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SYNOPSIS 

IN Canada, such a wide range of mineral deposits and rock types is encountered that it is not 
possible to describe Canadian tunnelling operations in terrns of average conditions. 

As representative examples, three widely different tunnelling projects are described: the 
Princess Colliery tunnel, driven through structurally weak and water-bearing sediments; the 
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	 Kemano hydro-electric tunnel, of large bore, through igneous rock; and the Geco copper zinc 
mine development, of medium size, at shallow depth in competent rock. 

These descriptions are followed by a brief discussion of special features and trends in Canada 
under the principal operations of tunnelling practice. 
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INTRODUCTION 

IN Canada, a wide range of mineral deposits and rock 
types is encountered. Hence, it Is not possible to 
describe Canadian tunnelling operations in terms of 
average conditions. 

In low-pitching, stratified deposits, e.g. iron and 
coal, the usual practice is to follow the downward 
extension of the deposit by slopes driven in the 
mineral. Horizon mining, as practised in Europe, ha-s 
not been developed in •the coal mines in Canada; there 
have been, however, several instances in the past where 
cross-measure tunnels have been driven for main 
transportation haulage 'Systems between seams. 

Large-'Section tunnels in Canada are mostly 
associaited with hydro-electric projects. In metalliferous 
mines, .the cross-sectional area of haulage ways is 
generally kept at a minimum to accommodate single 
track, and the use of block-signal control and turn
out points can handle the required tonnage wi-thout 
res011ting to the larger openings required by a double 
track system. 

In 'this paper, three tunnelling projects are described 
whioh have been constructed under widely different 
conditions of physiography and geology: 

(I) The Princess Colliery tunnel, through structur
ally weak and waiter-bearing sedimen·ts, driven 
to improve the coal-handling facilities of an 
old, operating mine, without the necessity of 
observing a strict time-'Schedule; 

(2) the Kemano ·hydro-electric .tunnel, of large 
bore, through igneous rock in an inaccessible 
region, with the necessity of speedy comple
tion as part of a large aluminium processing 
.soheme; and 

(3) ·the Geco Mine, representative of medium-size 
mine development at shallow depth in 
competent rock. 

THE PRINCESS COLLIERY TUNNEL 

This inclined tunnel, completed in 1955, at Sydney 
Mines, Nova Scotia, is 3 445 ft Jong, on a 20% grade 
(about 11 °). Arched and concrete-lined throughout its 
length, it is 18 ft wide at floor level and 13 f.t high 
to •the crown, with sides that are perpendicular from 
the ground for 4 ft and then curve into a semi
circular arch of 9 ft radius. The tunnel is equipped 
with a cable-belt conveyor having a capacity of 750 
tons of coal per hour and a 30-in. gauge track for 
hoisting men and ma·terial (see Fig. 1). 

The tunnel was driven through weak, well-defined, 
bedded strata having a strongly developed joint 
system and dipping at 4t 0 towards the inclina-tion of 
the tunnel. The first 300 ft of strata from the surface 
are waiter-bearing, and the tunnel was sited to pass 
under and not traverse these measures. In spite of 
this precaution there was a make of 200 gallons of 
water per minute, requiring a change in mucking 
equipment and in bla'Sting operations. In the initial 

drilling and blasting plan, a 6-ft round of 52 holes 
was drilled with a 2-deck drill jumbo, employing four 
Gardner-Denver model SF 73P rock drills with auto
matic feed. A wedge cut of 6 holes was used. "Sure
fire" electric detonators combined wi-th 40 % 
" Forcite " explosive averaged 4·62 lb/ cu. yd. Water 
percolating from the overlying aquifers filled the shot
holes and it was difficult •to prevent some misfires 
from electrical leakage. 

FIG. I-PRINCESS TU NEL COMPLETED 

A more serious cause of misfires was traced to the 
extinguishing of the delay fuse by a water or air
pulse penetrating •the vent holes of a detonator of a 
still unfired charge. The vent-type delay detonator has 
now been replaced by the LPV ventless type. The 
misfire situation led 1to the adoption of the short
period (millisecond) detonator. 

Mucking was originally done by a No. 8 B.U. Joy 
Loader discharging on a 30 in. portable belt, which in 
turn transferred the muck into mine-ca-rs. Round 
blasted with long-delay detonators tended to produce 
a large fragment pile dose to the face. To produce 
the fragmentation required for a Joy Loader, heavier
·than-normal charges we'fe used, and when water was 
present at .the face ~here was a tendency for the muck 
t·o consolidate at floor level, causing the loader to 
ride 'On the pile. This and the abrasive action of the 
wet, sandy muck led to the use of a 48-in. Ingersoll
Rand " Pacific " scraper, powered by a 3-drum 
slusher hoist. 

The substitution of long-period by short-period 
delay detonators* resulrted in marked improvements. 

* FROST, L., " Application of millisecond blasting in 
driving tunnels". Trans. Canad. Inst. Min. Metal/ . 
1955, LVIII, 257-60. 
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An 8-ft round was used, with an average consumption
of 3•1 lb of explosives per cu. yd. Misfires were
eliminated, fragmentation was improved, and over-
break of the sides and roof was reduced. Furthermore,
the crew improved the placement of the muck by
varying the charges, thereby increasing the muckinb

5

steel rock bolts with 5Z in. x.1 in. tapered wedges.*
Bolts up to 12 ft in length were used to support the
roof, and, where necessary, the sides, in this way
(see Fig. 3). No support timber was used in this
operation and therè were no serious falls. Permanent
support was provided by arch girders of H-section

PLAN OF CUTHOLES

T

Y

NO.OF PERIOD N O. OF 1*X ' CARTRI . E6 FORCITE 40i

2 2
4 CUTHOLES ® 7
8 CUTHOLES 9 10

28
DO

2 5

ui
4
4

6
7

4 9
2 10

20 SQUARE •UP
HOLES G° 9 100

2
2

I
14
15

6 LIFTERS e 9 54.

O

= 2 2

2 5

16 BENCH HOLES ®7 112

54 1 PER R
Ljag. R IT S.PER 'R N- 4 54 X 7•

16 8ô üYD^.RO K PER B'ROUND - 69.3 CU.Y
- 69.3 4 .P R UV .

FIG. 2-BENCH ROUNDS IN PRINCESS TUNNEL

rate and consequently the speed of advance. From a
maximum advance of 60 ft per week, the rate was
increased to as much as 100 ft. About half of the
footage was -subsequently driven by bench cuts, as
shown in Fig. 2. It will be noted that a further reduc-
tion in explosive to an average of 2•68 lb per cu. yd
was achieved.

The weak strata, composed of shales and sand-
stones with well-defined and closely-spaced cleats, were
temporarily supported by use of 1-in, diameter mild

(22 in. x 22 in. x 4 in. at 38 lb per yd) spaced 3 ft
apart and braced by eight steel runners around the
circumference of the arch structure. The arches were
set in concrete, giving a lining averaging 18 in. in
thickness. The concrete mix was waterproofed through-
out the operation; its compressive strength, specified

* FROST, L., " Development of roof bolting in the
collieries of The Dominion Steel and Coal Corpora-
tion, Ltd., in the Sydney coal field ", Trans. Canad.
Inst. Min. Metall. 1955, LVIII, 292-300,
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at 4 OOO lb per sq. in., was usually between 4 500 and 
5 200 lb/sq. in. A setting time of 36 hours was 
achieved with Stemson as the setting agent. Movable 
steel forms were used. The tunnel terminates close to 
the bottom of the main shaft where a tipple station 
was constructed. 

FIG. 3-ROCK BOLTING IN PRINCESS TUNNEL 

All the operations of this tunnel were executed by 
the company's work force. The following average 
costs per foot may be of interest: 

Tunnel drivages* and support 
Concrete lining including pit bottom .. 
Reinforcing old workings in shaft pillar .. 
Tunnelling equipment 
Surface plant- Preparation of site, bank

head and wash house 
Power, engineering and supervision 

$198.85 
131.86 
10.50 
94.08 

56.48 
47.95 

$539.72 

THE KEMANO HYDRO-ELECTRIC TUNNEL 

The hydro-electric phase of the Kitimat aluminium 
smelter project of the Aluminum Company of 
Canada, completed in December, 1953, is of great 
interest to the mining world, as it was large and self
contained ·in an inaccessible location, and had to meet 
a very difficult time-schedule. The site, in the wilds 
of British Columbia, some 400 miles north of Van
couver (see Fig. 4), was chosen for its potential of 
low cost power-vast quantities of which are 
required by the present smelter-technique-and for 
its access to deep water shipping. 

A watershed of some 5 475 square miles was avail
able and could be sealed in a water storage basin, 
some 125 miles long, by a series of small dykes and 

* [ncluding $12.00 per foot for explosives. 

dams along with one large rock-fill dam having an 
impervious clay core. Its crest, 40 ft wide and 1 550 
ft long, is some 317 ft above bedrock and rates 
as the third highest of its type in the world. To supply 
the 4 million cu. yd of fi}l required, a quarry was 
opened with an initial blast of 200 tons of explosive. 

< 
iiS 
l: 
;;:> 

8 
:i: 
"' ~ 
;: 
~ 
f-. 
u 
;: 
f-

"' a 
f-
< 
~ 
~ 
~ 
6 
;z 
< 
::E 
"" ::( 

~· 
< 
::E 

~ 
co: 
< 
I 

"<t 

0 
~ 

To 1tap this watershed required a ten-mile pressure 
tunnel from Lake Tahtsa to tide water at Kemano, 
where a static head of some 2 600 ft was available 
for power development (see Fig. 5). The precipitation 
in the storage basin varies from 100 in. annually in 
the western section, to 20 in. annually in the eastern 
section. The total capacity is some 873 OOO million 

• 
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FIG. 5-SCHEMATIC SECTION, KEMANO HYDRO-ELECTRIC PROJ ECT 

cu. ft and is estimated to yield an average run-off 
of 7 470 cu. ft/sec. The potential at Kemano is some 
2t million horsepower. 

Plans called for the completion, within 3t years, of 
the first phase of the project, to produce ~»ome 

450 OOO hor·sepower and 83 OOO metric tons of 
aluminium per year. This dictated that the under
ground excavations be rushed at top speed. 

The topography of Kemano, which is on the 
Gardner Canal in the middle of the Coast Range 
mounta ins, left no room for the smelter and dictated 
that the power house be some 1 400 ft inside the 
mountain. Having the penstocks and contrnl chambers 
underground in solid rock much :simplified the design 
to handle the static pressure of 1 OOO lb sq. in. 

The smelter was located on the Douglas Channel, 
where locations for harbour, ·smelter and townsite 
facili ties were excellent. A 49-mile power line connects 
Kemano to Kitima t, and some 10 mile.s of it is in 
mountainous country at an elevation of 5 300 ft, 
requiring a dual transmission line of 300 KV, with 
two switching stations and automafic selectors. The 
hazard s of ice build-up on transmission lines led to 
the use of steel-cored aluminium cables of 2·295 in. 
diameter, weighing 4·77 lb per foot (see Fig. 6). 

KENNEY 
DAM 

The powerhouse-penstock area, as well as the west 
ha lf of the main tunnel , is in the rocks of the Coast 
Range batholith. consisting mainly of quartz-diorite 
and granodiorite. The eastern half of the tunnel 
skirts the batholith in part and is chiefl y in the 
Hazelton group of metamorphosed sediments and FIG . 6-POWER LINE LOCATION 
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volcanics. The Hazelton group is faulted and intruded 
by later granites and granodiorites. The rocks in 
general were strong and needed little support other 
~han rock-bolting, except in the disturbed areas, which 
amounted to some 25 % of the tunnel, and were lined 
with 18 in. of concrete. Steel arches were used for 
temporary support. 

Access to the tunnel is mentioned to illustrate some 
of the diffkulties ·overcome. The western end at 
Kemano is entered by an adit into Mount Dubose 

line. For half of this distance an existing road was re
built, and new construction was completed for the 
remainde.r. Barges and tugs on Lake Tahtsa connected 
~he end of the road with the tunnel access adit, which 
was 1 OOO feet Jong on a down-grade and reached the 
tunnel site some 60 feet below lake level. From three 
points of attack, four headings were advanced 
simultaneously to drive the required 53 OOO feet. 

Work on the overall projeot started in February, 
1951, and the first aluminium ingot was poured on 

FIG. 7-JUMBO MOUNTING J!-IN. ROCK DRILLS 

at an elevation of 2 600 ft. Road access being im
possible, a 20-ton capacity a'erial tramway was used 
to handle equipment, men and supplies and to service 
the camp erected on the mountain side. At about the 
halfway point of the tunnel a 1 700-ft adit gave access 
to the tunnel, but it required a 7-mile road for service 
from Kemano through the mountains. A camp, known 
as Horetzky Creek, was erected, and the tunnel ad
vanced both east and west from this adit. The eastern 
inlet of the tunnel at Lake Tahtsa was much more 
difficult, in that there was no feasible overland route 
to connect with the western centre of operations. Some 
110 miles of road were necessary to connect Tahtsa 
Lake with Burns, on the Canadian National Railways 

3rd August, 1954. The main tunnel headings were 
connected in December, 1953, and the powerhouse 
sta·rted operating in July, 1954. During construction 
the following quantities of rock were excavated: 

All water and 'adit tunnels 
Valve chamber 
Power house 

Total 
or approx. 

cu. yd 

1284500 
21 500 

258 OOO 

1 564 OOO 
3 500 OOO tons 

The three western headings of the main tunnel 
were driven using a three-deck jumbo mounting 

.. 
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3-}-in. Ingerso ll-Rand rock drills (see Fig. 7). At the 
T a htsa Lake hea ding Swedish-tvpe airleg drills with 
Coromant chisel- type bits having tungsten-carbide 
in sert were used (see Fig. 8). Ot he rwise , equipmen t 
was similar. 

FtG. 8 - J UM BO MOUNTI G AIRLEG DRILLS 

All headings were driven full-face . The DA 35 
dri fters on 48-in. slidi ng-co ne power fee d shel ls per
mitted the u se ·of 4-ft stee l changes. The jumbo 
usua ll y mounted twelve drills on conventiona l 
columns a nd arms a nd wi·th standa rd type dump and 
swing. The top deck moun.ted three drifters mounted 
on jib-type booms. D rilli ng p a tterns were varied to 
fit t·he charac ter of the rock (see Figs. 9 a nd 10, show
ing typical patterns, drilling positions, number of 
holes, and 1the delay-firing sequence). Norma ll y, 102 
to 108 holes, 11 to 13 f t long, gave a n adva nce of 
10 to 12 ft fo the 25 ft dia meter, horseshoe tunnel. 
The drill steel u sed was an Atlas 1 ± in. round, lugged, 
of the followi ng lengths a nd bi1t sizes: 

Length 

5 ft 8 in . 
9 ft 8 in . 

11 ft 8 in . 
13 ft 8 in . 
15 ft 8 in. 

Bit size, in. 
(diameter) 

2 to H ;1 
I l;1 to I t 
1 i to I l ~ 
I rn to Ii 
Ii to If,\ 

Drill bits were of the 4-wing 2-in. Carset detach
able type, with tungsten carbide inserts and Type 2 

thread. The bit changes were by n· in. as wear and 
sharpening reduced the diameter. The bit was dis
carded at 1 H- in. diameter. Regrinding was necessary 
after 60 ft of drilling . The life of a bit varied from 
240 to 600 ft, depending on the t ype of rock. Com
pressed air-diesel and electrica lly-generated-was 
supplied a.t 100 lb / sq. in.; 4 OOO cu. ft per minute 
was necessary at each heading. 

The Tahtsa heading, using 21 Swedish-type drills, 
used f -in. diameter drill rods with tungsten carbide 
chisel bits as an integral part of the rod (see Fig. 11). 
Following are some drill rod data: 

Diameter 
Length of Bit 

(ft) (in.) 
2·65 1 ·34 

4·25 1 ·30 

7·90 1 ·26 

10·50 1 ·22 

13 ·50 1·18 
15·75 1 ·14 

The average life of the drill Siteel and bit was 400 
to 600 ft. Regrinding was necessary after 40 to 60 ft 
of drilling. 

Six and 8-hole burn cuts were made in the three 
headings, using 3f -in. drifters, and three-tiered wedge 
cuts were made wi.th the Swedish drilling equipment. 

TABLE 1-MANPOWER DATA (EACH HEADING PER SHIFT) 

Three Airleg Drills 
Drifter Tahtsa 

Headings Heading 
Walkers and shifters 2 2 
Miners and helpers .. 31 22 
Mucking machine operators 

Motormen 2 4 

Electricians and mechanics 2 2 

38 31 

Blasting was carried out with It in. x 8 in . 40 % 
" Gi ant " gelatin in the larger holes and 1 in. x 8 in. 
40 % " Forcite " in the smaller holes. Powder con
sumption ranged from 1 ·96 to 5-41 lb per cu. yd, 
varying with the type of rock and the efficiency of 
the drilling pa ttern. Blasts were detonated electrically 
with 16 periods of " sure-fire", t -sec. delay caps. 

Ventilation was by a 24-in. diameter lightweight 
pipe canying 13 OOO cu. f t per minute. A reversible 
22 in . x 60 in. fan made it possible to exhaust foul 
air from the heading for a short period following a 
blast, and •then blow fresh air to the face for the 
remainder of the cycle. 

Each foot o f 'lunnel produced 21 cu. yd of solid 
material, or approximately 28 cu. yd of broken 
measure. Mucking was done by 100 h.p. electrically· 
powered Conway loaders (see Fig. 12), spilling into 
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DRILL ROUND #2

"Drilling pattern at
Advance per round
PoWder consumption

Time Cycle

Drilling
Load & Blast
Ventilation

TUNNELLING IN CANADA

Numerals indicate firing order
Letters indicate drill positions

Kemano End using 32 inch rock drills".
- 12.0' apprax.
- 5.41 lbs. per cu. yd.

hrs. mins. hrs. mins.

1 40 Mucking 2 54
0 30 Misc. 0 48
0 23 Total 1

FIG. 9
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DRILL ROUND #3  
"Drilling pattern at 
Advance per round 
Powder consumption 

Time Cycle  

Numerals indicate firing order 
Letters indicate drill positions 

Horetzky Creek". 31 rock drills. 
- 12 1  - .0" approx. 
- 2.73 lbs. per cu. 

hrs. mine. 

Yd• 

hrs. mina. 

FIG. 10. 
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DRILL ROUND #1  
"Drilling pattern at 
Advance per round 
Powder consumption 

Numerals indicate firing order 
Letters indicate drill positions 

West Tahtsa using  Swedish,  type  Airleg equipment". 
- 11.0' . 	. - 1.96 lbs. per-cu. yd. 

FIG. 11—DRILLING PATTERN AT WEST TAHTSA, USING SWED1SH-TYPE AIRLEG EQUIPMENT 
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FIG. 12- CONWAY LOADER 

6-cu. yd Granby-type cars hauled by 8-ton storage 
batitei:y locomotives. A " cherry picker " device (see 
Fig. 13), for switching empty cars to the face, wa·s 
built into the jumbo, whioh was wheel-mounted on 
rails having a 14-f t gauge. The Conway mucking 
machine had sufficient storage (approximately one car) 
on its conveyor belt ·to permit continuous digging 
while the full and empty cars were being switched. 
A passing track or siding was kept within I OOO ft of 
the face. 

Operations were carried on in three 8-hr shifts 
daily, for six days a week. An average advance of 
30 ft per day was asked of each heading. The best 
recorded advance in a six-day period was 28 rounds 
measuring 282 ft , an average of 47 ft per day. The 
main tunnel was completed on schedule: after two 
years of hard driving, final connections were made m 
December, 1953. 

REFERENCES 
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ineering, 1954. 177, 430-32. 
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TABLE 2-EXCAVATION DATA ON THE MAIN TUNNEL (AUGUST. 1951 DEÇEMBER 1953)
OF THE KEMANO-KITIMAT HYDRO-ELECTRIC PROJECT

Kemano East
Heading

Driven . . . . . . 14 750 ft
Line driving . . 479 working

days
Average daily advance .. .. 30-80 ft
Length unsupported .. .. 14 440 ft
Number of steel rib supports .. 54
Best month's advance .. 1 073 ft
Best week's advance (6 days) ... 261 ft
Best day of best week (3 shifts) .. 55 ft
Approx. average cycle time (one

round) . . . . . . . . 6 hr 55 min
Total volume .. .. .. 320 000 cu. yd
Explosives used . .. 1 410 000 lb
Total length of drill holes . 1 709 514 ft
Labour per linear foot, driving

and supporting crew .. .. 43-0 man-hr

Horetzky. West Horetzky East Tahtsa West
Heading Heading Heading

11,910 ft 12 940 ft 134 40 ft
442 working 487 working 524 working

days days days
26-83 ft 26-45 ft 25•7 ft
8 729 ft 9 037 ft 6 886 ft

366 446 1 229
925 ft 864 ft 929 ft
282 ft 274 ft 272 ft
61.ft 55 ft -

7 hr 0 min 7 hr 44 min 7 hr 9 min
280 000.cu. yd 300 000 cn. yd 280 000 cu. yd

984 000 lb 1 062 000 lb 657 0001b
1 574 350 ft 1 596 545 ft 1 425 886 ft

43-3 man-hr 44-7 man-hr '

THE GECO MINE DEVELOPMENT

The Geco orebody in the Thunder Bay district of
Ontario, on the north -shore of Lake Superior, was
discovered in 1953. Exploration with diamond drills
during the ensuing year indicated a copper-zinc ore-
body of 15 million tons. Plans and schedules were
made for the construction of the necessary plant and
mine development, to be in production of concentrates
in three years. The development of this underground
mine to supply 3 300 tons of ore daily, in an un-
developed and inaccessible area, required the construc-
,tion of an access road, a railroad, some seventy miles
of electric transmission line, and a municipality to
house workers, in addition to the usual flotation
concentrating-plant. This was accomplished, the first
concentrates being ready for shipment in September,
1957. The underground development required some
29 months.

The orebody is of lenticular form and of unknown
length. The width varies to a maximum of 200 ft
and the footwall plunges at approximately 50° (see
Fig. 14). The vertical attitude, the width, the rake,
and the competent country-rocks, all suggested an
-open stope ' with the long-blast-hole method of
mining, and -the movement of ore by scraping to a
transfer-raise system feeding a primary crusher. There
will be 5 million tons of ore available to this crusher
station, to be transported some 1 200 ft by conveyor
to the shaft loading station at 1 250 ft below surface.
A 130-in, friction-hoist with 340-cu. ft skip and
counter-weight handles the ore hoisting, and the men
and supplies are handled by a similar 96-in. hoist
with a cage and counter-weight.

The main features of this mine development, other
than shaft sinking, were the driving of six level cross-
cuts to the footwall of the orebody, totalling some
9 000 ft; the driving of some 4 800 ft of ore transfer
raises; and the driving of 1 200 ft of conveyor drift.

The main cross-cuts were 8 ft x 9 ft in cross-section
and were driven on three 8-hour shifts per day, with
three, men on each shift. Underground development
was carried on for seven days a week. The objective
was one round per shift, or 21 rounds per week
advancing each heading 160 feet. The rock was of
medium hardness and needed no support.

Three Copco BBS 21W airleg drills were used in
each heading, drilling off a 36-hole round in three
hours (see Fig. 15). Copco drill steel series No.1 with
tungsten carbide-tipped chisel bits was used in lengths
of 4 ft 6 in. and 8 ft 6 in. The burn-cut holes as
seen were reamed with 22-in. detachable bits. One
man sharpened bits on each shift, using a Rock-
master grinder , of Swedish make mounted on a flat-
bed truck, which made it mobile. The drill steel had
an average life of 275 ft, and required sharpening
after 15 ft of drilling.

To facilitate the drilling of the four back and four
breast holes, a drilling platform placed some three
feet from the cross-cut floor was devised from a
simple flat-bed truck (see Fig. 16). Sides to fit
the 8 ft width were hinged. The flat-bed mounted the
compressed air and water header, the hoses and the
lubricators, and carried all drilling and scaling equip-
ment. This consolidation of all equipment increased
efficiency generally and reduced the loss and main-
tenance costs. Steel ladders were used to aid the air-
legs when drilling from the cross-cut floor.

The blasting agent used was " 70% Driftite ", which
is a semi-gelatin dynamite suitable to average dry
conditions. Detonation was by standard cap and tape
fuse, timed with ignitor cord.

The loading of the broken round was done by
Model 21 Eimco overhead loaders and required some
3Z hr. Granby-type cars of 60 cu. ft capacity were
hauled by 3Z-ton battery-powered locomotives, and
the rock was dumped into a loading pocket at the
shaft. During the mucking cycle the third man
checked over the drilling equipment, bits and steel.
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Temporary track was laid in fabricated sections 
6 ft 8 in. long, by the development crew at the face. 
The permanent track, of 36 in. gauge, followed some 
50 ft behind the face, and was laid and graded by a 
mine-track crew. 

The workings were efficiently ventilated by exhaust-
ing the air and smoke at the face, through a 16 in. 
diameter lightweight pipe having a fan capacity of 
3 500 cu. ft/min, to a 30 in. diameter, 20 000 c.f.m. 
capacity exhaust pipe in the shaft. 

Driving performance of an 8 ft x 9 ft heading : 

Ft per 	Ft per 	Lb powder 
Year 	round 	man shift 	per ft 
1956 	7 • 0 	2.2 	13.4 
1957 	7.3 	2.3 	13.2 

The standard driving-method was modified to drive 
the 12 ft x 9 ft conveyor opening from the crusher 
station to the shaft loading pocket on the 1 250 ft 
level, a distance of some 1 200 ft. Four-men crews 
were used, with four airleg rock drills. The folding-
deck of the standard drill truck was widened to 12 ft. 
Two parallel tracks, each with an Eimco 21 loader, 
solved the mucking problem and proved most 
efficient. No difficulty was encountered in maintain-
ing the rate of advance of three 8-ft rounds per day. 

The drive passed through a diabase dyke and fault 
zone where close back-timbering was necessary, and 
advance was reduced to 14 ft per day. 

REFERENCE 

1. McLEop, P. C., " The underground phase of the 
Geco project ", Canad. Min. metall. Bull., 
1958, 51, 616-23. 

GENERAL REMARKS ON CANADIAN 
TUNNELLING OPERATIONS 

It may now be appropriate for the following remarks 
to be made by way of summary, on special features 
and trends in Canada under the principal operations 
of tunnelling practice. 
Drilling 

The hand-held, airleg-mounted drills continue to 
be the most universally used and efficient drillin,g 
equipment where short holes and small cross-section 
tunnels impose limitations. Incidentally, in stoping 
operations the small diameter hole shows a consider-
able saving in powder consumption, with satisfactory 
fragmentation; further studies and experimental work 
are warranted in this field. In the trackless-mining 
field of low angle deposits, the 3-in. and 31-in. drills, 
mounted on long shells and remotely controlled by 
hydraulic booms, dump and swing, are proving most 
efficient. Two miners are able to drill off a 12 ft 
round in a 10 ft x 12-ft heading in 3 hours. The 
" down the hole " drill has not, as yet, gained promin-
ence in Canada for drilling a large-diameter cut. Con-
siderable experiments were carried out with a diamond 
drill, but the cost was prohibitive. The heavy 4-in. 
drills proved their worth in the Chute-des-Passes 
tunnel, a recent hydro-electric development, where  

they were justified by the hard rock and the close 
time-schedule; a 3-deck jumbo and hydraulic boom 
mounting offset the weight of the machines. 

Blasting 
In itinnel rounds the most widely used cut in hard-

rock mines in Canada is a 5 to 9 hole burn cut. The 
objective is to break the round efficiently to the depth 
of the drilled holes  and  control the resulting pile of 
broketi rock. Inlachieving this objective, high-strength 
eXplosiVeS do not necessarily give the best results. 
Therefore, spacers are quite commonly used in the 
holes to reduce charge concentrations. To provide free 
surfaCe;large-diameter (1+ ,  in.) holes are drilled in the 
cut but .  not loaded with explosives. Also, to avoid the 
" freezing "' of the cut, low-velocity explosives are 
then employed. In softer sedimentary rocks, Vee cuts 
are favoured; in larger section tunnels, benching is 
often resorted to. 

The Canadian explosives used in driving tunnels 
may be divided into four principal classes : 

Gelatin—a straight nitroglycerin explosive, with 
• b'rand names such as " Giant " gelatin or 

" Dimont " gelatin. 
Gelatinous—having varying contents of nitro-

glycerin, sodium and ammonium nitrate of a 
waterproof type, with brand names such as 
" Forcite " and " Special Gelatin ". 

Semi-gelatinous—containing varying proportions of 
ammonium nitrate in addition to nitroglycerin 
and sodium nitrate. Its physical properties and 
water resistance are midway between the 
gelatinous and ammonia types. Examples of 
brands are " Driftite " and " Gelex ". 

Ammonia Dynamite—with lower contents of nitro-
glycerin and correspondingly higher contents 
of ammonium and sodium nitrate results in 

•a granular texture not reCommended for use 
under damp conditions. Examples of brands 
are " Stopeite " and " Energex ". 

These explosives are available in a wide range of 
strengths and velocities. For the first three classes, 
velocities range from 12 000 to 20 000 ft/sec; with 
ammonia dynamite, the velocity is under 10 000 ft/sec. 
Cartridge diameters for tunnelling explosives vary 
from +, in.-11 in., the most commonly used being the 
1+ in. and 1+  in. The standard length of a cartridge 
is 8 in. The cartridge count for a standard 50-lb 
case varies widely, and depends on the cartridge 
diameter and the density of the explosive. 

The timing of explosive charges is generally done 
by safety fuse (with, or without ignitor cord), but 
electrical blasting with time delay is widely practised. 
There are two principal types of detonators used in 
volley firing: 

(a) the long-period delay, favoured for conditions 
where the muck is to be loaded by hand or by 
an overhead loader, and 

(b) the short-period (millisecond) detonator, which 
is increasing in popularity because of better 
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fragmentation. The muck is laid in long, low 
piles and is particularly suitable for loading 
with slushers. 

Mucking 
In the larger tunnels and the low-angle seam mM-

ing with sufficient headroom the caterpillar-mounted, 
short-boom shovel has proved very efficient, with 
minimum repair cost. Transport of broken material 
is generally by heavy dump-truck, if there is sufficient 
headroom, and by shuttle-cars, both diesel and 
electrically-powered, when headroom is limited. The 
Eimco 21 is still the popular, small opening, track-
mounted mucking tool. The trackless miners find that 
when this unit is mounted on caterpillar tracks it is 
competitive with the mobile front-end and side 
loaders. The low head loader, using the gathering-
arm principle with a short conveyor, has its place in 
the less abrasive material and where low headroom 
is essential. The old standby Conway loader was used 
on the Kemano tunnels where track, headroom, and 
large tonnage of coarse material were the controlling 
factors. It is expected that development will advance 
eventually to eliminate switching and to load full 
trains of ore-cars, without leaving the face, by the 
use of the scraper-mounted train and cars feeding 
one to another. 

Roof support 
Where support is necessary, rock-bolting, with its 

limitations, remains the standard form of roof re-
inforcement. The Chute-des-Passes tunnel, which was 
in Precambrian unstratified rock, proved the efficiency 
of a standard pattern of bolts, where again time was 
the controlling factor. Aluminium bolts were used in 
a section exposed to corrosion, and further studies of 
this use of light-weight material may adapt it to 
mining in general. There .has been no significant 
change in roof support where tunnel-driving in 
broken, working, or loose ground. Each condition 
dictates the method of support. 

In asbestos mining, where the rock disintegrates 
rapidly on exposure to moisture and air, an applica-
tion of gunnite is used to stabilize the walls and backs 
in temporary workings. In the case of main openings, 
such as haulage ways and crusher stations, reinforced 
concrete is used as permanent lining. Unreinforced 
concrete has been proved the most efficient in &lusher 
drift-lining where shock and concussion from blasting 
are important factors. The use of movable forms, 
both aluminium and steel, is standard practice. In this  

industry the mixing of the concrete in a central plant, 
the transportation, and the placing by pump and pipe, 
have all reached a high degree of efficiency. 

In hydraulic tunnels the concrete linings serve 
three purposes : 

(1) to give the required hydraulic characteristics; 
(2) to stabilize and support the roof; and 
(3) to prevent leakage when used in a pressure 

tunnel. 

In the third case, careful pressure-grouting is neces-
sary after pouring the lining. 

Ventilation and dust control 

The developments in the past few years have been 
primarily in increasing the amount of fresh air 
circulating in the tunnel working areas. An extreme 
example is the Chute-des-Passes hydro-electric tunnel 
where ventilation fans consumed more horsepower 
than the compressors did. Diesel-powered haulage 
units were a factor. 

Smaller tunnels universally use automatic water 
sprays with a compressed air blast as close to the 
blasting area as possible. Larger tunnels have used a 
water spray curtain to wash air leaving the blasting 
zone. In all cases the broken muck pile is well 
saturated before and during the mucking cycle, to 
allay as much dust as possible. 

It is recognized that automatic water control valves 
on rock drills, water sprays on blasting, and wet muck 
piles are all vitally important in dust control, but 
once the dust and fumes are suspended in the air 
the exhausting of this foul air becomes of utmost 
importance. 

In some high-speed tunnelling operations, fogging 
at the drilling-face, resulting from the lower tempera-
ture of the compressed air exhaust and from the 
saturated air conditions, was such a handicap that it 
was economical to heat the compressed air with a 
heat exchanger mounted on -the jumbo. 

The question of exhausting foul air through ducts, 
versus ventilation with fresh air ducts, is usually 
settled by local conditions. The first alternative is 
always preferable. The use of diesel-powered units 
has required more volumes of air to clear the exhaust 
fumes, and all are equipped with water exhaust-
scrubbers. In operating mines the exhaust gases are 
checked weekly for carbon monoxide fumes, and units 
that do not come up to the standard are removed 
from service. 

SYM 3 



Day shift ... 
Afternoon shift 
Night shift ... 

1 leader, 4 drillers, 1 " spare ", 1 mechanic 
1 leader, 4 drillers 
1 leader, 4 drillers 

9 ftx 10 ft 
+0.33% 	- 
Joy A.L. 47 'air legs ' 

70% Cylgel and 40% Forcite • 

Eimco-40 overhead, with belt loader 
Eight only, 7-ton Granby type 
Two Mancha 3-ton battery 
Canton type 
30-in. gauge, 60-lb rail 
41 holes, 35 blasted 

O 
 Over left rail 
2 shifts 
1 shift 
1 005 ft 
23 ft 
48 ft 
33.16 ft 
3.26 ft 
10•18 ft • 

3 hr 15 min 
O 2 hr 45 min. 

 1 hr 45 min 
1 hr 15 min 
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ADDENDUM—HIGH-SPEED DRIFTING AT 
PANEL MINE, ONTARIO 

Details are given below of what is thought to be a 
Canadian driving record for comparable size headings. 
These performances were achieved at the Panel Mine, 
a 3 000-ton per day uranium mine situated in the new 
uranium field of Elliot Lake, Ontario. In  less than 
four years after the discovery of the uranium, 
some eleven mines are in production, with a total 

output of approximately 33 000 tons of ore per day. 
The high-speed drift was in the granite footwall of 

the ore, at some distance from the other workings. 
The rate of advance achieved in the drift was 1 028 ft 
in a 31-day period. A contractor was employed on 
the development. The crew, consisting of one super-
intendent and 20 men, was employed as follows: 

The Men worked 6 days a week, the spare men relieving. 

The following performance data may be of interest: 
Size of drift 
Gradient 	... 
Rock drills ... 
Drill steel and detachable bits by Gardner. 
Explosives 
Loader 	. 
Cars 
L,ocos 
Switches 	... 
Track 
Typical round 
Survey plugs 
Time lost due to bad ground ... 
Time lost due to equipment ... 
Total advance in 31 days... 
Equivalent slash advance 
Maximum daily advance 
Average daily advance ... 
Average number of round per day 
Average advance per round 	... 
Average drilling and blasting time 
Fastest drilling and blasting time 
Average mucking time ... 
Fastest mucking time 	... 

DISCUSSION 

Mr F. G. Glossop (Eccles, England): My first ques-
tion is in connection with the Princess Colliery tunnel. 
Could Mr Ignatieff tell us when the long roof bolts 
were inserted? Were they put in immediately after 
firing, or were they put in after the muck pile had 
been partly removed? 

The second question is, how was the concrete placed 
in the same tunnel? 

Mr A. Ignatieff (Ottawa, Canada): In reply to the 

first question; the roof bolts were put in immediately 
after firing, making use of the muck pile. Steel sets 
were used for the concrete, which was pumped into 
position. 

Mr Glossop: On page 338 there is a statement that the 
drill steel used was an Atlas 1+ in. round, and at the 
top of the next column it says, at the Tahtsa heading, 
21 Swedish type drills; is there a difference between 
those two types of drill steel? 
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Mr Ignatieff: The 11-in. Atlas round was used in the 
three headings, and with the Swedish air-legs in the 
Tahtsa heading the size was in. I have noticed that 
the Atlas Company is associated with a Swedish com-
pany, and it is perhaps loosely described here, but 
they are two distinct sizes. 

Mr Glossop: With regard to the ventilation in this 
very large tunnel, could Mr Ignatieff tell us how the 
reversible fan made it possible to exhaust foul air 
from the heading following a blast and then blow 
fresh air to the face for the remainder of the cycle. 
One would have thought that with a long tunnel like 
this the fumes would have been blown back on the 
face. 

Mr Ignatieff: I have not got the times for actually 
blowing the smoke but it was the reversible-flow fan 
that blew out the smoke. It is not a ten-mile-long 
unbroken tunnel; there are four headings. When the 
smoke was cleared, then fresh air was blown. 

Mr L. C. Timms (West Hartlepool, England): Muck-
ing was done by a Conway shovel filling into mine 
cars on rails. I appreciate that this was done to use 
existing equipment as described in the paper, but I 
would like to know if the authors consider that in 
a wide tunnel, such as that at Kemano, there would 
be an advantage in using trackless or rubber-tyred 
mucking machines feeding onto conveyors to reduce 
the time spent on extending rail tracks. Do they con-
sider that the future trend will be towards trackless 
tunnelling? 

Mr Ignatieff: In the Kitimat tunnel, the contractor 
used the equipment that was available. It was a ques-
tion of rushing in some gear. The Conway shovel 
is a very useful tool—certainly it is easy to shift, prob-
ably easier than the caterpillar material—but it was 
not the best, in my opinion, under these conditions. 
In the Chute-des-Passes tunnel, which we mentioned 
briefly, they used caterpillar loaders. I must say that I 
have been in both camps—coal and metal—and I 
am inclined to think that the coal miners have given 
a leacl in caterpillar work to the metal miners. Track-
less mining has its place in metal mining and it is 
growing in importance, as illustrated by the uranium 
mines at Elliot Lake. 

Mr K. M. Ed (Montreal, Canada): The author men-
tioned the Chute-des-Passes project as having been 
completed within recent months and, if there is any 
information available, I think it would be very in-
formative to those attending this Symposium if Mr 
Ignatieff could supply us with further data. 

A hydro-electric power project in the Province of 
Ontario has recently been completed and, to my mind, 
it is still another example of the marked progress 
which has been made in Canada since the writing of 
Mr Ignatieff's paper. I think some members of the 
Symposium would perhaps like to know that at the 
Annual Meeting of the Engineering Institute of 
Canada held in Toronto, Ontario, on june 8th to 10th,  

1959, P. R. STRATTON and C. T. BATH co-operated 
in presenting an excellent paper on the tunnelling 
operations on this project. Copies of the paper and 
permission to reproduce it can be obtained through 
the Engineering Institute of Canada at 2050. Mans-
field Street, Montreal, Canada. 

The tunnel under consideration was 2 miles in 
length by 17 ft 6 in. in diameter, concrete-lined to a 
finished diameter of 14 ft 6 in. This hydraulic scheme 
will eventually develop 62 000 h.p. operating at a head 
of 360 ft. A burn cut with two 4-in. diameter cut 
holes was used, the length of round pulled being 
12 ft initially and, later on, 14 ft. The average rate 
of advance for the total job was 40.5 ft per day, but 
in the last 7 months, when 16-ft steel was being used, 
14-ft tunnel rounds were pulled for an average of 
45 ft per day. 

An interesting feature of the tunnel driving on this 
project was the construction of two ancillary shafts, 
one a 300-ft intake shaft and the other a 200-ft surge 
shaft. Both of these shafts were driven to a finished 
diameter of 17 ft 6 in. The surge shaft had a 6-in. 
diameter pilot hole put down from surface by means 
of a churn drill. This hole was used as the " cut " 
when blasting the raise rounds, and it also served 
for the wire rope running from the surface hoist to 
the movable working stage. A crew of two men drove 
the pilot raise 6 ft in diameter, very much like Mr 
Epstein* explained yesterday. Once the pilot raise 
was put through to the surface it was slashed out to 
the full 17 ft 6 in. diameter by working downwards 
from surface. 

The intake shaft was driven in the same manner 
but employed a 4-in. diameter diamond drill hole put 
down from surface. This hole was found to be too 
small to employ with entire satisfaction as the " cut " 
hole, the rate of advance and general progress was 
much les than in the case of the surge shaft which 
had the 9-in. diameter churn drill hole. I think these 
two diameters of pilot holes being used in almost 
identical ways indicate that if one is going to do a 
job in this manner a 9-in. diameter hole should be 
used rather than one of 4 in. diameter. 

Mr Ignatieff: I intended to give you a few points 
about the Chute-des-Passes tunnel, and I am very 
pleased Mr Ed has raised this question, because it 
answers other questions. The second tunnel about 
which Mr Ed has given some details is the Silver Falls 
development. 

The Chute-des-Passes tunnel has just been com-
pleted. Discounting the power house, which is also 
underground, the penstocks, and the surge raise, and 
keeping strictly to the pressure tunnel, it is 31 000 ft 
long, 34 ft in diameter, horse-shoe shaped, and con-
crete lined. It is in particularly hard rock. In all, some 
3 million cubic yards were excavated. The tnethod 

* EPSTEIN, V. S., " Shaft raising and sinking in 
Sweden ", Proc. I.M.E. Symp. Shaft S'inking & Tunnel-
ling, 1960, 119. 
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of driving was to take a top cut of 26 ft and a 
bottom bench of 12 ft. The drilling equipment was 
mounted on a 3-tier jumbo with 4-in ,  automatic feed 
machines with 16-ft shells and hydraulically-operated 
clump and swing, mounted on hydraulic booms. The 
drill steel used was 16, 21 and 25 ft long. A burn cut 
was used With four 3-in,  diameter and five 24-in. 
diameter holes. I should emphasize that detachable 
bits were used, and not integral steel. The average 
rounds were 18.3 ft with an excellent explosive con-
sumption of 2.7 lb per Cu.  yd. The mucking was done 
with the 11-cu. yd electric shovel with a short boom 
and swing, and the haulage was done by 26-cu. yd 
diesel tractor trailer and dumper. Because of the diesel 
haulage considerable ventilation was introduced. It is 
interesting that more power was used in ventilation-
4 000 h.p. for the fans—than was used in compressing 
air. The average advance was 1 100 ft per month, with 
a maximum advance of 675 ft in seven days in two 
headings. The total cost of the project is about $150 
million. 

Professor H. R. Rice (Toronto, Canada): I should like 
to add to the reply which Mr Ignatieff gave to a 
former question about the failure to use caterpillar-
mounted equipMent in the Kemano tunnel. I spent a 
week there as an observer, and I think the proper 
answer to the question is that the càntractor simply 
brought his method with him. He had been engaged 
in the driving of considerable mileages àf tunnels 
of moderate cross-section in various parts of the 
United States of America and elsewhere, and in that 
experience, had used tracked rather than freely mobile 
equipment. Those long tunnels had been driven with 
a success which was probably due as much to view 
of prosecution as to a scientific appraisal of alterna-
tive kinds of equipment. In any case, he was com-
mitted to the method and simply brought it with him. 

'It is, however, interesting to note; in the reply to a 
question raised by  Mi' Ed, that in what bears the 
inost impressive record of large-scale tunnel driving 
in Canada, freely mobile equipment was used 
th roughout. 

Mr B. Gibson (Stockholm, Sweden): I would refer to 
a question about the Atlas Steel. I think Atlas Steel 
works of Canada were quoted, which I think was 

mixed up with the Swedish• firm, Atlas Copco. I just 
wanted to rectify that. 

Mr G. J. ShrimptOn (Camboi-ne, England) wrote: 
Would the authors state vOiether in winning and 
raising iii Canada, where electrical firing of rounds 
may be required by law, the term " electrical firing " 
would now include the ignition  •of safety fuse by 
igniter cord which is initiated from a safe point elec-
trically by means of an electrical connector? 

Also, for what reasons has the " down the hole 
drill"  not gained prominence in drilling the large-
diameter cut hole? Further, is there any other method 
employed for drilling this large cut hole, apart from 
the reaming out of small-diameter holes, the practice 
of which has been referred to in the paper? 

Mr Ignatieff: The Ontario rules governing the opera-
tion of mines make no stipulation about electrically 
initiating igniter cord, merely stating that after 10 ft 
advance in a shaft and 25 ft advance in a raise, 
inclined at more than 50°, electrical initiation will be 
used. I doubt that many operators would accept the 
additional hazard' of more connections to fail and 
cause misfires. 

In the case of the two vertical openings mentioned 
by  Mi' Ed, I feel sure the answer is in the economics. 
The cost of renting and operating a churn drill from 
surface, for one or two holes, would be much less 
than that for a " down the hole drill ". The use of 
large-diameter cut holes in vertical raises and shafts 
is not new. In 1946, churn drill holes were used as 
cut holes in driving 50-ft vertical raises, the balance 
of the round of 50-ft holes being drilled by percussion 
or diamond drills. Loading Was done from the top, 
blasting 5-ft to 10-ft rounds off the bottom. This was 
quite economical but was designed to fit that par-
ticular case. 

In the driving of moderate-sized drifts, to use a 
" down the hole  drill" for a large-diameter cut hole 
requires a substantial jumbo mounting and feed 
arrangement. The capital cost and the air consumption 
are serious considerations for a short-term construc-
tion contract or a small mine. The compromise is a 
smaller rock drill and reaming the holes to three or 
four inches diameter. 

A vote of thanks to the authors was moved by the 
Chairman, Mr R. S. McLaren. 



INSTITUT NATIONAL DE 
L'INDUSTRIE CHARBONNIERE 

NAT!ONAAL INSTITUUT VOOR 
DE STEENKOLENNIJVERHEID 

Liege (Belgique), 7, boulevard Frere-Orban 

CONFERENCE INTERNATJONALE SUR 
L'AVANCEMENT RAPIDE DANS LES 

CHANTIERS D 'EXPLOITATION DES 
MINES DE HOUILLE 

LIEGE (BELGIQUE) 1963 

Rapid development of longwall retreating 

in the submarine area 

of the Sydney coalfield of Nova Scotia 

by L. FROST and H. ZORYCHTA 

Louis FROST, Chief 
Mining Engineer, Coal 
Operations, Dominion 
Steel and Coal Corpora
tion. - Received mining 
education at Herriot-Watt 
College, Edinburgh and 
started mining career with 
the Lothian Coal Com
pany, Scotland in 1912. 
During World War I 
served overseas with Im
perial Forces. - In 1924 

appointed Manager-Mining Engineer of Anglo-Russian 
Grumant Company for mining operations in Spitzber
gen, Norway. - Joined Dominion Coal Company in 
1927. In 1944 appointed Assistant Mining Engineer, 
Cumberland Railway and Coal Company and, in the 
same year, Assistant Chief Mining Engineer for Domi
nion Steel and Coal Corporation and Chief Mining 
Engineer in 1948. - A member of Association of 
Professional Engineers of Province of Nova Scotia and 
member of various professional societies. 

INTRODUCTION 

The establishment of a retrea t system of long
wall mining in this submarine coalfield has been 
und er study for many years and, although in 
special cases there have been limited local appli
cations of thi s m ethod of mining, there has been 
110 attempt until quite recently to estahlish a uni
form system of longwall retreating in this area 
(see Figure 1 ) . 

\Vhere retreat walls were establi sh ed, it was 
strictl y as a r esult of physical, rather than econo-
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mic considerations. In some of the operations of 
the Corporation, where the coal was liable to 
spontaneous combustion or the area subject to 
hmnps as in No. 2 Mine of the Cumberland 
Railway and Coal Company in SpringhiH, the re
covery of the coal on a r etreat system was more or 
Jes a n ecessity. 

In those collieries where longwall r etreating was 
established, the operation was carried on at re
duced efficiency due to the necessity of operating 
the face and ancillary equipment with compressed 

Copyrig l•I lnslilut National de !"Induslrie Clwrhonniere, Liege (Belgique) . 
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air, rather than electricity. Even where large 
volumes of air were passed through the working 
faces, the safe operation of the system was depen
dent to a large extent on existing atm0&pheric 
conditions. 

During period& of low barometric preasure, the 
methane normally retained in the wastes would 
enoroach on the operating faces, making operating 
conditions, especially on the top wan, difficult 
due to the high percentage of methane released 
from the wastes near the top of the panel by the 
reduction in preesure. 

Depth of cover and the character of the strata 
overlying and underlying the seams also in
fluen~ the condition& necessary for the adoption 
of a retreat &ystem. M0&t of our collieries work 
at depths with more than 1500 feet of cover and 
the roof and pavement of the seama usually con
sist of soft shales and clays. Consequently, the 
behaviour of the roof and floor had a very 
direct bearing on our planning. 

In the normal course of narrow work drivage, 
using coal cutters and hand loading, or even coal 
cutters and Joy loaders for loading the coal, the 
rate of advance was not sufficiently rapid to per
mit the development of the levels to the boundary 
without exce88ive repail"tl bei·ng neces&ary to the 
levels before the coal in the panel was fully reco
vered; especially in those collieries where inter· 
colliery boundaries are 8,000 feet or more from the 
main entries usually located centrally in the area 
allocated to that particular colliery. 

With the development of machines for rapid 
entry drivage, the time factor in developing to 
boundaries of individual sections changed mate
rially, and the economic disability in preparing a 
section for production was considerably lessened, 
and in the overall picture a retreat system showed 
a more profitable ~peration than could be obtain
ed with longwall advancing. 

Under our conditions of deep mining, although 
the project showed promise from an economic 



standpoint, the proof could not be specifically 
established until all the physical factors involved 
were evaluated by actual work in the :leld. In 
addition, the problem of establishing an efficient 
and foolproof ventilation system had to receive 
priority in our planning and also had to be proved 
in actual operation. 

RETREAT EXPERIMENTS IN No 20 
COLLIERY 

The selection of a suitable unit for drivage was 
our first consideration and, although there were 
a variety of machines available such as the 
Goodman Continuous Miner, the Cohue], the Joy 
Continuous Miner, our own DOSCO Miner and 
others, we had to choose a «lift that was sufficient-
ly versatile to work under the varying conditions 
and gradients in our several collieries, and that 
could be applied, if required, to the development 
and recovery of room and pillar sections in those 
areas where rooni and pillar recovery was possible. 
After careful evaluation by our engineers, the 
Joy 3 JCM-4 unit was selected. 

To limit our expenditure on equipment during 
the initial stages of the experiment, and because 
of the limits imposed by the physical conditions 
in our collieries, it was decided to follow the 
development unit with a chain conveyor loading 
into belt conveyors which were extended from 
time to time as the development unit advanced. 
A bridge conveyor was used as the connecting link 
between the Joy 3 JCM-4 Continuous Miner and 
the Chain Conveyors. 

Although we realized at the outset that the 
speed of development worild be limited with chain 
conveyors to take the coal from the loader, we 
considered this type of installation advisable in 
the initial stages of the experiment, in order to 
determine by actual operation the best type of 
equipment to use in our collieries, which are 
dry, (lusty and quite gassy. 

In spite of the limitation of the transportation 
equipment noted above, we did on one occasion 
obtain an advance of 202 feet in 24 hours, but 
due to the necessity of roof bolting heavily behind 
the machine we averaged an advance of 109.6 feet 
per day of two working shifts in a total narrow 
work development footage, of 12,242 feet for the 
panel. 

Since time  initial experimental drivage for this 
panel, which was started on June 13th, 1958, WaS 

completed, we have purchased Joy extensible belts 
to follow the Continuous Miner, and expect to 
obtain a material improvement in development 
footage. 

Normally, a high speed of development. drivage 
could have been obtained by using gathering loa-
ders, shuttle cars and conveyor belts behind the  

3 

Continuous Miner. However, the pitch of time 
 seam, the dusty nature of our coals and the high 

emission of methane due to frequency of feeders 
in the roof and pavement precluded the use of 
such equipment in the disposal of the coal made 
during the advance of the narrow work places. 
Consequently, we chose 24-inch extensible belts 
to follow the Continuous ami  at this 
writing are obtaining excellent results from the 
choice. 

The retreat system predicated the use of con-
veyor belts to centralized loading points, but as 
this equipment had to be of a readily transport-
able type and sufficiently rugged to transport 
relatively heavy tonnages over short distances, our 

inwheers selected arid standardized on use of 
36-inch wide trough bolts which are carried on 
Joy Limberoller type of conveyors designed to per-
mit easy elevation on one side of the Limberoller 
carrier, so that a level conveyor can be maintained, 
regardless of the pitch of the seam. This is espe-
cially important in heaving roadways or on pitches 
in excess of 15 per cent. This feature of elevation 
has been incorporated in the driving units of both 
the main conveyors and the extensible belt con-
veyors, following the Continuous Miners in the 
narrow work drivages. 

For main line transportation in the retreat sys-
tem, we have as already indicated, standardized 
on 36-inch wide belts with a 50 horsepower drive, 
provision being made in the driving unit for in-
stallation of 75 horsepower motors, should this 
be desirable to provide for extension of conveyors. 
Belt  speechs  are kept moderate, 400 feet per 
minute, because of the temporary nature of the 
installation and the necessity of minimizing de-
gradation of the coal at transfer points. 

To speed up our experimental \'vork, a section 
in Dominion No. 20 Colliery, operating on the 
Harbour Seam in the Glace Bay district was 
chosen. This section had been under development 
with Joy loaders and chain conveyors for the 
recovery of rooms and was ideally suited for the 
development of the experimental panel. 

The seam pitches at approximately 6 per cent 
in this area and varies in height between 4 feet 
8 inches and 6 feet 0 inches. The roof and floor 
consist of soft shale. 

The panel NV a S laid out for two retreating walls, 
(see Figure 2), which shows an idealized section 
of the panels as they were developed by the Joy 
Continuous Miner. The main features of this 
development were the provision of two deeps as 
bleeder airways on the boundary of the section, 
so as to provide, n back door for the drainage of 
gases normally retained in the \vastes. 

These deeps could be used to provide not only 
positive drainage from the vastes,  but if necessary 
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Fig. 2. - Dominion n° 20 colliery. Plan showing an idealized section of retreat walls. 

TABLE I could also he used to transport men and material 
to a point close to the operating faces and so 
improve the working time at the face and the 
genera1 efficiency of the operation. 

Analysis of Production and Maintenance Crew 

The establishment of the bleeder airways made 
possible the recovery of the panel without the 
usual emi88ion of m ethane attendant upon the fall 
of the barometer charging the ventilation current, 
and during the whole operation which lasted near
ly 2¥2 years, only with the initial break of wastes 
did we have· any show of methane above normal 
near the top of the panel, and this increase was 
dissipated quickly with the flow of the normal 
ventilating current on the face. 

In essence, the panel was developed and con. 
structed in readiness for the retreat operation 
with forty-one men, at a cost for labour and mate· 
rial of $ 4.49 per foot of drivage after credit had 
been allowed for the coal produced in develop. 
ment. The distribution of the labour force is 
shown in Table I. 

Production 
Shift 

Face Crew 

Continuous Miner 
Conveyor Boss 

(working) 
Timbermen 

Total 

Section Crew 

Roof Bolters 
Landing Tenders 
Conveyor 

Operators 

Total 

7 a.m. 
to 

3 p.m. 

2 

l 
2 

5 

3 
l 

2 

6 

I 
4 p.m. 
to 12 

midnight 

2 

l 
2 

5 

3 
l 

2 

6 

Total 

4 

2 
4 

10 10 

6 
2 

4 

12 12 
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Maintenance, Shift
(11 p.m. to 7 a.m.)

Face Boss
(working)

Material Men
Roof Bolters
Miner Mechanic
Mechanic's Helper

Total

Grand Total

7 7

29

In addition to the 29 men required to follow the

development unit, a special force of six men per

shift was employed to erect steel rails, 85 lbs. per

yard, on steel uprights in the main transportation

level in the centre of the panel. This cost for

labour and material was included in the cost

per foot of roadway already indicated.

In evaluating the cost of recovery of the coal in
the retreat panel against the cost of recovery of
a similar section on an advance system, the cost of
developing three roadways in the panel had to be
included per unit advance of the retreating face.
The cost of the equipment used for narrow 'work
development amortized over a suitable period and
bearing interest at 6 per cent per aruitun had to
be. ineluded, as well as the cost of constructing and
maintaining the essential roadways for ventilation
and material in the panel.

The total cost per foot advance of the retreat
face and the cost per ton was tlrus shown to be :
Development and Construc-
tion, 3 Roadways at $4.49
per foot
Amortization of Equipment

and interest at 6% at $ 2.91
per foot

Construction and mainte-
nance of roadways during re-

treat at S 162.00 per day :-

162.00 per day :- 29.57 per

foot
5.5

= $ 13.47

8.73

= 29.57
Grand Total $51.77 per foot

Cost per ton = $ 51.77 x 5.5 feet .- 31.00 cents per

920
ton.

In the collieries of the Corporation, where the

system of mining is longwall advancing, it is the

usual practice to brush the roof at the face of the

level to a suitalile height, and to follow this first

brushing at a distance of 250 feet with it second

brushing, and at this point support the roadway

with steel senli-circtllar arches to give a finished

height of 10 feet and a width of 12 feet to accom-

5

modate a "Sydney Mines" loader and track (see

Figure 3). Where sidings are necessary the

roadway is widened to 14 feet and suitably sup.

portetl.

Quite severe ground movement takes place in

the section of the level shown on Figure 3, marked

" A " , " B " and " C ". This section may extend

for atilousand feet or more behind the face. The

force of the ground movement distorts the arches
and causes severe floor heavage, necessitating

repair of this area to permit the transportation
system to function properly.

It should be noted that the severity of the
ground movement is not wholly a function of
depth of workings or even height of seam, al.
though these factors have some hearing; but is
dependent mainly on the individual physical
characteristics of the ground in the particular
section or mine. We have noted in our expe-
rience, more severe movement extended lengths
beyond the 1,000 feet noted, in individual cases
where the cover was less than 1,500 feet, than in
certain areas where the cover was in excess of
2,500 feet.

The cost of brushing and maintaining these

roadways is therefore a serious factor in our

operations, and for all the mines of the Dominion

Coal Company, the largest subsidiary of the Cor-

poration, the average cost of brushing at the face,

back brushing and maintaining the transportation

roadways during the life of the section, averages
84.4 cents per ton of saleable coal.

On a comparative basis, between longwall ad-
vancing and longwall retreating, from this factor
alone the savings would be 53.4 cents per ton of
saleable coal produced in the section.

This figure does not fully reflect the total
savings that accrue. It does not, for example,
reflect the intangible savings resulting from elimi-
nation of delays in the transportation system on
the levels for individual walls, wllicll may be con-
siderable in those sections where the ground
rrlovenlent behind the advancing face is still active
and necessitates repair to track or roadway stlp-
ports, sometimes on a 24-hour basis.

Furthermore, a retreat system ]ends itself to
the transportation of coal from the producing

faces by belt conveyor to centralized loading
points permitting, as will be noted from Figure 4,

which is it projection of the future workings in a

proposed new winning in the field, the centrali-
zation of operating faces to it very high der, ree,
elilninating in a large measure the normal rlelays

due to transportation in in advance system. In

some cases, the actual operating time on the face
is increased by simplif),int; and centralizing the
transportation of workmen to a point whl'rt. tlle
actual walking time of the men is considerably
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Fig. 3. - Plan and section of advancing longwall level showing area of movement in advancing level. 
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shortened, and also the supply of necessary mate-

rial simplified. 
The end result of such concentration, while 

intangible and cannot be fully expressed in dollars 

and cents, is that the savings from these factors 
are considerable and materially increase the 

savings shown and may well double -ibis figure. 

Width of Roadways. 

In the original experimental drivage we at-
tompted to drive the narrow work roadways 12 
fect wide, but with the Joy 3 JCM-4, even without 

roof bolting attachments, this was not readily 
attainable due to the overall width of machine. 

The roadways were therefore driven 13 to 14 feet 
wide and in all our later experiments we deter-
mined that we could niaintain roadways to these 
widths without 'serions consequences. 

Transportation of Workmen. 

In the collieries of the Dominion Steel and Coal 
Corporation the working faces are usually from 3. 
to 4 miles from the surface and mechanical trans-
portation is provided to convey the workmen as 
near to the working faces as is Possible. In spite 
of this, it is still necessary for workmen to walk 
some distance from the end of the regular trans-
portation system. 

The average walking distance amounts to 2,750 
feet. In the retreat system that we have establish-
ed, the maximum walk from the end of the •trans-
portation system should not exceed 1,500 feet (see 
Figure 4). 

Material Supply. 

The material supply to the faces is relatively 
simple because wherever the retreat system, is in 
operation the faces are equipped with steel roof 
supports requiring only a minimum amount of 
material for replacement, and such replacements 
are carried on the face conveyors and only require 
man handling for very short distances However, 
to provide for the transfer ormaterial and equip-
ment during the retreat of the faces, a light track 
is carried alongside the main conveyor and mecha-
nical haulage is used. 

Ventilation. 

To provide for adequate ventilation .  during the 
development  (1 rivage, Sheldon or Sturtevant Fans 
of the forcing type are used. These are capable of 
delivering 15,000 c.f.m. at a water gauge .  of 6 
biches through 20-inch or 30-inch ventilation tub-
mg. Provision is made in the main line tubing 
to take, off necessary splits to prevent layering of 
methane in the roadway behind the continuous  

initier during the drivage of the levels or headings. 
The average distance driven before it is necessary 
to relocate the fans with 20-inch ventilating tubing 
is 1,400 feet; with the larger tubing this distance 
lias hem materially extended. 

The ventilation of the faces is shown graphically 
in Figure 2. lt will be noted that splits of appro-
ximately 30,000 c.f.m. are provided for each side 
of the panel and that all ventilation is aseensional. 

15,000 to 20,000 cubic feet of air is directed 
through thé lover face and a split of approxi-
mately 10,000 clan. is passed through the belt 
carrying . roadway, where all the electrical equip-
ment is located. The total ventilation is then 
returned to the bleeder airways as shown. In this 
way, positive drainage in the wastes is always 
maintained. 

Where it is, desirable to provide for transimrta-
tion of men and material along the boundary, an 
additional intaké iiirWay is driven and a suitable 
split of fresU air provided. 

To date the sysamn of ventilation established 
for both the ,narroW Work drivage and for the 
ventilation of thé retreat NVIIIIS has been very' sue-

. cessful and we do not anticipate any great ventila-
tion difficulties in this type of operation. 

GROUND CONTROL INVESTIGATIONS 

General Remcrrks. 

During the period of development of the first 
panel in Dominion No. 20 Colliery, arrangements 
were made with the Canadian Federal Department 
of Mines and Technical Surveys, for a co-operative 
study of ground movement to be made in the 
Glace Bay area. 

The team from the Fuels and Mining Practice 
Division, Mines Branch, and Nova Scotia Research 
Foundation under the direction of the second 
author, commenced these studies in the field in 
December, 1959,.unfortunately after the develop. 
ment of the first panel had been nearly completed. 
it may lie pertinent to indice° in general the 
results  ive  achieved in this panel and the main 
factors influencing the operation that 'appeared 
from the study during the de,velopment of the 
second panel (Figure 2) ,and during the develop-
ment of experimental places in another colliery in 
the field, driven at much greater depth. 

During the retreat of the walls in the top panel, 
such stress measurements as were taken showed 
that these varied greatly and ■vere affected by 
the continuity of ()pendions, but did not at this 
depth of cover, 1,100 feet, indicate any overriding 
characteristics such as would interfere with the 
successful operation. 'of the Walls. lt was only 
when the wall approached the intermediate head- 
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ing marked " E " on Figure 2, that the severe
st.rain on the reduced pillar between the heading
and the wall face was noted, as was to be c.:pected.
But at no point clicl operating conditions reach the
point where it was necessary to irbandon the face.

We att.emptecl to sweep the two faces across the

heading, having previously secnred the heading

on the line of the new face. Here we ran into

sonie difficulty resttlting from the crushing of

the final 5 or 6 feet of the pillar, on the lower

wall, and the bottom end of the upper wal'l. The

floor in the heading also heaved to a considerable

extent.

As a result of the experience gained, we conclud-
ed that somewhat better conditions would have
been obtained if we had swept the lower face
across the lleading in advance of the upper face,
with a short step between the faces.

Following this experience we changed our

planning to elinlinate the extension of the heading

through the upper panel and in the new develop-

ment the irpper wall will be driven without any

cutoff heading as shown in Figure 4. Where it is
inadvisable to eliminate the upper hending, the

headings should be offset to provide it step of at

least 50 feet, in order to stabilize the area between

the walls in the middle gate.

The cost. of crossing the two heads in the experi-

mental panel from which 360,000 tons of saleable

coal was recovered, amounted to $ 10,905.00 or 3
cents per ton. With the elimination of one of

the headings, this cost should be materially re-
duced. It can therefore be demonstrated that
even with lmfavourable conditions, the cost of

changeover of the walls and the negotiation of one

or more headings, still leaves a substantial balance

in savings between the two systems.

The lower panel in Figure 2 was developed

during the recovery of the coal in the panel re•-
ferred to above. Convergence measurements were
taken during the driving of the roadways in the
solid. Tllese measurements, while indicating
some convergence bet.ween tile roof and floor,

which. is to be expected at this depth of cover,

1,200 feet, the character of the seam and surround-

ing ." nletads ", Lite lneasureinents did not show

any excessive abnormalities that could lead to the

conclusion that the panel could not be successfully

worked out, and since the longwalls in this new

panel have been in operation we have had only

one instance of excessive loading. This occured
when the faces had reached a distance of approxi-

inately 60 feet from the boundary pillars, indicat-
ing that additional support is necessary during
this critical stage when the wastes are being
opened out to the point where the caving can be
regulated. In the writer's opinion, this is witllin

the range of 60 to 100 feet from the breakoff
point in the solid.

A somewhat different picture appeared in
Dominion No. 12 Colliery, where the coal is minod
at a greater depth than in No. 20 Colliery where
the initial experiments were conducted.

In this colliery the coal is slightly harder, al-
thouhh the pitch of this scam and the cllaracteris-
tics of the roof and floor are similar to those
in No. 20 Colliery in the area where the retreat
walls are worked.

F,xperinlental places were driven at No. 22x/.Z

level and No. 24 level. In the former at a depth

of 2,400 feet, a.level marked " F" was driven in

1954 on the strike of the seam, -a distance of 400

feet, splitting a pillar adjoining the main entries,

400 ft. x 400 ft. and contained within a block

],700 ft. wide supporting the main entries for the
colliery. The original drivage of the surroiulding

roadways was made in 1943 (see Figure 5).

This roadway was supported with steel boonls
on wooden posts. In the several years since the
place was driven, tlle stations established to mea-
sure the rate of convergence do not indicate any
movement of note, although in the roadways oli-
ginally driven on the pitch of the seam the floor
had a tendency to heave at some short distance
bellind the face and it was assunled that the ex-
perimental level did not heave because the initial
stresses had been rdleased by the development of
the primary roadways driven on the pitch of the
seam.

The second experimental section was driven
East off the main entry at a depth of 2,560 feet of
cover. One place, marked " G" was driven on
the strike and the other, marked " H " on the
pitch of the seam (Figure 5).

In the place driven downhill on the full pitch

of the seam, the roof was very weak and broke

down as the roadway was developed. 14Ieasure-

ments at suitable stations showed a substantial

amount of convergence following the advance of
the face. In this place the coal worked freely
and it was only necessary to make a centre cut in

the middle of the seam to permit the coal to break
down ready for loading. Explosives were not
necessary.

The second place (" G ") shown as No. 24 East
Level, was driven in an easterly direction on the

strike of the seanl, and at the start no explosives
were used. A shear cut and a horizontal cut were

made and chipper picks use(] to break down the
coal. Witllout the use of explosives, [lie progress

was extremely slow and to speed up titis drivar;e
permission to use explosives was given. The place
was driven 284 feet in this ]ntlllner before a Con-
tinuous Miner was installed to conlplete the
drivage.
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Fig. 5. - Part plan Dominion n" 12 colliery showing experi mental roadways driven in n° 23 West and n° 24 East levels. 

The stations established to measure convergence 
in this level showed only minor disturbances in 
the sections where no ex~osives were used. In 
the other section there were indications of sub
stantial movement between the floor and roof. 

On the basis of the drivage to date as examined 
by the writer, the floor, although it has heaved 
slightly, wiU not be a deterrent to the establish
ment of a retreat system, provided a moderate 
floor brushing is taken in the main transportation 
roadway supplying the panel, and panels of limit
ed extent are developed as shown in Figure 4; 
and where ground movement in the solid workings 
on the pitch of the seam is heavy, as in the case of 
No. 12 Colliery referred to above, the block to he 
recovered should be limited to four panel11, as 
shown. 

The maximum lateral extent of the panel shou1d 
not exceed 4,000 feet and the new panel being 
developed during the recovery of the coal in the 
completed panel should be kept in step with the 
recovery of the coal, so that the length of time 
the roadways in the panel remain open is limited. 

If within broad limits this method of extraction 
is fo1lowed, the cost of bottom ripping should not 
exceed 4 or 5 cents per ton of saleable coal, still 
leaving a substantial margin in favour of a 
retreat system. 

Results of Measurements. 

The growid control investigations were carried 
ouL in Dominion No. 20 Colliery, Glace Bay, with 
mining at a depth of l,100 feet, and Dominion 

.. 
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No. 12 Colliery, New Waterford, at a depth of 
2,500 fee t, with the assistance of staff from Nova 
Scotia R esearch Foundation. 

The section of Dominion No. 20 Colliery placed 
under observation is shown in Figure 2. Total 
convergence stations located on l South Material, 
l South and 2 South Levels were installed after 
the level development had been completed. The 
stations were located 100 feet apart, and at each 
station steel pins were anchored 3 to 5 inches in 
the roof s trata and 18 inches in the pavement 
strata. The convergence stations located on 3 
South and 4 South Levels were installed al the 
face of the level during level development and 
were located 50 to 125 feet apart. Total conver
gence measurem ents be tween the roof and pave
m ent pins were taken at systematic inte rvals. 
Automatic convergence recorders were u sed to 
obtain a continuous recol'l1 of movement during 
the most active periods of total convergence of 
roof and pavement strata. Convergence stations 
were al so loca ted on the inclines be tween the 
levels. 

Hydrall'lic pack dynamometers were installed in 
the gob of No. l Retreat Lougwall. These w1its 
were placed in the caving area behind the long. 
wall face and were cormected by high pressure 
copper tubing to a pressure gauge located on the 
level. The dynamometers were tested in the 
laboratory; axial and eccentric loads were appHed, 
and the loads were recorded with an accuracy of 
plus or minus two per cent. 

Deformation of Roadways During Development. 

The data obtained during development were 
plotted on semi-logarithmic graphs of total conver
gence against distance from station to development 
face. The method was propo:>ed by Professor B. 
Schwartz, Ecole Na tionale Superieure de la Metal. 
lurgie et <l e l'Industrie des Mines, Nancy, France. 
The Eemi-logari thmic graph!\ of convergence curves 
for stations located on 3 South and 4 South Levels, 
Dominion No. 20 CoHiery, are straight lines with 
ve ry mall slopes. Graph (a), Figure 6, illustrates 
the semi-logari thmic presentation of results ob. 
taine<l from a typical station. 

Deformation of Roadways Under the Influence 
of Retreat Longwalls. 

The convergence m easurements taken at all sta
tions on l South Mate rial, l South, and 2 South 
Levels, Dominion No. 20 Colliery, have been ave
raged and the semi-logarithmic graphs of the 
average convergence for each level are shown in 
Figure 7. 

Graph ( b ), Figure 6, illustrates the semi-loga
rithmic presentation of results from a typical 
t>tatiou on 3 South Level. 
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Fig. 6. - Convergence a t station 10. 3 South level. 
Dominion n° 20 colliery. 
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Fig. 7. - Average convergence of all stations. Dominion 
n• 20 colliery. 

The results obtained to date indicate the follow
ing behaviour for Dominion No. 20 Colliery: 
I. The abutment load ahead of the longwall face 

becomes apparent at a distance of approxima
tely 200 feet ahead of the wa1l faces. (Points 
A, Figures 6 and 7). 

2. An increase in the rate of closure occured when 
the fongwa.Jl faces approached within 50 feet 
of the stations on I South Material Level, 70 
feet of the stations on l South Level and 100 
feet of the stations on 3 South Level; this in
crease is shown at Points B, Figures 6 and 7. 
It was necessary to install steel friction props 
under the steel booms 50 feet ahead of the 
longwall face on l South Material Level, 70 
feet on l South Level, and 100 feet on 3 South 
Level to prevent local roof faHs from occuring. 

3. The levels adjacent to unminecl coal pillars are 
subjected to less deformation than levels within 
the current mining areas. For example, l 
South Material and 2 South Levels were sub
jected to less deformation than l South Level 
d·uring the retreat of the top two walls; while 
4 South Level is currentl y bein g subjected to 
ole8S tl e for111atio11 than :~ South Level as the 
bottom two walls arc being extracted. 



4. The ra~ of convergence is still increasing when 
the observation station is overtaken by the wall 
faces. Th.is indicates that the location of maxi. 
mum activity occurs in the gob. 

The total convergence of roof and pavement 
strata measured at each observation station locale(] 
on the three levels for the initial retreat panel, 
Dominion No. 20 Col1iery, are shown in Figure 8. 
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Fig. 8. 

The graphs show how much the total convergence 
varied · at every station along each level as the 
wall faces retreated from left to right. There is 
a reasonably recognizable pattern evident in the 
three total convergence curves. With respect to 
No. 1 South Level, Figure 8, it i11 suggested that the 
first period of activity at Station 4 is a880Ciated 
with the fil'&l major break of the roof on a new 
longwa11l when the gob had attained a width of 
about 400 feet. The second and higher peak of 
activity ·at Station 8 (gob width about 800 feet) 
is likely a880Ciated with a m1M1Sive failure of the 
U(Yper rock beds. The peak at Station 10 is pro
bably due to the presen~ and weakening effect of 
No. 2 Incline. The third zone of increased activity 
began at Station 15 (gob width about 1,500 feet) 
and the activity in this zone Wll1l rising when the 
wall faces were completed. The period of 11ctivity, 
mentioned earlier in the paper by my co-author, 
when the wall face had retreated 60 feet from the 
boundary pillars, was not observed in the total 
convergence measured on the levels, but was very 
evident on the longwall faces. This suggests that 
the initial failure of the immediate roof strata 
was responsible for the localized effects observed 
only on the longwall faces. 

The cyclical nature of these failures suggests a 
pattern consisting of failure of the immediate roof 
at a narrow gob width o( 60 to 100 feet followed 
by a reasonably regular failure of ma88ive canti
levers of rock behind the retreating longwall faces. 

12 -

Ground Loads in Gobs. 

The results obtaine<l with the dynamometer11 
located in the gob are presented in Figure 9. 
Dynamomeler No. ~ was installed when the walls 
hml retreale1I 308 feet from the boundary; Dyna
momeler No. 9 was installed 1,438 feet from the 
boundary. The two dynamometer locations were 
about 1,100 feet apart as measured in the direction 
of wall retreat. 
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Fig. 9. - Ground loads in gobs. Dominion No. 20. Colliery. 

The results from these dynamometers are quite 
simi'lar as is shown in Figure 9. It wiJl be noted 
that, in each case, the ground pressures built up 
rapidly until the dynamometers were about 350 
feet back in the gob. The pressures then de
creased, and for dynamometer No. 5 the pressure 
became stabiJized at approximate)y 250 psi at a 
distance of 700 feet behind the face. In the case 
of Dynamometer No. 9 the wall face ceased ope
rations before the ground pressure could become 
stabilized, but at a distance of 400 feet behind 
the face the pressure was rapidly decreasing to 
some stabiJized value. The maximun1 pressure 
indicated on Dynamometer No. 5 was 1,420 psi 
and on Dynamometer No. 9 about 1,800 psi. Thi& 
substantial difference could possibly be caused by 
the gob span of 300 feet behind Dynamometer 
No. 5 as compared with a gob span of 1,400 feet for 
Dynamometer No. 9. 

These gob observations indicate that, within the 
caved area behind a longwal1 face, there is a re. 
peatable cycle of pressure increase folJowed by a 
decrease to a stabiJized condition. The measure
ments support the often postu1ated but seldom 
confirmed idea of a definite back abutment zone. 
This back abutment, in the case of Dominion No. 
20 Colliery, seems to occur at a distance of 350 
ff'.et behind a longwall face. The observations in 
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the roadways .  indicate that a forward abutment 
zone also exists and its presence becomes evident 
about 200 feet ahead of the longwall face. 

The depth of cover at the gob dynamometer 
locations is approximately 1,000 feet. lf one 
assumes that, in the absence of residual geological 
stresses in rocks, the pressure at any depth is one 
pound per square inch per foot of rock cover, 
then, if subsidence reached to the surface at these 
locations, the maximum pressure on the gob dyna-
mometers would be in the order of 1,000 psi. 
However, the measurements show (Figure 9) that 
the pressures attain a much greater value within 
a distance of 300 to 400 feet behind a longwall 
face. It is not reasonable to assume that subsi-
dence has reached the surface within this distance, 
but it is reasonable to assume that the very high 
pressures registered on the dynamometers are due 
to an arch, one leg of which rests back in the gob 
and the other on the coal ahead of the longwall 
face. The abutments of this arch would logically 
be zones of higher than normal ground pressure. 
The decreases in the pressures observed on the 
dynamometers as the longwalls retreated (beyond 
400 feet to the stabilized pressure of 250 psi ob-
tained at 704 feet from the longwall face) indicate  

that the height of fractured rock above the initial 
retreat panel was in the order of 250 feet. 

CONCLUSIONS 

There is a reasonably regular pattern in the 
failure of massive cantilevers of rock in the gob 
area behind the longwall face. There is also 
evidence of a back abutment zone that in the 
case of Dominion No. 20 Colliery seems to occur 
about 350 feet behind the longwall face with a 
forward abutment zone that first becomes evi-
dent about 200 feet ahead of the longwall face. 

The roadways in Dominion No. 20 Colliery, at 
about 1,000 feet of cover, were acceptably stable 
to permit successful longwall retreat extraction. 
The total convergence of roof and pavement strata 
during roadway development in Dominion No. 12 
Colliery, at a depth of about 2,500 feet, is much 
more substantial than that measured in Dominion 
No. 20 Colliery. Space does not permit giving 
detailed results of studies in No. 12 Colliery. 
Moreover, this development drivage has been ex-
perimental and intermittent. The measurements 
are not complete enough to enable a firm predic-
tion to be made of roadway stability when using 
a longwall retreat method. 




