLleunﬁ., contacted the base
1,uppzt.u LL,, of thick (200 £t +)
Statfs. Water ar A
ater bearing
Gravel. INS 1u, 4 bongwatl pravels, ¢ 1908 L
Superba fLemant -
Mines, Pvans Within a few feet
Stanton, Pa. U, 5.4, Hot known Roow & Pillar, of wash. 1912 4
Sugar Nateh
Mine, Pa.
Sand fClay/
Wider Tarash) I, 4.4, ot khown, Not known. Break inco wash. 1914 Nil.
Supar Noteh
N 4, Ma. , -
(Sand/Marer) u.8. 4, Not known, Not kinawn. Tapped into wash. 1914 -Not  known,
Prospect Call, 10 Er rochk covey over-—
Lehiph Valley, ' lain by sand/clay/
! . 5.4, . . . , . avel = Vo
Va, .50 Not known Nobt known gravel neream 191§ NLL.

flooded over noupern

fician)l deponita priox




8¢

Table 4=.Continued.
SIEALL COVER AT POINT YEAR OF LI1VES
: 0N THICRN]SS, SYSTEM OF HINING, | OF INUNDATION, INCIDENT, LOST,
MINE COUNTRY llﬂ(fil 4 or R CFE)
Wilhkeson
Hine,
Witkeson,Pa. [U. 3.4, Not known, Not knowa. Not known, 1917 [
Stanvipg &
Arbuckla,
AMrdria,
Seal . 1.8 ft - Raom nbd pitiar/ 4 f¢ Moas, clay
(Mown /Matar) | UK, 2.8 ft‘ lanjwatl, & Stones,
. LA 4,7 ft rock, 1918 19
Carhoundo, . Broakthrough into
Wnah, U.5.A. 15 =20 No details, 2000Ft thick
gravel beds, 19272 7
Brancepeth Nil-roadway broke
Coll. U.K. Not known " No detalls. into wash. 1949 Nil,
Knackshinnoc)
Castle Coll,
Ayrehive,
Seotland,
(fnundation Hnading e redeep - water-
of liquid ’ 18¢¢ thick Hending being drivew logped pest under-
peat). U.K, Tt high updip at ¥ in 2, lain by mud & annd. 1950 13
Onlhi Jopan Not known Detaila unknown. 65 1953 8
Lehigh Valley
Conl Co,
Pittston Coal Reporeted to be
Cor. U.S5.A. 11 Details unknown, 19 ft cover under
Susquehanna River | 1959 12
Hoshui Japan, Not known Details unknouwn, 13 1960 67




The strength of & coal piliar is considered & function
of a constant k based on the strength properties of the coal,
the minimum width W of the coal piliar or test sample, and
the height E of ths coal pillar or sample, so that pillar
strength = £k, W, H), A number of formulas have been
produced empirically or mathematically to give a numerical
expression to the above relation. The expression '

Cc = 1000 (1/4) + 20 (W/®)2

where C is the strength of pillar in psi ahd
B, W are measured in feet,

appears to give satisfactory statistical results and may be
used for pillar design with an appropriate factor of safety.

The behavior of the strata overlying totally extracted
coal panels (either longwall or room and pillar) has zlsoc
been discussed. The surface subsidence profiles cver a
few longwall panels in the United States have been compared
with the everage profile curve for the United Xinodom cozl-
fields. The limit ancles, cground slope co-efficient, and
ground curvature hzve zlso been compared. The difference in
the vericus co-efficients is attributed to the difference in
lithology of the strata found in the United Stztes and the
United Kinagdom. However, the limitation of the data avail-
able for the coaifields of the United Stztes has also been
stressed.

The Wardell (1976) research did not reveal any positive
evidence, even in the case of relatively shallow total ex-
traction workings, of cracks or fissures being induced which
could provide a direct hydraulic connection between under-
ground mine workings and the ground surface. The general
conceptualized strata deformztion shows zones of increased
strata permeability associated with the peripherzl tensile
areas near the ground surface and an enveloping zone of in-
creased permeability around the totally extracted area. If
the thickness of the cover is sufficient (which prevents over-
lapping of the increased permeability zones) and there exists
unaffected intervening strata which are not originally
highly permeable, there should be little or no danger of in-
flow of water from any body of surface water. It would
appear that no rapid or massive inflows would take place.
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"To provide supporting evidence for the above concept, the

report refers to methane drainage holes which produced no
gas beyond a height of 100 to 150 ft above the extraction
area, which has been taken to indicate that the permeability
of the strata above this height is apparently unaffected by
mining.

Allowable or calculated maximum tensile strain, to-
gether with a general indication of the main rock strata
sequence are given in Table 5 for the purposes of comparison.

In the Phase III report the potential hazards of work-
ing under various bodies of surface water are summarized and
presented in Table 6., Based on the concepts developed in
Phase I and Phase I1 reports and the influence from the
existing experience of working below bodies of surface water,
guidelines have been developed and presented in this report.

1.2.3 Summary of Bureau of Mines
Information Circular 8741

Based on the reports prepared by Skelly and Loy (1976)
and K. Warcell § Pzriners (1976), the Bureau of Mines issued
Information Circular 8741 entitled, "Results of Research to
Develop Guicelines for Mining Near Surface and Underground
Bodies of Water" which has been reproduced in its entirety
2s Appendix A4 since this document is necessary to comprehen-
sion of the present report. The guidelines recommended in
the circular are given below.

WORKING BELOW SURFACE WATERS

Total Extraction Mining

1. Any sincgle seam of cocal beneath or in the vicinity of
any body of surface water may be totally extracted, whether
by longwall miring or by pillar robbing, provided that for
each 1 ft thickness of coal seam to be extracted, a minimum
of 60 ft 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 extraction provided that for each 1 ft of the
aggregate cozl and rock thickness of all seams to be extrac-
ted, a minimum thickness of 60 ft of solid strata cover exists
between the proposed workings in the uppermost seam and the
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Table. %

BRllowable or Calculated Maximum Tensile
Strain Adopted in Different Countries

Country

Sydney Coalfield
of Nova Scotia,
Canada

Vancouver Island,

British Columbia,
Canada

Chile

{after Wardell,

Allowable or
Calculated Max.
Tencsile Strength

1,710 pe

7,500 yue

10,000 ue

8,000 us

5,030 ue

31

1876)

Geological Seguence

Carboniferpus-predominantly
shaley with some fireclay
and sandstone beds,

Predominently sandstone with
some shales and little fire-
clav. '

Carboniferous-predominantly
shaley with scme fireclay
and some sandstone beds,

Predominently sandstone with
some shale and firecliay beds.
Calculations apply where there
is no supposed alluvizl cover
at the sea bed.

Predomintently sandstone with
some shale and fireclay beds.



Table 6

Different Eazards of Working Beneath
Various Bodies of Surface Water
(after Wardell, 1976)

HLZARDS

BODIES
OF MINE SURFACE
SURFACE
WATER PASSAGE IMPATRMENT IMPA IRMENT ENCROACEMENT INSTABRILITY
OF WATER OR FAILGRE QF OR FAILURE OF LAND SUR- TO ADVERSE
INTO MINE IMPOQUNDING CF FUNCTION FACE BY WATER CHANGES IN
STRUCTURES HYDROLOGY
A b
Lakes &
Ponds * T X X X
Marshes X - meee- X X
Rivers &
X -——- X X X
Streams {whare navigable)
ARTIFI-
CIaL
Impound - X X X X X
ed Waters
Canzals X X X X X
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bed of the body of surface water. When subsidence observa-
tions have been carried out and satisfactory calculations
of surface tensile strain can be made, any number of sesams
mey be mined by total extraction provided that the maximum
cumulative, calculated tensile strain beneath a body of
surface water will nowhere exceed 8,750 ues.

3. Where & single seam has already been mined by total
extraction in accordance with the provision that for each

1 ft thickness of mineral and rock extracted, & minimum of
60 £t of solid strata should exist, no other underivying
seam should be mined by total extraction. Where the cover

. between the two seams is 60 times (or greater) the extract-
able thickness of the lower seam, such a lower seam should
be mined by partizl extraction ~-- in accordance with the
subseguent guidelines here stipulated -- as though the upper
seam represented a body of surface water.

4, Where wash or other natural deposits, which may be high-
1y permeable or which when wet may flow, exist between bed-
rock and the bed of z body of surface water, these should be
excluded from the thickness of solid strata menticned,

except where it has been demonstrated that such wash or

other deposits would not be likely to flow when wet and

could be considered as impermezble.

5. Where a fault which might connect mine workings with a
body of surface water and which has a vertical displacement
greater than 10 ft, is known to exist or an intrusive dike
having a width greater than 10 f£t, is known to exist or is
met with during development, no seam should be totally ex-
tracted within 50 ft horizontally on either side of such
fzult or dike.

Partial Extraction Mining: Room and Pillar

Minimum Depth of Ccver

1. Nco entry should be driven in any coal seam lying
beneath or in the vicinity of any body of surface water where
the total thickness of solid strata cover azbove the seam is
less than 5 times the maximum entry width (5s) or 10 times
the maximum entry height (10t), whichever is the greater.
Where at lezst one competent bed of sandstone or similar
material is present within the solid strata and has a thick-
ness at least 1.75 times the maximum entry width, mining at

2 lesser cover than 5s or 10t may be considered.
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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 tc a cocal seanm,
the provision of 10t or Ss should also apply unless drifts
or tunnels are permanently supported and are so maintained.
In the latter event, however, there should be a minimum
so0lid rock cover of 1.75 times the maximum drift or tunnel
width.

Pillar Dimensions for First Workings

1. Where room and pillar first working is to be carried
out beneath or in the vicinity of any body of surface water
and at cover depth greater than the stipulated minimum, the
minimum width of pillar should be determined from the egua-
tion

((W+ s)/W)2 1.5 D = 1000/t + 20 {W/t)?

where W, s, t, and D are pillar width, room width, seam
thickness, and depth from surface, respectively. An excep-
tion is made where specific local data {including relevant
end ccmpereble mining experience) exist which demonstrate
that & lesser widtih could be used with safety.

2. Where an upper seam has been mined by room and pillar
first working in accordance with these guidelines, underly-
ing seams should not be mined -- whether by total or partial
extraction -- except by considering the upper seam as though
it were the bottom of the surface body of water.

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

Partial Extraction Mining: Panel and Pillar

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 a minimum solid strata cover thickness of

270 £t or 3p, where p is the width of the panel, whichever =
is grezater,
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2. The widths of extraction panels should not exceed
one-third the depth of mining, and the widths of pillars
between extraction panels should be 15 times their height
or one-fifth the depth of mining, whichever is greater.

3. VWhere more than one seam is to be mined by this system,
the panels and pillars in all seams should be superimposed
into the vertical direction with the panel widths being
determined from the depth to the uppermost seam and the
pillar widths being determined by reference to either the
thickest or the deepest seam, whichever would give the
greater dimension.

4, Where the panel and pillar system of mining has been
emploved in an upper seam, it should not be permissible to
mine by total extraction in any underlying seam except by
considering the upper one as theugh it were the base of the
surface body of water.

Safety Zones

Surface Waters

£

1. Where any body of surfasce wzter is present azbove the
potential mine workings, a safevy zone around such body of
surface water should extend 200 £t horizeontally from the
high-water mark, or perimeter of the water body, and verti-
cally downward from this point to a depth of 350 ft, then
cutward at an angle of dip as shown in Figure 1.

2. If mining is considered within such & safety zone, it

should be in accordance with the guidelines for mining
beneath surface waters.,

3. The width of such a safety zone may ke increased or
decreased if local observations and/or experience justify.

Structures Retaining Water

i. Where any surface structure is impounding a substantial
body of surface water and damage to that structure by mine
subsidence effects could lead to a risk of structural failure
and prejudice to public safety, no mining should be permitted
within the safety zones of such a structure.
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2. The perimeter of the structure reguiring protection
should be estabiished by those responsible for its mainten-
ance and safety. The safety zone arocund the perimeter of
protection should extend ocutward 200 ft in ail directions,
then downward for 350 ft, and then cutward at a dip of €5°
from the horizontal -as shown in Figure 2. This safety zone
is designated as a zone of no extraction. Figure 2 also
‘shows the restriction on mining beneath the impounded water.

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

1.2.4 Summary of NSW Inguiry
The report of the inquiry (Reynolds, 1976) is a legal
document and not a technical report, sc the presentation
is not intended as an original work but as a report on the
Commissioner of Inquiry's findings and recommendations.

The report becins with a review of the problem, in

which it is nocted that severzl undercground cozl mines have
gppliec to mine beneath stored water in 5 reservoirs. The
grea is in the Scuthern Coalfield of New South Wales,
Austiralia, The seams of interest are approximately 9 feet
thick a2t a depth of about 1000 feet. Within the govern-
ment of the State of New South Wales, the Department of Mines
is charged with furthering cozl extraction while the Metro-

politan Water Sewerage and Drainage Board is charged with
maintaining the water supply. Thus the dispute arises between
the two conflicting interests.

The cozls are generally the Bulli Seam and Wongawilli
Secam extracted with a thickness of about ¢ feet and are part
of the Tllawarra coal measures. These are overlain by the
Narrebeen Group of sandstones and claystones with some shale
which is overlzin by the Hawkesbury Sandstone.

A comprehensive review of subsidence phenomena is given,
cenerally following NCB experience. It is acknowledged that
wherezs the surficial disturbance is well-studied, the changes
in strata permeability induced by mining have not been
studied. Mining methods are then reviewed, and the panel and

i r system is accepted as the commonly used system in this

0
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It is noted in the report that previous guidelines for
mining under water are intended to protect the men and work-
ings, but not the surface waters, which can drain into
surficial disturbances without reaching the mine. The
various guidelines for undersea and underwater mining that
have seen use throughout the world are summarized.

The Commissioner visited several United States and
European mines actively working beneath stored waters, and
reported on their situations and experiences. 2Alsc, the
results of methane drainage projects above cozl seams are

- Teported.

Field tests were then carried out in which bore holes
were drilled from the surface zbove unmined and mined areas.
The field tests allowed only twe conclusions: that the
mining induced surface fractures did not extend for hundreds
of feet into the mining horizon, and that in zll cases a
retarding layer was present in the strata which prevented
vertical migration of significant quantities of water no
matter what the mining-induced increase in permeability.

Wet mines in the arez were exzmined and it was determined
that drips contained zlgae species that originated in stored
surface waters. Tritium level studies indicated that rain-
water rather than stered groundwater was the source of mine
water. The inspections and field tests also indicated that
below 200 £t (60m) little natural vertlcal flow of water
occured.

Finite element model studies were carried out, and con-
cluded that surface indications of disturbance were not
indicative of subsurface disturbances, and that in panel __
and pillar mining three zones exist from the surface downward:

‘disturbed zones above and below a sensibly undisturbed zone,
the three asbove the mining horizon.

The following intermediate conclusions were reached
and it should be noted that only partial extraction mining
is contemplated:

Depth of Cover:

1. For Mining under the stored waters it is necessary to
ensure that a sufficiently thick seqguence of normal
strata of the Narrabeen Group which remains sensibly
undisturbed lies between the mine opening and the base
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of the stored waters. Such a sequence will provide
vertical impermeability in a practical sense. It has
not been established that any seguence of 200 ft (60 m)
of strata, even if undisturbed by mining, will be
sufficient to provide layers of low wvertical perme-
ability. The experience at Huntley Colliery throws
doubt upon an uncualified acceptance of 200 ft (60 m)
of undisturbed strata being sufficient.

The required thickness of undisturbed Narrabeen seguence
is 200 ft (60 m).

Bord and Pillar:

3.

Mining by the boré and pillar method with bords no wider
than 18 ft (5.5 m) and pillars with a minimum dimension
not less than 15 times the height of the extraction or
one-tenth of the depth of cover, whichever is the greater,
will not cause strata disturbance at the surface and

only minor roof disturbance at the seam where the depth
of cover is 200 £t (60 m) or more. (The alternative
pillar size is stipulated in case mining by bord and
pillar is undertaken at great depth.)

This type of mininc at this depth will at most locations
under the reservoirs therefore substantially provide
the reguisite sequence of undisturbed impermeable strata.

At depths of cover of 250 ft (76 m} or more, bord and
pillar mining may be undertaken irrespective of the

nature of the cover. With depths of cover of 200 ft (60 m)
or more to less than 250 £t (76 m) no mining should be
undertaken unless the cover includes 200 £t (60 m) of
rocks of the Narrabeen Group.

Panel and Pillar:

6.

At depths of cover of 300 £t (90 m) or more, by following
certain patterns of mining geometry, it is possible to
obtain a reascnably high percentage of extraction whilst
localising the stresses which are developed and lead to
rock fracture or other disturbance to zones near the
surface and near the seamn.

At this minimum depth, if subcritical panels of appro-
priate width are extracted, the immediate roof beds

will generally collapse and fill the void causing a zone
of collapse up to five times the height of the extraction
but conceivably extending to ten times.
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Above this zone will be a zone where some fracturing
or rock joint opening and some separation of the

beds will occur.

A level is reached where progressively the strata will
begin to bechave as a bridge and defiect only siightly.

From this level to near the surface the strata will
remain sensibly undisturbed except for minor deflection
at the centre of the panel of extraction. It will be
tightly constrained and its permeability will not be
affected.

When a series of panels have been extracted under this
system separated by pillars of appropriate size a

shallow flat bottomed trough of subsidence will be formed.
Above the piliars at the limit of such z layout tension
effects will occur but only to shallow depths.

In normal geological situations the bridging effect will
be achieved at a height above the extraction not more
than the distance in width of the extracted pzanel.

In the seriecs of substantially parallel panels there

must be separation by pillars of a specified width for

three reasons:

(a} to avoid disturbance of the strata above & panel
interfering with the stability of the strata arch
above adjacent panels.

(b) to avoid excessive overlapping of subsidence profiles,
and

{(c) to provide permanent support to the strata.

Pillars of a length co-extensive with the panel length,
with a minimum width no less than one-fifth of the
depth of cover or 15 times the height of extraction,
whichever is the greater, is the azppropriate specifica-
tion.

Wecessary caution and conservatism demands that any
proposal for a chazin of pillars be not accepted.

At a1l depths in excess of 300 ft (90 m) if panels not

exceeding one-third of the depth of cover are extracted
and piliars are of the dimensions specified, there will
be provided at least 200 £t (60 m) of undisturbed strata
of the Narrabeen Group.
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17. Nevertheless, other considerations may demand a more
conservative decision as to the minimum depth of cover.

Followinag this, further items were discussed, such as
the marginal zones around reservoirs which have been taken
as 26-1/2° from the vertical, and around dams as 35° ‘from
vertical. Further, the Full Storage Level (FSL) and not
the Top Storage Level (TSL) or flood stage has been taken
as defining the reservoir perimeter. The problem of long
term stability of pillars was considered, and it was con-
cluded that adequately designed pillars will endure for
the lifetimes of the reservoirs, that is, for centuries.

The Commissioner concluded with the following Findings
and Recommendations (which it should be noted allow partial
extraction only):

(1) I would answer the first question in the terms of
reference in the affirmative. I have formed the
opinion that, in the public interest, the relevant
mining should be permitted because the valuable
resource of coal reserves may be mined without
encangering the security of the stored waters if
the mining is carried out with proper safecuards.

(2) The following paragraphs indicate my views relating
to the second question of the terms of reference
as to the extent of such mining and the conditions
subject to which it should be carried out.

Restricted Mining Only:
(3 tining under the stored waters must be restricted to
specified systems of partial extraction.

(4) There must be a zone around the margin of the stored
waters within which only this restricted mining is
practised.

(5) Minimum depths of cover for mining must be observed.
(6) No mining or driving of access roads should be per-

mitted at a depth of cover under the stored waters of
their marginal zones of less than 200 ft (60 m).
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Bord and Pillar Recommendations:

(7)

(8)

(9)

(10}

Panel
(11)

(12)

Bord and pillar mining at depths in excess of 200 £t
{60 m) shculd be allowed with bords of a maximum
width 18 ft (5.5 m) and pillars of a minimum width
i5 times the height of extraction or one-tenth of
the depth of cover, whichever is the creater, pro-
vided the cover includes not less than 200 £t (60 m)
of rocks of the Narrzbeen Group.

Where the depth of cover is 250 £t (76 m) or more,
bord and piliar mining with bord and piliar sizes
as in (7) should be permitted.

Where the depth of cover is in excess of 200 £t (60 m)
but less than 250 ft (76 m) but does not inciude

200 ft (60 m) or more of rocks of the WNarrabeen Group,
only the driving of access roads should be permitted.

Where two or more seams are worked in the same .
locality by the bord and pillar system, the pillars

in each seam should have the same dimensions and

these should be related to the thicker seam. Where
the Iinterval between the two seams is greater than
five times the thickness of the lower seam the
cdimensions of pillars in the lower seam may be related
solely to the thickness of that seam. Where the pillars
are reguired to be identiczl in size, the pillars in
each seam should be disposed in the same vertical
plzne.

and Pillar Recommendations:

2t depths of cover of not less than 400 £t (120 m)
partial extraction of coal by the panel and pillar
method may be carried out provided that panel sizes
do not exceed one—-third of the depth of cover and
pillar sizes are of a length co-extensive with that
of the panel extracted and of a width not 1less than
one-fifth of the depth of cover or fifteen times the
height of extraction,; whichever is the greater.

1f more than one seam is worked, one above the other,
by the panel and pillar system, the smaller panel
zopliceble and the pillar larger in width should be
teken to zpply in both seams and the pillars should
be in the same wvertical alignment.
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Marginal Zone Recommendation:

(13)

The marginal zone around the stored waters should be
determined by an angle of draw of 26-1/2° taken from
the boundary of the stored water at full storage level.

Dam Wall Recommendation:

(14)

(15)

There should be no mining or driving of access road-
ways within a pillar of coal under and surrounding
an impounding structure.

The size of the pillar of unworked coal under any
impounding structure should be determined by an

angle of draw of 35° taken from a line on the surface
650 ft (200 m) from the edge of the concrete or
masonry structure. The Minister for Mines and

Energy should have power if thought fit in a parti-
cular case to increase the distance of 650 ft (200 m).

Further Recommendation:

(16)

(17)

(18)

(19)

A detailed plan should be submitted to the Department
of 2ll proposed mining under the stored waters and
their marcinal zones. The Minister should have power
to disapprove such a plan in whole or in part, not-
withstanding that it complies with these recommenda-
tions if, in the opinion of the Minister, it is
proper to do so.

In particular, the Department should ensure that the
mining plan in so far as it relates to the pattern

of extraction at and near the boundary of the marginal
zone is such that the integrity and effectiveness of
the partial extraction system will not be impaired or
reduced.

Periodical inspection of the working under the stored
waters or the marginal zones should be allowed by a
representative of the Board. Coal which has spalled
from pillars the size of which is specified to these
recommendations should not be removed. Special powers
to halt mining under the stored waters and their
marginal zones should be reserved to the Department.

Severe sanction should be imposed for any breach of

the mining conditions relating tco mining under the
stored waters or their marginal zones.
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2.0 THE NATURE OF WATER BODIES

The size, geometxry, and nature of bodies of surface
water aré important factors on which will depend the size of
the zone in which mining may be restricted. For convenience,
bodies of surface water have been grouped intc the following
three categories.

2.1 Catastrophic Potential Size

In the first category are included those water bodies
whose water level is not significantly affected in the event
"of any loss of water into the mine. Such bodies will include
an ocean, the Great Lakes, large rivers, large inliand lakes,
and reservoirs. They can completely flood the mine workings.

2.1.1 Oceans

Oceans have unlimited water supply and are lnflnltely
laraer than the volume of any partlcular mine. Coal mining
benea the sea has been carried out in the United Kingdom,
Canada, Jazpan, Rustralia, Chile, and Spzin. Records indicate
that in the United States some limited mining in the past was
carried out beneath Narragansett Bay near Portsmouth, RI (Bar-
ton, et &l, 1977). Some of the workincs in these instances
below the ocean extend for & maximum distance of about 5 miles
from the shoreline, '

Marine environments are generally classified on the
basis of depth of water, closeness to shore, and the type of
bottom sediments. As seen in Figure 3, depositions at the
sea bed in littoral and neritic environments, which extend
outward to a point corresponding to a depth of about 600 ft,
are important in their potential to sezl mining induced
cracks that may develop in the ocean floor. It is estimated
that about 80% of oceanic sediments are deposited in these
environments. Sediments deposited include wud, silt, sand,
and lime muds. Sandy sediments generally grade out in the
shore region into an area of siity mud. Generally the silt
content decreased zs the water deepens. Thus muddy sediments
predominate in littoral environments. Clay and mud may also
be entrapped by vecetation such as sea weed which occurs in
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Figure 3 - Schematic Diagram Showing Marine
Environment
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abundance in areas of shallow water. However, it may be
noted that irregularities of deposition are common in areas
of shalliow water and it will, therefore, be essential to
study individual cases rather carefully.

It is not clear as to what extent any induced fractures
are self sealing through weathering and softening and through
being covered by clay and silt. It has been suggested that
the "ooze”™ occurring at the sea bed acts as a good f£illing
medium for cracks. Many undersea workings are very dry and
it is therefore suggested by some that the fine grained mud
and clay deposited on the bed of the sez acts as a laver
impermeable to water (Orchard, 1975).

The presence of relatively thick unconsolidated deposits
of impermeable clay, silt and marl between bedrock and the
sea bed has been considered to be a significant facteor in
decreasing the risk of inundation in Japan, Chile, Vancouver
Island, and Scotland. In formulating requlations, Japan made
a specific distinction between the impermeable unconsoli-
dated formations and coal measures, taking into consideration
the likely beneficizl effects of the presence of the unconsol-
idated formations (Fawcett, 1973). It is reflected in the
Japaness Szfety Regulations (issued by The Mine Safety Bureau
Ministry of International Trade and Industry) which make a
distinction between the thickness of Quaternary and Tertiary
formations in the cover., All the coal seams mined in Japan
are of Tertiary age. The Tertiary rocks have a general shale,
sandstone, sandy shazle seguence, while the Quarternary forma-
tions consist entirely of impervious muds, clays, silts, sands,
or pebbles.

2lthough the mineable reserves of coal under the oceans
may be azppreciable in the United States, their potential is
not known at the present time.

2.1.2 Very Large Lakes

Like oceans, very large lakes have an unlimited supply
and can flood any mine that may be worked under them without
there being any significant change in water level. Deposi-
tions at the beds of large lakes are similar to that of
oceans. However, in the case of some lakes, the strata may
contzain considerable thickness of glacizal materisl. Glacial
materiel may be highly permeable, and as such, its effect on
the reguirement of the total thickness of the safe cover
warrents special consideration.
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In the case of both oceans and very large lakes, the
"highest high water level™ should be taken as the edge line
of the water body and can be determined from the appropriate
authorities.

-

2.1.3 Large Rivers

The water level in large rivers is controlled by its
inflow and outflow, thus mine subsidence under the river bed
will cause the lowering of the land but not necessarily a
lowering of the level of water. A general lowering of rela-
tively flat land surrounding a river may result in consider-
able increased water intrusion thereby making it wet or
swampy. Also, in the event of the land surrounding a river
being subject to flooding, mine subsidence could considerably
extend the areas of surface flooding.

Large rivers are continuously replenished and can flood
a mine completely without there being any permanent change
in their level of flow. The flood stage of the river should
be taken at the mine or mine panel life flood as in Figure 4.
That is, if the expected mine life is 50 years, the flow and
lateral extent of the river for hazard determination should
be the 50 year flood.

Rivers carry a large quantity of clay, silt, sand and
other sediment which may be deposited to a considerable
thickness at the river bed and its banks. The thickness of
the unconsolidated material should not be taken into consider-
ation while determining the thickness of the cover for working
below or in the vicinity of rivers, since this material is
often scoured out during flood stage. '

2.2 Major Potential Size

The second category will include small rivers, streams,
and lakes.

2.2.1 Small Rivers and Streams

Small rivers and streams generally have a great variation
in their flow depending on the season. Advantage of this
seasonal variation may perhaps be taken to recover consider-
able additional percentages of reserves of minerals with due
regard to safety in the closing years of a mine. This, of
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course, will call for special mining plans and precautions.
However, for all-season operations, adequate precautions in
accordance with the suggested guidelines for "catastrophic
potential”™ bodies as discussed above will be necessary
because small rivers and streams can completely flood the
mine depending on their flow rate. As with rivers, the
mine life or panel life should be used to determine the
flood stage of the stream. However, the flowing nature

of such streams rates out the mine being able to accept any
inflow above pumping capacity thus placing flowing bodies
in either the Catastrophic or Limited Potential class.

2.2.2 Small Ponds and Lakes

It is likely that the mine volume may be larger than
the water volume of a small lake, a farm pond, or a sediment
pond on the surface. Thus, even in the event of an inunda-
tion, only a part of the mine may be flooded which may not
affect either the production or the safety of the mine
beyond acceptable limits. If a mine is relatively new, it
may be possible tc adopt a suitable mining plan which will
rrovide for sufficient water storage capacity in the downdip
workings to provide for a cushicn in the event of an
inundation while working under a water body.

The total available water storage capacity cof a mine
with respect to a body of surface water has been used to
determine its critical size. The size of the water body is
critical or of catastrophic potential if its volume exceeds
that of the available water storage capacity of the mine,
and has been classified as major potential if its volume is
less than the available water storage capacity. As before,
the mine life years flood stage should be taken for the depth,
extent, and volume, as in Figure 5.

2.3 Limited Potential Size

The third category will include water bodies like very
small lakes, farm ponds, sediment control ponds, and small
seasonal creeks. .

If the average flow of a surface creek over the year is
sufficiently small, it may be possible to continue mining
underneath it as if the creek did not exist. The cut-off
flow rate cf the creek can be worked out from economic con-
siderations such as the additional cost of pumping and the
additional profit that may accrue as a consequence of
recovery of additional reserves.
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It is essential that adequate pumping capacity is
provided to deal with the expected peak discharge from a
mine lifetime year's flood.

'Before undermining such small streams where the
thickness of cover is less than laid down in the existing
and the proposed guidelines, the legal and social factors
which may be affected as a result of draining of these
water bodies should be evaluated. It may be possible to
make alternative arrangements for supply of water-to the
owners of affected water rights, or to recharge it on the
downstream side with appropriately treated mine drainage
or other waters with overall economic gains.

Small non-flowing bodies of water must be recognized
on a basis of their likely effect if they enter a mine and
must possess a likely inflow rate and volume that would
allow persons to avoid problem areas. They could also be
drained prior to mining under them.

2.4 Surface Effects

Le zlrezdly menticned where the surfzce land is sub-
jected tco fiooding, mining subsidence may greatly increase
the area of flooding mainly as a result of lowering of the
ground level. The ground surface is liable to develop
cracks as a result of mining subsidence even if the depth

of cover is adequate. Small streams of water, if under-
mined, may be lost due to these cracks whereas bigger
streams and rivers retain their water flow level. Of course,
surface subsidence cracks give rise to increased seepage
thereby wetting the ground near the banks.

As an alternative to working below major or limited
potentizal water bodies with an increased risk of inflow into
the mine, their deliberate draining or diversion should be
considered which will eliminate the risk altogether. This
will have to be decided on the merit of each individual case
and other overall considerations.
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2.5 Structures Retaining Water

Working below dams and embankments poses a different
type of problem altogether. Except in the case of small
embankments which impound a relatively small quantity of
water, any damage to them may endanger public safety. It
has been illustrated by experiments on brick walis in
subsidence zones that a horizontal strzin of a magnitude of
400 pe on the surface produced a crack as wide as 0.5 inch
to 0.75 inch in the brick wall (Littlejchn, 1874). It shows
that even a small but widespread disturbance due to mining
may jeopardise the safety of a structure which is not
specially designed to accept localized lateral strain.

Total protection of structures of public importance is
necessary, which can be achieved best by not allowing any

kind of mining in the safety zone surrounding these struc-
tures.

Small structures or embankments which impound only a
small cuantity of water, mud, and silt, even if breached,
may not threaten the public safety and health. There are
guite z few small embankment type structures undernezath
which considerable coal reserves may be unmineable if no
distincticon 1s made between small and big dams. The stan-
.Gards established by West Virginia Department of Natural
Resources (1975) for the design and construction of sediment
dams and agricultural dams located in predominently rural or
agricultural areas make a distinction between small and big
structures. A structure is classified as small when:

1. Failure of the structure would not result in loss
of life; in damage to homes, commercizl or
industrial buildings, main highways, or railroads;
in interruption of the use of service of public
utilities or damage existing water impoundments;
and

2. The contributing drainage area does not exceed
200 acres; and

3. The maximum vertical height of the dam or embank-
ment as measured along the centerline of the
embankment to the crest of the spillway does not
exceed 15 ft; and
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4, The area of the impounded water at the spillway
level does not exceed 10 surface acres; and

5. The structure conforms to all applicable laws
and regulations pertaining to the storage of
water.

Mining beneath these small structures may carried out
in accordance with the guidelines proposed herein.

2.6 Multiple Water Bodies

Throughout this report, water bodies are considered
singly. It is possible that a single subsidence event could
affect several water bodies, but is not likely that they

would drain into the mine at the same time. Water bodies

that are connected, such as a chain of lakes, or a stream
flowing into a lake, must be combined and their combined
volume and flow considered.
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3.0 THE NATURE OF STRATA DISTURBANCE
' DUE TO UNDERGROUND MINING

A1l strata achieve a balance of forces over periods
of geologic time by processes of deposition and tectonic
change. The natural stress field in the strata is mainly
due to the weight of the overlying rocks though some areas
have reported active geologic horizontal stresses. The
average density of coal measure rocks is 150 1b/cu-fi,
therefore, the vertical pressure gradient due to gravity
is approximately one psi per foot of depth. The creation
of a void in the strata by underground mining produces a
disturbance in the natural stress field. The effect of
the stress change results in strata deformation which,
depending on the dimensions of the excavation, can extend
to the surface causing it to subside. Surface depressions,
cracks and pits, with or without damage to surface struc-
tures, are the common effects of subsidence induced by
underground mining.

3.1 Mining Subsidence

For working under bodies of surface water, the study
of the nature of strata deformation is particularly impor-
tant.

In the absence of extensive field investigations and
instrumentation, the nature of strata deformation is .gener-
ally interpreted from the measurement of surface subsidence
or its predicted value. Measurements of mining subsidence
in EBEurope and also to a lesser extent in the United States
have made it possible to predict within a reasonable degree
of accuracy the effects on surface structures such as
buildings, bridges, pipelines, roads, and razilroads. Also,
in recent years, several studies have been undertaken to
determine the effect of geological anomalies such as faults,
nature of the water table, and characteristics of the strata
on overall structural damage. In underground workings, the
convergence of the mine roof and floor, stress distribution,
caving characteristics of the immediate roof strata, physical

properties of the seam and surrounding strata have alsoc been
determined.
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Surface subsidence depends on the method of mining in
addition to other factors. As mentioned earlier, effects
are observed on the surface only if the excavations are made
sufficiently wide. Most subsidence studies, therefore, have
been confined to total extraction methods by longwall mining.
Most subsidence theories based on direct observations have
evolved from these studies. However, if pillars are com-
pletely extracted in room and pillar mining, the result is
total extraction and it has been shown by subsidence measure-
ments that the same theories are applicable (Dahl and Choi,
1974)., Figure 6 shows a typical section through workings
illustrating the trough subsidence profile with corresponding
strain and displacement curves.

3.2 Factors Influencing Subsidence

Tha angle of draw, also called the limit angle, is the
angle between the vertical to the edge of the opening and
the line connecting the edge of the opening to the point on
the surface where the subsidence has dimished to zero (Figure
€). In practice, it is measured up to the point of least
neasurable verticzl movement which is ordinarily 1 mm (0.04
inches) (Wzde and Cconroy, 1977). It depends mainly on the
nature of strata and ranges from 8° to 45°. Commonly mea-
sured angles of draw in different coalfields of the United
States and some European countries are given below:

Country Angle of Draw (degrees)

United States

Eastern : 15 - 27

Central 0 - 30

Western 12 - 16
Great Britain 25 - 35
Germany 30 = 45
Netherlands 35 - 45
Worthern France 35
Soviet Union 30
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The maximum possible surface subsidence ‘'is given by

the relation: ) :
’smax = tN

where t is the seam thickness and N is a subsidence factor
which ranges from 0.1 to 0.9 with different gob support
methods. Some typical values of subsidence factor measured
in the United States and a few European countries are given
in Table 7. Some United States case histories giving
particulars of surface subsidence measurements and their
effects are given in Table 8. Measured and predicted
subsidence along with respective lithologies of different
coal regions of the United States are given in Table 9.

Other important factors that influence subsidence are
width and depth of panels, method of gob packing, seam in-
clination, and time. Their effects are generally predicted
on the basis of empirically derived relationships of several
field measurements. Continuum mechanics theories including
elastic, visco-elastic and elastic-elastoplastic have also
been developed but are not presently used for practical
problems because they do not give reliable results (von
Schonfeldt, Wright and Unrug, 1979).

3.3 Prediction of Horizontal Strain by the Graphical Method

The extent of fracturing, and therefore, the magnitude
of the increase in permeability of the deformed strata,
largely depends on the magnitude of the horizontal strain.
Therefore, a brief description of the commonly used graphi-
cal procedure for determining horizontal strains due to
total extraction of a flat seam as developed by the National
Coal Board is given by working a hypothetical example, below.

For p width of panel, 500 ft
D = depth, 400 ft
t = thickness of extraction, 6 ft

S = maximum subsidence, 4.98 ft (from
Figure 7)
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Table 7

Typical Subsidence Factor (N) Values
Measured in Different Countries
(after Brauner, 1973)1>

Coal Field and Method of Gob Packing Subsidence Factor

United States

Eastern (room and pillar) 0.10 - 0.60

Central (longwall) ' , 0.50 - 0.62

Central (room and pillar) 0.10 - 0.40

Western (longwall) 0.33 - 0.71
Ruhr Coal Field, Germany

Pneumatic Stowing 0.45

Other solid stowing ' 0.50

Caving ‘ 0.80
Nerth and Pazs de Calzils Ceoal Field, France

Hycdraulic stowing 0.25 - 0.35

Pneumatic stowing 0.45 - 0.55

Caving , .85 - 0.90
Upper Silesia, Poland

Hydraulic stowing 0.12

Caving 0.70
United Xinaodom

Solid stowing 0.45

Caving or strip-packing - 0.80

Soviet Union

~ Donbass district | 0.80
ivov-Volyn district 0.80 - 0.50
Kizelov district 0.40 - 0.80




09,

Tahle B - Cane Hintoriea Showing furface fubsidence and Surface Effects

Mo, Mine wWirldth of Depkh fnam Thick- Max. fub- n/t Angle of Max Emim b/t Remarks
Fanel (ft) () nran Minpd aldrnee Drcaw Strain
(fe) {re) (F)
i)
" {m P I
1 Marquette Cement 500 5499 1.5 1.847 n.52 24 2%? .276 169 The pillars in lime-
o to stone workinga caved
2 Marquette Cement 500 150 1.5 1.93A 0.5% 60 571 129 and the solid stone
cracked resulting in
- roof falls{Auchmuty,
1931)
3 Crucihle Mine 1125 550 6.2 3.1 nN.%2 Mot men- Mot mea- B9 - Highway oh the
. aured sutrad surface developed

Cracks (Maiee and.
firaenwald, 19319)

a 014 Pen Mine 400 610 | 7.0 4.39 2.67 1A% - 30° 87  Under Rand Lake
{Wwade and Conroy,1977)
5 RBlacksville No. 1 150 370 6.0 2.30 n.38 Not mea= ° Not mea= 62 . 3
aured aured {(vahl and Choi; 1973)
6 llumphrey No, 7 300 3180 6.5 0.47 0.08 Not mea- Not mea=- 58 (pahl and Choi, 1973)
sured sured
7 Crucible Mine Area 2 900 50 7.2 3.5 N.48  Not mea- 1.0 54 (Maize, Thomas and
sured Greanwald, 1941)
n Crucilbbla Mine Area 2 450 3150 7.2 2.9 nN,40  Not maa= 0,75 49 (Maize, Thomas and
sured Greasnwald, 1941}
9 Nemacnlin Mine 1300 300 6.5 3.n8 0.17 Not mea- Not mea~ 46 Highway on the
sured sured surface developed
cracka (Maire, Thom-
as and Greenwald, 1941)
10 Gibson Mine 150 135 to 400 5.3 2.8 0.53 HNot mea- .25 - 2% to 50% coal recovery
sured 75 {surface cracked)
(Maizs , Thomas and
» . Greanwald, 1%40)
11 York Canyon Mine 550 240 to 440 10 7.1 0.71 is.s° 24 to  (Gentry.and Abel,
44 1977)
12 Montour No. 10 Mine 150 15 to 70 5.0 3.0 0.60 Not mea-~ Not mea- 1 to n to 6in cracks
sured sured 14 on the surface

(Maize , Thomas and
Greenwald, 1941)
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Table 9 - Measuréd and Predicted Suhsidence for Some U.S. Coal Districts

(after von Schonfeldt, Wright and Unrug,

mission of the American Mining Congress.

1979)

Used with per-

Geographic Location West Virgina New Mexico (4)|Illinois(5)] Virginia
(1) (2) (3)
(193-213) ' (73 =226)

Average Overburden,ft,(D)] 213 201 183 150 190 1600=1800
Panel Width/0Overburden .64 .74 -,64 .56 1,72 -.8 W74 1.3
Stratigraphy : :

Sandstone (%) 5 13 20 30 3. 47
. Limestone - (%) 45 42 31, - 3 -

Shale, Mudstone,

Siltstone, etc., (%) 50 45 49 70 94 53

, {(50-84)

Subsidence Ratio (%) 40-47 38 35-38 70 63 - 73 20
NCB Subsidence
Prediction (%) 61 63 50 70-88 70

Abel and Gentry,
Conroy, 1978 .

) Choi and MecCain, 1979

y, {3y Dahl and von Schonfeldt, 1977
)

)
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The maximum strain is directly proportional to the
maximum subsidence and inversely proporticnal to the depth
of the séam. It is expressed as:

E=% S/D

It may be noted that factor k is different for tensile
and compressive strains and. is proportional to p/D of the

excavation. From Ficure 8, compressive and tensile values
for k are:

For compressive strain (-E) (using units of microstrains, ue)
k = 510,000, therefore -E = kS/D = 6,800 e

and for tensile strain (+E)
k = 650,000, therefore ;E = k S/D = 8,100 ue

Table 10 can now be constructed. Row 1 in Table 10 is taken
from Table 11. Multiply k S/D by the f£ractions in row 1 to
obtain row 2; cobtzin row 3 from Table 11 for p/D = 1.25 and
multiply row 3 by D = 400 to cobtzin row 4 which gives dis-~
tances from the center of the panel. Now plot the strain
profile using rows 2 and 4 as shown in Figure 9.

As & result of large number of subsidence and strain
measurements, it is now known that the subsidence and strata
strains when superimposed on one another due to either work-
ing two adjacent panels or multiple seams accumulate algebrai-
cally., Figure 10 shows the calculated effect on the strain
profile for working two panels adjacent to each other with &
50 £t wide barrier pillar. The algebraic sum of the strata
strain is shown by the dotted line. The observations indi-
cate that the ground sirzin is not relaxed with the passage of
time. Therefore, the effects of working underlving or over-
lying seams or adiacent panelsg in the same seam when super-
imposed accumulate algebraically irrespective of whatever may
be the time lag. If the ribsides of subseguent workings in
overlying or underlving seams coincide with the curvature
at the edges of subsidence depression, the curvature becomes
sharper and fissuring and fracturing more severe (Orchard,
1975).
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Table 10~ Meth®#d of Predicting Strain Profile

EXTENSION (+E)

COMPRESSION (~E)

1. E/EInwx 0 0.20 0.40 0.60 0.80 1.00 0.80 0 0.20 0.40 0.60 0.80 1.00 0.80 0.60 0.40
2. Strailn ip _ :
HE ' 0 1620 3240 4860 6048 8100 6480 0 1360 2720 4080 5440 6800 5440 4080 2720
3. Distance
in terms -
of D 1.33 0.90 0.79 0,73 0.68 0,63 0.58 0.48 0.46 0.43 0.40 0.37 0.31' 0.22 0,15 0.09
4, Distance
in feet 532 360 316 292 272 252 232 192 184 172 160 148 124 88 60 36
for p/D=1.25

fram Tahle 11



Table 11 - Rélaticmship'for Various Strain Values in a
Subsidence_Profile {from wational Goal Board, 1975}). _

Reproduced with permission from Rational Coal Board
Subsidence Engineers Handbook (revised edition 1975).

Values of - _Stra‘in
. . gfrain (maximum)
. Extonsion {1 L) . L Conyrussion { —E)
0 0.20° 040 0S50 08B0 1.00 080 0 020 040 060 OBD 100 DEO 06D 040

e
d

1
—P;?n—;—g:l—dt—h Ratio of Panel
ep . DISTANGCES FROM PANEL CENTRE IN TERMS OF DEPTH

30 22 178 167 161 1566 150 146 136 134 131 28 125 119 110 103 08 09 070
26 20 158 147 141 138 130 126 116 134 111 108 105 ©89 0% 083 077 070 O
22 18 138 127 121 15 110 100 09 0S4 091 Oss OB €79 00 063 067 060 &N
20 1.7 128 917 111 105 100 06 OB 088 O 078 06 063 OB0 053 047 040 0OXN
18 1€ 117 107 101 OS5 090 OBE 07 O©O73 071 068 065 069 050 043 037 0 010
16 16 108 097 091 OBS OBO0 0Y6 ©O66 063 ©6' O©OS56 OS5 045 040 033 027 020 oM
14 t4 098 0B7 OBl 076 070 O O©56 ©63 061 048 065 033 D30 C23 017 010 O
13 135 £85I QB2 0 0 065 061 051 04% 046 043 Os0 034 026 018 012 OO0E °
1.2 13 o0B8 077 0N 066 061 056 046 44 047 038 035 ©2¢ 020 013 007 002 o
11 125 ©83 072 ©66 OBt 056 052 D42 D3 ©037 033 0 024 015 003 003 O ]
- 10 12 078 88 DEz 057 051 047 037 035 032 029 02 €20 010 0o5 O ] 4
0.96 119 078 067 O0E1 056 OS50 046 036 O34 031 028 025 018 008 004 O [ 0
0.96 Y16 077 065 D060 OBS 049 045 035 033 0630 027 024 018 009 004 O [} [
¢od 447 076 085 0D5¢ 0S54 O4E 044 ©3I5 032 030 026 023 €17 ODE 003 ] 1] [
0.82 116 075 o064 OSE 053 047 043 034 031 029 025 022 O1I6 00?7 002 -] ] (1]
080 115 074 063 057 082 046 D42 ©33 030 028 C24 021 QIS5 006 002 © 0 0
088 114 073 062 ©65 OBt 046 041 032 ©029 027 024 021 015 005 o001 O [ 0
DBE Y43 072 061 055 OS50 045 040 031 €29 026 023 020 ©O¥4 005 O o 0 [}
0584 112 077 OBC 054 049 044 033 030 G268 ©25 022 018 013 004 1] [ 0 [}
082 111 D7 059 O©O53 O48 043 038 029 027 025 €21 018 012 003 0 [ 4] [}
[o:1¢ 110 0€S ©S5F 053 048 042 037 029 C2¢6 ©24 €20 ©17 011 QO2 O [} 3] a
C78 105 D6E (%57 €52 047 ©O4 O03& ©28 026 02% Q20 017 ©11 002 O 4] 0 4]
[l 106 0€7 ©57 ©S51 04 040 036 027 025 022 018 €I €10 OO [ '] 0 ]
074 107 067 OS5 OS50 045 039 035 025 024 022 Gig 015 009 OO0 0 /] 0 o
072 106 OFE OS5 0D4% D44 038 034 026 024 021 011 €15 0O¢ @ a 0 0 o
670 105 065 054 D48 044 037 033 025 023 €20 017 0Oi4 DO§ © 0 0 0 ]
0.68 104 064 054 047 ©O43 037 032 o2 022 020 016 013 ©07 © 0 [ 0 0
066 $03 064 G653 047 042 035 03Ir 024 ¢22 €19 016 013 007 © 0 0 4] ]
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400 ft

Straln(+E) (ue) D=
»000 p= 500 ft
t= 6 £t
S= 4,98
5/t=0.83
+E= 8100 ue
4,000 -BE= 6800 yue
0 , Ground Level
4,000
D= 400 ft
8,000

Strain(-E) (ue)

i

p= 500 ft———;—--ual

Figure 9- Method of Plotting Predicted Strain Curve

6 £t Seam



Strain of each Panel

29

.Strain at Superimposed Area---:---:—¢=c=e~e=
Strain (+E) (ue) Max. Superimposed : "Straln(+E)CUE)
18,8007 . 16,900 ne o D= 300 ft T"18 800 I
"\ p= 450 ft
A ol 5 S
[ S= 4.2 ft {
‘Max. Strain in each Panel . . 'g/t=0, 84 —
9’400} 9,400 ue | { "+E=l§ 900 He-v~3 49'400
Surface
and_Datum
o —

9,400 4 ~¥9,400
Serain(-n) {Strain (-2
(pe) v e \(ue)_“w
450 | £t | 5 (f 450 £t -

ft
Figure 10~ Supérimposed Strain Profile of Two Adjacent Panelu



3.4 Mezasurement of Subsidence

According to the guidelines recommended in Bureau of
Mines IC 8741 any number of seams may be. mined by total
extraction provided that the maximum -cumulative, calculated
tensile strain beneath a body of surface water will nowhere
exceed 8,750 ue, when subsidence observations have been
carried out and satisfactory calculations of surface tensile
strain can be made. It is important that subsidence measure-
‘ments are carried out with a reascnably high standard of
. accuracy. Therefore, it is necessary to set up certain
minimum standards for settirg up survey monuments, including
their spacing, the layout of survey lines on the surface,
and instruments to be used for measuring distances, angles,
and tilt (Panek, 1966, Gentry and Abel, 1977).

3.5 Subsurface Strata Movement Measurements

Subsurface strata movements induced as a result of
mining have been measured by instrumenting boreholes drilled
from the surface or from below ground. Most mecasurements
made in the United Staztes were of strata separation with
respect to ths position of the eavancing longwall faces.
These measurements have provided considerable information
on the behavior of the intermediate subsurface strata lying
over the caved zcne. Some important case studies are dis-
cussed below.

At Mine No. 24 of 01d Ben Coal Company, a 387 £t long
retreating longwall face was worked in Herrin (No. 6) cozal
bed about 8.5 to ¢ ft thick. About 1 to 1.5 £t of coal were
left in the floor to avoid exposure of the soft underclay
floor. The averzge thickness of cover above this Panel No 1
was 650 ft. An KX size borehole was drilled from the surface
over Panel No. 1 into which a 7/8 inch diameter coaxial
cable was grouted. As the longwall face approached the test
borehole and pzssed under it, the damage to the cable was
detected by using time domain reflectometry (Wade and Conroy,
1977; Curth, 1978; Curth and Cavinder, 1977). The results of
the monitoring are shown in Figures 11 and 12. As shown in
Tigure 12, the majority of the strata movement was confined
to a height ©f about 175 ft above the coal seam. The subse-
guent break in the co-axial czble at about 4135 £t height
above the coal seam was probably on account of bed separation
of the subsiding strata. Although these measurements are of
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vertical strata displacement, the study does illustrate
that the strata above 175 ft height remained more or less
undisturbed except for vertical subsidence and minor bed
separation or extension of the strata in the vertical
direction.

Time domain reflectometry studies of another test
borehole above the adjacent Panel No., 2 at the same mine
gave similar results except that the co-axial cable broke
at a height of about 90 ft before the longwall face reached
a position under the borehole. Strata movements induced
ahead of the longwall face are considered responsible. The
study does indicate that the major portion of the strata
deformation ahead of the face in this case was confined to
a height of less than 100 ft about the coal seam.

Strata movements above a longwall face were monitored
in the United Kingdom from a roadway driven in the overlying
seam above the panel at a parting of 145 ft (King, Whittaker,
and Batchelor, 1972; and Whittaker and Pye, 1977). The mon-
itoring of the movements of different strata layers was
carried out by determining the movement of anchors fixed in
boreholes driven from the roadway in the upper seam under
extraction as shown in Figure 13. The displacements of the
different anchors at different horizons were measured. It
was seen that the relative displacement of the upper most
anchor fixed at 140 ft above the seam was 6 inches as com-
pared to the lower most anchor which was fixed at a height
of 29 ft above the seam under extraction. The indication is
that most of the displacement of the strata is confined to
the immediate roof beds.

At York Canyon Mine in New Mexico, three boreholes
4-1/2 inches in diameter in which multiple-position bore-
hole extenscmeters were installed were placed above a long-
wall panel. The borehole placed in the center of the panel
indicated that the strata above the advancing longwall face
was first subjected to large and continuous extension but
the observations could not indicate whether this extension
was due to bed separation or release of compressive stress
{(Gentry and Ebel, 1977).
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Used with permission of the Awmerican
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-Reference:
Whittaker, B.N. and J.H. Pye..
Design and Layout of Longwall
Methods of Coal Mining. Design
Methods in Rock Mechanics, Proc.
iéth Syrp. in Rock Mechanics,
C. Fairhurst and S.L. Crouch, eds.,
Am. Socc. Civil Eng., NY, 1977,
p.303-314.
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At the Shoemaker mine subsurface relative strata
movements were measured above a longwall panel using
radiocactive bullet markers. The results are shown in
Figure 14 which also indicates that most of the
displacement of the strata, exclusive of subsidence, was
confined to a height equal tc 35 times the height of ex-
traction above the coal seam. In this case, the longwall
face was 450 ft wide and the height of extraction was about
7 ft.

The important findings of time domain reflectometry
studies at 0l1d Ben Coal Company Mine No. 24 and radio-
active bullet displacement studies at the Shoemaker Mine
are given in Table 12. The development of cracks or
fissures in different beds of the strata above a coal seam
is unlikely without a corresponding measurable relative
vertical displacement taking place. It can be concluded
from Table 12 that the chances of the strata developing
cracks or fissures above 25t to 35t height (where t is the
thickness of seam extraction) above the coal bed are small.

3.6 Evidence for Strata Movement Induced
Changes in Permeability

It has been observed from methane drainage through
boreholes drilled into the strata above mined out areas
that 1little or no gas was produced from boreholes beyond
a height of 100 to 150 ft above the extraction area. This
implies that the permeability of the overlying strata
beyond 100 to 150 ft height (which would represent at the
most a height of 30t) was not perceptibly affected.

In New South Wales, Australia, increased permeabilities
were measured to a height of 35t above the coal seam in a
sequence of shales and sandstones (Williamson, 1978).

In Hungary, the height above the extraction area up
tc which the permeability of the strata is effected is
taken to be 25t (Kesserii, 1977).

In the Soviet Union the height of the disturbed or
water-conducting fissure zone above total extraction min-
ing was determined by on-site measurements of water pressure
changes in overlying strata and by comparison of specific
water infiltrations in strata before and after undermining
(Gvircman et al, 1977).
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Table 12~ Caving Observotions in Strata
Above Longwall Panels

Mine Seam Avg, Panel Surface b/t W/h 8/t Face Height
Thicknesa pepth Width Subsidence adv, Above
(E£t) (t) (D) (W) at Test Reyond Seam of

Hole Test Caved

Borehole Strata

Remarks

Shoemaker 5.5 704 450 1.3 128 n.64 0.44 430 310
(Pittsburgh) (2.4max)
Shoemaker 5.5
{Pittsburgh) 704 450 0.45 128 p.64 0.44 90 170
’ (2.4max})
0ld Ben 7
No. 24 (Herrin) 650 387 4,36 93 0.60 0.62 65 175
{max}
014 Ben 7 650 is? 4,36 331 0.60 0.62 120 410
No. 24 {Herrin) (max)

* A borehole was drilled above the panel 120 ft f{rom the rib and 500 ft
from the starting polnt. The gamma ray survey of the borehole was carried
out after the face had passed 90 ft and 430 ft heyond it fn order to
determine the caving of the intermediate strata,

*At 200 ft above
coal the change
was insignificant
(less than 0.1 ft)
{ von Schonfeldt,
1979 and Dahl
and von Schonfeldt,
19717

(Nade and Conrov,
1977)

The TDR study preo-
bably revealed bed
separation and not
general caving of
the atrata, The
gereral caving of
the strata apparent~
ly ceased at 175 ft
height above the
soam, The ralative
movement of the
strata above this
and upto about 410 £t
height appeara to be
inpignificant, (Wade
and Conroy, 1977)



During total extraction of a cozl seam, water-conduc-
ting fissures are induced in the strata lying immediately
above the seam. These fissures may intersect water bearing
strata which then drain or have the pressure reduced. These
changes in pressure are cobserved either with the help of
piezometers or during drilling of special monitoring wells.
In the former case, a number of boreholes are drilled in
the strata to be undermined. Each borehole is connected
hydraulically with only one water-bearing horizon, it thus
acts as a piezometer. The water level in the piezometer
indicates the pressure in the observed water-bearing horizon.
The height o0f the water-conducting fissure zone is deter-
mined by observing the water level in the piezometers before,
during, and well after they have been undermined.

A large number of boreholes are regquired for making
observations by piezometer method. Alternatively, the height
of the water-conducting fissure zone can be determined by
observing the pressures in the specified sections during
drilling of special hydrogeological boreholes. If hydrogeo-
logical data is avalilable from previous observations, only
one borehole is reguired to be drilled over the undermined
arez. Turing drillinc of this borehole, the pressure is
mezeuzred in each water-bearing horizon or horizons intersec-
ted and having & thickness of 35 to 75 £t and is isolated by
packing from the overlying layers of strata. The height of
the water-conducting fissure zone is similarly determined as
equal to the distance from the roof of the cnal seam to the
middle of the interval between two neighboring wzter bearing
horizons, in the upper one of which, the natural pressure of
the underground water is preserved, while there is a drop in
this pressure in the lower horizon.

¥hen the water-conducting fissure zone is higher than the
underground water level, it is not possible to use the method
of pressure observation to determine its height. In such
situations, the method of comparison of specific water infii-
trations is used. The method involves drilling two boreholes
one above the undermined area and the other over an adjacent
undisturbed area. During drilling of these two boreholes,
water pressure and specific water infiltrations are deter-
mined in each intersected layer or group of lawvers 35 to 75 ft
thick. This is followed by injection of pure water under
different pressures to determine specific infiltration of the
layer or group of layers. The corresponding increase in
water infiltration of the highest layer determines the
height of the water-conducting fissure zone.
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These on-site determinations were carried out at
several mines in the Soviet Union. The results of these
studies are given in Table 13. The results are graphically
represented in Figqure 15. These observations reveal that
the height of water-conducting fissures above an extracted
area extends from 31 to 62 times the thickness of extraction
between 4 and 7 ft, 27 to 37 times the thickness of extrac-
tion between 7 and 10 ft, and 22 to 29 times the thickness
of extraction between 10 and 12 ft. It indicates that as
the thickness of extraction increases, the ratio (h/t) of
the height of the water-conducting fissure zone to the
height of extraction decreases.

Crane (1927) has noted that when mining bedded iron
ore in Alabama using full extraction methods under variable
depths of cover, no fracturing of the rock mass extended
higher than 400 ft above a 20 ft mined height, for a
ratio h/t of 20.

3.7 Method of Work

The nature of siratz disturbance and its magnitude
dep-ﬂcc on the me t;:i £ work to a large extent. Only those
methods of work car be selected for undermining bodies of
surface water which will not produce strata disturbance
beyond the accepted safe limits. BAccordingly, a brief des-
cription of each common method and its relevance to the
nature and severity of strata disturbance are given below.

3.7.1 Total Extraction Mining

Total extraction coal mining implies excavating a suffi-
ciently large width of a coal seam as in longwall or short-
wall mining or extraction of pillars in a room and pillar
mining system with essentially concurrent caving of the roof
behind the face supports or the line of extraction. The
thickness of the coal seam extracted and whether the gob
{the void created by the excavation) is stowed or not is not
relevant. Also, longwall and shortwall faces of small width
flanked with wide barrier pillars in the panel and pillar
svstem of mining are not included in this definition.

Strains in the strata can be reduced considerably by
stowing of the voids with a suitable material or materials.
The subsidence factor for total extraction without stowing
ranges from 0.6 to 0.9. Depending on the compre551b111ty
of the stowing material and the manner of stowing, this
subsidence factor will be reduced. Values for different
stowing methods are as follows:
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Table 11 - Renulta of Op-alte pDeterminat{ons of the flelght of the
Wator-Condueting Flasure Zaone above the Coal Sesm

tinder Total Fxtraction

Mina/Coal Manin hapth Nip Working Thickneas ol
of anqgle thicknens argillite aml
hed, af of bed, slltatones, 4
fi hed, [t of the hoelght

deqgreasn af the waler-
n t aanducting
finnura zono

Avangnrd/fachan 446 10~25 4.0 20

Chertinsknya/ 328 1 4.5 45

Kuznetak

Taparakaya/ 551 J4-43 4.5 70

Karaganda

Sevarnnya/ 574-656 21 1.5 0

Suchan

Rirov/¥uznetak + 194 5-6 5.8 67

Dlonarka/ 890 20 .0 53

kuznetal

Pionerka/ 609 20 6,0 60

Kuznatnek

Kapital'naya/ 1850 L] 6.0 20

Knznetrk

fovarnaya/ 574~656 2 6.% 0

fuchan

(Feom Gvireman, et a)., 1977)

Neight of the h/t Method of determining height of
water-conduct- wataer~conducting fiassure zone
ing flasaure
zone, It
h
210 56 compﬁrilan of apecific wataer
infiltrationa
210 50 comparison of apacifio water
infiltrations
in it Prassure ohservatione during
drilling of apecial borsholes
230-262 54-62 " prassura obssrvations during
driliing of apacial bhoreholan,
comparison of specific water
infiltration
220 39 Pressure observation duriny
drilling of spsolal boreholes,
comparison of apscific water
infiltrations
243 11 Pransura ohsarvations during
drilling of special boreholes,
comparison of mpecific water
Infiltrations
243 41 Presmsure chasyvations using
plazometers
279 47 Prassura ohlervnélon uaing
plezomatera
KR]: 471=-81 Prassura obsarvations during

drilling of apacial boreholas,
comparigon of spacifio water
infilerationn
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Table 13 ~ Results of On-dite Daterminations of the tlaight of the
Watar-Conductling Flanure 2ono above the Coal Sean
Undor Totnl Extraction ({(fiom tivireman, et al., 1977)

Mine/Coal Basmin Depth Dip Working Thickness of ielght of tha Wt Method of dstarmining height of
of angle thickneas argkllite and . watar-conduct= water-conducting fissurs zone
bad, of of bed, silltstonans, % ing fleseure
[43] bad, re of tha heiqght z2one, £t

degrass of the watar-
D [ gonducting h
fisaure zaone
10 Churubal-~ 722 13-50 6.5 70 230 k1] Pressure observations during
Nurinskaya/ drilling of special boreholes
Karagandna
t 705 12-14 8.0 67 302 37 Pressure obasrvations during
11 Kupustin/Donetn drilling of special borsholes
12 Stepnaya/ 420 5«20 9.5 64 135 35 Pressurs obmervations during
Karaganda drilling of spsoial boreholes
13 dYtepnaya/ 420 5«20 9.5 64 302 32 Pressure observations during
Karaganda drilling of special boreholas
14 gpepnaya/ 528 5-20 9.5 93 233 27 Presaure observations during
Karaganda . drilling of apecial boreholen
164 17 Prassure observations during
15 Kol'chutinskagn/ 590 67 10.0 10 drilling of specinml borsholes,
Kuznetsk comparison of spacific water
intiltrations
16 Stepnaya/ 476 5-20 12 60 256 22 Pressure obsarvations during
Karaganda drilling of special boreholes
17 Stepnaya/ 176 520 12 60 328 29 Pressurs obsarvations during
Karaganda

driiling of apecial boreholes
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Method Subsidence Factor

Without Stowing . 0.6 to 0.9
Strip Packing 0.6 to 0.9
Pneumatic, slusher »

and manual 0.3 to 0.7
Hydraulic 0.1 to 0.3

This implies that with stowing of the gob, total
extraction below bodies of surface water can be resorted
to at shallower cover.

Observations in the United States have revealed that
with extraction of pillars, subsidence development over
room and pillar panels is similar to that over longwall
panels {(Dahl and Choi, 1973, 1974). Thus, subsidence devel-
opment can be fairly well predicted on the basis of an
average extraction thickness calculated from extraction
ratios.

3.7.2 Partial Extraction Mining

A partial extraction system is one in which pillars
are deliberately left behind to serve as permanent support
for the overlying strata and the land surface. Two such
systems are the room and pillar first working and the panel
and pillar system.

3.7.2.1 Room and Pillar Method of Partial Extraction

In this system two sets of parallel entries usually at
richt angles to each other are driven in a seam leaving
nearly square coal pillars to support the roof strata. If
pillers are to provide permanent support to the strata, they
will have to be designed adeguately which will depend pri-
marily on the depth of the seam, height of extraction, width
of the entries and the nature of overlying strata. The
nature of strata should be carefully examined and suitable
means adopted in the design of the workings in order to
prevent the formation of sinkholes. A system adopted by
the XNational Coal Board to determine the required minimum
size of coal pillars considered adecuate for long term
stebility is given in Ficure 16 and is applicable for depths
dovn to 1500 ft. This system is based on the following
empirical relation (¥Wilson and Ashwin, 1972):
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W = [s/3+(2tDx10-%)1+ [s/3(2tDx10-3%)]12+(s2/3)-(4t?D%x107%) ft
where W = width of pillar :

s = width of the entry
t = height of extraction
D = depth of cover

This relation is based.on the following observations:

(a) a stable pillar consists of a non-yielding core
surrounded by a yielding marginal zone equal in width
to 0.005td,

(b) because of the lateral constraint afforded by the
“yielding zone the core of the pillar may be loaded up
to 4 times the cover load,

(c) the stress in a pillar increases from 0 at the pillar
edge to the cover lcocad at a distance equal to the
width of the yield zcne.

It should be mentioned that larger pillars result at
shallower depths with this method then result from other
methods which would be of benefit when mining beneath surface
waters; however, the empirical method for pillar design by .
Wardell (1976}, has sceen more general use and may be stated as:

[{w+s)/W]? 1.5D=1000/ t+20(W/t)°?

where W, 5, t, and D are pillar width, room width, seam
thickness, and depth from surface respectively. Until such
time as a more generally accepted pillar design criteria is
developed, and the Bureau of Mines is actively working toward
this end, the above eguation (Wardell, 1976) is recommended
for use in this present work.

Rock movements outgoing from the individual excavations in
the room and pillar system of mining are usually superimposed
to give a uniform overall surface subsidence trough free from
eny undulations except when the cover is shallow. As reported
from several European countries, the surface subsidence ranged
from 3% to 20% of the seam thickness for an extraction range of
30% to 70% (Brauner, 1973). BAnalyses of some of the case
histories are given in Figure 17 (Wardell, 1969). It may be
mentioned that the subsidence factor can be reduced to less
than 3% by leaving the pillars unworked and stowing the
entries hydraulically.

From the foreaoing it will be seen that the design of room
and pillar systems for working below bodies of surface water
should incorporate the following considerations:

e the sugoested minimum strata cover should take only
solid rock into account.

¢ the strata should be properly analyzed and adeguate pre-
cautions taken to safeguard against any sinkholes that
may develop at a later date.
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3.7.2.2 Panel and Pillar Method of Partial Extraction

In this method, the workings are laid cut in such a
manner that substantial pillars are left between panels.
The panels may be extracted by longwall or shortwall method
or they may be first developed by room and pillar method
and subsequently the pillars may be extracted totally by
conventional method. The designed width of the barrier
pillar is much wider than the minimum required for stabil-
ity so that no additional subsidence from pillar failure
need be allowed for and the law of superposition can be
applied. It has been observed that depth (D) as well as
the p/D ratio (p is width of the panel) affected the sub-
sidence. More subsidence occurs over a deeper panel than
over a shallow panel of the same p/D ratio (Orchard and
Allen, 1970). For example, subsidence is 5% at 500 ft depth
while it is 18% at 1800 ft depth for a p/D ratio of 0.25
according to the British experience. A much higher percentage
of recovery is possible by this method as compared to the
room and pillar method for partial extraction. A graph
prepared by the British Coal Board is civen in Figure 18
which c¢ives the superimposed subsidence percentage for a
series of pzanels for width/depth ratio between 0.25 and 0.33
at difierent width/depth ratios.

The panel and pillar method is useful for maximizing
recovery and at the same time keeping the horizontal strains
induced in the strata within permissible limits. It has been
used in Europe for working under towns, under the ocean,
to avoid drainage problems on the surface, or to avoid ad-
verse public opinion. The method generally yields higher
recovery with multiple seam mining as compared to the room
and pillar method. 1In multiple seam mining, best results
are obtained by superimposing panels and pillars in all seams
in the vertical direction. In this case, the panel.width
should be determined from the depth to the uppermost seam
and the pillar width with respect to the depth of the deepest
seam (Orchard and Allen, 1970).

Several alternative layouts have been tried which devi-
ate from the principle of superincumbent verticality of the
panels and pillars. They aim either to neutralize induced
strain or to minimize it, and the technique is generally
referred to as "harmonic extraction" (Lehmann, 1938; Grond,
1957). This technigue, in its elementary form, involves
extraction of two or more panels simultaneously in one or



Panel Width {meter)
5 #50 200 150 100 50

Y
SRV b 1~ ™NE
éﬁ'é \

. ., A v -
. ' .
- o . .
4 A= i - 3 3 i
BN W B S Pora B B e e R .
S A B T 1%, X s
(s i 1 L :
v
R T ) ™ N 4
BB . E

: \ 14
2257 £ ———700.

%

2625

pLY e
h v
LT

=

b
"

2%,

=Y

' e
1869 |- ¢
: 2

T 3 ALY
= L ____\‘O Q g | g
- ‘f{\ e £ ao%) s A =%
Z 1640 AL — shol— 25
- 2 v 10— p "'J L~2" . TOTAL ™.
5 N B 5 P ! i| “SUBSIDENCE
5 S & T o~ | 3}, zwms
ARk e S e
W - £ = — i =
1312 ) n‘ .‘4;9 Q“ \-\ -:‘--- e - *‘--__.____ L
\ ki g s <o T s e e SO iy
T |5.i° e e e S ..:\;:"“" ____ IR B 32."
\ “ ) ““'t: S ‘-L"'::.-—T_:—:*‘-.n:_:: ---- h _""""“——-———-—__35‘,’,
a [ R et s o et Sk, LTS
934 £ 300 — e e =1,
1 o A S T e T === =i 2%
“ _-\"‘-“:;-:.‘.a._____? il Iy '_‘-ﬁ-z“.i;l
3 oy L Y R Uy e SR N »
\:‘ 200 wy -,._,__“._‘\ i S —— """: =%
656 : . = I
: \!'\‘ ‘7' t.—---'-_:::‘;:?:—_--—*__“ I S B s %
T B T By S S — M N I ::Z:
b i : S TR T S
328 100 B T
» AN -
. . | .
\ — - e - T . Amt

820_656 492 328 164 _ C . % v 5

- —_ - - — e s Tl N
Panel Width (ft) PTLLAR WIDTH IN TERMS OF SEAM DEPTH

Figure 18 - Partial Extraction Layout Nomogram for
Width/Depth Ratio of 0.25 to 0.33 {(from
National Cozl Board, 1975). Reproduced
with permission from National Coal Board
Subzidence Engineers Handbook (revised
7 edition, 1975).
NTIs is authorized ta reproduce -
and sell this conyrithited work,
Permission fer

- Erradacstion }
must be chtained e COonyTight ownes' .87



more seams so that the tensile strain induced by one panel
is neutralized wholly or partially by the compressive strain
induced by the other panel or panels. The success of this
procedure depends on coordination of the face advance in the
different panels and as such it is fraught with danger
However, it may be adopted for working under small bodies of
water after incorporating suitable precautions in the mine
plan. In any event, the tensional strain induced at any
point on the surface should not exceed the specified safe
limits, established for working below bodies of surface
water.

3.7.2.3 Rapid Undermining

When a line of extraction or a longwall face advances
at a fast rate, the traveling tensional strain is smaller
than the maximum static strain as shown in Figure 19. Ad-
vantage can be taken of this phenomenon for undermining
small sized bodies of surface water. It will essentially
involve extracting a supercritical area at a relatively fast
speed when the face position is unfavorable with respeect to
the water body. In this manner, the magnitude of the ten-
sional strain may possibly be kept within safe limits in
marginal cases, For example, the value of E{ in Figure 19
must be within safe limits irrespective of the magnitude of
Emax in this particular case. This method is of scme use
only for small water bodies to afford an opportunity for
planning the mine workings in such a manner that, in the
event of the face stopping or slowing down at an unfavorable
position, necessary precautions can be taken to guard
against an inflow of water.

3.8 Sinkhole Phenomena

Surface damage in northern Pennsylvania is often a
result of collapse of the strata overlying old workings at
shallow depth (GAI, 1976). The damage shows up in the form
of sinkholes, which are also called "crownholes" or "chimneys"”
in Britain. They are generally less than 15 ft in diameter
and 3 to 4 ft deep, but some of them are up toc 45 ft deep
giving the appearance of a pipe. Therefore, this phenomena
is also called "piping."™
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The Pittsburgh seam has been mined for over 100 years
in Pennsylvania. Most of the mining was conducted at
shallow cover by the room and pillar method. Percentage of
extraction varied very widely, as reflected in the size of
pillars and width of rooms. Over the years, several in-
stances of sinkhole type collapses took place. Most of them
went unnoticed except when they caused damage to surface
structures. Recently, public opinion has grown stronger,
and demands for compensation for damages due to mining
subsidences resulted in several studies of the phenomena
being undertaken. Consequently, a large number of sinkholes
in Pennsylvania have been documented along with their size,
depth, the method of mining, including percentages of extrac-
tion, and the thickness of cover wherever this information
was available.

3.8.1 Sinkhole Geometry

In partial extraction systems, the strata overlying the
mine roadways are supported by the pillars and temporary
supports erected at the time of mining. With the passage of
time, the bedded and jointed strata forming the roof collapses
into the workings due to creep and weathering action.
Depending on the nature of strata, this process continues
unless arrested by the presence of a competent rock bed. 1In
the absence of a competent rock bed, the deterioration
process continues till the void is filled with broken rock.
Further collapse is arrested at this stace as the broken
rock starts providing support to the overlying strata. The
phenomena is illustrated in Figure 20.

For a given width of the mine opening (s), the height
of the collapse is a function of the original height of the
mine opening and the bulking factor of the overlying strata
for different geometric shapes of the collapse.

Mining experience suggests that the maximum height of
collapse may reach up to ten times the height of the original
roadway, but much more frequently, it is limited to 3 to 5
times the roadway height. Of course, there are several not-
able exceptions. ' Field measurements for the bulking factor
for typical coal measure rocks range from 30% to 50%. Thus,
for the different geometrical forms of collapse, the maximum
height could be as follows:
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Conical-type collapse 6t to 10t

Wedge-type collapse 4t to 6.7t

Rectangular-type collapse 2t to 3.3t
These are illustrated»in Figure 21.

3.8.2 Overburden Thickness Relationship

_ It will be seen from the histograms presented in (Figures
22 and 23) that nearly 81% of the documented cases of sink-
holes in Pennsylvania took place at a cover of less than
100 ft. The maximum depth of cover at the site of a sink-
hole recorded in Illinois is on the order of 160 ft.
Crane (1927) observed that sinkholes did@ not occur beyond
a2 depth of about 140 ft when mining a 20 ft thick bedded
iron ore foundation in Alabama, for a height of collapse
of 7t.

3.8.3 Dimensions of Sinkholes

Cver 84% of the sinkholes recorded in Pennsylvania are
less than 15 ft in diameter. Their diameter varies from a
few feet to up to 45 ft. Appoximately B9% of the recorded
cases have less than 25 ft depth.

3.8.4 Time and Frequency

More than 50% of the incidents noted in Pennsylvania
occurred 50 or more years after the completion of the mining
operations. A few of the incidents took place even after
100 years and others happened soon after the mining opera-
tions.

3.8.5 Nature of Strata

The time factor, and also whether a sinkhole will occur
or not, depends largely on the nature of the overlying
strata. The sinkhole phenomena is generally associated
with partially extracted seams by the room and pillar method.
In the absence of a competent bed of sufficient thickness
which will bridge over the rooms and resist deterioration,
the roof strata will lose its strencgth and collapse into
the workings. The process continues until either the void
is filled or a more competent bed is exposed. 1In the latter
event, the deteriocration process is slowed down and it may
take vears before this bed finally collapses. It explains
the reasons for extremely variable time periods taken by
different incidents. Several strata sections above the
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Pittsburgh seam taken in Allegheny County, Pennsylvania, are
shown in Figure 24. They show absence of sufficient thick-
ness of hard sandstone beds competent enough to resist
weathering for a long period. However, limestone beds are
present which can resist weathering for a long period. The
presence of these beds of different thicknesses explains

why it takes sometimes over 100 years before a sinkhole shows
up on the surface.

3.8.6 Relevance of the Phenomena of Sinkholes

A sinkhole is a circular or eliptical type surface
subsidence which is usually associated with partial extrac-
tion of seams by room and pillar method at shallow cover. It
gives rise to a circular crack which may be several inches
wide, It is obvious that a sinkhole developing under the
surface body of water could provide a direct pathway for the
water. Moreover, even if the pillars are relatively stable,
the surface can be affected by sinkholes at shallow depth.
Therefore, it is essential to take proper precautions such
as limiting the width of the entries while working by room
and pillar method below bodies of surface water especizlly
when the cepth of cover is less than 100 ft. It may be noted
that these precautions are necessary if a sufficiently thick
competent bed like hard sandstone is absent in the superincum-
bent strata.

Sinkholes resulting from the collapse of immediately
overlying strata in coal mining are similar to the chimneys
created by the underground detonation of nuclear devices.
Since nuclear devices have primarily been detonated in rocks
that are not coal measures, any similarity would indicate
the wide application of the phenomena. Figure 25 illustrates
nuclear explosion produced chimney geometry. It has been
found that height of collapse varies from 2.2 times the
cavity diameter in granite, to 2.7 times in tuff, to more
than 5 times in alluvium (Boardman, Rabb and McArthur,

1964), indicating that less competent materials that flow
rather than bulk form taller chimneys or sinkholes. These
figures agree well with the maximum sinkhole heights computed
earlier, realizing that the coal mine openings are low and
wide.
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4,0 JOINTS AND CRACKS IN COAL MEASURE STRATA

Coal measure strata, besides being bedded, hawve joints
whose spacing and orientation vary depending on the type of
rock, thickness of individual beds, geological age, depth
and various geological stresses to which they have been
subjected during deposition and subsequently. Joints can

be defined as surfaces across which rock has lost cohesion
 without displacement. Jointing systems are mainly charac-
teristic of the brittle or nearly brittle rocks. They are
generally not associated with ductile or plastic materials.
Joints are univeérsally present and have a highly variable
gecometry and spatial distribution. Few new cracks are
formed by mining disturbances in coal mining and most sub-
sidence is accomplished by movements along pre-existing
joints and cracks.

4.1 Types of Joints

Sedimentary rocks have generally 2 or 3 sets of joints
which may be classified into the following four categories:

1. Systematic Joints - which intersect other joints
and bedding surfaces.

2. Non-systematic Joints - which terminate at other
joints and bedding surfaces, and may be strongly
curved in plan.

3. Cross Joints - which are a speéial type of non-
systematic joints in plan.

4. Bedding Joints - which are parallel to the bedding
surfaces and may be continuous or discontinucus.

Some of the common characteristics of joints in sedimentary
rocks are as follows:

€ spacing often depends on lithology and the
thickness of the bed. Denser rocks have
wider spacing. Spacing zlso increases with
depth of the bed and ranges from & few inches
to several hundred feet. However, 1 to 10 £t
spacing is common in coal measures strata



e in alternating sandstone - shale sequences,
‘ joints are generally better developed in the
sandstone and may be confined to it

e in limestones, joints are generally widely
spaced

e joints in shales are inconspicuous unless
composition make them rigid. However, shales
may develop closely spaced joints near the
surface

¢ a minimum 35-micron opening is needed to
transmit water

® joints may be smooth, rough, filled, "healed",
or open. Openings tend to close with great
depth due to weight of the superincumbent strata,
or high horizontal stresses

e joint openincs may have roughs interlocking, or
polished (sgiickensided) surfaces or they may be
coczted with thin films of clay

ks a result of total extraction of coal either by the
room and pillar method or the longwall method, the immediate
strata above the exiracted area caves into the void. This
induces disturbance in the strata within the zone of influ-
ence of the extracted area. The disturbance on the surface
manifests itself as mining subsidence and surface cracks
depending on the depth to seam thickness ratio besides other
factors. As regards subsurface disturbance, it is known that
the strata constituting the immediate roof layers caves into
the void and the layers above the caved zone are subjected
to compressive and tensile stresses. The tensile strain
in the vertical direction generally gives rise to bed separa-
tion, whereas, in the horizontal direction it tends to open
up joints in the rock formations. &An understanding of these
phenomena can be a great help in planning mine layouts for
working under bodies of water or aquifers. However, the
available information regarding the following factors is
insufficient at the present and needs to be investigated fur-
ther:
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e the manner in which the strain tends to
distribute itself over the entire length
of the strata which is under tensile stress,
that is whether the strain distributes over
‘+the ‘entire length or it tends to concentrate
at a few points '

e in what manner the constraining depth effects
the distribution of the horizontal strain
among different joints in different strata
beds

e 'in what manner the spatial distribution of
joints and their geometry influence develop-
ment of cracks wide enough to provide water
pathways

¢ whether the thickness of individual beds
affect the development of cracks cutting
across the bedding planes or not

¢ whether alternating multiple beds of shale,
‘sazndstone, and limestone are more effective as
regards development of cracks which will pro-
vide a water pathway, or individuazl bed thick-
ness such as that of shale bed, are more
important

4.2 Possible Closure of Cracks

An attempt has been made to find out the factors which
tend to close the cracks soon after they are induced zas a
result of mining operations. For working under bodies of
surface water, the closure of cracks in the constrazined
strata above the caved zone is of particular interest.

4,2.1 Induced Lateral Strain

Several continuum mechanics theories, such as elastic
{Berry, 1963; Hacket, 1959; Salamon, 1963), viscoelastic
(Iman, 1965), and plastic-elasto-plastic (Dahl and Choi,
1973), have been developed for different rock behavior.

These theories mainly deal with the mode of strata deforma-
tion. It may be sufficient to assume for closure of cracks,
that the constrained typical coal measure strata, above the
caved zone and below some depth form the surface, behaves
more or less elastically. Then perhaps any fractures induced
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mining tend to close up due to lateral expansion of the rock
beds as a consequence of vertical load of the overlying
strata. The Poisson's ratio for clays and shales is more
than sandstone and limestone beds, and as such, their lateral
expansion if more than sandstone and limestone. In order to
illustrate the effects of this factor, - a. hypothetical
example is solved here as given in Figure 26:

Assume:
Seam thickness ' = + =5 ft (1.5m)
Depth of cover = D = 250 ft (76m)
Modulus of elasticity
for shale = 2.5 x 10° psi
Poisson's ratio = 0.25

Average sp. gravity
for coal measure rocks = 150 1lb/cu £ft

Vertical strata load
for every 1 ft depth = 1 psi (approximately)

Average stress on the
shale bed = 200 psi

- Unit compressive,
strain on the bed, .

Ecomp = 200/E = (200/2.5) x 10° = 60 ue
Unit lateral strain = 0.25 x 80 x 107% = 20 yue

Total lateral expansion
of the shale bed in
left half = (50tan35° + 0.7D) x 20 x 10-%° ft
= 0.05 inches (1.3mm)

It is seen that the closure of cracks on account of
vertical strata lcad in this case is 0.05 inches at an
average depth of 200 ft. This is not a significant amount
but may be an important factor at greater depths.

DeGraff (1979) has reported that surface tension cracks
above a Utah ccal mine at a depth of B00 ft to 1000 ft
ultimately closed over an average of 56% of their length
at an average rate of 1/16 inch per week. The likely
mechanism is not hypothesized, but would include simple
mass movement (creep) with time and the progression of
the compression zone of the subsidence profile into the
measurement area,
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4,2.2 Natural Horizontal Stress Field

. High horizontal stress fields have been detected in
some area such as parts of southern Pennsylvania and West
Virginia. Whenever high horizontal stresses are encoun-
tered, they help in reclosing cracks that may be induced
in the strata on account of mining activity, and need to
be investigated further. Excessively high horizontal
stresses may aid in the disturbance of rock above caving

areas by promoting breakage and deformation of stressed
blocks of rock.

4.2.3 Effect of Creep

Creep pertains to time-dependent behavior of rock. It
may be defined as an inelastic deformation of rock at some
constant load below the yield point or fracture strength,
considered as a function of time. The creep curve for most
rocks can be expressed by a relationship of the form (Obert
and Duvall, 1967):

E = 2o + BcT + CoE (T) tertiary creep

where

Ac is the elastic strain at T = 0.

BeT is the steady-state creep.

CcE (T) is the transient or primary creep.

T = time

Tertiary creep: Once it is initiated, failure
cannot be arrested. Hence,
generally its duration is short.

The in-situ rocks exhibit varying degrees of transient,
steady-state and tertiary creep. Experiments on rock samples
have revealed that at any time, the creep may be expressed
as:

Strain rate: E, = & on

or

Strain at time T: E = &Tol
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where

§ = deviation of & value from the average
G = normal stress

E = strain

n o= exponént

The dependence of the creep rate on siress is rather
complex and the above expression may not be valid for ali
ranges of strain or for the creep cccurring in the steady-
state phase. It has been reported that the creep deforma-
tion for a shale specimen is of the order of 20 re at a load
of nearly 1200 psi (Phillips, 1948). It shows that at
shallow depths, creep will not be of much significance in
closure of fractures in common coal measures rocks.

4.2.4 Filling of Cracks

The freshly exposed fractured surfaces are subjected to
weathering and cracks may f£ill up with weathered materiszl.
The cracks also can get filled up with sand, clay, or calcite
in due course of time. When working below surface bodies of

" water, it is important that the cracks get filled up scon
after they are formed. It is presumed that materials such
a5 ocean ocoze and estuarine silt act as effective filling
materials for cracks. It is, however, not desirable to
depend solely on such materials to provide the safety for
working below surface water bodies, owing to their low
strength and consequent lack of resistance to higher water
pressures.

Crane (1927) has reported that silt-charged streams
deposited their silt in mining-induced cracks and thereby
minimized water infiltration in the bedded iron ore mines
in Alabama.
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5.0 COVER DETERMINATION

5.1 Trough Subsidence and Surface Fissures

When a void created by mining becomes sufficiently
large, the immediate roof breaks and falls into the cavity.
The broken rock is generally in the form of blocks and thus
increases in bulk. This process goes on until a height of
some 3 to 6 times the seam thickness above the seam, at
which the caving ceases since the entire void is filled up
- with the bulked out broken rock. The broken rock offers
support to the overlying beds of rock. Thus the strata at
higher levels sag rather than break intoc blocks. Sagging
of these beds extends up to the surface provided a suffici-
ently large area is extracted. This gives rise to a fairly
regular trough-shaped depression on the surface which may
or may not be accompanied by surface cracks.

The general deformation and development of accompanying
trough subsidence is illustrated in Figure 27 and the state
of stress after mining is given in Figure 28.

ks may be seen from these figures, the strain is maxi-
mum in the roof almost vertically above the rib sides
bending into the void and diminishes above the coal seam.
Practically, there is a level above which the lateral
strain is not sufficient to open any more pre-existing
joints, and thus further fracturing of the strata above that
point ceases., The thickness of cover at which the fractur-
ing ceases depends primarily on the height of extraction,
width of the panel under extraction, the method of mining,
the percentage of extraction, the nature of strata, and the
restraint. However, the cracks which may appear on the
surface or in the strata to depth of about 50 ft or so may
not necessarily be the extension of the continuous strata
fracturing commencing from the gob.

Homogeneous and sufficiently strong rocks will fail
under tensile strains as low as 1,000 pe in laboratory test-
ing. It is difficult to prepare samples from weaker rocks
for testing in the laboratory, and therefore it is difficult
to determine at what tensile strain they fail. It will be
seen in Table 14 that quite wide fissures can occur with
strains as low as 2,000 pe whereas on the contrary, mining
under the sea bed has been carried out which produced calcu-
lated strains up to 12,000 pe without any adverse results.
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Numerous practical examples of this nature have led to the
conclusion that not only the induced fractures are self
sealing to some extent on account of weathering, being
filled up by clay and silt, and sc on, but it also appears
that the fracturing is confined to the free surfaces such as
the surface and the roof. It appears that for a significant
part of the intermediate overburden, natural constraints
prevent fracturing; or in other words, the induced stress is
absorbed or resisted without any fracturing taking place.

It follows then that the observable surface fractures
may extend only down to a depth of 50 ft or so, and similar-
ly the known fractures in the roof may extend up perhaps an
additional 50 ft. If the overburden is 150 ft thick then it
is quite likely that the middle 50 ft thickness of the
strata is free from induced fractures with no increase in
its prior permeability (Figure 29).

5.2 Rationale for the Cover

Based on the foregoing considerations, the behavior of
strata above a panel under total extraction by either room
and pillar or the loncwall method can be generalized as
depicted in Figure 30.

The caving of the strata above the extracted area
continues generally up to a height of 3t to 6t (where t is
the height of seam extraction) above the coal seam depending
on the bulking factor and caving characteristics of the roof
strata. The beds above the caved zone are now provided with
some kind of support by the caved rock and they sag giving
rise to bed separation and a gentle, contoured trough shaped
surface subsidence. It appears that the beds above the caved
zone are subjected to fracturing due to bending and also by
the stresses induced by mining for a further height of about
24t to 54t. The beds lying above this height and about 50
ft below the surface are sufficiently constrained tc prevent
development of any fractures. Thus, the constrained layers
of the strata tend to absorb most of the strain energy with-
out fracturing. )

The strata layers close to the surface are again not
sufficiently constrained and are more or less free to move
in any direction. Thus, even a small amount of horizontal
tensional strain can produce cracks of measurable widths in
the surface layers. It is estimated that the depth of these
surface cracks is generally confined to 50 ft.
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It is surmised from these considerations that the main
safety against any inflow of water from the bodies of
surface water is afforded by the constrained strata herein
termed the agquiclude zone, which is a hydrogeoclogical term
meaning a leaky barrier to vertical movement of water, It
also follows that the nature of the rocks and the thickness
of individual beds constituting the agquiclude zone are
particularly important factors.

Mudstones and clays can absorb a large strain energy
before they fracture. As such, a small thickness of clay or
mudstone in the aguiclude zone can provide an adeguate
barrier against any inflow from the surface water bedy.
Similarly, shales absorb sufficient strain energy before
fracturing particularly when they are ductile, but to a
lesser extent as compared to clay beds or mudstones. Thus,
somewhat greater thickness of the aquiclude zone containing
fairly high percentages of shale beds will be needed to
afford adequate safety for working below the water bodies.
If the strata in this zone have no mudstone or clay beds or
sufficiently thick shale beds then a much higher thickness
of the zone having a relatively low overall permeability
will be needed to afford necessary protection from the
surface water body. In actual practice a situation may
exist when the aguiclude zone consists of only an agquifer or
highly permeable rocks. In that case, the zone may provide
water flow paths from the surface water body to the workings
below which will result in continuous draining of the water
body. Therefore, it is important that at least one bed in
the .aquiclude zone has a low permeability.

It can be ceoncluded for the above considerations that
a cover for undermining surface water bodies should contain
an adequate thickness of the agquiclude zone which is
generally free from opened cracks and fissures, and has one
bed having a low permeability, It should alsoc provide for
commonly occurring geological anomolies like small faults,
slips, and fissures, et cetera.

Wardell and Partners (1976) concluded that a safe cover
for total extraction below water bodies should be 60t. These
conclusions were based primarily on direct and indirect cobser-
vations that the caving and fracturing of the strata was limited
up to a height of 30t above the extracted area and a limiting
tensile strain of 8,750 ue. In the absence of sufficient
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practical examples of total extraction at a depth of less
than 60t, it would appear to be a fairly conservative

figure for a combined thickness of extraction of a single or
multiple seams more than 7.5 ft. For lesser heights of
extraction, a higher margin of safety is required in view of
the results of on-site determinations of the height of
water-conducting fissure zones in the Soviet Union and
elsewhere. 1In addition to the height of the water-conduc-
ting fissure zone, the depth of about 50 ft or so of surface
cracks is also required to be taken into consideration. For
ensuring a reasonable margin of safety, the safe cover
should provide for a sufficient thickness of aquiclude zone
free from opened fissures or cracks, In view of these
factors Table 15 has been developed which gives the cover
for working below water bodies of catastrophic potential.

The margin of safety has to be substantial in the
absence of sufficient experience as is the case with total
extraction workings below surface water bodies at a depth of
less than 60t.

However, for working below those bodies of water which
are small as compared to the available mine storage volume,
this figure is restrictive and can be suitably revised.
Revision of this figure can be achieved by incorporating in
the mine plan suitable layouts and sequence of extraction of
different panels which will prepare the mine for accepting
an inflow from the water body.

Table 16 has been accordingly prepared which gives the
minimum cover required for total extraction below surface
water bodies of major potential size.

Data concerning the height of disturbed strata above
full extraction obtained from Gvircman, et al. (1977), was
incorportated into Table 16 by plotting the seam thickness,
t, versus the height of disturbed strata, h, for the pre-
sented data. Using curve fitting techniqgues, an equation
was developed to represent the data. The data distribution
was forced to a parabolic shape since it was reasoned that
t = 0 corresponds to h = 0, while rising guickly and stabili-
zing at_larger values of t. The equatlon thus derived is
h = 56\, andtherangeofvalldlty is t = 0 through t = 3.5,
in meters.



Table 15 - Minimum Cover Required for Total

Extraction Below Water Bodies of

Catastrophic Potential Size

Thickness of Seam

Minimum Total Thickness

£t . of Cover
t £ £t
3 117t 351
4 o5t 380
5 80t 400
6 71t 426
7 63t 421
7.5 60t 250

> 7.5 60t -
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Table 16 - Minimum Cover Required for Total Extraction Below Surface
Water Bodies of Major Potential Size

9L 1L

Aquiclude Zone Thigkness Minimum Total Thickness of Cover
Seam Halght of 1 It TII v Depth
rhickness Disturhbed of
in ft Strata Minimum | Minimum Shaley and 100% Lime- Surface 1 It 11 v
Above Seam | 20 ft clay] 75% Silty Sand- | stones and Cracks
t v shale stones Sancdstones
£t t ft | t £t | t ft t ft t £t t gt | t| e £ £ | & lee | ¢
3 174 58 30 {10 50 {17 gq | 30 y g 50 | 17 254 | 85| 274 | 92 { 314 |105 9 '3
4 203 | 51 30| 8 50 (13 90 | 23 H bt 50 | 13 283172303 771343 | 87} M H
. :
{..
5 226 | 45 | 30| 6 50 |10 90 | 18 ;é g 50 | 10 316 | 61 | 326 | 65| 366 | 73 g‘ ‘g'
6 249 | 42 30 {5 50 | 8 90 | 15 b o 50 8 329 | 55349 59| 389 | 65| ¥ n
Q O ¢] o
7 269 | 38 30| 4 50 | 7 90 | 13 i o 50 7 349 | 49| 369 | 52 | 409 | s8 ﬁ %
af [
8 2as [ 36 [30] 4 | 50| 6 90 | 11 S0 g 50 | 6 | 365|46[385| 49425 | 53| | 7
W [} in w
9 305 | 14 30 3 50 | & 90 | 10 v o 50 6 385) 43| 405]| 45] 445 | S0 @ g
3 (=1 =]
10 321 | 32 30| 3 50| 5 90 9 H H 50 5 401 | 40 ) 421 ] 42} 461 | 46 H s
o | W 91 %
11 352 | 32 301 3 sol s 90 8 o i 50 ‘5 432[ 39| 452 | 41| 492 | 45] o
a 1]
12 360 [ 30 30| 3 50| 4 90 8 o 5 50 4 440 | 37| 460 38| 500 | 42 :% ,;%




In Table 16, minimum thicknesses cof the variocus cate-
gories of aquiclude zones were computed based upcn an
acceptable infiltration rate of 10,000 gpm over an area 600
ft by 600 £t, with a hydraulic head of about 100 ft. Darcy's
Law was used, and permeabilities of varicus strata were
cbtained from Davis and DeWiest (1%66). Overlying strata
consisting solely of jointed limestones and sandstones
without shales and related rocks Class IV in Table 1&, are
not known to occur with.coal and other stratified mineral
deposits and since they are quite permeable, special indi-
vidual investigations would be regquired.

The figure of 30t to 58t depending on the height of
extraction represents the maximum height of the strata above
the coal seam which may be broken or fractured, and the
depth of surface cracks has been assumed to be 50 ft (based
primarily on the British experience). It may well be, that
at smaller extracted seam heights, and conseguent reduced
overall subsidence, this figure may be reduced, but no data
presently exists to justify such a change. The minimum cover
required given in Table 16, along with the precautions
incorporated in the mine plan (to be covered in subseguent
sections), are expected to provide the same margin of safety
while working below water bodies of major potential as 60t
for extraction below water bodiesz.of catastrophic potential
(where t is the thickness of se=zwm extraction).

The strata contained within the designation "Height of
Disturbed Strata above Seam" in Table 16 must be rock and
not unconsolidated strata. Unconsolidated materials are
‘more likely to pipe and chimney and extend to grest heights.

The strata contained within the "Aquiclude Zone Thick-
ness” must all be firm strata, not necessarily rock, that
have no tendency to flow when water-charged.

The material in the "Depth of Surface Cracks" designa-
tion must be essentially permanent geoclogical materials, not
river, estuarine, lake, or other deposits subject to
reworking or removal by natural processes, and not placed
fiil, Alsc these materials must have nc tendency to flow
when water-charged.

These recommendations of cover are presently
limited for working below bodies of water of major potential
size provided adequate emergency sump capability is maintain-
ed in the mine as described in later sections. After
sufficient experience is gained, these recommendations may
be suitsbly modified and extended for working below catastro-
phic potential sized water bodies as well.
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»5.3 Substantiating Related Phenomena

In order to determine the importance of different types
‘of strata in the development of possible pathways for water
inflow from a body of surface water into the mine workings,
the strata deformation associated with block caving in
copper ores was examined.

Block caving is generally practiced where the ore body
and the surrounding strata have good caving capability con-
" sisting of ubiquitous fractures. It involves extraction of
a horizontal slice from under the ore body and allowing the
ore to cave into the void. The caved ore is gradually drawn
out through multiple chutes or slusherways from under the
slice. The ore is drawn until the overburden and the barren
surrounding rock reach the under cut level. This block is
then abandoned and the mining proceeds to the next block.

After a certain percentage of the ore is drawn, a break-
through occurs at the surface. This has been studied careful-
ly at some of the mines (McNicholas, Rogers and Walker, 1945;
Thonas, 1971). For instance, at the San Manuel Mine of Magma
Copper Company in Arizona, it was found that the first crack on
the surface appeared only after 8.5 to 15% of the total verti-
cal column height was drawn from a block at a depth of nearly
1,120 £ft. It shows that the strata was able to absorb a
tensile strain of sufficient magnitude before a fracture
could develop at the surface. The particulars of the occur-
rence of first breakthrough to the surface are given in
Table 17. It will be noted that the ore body and the
surrounding strata were fractured, thus, they caved easily.

As extraction progressed, and the total height was fixed, it
is reasonable that surface expressions of drawing or caving
could extend to much higher ratios than were available.

In coal measure strata, surface cracks due to caving
appear generally at a much higher h/t ratio, where h
are the thickness of the strata above the seam or slice and
thickness of extraction up to the time of breakthrough,
respectively. For these phenomena h equals D. It does
illustrate that this difference in h/t ratio depends to a
large extent on the caving or bulking characteristic and the
nature of the strata besides other factors.
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Table 17 - Particulars of Flrst Nreakthroughs at
the Surface Dum to Block Caving

Mine Draw at Time  Total Height of Block n/t Time Under Type of Frac=- ‘Note
of Areak- Origlinal Rock Aren £A Draw PBefore. ture at BSurface
Lhrough (ft) Column (ft) (F£°) Breakthrough o
(t) (D) : (days) .
Magma Copper ~ B9.6 1120 “52,000 12.5 174 vertical 35 ft oute Initinl block caving,
San Manuel, A% alde vertical limites block under fault
Panel 7-=1 ‘ zone
Panel 34«1 10R 1256 ~15,000 11,6 150 & Ellipitical hole Thin layer of conglom-
: 100 £t by 150 £t erate (25 ft - 50 ft}
Panel 9-1 13p.4 1120 “52,000 8.3 305 Concentric cracks Thick layer of conglom-
. ‘ _ erate (300.ft - 350 ft}
Panel - 3-2 159 1120 36,750 6.7 N/A Vertical Thick layer of conglom=

erata (300 ft - 350 f£t)



Only a few case histories are available where total
extraction was carried out under surface water at a D/t
ratio of less than 60 with apparently complete success.

The particulars of these cases are given in Table 18. It
may be noted at the same time that there are no known
instances of water rushing into a mine from a surface source
on account of total extraction being carried out at a depth
exceeding 30t. The particulars of Wongawilli and Kemira
collieries in Sydney, Australia, where increase in strata
permeability was measured as a result of undermining
(Williamson, 1978) are also included in this table. These
studies also indicate that there is no increase in perme-
ability beyond a height of 33.7t above the extracted area.
The strata in these two mines consisted of predominantly
sandstone and shale beds.

Similar studies were also carried out in the Soviet
Union where increased permeability was observed up to an
average height of 30t to 58t depending on the thickness of
extraction (Gvircman, et al., 1977).

Indirect evidence from mines where methane drainage
hzs been practiced above the extracted gobs also indicated
that the increase in permeability is generally confined to
a height of 100 to 150 ft above the seam. This height is
again not expected to exceed 30t. All of this direct and
indirect evidence indicates that the figures of 30t to 58t
for caved and fractured strata used in Table 16 are reason-
able.

It is recognized that differences will exist between
various coal fields that could significantly alter the
generalizations presented in Table 16, It is considered
that such a format could best be applied with more detailed
knowledge of local conditions, which is beyond the scope of
this present work.

5.4 Existing Subsidence Control Regquirements

Although the published information on mining subsidence
in the United States is not extensive, most of the major
coal producing companies have collected considerable subsi-
cdence data of their own in the recent years. Moreover, the
U. S. Department of the Interior, Office of Surface Mining
Reclamation and Enforcement, on 13 March 1979, issued a
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Table 18 ,~ Case Histories of Total Extraction Under Surface
Water at less Than 60t Cover and Measurement of the
Increase in Parmeahility Ahove Gobs .

Mine Location Date Source and Geologic Seam pepth D/t Mining Method,
Quantity of Candlitlons Thickhess {ft) : Percentage Extraction,
. Water (Ft) (t) (D) and Temark
Thrackley Isahela U, K. 1925 | River Tyne 100 £t to 130 ft 4 190 47.5 Room and pillar fallowed
Colliexry alluvium and silt by total extracting of ‘
(supposedly water Lhe pillars over 40¢ ft to
bearing) 900 ft area. {Orchard,1975)
Broad Oak Colliery B, Wales 1877 Lougher R, Esturine silt con- 4 110 27.% Full extraction .
Estuary gtituted consider~- . (orchard, 1975)
able thicknessa of
the strata
Broad Oak Colliery 5. Wales 1907 Lougher R. Eaturine silt con- 4§ 110 + AT7,7 Swansea 5 ft oeam was ex-
' Estuary stituted consider- 320 = tracted under Swansea 4 ft
able thickness of 1306 seam gob. {Orchard, 1975)
the strata
Wongawlilli Sydney, 1972 Stored Over 60% Sandstones 6 +10 = 923 57.1 Buylli and Wongawilli
. Colliery Aust. water of of low permeability 16 peams were extracted
5 £t dama (Max. surface sub- by longwall caving over
sidence = 7 ft) super-criticalarea., .

- Boreholes drilled in
the extraction areas
indicated that the
atrata disruptions
(increased permeability}
extended for 460 fr a-
bove Bulli aeam i.e.
upto h/t ratio of 29,
Tenalon fractures at
the surface were pre-
gent which did not ex-
tend elther directly or
indirectly down into
the working. {i§illiam-

son, 1978)
Kemira Colliery Sydnéy, 1976 Stored Over 60% pandstones 6 -+ 10 = 923 57,7 Panel width 1/3 of
Rust. water of of low permeability 16 depth = 375 £t (sub-
5 £t dams {Max. surface sub- critical)y. VPressure
sidence = 7 £t) ) and permeablility data

collected from bore-
holes over the papel
indicated that only

320 ft thickness of

the strata ahove

Pulli seam was affect-
ed , This glves h/t
ratio of 21.3..(william-
aon, 19790}



permanent regulatory program covering surface coal mining
and reclamation operations. This program contains specific
rules and regulations regarding surface subsidence control
plans as a part of the general underground mining permit
applications. According to the rules, if subsidence
occurred and if it "could cause material damage or diminu-
tion of reasonably foreseeable use of structures or
renewable resouce lands™ a subsidence control plan is
required to be prepared and filed. This plan is required
to contain a detailed description of the mining method and
other measures that might affect subsidence. The purpose
of these measures is to prevent subsidence from causing
material damage or lessening the value of reasonably fore-
seeable use of the surface, to mitigate the effects of any
material damage or diminution of value or foreseeable use
of land, and to determine the degree of material damage or
diminution of value of foreseeable use of the surface
(Department of the Interior, 1979).

These stipulations more or less require mine operators
to carry out subsidence measurements. Thus, it is expected
that within a short period sufficient subsidence information
will be available which will make it possible to determine
average vzlues for subsidence factor and coefficient k for
each geological locale. The stipulation of a criterion
for working below water bodies in. terms of maximum calcula-
ted tensile strain is more realistic as it allows account
to be taken of coal thickness extracted, maximum subsidence,
and locally observed values of coefficient k, which depend
on the nature of the strata.

If this criterion is adopted, it will be possible to
avoid dangerous superpositions of subsidence and strain
profiles as mentioned earlier and illustrated in Figure 9.
According to 60t safe cover criterion, both panels A and B
can be extracted under the water body but the value of the
maximum superimposed strain may exceed 16,900 pe which is
nearly twice the suggested value of 8,750 ue. The maximum
tensile strain criterion will also facilitate proper
planning of the multiple seam extraction and adoption of new
layouts which will ensure adequate reccovery with due regard
to safety. 1In this regard, the superimposed strain profile
of multiple seam extraction by panel and pillar method is
also illustrated in Figqures 31 and 32. It will be seen from
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the latter figure that though the strain profile tends to
flatten out in the middle portion, it increases at the
extreme rib sides. Theoretically, it is possible for the
strain to exceed the suggested 1limit of B,750 ue at the
extreme rib sides if a large number of closely spaced
multiple seams are extracted. Therefore, in order to make
- sure that the total accumulated strain does not exceed a
predetermined and established safe value, it is suggested
to adopt the criterion of the maximum tensile strain in
addition to the cover criterion.

The subsidence factor, W, for different coal districts
of the United States is generally less than the 6.9
" figure commonly used by the NCB. The value of coefficient
k is generally taken as 750,000. The value of 60t suggested
for cover is also partly based on the maximum acceptable
tensile strain of about 10,000 pe. Thus, where established
data for subsidence factor and for the value of k are not
available, the above mentioned values may be used which will
essentially amount to erring on the safe side. It is
suggested that the value of 10,000 pe for the maximum
acceptable tensile strain is more reasonable as it corres-
ponds more closely to the 60t cover concept and the
szme should be incorporated in the guidelines.
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6,0 POSSIBLE INFLOW RATES

It cannot be stated in absélute terms that a minimum
cover or a maximum limiting horizontal strain of 10,000 ue
will provide total safety against any inflow of water while
working below a body of surface water. These criteria
pProvide for at best statistical safety and all that can be
said about them is that they are based on engineering
judgement and limited field data. Therefore, in order to
provide additional safety, it is appropriate to assess the
likely inflow rates in the event of the failure of the
aquiclude zone to provide protection against inflow of
water, mud, sediments, or other flowing material into the
mine.

Accurate forecasts of water inflows to be expected in
the event of failure of the aquiclude zone are extremely
difficult to achieve because of the large number of variable
factors involved. The best basis for prediction is often
past experience combined with knowledge of the local geology.
Alternatively, a two dimensional model can be developed if
the change in permeability and the specific yield of the
rock mass can be characterized. Then it may be possible to
perform an analysis based on idealized assumptions.

6.1 Calculations of Inflow Rates

As already mentioned, there are no recorded case histor-
ies of sudden inrush of water on account of systematic total
extraction below a surface water body at a cover exceeding
30t where t is the extraction thickness. As such, there
is practically nothing to learn from past experlence in
this respect. However, studies of the changes in rock
permeability associated with strata movement have been
carried out in Sydney, Australia, and the Soviet Union,
which can be analyzed to forecast the inflow rates to some
extent.

Areas of coal were extracted under large surface reser-
voirs of water in Sydney, Australia, at a depth of cover of
about 923 ft (williamson, 1978). Extraction of two seams
with a combined thickness of about 16 ft produced surface sub-
sidence of up to 7 ft depth. Although a number of surface
cracks around the periphery of the subsidence basin were
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induced, there was no inflow of water into the workings
indicating that the cracks did not connect directly to the
workings. The information collected from boreholes located
in the subsidence zone indicated that the permeability of
the strata increzsed consistently, but the limit at which
the vertical drainage could readily occur was reached at a
depth of about 29 times the combined thickness of extrac-
tion above the upper cozl seam. In one of the field experi-
ments, boreholes were drilled at two sites, one over a :
worked area where width of the panel extracted was about one
third of the depth, and the other over an unworked area.
Permeability of the tested horizons in the unworked area
were consistently low. They ranged from 8.5 x 10~° down

‘to 1.2 x 10™" gpd/ft?. Over the work area, the permeabili-
ties of the corresponding horizons were consistently higher,
ranging from 8.5 x 10° down to 1.4 x 10~° gpd/ft?, and
fractures were also more pronounced. The pressure and
permeability data indicated that vertical drainage into the
workings could readily occur from a height of nearly 320 ft
above the workings, that is, azbout 21.3 times the combined
thickness of extraction (Williamson, 1978).

2 number of similar studies in a geological "type locale”
can be made and then suitable empirical relationship to fix
& more precise value for the safe cover or maximum limiting
tensile strain can be determined. However, in the absence
of analogous studies, the values for safe cover and limiting
tensile strain have to be conservative. Assuming that the
length of the panel under extraction is large as compared to
its width, suitable two dimensional models can be developed
based on these studies to determine the rates of inflow of
water from the water body to the workings below ground for
different depths of cover. '

The minimum cover presented in Table 16 assumes that
the water mav enter the mine, therefore the water inflow
rate and pathway need to be studied. The area whers vertical
‘drainage into the workings can take place readily, will be
just under thé water body where the aquiclude zone is of
zero thickness and the disturbed strata immediately above
the seam reaches the surface cracks. This will result in the
water body draining into the mine workings. The rate of
inflow at this stage will depend on the lateral extent of
the water body, the area of extraction, and the hydraulic
gradient (Figure 33). Using Darcy's formula:
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0 =K Af:
where Q is the inflow rate

A is the areaz of intersection of the
©  subsidence basin and the water body

h is the height of water

I, is the length of the water pathway

is _coefficient of permeability
= 5 x ggd/ffz h
3 x 10™° ft/sec

|

8
1

i

Assuming the extent of the water body to be 1,000 ft by
500 £t which is totally within the subsidence basin of the
panel under extraction, and h = 1L, the inflow rate will be
1.3 x 10-° x 1000 x 500 x 1 = 6.5 cubic ft/sec = 2925 gallons
per minute.

2n inflow ra
water of major pot
inceorporating cer

Goodman et al. (1964), worked out an approach to predict
ground water inflows into tunnels being driven through pervi-
ous, crushed, or faulted zones. In order to describe the
inflow patterns, mathematical approaches were combined with
the resulis of computer studies and results of experiments
with physical models. Reliance on this approach mainly de-
pends to what degree of accuracy the permeability and specific
vield of the rock mass under study can be characterized. 1In
order to determine the steady discharge through a tunnel
penetrating a water bearing zone or a crushed zons near a
fault under a water body having sufficient water supply such
that drawdown cannot occur, use of the following approximate
expression is suggested which has been rearranged from the
original presented by Goodman et azl. (1964):

0= E(D+d) g x 1.392 x 1073
log (D/s)




where Q is the discharge in gpm

D is the distance of the tunnel to the
top of the ground

d is the depth of the water body from
the surface

s is the diameter of the tunnel {entry)

K is coefficient of permeabilitX of
the penetrated zone in gpd/ft

and g is the tunnel (entry) length in feet
penetrating the fissured zone.

The induced permeability above the caved zone in case
of total extraction of a coal seam varies from one strata
layer to the next ‘and depends on a large number of variables,
as such it cannot be characterized accurately without fieild
investigations, but it may be possible to do so in case of
crushed zones around a fault. Therefore, the above expres-
sion can be used to estimate the steady discharge for mine
entries which may be driven through crushed or fissured zones
underlying surface water bodies.

6.2 Inflow Rates from Mining Case Histories

Underground lignite mining in Hungary and Yugoslavia
has been carried out for several years. The lignite beds
are overlain with clays, aquifers or sand beds containing
water. Thick sections of lignite in multiple slices have
been totally extracted in these mines. These mines experi-
enced large number of mud inrushes generally of small
magnitude (Kesseri, 1978). These inrushes were investigated
with care and have been properly logged. The inflow rates
varied widely between a few and 33,600 gallons per minute.
The highest recorded inflow during a period of 24 hours was
on the order of 8.4 million gallons corresponding to an
average inflow rate of 5,833 gallons per minute. A few of
these inflows resulted in injury or death, but these injuries
were not necessarily associated with the highest inflow rates
of the highest total inflows. The injury in these cases
generally resulted from the suddenness of inflow, accompany-
ing roof or rib fall, the density of the mud or other mater-
ial carried by water, and cut-off of the escape routes.
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With this base of information, the Hungarian researchers
have developed stochastic prediction methods for the proba-
bilities of the maximum yields of single water inundations
(Schmieder, et 2al., 1979). In this technique, the maximum
inflow for a given area A is Qgawx, and may be found by the
following method. A rough approximation of the yield of
any single infiow is

= 3/ & 1/ 2
Q cw h

where ¢ is the loss coefficient
~ near the infiow

w is the fissure width

-

and h is the head of water.

It should be noted that this is not considered to be a satis-
factory method of calculating Q, but can be used to show that
Q0 is a transformed distribution of w, and the Q can be
Teasoned to follow a log normal distribution. "The number of
inflows N over an areaz A is azssumed to be found by the follow-
ing probazbility function

po(n) = om)"e ™ n=o0,1,2,...

- nt ‘

where P is the_probability,

and A is the average number of inflows per
unit which can be shown to be a function
of the average fracture condition.

If N is fixed, then the distribution function of Omax is

E?n(xi]N where F_ (X) is the distribution function of Q.

0
When N is not fixed, the distribution function of Q... for a

random number of N is

i <
P{Q -X) = f£Q . (X) = exp [}%A (1—F9 (Xi].

~max
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Such an approach is possible where the distributions of the
various variates can be found based upon experience. The
technique has been applied in Hungary and extended to the
design of mine water control systems (Bogardi, et al., 1979),
water entering mines from underlying karstic formations
(Kesserii, 1976), and tunnel dewaterlng {(Kapolyi, Schmelder
and Kesseri, 1978).

In Velenje, Yugoslavia (Kesserii, 1978), 166 ft to 366 ft
thick lignite beds are mined at 830 ft to 1,000 £t depth.
The beds are mined by extracting 10 to 30 ft thick slices by
the caving method from top to bottom. The water bearing sand
in the roof strata is separated from the lignite bed by clay
-beds of varying thickness. As a result of successive
extraction of the slices, water accumulates in the subsidence
trough forming ponds containing several million gallons of
water. The undermining of the lower slices was continued
with certain precautions such as reducing the pressure of
water in the sand beds to a range between 43.5 to 7.25 psi
by draining the water table through underground wells., Here
the main reliance is placed on imperviousclay beds which
provide the necessary protection. It will be seen that the
D/t ratio was only 3 to 4, but there is one significant differ-
ence that the strata here consists primarily of soft rocks
without fractures.

These mines also experienced several inrushes of
water and mud. An analysis of these inrushes and several
other analogous case histories enabled proper precautions
to be taken to guard against further inrushes. ZXeeping in
view the importance of analyzing past case histories,
major inundation accidents from surface water in the
United States and foreign countries have been summarized.
Their available particulars are given in Tables 19 and 20
respectively.

In most of these cases, the inflow rates were not
recorded. However, examination of a few cases where some
data is available reveals some useful information. For
instance, in the 24 July 1912 inundation at Superba and Lemont
Mines in Pennsylvania, water from flooded streams entered into
the mines through roof collapse at shallow cover and also
fiowed into the mine openings. It is estimated that over 20
million gallons of water flowed into the mine in less than
one hour which would give an average rate of inflow of
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Tuble 19- Summaries of Major Inundation Accidents in the United State
(Exom Bureauw of Mines Bulletdn 616, 1963)

Location Source & " Geologie Seam Depth 1743 Method Remacka
Quancity Conditfons Thick- (D) and 2 .
of Water nesy Exerac cion

(t)

1 Dipmopd Mine, Plooded overlying Marshy land with Abour 1 ft 68 ro B4 22 o 30 L.W. Fven ¢though there was 3 fr,
I1llnnis flelds due to pour dratpage Lo Av. 75ft - deep uater over the gob of
Feh. 16, guneral thaw . \ ¢ ) L.W. faces, there was no more
1883 breakehrongh . ' } than nermal percolacion,

(Crevasse) {Accident mainly due te too

shallow cover - 50 £Ep. ar less,)

2 No. 1 Slope, Punched into Mine workings Rous Veln 242 ft N R&D The worlddngs were asystematic
Nanticoke, glacial pothole craversed anti- and the cover wasa apparently
Pennsylvania of inverced ellnal and syn- : adequace,. Tt was difficulc
Dec, 18, cone shape con~  «¢linal folds, to foresea such a geologlcal
1865 talning locse Average dlip anomaly.

sand apd mud. around che slope

(300 f¢, dia. and was 18° for the . -
242 Et. helght)  Elrac 2000 ft. : i

3 Superba and Flooded streams  Sewickly seam 5 fe Only a Few NA R&P The workings within the £lood

Lemont Mines, through roof having a general feet of zong of the actreams should
Pennsylvanda  collapse at T4 dip was worked cover have had a miniwan safe cover
July 24, shallou cover coo close o the and the mine openings should
1912 and alao over- outerap. - have been at least 1.5m above
flowing into the H,F,L. of the straams.
mipe opendngn, . It 1a esciwared chat over 20

million gallouns of water £low-
ed into the mine in less than
one hour which would give an

approximate rate. of inflou of

. 330,000 gpm.

4 Wilkeson Mine, Subasrface uater  The geam dips From . No,. 3 Bed NA NA Brensr and The atrata 70 feer above and
Washington md clay, proha~ = 135 to 42° which has 10.5 vo i2.f¢; plllar for nurface were unaffected hy thin
bec, 17, bly trapped under voof composed of i steeply Inruah and other factors alse
1917 © pressure {n a sandy shale that pitching indicate that the inrush was

glacial pothole cavens eanily and Beams. nok as a resnlt of callapse of
or channel. Quan- needa to be support- ’ piilara.

city not hnown. ed elsevhere,
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Source &
Quanticy
of Water

location

Carbondado Gravel, clay,
Mine, earth, and mud
Washington Forming the over-
April 8, burden rushed
1927 into the mine

Ceologic
Conditions

North Morgan seam
dips at 60 to BO®
overlain with 200 ft.
glaclal materlal.

while pillars were

under extraction.

River Slope Susquehanna River

Mine, in state of high
Port Griffith, flood.
Pennsylvania

Jan. 22,

1959,

American Tunnel Yake Emma,
Mine, 500,000 gal.
Silverton, entered the
Colorado mine due to
June 4, 1978 parting
collapse.

Cover of conmoli-
dated rock was
only 19 {nches.
thick (sandstone)
above Pittson veln
geparating mine
workings from
river,

The mine produced
bhase metals, After

© the inundation 1t

was found that
only 20 ft. af cover
exlsted hetween the

- lake and the point

of entry.

Seam
Thick-
ness

(v)

North

Morgan 15

to 20'ft. hav-
iog 60 to

80° piteh.

Pittson vein
and Marey:

12 ft. and
4.5 Ft. thick
resp. Flat
to 45°

NA

Depth
(D)

200 £t
+

1.5 €¢

20 fg

D/t

10 to 13

0-15

NA

Method
and %
Extraction

Breast and
pillar with
pillar rob-
bing on
retreat.

Multiseam
breast and
plllar con-
ventiocnal
method .

Shrinkage
slope was
the method
of extrac-
tlon.

Remarks

The hanging wall was very atrong
which did not cave easfly. The
glacial material which was drawn
down on account of plllar exttac~
tion, did not make proper contact
with the highwall resulting ia
volds getting filled in with
water and clay which ultimately
caved suddenly leaving a hole
about 100 ft. long by 50 It. wide and
about 50 ft. deep.

The parting of the workings in
Pittson vein below awollen

 Susquehanna River was only 19

inches thick which fajled result-
ing 1in sudden farush of water.
The workings generally stood well
where the cover of hard strata
wag adequate with respect to
pillar and entry dimensions.

Lake Enma was thought to

be a shallow, flatbottomed body

of water; however, the resulting
cavity rematning after the lake
drained is about 80 ft. Jdeep (After
Gardner, 1978).



cel

4

Locatian

Taabella Pic,

Woxkington
K,

July 27,
1037

Palnt of
Ayr
Colliery

North Wales
19¢h
Century

Mostyn Col-
liery

u.K,

1883

Levant Tin
u.K,

1910 1o
1959

Baattle
Mine,
fluebec,
Canada
June, 1943

Josephina
Hine,
Ontarcla,
Canada
Oet., 9,
1946

Table 20 -

Jource & Max.

Quantity Rate

of Water of
Ianflow

Trish NA

Sen

Sea (Dee 4000+

Estnary) /pm

Sea (Dee NA
Esguary)

Atlantic NA
Geean

Glory hole HA
containing
over |

million

cubic

vards of

uat clay

Parks Lake Na
contain~

ing 00,000
cuble

yards of
wakur,

peae and
tnorgonie
seddnenta

Geologlc
Conditions

One of the coral 90
Eeet to 150 feel cover
only 24 feet was re-
ported o be hard
rock,

The boundary foult
had brought down
aguiferious red
measures to the
warking horlzon.

NA

Ore bodiesa containing
eopper, tin and ac-
genle minerals excend
out to gca at depths
ranglng Erom 50 ft ko
2000 [t

Seam
Thick-
noss
(t)
Hain

land
10 £t

NA

9 fc

15 fr

NA

Brecciated, silicificd NA

and minerallzed vol-
canic ore body con-

taining silver and gold

1a ahour 100 fr wide and

2000 go long exrending
down vertlcally 900 ft

o che. slxrh level,

Hlematice ore bodlea
hencath the luke.

42 ft

Depth
)

120 £t
(tocal
average)

RA

12 to
96 ft

50 fr fo
2000 fte

Na:

600 ft

D/t

12

NA

8 to
11

NA

Na

14

Summarles of Major Tnundation Accidents in Foreign Comnktrles

Hining
Method

R&P with
pillar ex-
traction,
Pillara

Remarks

|

The pillara were robbed at places
therehy Increaaing the wideh of

rooma. Moreover, the thickness of
competent vock was reported to be

45 Fr X 30 £t ouly 24 feet which was not ade-

Headinga:

fquate to hridge the wide rooms,

12 [c to 15 fr (Orchard, 1969)

wide.

R&P

R&P with
pillar ex-
traction,

Siopes at var- '

ious levels,

Glery hole and
sCOpUS 4t var-
{foun levels,

Hy undarcutting
benchlog and
alashing From
sLopeat.

An exploratory heading was driven
too close to the boundary Eault
which resulted in 4000 gpm of
water entering the heading., This
was dealt with by constructing an
underground dam. (Orchard, 1969)

It appears that the size of pillars
of coal was pot ndequatu to supporc
the workings. (Orchard, 1969)

chardlng to the availauble reporte
mining was conducted B0 close

to the sea floor that stones could

be heard volling at the ocean

floor. It shous that the parting

wag not adequate. (Skelly and Loy,1975)

Wescern sectlon inine by glory hole
measuring 900 Fe by 150 fr ng che suc~
faca doun to Fifth level 750 £t below.
Hain pillare swpporiing the glory

hole fpdled soon after cthe cavipg of
the eastern and central secklons re~
auling tn over 1 milllon cubic yards
of clay, sand boulders, ond debris to
tun into the mine £111ing shaft amd
mine workings up to 450 EL level.
(Skelly and Loy, 1975)

In the absence of consolidared strata
the lake bottom subsided over a 3 1/2

. aere aren by an average depth of 14 [t

and a hole 60 £r acrosa and 20 fo deep
rovealed an absence of any bed rock.
(Skelly and loy, 1975)



g€l

location

Sunro Copper
Vancouver
Isiand,
Canada

Dec. 5,

1963

Mufullra
Copper Mine
Zambla,
Africa
Sept., 25,
1970

San Anton-
ic Mine
Chthuahua,
Mexico
Nov. 10
1945

Phllen Mine
Philippines
June 28,
1967

Source &
Guantity
ol Water

Jordan Riv-
er. Quan-
tity of
water and
bouldets
undeter-
mined.

Tatlinga
dumped in
caved area
which
amownted
to 16 mil-
11en cublc
feer of
mud.

Solution
cavitiea
in lime-
stone beds
released
16 million
gallons of
water into
the mine.

Unspeci-
fled
quantity

of water
collected
in an open
pit by tor-
rential
talns and
sediments,

Max.
Rate
of
Inflow

NA

100,000
gpm

NA

Table 20~ Continue

Ceologlie
Conditions

Irregular steep cop-
per ore deposity at
the intersection of
three steep fracture
systems.

No informationm.

Zinc, silver, tin,
lead and vanadium ore
bodies overlain with
altered and unaltered
1imestone beds occur
near thick steep
rhyolite dikes.

Chalcopyrite ore ex-
tending up to the
surlace.

Seam Depth n/t
Thick- ()

ness

(v)

330 fe 100 ¢ 1
NA NA NA
NA NA BA
HA 6I8Er NA

Mining
Method

Stopes

Sub-level
caving

NA

Cont inuous
panel block
caving.

Remarks

Stope atarted 390 ft below the bed of
the river and continued upwards cill
the final void was 77 to 96 ft wide,
185 Ft long and at the highest point
of the dome back only 35 ft below the
river. This parting falled and an
undetermined quantity of water along
with boulders rushed into the mine.
(Skelly and Loy, 1975)

Tailings were slowly admitted to the
underground workings by caving and
draw off of the ore down-dip, In
due course of tlme, hydraulic condl-
tions develaped which cauged the
gudden inrush of the tailinps-water
slime. (Eng. and Min. J., 1971)

While advancing the south drift, 1t
hoeled into a solution cavity con-
nected to an extensive water table
with numerous solution cavities.
The water discharged Into the drift
through a 2 by 4 ft opening at the
rate of 100,000 gpm. (Skelly and
Loy, 1975)

Ore was open pit mined firat. This
open plt was fed by a large water-
shed., A 400ft. high block having
24,000 square feet undercut was uu-~
der extraction under an already ex-
tracted block of 238 fr helght. Due
to torrential rain totalling 10
Lnches in one day caused high In-
filtration and mixing of waver with
sedlimnent which eventually rushed in-
to the mine through high pressure,
(Skelly and Loy, 1975)
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12

14

lLocation

West Drie-
fonteln
Mine
Tranavaal,
South
Afrdea
Oct. 26,
19648

Coppice
Pic
U.K,
190a

Folschwiller
Mine

France

1933

Knocksahlonock
Castle Col-

Sept,, 1950

Cardowan Col-
liery

u.K.

March 10,
1952

Source &
Quantity
of Water

Solution
cavities
and fault
zones.

Morous
gravel bed

NA

Peat
swamps

Canl Mena-
sures sand
stone beds
and a faulk
plane,

Table 20- continue

Max. Geologle Sean Depeh
Race Conditions Thick- )}
of ness
Inflow (t)
57,000 Gold is usually found NA NA
gpm in reef systems which
whlch vary from | In to 8 ft In
probably depth and dip 20 to 30
pasged degreen having extensive
through lateral perslstence.
% in ¥ 50 Polomiten averlying the
ft apen— gold reefs have solu-
ing 1o tion cavities.
the fault
plane at
3000°
depth.
14,500 Roof strata consisted , Shallou NA
gpm of uncanformable con-~  coal
tapered glomeratea, wnconsoll-
to 900 dated sandstones, and
grm af- & layer of marl which
ter 12 broke, letting In
days, water from the gravel
hed,
22,000 NA NA 1000 (¢
apm
NA Coal measures atrata NA a8 It
overlain with boulder
vamnd about 38 fr rhick,
MA Faulted coal measures

4000 gallons.

NA. - NA

e

HA

NA

na

NA

NA

Mining
Method

Stopes. Work-
Ings extend up
to 9000£L depth
which {5 almost
the bottom of
the deposit,

H&P

NA

n&p

L.W,

Remarks

Normally abeut 32 million gallons of
water was heilng pumped ouwt per day,
A fault zone previously thought te
be tight, opened and released a
large quantity of water with the
peal quantity measuring up to 82
millien gallons per day. Thia in-
flow was controlled with emergency
plugs, bulkhead doors and succensful
grouting of the opening im the fanlt
plane at 1000 pai pressure. The
total pumpling capaclity of the mine
at the time of Iprush of water wam
61 million gallons per day,
{(Walmarana, 1978)

Thia inrush did result in loss of
of 1ife. It was perhaps the sud-
dennens rather than the quantity.
(Wardetl and Partnera, 1976)

The Inrush hrought in about 1000
tons of gand and rvesulted in losa
of one life, (Orchard, 1969)

The houlder asand was exposed in a
heading which collapsed veaultlng in
an inrush of water, peat, nnd sand,.
(Wardell and Partnera, 1976)

A roof fall probably caused hy aub-
sidence exposed a Fault plane from
which only 4000 gallons of water
huret out resulting In death of two
and injurlea to one person. (Orchaxd
1975)



BEL

Location

16 Port Hood
Nova Scotia,
Canada
1912

17 Nigashimi-
some Mine
Japan
April 12,
1915

18 Diana Mine

Sundsgruvorna,

Sweden
1948

19 Bodaas Mine
Gaestrikland,
Sweden
1950

Source &
Quantity
of Water

Sea

Sea
79 million
gallons

NA

Fster

Max. Geologlc

Rate Conditions

of

Inflow

3000 The overlyling strata
gpm cvonsisted of mostly

shaley sequence with
some sandstone beds.
No major faults
existed.

661,500 Predominently arena-
gpm ceous rock in the

stratigraphic sequence Two beds,

and a fault zone.

2600 NA

gpm
1319 NA
grm

Table 20~ Continue

Seam
Thick-
ness

(t)

6ft to
7 fte

Not
known.

NA

NA

Depth D/t
D)

942t - 135

1557ft£sand— NA
stone &

83 ¢ sand

& clay

762 £ NA

915 ft NA

Hining
Herhod

R&P with some
pillar extraction

R&P with some
extraction.

Pillot Tunnel

Ore Mine

Remarks

According to the commission of en-
qulry,'the mlne was Flooded by the
water of the ocean through a near
vertical Ffssure, Subsequent re-
searchers tend to treat the Commls-
slon's findings with considerable
reservations. (Rept.of Inspector of
Hines and Appraisers, 1913)

Two coal seams were worked. Levels
in lower bed were driven up to the
Eault and a heading 1n the upper bed
was driven to the fault on August
14, 1914 in which a 2 cubic feet per
nlnute water inflow rate was encoun-
tered. The management tried to
check this by timber and clay, and
serles of brick dams but the water
presaure forced a 4 foot square hole
and burst out in the workings. The
entire mine was filled up with about
79 mitlion gallons of water in two
hours killing 237 workers employed
in the lower bed. {The Colliery Eng.,
1975)

Abandoned atter inflow steadily in-
creased. (Hagerman, 1969)

Crouting waas done to stop seepage.
(Hagerman, 1969)



330,000 gallons per minute. Although several workers iost
their lives, quite & few escaped by wading through water
which must have besen fiowing at a rate of over 100,000
gallons per minute through 20 ft wide entries. Moreover,
many of the workers who could not escape were knocked down
by the timber, tree branches and other materials floating
"~ in the water. It does illustrate that persons can escape

- to safety by wading through water flowing at high rates in
mine entries provided certzin precautions are taken. How-
ever, it is indicated that most inundations resulted from
roof cOllapses at shallow depth, therefore, no actual
information is available regarding the likely inflow rates
in situations of total extraction below water bodies with a
cover of upwards cf 30t.

In West Driefontein gold mine located in Transvaal,
South Africa, an inflow at the rate of 57,000 galions per
minute was encountered on 26 Octcber 1968. The water issued
from a 1/4 inch by 50 £t long opening iz a fault plane at 3000
ft depth connected to solution cavities. This inflow was
controlled with emergency plugs, bulkhead doors and grouting
of the opening in the fault plane. PFPrecautions such as pre-
cementation, shaft cementation, establishment of water pillars
glong the lines of intersection between mazjor water fissures,
drivage of development headings with cover ‘holes, grouting of
the canopy of the stopes in highly fissured areas are now
tzken. In order to cope with any unexpected inflow, water
doors are provided at strategic places, emergency plugs are
provided for damming off sections of mines, and & sufficient
stand-by pumping capacity is provided. It illustrates that
by taking suitable precautions very high quantities and
unexpected infiows of water can be dealt with (Wolmarans,
and GCuisSe-Brown, 18978). o

Another approach to estimate the likely inflow rates
involved Equivalent Material Mine Modeling (Singh and
Singh, 1978; Goodman, et al, 1965). Extraction of a coal
seam at Mahakali mine in Chande-Wardha coalfield is planned
by caving method under a highly aquiferous Kamptee formation.
"Equivalent Material Modeling"” was used tc estimate the
magnitude and rates of infiows. The eguivalent mine model
was constructed in a frame 9 ft by 1 ft to accommodate two
modeled panels of 330 ft width each on a scale of 1:100,
The physical and mechanical properties of the different rock
layers were determined.
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Corresponding to these properties, the model was constructed
to simulate different aquifers, aguifuges, and aquicludes as
determined from borehole sections. The model extraction was
dane to simulate extraction of one longwall panel by the
caving method. As the ctaving progressed, the factors such
as fracture patterns, influence of water head, drainage and
pumping problems, sudden release of water, peripheral inflow,
transverse flow, the effects of recharging and flow rates,
recharge under influence of mining subsidence, sump, and
pumping capacity were evaluated.

Indications were that the first major fall of the gob
will result in about 78,000 cubic yards of rock caving in.
This is likely to contain 1,680,000 gallons of water out of
which 168,000 is expected to be released soon after caving.
In the first 30 minutes after the cave-in, about 84,000
gallons of water will be released which will give an average
rate of inflow of 2,800 gallons per minute plus peripheral
and transverse flow from the aquifer. With the advance of
the caving face, the inflow rate will successively increase
and is expected to fluctuate between 3,000 and 9,600 gallons
per minute. Thus, & pumping capacity of nearly 12,000 to
14,000 gallons per minute is envisaced. It illustrates that
mines can be planned to have large sumps and pumping capacity.
However, additional precautions such as suitable escape
routes, warning systems, and so on, will also be necessary.

Analytical approaches based on mechanical or hydraulic
models and computer simulation (mainly the finite element
metheod) have also been used to solve specific problems. How-
ever, in the absence of sufficient field data, much reliance
cannot be placed on these approaches.

6.3 Inflow Rates from Tunneling Case Histories

Case histories of tunnel inundations were alsc examined.
Particulars of some of them are given in Table 21. For
instance, in driving the Tanna Tunnel in Japan in 1925, in-
flows at rates over 53,800 gazllons per minute had to be dealt
with. Moreover, the water from these inflows had a tempera-
ture of up to 97° F (Crocker, 1955). While driving the Mahr
Tunnel, a steady inflow of water at a rate of 20,000 gallons

per minute was encountered which had a peak rate of 50,000_
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Location

Tanna Tunnel
Atami; Japan
100R-1034

(5zechy, 1966)

Mahr (King ML111)
Tunnel
Morococha, Teru
1932 (Enp. and
Min. J., 192%)

San Jacinto Tunnel
Banning, Cali-
fornia, 1930's
{Thompsen, 1978)

Eklutna
Alaska, 1951 (Good-
man et al, 1964)

Casacalpa Tunnel
Casacalpa, Peru
(McKinsery, 1948)

Boyaci Tunnel
Athens, Greece
1928 (Reays, 1931)

Great Apennine
Tunnel.

Prato, Italy
1920-1931
{Szecky, 1966)

Tvaerforaend Pow-

er Plant
NHacleinoland,. Sweden
(Nagerman, 1969)

Stocltholm Subway
Stockholm, Sweden
1956 (Morfelde,
1970)

Hoffar Tupnel
Northern Colorado
1925 (Kenys, 1927)

Rock Type

Voleanie
Dehria

NA

Granite

Grayuacke &
Acglllite

Porphyritic,
Adesite S111-
cited Shale

Creviced and cav-
ernous limestone
and Chlorite schist

Sandy, Clayey,
Shale, Harl

NA

Granite

Mocite, Granite,
Gnelge

Table 21- Some Case Nistaries of Tunnel Inundation

Depth (ft)

718

1700

815

NA

NA

Shallow to
600

1,420

NA

NA

N

Type

Rafl

Drainage

prospect
hanlage

Aqueduer’

NA

Drainage

Aqueduct

Rail

NA

Subuway

Rail

-ad

Slze (ft X fr)

7 01/2 17 1/4

12 %9

18 fr. horpe-
shae bore

NA

NA

horaeahoe
1.54 K 1.87

11 X 27 t/4

NA

NA

NA

Water Seurce

NA

Moracocha
Lake

Water trapped
iIn cavitles
fractures

NA

HA

Ground
water

NA

RA

ESKER

Qratey
lakes

Watet
Path

Fault

Fiasure

Fault

Fault

Jointa &
Faunlts

Fault

BeddIng

Crushed
Roclk

Fault

Fault

Paak TFlow
(rpm)

53,100

50,000

40,000 including
16,000 from one

ringle point

18,000

15,000

5,550

5,500

3,900

2,600

1,800

Steady
Flow (gpm)

WA

26,000

NA

10,000

Varied

NA

3,900

2,100

HA

Total
Water

1.0 ¥ 106 ¢

NA .

NA

NA

Steady

nA

HA

NA

WA

NA



gallons per minute (Goodman, et al, 1964). 1In driving the
Eklutna Tunnel in Alaska in 1951, water inflow at a rate of
18,000 gallons per minute was dealt with while crossing a
faulted zone (Goodman, et al, 1964). There are several
other examples where inflow rates upwards of 4,000 gallons
per minute were encountered and dealt with while driving
tunnles. As may be seen from Table 21 most of these inflows
were associated with fault zones or crushed zones,

6.4 Summafy of Inflow Data

From the above considerations it may be concluded that

® inflow rate as a result of total
extraction below a water body at a
cover exceeding 30t is not likely
to be more than a few thousand
gallons per minute.

e inflow rates of several thousand gallons
per minute can be coped with by taking
suitable precautions.

e nmines can be developed under water in
fissured and faulted areas by taking
suitable precautions.

® persons can escape by wading through
water flowing at a rate of over
100,000 gallons per minute in a
typical mine entry.
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7.0 WATER FLOWING IN A MINE

. _ .. 7.1 :Flow Rgtes ... __

Water from strata percoclation or any other discharge
‘after entering the mine follows open channel flow principles
' in flowing from the high point to the low points along the
mine entries. The flowing water must overcome boundary in-
duced resistance because water is a viscous fluid, which im-
plies that the flowing water gradually loses its energy along
its path. To estimate water discharge for practical engineer-
ing purposes, it is generally assumed that the energy grade
iine is paraliel with the bottom slope of the channel. In
this simplified state the energy is lost through friction.
Since it is assumed that there is no acceleration or deceler-
‘ation along the flow, the depth as well as the kinetic energy,
V?/2g, remain constant. This flow is called normal flow and
is generally computed by the Chezy formula which states that:

vV =0/2a=c Rhl _ (1)
where ¢ = Chezy roughness coefficient
V = mean velocity of filow ;
Q0 = discharge flow
A = area of flow
hl = slope of gneygy»grade.line or loss of head
- due to friction per linear £t of channel
R = B/ = hydraulic radius, ft
Pw = wetted perimeter, ft.

Manning proposed

c = 1.486 R/ ¢ (2)
n .

where n is the coefficient of roughness in the Ganquillet-
Kutter formula. Combining relations 1 and 2, the following
relation is obtained which is generally referred to as
Manning's formula



V = 1.486 R?/%h,'/? ' (3)
n
or Q0 =1.486 A R? 'f'hl”2 (4)

n

Values of the roughness coefficient n have been deter-
mined for a wide range of artificial and natural rock
channels. The average value for n for smooth and uniform
channels is generally taken as 0.035. This value can be
used for mine entries as well. Manning's equation has
generally been found to give fairly accurate estimates of
water discharge in open channel flows. It is simple to use
and is preferred for estimating water discharge in mine
entries as well.

Appendix C provides graphical solutions for water
flowing in typical mine entries.

7.2 Flow Paths

As mentioned in the earlier sections, it is important
to incorporate suitable precautions in the mine plan as a
defense against any unexpected inflow while working below a
surface water body besides providing for adequate cover. If
an inflow does take place due to unforeseeable geological-
anomalies or other reasons, it will be necessary to know
the effects of such an inflow so that suitable precautions
may be taken in advance. A better understanding of these
effects can be had by studylng a practlcal example. The
Water Hazard Map of a coal mine is shown in Figure 34.7 it
shows the layout of the workings indicating the mine entries,
gobs, zone of influence, and the panel under extraction
beneath a body of surface water. The zone of influence
around the water body should be determined and marked on the
map. Essentially, it is the same as the safety zone given in
Figure 1. However, the presence of a major fault which may
intersect the water body and the mine workings will have to
be taken into consideration even if the workings are outside
the safety zone. B2Any mining operations to be conducted
within the zone of influence should be carried out according
to the specified guidelines.
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Assume that the thickness of the cover below the water
body is as given in Table 16 and that the total extraction
gives rise to an inflow resulting in the water body draining
into the -workings. Depending on the place of this inflow
marked A or B on the map (Figures 35 and 36), the water will
start flowing out of the panel either through the intake

‘entries C, D, or the return entries E, ¥. Whichever route

it takes, the water will flow from a higher point to the
lower point. The flow will, however, be channeled by
physical barriers like overcasts, stoppings, retaining
walls, and muck piles.

“An 1mportant implication at this stage which will need _

‘special consideration is the competency of these physical

barriers. To what an extent these will have to be relied
upon for channeling water flow for safety of persons and the
mine is another important factor. For instance, in this case
the water from area A may initially try to flow out through
entry C but will be channeled through belt entry D after it
encounters overcast S;. Should the flow break the walls of
this and other succeeding overcasts, then it will follow a
different route. The water thus channeled through entry D
will keep flowing downhill until it reaches mine bottom,
where depending on the location of stoppings or doors it will
again get channeled before going down into the emergengy sump.
It shows that the following main factors will affect the
safety of the workers, eguipment, and the mine:

the probable rate of inflow

the gradient of the workings
escape considerations for workers
channelization of flow
availability of escape routes
water storage capacity

size of the water body

pumping capacity

economic considerations.

As discussed in Section 6, inflow from a surface water
body resulting from total extraction at a cover specified in
Table 16 can occur if the permeability of the successively
higher layers keeps on increasing right up to the ground
below the water body. This increase in permeability affects
each successive higher layer as the area of extraction in-
creases, thus at the start of the inflow, there would be
relatively a small area of increased permeability next to the
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water body. Therefore, the initial rate of inflow can
iikely be coped with. However, in order to take unforesee-
able geological anamolies into account, precautlons could be
taken for sufficiently hlgher rates of inflow,

Both the dlrectlon and the amount of gradlent of the
"mine entries are important. The layout of the workings will
have to be suitably planned in order to provide for adeguate
emergency sump capacity on the down dip side of the water
body. In case of steep gradients, flowing water tends to
accelerate. This coupled with increased velocity will exert
a higher force on a person caught in the flow or who is

- reguired to wade through it in order to escape. The gradient
also determines the depth of water fiow, the height and length
of water back-up behind stoppings, overcasts, and other
structures. In case of steep gradients, the flowing water
may carry or roll appreciable quantities of debris and other
materials.

7.3 Wading Through Water

The safety of the workers is of parmount importance. To
ensure this, it will be necessary to have escape routes clear
of the likely flow routes. This can be achieved by providing
an additional emergency escape route or by channelizing
the likely water flow route. 1In either case, it may be
necessary for psrsons to wade through flowing water for some
distance in order to get to the proper escape route. Thus,
it will be desirable to know the magnitude of the force that
.will act on a clothed person wading through flowing water.
This force is given by the relation

— 2
F o= CDpWA ve/2

Where F = force acting on the person by the flowing water
CD = drag coefficient
pw = mass density of water
= area
= velocity



C_, the drag coefficient for a person wearing clothes
was degermined experimenta11¥ withing a range of Reynolds
Number for 2 x 10" to 5 x 10" and was found to be 2 (Univer-
sity of Kentucky, n.d.). ' :

Area, A, is measured by placing a light parallel to the
flow and a screen perpendicular to the light. The area of
the shadow cast by the person is measured. The area reguired
is the area of the person submerged in water. It will be
noticed that if a person in flowing water turns sideways and
side steps, the force on him will be greatly reduced.

With the help of Manning's formula and the above rela-
tion, the force acting on a person moving in flowing water
with respect to gradient of the roadways, depth of flow, and
the rate of flow has been determined for 20, 18, and l6 ft
wide mine entries. These forces are given in Tables 22, 23,
and 24 and are graphically represented in Figures 37 to 42.

In order to determine the limiting force which will not
knock dowvn & person wading through flowing water, several
offices were contacted with the hope that one might have
carried out a formal study to determine the safe force. The
following offices were contacted:

e Office of Naval Research, Chicago, IL
¢ Naval Research Station, Washington, DC
e Naval Personnel Research and Development
Center, San Diego, CA
® Naval Safety Medical Center, Norfolk, Va
e Occupational Safety Center, Norfolk, Va
e Marine and Bridge Laboratory, USAEC,
Ft. Belvoir, VA

_ In addition to the above, several other offices such as
the Coast Guard, and the Fish and Wildlife Service were also
contacted. All informed that they were not aware of any
formal study that might have been carried out to estimate
the safe force which a person can overcome to wade through
flowing water. However, the Chief of Marine and Bridge
Laboratory indicated that a flow of 2 ft depth having a
velocity of about 5 ft/sec should be about the safe limit.
He indicated that at this intensity of flow, the floating
elements of temporary bridges are not stable and they start
knocking and rolling. Furthermore, the Army takes 3 ft/sec
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Table 22- Force Acting an a Cicthed Man for Different
Rates of Flow in 20 Fect Wide Entry '

Slope Depth Velocity | Rate of Flow | Submerged Force
of Floy ‘ Area - - :

ft | miles/nr gpm ft2 Tibs

0.01 0.5. 1.8 11,655 0.5 6.7 -

0.01 1.0 2.7 35,865 1.0 30.3

0.01 1.5 3.5 68,400 1.5 76.5

0.01 2.0 4.1 107,550 2.14 149.7 -
0.01 2.5 4.6 151,650 3.10 273.0

0.02 0.5 2.5 16,550 0.5 13.0
0.02 1.0 .9 50,850 1.0 63.3
0.02 1.5 2.9 97,200 1.5 149.9
0.02 2.0 6.0 152,550 2.14 320.7
0.02 2.5 6.5 215,100 3.10 545.2
0.04 0.5 3.5 23,400 0.5 25.5
0.04 1.0 5.4 71,730 1.0 121.4
0.04 1.5 6.9 136,800 1.5 297.3
0.04 2.0 8.1 215,100 2.14 584.4
0.04 2.5 11.5 303,300 3.10 1076.5
0.10 0.5 5.6 36,900 0.5 65.3
0.10 1.0 8.6 113,400 1.0 307.9
0.10 1.5 10.9 216,450 1.5 741.8
0.10 2.0 12.9° 339,750 2.14 1482.3
0.10 2.5 14.5 479,250 3.10 2712.9
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Table 23~ Force Acting on a Clothed Man for lefe;_‘gnt

Rat% of Flow 1n 18 Feet Wide Entry’

Slope Depth Velocity | Rate of Flow | Submerged Foroe
of Flow Area

ft miles/hr gpm ft2 Ibs
0.01 0.5 1.76 - 10,450 0.5 6.4
0.01 1.0 2.70 32,060 1.0 30.3
0.01 1.5 3.42 60,995 1.5 72.6
0.01 2.0 4.02 95,510 2.14 i44.1
0.01 2.5 4.53 134,495 3.10 264.5
0.02 0.5 2.49 14,780 0.5 12.9
0.02 1.0 3.80 45,200 1.0 60.2
0.02 1.5 4,82 82,395 1.5 144.7
0.02 2.0 5.67 134,800 2.14 286.6
0.02 2.5 6.37 189,110 3.10 523.28
0.04 0.5 3.52 20,910 0.5 25.8
0.04 1.0 5.40 64,100 1.0 121.1
0.04 1.5 7.47 r 133,090 1.5 348.0
0.04 2.0 8.05 191,210 2,14 576.6
0.04 2.5 9.03 268,244 3.10 1053.1
0.10 0.5 5.57 33,060 0.5 64.4
0.10 1.0 8.53 101,285 1.0 302.3
0.10 1.5 11.80 210,285 1.5 869.7
0.10 2.0 12.72 302,110 2.14 1440.3
0.10 2.5 14.27 423,825 3.10 2627.7
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Table 24- Force Acting on a Clothed Man for Different
- " Rates of Flow in 16 Fect Wide Enizy

Sicpe Depth Velocity | Rate of Filow | Sutmerged | Force
of Flow Area

£t miles/hr arm £t2 ibs

0.01 0.5 1.75 9,250 0.5 6.3%
- 0.01 1.0 2.67 28,245 1.0 25.73
0.01 1.5 3.38 53,605 1.5 71,431
0.01 2.0 3.9 83,640 2,14 139.78
0.01 2.5 4.45 117,460 3.10 255,78
0.02 C.5 2.47 13,040 6.5 iZ2.68
0.02 i.¢ 3.77 32,830 1.0 52.17
0.02 1.5 4,77 75,580 1.5 142,22
0.02 2.0 5.58 117,930 2,14 277.76
0.02 2.5 6.27 165,620 3.10 507.71
0.04 6.5 3.50 18,490 0.5 25.56
0.04 1.0 5.35 56,490 1.0 119.24
0.04 1.5 6.77 107,205 1.5 286.20
.04 2.0 7.92 167,275 2.14 555.12
0.04 2.5 8.90 234,925 3.10 1021.56
0.10 0.5 5.53 29,220 0.5 63.79
0.10 1.0 8.45 89,260 1.0 257.53
0.10 1.5 10.69 169,385 i.5 713.62
0.10 2.0 12.51 264,285 2.14 1394,33
0.10 2.5 14.06 371,180 3.10 2550.47
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as the maximum flow that a soldier -in combat gear can wade,
which is similar to a miner with lamp, self-rescuer, tools,
and so on. Corresponding to this estimate a force of 100
pounds can be assumed as the safe force. Table 25 shows
the rates of flow corresponding to 100 pounds acting on a
person for different entry widths and gradients. It will be
seen from Table 25 that the miners can escape to safety by
wading through flow rates from 38,500 gpm to 82,000 gpm
depending on the width and gradient of the entry. This is
a substantial rate of flow and is much more than the likely
inflow rate should an inflow occur while undermining a
surface water body.

These safe flow rates are for clear water. Should the
flow consist of mud or sand or other silty material, the
safe flow rates will be much smaller. Alsoc, a discount needs
to be kept for floating materials in the flow. For this
reason, it will be desirable to keep all rcutes which the
water may take free from loose floatable materials

7.4 Mine Planning for Water Flow

Water will flow from & point at higher elevation to
points at lower elevation. Referring to Figure 35, it will
be seen that the water flowing down entry D will try to
divide at junctions such as x, y, and z. The entries dip
toward West and North in this case. Therefore, at junction
X the water will have a tendency to divide toward North and
West in a proportion depending on the gradients in the two
directions. In this case, the water flowing toward North
will hit the ventilation stopping. If the stopping is not
ruptured, the water will back-up and keep flowing down the
belt entry D toward the West. At junction y, the walls of
the overcast will keep the water flowing down dip toward
the West. However, at junction z, the water will divide it-
self and a part of it will flow toward the North. As the
gradient toward the North is less than that toward the West,and
the energy required for water to change direction of flow
being appreciable, the guantity that may flow toward
North will be small in comparison with the quantity of flow
in the straight direction toward the West. Thus, the main
" flow of water will continue down grade as shown in Figure 34,
However, if the walls of the overcasts and stoppings are not
strong enough to withstand the head of water that may build
up against them, they will rupture and the flow will then
take a different route.
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Tzble 25 - - Rates of Flow Corresponding to
’ 100 1bg Acting on an Average Man

Rate of Flow {gpm)

Seam Safe Depth
of _ Entry Width
éradient Flow (ft) ‘
20 Feet| 18 Feet | 1€ Feet
0.10 0.62 55,000 | 45,000 | 38,500
0.04 0.%0 63;000 55,000 48,750
0.02 1.25 73,000 63,000 58,250
0.01 1.90 82,000 74,500 ©5,500
Note:

1. The entry heicht shall not be less than
the depth of flow plus 1.5 feet Air space.
2. The entries should be free from depressions.
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7.4.1 Strength of Stoppings

In order to take suitable precautions for the safety
of workers, material, and the mine, it is essential to
know the likely route of flow. 'As this may depend on the
strength of the stoppings or the walls of the overcasts, a
detailed analysis was carried out of the strength in flexure
of the walls commonly used in mines for construction of
stoppings and overcasts. The basis and details of analysis
are given in Appendix D. Based on this analysis, the heads
of water which concrete block walls of different thicknesses
can withstand have been computed:and are given-in Tables 26
and 27 and depend on the type of mortar, the width of the
entry, and whether they are keyed into floor and ribs with
top free or they are keyed into floor only with the remain-
ing three sides free. Thus, in order to channelize the flow
through suitable routes to the emergency sump, the stoppings
and walls should be properly constructed according to these
Tables and other applicable specifications for an assumed
"rate of inflow depending on the size of the water body and
the’thickness of cover. The stoppings can also be designed
in such a manner that they will rupture with a small head
of water, 1if it is so0 required to channelize the flow.

In the event of an inflow, the safety of persons will
primarily depend on the availability of suitable escape
routes. Thus, in addition to the one escape route which is
generally provided, an additional emergency escape route
should alsc be provided as indicated in Figure 34. The
escape routes should be free from low spots so that even if
water is flowing through them, they will provide sufficient
air space above the water level to enable persons to breathe
while escaping.

7.4.2 Capacity of Emergency Sumps

The safety of the workers and the egquipment will largely
depend on the emergency sump capacity. This capacity will
be planned depending on the size of the surface water body.
The available stecrage capacity of the emergency sumps should
not be less than that of the mine-life flood vwolume of the water
body. In the case referred to in Figure 34, if the volume
of the water body is more than 22.5 million gallons and should
an inflow take plazce and all the water flows down the steepest
gradient toward the emergency sumps, the water level will rise
above the shaft entries and may totally cut off the outlets
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Tzble 26 — Safe Heads of Water in Inches of Comcrete Block Wallsil: | =
of Different Thicknesses Keved into Floor and Ribs.
3 FT High Walil ‘
6 inches (g) 8 inches (z) | 10 inches (z} 177 {=z)
N|Mor S K| M or S NiMorS [ N|Mor$
16 FT | 25 29 30 35 36I .40 1 &1 {46
Wall (w) :
18 FT | 25 29 30 35 36 40 J A1 | 46
Width (w)
20 FT | 25 28 30 35 36‘ 40 4 41 [ -746
(w)
5 FT High Wall
6 inches (z)| 8 inches (z) | 10 inches (z) 1 FT (z)
N M or S N M or § hY Mor S N Mor §
16 FT 25.5 28.5 {30 35 36 41.5 j41.5 47.5
Wall
& .
Width 18 FT |24 27 29 33.5 35 21 &0 46
20 FT 123 25 29.5 32.5 34 40.5 1|38.5 45
8 FT High Wall
6 inches (2)| 8 inches (Z%)| 10 inches (%) 1 FT (3)
N | Mor S N Mor § N {Mor S N M or 8
16 FT |20 30 32 36 36 41.5 40 47.5
Wall ;
i8 7T 19.5 28 31.75 35 36 40.5 39.75] 46
Width : '
20 FT 18 24 31.5 34 36.5 39.5 39.5 L5
Note:
1. Based on the assumption that the wall is keyed into the floor
and both ribs and has its top free.
2, N, M and S represent types of mortar,
3. The walls should comply with the specifications of the Nationel

Concrete Masonry Association.
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Table 27 - 8Safe Heads of Water in Inches for Concrete Block Walls
of Different Thicknesses Keyed into the Floor Only,.
3 FT High Wall
6 inches {z) | 8 inches (z) | 10 inches (z) | 1 FT (z)
N|Mor.S N| Mor S N| Mor 8 N{Mor S
16 FT .
36 40 41 46
Wall ) 25 29 30 35
18 FT ;
36 40 &1 46
width () 25 29 30 35
20 FT § 55 | 29 30 35 36 40 41| a6
%)
5 FT High Wall
6 inches (z) 8 inches (z) 10 inches (z) 1 FT (z)
N Mor § N Mor § N Mor § N M or S
i
16 FT |25 28.2 31+ 35 35.751 41 41+ 46
Wall
18 ¥T {25 28.1 31- 34,5 35.5 40.5‘ 4]1- 45.5
Width
20 FT (24.5} 28 30.5 34 35 40 40 45
8 FT High Wall
6 inches (2) '8 inches (z) 10 inches (z) 1 FT (=)
N Mor S N Mor S N Mor § N Mor S
16 FT | 21 28 31.5 37 36 42 40 46.5
Wall
i8 FT | 20,5 27 31 36 35.5 41 39.5 45.5
Width a0 FT 20 | 26 | 30.5| 35 35 |40 [39 | 44.5
Note:
1. N, M and S represent types of Mortar.

2.

The walls should comply with the specifications of the National
Concrete Masonry Association.
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and the zir supply. This can leazd to disastrous conse-
guences, such as cut-off of escape routes from the mine
making the rescue and recovery cperations extremely difficult,
the loss of production, and the damage to the equipment that
may be submerged under water. Obviously, in this example,
the available water storage capacity of the emergency sumps
1 and 2 along with @ part of the main dip entries is about
22 million galions which represents the critical volume of
the surface water body. Of course, the sump capacity £an be
increased by working additional panels on the west or south
- sides which then becomes the critical volume.

The emergency sumps consist of in-seam panels developed
by the room and pillar methed and left standing on pillars.
The pillars could be extracted later after completing the
extractior. below the water body. Alternatively, it may
consist of panels which have been totally extracted and the
gobs are maintained free of water accumulation. The water
capacity coefficients of gobs depending whether the panel
was extracted by longwall or room and pillar method and
whether the gob was hydraulically or otherwise packed have
been determined by a regression analysis of several Polish
mining situations, and are given in Table 28 (Rogoz, 1978).
The available water storage capacity of each panel then can
be determined by multiplying the total volume of the panel
by the suitable coefficients from this Table.

The emergency sumps must be located on the dip side of
the water body to tske advantage of the gravity drainage.
Unlike the czse given in Figure 34, the sumps should be
located zway from the mine bottom if practicable, in order to
keep the main outlets and the escape routes free from water
flows. ‘

In most mines, 50 to 100% stand-by pumping capacity is
provided. There are only & few coal mines which pump out
water in excess of 2000 gallons per minute in the United
States at present. Most mines have much smaller pumping rates.
On the other hand, there are mines like West Driefontein in
Transvaal, South Africa, where nearly 32 million gallons of
water are pumped out daily, and the available pumping capa-
city is on the order of 63 million galions per day. In this
case, an inflow from a small volume surface water bodv may
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Table 28 - Gob Water Storage Coefficients
(after Rogoz, 1978)

Depth Rock Pressure Longwall Hydraulic Packlng
ft psi Caving Filling
500 550 - 0.26 - 0.35 0.15
1000 1100 0.25 0.24 0.12
1500 : 1650 0.23 0.19 0.091
2000 2200 0.22  0.14 0.073

Coefficients (in the metric system of MN/m? and m) are
calculated from regression eguations:

Longwall caving: 0.275e_u.01q7(rod<presmue)

Hydraulic filling: 0.485¢-0" 00205 (depth)

Packing: 0.4-0.19(rock pressure)®"?
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not pose any problem to the mine, the entire infilowing
water being taken care of by the stand<by pumping capacity.
Whereas, mines which have a smail installed pumping capa-
city may find it more ecconomical to provide emergency sumps
rather than install substantial stand-by pumping capacity

at considerable expense and which may never be used. More-
over, even if a mine may decide to intall additional pumping
capacity, it will be hard to know its wvalue beczuse the rate
of inflow can not be predicted. Thus, it appears that the
provision of an emergency sump capacity will be a better
choice in many cases in the event of an inflow from a mzjor
potential sized water body. Subsegquently, the sump could

be drained gradually by the available stand-by pumping capa-
city with very little additional expense.

7.4.3 Overall Planning Con51derat10ns‘

The decision.to go ahead with total extractlon below a
surface water body at a cover thickness of less than, the
stipulated minimum which will reguire additional precautions
to be incorporated in the mine plan, will primarily depend
on the cost of these precautions and the economic gain which
will accrue as a result of hicher percentage recovery. There-
fore it is pertinent that the cost of these precautions is
assessed carefully. The cost of providing emergency sumps
is minimal as they will be in-seam in most cases. The addi-
tional cost may involve construction of stoppings, retaining
walls, or water seals. '

The channelization of the inflow into the emergency
sumps may also involve construction of a few additional walls
and strengthening or weakening of some of the existing
stoppings or walls of the overcasts. The provision of an
emergency escapeway will also involive some additional cost
of cleaning and supporting it.

Loss of production may be minimized by proper location
of the emergency sump, so that it is limited to the period
of inflow only. Damage to equipment and plant can also be
avoided by providing for channelization of any unexpected
inflow. The other factors which will need to be considered
are:
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® compensation which may be required to be
paid in the event of the water body
draining into the mine.

e the likely additional cost involved in
pumping out the water.

e the probable cost of repair of the
roadways, belt conveyors, track, stoppings,
overcasts, and of cleaning the roadways
and resupporting them where necessary.

Besides conservation, the economic gain of increased
recovery can be substantial. For example, the coal reserves
locked up in a 4 ft thick seam below a surface body of water
having a mine-life flood areal extent of 750,000 square ft
(1000 £t x 750 ft) are nearly 150,000 tons. The recovery
by total and partial extraction methods will be approximate-
1y 120,000 and 75,000 tons respectively. Thus, an additional
recovery of nearly 45,000 tons of coal can be expected by
resorting to total extraction which can mean a substantial
economic gain.
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8.0 HAZARD DETERMINATION METHODS

IT SHOULD BE NOTED THAT A SUGGESTED STEP-BY-STEP PRO-
CEDURE FOR HAZARD DETERMINATION HAS BEEN SUMMARIZED AS
APPENDIX E OF THIS REPORT AND INCLUDES A SUGGESTED APPLICA-
TION FORMAT TOGETHER WITH SUGGESTED GUIDELINES FOR MINING

8.1 Hazard Reccgnition

The main hazards of undermining a surface water body
can arise if it drains into the mine workings. The
draining may be sudden or gradual depending on the manner
by which the inflow is initiated. A sudden inrush can be
precipitated due to induced fractures or the presence of
fissures, cracks, and fzults which may provide direct
"pipelines." CGradual drainage will depend on the absence
of impermeable strata in the aguiclude zone. The degree
of hazard will also depend on the size and shape of the
water body, whether it is of catastrophic or major poten-
tial size and whether it is of the finite or replenishing
type.

Other direct and indirect hazards are associated with
mine flows which will include pumping cost, electrical
hazards, damage to eguipment, cleaning of roadways after the
inflow, loss of production, reduced efficiency of eguipment
and crews, increased meintenance of equipment, chances of

injury or loss of life, morale, and reduced stability of ribs
and the roof (Loofbourow and Brlttaln, 1964- Greeslaﬁe, 1979)"

The following factors will have to be considered in
order to make an assessment of the degree of hazard:

® catastrophic or major potential
size of the water body

finite or replenlshlng

depth

presence of water barriers in

the "aguiclude zone®

mine-l1ife water body flood stage
capacity of storage area

pumping capacity

water hazard mine map

other hazard acceptability factors
like safety of personnel, permanent
loss of resource, and undue
financial rick.
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From the foregoing, a potential inundation hazard may
be recognized by the following steps: .

1. If a water body is flowing, full extraction
mining may not be carried out within a desig-
nated distance of the water body bottom, u-_===2
-unless inflow is channeled to sumps and
inflow is less than pumping capacity, and
other depth and strata criteria are met.

2. If a water body is non-flowing, and if mining
by total extraction within a designated
distance of the bottom of the water body,
water inflow must be channeled into emergency
sumps with a volume larger than the water
volume, and other depth and strata criteria
are met.

3. If a water body is non-flowing, and small
enough in volume so that the determined
inflow rate and volume allow time for a per-
son to wade through the water a distance egual
to the longest blocked, dead-end, or blind
entry to safety and ponded depth is everywhere
1.5 ft less than mined height, and not more
than 4.5 ft deep mining may proceed by total
extraction at any depth.

Several methods are available for determining the water
body size and flow rate for identifying the limited potential
size water body. Visual estimates by persons not specifically
trained in hydroclogy can be extremely misleading and are
almost universally severe underestimates of volume or flow.
Barnes (1967) has provided a useful aid to such field esti-
metes in that color photographs of numercus streams in vary-
ing locales and environments are given followed by measured
peak discharges indicative of mine life flood stages. Appar-
ently small "guiet™ streams such as Clear Creek near Golden,
CO, and Salt Creek near Roca, NE, have measured peak discharges
of 618,000 gpm and 833,000 gpm!

Darcy's Law may be used to determine possible flows by
conservatively using a permeability of about K = 100,000
gpd/ft? as for a good aquifer (Davis and DeWiest, 1966) so
that for a 20 ft wide x 6 ft high entry at 200 ft depth in
water—-charged strata below a 10 ft deep water body with a direct
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crack or fissure connection to a rubble filled collapsed
area 36 ft high (6t):

h
= Ka-+
Q= KA T
-where K = 100,000 gpd/ft?
A =20x 6 =120 £t?
hl = 200 £t
. = 36 ft
and 0 = 46,000 gpm

Alternatively, the method of Goedman, et al. {1964) may
be used where .

0= R(D+d)g x 1.39 x 107°

log (D/s)
where K = 100,000 gpd/ft?
g = 60 ft
D= 200 £t
d = 10 £t
s = 20 £t

and Q = 92,000 gpm if the water enters
through an area 1 £t wide
the full width of the
entry.

The first method, Darcy's Law, assumes laminar steadv
flow, and the seccond method assumes no drawdown of the water,
so neither are totally satifactory. However, no case
histories of inflows exceed 100,000 gpm, so the results are
reasonable. Since one may arrive at almost any desired in-
flow rate by properly adjusting permeabilities and geometries,
the case history data may be more instructive.

It is recognized that the inflow rate at the point of the
break—-in will be considerably reduced as the flow spreads out
downstream. However, for this work it is assumed that the
break-in occurs guite close to the area of interest so that
the initial flow rate is the in-mine flow rate.
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8.2 Determination of Limited Potential Water Body

If a flow of 100,000 gpm is assumed, Tables 22, 23,
and 24 give water velocities and forces on persons in the
water. It is suggested here that the rate of progress
for a person walking in flowing water be taken as 50 ft/min,
but further work should be carried out to refine this
number for various situations. BAlso, a "confusion time"
of 2 minutes is suggested to allow time for a person to
realize that a problem exists and to get oint of eguipment
he may be in.

Since a person can apparently walk through flowing
waters of this magnitude, he can reach safety if he is at:
the face and the slope is away from the face. However,
the water will begin to pond downdip somewhere.

Accordingly, the limited potential size of a non-flow-
ing water body may be computed by considering first the
time for a person to walk out of a blind entry before it is
filled to a depth of not more than 4.5 ft or not less than
1.5 ft breathing space.

The length of an entry being filled may be found by

=3

L = E;—for extraction height more than 6 ft, and
t-1.5 . .
L = h for extraction height less than 6 ft,
1 _
where L = length of entry
hl = slope of entry

t = extracted seam height.

Table 29 presents this information for various extraction
heights and slopes of entries,

The rate of filling of a single entry may be found by

computing the volume for extraction heights more than 6 ft
high by:
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Table 29- Safe Length of Water Filled Entries in Feet

Extracted Seam Height, t, ft

3 4 5 6 7 8 9 10 11 12

300 500 700 900 900 900 900 900 900 900

150 250 350 450 450 450 450 450 450 450

75 125 175 225 225 225 225 225 225 225
37.5 2.5 87.5 112.5 112.5 112.5 112.5 112,5 1l1l2.5 112.5
25 42 58 75 75 75 75 15 75 75
19 31 44 56 56 56 56 56 56 56
15 35 45 45 45 45 45 45 45
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_ 1 4.5?

m 35X X s x 7.5
1
where.m = volume of water in gallons
hl = slope of entry

s = width of entry

and for a single entry with extraction height less than
6 ft high by

- 2
m=xx £ o 5 x 7.5
2 h
1
where t = extracted height of seam.

Tables 30, 31, 32, and 33 give the safe volume in gallons

for entries of various heights and slopes. Divide the volume
m by the inflow rate Q (100,000 gpm} to obtain the filling
rate in minutes. 1If several entries are parallel, one will
fill preferentially because none are exactly egual in level.

To determine the maximum size of a limited potential
water body

1. Assume an inflow rate of 100,000 gpm

2. Assume a walking rate of 50 ft/min plus a lead
"confusion time"” of 2 minutes

3. Knowing extracted height and slope of entry
find safe length of water filled entry in
Table 29

4, If maximum length of blind entry is less than
safe length of water filled entry from step 3,
use in further steps instead, otherwise use
length obtained in step 3

5. Compute escape time by dividing length of entry
in ft obtained in either step 3 or 4 by 50 ft/min
and then adding 2 minutes confusion time from
step 2
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Table 30- Volume of Water in 20 ft
Wide Entry in Gallons

Extracted Seam

Height, t, ft

12

3 4 5 6 7 8 9 10 11
33,750 93,750 183,750 303,750 303,750 303,750 303,750 303,750 303,750 303,750
16,875 46,875 91,875 151,875 151,875 151,875 151,875 151,875 151,875 151,875
8,438 23,438 45,938 75,938 75,938 75,938 75,938 75,938 75,938 75,938

4,219 11,719 22,969 37,969 37,969 37,969 37,969 37,969 37,969 37,969
2,813 7,813 15,313 | 25,313 25,313 25,313 25,313 25,313 25,313 25,’313
2,110 5,860 11,484 18,984 18,984 18,984 18,984 18,984 18,984 18,984

1,688 4,688 9,188 15,188 15,188 15,188 15,188 15,188 15,188 15,188



Table 31- Volume of Water in 18 ft
Wide Entry in Gallons

Extracted Seam lleight, t, ft ‘
3 4 5 6 7 8 9 10 11 ‘12

ft
(=] o
Q <o
~ O
wn

j=3
o
3*]

(=]
(=]
£~

o
o
o O

=]
=

Slope of Entry, hi, ft/

L1

=]
—
o

30,375 84,375 165,375 273,375 273,375 273,375 273,375 273,375 273,375 273,375
15,188 42,188 82,688 136,688 136,688 136,688 136,688 136,688 136,688 136,688
7,594 21,094 41,344 68,344 68,344 68,344 68,344 68,344 68,344 68,344
3,797 10,547 20,672 34,172 34,172 34,172 34,172 34,172 34,172 34,172
2,531 7,031 13,781 22,781 22,781 22,781 22,781 22,781 22,781 22,781
1,898 5,273 10,336 17,086 17,086 17,086 17,086 17,086 17,086 17,086

1,519 4,219 8,26% 13,669 13,669 13,669 13,669 13,669 13,669 13,669
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Table 32— Volume of Water in 16 ft
Wide Entry in Gallons

Extracted Seam Helght, t, ft

3 4 5 6 7 8 9 10 . 11 12
27,000 75,000 147,000 243,000 243,000 243,000 243,000 243,000 243,000 243,000
13,500 37,500 73,500 121,500 121,500 121,500 121,500 7121,500 121,500 121,500

6,750 18,750 36,750 60,750 60,750 60,750 60,750 60,750 60,750 60,750
3,375 9,375 18,375 30,375 30,375 30,375 30,375 30,375 30,375 30,375
2,250 6,250 12,250 20,250 20,250 - 20,250 20,250 20,250 20,250 20,250
1,688 4,688 9,188 15,188 15,188 15,188 15,188 15,188 15,188 15,188
1,350 3,750 7,350 12,150 12,150 12,150 12’150' 12,150 12,150 12,150



8L1L

0.005

0.01

0.02

0.04

0.06

0.08

Slope of Entry, hl' ft/ft

0.10

Table 33- Volume of Water in 14 ft
Wide Entry in Gallons

Extracted Seam Hedight, t, ft

3 4 5 6 7 8 9 10 11 v 12
23,625 65,625 128,625 212,625 212,625 212,625 212,625 212,625 212,625 212,625
11,813 32,813 64,313 106,313 106,313 106,313 106,313 106,313 106,313 106,313

5,906 16,406 32,156 53,156 53,156 53,156 53,156 53,156 53,156 53,156
2,953 8,203 16,087 26,578 26,578 26,578 26,578 26,578 26,578 26,578
1,969 5,469 10,719 17,719 17,719 17,719 17,719 17,719 17,719 17,719
1,477 4,102 8,039 13,289 13,289 13,289 13,289 13,289 13,289 13,289
1,181 3,281 6,431 10,631 10,631 10,631 10,631 10,631 . 10,631 10,631



6. Determine volume of water in a single entry
- by knowing entry width and using Tables
30, 31, 32, or 33

7. Divide volume obtained in step € by 100,000
gpm assumed in step 1 to obtain £illing
rate in minutes '

8. Compare times in minutes obtained from
step 5 and step 7, and note which is shortest

9., Compute maximum volume of limited potentiazal
water body by multiplying time obtained in
step 8 by 100,000 gpm to obtain volume in
gallons.

For an example, assume a mine with 20 £t wide entries,
7 £t high, with a slope of 0.005, and maximum length of
downdip blind entries of 80 feet. From step 3, Table 29,
safe entry length is 900 £t, but maximum blind entry length
is 80 ft. Escape time is 80/50 = 1.6 min, + 2 min = 3.6 min.
From Table 30, entry volume is 303,750 gallons for & filling
rate of 3.04 minutes. Therefore, maximum size of this
limited potential water body is 304,000 gallons.

2Znother example has a2 mine with 16 ft wide entries,
4 ft high, with a slope of 0.06, and a maximum blind drift
length of 200 ft. From step 3, Table 29, safe entry length
is 42 ft. ©Escape time is 42/50 = 0,84 min, + 2 min = 2.84
min., From Table 31, entry volume is 6,250 gallons for a
£illing rate of 0.06 min. Therefore, maximum size of this
limited potential water body is 6,250 gallons,

For flowing streams, the streams flow must all be
assumed to enter the mine and not exceed 100,000 gpm and
the velocity and depth as determined from Tables 22, 23, and
24, and Figures 40, 41, and 42, should not result in a force
greater than 100 1b on a person in the water, and the mine
must have pumping capacity in the downdip mine portlon toe
handle the water without allowing it to pond.

For example, for a mine with an entry width of 18 ft
and entry slope of 0.02, from Figure 41, a flow of approxi-
mately 63,500 gpm is the maximum and available pumping capa-
city must be equivalent and properly located.



8.3 Required Cover

Thickness of cover for total extraction for water
bodies of catastrophic potential size is recommended to be
as given in Table-15. Cover for bodies of major potential
size will vary from 37t to 105t as suggested in Table 16
depending on the nature of strata in the aquiclude zone.
The cover should c0n51st of firm strata as Drev1ously
explalned

Accordlng to the 1978 Code of Federal Regulatlon, Tltle
30, Section 75. 1716, admlnlstered by M MSHA, shown in Appendlx B,

determlnatlon ‘of the minimum cover thlékness shall be based

on test holes drilled by the operator. ‘However, if a shaft
or slope exists in the vicinity of the water body, the
strata section obtained from it could be regarded as in lieu
of a test bore hole. However, it may be noted that several
core test holes may be required which will depend on the
size of the water body, availability of historic data,
availability of information from neighboring mines, and the
nature and magnitude of known or expected geological distur-
bances.

Mining-induced cracks in certain cases may extend to
the surface below water bodies, or they may connect the pre-
existing fissures and faults, or mining may cause differen-
tial movement across fault planes which may provide direct
"pipeline" connections to the water body on the surface.
Mining-induced cracks, as borne out by the existing
evidence, are not likely to extend beyond a height of 30t
to 58t above the coal seam under total extraction depending
on its height of extraction. Also, tensional cracks on the
surfacey which may be limited to an average depth of 50 ft,
may be induced irrespective of the ratio of depth to seam
extraction height.

Inundation of the Port Hood mine in Nova Scotia,
Canada, in 1912 is of particular relevance in this case.
In this mine a 6 to 7 ft thick seam was worked by the room
and pillar method. The pillars were extracted in some areas,
The workings were under the sea at a depth of cover of 942
ft which gave a D/t ratio of 135. The mine inflow of 3000
gallons per minute which according to the commission of
enquiry was sea water traveling through a nearly vertical
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fissure. Although subseguent investigators tend to treat
“the Commission's flndlngs with considerable reservations,

“such anomzlies may exist irrespective of the depth of

cover which was considered to be more than adeguate in this
case. Geclogic anomalies are difficult to locate and the
detailed investigations to cover such isclated cases may
give rise to diminished return on the investment.

8.4 Water Body Size ’

Mine-life water flood stage for a storm should be
determined with respect to each water body on the surface
and this should be marked on the water hazard map. The
volume of the water contained in each finite body on the
surface should be calculated at this flccd stage. The
depth of water shall be determined by an accepted method.
While measuring the depth, the thickness of mud, sand,
silt, or other similar materials should also be assessead.
It will be noted that an inflow of mud, silt, or sand is
much more dangerous than that of water. The combined
volume of water, mud, sand, or silt, should be used for
designing underground emergency sump capacity. Similariy,
the peak discharge of streams should be determined using
the mine-life flood stage. The mining method and the
stand-by pumping capacity for working below streams should
. be planned according to these values, The elevatiocn of
points at regqular intervals along creeks or streams should
be determined and recorded on the map.

8.5 Hazard Determination

The suggested method of hazard determination for mining
beneath surface waters is summarized in Appendix E in & step-
by-step fashion. BA&lso included in Appendix E is a suggested
application for mining beneath surface waters. This hazard
determination method ailows a person with little or no
technical background, armed with the appropriate reguired
data, to make a rapid determination of the presence cf either
Limited Potential or Catastrophic Potential water bodies;
and further, if the mine desires tomine with special plans
under Major Potential water bodies, (which would otherwise be
considered Catastrophic Potential) a suggested application
form and planning procedure is given to aid the mine or MSHA
in proceeding with such planning, approval, and mining.
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9.0 MINE PLANNING FOR AN INFLOW

For undermining major potential surface water bodies
the mine plan should incorporate certain.precautions, such
as provision of in-mine emergency sump capacity, channeli-
zation of water, provision of additional emergency escape
routes, and adequate stand-by pumping capacity. These
precautions are desirable for all sizes of water bodies
at all depths of cover but must be taken when the thickness
of cover is less than that given in Table 15.

It has been suggested in the earlier sections that
only major potential size bodies of water should be under-—
mined with a cover of less than that given in Table 15 for
the present. Therefore, it will be necessary to determine
whether the size of the body of surface water is of major
potential or not. Essentially, it will depend on the
available water storage capacity of the emergency sumps
specially provided and the available stand-by pumping
capacity.

9.1 Pumping

As mentioned earlier, the available stand-by pumping
capacity in most existing coal mines seldom exceeds a few
hundred gallons per minute, moreover, that will not be
generally available at the emergency sump, and can be
ignored for all practical purpocses. Thus, catastrophic
potential surface water bodies can be &efined as ones that
will exceed the available in-mine water storage capacity
of the emergency sump.

The reference tc emergency sump is significant in the
sense that it is that part of the mine that can be flooded
and not unduly interrupt the overall production of the mine.
As the water storage capacity of the emergency sump is
finite, the water body of major potential size also has
to be finite, that is, not flowing.

As oceans, large lakes, large rivers, and streams, have
essentially a much larger volume of water than that which
can be provided for in the emergency sump, they all have
catastrophic potential size. However, those surface creeks
which have sufficiently small flow can be undermined by
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total extraction methods at any depth provided the
economics are favorable. The economice can be assessed
by following the procedure explained in the example given
below:

1. Work out the cost of pumping. For this
example it can be assumed to be $0.20 per
1,000,000 ft—gations (including cost of
water treatment before discharge)

2. Work out the quantity of additional reserves
that can be recovered from beneath the creek

by adopting a total extraction method. ILet
it be 5000 tons

3. Let the profit pér ton of coal = $2

4, Total additional profit Pr = 5000 x 2 = $10,000

5. TLet the remaining life of the mine = x = 10 years

6. Let the réte of interest = i = 8%

7. Let Y = sum of money which can be spent every
year for additional pumping effort without

causing any loss to the mine. It can be worked
out by using the capital recovery formula

¢ = p i+ 0¥
T+ )%
10
— 10,000 x 0:08(1 + 0.08)
(1 +0.08)"'°%°-1
= £881

8. The cut-off rate of flow for this case:

= 282 % 1,000,000 fr-gallons per annum

8380 ft-gallons per minute
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9. 1If the workings of the mine are 200 ft deep,
the average cut-off rate of flow of the
creek will be approximately 42 gpm.

It will be seen from the above example that the cut-
off rate depends to a great extent on the remaining 1life
of the mine. If the remaining life of the mine is only
1 year, it may be possible to undermine a creek having an
average discharge of over 500 gallons per minute. However,
care will have to be taken that the maximum discharge at
any time does not exceed that which can be tackled by
pumping and available sump capacity. Certain other gains,
such as improved recovery, may be considered to outweigh
the above economic consideration and the operations in
such cases may be carried out under creeks having somewhat
higher discharge rates.

9.2 Emergency Sumps

The available water storage capacity of the emergency
sump should be larger than the volume of the major potential
water body. Care will have to be taken to make sure that
all water, in the event of an inflow, no matter where it
initiates, is channeled into the sump. The position of
stoppings, doors, overcasts, retaining walls, debris heaps,
and cother structures which may interfere with water flow
routes should be carefully logged and their effect on diver-
sion, ponding, and division of water flow will have to be
assessed. The specifications of construction of stoppings
or other walls located at strategic positions will have to
be determined. Based on these specifications, it will be
determined whether they will need further strengthening.
Flexural strength analyses of walls of different thickness,
width, and height are given in Appendix D and may be used.
It will also be necessary to make sure that when full, the
emergency sump will not interfere with the production from
other sections of the mine and it does not cut-off escape
routes from other panels.

In view of the many variables involved, it is difficult
to estimate the rate of inflow. Therefore, it is not
advisable to solely depend on the stand-by pumping capacity.
However, if there is no room to provide an emergency sump
of adequate size, a smaller sized emergency sump, with
adequate stand-by pumping capacity able to deal with the
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entire inflow within some specified period, may also be
considered as an altermative. This stand-by pumping
capacity including pipelines should be available at the
proper site. -

9.3 Water Hazard Map

A separate water hazard map showing the lccation of
bodies of water and their relation to all working places
shall be prepared.  The map should include the following
pertinent information:

® lcocation and mine life flood extent,

depth, and volume of surface water
bodies :

© coal seam contours which are important
tc determine the likely flow routes,
the velocity, and the depth of flows

¢ locations of entries and alrcourses
with direction of airflow indicated
by arrows ‘

e the likely flow routes in the event
of an inrush from the water body

e location of all escapeways including
emergency eSCapeways

e the emergency sump with water storage
capacity contours. If caved or filled
gobs which are maintained dry are
proposed to be used for emergency
water storage, their capacity should
be worked out by using recommended
coefficients given in Table 28

® the construction specifications of
the stoppings and the walls of the
vercasts or any other structure which
may be necessary for channelizing the
. water current in the event of an
inrush
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® location and elevation of any body
of water dammed or held back in any
portion of the mine

® location and extent of adjacent active
or abandoned underground 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.
Also, if it is proposed to use any of
the old abandoned workings for emer-
gency water storage, they should be
indicated.

9.4 Strata Characteristics

In addition to the water hazard map, a profile showing
the type of strata and the distance in elevation between the
coal seam and the water body involved should be prepared.
This should be prepared on the basis of information collected
from core test drill holes, shaft or slope sections and
measurements of total depth of the water body at regular
intervals. The test core drill holes may be drilled from
the surface or in the roof from underground workings. It is
difficult and expensive to obtain geological information
ahead of the workings under large lakes or an ocean, since
drilling of core borehocles from a floating platform is very
expensive, and seismic surveys by themselves do not give
dependable -information under all conditions (Watson, 1979).
Therefore, reliance may have to be placed on the precaution-
ary advanced boreholes drilled in the roof and ahead of the
advancing workings. '

9.5 Escape Routes

Another important requirement should show the profiles
of the escape routes (Figure 43} including emergency escape
routes in order to make sure that there are no depressions
or other obstructions which, if filled with water, would cut
off the escape of persons.
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9.6 Example Mine Plans

Figures 44 to 51 show several alternative methods of
designing emergency sump capacity and channelization of flow
routes depending on the location of the water body in
relation to the mine workings and the expected area of
inflow. Table 34 gives the analyses of these cases inclu-
ding the additional coal reserves that may be recovered on
account of total extraction beneath the water body as
compared to partial extraction for a seam thickness of 5
Zt. The slope of the seam is 0.01. Maximum depth of flow
and the maximum velocity of flow that will be encountered for
assumed rates of inflow of 50,000 and 100,000 gallons per min-
ute are also indicated. In most of these cases the force on
a man wading through the flow is less than 100 pounds, which
implies that if the height of the entries is sufficient and
the water is free from large quantities of mud or sand, the
miners could make their escape to safety. The analyses also
show that fairly large sized emergency sumps depending on
the availability of area on dip side can be designed.

The safety of the personnel is not likely to be endan-
gered unduly if the inflow can be channelized into the
emergency sump specially provided for working below major
potential sized water bodies except, perhaps, when it is
accompanied with inflow of sand, mud, or other various
materials which may inhibit escape. Moreover, if persons
are working in the panel in which a heavy inflow occurs and
their escape is inhibited by the water flow routes, they may
only have to wait until the water body is drained out as the
emergency sump has a larger capacity than the water body.
Workers employed in extraction of panels below such water
bodies may be trained accordingly.

9.7 Preventive Measure

In the Durham and Northumberland Coalfield of the
United Kingdom, overhead boring technigues and cement grout-
ing have been used successfully for several years to control
inflow of water from the pervious Permian formations for
longwall extraction below the sea., Several grout materials
by themselves or in combination, such as sulfacrete, sili-~
cate of soda and calcium chloride, vermicalite, bentonite,
cement, and so on have been tried successfully depending on
individual conditions. However, the purpose of grouting was
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Table 34~ Analysis of Some Possible Emergency Sump Lavouts
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to seal the voids and fissures in the aquiclude zone so that
they do not connect into the cracks induced by caving of the
roof. Grouting has been used in a large number of non-coal
mines but, there alsc, the intention was never to seal the
cracks or bed separations induce by caving. Moreover, if
the thickness of cover is inadequate, pregrouting may not
necessarily prevent extension of cracks induced by caving
up to the surface.
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10.0 SUGGESTED GUIDELINES FOR MINING
BENEATR SURFACE BODIES OF WATER

According to the Code of Federal Regulations Tltle 35,
Section 75.1716, administered by MSHAR, which are given in
Appendix B, an operator of coal mines intending to conduct
mining operations under any river, stream, lake, or other
body of water is required to give notice to the Coal Mine
Safety District Manager in which the mine is loczated prior
to the commencement mining operations. If in the judgement
of the Coal Mine Safety District Manager, the proposed
mining operations may constitute a hazard, the operator is
notified that a permit is required. The‘application for
such a permit should contain, besides a map and other
general information, a profile showing the type of strata
and the cover thickness between the river, stream, lake ox
- other body of water and the coal bed to be mined. The type
of strata is reguired to be determined by core test drill
holes or as may be prescribed by the Coal Mine Safety Dis-
trict Manager. TIf the Coal Mine Safety District Manager
determines that the proposed mining operations under water
can be szafely conducted a permit is issued for conducting
such operations subject to the conditions which he may deem
necessary.

As may be seen from these stipulations, there are no
prescribed regulations to help the mine operators plan
mining operations beslow water bodies with a view to achieve
reasonable resource recovery without sacrificing the safety
of the miners. Likewise, there are no prescribed regulations
to aid the Coal Mine Safety District Managers to ensure
uniformity of action while issuing the permits. Keeping
these factors in view, and in the licht of discussion in the
preceeding sections, consolidated guidelines have been devel-
oped for working below bodies of surface water which may be
used by the industry and the Mine Safety and Heazlth Adminis-
tration. These guidelines are given below.

10.1 Surface Water Bodies

Surface water bodies have been divided into three sizes
as follows:
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Catastrophic Potential:  These water bodies

include an ocean, and large inland lakes or

reservoirs that can completely flood the mine
workings, and rivers and streams whode mine-
life flood stage is beyond the pumping capa-
city of the mine or whose flow in the mine
would create a hazard.

Major Potential: These are finite size water
bodies like small lakes, farm ponds or sedi-
ment ponds, the mine-life flood volume of
which is less than the available in-mine water
storage capacity of the specially provided
emergency sump.

Limited Potential: Those streams of water
whose discharge is within the specifically
provided stand-by pumping capacity in the

mine and whose flow in the mine, does not
create a hazard; or those non-flowing water
bodies that would not create a hazard by allow-
ing time for escape from the immediate area of
inundation and nowhere resulting in an exces-
sive depth of impoundment. '

10.2 Safety Zones

Where any body of surface water is present
above the potential mine working, a safety zone
around the body of surface water should extend
200 ft horizontally from the high-water mark
all along the perimeter of the water body, and
vertically downward from the perimeter to a
depth of 350 ft, then outward at an angle of
dip of 65° as shown in Figure 53.

If mining is considered within the safety zone,
it should be carried out in accordance with the
guidelines for mining beneath surface water
bodies. '

The width of such a safety zone may be increased

or decreased if lcoal observations and experi-
ence so justify.
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10.3 Catastrophic Potential Water Bodies

10.3.1 Total Extraction Mining

Total extraction coal mining involves excavating a
sufficiently large width of a seam, as in longwall mining
or extraction of pillars in a room and pillar mining system,
with essentially concurrent caving of the roof behind the
face supports or the line of extraction. The method of
extraction, whether by longwall, continuous, or conventional
- mining, the extraction thickness, shortwall, and whether
the gob is packed or not is not relevant. Also, the short-
wall or longwall faces flanked with wide barrier pillars
which may constitute the panel and pillar system of partial
extraction, are not included in this definition.

The following guidelines are recommended for total
extraction below catastrophic potential sized water bodies.
These guidelines require the establishment by drilling or
otherwise of the nature of the strata above the proposed
total extraction workings. Where the word "coal" or "seam"
is used, it also applies to any bedded mineral deposit.

1. 2any single seam beneath or in the vicinity
of any body of surface water may be totally
extracted, whether by longwall mining or by
pillar robbing, provided that a minimum
thickness of strata cover as given in Table
35 exists between the proposed workings and
the bottom of the body of surface water.

2. Where more than one seam exists, all may be
worked by total extraction provided that for
all seams to be extracted, a minimum of the
aggregate mineral and rock thickness of strata
cover as given in Table 35 exists between the
proposed workings in the uppermost seam and
the bottom of the body of surface water.

3. The maximum cumulative, calculated tensile
strain beneath a body of surface water shall
nowhere exceed 10,000 pe, and shall be
calculated by an approved method. The layouts
of panels in the same seam or in different
seams, in case of multiple seam mining, shall
be planned accordingly.
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Table 35 — Minimum Cover Reguired for Total
— Extraction Below Water Bodies of
Catastrophic Potential Size

Thickness of Seam ' ] ' - Minimum Total Thickness
ft -~} .- .o . of Cover
£ ot | £t
3 117¢ 351
4 95t 3890
5 gor - 400
6 71t 428
7 ‘63t 441
7.5 ' 60t 450
> 7.5 | 60t | -
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Where a single seam has already been mined
by total extraction in accordance with the
provision that forieach 1l-foot thickness of
mineral and rock extracted a minimum strata
of cover as.given in Table 35 should exist,
no other underlying seam may be mined by
total extraction. The lower seam may be
mined by partial extraction in accordance
with the subsequent stipulated guidelines
considering as though the upper seam consti-
tuted the bottom of a body of surface water,
however, the pillars shall be designed to
support the entire strata up to the surface
including the water body.

Where unconsolidated natural or artificial
deposits exist between bedrock and the
bottom of a body of surface water, which
may be highly permeable or which when wet
may flow, these should be excluded from the
thickness of overlying strata, except where
it has been demonstated that such deposits
would not be likely to flow when wet and
could be considered as impermeable,

Where a fault which might connect mine work-
ings with a body of surface water, and which
has a vertical displacement greater than

10 ft, or an intrusive dike having a width
greater than 10 ft, is known to exist or is
met with during development, no seam should
be totally extracted within 50 ft horizon-
tally on either side of such fault or dike.

Where the gob is stowed by some method, the
requirement of minimum strata cover may be
reduced using a suitable approved subsidence
factor which will be determined depending on
the compressibility of the stowing material
and the manner of stowing.
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'10.3.2 Partial Extraction Mining

A partial extraction system is one in which pillars -
are deliberately left unworked for the purpose of giving
-more or ,less permanent support to the land surface.  Two
such systems are the room and pillar first working and
the panel and pillar system which alsc includes the short-
wall method.

10.3.2.1 Room and Piliar Method

In this system two sets of parallel entries usually
at right angles to each other are driven in a seam leaving
rectangular pillars to support the roof strata. The pillars
may be extracted as in "secondary working® or they may be
left behind permanently to support the strata after "first
working."

16.3.2.1.1 Minimum Depth of Cover

2 minimum thickness of strata cover should be left
above the seam while working below water bodies. Both the
height and the width of the entries and the characteristics
of the roof beds are significant parameters to ensure sta-
bility and support of the intervening strata.

Separate provisions with respect to drifts and tunnels
are stipulated because the practicability and cost of
supporting and maintaining them would be generally acceptable.
In room and pillar entries, however, the cost of psrmanent
supports would be exceptionally high and their maintenance
would be generally impracticable.

The following guidelines are recommended for determining
a minimum depth of strata for room and pillar workings.

1. ©No entry should be driven in any seam lving
beneath or in the vicinity of any bodv of
surface water where the total thickness of
strata cover above the seam is less than 5
times the maximum entry width (5s) or 10
times the maximum entry height (10t), which-
ever is the greater. Where at least one
competent bed of sandstone or similar
material is present within the strata and
has a thickness at least 1.75 times the maxi-
mum entry width, mining at a lesser cover
than 5s or 10t may be considered.
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2. For drifts or tunnels beneath or in the
vicinity of a body of surface water driven
through the strata for the purpose of-
gaining access to a seam, the provision of
10t or 5s should also apply unless the
drifts or tunnels are permanently supported
and are so maintained. 1In the latter event,
however, there should be a minimum rock
cover of 1.75 times the maximum drift or
tunnel width.

10.3.2.1.2 Pillar Dimensions for First Workings

Pillars must be adegquately designed in order to provide
permanent support for the strata. The design will primarily
depend on the depth of the seam, height of extraction, width
of the entries, and the nature of overlying strata. The
phenomena of sinkholes is generally associated with shallow
cover and some particular types of strata. Thus, depending
on the nature of strata, pillar design methods may be
modified to prevent the formation of sinkholes. It is
succested that for the present, the empirical relation
(Wardell, 1976) be used

[(W+s)/W]? 1.5D=1000/ t+20(W+t)?

where W = pillar width
5 = rooﬁ width
t = seam thickness
D = depth from surface

until such time that other methods are generally accepted
and validated.
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Accordingly, the following guidelines are proposed
for pillar dimensions for room and piliar first workings:

1. WVWhere room and pillar first working is to
be carried out beneath or in the vicinity
of any body o¢f. surface water at cover depth
greater than the stipulated minimum, the
minimum width of pillar should be determined
in accordance with Tables 36 through 42,
If the minimum width of pillar is reguired
for seam thicknesses other than those given
in these tables, the width may be calculated
using the above relationship. However, an
exception can be made where specific local
data (including relevant and comparable
mining experience) exist which demonstrate
that a lesser width could be used with
safety.

2. Where an upper seam has been mined by room
and pillar first working in accordance with
these guidelines, underlying seams should
not be mined by either total or partial
extraction except by considering the upper
seam as though it were the bottom of the
surface body of water.

3. Where pillar widths are determined in accor-
dance with these provisions, the calculated
pillar loading should not exceed the deter-
mined load bearing capzacity of either the
immediate roof or floor beds.

4. Where the strata does not contain any compe-
tent rock bed, such as & sufficient thickness
of hard sandstone, additional precautions
shall be taken to prevent formation of sink-~
holes,

10.3.2.2 Panel and Pillar Method

The panel and pillar system is defined total extraction
of a coal seam from panels of such width in relation to their
depth that the main strata can span any one of them with
little deflection. Individual extraction panels are separ-
ated by abutment pillars which azre designed to be much wider
than the minimum required for stebility so that no additional
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Table 36 - 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 13
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
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Table 37 - Minimum Pillar Widths for Pillar Heights

of 4 Feet, Feet

Depth, Feet Room Width

16 feet 18 feet 20 feet 22 feet 24 feet

100 14 15 16 - -
150 17 18 19 20 21
200 ' 20 21 22 23 24
250 23 22 25 . 26 27
300 25 26 27 28 29
350 27 28 29 30 31
400 29 30 31 32 33
450 30 31 33 34 35
500 ' 32 33 34 a5 36
550 33 34 36 - 37 38
600 35 36 37 38 39
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Table 38 - Minimum Pillar Widths for Pillar

Heights of 6 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 39 40 41 43 44
450 41 42 44 45 46
500 43 45 46 47 48
550 45 47 48 49 51
6060 47 49 50 51 53
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Table 39 - Minimum Pillar Widths for Pillar

Heights of 8 Feet, Feet

Depth, Feet Room Width

16 feet 18 feet 20 feet 22 feet 24 fest

100 21 22 24 - -
150 27 29 30. 32 - 33
200 33 34 36 37 38
250 37 39 40 4z 23
300 . a1 43 - a4 s¢€ 47
350 45 a7 48 49 51
200 ' 28 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
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Table 40 - Minimum Pillar widths for Pillar

Heights of 10 Feet, Feet

Depth, Feet Room Width

16 feet 18 feet 20 feet 22 feet 24 feet

100 | 24 26 27 - -
150 32 34 35 37 38
200 39 40 42 43 45
250 44 46 48 - 49 51
300 49 51 53 54 56
350 54 56 57 59 60
400 58 60 61 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
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Table 4371 - Minimum Pillar Widths for Pillar Heights

of 12 Feet, Feet

Depth, Feet ‘ ~ Room Width
i6 feet 18 feet @ 20 feet 22 feet 24 feet

150 | 37 39 40 42 A4

- 200 45 46 a8 50 51
250 51 53 55 57 58
300 | 57 59 61 63 64
350 63 65 66 €8 70
400 68 70 71 73 75
£50 73 78 76 78 79
500 77 T 80 82 84
550 | 81 83 84 86 88
600 85 87 88 90 91
650 88 90 92 94 95
700 92 o4 95 97 99
720 93 95 97 98 100
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Table 42 - Minimum Pillar 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 47 48
200 51 53 54 56 58
250 58 60 62 64 66
300 | 66 67 69 71 73
350 72 74 76 77 79
400 78 80 81 &3 85
450 83 . 85 87 88 90
500 88 90 92 93 95
550 93 95 96 98 100
600 97 99 101 103 104
650 102 103 105 107 108
700 106 107 109 111 113
750 109 111 113 115 116
800 113 115 116 119 120
840 116 118 120 121 123
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subsidence for pillar failure needsto be aliowed. The
panels may be. extracted by longwall or shortwall mining,
or they may be first developed by the room and piliar
method and the pillars may be subsegquently totally extrac-
ted.

The following quidelines are recommended for panel and
pillar mining beneath and in the vicinitv of bodies of
surface water:

1. Where mining by the panel and pillar
method is to be carried out beneath or
in the vicinity of any body of surface
water, there should be a minimum strata
cover thickness of 270 ft or 3p, where
p is the width of the panel, whichever
is greater.

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

3. Where more than one 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
to the uppermost seam and the pillar
widths being determined by reference to
either the thickest or the deepest seam,
whichever would give the greater dimen-
sion. :

4., Where the panel and pillar system of
mining has been employed in an upper seam,
mining a lower seam by total extraction
may be carried out only by considering
the upper seam the base of a body of
surface water.
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10.4 Major Potential Water Bodies

10.4.1 Total Extraction Mining

The following guidelines are recommended for total
extraction below major potential sized water bodies:

1.

Any single seam of coal beneath or in

in the vicinity of any body of surface
water of major potential size may be
totally extracted, whether by longwall
mining or by pillar robbing provided

that a minimum strata cover of a suitable
nature exists between the proposed work-
ings and the bottom of the body of
surface water as given in Table 43.

Where more than one seam exists all may
be worked by total extraction provided
that for the aggregate mineral and rock
thickness of all seams to be extracted,
a minimum thickness of cover as given in
Table 43 exists between the proposed
workings in the uppermost seam and the
bottom of the body of surface water of
major potential size.

An in-mine emergency sump shall be pro-
vided to receive the body of surface water
of major potential size. The available
water storage capacity of this sump shall
not be less than the mine-life flood
volume of the water body.

The maximum cumulative, calculated tensile
strain beneath a body of surface water of
major potential size shall nowhere exceed
15,000 ye as calculated by an approved
method. The layouts of panels in the same
seam or in different seams in case of
multiple seam mining shall be planned
accordingly. Strains shall be cumulated
for each mining activity affecting an area,
regardless of the intervening time.
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Table 43 - Minimum Cover Required for Total Bxtraction. Balow Surface
Water Bodies pf Major Potential Size. .

AMuiclude Zone Thickness Minimum Total Thickness of Covar
Seam Height of I II 111 v Depth
rhickness platurbed . of
in ft Strata Minimum | Minimum Shaley apd - | 100% Lime~ Surface 1 1T 111 v
Above Seam | 20 ft.clayl 758 S5ilty Sand~ | stones and Cracks
t B shale skonen | Sandstones .
Cft t £t | t ft |t ft t £t t fe | gt e} £t e fe | & £t | &
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Where a single seam has already been
mined by total extraction in accordance
with the minimum strata cover stipula-
tions as given in Table 43, no other
underlying seam may be mined by total
extraction. The lower seam may be mined
by partial extraction in accordance with
the guidelines stipulated for partial
extraction considering the upper seam as
the bottom of a body of surface water
but, the pillars shall be designed to
support the entire strata upto the
surface including the water body.

Where unconsolidated natural or artificial
deposits, which may be highly permeable or
which when wet may flow, exist between the
seam to be extracted and the bottom of a
body of surface water, these should be
excluded from the thickness of overlying
strata except where it has been demonstrated
that such deposits would not be likely to
flow when wet and could be considered as
impermeable.

Where a fault which might connect mine
workings with a body of surface water and
which has a vertical displacement greater
than 10 ft, or an intrusive dike having a
width greater than 10 ft, is known to exist
or is met with during development, no seam
should be totally extracted within 50 ft
horizontally on either side of such fault
or dike.

Where the gob is stowed by some method, the
requirement of minimum strata cover may be
reduced using a suitable approved subsidence

- factor which will be determined depending on

the compressibility of the stowing material
and the manner of stowing.

An operator shall be regquired to obtain a
permit from the Coal Mine Safety District
Manager for working beneath or in the vicinity
of a body of surface water of major potential
size where the minimum strata cover is pro-
vided in accordance with Table 43,

220



10.

An application for such a permit shall

.be submitted in the prescribed form as
" given in Appendix E and shall include a

water hazard map besides other generzal
information, maps and sections as reguired
under Section 75.1716 of the Code of Fed-
eral Regulations, Chepter 1 Title 30

{see Appendix B). The water hazard map
shall specifically show the position and
capacity of the emergency sump in rela-
tion to the water body, the likely water
flow routes in the event of an infiow, the
specifications of structures like stoppings
or overcasts which may be involved in
channeling of the water flow or flows,; a
provision for the location of an emergency
escape route if the likely water flow reute
interferes with regular escape routes, and
profile sections of the escape and emer-
gency escape routes in order to make sure
that they are free from depressions likely
to be filled.

10.4.2 Partial Extraction Mining

~ The same guidelines as for surface water bodies of
catastrophic potential size shall be used for water bodies
of major potential size.

10.5 Limited Potential Water Bodies

10.5.1 Total Extraction Mining

Where sufficient in-mine pumping capacity
eguivalent to the mine life flood discharge
cf all small surface streams affected is
egvailable, any number of seams may be
totally extracted at any thickness of cover
between the uppermost seam and the bottom
of the surface water and at any thickness
of parting between the seams.

Small non-flowing bodies of water may be
under mined at any depth provided that the
determined inflow rate and volume allow time
for z person to wade through the water a

221



. distance egual to the longest blocked,
dead-end, or blind entry to safety
{whether in an entry in which the break-
through occurs or in an entry in which
the flow ponds) and ponded depth is
everywhere 1.5 ft less than the mined
height and not more than 4.5 ft total
depth.

10.6 Structures Retaining Water

10.6.1 Structures Important to the Public Safety

The following guidelines are recommended for safety
zones around and beneath structures, the survival of which
is important to the public welfare:

1. Where any surface structure is impounding
a body of surface water and damage to
that structure by mine subsidence could
lead to a risk of structural failure and
prejudice to public safety, no mining
should be premitted within the safety
zone of such a structure.

2. The perimeter of the structure requiring
protection should be established by those
responsible for its maintenance and safety.
The safety zone around the perimeter of

. protection should extend outward 200 £t
in all directions, then downward for 350
ft, and then outward at a dip of 65° from
the horizontal as shown in Figure 54. This
safety zone is designated as a zone of no
extraction., Figure 54 also shows the
restriction on mining beneath the impounded
water.

3. A greater or lesser distance than that
specified in paragraph 2 may be used where
local observations or experience so indi-
cate.
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10.6.2 Small Structures or Embank-
ments Impounding:Water

A structure may be classified as small whens:

failure of the structure would not
result in loss of life; in damage

to homes; commercial or industrial
buildings; main highways or railroads;
in interruption of the use of service
of public utilities; or damage other
existing water impoundments; and

the contributing drainage area does
not exceed 200 acres;: and

the maximum vertical height of the

dam or embankment as measured along
the centerline of the embankment to
the crest of the spillway does not

exceed 15 ft; and

the area of impounded water at the
spillway level does not exceed 10
surface acres; and

the structure conforms to all appli-
cable laws and regulations pertaining
to the storage of water,

The following guideline is recommended for working
beneath and in the vicinity of small structures or embank-
ments impounding water.

1.

The mining of single or multiple seams
by total or partial extraction methods
may be undertaken beneath or in the
vicinity of small structures or embank-
ments impounding water in accordance
with the guidelines recommended for
other eguivalent volume and flow surface
water bodies.
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11,0 CLOSURE

1i.1 Conclusions

Criteria to define the critical size of a bodv of surfare
water in relation to the mining system have been developed
and presented in this report.

Above an area which has been totally extracted there
exists a zone of strata which usually extends from a height
of 30 to 58 times the thickness of extraction up to about
50 ft depth <{from the ground surface. This zone, termed the
aquiclude zone, provides the main protection against inflows
of water while working beneath and in the vicinity of bodies
of surface water. The degreec of protection depends on the
thickness and the nature of the strata.

Accordingly, a concept has been developed to determine
the cover for working beneath and in the vicinity of bodies
of surface water. It has been possible to reduce the re-
guirement of cover thickness for working below major poten-—
tial size surface water bodies by incorporating certain
precautions in the mine plan. By adopting this arrangement,
it is expected that the overall safety will not be affected
adversely.

Also, methods of determining limited potential sized
water bodies which pose little threat to the mine and per-
sonnel have been presented. These are based upon the volume
or rate of flow and their likely affect on the mine.

The reserves of coal locked up below surface water
bodies such as small lakes, farm ponds, sediment ponds and
so on can be considerable though no formal assessment has
been made. It is expected that the recovery percentage of
these reserves will increase significantly by reducing the
thickness of cover required for total axtraction as suggested
in this report.

11.2 Recommendationsg for Future Studies

The following recommendations are made for future
studies:
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The guidelines for working below
bodies of surface water presented

in this report are of a general
nature as they are intended to
encompass all possible situations,
such as different nature of strata,
single seam mining or multiple seam
mining situations, different methods
of mining, and so on. Although

these guidelines are of a practical
nature, they can be made more "locale”
specific so that they are not overly
restrictive for conditions in speci-
fic geoclogical locales., For example,
1f a coalfield has thick clay or
mudstone beds overlying coal seams,

it may be possible to carry out:total
extraction below bodies of surface
water at much lower depth to height

of extraction ratio than that proposed
in the guidelines. Similarly, there
exists a possibility of further re-
ducing the reguirement of cover in
case of extraction of thick seams in
successive slices or multiple seams as
indicated by the studies carried out
in the Soviet Union, Hungary, and
Yugoslavia. Alsc, the cover reguire-
ment for seams thinner than 3 ft may
need to be defined more specifically.
Therefore, in the interest of conserva-
tion and safety, it is recommended that
the guidelines be made more locally
specific.

The height to which the watexr conducting
fissures extend above the mined area can
be determined by known hydrogeological
methods. These determinations give
results which are locally specific. IFf
the results of such determinations are
consistent, then it may be possible to
revise the reguirement of minimum thick-
ness of cover for working below bodies
of surface water. Therefore, it is re-
commended that hydrogeological investi-
gations be carried out at different
"type locales,”

226



e It is of particular relevance to
determine whether a single thick bed
of shale is more effective or whether
multiple thin alternate beds of shale
and sandstone or limestone are more
effective in arresting extension of
water conducting fissures over the
mined area. It is recommended that
this be determined by carrying out

" hydrogeological or cother suitable
subsurface investigations.

® Surface water bodies have been divided
into 3 categories which are catastro-
phic potential, major potential, and
limited potential. In order to find
out the impact of the presented guide-
lines, it is recommended that a study
be undertaken to determine the estimated
minable coal reserves under the 3
categories of water bodies which come
within the purview of the guidelines.

& Model, theoretical, or field studies of
the hydrzulic phenomena of the in-mine
flow of water resulting from an inflow
should be carried out to define further
the assumed phenomena for mine planning
purposes.

¢ The water flows which miners can safely
walk in to reach safety need to be
determined for a variety of conditions
such as low seam, mud f£flowe, debris-
filied flows, various bottom conditiocns,
and so on.

it is considered that this report has presented
conscervative methods for determining when a surface water
body constitutes a hazard to mining and has outlined mining
methods and mine planning procedures to minimize any adverse
impacts. Also, mining guidelines have been presented that
are generally applicable but could be made more regicnally
specific.
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SPECIAL 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 lmportance 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 mining, being used in the United
Kingdom, is not yet extensively used in the United States,
This system which works well in deep coal, has much less
application here, particularly in the eastern part of the
country where the biggest tconnage is relatively shallow.
The panel width used has been sco wide that only deep coal
can gualify for mining by this method. BHowever, if this
method is imported, as the longwall method was in the past,
some guidelines for its use will be available. The method
should find use where the cozl is at the necessary depth,
because higher recovery is possible than with room-and-
pillar methods.

240




RESULTS OF RESEARCH TO DEVELCP GUIDELINES FOR MINING
NEAR SURFACE AND UNDERGROUND BODIES OF WATER

by

Clarence 0. Baobeock ¥ and Verne E. Heoker®

ABSTRACT

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

{1) Collection and documentstion of data from worldwide sources; (Z) appli-
cation of existing guidelines, foreign, Federal, and State, to case histories
of previous inundations; and (3) development of recommended guidelines for
underground co2l mining near bodies of water aimed at maximum efficient utili-
zation of underground cozl resources consistent with mwinimizing inundation
hazards, While the contrect guidelines were for the mining of cogl seams,
they may also be used for mining any tabular sedimentary minersal deposit.
Tables are given for the determination of the size of coal pillars needed;

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

- INTRODUCTION

The need for practical safety guidelines when mining near bodies of water
is growing because of increasing minerzl demands and an increasing nuomber of
water impoundments near minerazl resources. Accordingly, the Bureau of Mines
generated a program for the development of potential recommended guidelinmes
for mining in close proximity to bodies of water. The objective was maximum
efficient utilization of underground coal resources consistent with minimiz-
ing inundation hazards.

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

iMining Engineer.
#Supervisory geophysicist.
Both authors are with the Denver Mining Research Genter, Bureau of Mines,
Denver, Colo.
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Two contracts on the subject were initiated in 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 mumber of seams that may be mined or restricted, and the
allowable proximity of faults, old workings, etc.

SURFACE WATERS
Total Extraction Mining

A total extraction mining system is defined as the extraction of the whole min-
able thickness of a coal seam or other bedded mineral deposit over a large enough
area so that the lateral dimensions in any direction are equal to or greater than
the depth of mining. The method of extraction, whether by lomngwall, continuous, or
conventional mining, is not relevant to this definition.

The following guidelines are recommended with respect to total extraction min-
ing. These guidelines require the establishment--by drilling or otherwise--of the
thickness of solid rock cover above the propesed total extraction workings. If it
is desired to have overlying material(s) other tham solid rock cover included in the
minimm depth stipulation, it is necessary to demonstrate the nature and permeabil-
ity of such materials, Where the word "coal” or "seam" is used, it also applies to
any bedded mineral deposit.

1. Any single seam of cozl 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 minimum of 60
feet of solid strata cover exists between the proposed workings and the bed of the
body of surface water.

2. VWhere wore than one seam of coal exists, all may be worked by totral extrac-
tion provided that for each 1 foot of the aggregate coal and rock thickness of all
seams to be extracted, 2 minimun thickness of 60 feet of solid strata cover exists
between the proposed workings in the uppermost seam and the bed of the body of

28kelly and Loy (Harrisburg, Pa.). Guidelines for Mining Near Surface Waters
(Contract H0252083), BuMines Open File Rept. 29-77, 1977, 190 pp.; available
for consultation at the Bureau of Mines libraries in Denver, Colo., Twin Cities,
Minn., Pittsburgh., Pa., Spokane, Wash., and Carbondale, Ill.; at the Cemtral
Library, U.S. Department of the Interior, Washington, P.C.; at the libraries of
the Morgantown Energy Research Center--ERDA, Morgantown, W, Va,, and the Training
Facility--MESA, Backley, W. Va.; and from the National Technical Information
Service, Springfield, Va., PB 264 72B/AS.

K. Wardell and Partners (Newcastle, United Kingdom). Guidelines for Mining Near
Surface Waters (Contract H0252021), BuMines Open File Rept. 30-77, 1977, 59 pp.;
available for consultation at the Bureau of Mines libraries in Denver, Colo.,
Twin Cities, Minn., Pittsburgh, Pa., Spokane, Wash., and Carbondale, Ill.; at the
Central Library, U.S. Department of the Interior, Washington, D.C.; at the
libraries of the Morgantown Energy Research Center--ERDA, Morgantown, W. Va., and
the Training Facility--MESA, Beckley, W. Va.; and from the Natiomal Technical
Information Service, Springfield, Va., PR 264 729/AS.
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surface water. When subsidence observations have been carried out and satis-
factory calculations of surface tensile strain can be made, any number of
seams may be mined by total extraction provided that the maximw cumilative,
calcalated® tensile strain beneath a body for surface water will nowhere
exceed B.75 mmfm (0.875 percent).

3. V¥here 2 single seam kas 3lreadybeen mined by total extzraction in
accordance with the provision that for each i-foot thickness of mineral and
rock extracted, a minimum of 60 feet of solid strata cover should exmist, no
other underlying seam should be mined by total extraction, Where the cover
between the two seams is 60 times (or greater) the extractable thickness of
the lower seam, such & lower seam shoulé be mimed 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 matural or artificial deposits, which may be
highly permeable or which when wet may flow, exist between bedrock and the bed
of 2 body of surface water, these should be excluded from the thickness of
solid strata mentioned, except where it has been 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 connect mine workings with & body of sur-
faece wster and which has a vertical displacement greater than 10 feet, or an
intrusive dike having z width greater than 10 feet, is known to exist or is
mst with during development, no seam should be totally extracted within
50 feet horizomtally on either side of such fault or dike.

Partial Extraction Mining

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

Room and Pillar

In the room-and-pillar system of mining about 50 percent of the cozl is
recovered by two intersecting sets of parallel entries, usually nearly per-
pendicular to one another. The result is a checkerboardiike array of pillizars
which systematically suppozt the roof rock. 1In the following discussion the
term "first working™ means that the cosl is mived by driving the entries, as
opposed to "secondary workings" in which the coal left in the pillars is mined
to increase recovery.

Minimur Depth of Cover

A minimum thickness of solid strata cover should be left above the cozal
seam. Both the height and width of the entries and the characteristics of

£Calculation 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 maintajning them
would be generally acceptable. In room-and-pillar entries, however, the cost
of permanent supports would be exceptionally high and their maintenance would
be generally impracticable.

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

1. No entry should be driven in any coal seam lying beneath or in the
vicinity of any body of surface water where the total thickness of solid
strata cover above the seam is less than 5 times the maximum entry width (5s)
or 10 times the maximum entry height (10t), whichever is the greater. Where
at least one competent bed of sandstone or similar material is present within
the solid strata and has a thickness at least 1.75 times the maximum entry
width, mining at a lesser cover than 5s or 10t may be considered.

2. 1In 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 tunnels are permsnently supported and are so mzintained. In the
latter event, however, there should be a minimum solid rock cover of 1.75
times the maximum drift or tunnel width.

Pillar Dimensions for First Workings

The results of observing the behavior of mine pillars underground with
respect to stability, of laberatory 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 out beneath or
in the vicinity of any body of surface water and at cover depth greater than
the stipulated minimum, the minimum width of pillar should be determined in
accordance with tables 1 through 7.5 An exception is made where specific
local data (including relevant and comparable mining experience) exist which
demonstrate that a lesser width could be used with safety,.

“Tables include seams thicknesses of 3, 4, 6, 8, 10, 12, and 14 feet. If
other seam thickness data zre required, the tabulated value, W, can be
obtained by trial and error or numerical methods from the equation
((W+R)/W)Z1.5D = 1000/ /E + 20 (W/H)® where W, R, H, and D are pillar width,
room width, seam thickness, and depth from surface, respectively.
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2.

as though it were the base of the surface body of water.

Where an upper seam has been mined by room-snd-piliar first working
in accordance with these guidelines, underlying seams should not be mined--
whether by total or partial extraction--except by considering the upper sean

3. Vhere pillar widths are determined in accordance with these proﬁi-
sions, the calculated piliar loading should not exceed the aliowsble load-

bearing capacity of the immediate Toof andfor f£loor beds.

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

Depth, feset Rocm width
16 feet - 18 feet 23 feet 22 feet 24 feet

100 1z 13 14 - -

150 15 16 16 i7 i8
200 17 i8 is 20 20
250 19 20 21 22 22
300 20 21 22 23 24
350 22 23 24 25 26
£00 23 24 25 26 27
450 25 26 27 23 29
500 26 27 28 28 3C
550 27 28 29 30 31
600 28 28 30 31 32

NOTE.~-The figures in this table in no way exclude the application of total
extraction mining at the appropriate sclid stratz cover and seam

thickness.

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

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

100 14 i5 16 - -

150. 17 18 19 20 21
200 20 21 22 23 24
250 23 2L 25 26 27
300 25 26 27 28 29
350 27 28 29 30 31
400 26 30 31 32 33
450 30 31 33 34 35
500 32 33 34 35 36
550 33 34 36 37 38
600 35 36 37 38 32

NOTE,--The figures in this tzble in no way exclude the applicatiom of total

extraction mining at the app

thickness.
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TABLE 3. - Minimum pillar widths for pillar heights of 6 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 39 40 41 43 44
450 41 42 L4 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 application of total
extraction mining at the appropriate solid strata cover and seam
thickness. '

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

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

100 21 22 24 - -

150 27 29 ' 30 32 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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TARLE 5., - Minimum piller widthe for pilisr heights of 10 feet., fest

Depth, feet Room width
. 16 feet 18 feet 20 feet 22 feet 2& feetx

100 24 26 27 - -
150 32 34 35 37 38
200 39 &0 42 &3 L5
250 &L L5 48 49 51
300 49 51 53 5& 56
350 54 56 57 59 €0 .
£00 58 60 61 63 6L
450 62 64 65 €7 €8
500 66 67 69 70 72
550 69 71 72 74 75
600 72 74 76 77 78

NOTE.--The figures in this table in no way exclude the application of total
extraction mining at the approprizte solid stratz cover and seam
thickness,

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

Depth, feet

Room width

16 feet 1€ feet 20 feet 22 feet 24 feet
150 37 3s &0 42 44
200 45 46 48 50 5L
250 51 53 55 57 58
300 57 59 €L 63 6L
350 63 €5 66 68 70
400 68 70 71 73 75
450 73 74 76 78 79
500 77 7S 80 82 &4
550 81 83 84 386 g8
600 85 87 g8 90 g1
650 88 oG c2 94 95
700 92 84 o5 o7 99
720 g3 85 - o8 100

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 7. - Minimm pillar 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 47 48
200 51 53 54 56 58
250 58 60 - 62 64 66
300 66 67 69 71 73
350 72 74 76 77 79
400 78 80 81 83 85
450 83 85 87 88 90
500 88 90 92 93 95
550 93 95 %6 98 100
600 97 99 101 103 104
650 102 103 105 107 108
700 106 107 109 111 113
750 109 111 113 115 116
800 113 115 116 119 120
840 116 118 120 121 123

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.,

The panel-and-pillar system is defined to be one in which a bedded

Panel and Pillar

deposit is totally extracted from panels which are of such width in relation
to their depth that the main strata can span any one of them with little
Individual extraction panels are separated by abutment pillars
designed to sustain the load of the main strata overlying a group of such

deflection.

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 subsequently be taken by either continuocus or conventicnal mining

methods.,

The following guidelines are recommended with respect to panel-and-

pillar mining beneath and in the vicinity of bodies of surface water,
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1. Where the panel-and-pillar system is to be carried ocut beneath or in
the vicinity of any body of -surface water, there should be 2 minimm solid
strata cover thickness of 270 feet or 3p, where p is the width of the panel,
whichever is greater.

2, The widths of eﬁiractioﬁﬁpanels should not ezceed one-third the depth
of mining, and the widths of piilars between extrection panels should bas 15
times their height or one~fifth the depth of mining, whichever is greater.

3. Where more than one seam is to be mined by this system, the panels
and pillars in 211 seams should be superimposed in the vertical direction with
the panel widths being determined from the depth to the uppermost seam and
the pillar widths being determined by reference to the thickest and/or deep-
est seam, whichever wouléd give the greater dimensiozn.

" &, Where the panel-and-piliar system of mining has been employed in an
upper geam, it should not be permissible tc mine by totzl extraction im any

underlying seam except by considering the vpper one as though it were the bzse
of the surface body of water.

Safety Zones

From observed behavior of rock strata and soil above mined-out regions,
a zone is known to exist that will most likely £fail if mined, causing flood-
ing of the workings and damage to the surface and to surface structures. From
vock mechanics considerations the approximate shape and extent of this zone
can be identifjed., If no risk can be taken, obviocusly no mining is possible.
For many conditions 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
arcund and beneath bodies of surface water.

1. Where any body of surface water ig present zbove the potentizl mine
workings, a safety zone around such body of surface water should extend 200
feet horizontelly from the high-water mark, or perimeter of the water body,
and verticzlly downward from this point to a depth of 350 feet, then outward
at an angle of dip of 65° as shown in figure 1.

2. If mining is considered within such a safety zone, it should be in
accordance with the guidelines for mining beneath surface waters.

3. The width of such a safety zone may be increased or decreased if
local observations andfor experience justify.

Structures Retaining Water

Since there is elways some risk that damage will occur to surface struc-~
tures by mining, no mining should be done in & safety zome bemeath and around
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Surface water
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permitte permitted
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extraction.

= 2one of extroctio
using guidelines

D-‘;i_.
Room and pillar | 5s or IOt
Pane! 3por 270 1
otal extroction| 601
-*-Whichever is larger

FIGURE Y. - Saofety zone beneath body of surface water,

a structure where its failure would cause loss of life, property damage, or
damage to water supplies needed for the public welfare. If the consequences
of structural failure are not severe, mining may be undertaken,

The following guidelines are recommended with respect to safety zones
around and beneath structures the survival of which is important to the public
welfare,

1. Where any surface structure is jwpounding a substantial body of sur-
face water and damage to that structure by mine subsidence effects could lead
to a risk of structural failure and prejudice to public safety, no mining
should 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 safety zone
around the perimeter of protection should extend outward 200 feet in all direc-
tions, then downward for 350 feet, and then outward at a dip of 65° from the
horizontal as shown in figure 2. This safety zone 1s designated as a zone of
no extraction. Figure 2 also shows the restriction on mining beneath the
impounded water.
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FIGURE 2. - Scfety zone beneath dam and impounded body of surface water,

3. A greater or lesser distance than that specified in paragreph Z may
be used where local cobservetions and/or experience so indicate.

UKDERGROUND WATERS
Mine Maps

The operztor of & cozl mine should have in a fireproof repository
(located in an arez on the surface of the mine chosen by the mine operator to
minimize the danger of destruction by fire or other hazard) accurate, up-to-

date maps of the mine drawm to scale,

Surface Features

Surface features msy be shown directly on the mine map, or on a trans-
perent or translucent sheet, waich, when overlszin on a2 map of underground
shows true and exact relations of surfzce features to mine WOILZL"‘lgS

workings,
Surfece festures to be shown include--

and excavations.
1, Xame 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.
5.
6.

7.

8.

10.
11.

12.
13,
14,

Boundary lines of the coal rights pertaining to each mine.

All outcrop lines.

Topographic features such as hills, ravines, intermittent and
permanent streams, bodies of standing waters (with elevations and
estimated depths).

Location and identification of municipal subdivisions (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.

Location of all surface fans.

Location of mine openings.

The location and description of at least two permanent baseline
points coordinated with the underground and surface mine traverses,
and the location and description of at least two permanent elevation
bench marks used in connection with establishing or referencing mine
elevation surveys. Location and description of a permanent bench
mark or monument near the main mine opening.

Underground Features

Whether or not combined on the same sheet with surface features, at
least one set of maps chowing uncderground features should be composed on the
same sczle. Pertinent informztion to be recorded on the mine map should

include--

W En VLR N

oo~

10.

11,
12,

13,

Kame and address of the mine.

Scale and orientation of the map,

Boundary lines of coal rights and owner identification.

Structure contours and dip of the coalbed being mined at not
greater than 10-foot 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 all ventilation fans.

Location and exact extent of adjacent active or abandoned under-
ground 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
ebandoned areas.

Locations of entries and aircourses with direction of airflow
indicated by arrow.

Location of z2l] escapeways.

Location and exact extent of all water pools, water-bearing strata,
or fluidlike materiels which tend to flow when wet (quicksands,
peat, etc.).

Location and elevation of any body of water dammed or held back in
any portion of the mine.
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i4. The elevation of tops and bottoms of shafits and slopes, and the
floor at the entrance to drift and tumnel openings.

15. The elevation of the floors at intervals of not more than 200 feet
fn-

&, At least one entry of ezch working section and main and cToss
entries. ‘ : .
b. The last line of open crosscuts of each working section, and of
- main and cross eantries, before such sections and main and cross
 entries are abandoned,
¢. Rooms advancing toward or adjzcent to property or boundary lines
ox adjacent mines.

16. The owner, agent, or manager of a mine should take &ll reasonazble
steps to determine whether there is any materiel below the surface
which could affect active, or soon to be active, areas in z mine so
as to cause danger to miners working in that mine, All facts
pertaining to such conditions shouléd be presented to the manager.

Property Boundary Barrier Pillars

To insure that the mining of the coal seamby one company up to the property
line does not favor that company over another company that mines later, the
following guidelines are recommuended.

1. A boundary pillay of unmined coal should be left to the property line;
it should be o0f z width calculated by the equation Pb = 10 + 2T + 5D, Pb is
the pilliar width in feet, 10 is a constant safety factor, T is the thickness
of the bed in feet rounded to the next highest integer, and D is the depth of
the seam at the property lime in 100-foot increments rounded to the next high-
est integer, This pillar width should be reguired on both sides of the prop-
erty line. When mining on one side of the property lime has approached closer
than would be permitted by this guideline, the advancing working should
increase its preoperty boundary barrier pillar requirement so that the cumula-
tive pillar size is equal to Z Pb, Where faults are known to occur, which
could result in a connection between the abandoned and active workings or
which could seriously wegken pillar stability and strength, additional pillar
widths should be used. This additional width should be bzsed on the experi-
ence and judgment of the mine engineer and mine inspector.

2. Boundary barrier pillars should not be altered for increesed minersl
recovery unless the mining proposal insures inspection and certification that
all of the affected workings are free from hezerdous accumulations of water,
and the proposal has--

2, Been agreed to by the interested mining companies and superintendents.

b. Been epproved by the mine inspector. .

¢. Received spproval from the responsible government regulztory agency.

d.. Considered eventuzl interconmection of the mlnlng cperations by
either accident or development plan,

e, Considered the development plans from all affected mining companies.
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Abandoned Workings., Abandoned Areas, and Adjacent Mines

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

1. No mining should be permitted within 200 feet of any known or sus-
pected abandoned workings (that are part of the present mine and/or 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, mining 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 is
larger. Where faults are known to occur that could impair the effectiveness
of the pillar as a water barrier, 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~foot barrier pillar to determine the
location of abandoned workings. The equipment and materials necessary to
plug the borehole upon breakthrough must be available to the drill crew. The
water head pressure or atmospheric conditions in the abandoned workings should
be determined,

3. Unless downhole instrumentation definitely established that no water
exists in the abandoned workings, even though pressure or gravity flow does
not occur at breakthrough, the workings should be assumed 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 may be drained from abandoned workings through a drift or auger
entry, if possible, or from boreholes drilled from the surface. Water also
may be drained through the 200-foot barrier 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 kunowledgeable and experienced
personnel. If permits are necessary to discharge the water on the surface,
they will need to be procured.

5. If the abandeoned workings are not initially dry or drained of water,
an effective safety barrier pillar should be sized by utilizing modeling tech-
niques and unconfined compressive strength tests. For modeling, a factor of
safety of 4 should be used in pillar design. Whenever the pressure head is
equal to or greater than 5 atmospheres, consideration should be given to
draining these workings. The permeability of the unmined barrier pillar
should also be determined for consideration 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 pillar up to the limits determined
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Cogl! thickness =T

Number of holes required =W16T
(next whole number) w
Hotle length =77

Scfe odvance = 47
Saofety pillor =37

Angle @ = ATAN w/{7T+d)

w =width of old headings, if known;

if wis unknown,use w=T

FiGURE 3. - Drill puttern for sofe advance through coal

with unknown inundation hazards,

15

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

15 feet in width. The min-
ing crew should be alert for
signs of pillar instebility,
excessive water lezkage,
strong sulfur smell, or
other indicators of water,
and mining helted oz
reevaluated as necessary.,
The permesbility of the pil-
lar can be reduced and its
strength increased by intro-
duction of grout or other
cementing agents.

€. Whenever eny working
place approaches (1) within
10t or Pb, whichever is
greatest, of abandonad
arecas in the mine as shown
by surveys made and certi-
fied by 2 registered engi-
neer or surveyor and the
area cannot be inspected, or
(2) within 200 feet of any
other known abandoned zaraas
of the mine that camnot be
inspected znd that may con-
tein dangerous accumnlations
of water or gas, or
(3) within 200 feet of known
workings of an adjacent mine,
2 borehole configuration
such as that shown in
figure 3 should be driiled
in advance of the working
face of such working place
and should be continually
méintained 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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0il 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.

When mining in the area of any abandoned shafts, raises, or other
openings that cannot be inspected and certified free of dangerous accumula-
tions of water, a barrier pillar 300 feet in diameter should be 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 mining near abandoned workings should be followed,

Mining Under Abandoned Flooded Workings

Mining under flooded abandoned workings should conform to the 60t and
maximum tensile strain rules for total extraction, to the 5s oxr 10t rules for
room-and-pillar extraction, and to the 3p or 270-foot rules for panel-and-
pillar extraction.
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APPENDIX

In the United Kingdom, mumerous exzamples of total extraction bemeath the
sea have been examined in which mo seawater passed imto the mines. The maxi-
.. mum seabed tensile strain for each of these cases was calculated, and ths
results ranged from 5.0 to 15.0 millimeters per meter (mm/m). On the basis
'of this analysis, the Nationzl Cozl Board has adopted a criterion of 10.0
me/m of calculated maximm tensile strain as governing the minimem depth for

totzl extraction. The expression used in the United Kingdom for calculating
maxzimum tensile straim E, ., is

XS,
B oo

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

average value for K as 0.73 in the United Kingdom. Thus, the minimm depth

of cover required for safety, D,,, is

D

zin

= 67.5¢t,

where t is the thickness of the ccal seam mined. For a limiting tensile
strain of 5.0 mm/m, the limiting depth for total extraction would be 135t;
for a limiting temsile strain of 15.0 mn/m, the limiting depth would be &5t.

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

INT.~BU.OF MINES PGH.,FA. 22229
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APPENDIX B

CODE QOF FEDERAL REGULATIONS TITLE 30
Chapter I —'Mine Safety and Health Admin., §75.1716

§ 75.1716 Operations under water.
(STATUTORY PROVISIONS)

Whenever an operator mines coal from a coal mine opened afier
March 30, 1870, or from any new working section of 2 mine cpen-
ed prior to such date, in a manner that reguires the construc-
tion, operation, and maintenance of tunnels under any river,
stream, lake, or other body of water that is, in the judgment
of the Secretary, sufficiently large to constitute a hazard to
miners such operator shall obtain a permit from the Secretary
- which shall include such terms and conditions as he deems appro-
priate to protect the safety of miners working or passing
through such tunnels from cave-ins and other hazards. . Such per-_
mits shall require, in accordance with a plan to be approved by
the Secretary, that a safety zone be established beneath and
adjacent to such body of water. No plan shall be approved un-
less there is & minimum of cover to be determined by the Secre-
tary, based on test holes drilied by the operator in a manner to
be prescribed by the Secretary. No such permit shall be re-
guired in the cese cf any new working section of & mine which is
iocated under any water resource reservoir being constructed by
&2 Federal agency on December 30, 1969, the operator of which is
reguired by such agency to operate in a manner that protects the
safety of miners working in such section from cave-ins and other
hazards.

£ 75.1716-1 Operations under water; notifications by operater.

An operator planning to mine coal from cozl mines gpened after
March 30, 1970, or from working sections in mines opened prior
to such date, and in such manner that mining operations will be
conducted, or tunnels constructed, under any river, stream, lake
or other body of water, shall give notice to the Cecal Mine Safe-
ty District Manager in the district in which the mine is located
prior to the commencement of such mining operations.

€ 75.1716-2 Permit reguired.

If in the judgment of the Coal Mine Safety District Manacer
the proposed mining operations referred to in §75.1716-1 consti-
tute a hazard to miners, he shall promptly so notlfy the cpera-
tor that a permit is reguired.

Preceding page blank _,.,



§ 75.1716-3 Applications for permits.

An application for a permit required under this section shall
be filed with the Coal Mine Safety District Manager and shall
‘contain the following general information:

(a)
{b)
(c)
{d)

(e)

Name and address of the company.

Name and address of the mine.

Projected mining and ground support plans.

A mine map showing the locations of the river, streanm,
lake or other body of water and its relation to the
location of all working places.

A profile map showing the type of strata and the dis-
tance in elevation between the coal bed and the river,
stream, lake or other body of water involved. The
type of strata shall be determined by core test drill
holes as prescribed by the Coal Mine Safety District
Manager.

€ 75.1716-4 Issuance of permits.

If the Coal Mine Safety District Manager determines that the
proposed mininc operations under water can be safely conducted,
he shell issue a permit for the conduct of such operations un-
der such conditions as he deems necessary to protect the safe-
ty of miners engaged in those operations.
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APPENDIX C

DEPTH AND VELOCITY OF ¥FLOW FOR
DIFFERENT RATES OF DISCHARGE

Depth and velocity of flow for different raztes of ,
discharge through mine entries of different widths and
gradients were determined using Manning's Formula. They
are graphically represented in Figures C-1 to C-12.
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APPENDIX D

STRENGTH ANALYSIS OF MINE
STOPPINGS AND WALLS OF OVERCASTS

Mine stoppings or walls of overcasts are generally
made of solid or hollow concrete blocks. The walls of
overcasts are always mortared, whereas the stoppings may
be dry-stacked occasionally. Dry-stacked stoppings are
much weaker and thus will fail at much smaller heads than
that the mortared stoppings can withstand. Therefore,
strength analysis has been carried out for mortared walls
only.

Ventilation stoppings are generally not keyed into
the floor, roof or ribs, whereas walls of overcasts are
generally fixed. The fixing of the stoppings to the floor,
ribs and roof with mortar only will depend on the care
with which the site is prepared, and the quality of con-
struction. Properly constructed stoppings which are fixed
on at least three sides when subjected to a rising head of
water are most likely to fail in flexure, whereas the stop-
pincs with no fixed cside or only one fixed side are likely
to fzil by toppling or by toppling and shear. Accordingly,
the strength analysis of the walls has been carried out
by flexure, by toppling alone and by teppling and shear
combined.

Flexure Analysis

The stress on a wall is given by the following egqua-
tion (Rcark and Young, 1975)

of = EfbZ/z2

where ¢f is the stress

£ is a correction factor

f is the maximum force on the wall
b is the wall height

z is the wall thickness.

Given f, b, z and the locading condition on the wall, ¢ can

be determined. £ is & variable factor and is required to
be determined separately for the given conditions. The
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flexural strength of the wall constructed with concrste
blocks depends on the flexural strength of the mortar
‘besides its dimensions. Thus, depending on the standard
type of mortar and the dimensions of the wall it can be
determined as to what head of water will cause failure.
 Figure D-1 gives the correction factor B for different

a/b ratios and water heads. ¥Figures D-2 to D-7 give the
minimum safe thickness of walls for different heads

of water depending on the type of mortar and the dimen-
sions of the walls. These analyses are based on the assump-
tion that the three sides of the wall are fixed and the top
is free. The assumption is justified as in actual practice
it is generally difficult to obtain a proper uniform con-
tact between the top of the stopping and the roof. Also,
Figures D-8 to D-14 have been developed which give the
stresses induced in the walls at different heads of water,
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Toppling Alone RAnalysis

Depending on the site condition and the quality of
construction, sometimes the stoppings in the mine may not
develop a proper bond with the floor, roof, and ribs,
Such stoppings when subjected to water buildup are most
likely to fail by toppling. Table D-1 gives the wall
weight for one square foot area (Toennies, 1971). If yy
is specific weight of water, h is height of water built
up against the wall, z is the thickness of the wall, b is
the height, and m, is the weight of wall per square foot
of surface, the Moment Equation will be

IMeA = yh(h/2) - z/2(m,/b) = O.

This can be simplified to

h = §32mwb/yw

Figure D-15 has been drawn based on this egquation
which gives the maximum head which an unbonded wall can
withstand withcout toprlinc.
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Table

D-1 Wall Weight in Pounds per Sq. Ft.

THICKNESS

{Toennies, 1971)

Unit Weight, LB/CF (ASTM C-140)

60 80 100 120 140

6 in. 20 26 30 40 46

8 in. 24 32 40 47 55

10 in. 28 37 47 56 65
12 in. 34 45 55 67 78
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Toppling and Shear Anzlysis
in case only one of the sides of a stopping is bonded
to the floor, rocf or ribs, then the likely mode of failure

will be by a combination of shear and toppling. The moment
eguation for the combined mode is ‘

EMEA = y h(h/2) (h/3) s - z/2(sub) - b/z{z(zbus)fs}%o

or

3
_ 2
h = /’(3zsmwb + 6b zfs‘+ Gbszfs) /sYW

where fg is the shear strength of the mortar and s is the
width of the wall. Teble D-2 gives the allowable stresses
in shear and tension in flexure of different mortars for
nonreinforced concrete masonry. Figure D-6 is derived from
the above equation and it indicates the allowzble height of
water for walls of different block thicknesses.

However, it‘may be noted that & wall having dimensions

generally cbtained in the mines will fail in flexure at a
much smaller head of water.
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Table D-2 -Allnwabye Stresses in Shegr and Tension in
Flexure for Nonreinforced Concrete Masonry (a)

Masonry Construction of:

Grouted

Hollow Units or Solid Units

Allowable Stresses Type M or S Type N Types M or § Type N
Mortar Mortar Mortar Mortar
Shear, psi 34(d) 23(d) 34 23

Tension in Flexure: (&)
Normal to bed joints (b) " 23(d) 16(d) 39 27

Parallel to bed joints (c) 46(d) 32(d) 78 54

{a) Toennies, 1971

{b) Direction of stress is normal to bed joints; vertically in normal masonry
construction.

() Direction of stress is parallel to bed joints; horizontally in normal
masonry construction. If mssonry is laid in stack boend, tensile stresses
in the horizontal direction shall not be permitted im the masonry.

(d) Net mortar bedded area.

(e) For computing flexural resistance, the section modulus of a cavity wall
shall be assumed to be equal to the sum of the section moduli of each wythe.
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APPENDIX E

SUGGESTED HAZARD DETERMINATION METHOD, GUIDELINES,
AND APPLICATION FOR MINING BENEATH SURFACE WATERS

SECTION A. _GENERAL INFORMATION

Step A2,

Obtain mine map of planned developments showing
slopes of all workings, heights of extraction,
width of entries, length of longest dead-end

or blocked entry and all pumping capacities.

Go to Step AZ.

Obtain map of overlying surface showing all
water bodies whether natural or impounded, flow-
ing or non-flowing. Water bodies which are
connected must be treated as the same water body.

Go to Step A3.

NOTE: The following steps must be carried out for each water

body in turn.

Step A3.

Step A4.

Determine expected working lifetime of mine or
part of mine effected by water body. Go to
Step A4.

Determine for water body: flood stage areal
extent, and either flood stage flow rate or
volume corresponding to expected lifetime of

mine or part of mine from Step A2. Go to Step A5.

296



Step AS5.

Step A6.

Determine in-mine area of influence of each water

bodvy by horizontally extending flood stage extent

of water body 200 ft, and then vertically down-
ward to a depth of 350 f£t, then by using cross-
sections, outward at an angle of 65° measured
from the horizontzl. Plot in appropriste position
on mine map. Local observations and experience
may modify this determination, but must be justi-
fied. Go to Step A6. |

For flowing water bodies, use as inflow rate the
smaller of flood stage flow rate or 100,000 gpm,

and co to Section B. For non-flowino water bodies,

use as inflow rate 100,000 gpm, and go to Section

C. For any water bodies retained by structures,

go to Section D.
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SECTION B. FLOWING WATER BODIES

Step B1; Determine pumping capacity in likely area of
ponding in lowest area downhill from zone of
influence (which may be within zone of influence}.
Go to Step B2.

Step B2, Compare pumping capacity from Step B1 with
inflow rate from Step A6. If inflow rate is
larger than pumping capacity, water body is of
Catastrophic Potential. Go to Section G for
guidelines to be applied, and then go back to
Step A3 if another water body is present. If
infiow rate is less than pumping capacity, go to
Step B3.

Step B3. Using graphs 1 through 12 in Section E, and
information obtained in Step A1, determine if
flow depth anywhere eguals or exceeds 4.5 feet
depth or the extracted height minus 1.5 feet. If
flow depth equals or exceeds this depth, water
body is of Catastrophic Potential. Go to
Section G of guidelines to be applied, and then
go back to Step A3 if another water body is

present. If flow depth is less, go to Step B4.

298



Step B4.

Step BS.

Step B6.

Using graphs 1 through 12 in Section E, and
information obtained in Step A1, determine
highest flow depth. Go to Step BE.

Using grephs 13 through 15, determine force on
clothed man. If force is 100 1lbs or more,
water bbdy is of Catastrophic Potential. Go
to Section G for guidelines to be applied, and

then go back to Step A3 if another water body

is present. 1If force is less than 100 1lbs, go

to Step B6.

Water body is of Limited Potential. Go to
Section I for guidelines to be applied, and
then go back to Step A3 if another water body

is present.
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SECTION C. NON-FLOWING WATER BODIES

Step C1.. Using graphs 1 through 12 in Section E, and
information obtained in Step A1, determine if
flow depth anywhere exceeds 4.5 feet depth or
the extracted height minus 1.5 feet. If flow
depth is greater than this depth, water body
is of Catastrophic Potential. Go to Section G
for guidelines to be applied, and then go back
to Step A3 if another water body is present.

If flow depth is less, go to Step C2.

Step C2. Using graphs 1 through 12 in Section E, and
information obtained in Step A1, determine
highest flow depth. Go to Step C3.

Step C3. Using graphs 13 through 15 in Section E, deter-
mine force on clothed man. If force is 100 1bs
or more, water body is of Catastrophic Potential.
Gco to Section G for guidelines to be applied,
and then go back to Step A3 if another water
body is present. If force is less than 100 lbs,
go to Step C4.

Step C4. Using infcrmation from Step A1, obtain safe
length of downhill water filled entry where
water is likely to pond from Table 7 from

Section E. Go to Step C5.
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Step C5. Using length in feet of longest dead-end or
| blocked entry obtained in Step al, divide‘this
length by 50 and then add 2 to obtain required
escape éime in minutes. Go to Step C6.

Step.CG. Determine ﬁaximum allowzable volume of water
ponded in downhill entry from information
obtained in Section 2, Step 1, and Tables 2
through 5 in Sectibn E. Go fo Step C7. |

Step C7. If volume of water body obtained in Step A4
is greater than maximum allowable volume
obtained in Step C6, go to Step Cl2. If volume
of water body obtained in Step 24 is lecss than
maximum allowable volume obtained in Step C6,
go to Step C8.

Step C8. Divide volume obtained in Step C6 by 100,000
to obtain filling time in minutes. Go to Step CS.

Step C9. Compare escape time from Step C5 to filling time
from Step C8. If escape time is smaller than
filling time, go to Step Cl2. If filling time is
smaller than escape time, go to Step C10.

Step C10. Multiply escape time obtained in Step C5by 100,000

to obtain intermediate volume. Go to Step Cil.
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Step C11.

Step C12.

If intermediate volume from Step C10 1s greater
than maximum allowable volume obtained in

Step C6, go to Step C12. If intermediate
volume from Step C10 is less than maximum
volume obtained in Step C6, water body is of

Limited Potential. Go to Section I for guide-

lines to be applied, and then go back to

Step A3 if another water body is present.

The volume of the water body is such that the
mine or part of mine must be planned to accept
an inflow. Major Potential guidelines must be
applied, (go to Section H for guidelines) with
proper application to and permission from MSHA
(Go to Section F for application). If no such
inflow plan is desired, the water body is of
Catastrophic Potential. Go to Section G for
guidelines to be applied, and then go back to

Step A3 if another water body is present.
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SEcT;toN D.  WATER BODIES RETAINED BY STRUCTURES

Step Dl1. From information obtained ‘in Section R, and
from other sources as necessary, determine if
® failure of the structure wourld not.

result in loss of 1ife; in damage
to homes; commercial or industrial
buildings; main highways or railircads;
~in interruption of the use of service
of public utilities; or damage other
existing water impoundments; and
® the contributing drainage area does

nct exceed 200 acres; and

)]

e the maxirum vertical height of the
dam or embankment as measured along
the centerline of the embankment to
the crest of the spillway does not
exceed 15 f£t; and

¢ the area of impounded water at the
spillway level does not exceed 10
surface acres; and

€ the structure conforms to &ll applica-
ble laws and regulations pertaining
to the storage of ﬁater.

Go to Step D2,
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Step D2.

'If all of the criteria in Step D1 have been met,

and water body is-flowing, go to Section B. 1If
all of the criteria in Step D1 have been met, and
water body is non-flowing, go to Section C. If
all of the criteria in Step Dl have not been met,
the guidelines for Structures Retaining Water
must be applied. Go to Section J for guidelines
and then go back to Step A3 if another water body

is present.
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SECTION E

GRAPHS AND TABLFES
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Table 1 - Safe Length of Water Filled Entries in Feet

Extracted Seam Height, t, ft

3 4 5 6 7 8 9 10 11 12
300 500 700 900 900 900 900 900 900 900
150 250 350 450 450 450 450 450 450 - 450

75 125 175 225 225 225 225 225 225 225

37.5 2.5 87.5 112.5 112.5 112.5 112.5 112.5 112.5 112.5

25 a2 0 75 75 75 75 75 75 75

19 31 44 56 56 56 56 56 56., 56

15 25 35 45 45 45 . 45 45 45 45



0,005
0.0
0.02
0.04
(.06
0.08

0.10

3 4
31,%50 93;756
16,875 46,875

8,438 21,478
4,219 11,719
2,813 7,813
2,010 5,800
I,688 4,688

Table 2 - vVolume ol Water in 20 ft
Wicde Entry in Gallons

Extracted Seam llelght, €, ft

r

J

91,875
45,938
22,969
15,313
L1, AHA

9, 184

6

183,750

103,750
151,875
75,938
37,969
25,313

18,984

7 8 9 10 11 12
303,};6 303,750 303,750 303,750 303,750 303,750
150,875 151,875 151,875 151,875 151,875 151,875

75,038 75,938 75,938 75,938 75,938 75,938
37,969 37,969 37,969 37,969 37,969 37,969
25,313 25,313 25,313 25,313 25,313 25;313
18,984 18,984 18,984 18,984 18,984 18,984
15,1488 15,188 15,188 15,188 15,188 15,188



BCE

3

30,375

15,188
7,594
3,797
2,531
1,898

[,519

4

84,375

42,188

21,094
10,547
7,031
5,273

hy2 1

Table 3 - Volume ol Water in 18 ft
Wide Mntry 1n Gallong

Extracted Scam [Helght, t, [t

5 6 7 8 9 10 11 12
165,375 273,375 271,375 273,375 273,375 273,375 273,375 273,375
82,688 136,688 136,688 136,688 136,688 136,688 136,688 136,688
41,344 68,344 68,344 68,344 68,344 68,344 68,344 68,344
20,672 34,172 34,172 34,172 34,172 34,172 34,172 34,172
13,781 22,781 22,781 22,781 22,781 22,781 22,781 22,781
10,336 17,086 17,086 17,086 17,086 17,086 17,086 17,086

A,209 11,069 13,669 19,669 13,669 13,669 13,669 13,669



Fze

ntry, hy, fr/fc

o

Siecpe of

,005
.01
.02
04
.06
.08

.10

3

4

27,000
13,500
6,750
3,375
2,250
1,088

1,350

75,000
37,500
18,750
9,375
6,250
A, 88

3,750

Table

4 - Volunmc

ol Water in 16 ft
Wide lntry in Gallons

Extracted Seam Helght, t, £t

5 6 7 8 9 10 11 12
147,000 243,000 243,000 243,000 243,000 243,000 243,000 243,000
73,500 121,500 .12l,500 121,500 121,500 121,500 121,500 121,500
36,750 60,750 60,750 60,750 60,750 60,750 60,750 60,75q
18,375 30,375 30,375 30,375 30,375 30,375 30,375 30,375
12,250 20,250 20,250 20,250 20,250 26,250 20,250 20,250
g, 188 15,188 15, 188 15,188 15,188 15,188 .15.188 15,188
7,350 12,150 12,150 12,150 12,150 -12,150 12,150 12,150
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Table 5~ Volume of Water in 14 F.
Wide Fnlry in Gallons

Uxtracted Seam leight, t, ft

3 4 5 6 7 8 9 10 11 12
23,625 65,625 128,625 212,625 212,625 212,625 212,625 212,625 212,625 212,625
11,813 32,813 64,313 106,313 106,313 106,313 106,313 106,313 106,313 106,313
5,906 16,406 32,156 53,156 51,156 53,156 53,156 53,156 53,156 53,156
2,953 8,203- 16,087 26,578 26,578 26,578 26,578 26,578 26,578 26,578
1,060 5,460 10,719 17,719 17,719 17,719 17,719 17,719 17,719 17,719
1,477 4,102 B,099 11,289 13,280 13,289 13,289 13,289 13,289 13,289
LB 0280 000 10,630 10,651 10,631 10,671 10,631 10,631 10,601



SECTION ¥. SUGGESTED APPLICATION FOR PERMIT

TO MINE BENEATH BODIES OF SURFACE WATER

The information requested herein éiiiuéllow arde£érmiﬁé-
tion by the Coal Mine Health and Safety District Manager of
the nature, if any, of the hazard posed by mining beneath
bodies of surface water. If approved, mining must proceed by
particular methods and plans as required by the published
"Guidelines for Mining Beneath Bodies of Surface Water;*"'
All technical determinations and procedures required in this
application shall be in accordance with the published "Manual

for Hazard Determination for Mining Beneath Bodies of Surface

Water, *"
General Information
1. Name of company
Form of ownership
2. Address
| Permanent Mailing
3. Name and title of person representing company
4, Address
5. Locetion of operation
County Nearest Post QOffice
6. Other decicnaticn: Subdivision, tract, coordinates

*Note: These titles are hypothetical, only for the purpose of this
report, and are not intended to suggest actual or proposed
documents.
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11.

1z,

13.

Mineral to be mined

Geological title and correlation of seams

Owner (s) of surface Iznd

Owvner(s) of minerals to be mined

Owners of affected water rights

Attach copies cf. agreement with or notification
of the above owners by registered or certified
mail, whichever is required by other state and
federal provisiomns.

Date of proposed first development in affected

area.

Particulars of Cozl Seams,
Geclogy &na Method ol WOTK

‘Name and thickness of secams proposed to be

worked:

Seam Thickness Thickness of

Working Section

Thickness of cover below the water body: Enclose
a profile map showing the type of strata and the

distance between the seam and the surface water

body. .The strata section should preferably be de-

termined from core test drill hole data; however,
the strata sections obtained from nearby shafts,
slopes, surface mines, or other sources, may be

caonsidered in lieu of core test drill holes.
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3. Faults and dikes: Show all known or inferred
faults and dikes on a plan map of the proposed
'mining area.

4. Other important geologicalldisturbances: Show
all such disturbances on the plan map.

5. Nearby mining: Show all known or suspected
mines, above or occuring in the same seam, their
extent, nature, water condition, current or last

known owner, and any other available information.

6. Method of Mining:
Room & Pillar: Room Pillar Cover
width width present
Panel & Pillar: Panel Barrier Cover
width pillar present

Total Extraction:

Longwall or room Panel Width cr Panel Cover
and Pilliar face length 1length Present

Water Hazard Map

An application for a permit for working benéath and
in the vicinity of surface water bodies to be filed with
the Coal Mine Health and Safety District Maznager shall be
accompanied by a Water Hazard Map showing the location of
the water body and its relation to the location of all
working places. It shall be an accurate, up-to-date map
of the mine drawn to a scale of 1 inch = 500 feet. Infor-

mation reguired on the map must include the following:
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Surface Features
Surface features maj be drawn directly on the
Water‘Hazard Map, or on a transparent or translucent
sheet, which, when overlain on a map of unﬁerground
workings, shows true aﬁd exact relations of surface
features to mine workings and excavations. Surface

features to be shown shall include:

1. Name and address of the mine.
2. Scale and orientation of the map.
3. Boundary lines and names of all surface prop-

erty owners,

4, Boundary lines of the mineral rights pertain-

ing to each mine.

5. All outcrop lines.
6. Topographic features.’
7. Location and identification of municipal sub-

divisions (State, county, townships).

8. Location of all railroads and sidings, hicghways,
and other roads.

9. Location and identification of mine buiidings
and facilities.

10. Tocation of all utilities and pipelines.

11. Location and depth of a2ll holes drilled for oil,
gas, water, or geologic information in the
property.

i2. Location of all surface fans.
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13.
14.

15.

l6.

17.

Location of mine openings.

Surface topographic countour lines.

The location and description of at least two

permanent baseline points coordinated with

the underground and surface mine traverses,

and the location and description of at least
two permanent elevation bench marks used in
connection with establishing or referencing
mine elevation surveys. Location and descrip-
tion of a pgrmanent bench mark or monument

near the main mine opening.

The location and mine-life flood extent, in-
cluding flow, volume, and area, of a2ll bodies of
surface water, whether natural or artificial inclu-
ding depth contours at mine-life flood stage.

The owner of the surface water rights,

Undercround Features

VWhether or not combined on the same sheet with

surface features, the Water Hazard Map showing under-

ground features should be composed on the same scale.

Information to be recorded on the mine map must

include:

1.

2.

3.

Nazme and adéress of the mine.

Scale and orientation of the map.

Boundary lines of mineral rights and owner
identification.
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11.

12,

13.

Structure contours and dip of the seam being

mined at not greater than 5-ft elevation

intervals.

A1l shaft, slope, drift, and tunnel openings

and auger and strip-mined areas of the seam be-

ing mined.

TLocation and depth of all drill holes.

Location of all wventilation fans.

Location and extent of adjacent active or aban-
doned underground workings above, below, or in
the same seam. If zbandoned workings are known
to exist in an area, but exact extent is not
known, it should be so indicated. BAlso, indi-
cate if it is proposed to use any of the old
abandoned workings for emergency water étorage.
Up-to-date locations of active work areas,
worked-out zreas, and abandoned areas.
Locations of entries and aircourses with direc-
tion of airflow indicated by arrow.

Location of all escapeways.

Location and exact extent of all water pools,
water-bearing strata, or fluidlike materials
which-tend to flow when wet,

Location and elevation of any body of water

dammed or held back in any portion of the mine.
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14.

15.

16.

17.

18.

19.

Subsurface projection of limits of body of sur-

face water at mine-life flood stage, including

any required safety zones.
The likely flow routes in the event of an inrush
from the water body.

In-mine water storage capacity contours. They
should be worked out by subtracting the volume
of the ponded water and other fluids from the
total capacity of the voids (using recommended
coefficients for caved and filled gobs) under
completely dry conditions.

The construction specifications of the stop-

ings and the walls of the overcasts or any

't

other structure which may be necessary for

coursing the water current in the event of an

inrush.

The elevation of tops and bottoms of shafts and

slcpes, and the floor at the entrance to drift

and tunnel openings.

The elevation of the floors at intervals of not

more than 2 ft in:

a. &t least one entry of each working section
and main and cross entries.

b. The last line of open Crosécuts of each
working section, and of main and cross en-
tries, before such sections and main and
cross entries are abandoned.
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20.

c. Rooms advancing toward or adijacent to
property or boundary lines or adjacent
mines. |

The owner, agent or manager of a miﬁe shmulﬁ

take all reasonable steps to detefmine whethef

there is any material below the surface which
could affect active,‘or socn to be active,
areas in a mine so as to cause danger to miners
working in that mine. All facts pertaining to

such conditions should be presented on the map.

Size of Water Body and Capacity
of the Desicned Emergency Sump

Particulars of Water Body:

Show water body on plan map, indicating:
a. General mine-1ife flood area.
b. Mine-life flood maximum depth.
¢c. Depth contours.

d. Mine-life flood volume.

e. Mine-life flood flow.

Mine Design Parameters:

Show on plan mzp of mine proposed:
2. Width of entries.

b. Height of entries.

c. Gradients of the entries.

d. Fumping cepacity in various areas.
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Likely Water Flow Routes:

a.

Determination of available in-mine water stor

Mark the likely water flow routes on the
mine plan or hazard map in the event of an
inflow.

Show whether any structures like stoppings
or overcasts are proposed to be used for
directing the water current.

If so, give their specifications. Such
stoppings and overcasts should be construc-
ted in accordance with American Concrete
Institute's Standard ACl 67-23 or other
acceptable standard.

=

[4]]
Q]

capacity of the emergency sump.

A.

Mark on the plan map or water hazard map the
position of the emergency sump which may be
flooded in the event of an inflow from the
surface water body.

Determine total water capacity of the emer-
gency sump. In case gobbed panels maintained
free of water are propocsed to be used for
part of the emergency sump, determine their
water storage capacity by using the appropri-
ate capacity coefficients.

Determine the quantity of water already

stored in these workings.
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d.

Determine the available water storage capac-
ity by subtracting the value obtained in ¢

from the value obtained in b.

Escape Routes:

a.

Mark the escape routes on the miné plan or
water hazard map.

Indicate interferences with water flow
routes,

If interferences occur, a provisicn of an
a2lternative emergency escape route should be
made and shown on the map.

Enclose profiles of the escape routes to in-
dicate that there are no depressions which

may fill up and block the escape route.
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SECTION G. GUIDELINES FOR

CATASTROPHIC POTENTIAL WATER BODIES

Total Extraction Mining

Total extraction coal mining involves excavating a
sufficiently large width of a seam, as in longwall mining
or extraction of pillars in a room and pillar mining system,
with essentially concurrent caving of the roof behind the
face supports or the line of extraction. The method of:
extracticon, whether by longwall, continuous, or conventional
mining, the extraction thickness, and whether the gob is
packed or not is not relevant. Also, the shortwall or
longwall faces flanked with barrier pillars which may con-
stitute the panel and pillar system of partial extraction,
are not included in this definition.

The following cuidelines are recommended for total
extraction below catastrophic potential sized water bodies.
These guidelines reguire the establishment by drilling or
otherwise of the nature of the strata above the proposed
total extraction workings. Where the word "cozal" or "seam"
is used, it also applies to any bedded mineral deposit.

1. &ny single seam beneath or in the vicinity

of any body of surface water may be totally

extracted, whether by longwall mining or by
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pillar robbing, provided that a minimum
ﬁhickness of strata cover as given in
Table 1 exists between the proposed work-
ings and the bottom of the body of surface
water.

Where more than one seam exists, all may be
worked by total extraction provided that for
the aggregate mineral and rock thickness of
strata cover as given in Table 1 exists.
between the proposed workings in the upper-
most seam and the bottom of the body of
surface water.

The maximum cumulative, calculated tensile

strain beneath a bodvy of surface water shzll

nowhere exceed 10,000 pe, and shall be cal-
culated by an apprbved method. The lavouts
of panels in the same seam or in different
seams, in case of multiple seam mininé, shall
be planned accordingly.

Whefe a single seam has already been mined

by total extraction in accordance with the
provision that for each 1-foot thickness of
mineral and rock extracted a minimum strata

of cover a&s given in Table 1 <chould exist,
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Table 1 - Minim— Cover Required for Total
Extraction Below Water Bodies of
Catastrophic Potential Size

Thickness of Seam Minimum Total Thickness

ft of Cover
t t L ft
3 117t 351
4 95t 380
5 80t 400
é 71t 426
7 63t 441
7.5 60t 450

> 7.5 | 60t -
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ﬁo other underlying seam may be mined by
total extraction. The lower seam may be
mined by partial extracfion in accordance
with the subsequent stipulafed guidelines
considering as though the upper seam consti-
tuted the bottom of a body of surface water,
however, the pillars shall be designed to
support the entire strata up to the surface
including the water body.

Where unconsolidated natural or artificial

deposits exist beiween bedrock and the

bottom of a body of surface water, which

may be highly‘permeable or which when wet
may flow, these should be excluded from the
thickness of overlying strata; except where
it has been demonstrated that such deposits
would not be 1ikely to flow when wet and
could be considered as impermeable.

Where a fault which migﬁt caonnect mine work;
ings with a body of surface water, and which
has a vertical displacement greater than

10 ft, or an intrusive dike having a width
greater than 10 £ft, is known to exist or is

met with during development, no seam should
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be totally extracted within 50 ft horizon-
tally on either side of such fault or dike.

7. Where the gob is stowed by some method, the
requirements of minimum sfrata cover may be
reduced using a suitable approved subsidence
factor which will be determined depending on
the compressibility of the stowing material
and the manner of stowing.

Partial Extraction Mining
A partial extraction system is one in which pillars
are deliberately left unworked for the purpose of giving
more or less permanent support to the land surface. Two
such svstems are the room and pillar first working and
the panel and pillar system which also includes the short-
vall method.
Room and Pillar Method
In this system two sets of parallel entries usually
at right angles to each other are driven in a seam leaving
rectangular pillars to support the roof strata. The pillars
may be extracted as in "secondary working” or they may be
left kbehind permanently to support the strata after "first

working".
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Minimum Depth of Cover

A minimum thickness ‘of strata cover should be left
above the seam while working below water bodies. Both the
height and the width of the entries and the characteristics
of the roof beds are significant ?arameters to ensure sta-
ibility and support of the intervening strata.

Separate provisions with respect to drifts and tunnels
are stipulated because the practicability and coét of
supporting and maintaining them would be generally acceptable.
Iin room and pillar entires, however, the cost of permanent
supports would.be exceptionally hich and their maintenance
would be generally impracticable.

The following cuidelines are recommended for determining
2 minimum depth of strata for room and pillar workings.

1. ©No entry should be driven in any seam lying

beneath or in thé vicinity of any body of
surface water where the total thickness of
strata cover zbove the seam is less than 5
times the maximum entry width (5s) or 10
times the maximum entry height (10t), which-
ever is the greater. Where at least one

competent bed of sandstone or similar
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material is present within the strata and

has a thickness at least 1.75 times the maxi-
mum entry width, mining at a lesser cover
than 5s or 10t may be considered.

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

tunnel width.

Pillar Dimensions for First Workings

Pillars must be adequately designed in order to pro-
vide permanent support for the strata, The design will
primarily depend on the depth of the seam, height of
extraction, width of the entries, and the nature of over-
lving strata. The phenomena of sinkholes is generally
assocliated with shallow cover and some particular types

of strata. Thus, depending on the nature of strata, pillar
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design methods may be modified to prevent the formation

of sinkholes. It is suggested that for the present, the

empirical relation (Wardell, 1976) be used

[(W+s) /W12 1.5D=1000/t+20(W+t)?

where W piliar width
s = ryoom width
t = seam thickness

D

I

depth from surface

until such time that other methods are generally accepted

and validated.

Accordingly, the following guidelines are proposed

for pillar dimensions for room and piliar first workings:

1.

Where rcom and pillar first working is to
be carried out beneath or in the vicinity
of any body of surface water at cover depth
greater than the stipulated minimum, the
minimum width of pillar should be determined
in accordance with Tables 1 through 7.

If the minimum width of pillar is required
fo? seam thickﬁesses other than those given
in these tables, the width may be calculated
using the above relationship. However, an
exception can be made where specific loczal
data (including relevant and comparable
mining experience) exist which demonstrate
that a lesser width could be used wifh

safety. 343



Table 1 -~ Minimum Pillar Widths for Pillar

Heights ©f 3 Feet, Feet

Depth, feet Room Width

16 feet 18 feet 20 feet 22 feer 24 fee=

100 12 13 14 - -
150 15 16 16 17 1z
200 17 1€ i¢ 20 2z
250 ie 20 21 22 22
300 20 21 22 23 ‘24
350 22 23 24 25 2¢
400 . 23 24 25 26 27
450 25 26 27 28 2¢
500 26 27 28 28 30
550 27 28 28 30 31
600 28 28 30 31 32
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Table 2 - Minimum Piller Widths for Pillar Heights

of 4 Feet, Feet

Depth, Feet- Room Width

16 feet 20 feet 22 feet
100 iz 15 i6 -
150 17 is 19 20
200 20 21 22 23
250 23 2¢ 25 26
300 2z 26 27 28
35¢ 27 28 29 30
400 29 30 31 32
£50 30 31 33 3¢
500 32 33 34 35
550 33 34 36 37
600 35 36 37 38

18 feet

3]
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Table 3 .-- Minimum Pillar Widths for Pillar

Heichts of 6 Feet, Feet

Depth, Feet ‘ Room Width

16 feet 1F feet 20 feet 22 feet 24 feetx

100 17 ig 20 - -
150 22 21 25 26 2=
200 26 28 29 30 3z
250 30 31 33 34 3z
260 23 3z 36 37 3z
3250 36 37 39 40 1
400 39 20 41 43 oy
450 41 22 42 ¢5 te
500 , 43 45 46 47 2g
550 25 ¢7 48 29 51
600 47 29 50 51 £3
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Table 4 - Minimum Pillsr Widths for Pillar

Heights of 8 Teet, Feet

Depth, Feet Room Width

16 feet 18 feet 20 feet

100 21 22 24
150 | 27 29 30
200 33 34 36
250 37 29 20
300 21 23 2
350 25 27 48
£00 28 50 51
250 51 53 55
500 : 54 56 57
550 57 59 60
600 60 61 63

22 feet

32

|r‘ lh
™ ma
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Table 5 - Minimum Pillar Widths for Pillar

Heights of 10 Feet, Feet

Depth, Feet Room wWidth

16 feet 18 feet 20 feet 22 feet 24 feet

100 24 26 27 - -
150 32 34 35 37 3e
200 38 40 42 43 45
25¢ 4£ 46 £8 : 49 5%
02 e 51 53 54 5¢
350 54 56 57 29 60
400 ' 58 60 61 63 6Z
£50 62 64 | 65 67 68
500 66 67 €9 70 72
550 69 71 72 74 75
600 72 74 . 76 77 78
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Table 6 - Minimam Pillar Widths for Pillar Heights

of 12 Feet, Teet

Depth, Feet ‘ Room Width

16 feet 18 feet 20 feet 22 feet 24 feet

150 37 39 40 42 44
200 5 46 48 50 - 51
250 . - 51 53 55 57 58
300 57 59 61 63 64
150 €3 €5 66 €t 70
400 68 70 71 73 75
450 73 74 76 78 79
500 77 79 80 82 82
550 81 83 84 86 g
600 | 85 87 88 90 91
€50 88 , g0 92 94 o3
700 92 54 95 97 99
720 g3 95 97 9g 100
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Table 7 =~ Minimum Pillar Widths for Pillar

Heights of 14 Feet, Feet

Depth, Feet Room wWidth

16 feet 18 feet 20 feet 22 feet 24 feet
130 41 43 45 L7 iz
200 51 c3 54 5¢ =z
250 58 60 62 64 2K
300 66 €7 69 71 T
350 72 74 76 77 7T
£G0 78 8O A8l g3 z5
450 g3 85 87 ge &L
500 88 90 92 93 €3
550 83 95 96 98 130
600 97 99 101 103 102
€50 102 1032 105 107 1908
700 106 1067 108 111 113
750 109 111 113 115 116
8OO 113 115 116 118 120
840 116 118 120 121 122



2. Where an upper seam has been mined by room
and pillar first working in accordance with
these guidelines, underlying seams shoﬁld
not be mined by either total or partial |
extraction except by considering the ﬁpper
seam as though it were the bottom of the
surface beody of water.

3. Where pillar widths are determined in accord-
ance with these provisions, the calculated
pillar loading shduld not exceed the deter-
mined load bearing capacity of either the
immediate roof or floor beds.

4, Where the stratz does not contain any compe-
tént rock bed, such as a sufficient thickness
of hard sandstone, additional precautions
shall be takeﬁ to prevent formation of sink-
holes,

Panel and Pillar Method

The panel and pillar system is defined total éxtraction
of a coal seam from panels of such width in relation to
their depth that the main strata can span any one of them
with little deflection. Individual extraction panels are

separated by abutment pillars which are designed to be much

-

vider than the minimum reguired for stability so that no

zdditional subsidence for pillar failure need to be allowed.
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The panels may be extracted by longwall or shortwall mining,

or they méy be first developed by the room and pillar

method and the pillars may be subsegquently totally

extracted.

The following guidelines are recommended for panel and

pillar mining beneath and in the vicinity of bodies of

surface water:

1.

Where mining by the panel and pillar
method is to be carried out beneath or
in the vicinity of any body of surface
water, there should be a minimum strata
cover thickness of 270 £t or 3p, where

P is the width of the wanel, whichever
is greater.

The widths of extraction panels should
not exceed cne-third the depth of mining,
and the widths of pillars between extrac-
tion panels should be 15 times their
height or cne-fifth the depth of mining,
whichevef is greater.

Where more than one seam is to be mined
by this svetem, the panels and pillars

in all seams should be superimposed in
the vertical direction with the panel

widths being determined from the depth
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‘to the uppermost seam and the pillar

widths being determined by reference to

either the thickest or the deepest seam,
whichever would give the greater dimen-
siomns.

Where the panel and pillar system of
mining has been employved in an u?per seamn,
mining @ lower seam by total extraction
may be carried out only by considering
the upper seam the base of a bedy of

surface water.
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SECTION H. GUIDELINES FOR

MAJOR POTENTIAT, WATER BODIES

Total Extraction Mining

The following guidelines are recommended for total

extraction below major potential sized water bodies:

1.

Any single seam of coal beneath or in
the vicinity of any body of surface
water of major potential size may be
totally extracted, whether by longwall
mining or by pillar robbing provided
that a minimum strata cover of a suitable
nature exists between the proposed work-
inags and the bottom of the bodv of
surface water as given in Table 8.

Where more than one seam exist, all may
be worked by total extraction provided
that for the aggrecate mineral and rock
thickness of all seams to be extracted,
a minimum thickness of cover as given in
Table 8 exists between the proposed
workincs in the uppermost seam and the
bottom of the body of surface water of

major potential size.
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An in-mine emergency sump shall be pro-
vided to receive the body of surface water
of major potential size. The available
water storage capacity of this sump shall
not be less than the mine—life flood
volume of the water body.

The maximum cumulative, calculated tensile
strain beneath a body of surface water of
major potential size shall nowhere exceed
15,000 ue as calculated by an approved
method. The layouts of panels in the same
seam or in different secams in case of
multiple seam mining shall be planned
accordingly. Strains shall be cumulated
for each mining activity affecting an area,
regardless of the intervening time.

Where a single seam has already been

mined by total extraction in accordance
with the minimum strata cover stipula-
tions as given in Table 8, no other
underlying seam may be mined by total
extraction, The lower seam may be mined

by partial extraction in accordance with
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the guidelines stipulated for partial
extraction considering the upper seam as
the bottom of a body of surface water

but, the pillars shall be designed to
support the entire strata upto the

surface including the water body.

Where unconsolidated natural or artificial
depcsits, which may be highly permeable or
which when wet may flow, exist between the
seam to be extracted and the bottom of a
body of surface water, these =should he
excluded from tﬁe thickness of overlying
strata except where it has been demonstrated
that such deposits would not be likely to
flow when wet and could be considered as
impermezble.

Where a fzault which migcht connect mine
workings with a body of surface water and
which has a vertical displacément greater
than 10 £t, or an intrusiverdike having a
width ¢reater than 10 £ft, is known to exist
or is met with during development, no seam
ghould he totally extracted within 50 ft
horizontally on either side of such fault

or dike.
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10.

Where the gob is stowed by some method, the
requirement of minimum strata cover may be
reduced using a suitable approved subsidence
factor which will be determined depending on
the compressibility of the stowing material
and the manner of stowing.

An operator shall be required to obtain a
permit from the Coal Mine Safety District
Managér for working beneath or in the vicinity
of a body of surface water of major potential
size where the minimum strata cover is pro-
vided in accordance with Table 8.

An application for such a permit shall be
submitted in the prescribed form as given

in Section F and shall include a water
hazard map besides other general information,
maps and sections as reguired under Section
75.1716 of the Code of Federal Regulations,
Chaper 1 Title 30 (see Appendix B). The water
hazard map shall specifically show the posi-
tion and capacity of the emergency sump in
relation to the water body, the likely water

flow routes in the event of an inflow, the
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specifications of structures like stoppings
6r'overcasts which may be invelved in
channeling of the water flow or flows, a
provision for the location of an emergency
escape foute if the likely water flow route
interferes with regular escape routes, and
profile sections of the escape and emer-
gency escape routes in order to make sure
that they are free from depressions likely
to be filled.
partial Extraction Mining
The szme cguidelines as for surface water bodies of
catastfophic potential size shall be used for water ﬁoéies

of major potential size.



SECTION I. GUIDELINES FOR

LIMITED POTENTIALL WATER BODIES

Total Extraction Mining
Where sufficient in-mine pumping capacity
equivalent to the mine life flood discharge
of all small surface streams affected is
available, any number of seams may be
totally extracted at any thickness of cover
between the uppermost seam and the bottom
of the surface water and at any thickness
of partinc between the seams.
Small non-flowine bodies of water may be
undermined at any depth provided that the
determined inflow rate and volume allow time
of a person to wade throughiﬂwewater a
distance ecual to the longest blocked,
dead-end, or blind entry to safety
{whether in an entry in which the break-
throuch occurs or in an entry in which
the flow ponds) and ponded depth is
everyvhere 1.5 £t lecss than the mined
heicht and not more than 4,5 ft total

depth.
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SECTION J. GUIDELINES FOR

STRUCTURES RETATNING WATER

‘Structures Important to the Public Safety

The following guidelines are recommended for safety

zones around and beneath structures, the survival of Which

is important to the public welfare:

1.

Where any surface structure is impounding
a body of surface water and damage to

that structure by mine subsidence could
lead to & risk of structural failure and
prejudice to public sazfety, no mining
should be permitted within the safety

zoné cf such a structure.

The perimeter of the structure reguiring
protection shoula be established by those
responsible for its maintenance and safety
The safety zone around the perimeter of
protection should extend cutward 200 ft

in all directions, then downward for 350
ft, and then outward at a dip of 65° from
the horizontal as shown in Figure 1. This
safety zone is designated as a zone of no
extraction. Figure 1 also shows the restric-

tion on mining beneath the impounded water.
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3. A greater erlesser distance than that
-specified in paragraph 2 may be used where
lccal observations or experience so indicate.

Small Structures or Embankments Impounding Water

A Structure may be classified as small when:

® failure of the structure would not
result in loss of 1life; in damage
to homes; commercial or industrial
buildings; main hichways or railroads;
in interruption of the use of service
of public utilifies; or damage other
existing water impoundments; and

. the contributing drainage area does
not exceed 200 acres; and

® the maximum vertical height of the
dam or embankment as measured along
the centerline of the embankment to
the crest of the spillway does not
exceed 15 ft; and

® the area of impounded water at the
spillway level does not exceed 10
surface acres; and

. the structure conforms to all appli-
ceble laws and recgulations pertaining

to the storage of water.
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The following guideline is recommended for working
beneath aﬁd in the vicinity of small structures or embank-
ments impounding water.

1. The mining of single or multiple seams

by total or partial extraction methods
may be undertaken beneath or in the
vicinity of small structures or embank-
ments impounding water in accordance
with the quidelines recommended for
other equivalent volume and flow surface

water bodies.
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