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‘new mining methods that has
great poténtial in increasing pro-
‘duction is shortwall mining. The
method is actually a hybrid be-
tween continuous mining and
ongwall mining. Briefly, it is a
short-length longwall face sup-
gported by specially designed, self-
advancing powered supports that
,p ovide an extensible canopy so

under a continuous roof support.

- Shortwall mining, therefore,
tombines the advantages of the
dongwall and continuous mining
methods. The most obvious ones
that there is increased recovery
boal (almost all the coal is recov-

=

'

Here s how flve dlﬁerent
apply shortwall methods

:Syd S. Peng, College of Mineral and Energy Resources |
Wbst Vnrglma University, Morgantown W.Va. || -

ONE OF THE MOST TALKED ABOUT

hat coal can be cut by a contin-
Luous miner while its operator is |

"ij

rtwall mining useg steel roof suppom udvnncinq over a contmuous miner,
1 | ., | |
‘r :
-y
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Shortwall mmlng is a compromise that avmds some problem? of Iongwa“ | ',;. .
proving the production output from a continuous 1

;mlner section: Among five mines using the method, four lik
Whlle the fifth is completing its studies. ' wy:

|
1

-— —_——
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e

- pillars), miners work continuously
under full support, and the train-
ing period for crew members is
shorter than with longwall because
_ fewer pieces of new equipment are
involved. Fewer new equipment
~means less initial investment for

switching from one mining method -

to another, (' This. could be a big
plus for smaller companies.
But how well is shortwall mining

-author under a Bureau of Mines

grant of all the mines in this coun-

try using the shortwall concept.
Purpose of the survey was to find
out the most suitable conditions |
for conducting a shortwall oper
~ation.| Since shortwall mining in
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volves the effective control of roof

atlons

Operatlonal parameters for all
of the five mines using shortwall
mmmg methods are listed in Table

are not identified, the mining com-
panies involved are Valley Camp
- Coal Co., Delta Mining Co., East-

ern Associated Coal Corp., US
doing? A survey was made by the |

Steel Corp., and Bethlehem Steel -
. Corp.
Generally speaking, retreat
shortwall i1s employed in all five
~cases. This involves driving three .
entries on both sides of the short-
 wall panel which ranges from 110
' to 200 ft in width and 800 to 2400
ftin length. Coal seams mined are
at least 4 ft thick and up to a max-
imum of 9 ft thick. The over-

| burden thickness varies widely

from mine to mine and ranges

| |fr0m 90 to 1200 ft. The cutting
‘| | widths of continuous miners range

 between 6 to 10 ft. ;
The following is a more spemﬁc_
description of each mine:

|
! Mine No. 1
|

- Complete layout and the
 stratigraphic column of the 3 Rt
\ panel is shown in Fig. 1. The im-
- mediate roof 1s a weak limey shale

,overlain by strong limestone. No- R

! tice that the 4-ft-wide tail entry is

the face retreats by cribbing. .

| Roof support

_Face: The mine lS using Gullick |

L

;t _' COAL AGE = March 1976
NS RRE &

4

strata, the survey emphasizes the =
roof control aspects of the oper- - '

1./ Although the particular mines

' not predeveloped. It is formed as °
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ii-leg, 500-ton chocks (see Table - forced area is always kept at 1’2 to break.

¢h requires two' laps of ad-

B leaves approximately 2 ft

iely behind the chocks. How-
at the beginning of the panel,

.. !I "
¢ b

: hat the bolts anchor at differ-
ferizons. During mining, the

il bolting with wooden planks
fied across the entry between

! N
J J ® March 1%76 v 3 M b

!
S i

f chock specification). There
27 pieces spaced at 4-ft centers,

gement per cut at 4 ft each.
jout roof support between the

of the extension canopy and
face line. The roof caves imme-

B remains at.a 150- to 200-ft
o before the first cave-in is ini;-t

fiead entry: Roof bolting is at 4-
tnters with 8- and 10-ft lengths

8 roof is reinforced by addi-

W heads and roofs. This rein-

'I l » . . i

pillar lengths ahead of the face.
Tail entry: No tail entry is pre-
developed. The advancing tail en-
try is established by setting cribs (4
X 4-ftsize) at 4-ft centers leaving
an entry width of 4 ft. Generally
two cribs are made for each cut.
This entry wasg kept open through-
out the whole working length of
the panel. || |
Special remarks; |
| |
» Some difficulty was encoun-

tered to cut and maintain a smooth
floor to facilitate the advancement
of chock moves.

+ Different sizes of “white rock”

~tend to fall on top of the chocks,
_wlifich requires cribbing on top of

canopy. Whitcl rock is very tough

| ¥ i ] ¥ - :
| I = l I i
f- 1 !
' T | }
i

9 i V4 '
i e : I
N

‘obliquely through the coal seam.

slickensided; it requires strong im-

TER S
/| !1'" MineNo. 2
|

100f 18 the weak, thinly laminated ) _
‘and highly slickensided dark shale,

¢+ There are clay veins running

These fall off immediately after
the coal is cut out, which creates a
“hole” in the roof that adds to sup-
port problems.

~ * Roof shale is fairly well

mediate support especially at the
b “Tal D B e — e TP
T-_]unctmn. -

- The first panel layout and the -
stratigraphic column of the roof is
shown /in Fig. 1. The immediate

xtending all the way up to the . . A1
Eld. 5 seam. Pillar sizes are differ- =~ - -~
nt for tail and head entrics. In the ;

al | - Vil f "".
i g " 83 . ie At
| ® y A i
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|
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e Umted States

in th
_&#__ﬁ—_l ! — I }
‘ g o A2 | !' g 0] ~ Average
Over- ' Panel ;li:utting B L 3 production
burden dlmension Continuous | width | ; Face Crew (tons per
Seam | (ft) (ft) miner - (ft) ~ Coal handlmz § cleanup No.  shift)
Pittsburgl’i 300-600 110 x 2200 Lee-Norse f 9145  Miner ——)- Lbader "' Loader continu- | 7 300 E
__8’-9' thicl{ | - 3%Y ; =——> Shuttle cars | | [ ously cleans up | (400)*
4 j | ——> Entry belt conveyor | | loose coal on the
1 ; | | - floor
‘Ming #2 Pocahontas 200-300 200 x 1000 Lee-Norse || 8, ~ Miner = Surge | !j'Louse coal is 6
'*.VI. - Py, Al = " car —> Entry belt . pushed up (1000)* .
¢! 6'-9’ thic | | T . conveyor || against the solid
- § | coal face by
| ; ' | dozer blades
ML TS L (4 T = S e s e e
Mine #3 -Pittsburgri 760-900 150x 2000  Jeffrey | 6 Miner—>» LDEdETT_)'l-" Loader continu- 10 400 |
W Va. 7'-8’ thick ¥ ol 120M Shuttle car—Sliding monorailg ously cleans up (900)* .
| _ | Heliminer | —> Entry belt conveyor | | loose coal
lower | 83220 180x800 LeeNorse - |10  Miner—> Surge| | || At the end of Ta
Kittanning B g8 WA 106 || cars—> Mobile | | ' each cut, the (500)*
67 thick ~ Hardhead ‘belt conveyor ——>» | miner is backed
| l ' a Entry belt conveyor ' ' out to clean up
| | | ' loose coal
Elkhorn #3 150.800 150x2400  Joy ~ [[10  Miner—>>Shuttle | | At the end of |10 560
4.5 thiclg | . 11CM cars —> Entry belt | - each cut, a scoop (900)*
L B T8t conveyor || is used to clean
| | ||| uploose coal
Muimﬁm producﬁon | |
i ' —
N "
I

“head entries, pillars are staggered

“aling position of the continuous
miner has been changed from the

2 C miner.
_fsupport }
' 'rFace: The mine is using Hem-

| {see Table 2 for chock specifica-
| on) spaced at 4-ft centers. This

2% ft for each cut. The roof shale

.: caves immediately behind chocks :'
8 mining progresses from the start

0f the panel.

ltmg are used during develop-
sment:

4

across the cntry Thcsc two rOws of
-! .

'I'

»ht-hand to the left-hand side of

6-ft point-anchored bolts. |

‘1o form three-way intersection to '
duce roof fall. Notice head en- :
tries are on the left-hand side of

the panel. The operator’s oper- -

r‘f_ ened at 8000 1b between the ad_la-
. cent bolts. | |

Tequires three laps of advance at

]

{anchored length is 2 ft) spaced at
4-ft centers across the entry, and 4-
ft bolts, also spaced at 4-ft centers

| . Special remarks
Head entry: Two types of resin .

o
e

|
‘bolts are altematlvely bolted along

the length of entry at 2%5-ft centers
During mining, roof bolts are

bolted obliquely into the roof

above the coal along the ribs at
various spacing, but they are al-

- ways kept 20 to 30 ft ahead of the‘

- mining face. A steel band, 2 in.
wide x 0.040 in. thick is then tight-

Tail entry: Same technique 1is

- employed as in the head entry dur-
scheidt four-leg, 600-ton chocks *

ing development. But 20 hydraulic

props of 50-ton capacity are

erected at or near the T-]uncuon
In addmon cribs are set at 6-ft

centers along the centerline of the

cntry'l
i IR g O

l i

The roof shale is thinly larql-

nated and highly slickensided, and |

extends all the way up to 40 ‘fti
thick. It is therefore very weak and
forms small pieces when breaklﬁ

The T-JI.Il‘l tions are the most dxfﬁ- |

.1

| |

b — —

cult places to maintain, since roof
falls occur there often. The rear
boom of the continuous miner has
been shortened to 8 ft so that the
radius of the  cutting curvature

from head entry into the face and

the width of the entry could be
made smaller. This preventive
measure, plus rib roof banding,
seems to control the roof effec-
tively. However, roof falls occur

frequenlly at the intersection of

entry and crosscut, and the height

of the fall often reaches the slate
fprmatlon above Pocahontas No. 5

sé]am.

| Mine No. 3

Notice in the partial layout of

the shortwall section (Fig. 3) the ', gk
frequent encounter of oil wellsand .
the large size of the pillars left be-

h’md for protection.

Roof support

! |

Face: The system employs West-
.~ COAL AGE = March 1976
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7_ ock specification), with 720-ton

5. There is a total of 24 pieces.
every cut by the continuous
er forward

ports 18 completed
: two steps of 39'/& in. each are

adc after passing of the contin-
jous miner, and the third forward
-ﬁ' is performed when the miner

behind the support.
yanel first starts, the roof is sus-
fained about 40 ft before cave-in

ation is similar to Mine No. 1.

Head entry: The system is em-
ploying roof bolts 6 ft long spaced.
at 5-ft centers during both devel-
opment and retreating mining.

Tail entry: The roof bolting pat

J_
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4
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snt-leg, frame -type, self-ad-
ar ng supports (see Table 2 for -
of the entry
api cny and spaced at 8's-ft cen-

- Special remarks

vement of the
in three '
" 1ble, espec1ally where active gas

. wells are located within the panel,

out. The roof caves in right
When the

pegins. Gullick chocks are being
psed for the new panel. Its oper-

f«u 15 the same aA for the head en-

; b
|
|

|-200' '

LIS+

1

|

B 887
s P Dlrectlohi-_. ! |
LR T nf Mirung 41
°l

r ' Al

try. Five-foot Aribbings at 8-ft cen-
ters are sct up along the centerline

i

f
!

|

The mining management likes
the system because it is very flex-

The law requires that around the

gas well a 250-ft square block of |

coal be left untouched The short-
wall method can cope with this sit-

uation very well.

One problem with the system IS
keeping the | supports advanmng:
along a straight line. Because the
system does not have any gundmg
device, the supports at times tend
to .run 1nto clach other, which can
cause some rpamtenance and lost-

time problems
The tail
able closure

ntry shows con51der-
both from roof and

l
r
|

floor, 'even with the intensive
cribbing system. The closure is
 considerable, and the possibility of
losing the support at the T-junc-
tion made the company try a new

support system at this junction. It )
calls for the removal of one self- . °

advancmg support, while leaving
Eehmd an 8 x 10-ft pillar every
ther cut. | .

Mine No. 4
| |
Layout of a typical shortwall

| panel is shown in Fig. 4.

'Roof support

Face: The mine 1s usmg 39
Hemscheidt 600-ton chocks with
setting pressure at 5000 psi. The
chocks are placed at 51%-in. cen-

|ters (see Table 2 for the essential
characteristics’ of the chocks).

There i1s a 2%-ft roof unsupported

_—'.__—[

ol

muumummu

/Ao Hvdraullc

\

. nnnnnn'

'

Fig. 2 Face Layout and Stratlgraphlc Colum)n for Mme #2

1
! | Surface —gryyre- ©
'Weathered sandstone
fl . 23" 0"
| l . Gray sandstone
.+ and coal partings ,
¥ 43 0"
-' Hard sandstone
H 362 0"
. Soft gray sandstone
J' . 715" 0*
Iﬂ i
!
' Gray sandstoneF
JekiTine e S
[ | - 122' 0"
' Hard gray sandstone |
Gray sandstone o0 O
and coal streaks 168’ 0*
Dark shale
Slate 194" 0
Cube slate 195 0"
No. 5 coal 195" 6
vl Dark shale g7 3
.~ and coal parting
i | - - ; 214! 3:
. NO. 4 coal .m_. 220 1 I"
- Dark shale ' -
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| '}« Table 2—Characteristics of shortwall chocks --
4% ¢ RETE | Load .
gy TREN v« =1 No.| | ' Chock Extensile canopy =~ density® -
Capacity -  Height = | ;I.engthl Width ~ |  of spacing Length = Tip Load®>  Tons per e
Wi Man Type  (tons) (in.) 'y (in) . (in.) chocks | (in.) (in.) (tons) sq.fl. i 9
Mir 4 legs 500 - 411,-59% | {1 164Y, .0 42. 1 .| 27| |i 48 48 | 4.3 9.11
Chocks | 1 1 R | |
- : i » {4
Mine #2 Hemscheidt | 4legs = 600 - | 67-114 Ilzzo . 552 139 | i} 60, 835 80 6.55
B H 72005 0 62164 {4175 81 i 24 | 11102 39% 5.80
Hine #3 | TR (£ %
-J*‘. _‘ i 3 A L1 i_ | l ——
Mo Gullick . 48-84 208 42 | | A2 |. 187 39 4.03 9.72
i Chocks o AT | R L |
Mine #4 Hemscheidt | 4legs 700 . - 6688 | 227 41% .. | 42 {. ||S1% 835 /. 80 739
P | Chocks ‘ | RN R -
L . _ - T R G W T N -
Mine #5 Gullick | 4legs 500 | 411,-59%, | |1641, . 42 42 | |]485 48 4.3 9.19 7 i:
Ky. ' Chocks | 2 IR DRt E L D i A |
| | ; T T | = o
. 1 ) ! » [ - .

01
1between end of front canopy and
ifat;:m: line.

§ ment, the roof is bolted with 4- to
3-ft bolts, spaced at 4-ft centers.
During mining, two rows of tem-
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‘Length of canopy including extensible canopy in fully extended b&sition.

- Headgate: During the develop-

Fig. 3 Face Layout for Miné #3 hriLe ]

\

.

Third panel ::1,0 L | L
) AR L
k 4,/ I/Chmk: | H:
55/ . b5 ij‘;fi |
1% ) 13
= ﬁﬂ S
ot anil ZAe ek
' V = 5 0
7 bl = |
o |t e ._'_:
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P | :

_ ]

. ft centers in an area of 30 ft, ad-
. vance of the face line. E ]
Tailgate: Support is the same as
for the headgate during develop-
- ment. During mining, wooden

i._ll

. posts are set at 4-ft centers in an
porary hydraulic jacks are set at 4-

area of 30 ft ahead of face line.
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2 Tip yield load at fully extended position. 3 Rated yield load density.
| O

Special remarks

» The mobile belt conveyors L
have been “breaking down 'toﬁ-‘*'"“"
ten, which accounts for most of the -
lost time. e

« Sand rock in the roof falls off
as soon as coal 1s mined. This re-
quires cribbing on top of chock

canopy.
 When the seam bottom of the . -

" coal encounters some curvature,
the neighboring chocks tend to

squeeze each other and bend up
the chock legs.

Mine No. 5

The immediate roof is the firm
black slate overlain by strong dark

sandy shale (see Fig. 5).
_ |

} R?of support

Face: The system uses 42 Gul-

lick ' chocks along the face (see
Table 2 for chock specification).
Operational procedures are similar
to those used in Mine No. 1.

- Head entry: During develop-
ment, 6-ft bolts are used, spaced at
4-ft \centers. A couple of 20-ton
single props protect the T-junction
at the head entry during mining.

| [ The unprotected distance from the =~ =
| | turn at the start of the shortwall -~ | = '

E 3 | | COAL AGE = March 1976 |




B e iy ; 1 XY | A ¥ Wi | b DALY TN
; N 230k | | | i | ) {
| | . |
'.i L ;% il % S
g #4 £ i g1, ' ]
{ BB RN shortwall method is working out ="/ = |
e | véry well, and they intend to oper- = = = |
AEERG ) R ate the system continuously. Oper-t:=: ' |
| ' || lation! at the other mine is still too Sy
- early‘rfor definite conclusions. K 8 |
, ' The most often cited advantages | ||
||| [for shortwall mining over the con- = . 7|
tinuo'}ls mining are higher recov- . i
000000 ery, hlghe{ clean-cpz_ll production, . |
= '“ L Q | safer working conditions, less dust, =~ = |
s | o |4 . ¢ LA i V. Ve 1 e
PR b Condinuous ) 1Y | | land positive ventilation. Further- -~ - |
A e R o e e '| |more,! in comparison with long- .« - [}
v 200 1 m— A | ! | P 2 _- _ 1
ST BT ' | || wall, shortwall is highly flexible. "= =~ {|
; | Its face length can be changed in- ROy
Faaine 1 Fihea % | = stantaneously to suit local condi- e ik
s LTSS J _ r obile belt conveyor " . L. " e RS ARL 2 ,
& R b e e ss s EE R ) | tions in the panel. The initial capi-- -~ - - jf
H R s ST ||| “tal is less for switching from - .= - i
L Efwr::i:g BRI 11 'co|ntinu0us to shortwall than the (b
b P S ] | | convevor | longwall. And because fewer . - ‘||
| | | | pieces of new equipment are in-
D | volved, long training periods for
| A | the crew members are not re-
‘ o i; | 'qqired
| ] | | Because shortwalling is an
| . | adaptation of the longwall
te lo the opposite corner runs.  cause the geological conditions are method, many of the problems en-
jproximately 30 ft. | ~ ideal. Average [production output  countered in shortwall mining re- -
“lail entry: The bolting patternis ~ for the first panel is 412 tons per semble those in longwall. These |
milar to the head! entry during ° shift, the second panel is 515 tons are: | i
velopment. During mining, two . per shift, and |the current third 1, Starting with the second or
bs are installed in!the mouth of panel is approximately 600 ‘tons third panel, high side-abutment
| l s o per shift.” & | T | pressure usually develops over the
¢ -7 So | tail entry especially when there is a
ecial remarks | " Summary LEgE S P . stronger layer formation overlying
o | | the immediate roof. This condition
ihe shortwall methods in this Among the five mines visited, could | 'cause considerable entry pi il
-+ ‘ | i
1 _%wo;k remarkably well be- four have cor}cludcd that the IGOchﬂggnce, both from floor and = . |||
b . - ' | L I ik & e
i : | 1 Ml T : - \
Fig. 5 Face Layout and Stratigraphic Column for Mine #5 l | T2k, |
4 | | |
| LUy 0 A | |+ Sand and boulders L300 |
Crib blocksa: g ; : _ ' Chocks £ Dark shale — gg g, ' | |
b o - *Continuous miner { | |
ND" : _ 150 ~peo KN B | N . Shale 480 | i
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'-w T-junction, that will greatly
tinder the continuity of mining
operation. In this. respect, the
shortwall system employed by
Mine No. 3 is more flexible than
the other arrangements. |

- 2. The frequent advance of the
ace supports could cause the oper-
ition to deviate from a straight
ine, especially if the chockmen do
ot maintain constant alertness or
¥hen curved floor is encouptered.

3 Premature breakage of the
0of, or a local geological anomaly
i top of or between the face line
d the tip of chock canopy, could

ause considerable delay in pro-

pethod to cope with this problem
¢nbbm on the top side°of the
ock canopy, which is a time-con-
Sumi g operation. - |
“ ' Some other problems pertaining
yshortwall itself are: f
l. The large curvature required .
]contmuous miners to start a
¢ cut at the head entry creates
excesswcly large roof span and

res tly increases the potential of
oi break at the hcad-entry T-
1on }l

2. The wide cutting web by con”

- —

from the roof, especially at the tail-

cause premature breakage. |

jon time begausc the current

' 200 and 300 ft high, virgin groun

uous minera i8 fto be suPportcd '.

rl
\ v _ ]
! Al T & =4

» car operator works in safety under canopy of shields while hauling out coal at
. Elkhorns Hendrix No. 22 mine, hear Jenkins, Ky. Seam | Is 54 in. thick. o

.J

by an extensible canopy specially
designed for shortwall chocks.
However, the extensible canopy of
4- to 6-ft length maintains only
_point contact with the roof at the
tip. For a weak and friable roof),
. the point support is definitely not

sufficient. Furthermore, the full tip

supporting load will not be real-
- ized until after certain roof subsi-
“dence occurs due to the * ‘softness” |
~of hydraulic fluid in the system.
 The roof subsndence could be very
~small, but in the case of weakJ |

friable roof, it could be enough to
l

Shortwall | mlmng 1S operéted

‘under a wxd¢ range of overburden
height, from' 83 to 900 ft. Hence,

one would tend to believe that the
severity and number of roof-conJ

“trol problems are directly propor-
- tional to the Ihelght of overburdem
.~ This was not borne out by the cur-
rent operational experiences. In-

stead, it appears that the charac-

teristics (thickness, stiffness and

‘geological features) of immediate
< roof play a key role in roof staibxl-q

gty

For example, in Mine Na. 2
where the overburden is betweeg

pressure is not expected to be large
enough to oquse probln.ms. ch se-

!I.. .'. '

vere roof fall occurs frequently due
to the existence of thinly lami-
nated, highly slickensided dark
shale as immediate roof.

In addition to recovering an in-
creased percentage of the coal
seam, the advancing tail entry sys-
tem can reduce considerably -the
time for developing a panel. How-

ever, if the tail entry is to be used

for escapeway, stronger and well-
‘designed roof support systems are
needed.

In mines where no roof problem
occurs, the degree of high produc-

tivity will depend on the degree of

continuity of coal transportation

veyor and to a lesser degree on the
ability to maintain face area clear

of loose coal.

In spite of such problems, short-

advantages over the continuous
mining method under favorable
conditions. It could produce con-

Isiderably ' higher tonnage, im-
|proves health and safety records.

and obtains good recovery of coal

- |reserves. The ideal conditions are a
hard but flat floor, a seam height
of at least 54 in., and an immediate
roof‘ not too weak nor too strong -

but one that will cave in right be-
thind thc supports a :

1

it |

out of the face to entry belt con-

-
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