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I. ABSTRACT:

The similarity of oonditions at Cornwall, where Triassic coal
is mined under oover ranging up to 1,000 feet, and at the Great Lake
Headrace Tunnel, which is expeoted to traverse some 7,600 feet of Triassio
rooks under oover ranging from 300 feet to 1,300 feet, prompted the
investigation in the Cornwall Mine aimed at determining the stresses on
support systems and the effeotiveness of grouted rook bolts.

The present workinss at Cornwall are oarried out by the Bord
and Pillar method and the widths of bords range between two and four
times the height. The openings are in ooal and generally laminated
sandstono, siltstone and mudstone forms the roof whereas mudstone forms
the floor. Timber posts and oaps are used for supports, but generally
there are no floor struts.

Strata movement affeoting roof, floor and walls frequently
oocurs. Under low oover failure is oonfined to the roof and a break
oocurs at the junotion of the roof and one wall (or sometimes both walls)
allowing the flat-lying rooks to separate along bedding pl&nes thus
loading the supports. Where the cover exceeds about 800 feet floor
heave also ooours and if this is allowed to go uncheoked it may result in
oomplete closure of the opening. The relative severity of the floor
movement may be attributed to the presenoe of weak, soft mudstones under­
lying the coal and the presenoe of stronger sandstones immediately
overlyine the seam.

A 50 foot test drive was driven in weakly squeezing ground under
880 feet of cover at the end of the main heading of the present workings.
Six horseshoe sets with invert struts and two oiroular sets were installed
at 2'6" oentres and one of eaoh type was instrumented. In addition,
forty-one 8' x 1" roof bolts were grouted into the walls and roof of a
seotion 22 feet 10 inches in length and a torque of 250 ft. Ibs. waS
applied.

A seoond test area was chosen in more strongly squeezing greund
but this was abandoned when an attempt to oontrol the approaches by the
installation of 8 ft. roof bolts was unsuccessful. A torque of 100 ft.
Ibs. oould not be applied to the bolts, thus indioating that the fracture
zone &round the opening extends beyond 8 feet.

In the test area an average of 30 deep 'clicks' per minute
were observed at the working faoe with the sub-audible noise deteotor.
The level fell to 2 'clioks' per hour after the face r(~ained untouohed
for one week. In the strongly squeezing Right Hand YJorkings an average
of 100 and more 'clicks' per minute were recorded at the working ~ace,

but the level fell to 15 'clicks' per minute 100 feet back from the face.
The observed 'clicks' were associated with the formation of the fracture
zone around the opening.

Under conditions comparable with those prevaHing in thG
Cornwall Test Section, circular and horseshoe shaped openings should
prove satisfactory and light support and roof bolting should be suffioient
to control str2tn movement.

The areaS of considerable strata mcvement appear to be under
high cover in the vicinity of the smnll nerth trending fnult-trough, but
evaluation of the situation is complioated by the presence of old
workings above adjaoent seotions. This situation suggests that
combinations of cover and faulting may present similar conditions at
Great Lake.

'Heaving' is aggravated by th~ shape of the workings, the
lack of invert struts and the continual 'brushing' of the floor.
Failure to control the movement results in enlargement of the fracture
zone and progressive detericration. Thus 'ldequate supports should be
plaoed early. This support should extend the oomplete width of: the
opening to prevent roof failure adjacent to the walls.
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II. INTRODUCTION:

1. General:

This report oontains the geological data collected during the
tunnel support experiments which were carried out in the Cornwall
Colliery in the latter part of 1959.

These experiments were designed to provide information
applioable to the headraoe tunnel at Great Lake, for the Cornwall
mine is located in Triassic sediments whioh are similar to those
that will be enoountered in the tunnel.

2. Location and Aooess:

The Cornwall Colliery is situated two miles north-west of
St. Marys on the southern fall of the Mt. Nicholas Range (Refer
Geological Sketoh No. 13). The workings are looated at an
approximate altitude of 1400 ft. above sea level, which is some
600 feet above the general level of the 'Break O'Day' Plain. The
range reaohes an altitude of about 2800 feet above sea level.

The oolliery is accessible by rail and road, the rail distanoe
from Hobart (via Conara) being 135 miles.

3. Previous Work:

The published reports on the ooalfields are oontained in the
works of Gould (1883), Twe1vetrees (1901) and the Deparument of
Mines (Bulletins No.7, 1922, and No. 44, 1938).

In addition, the Department of Mines has drilled two holes on
the Cornwall lease and one on the neighbouring Jubilee lease.
The 100ations of these holes are shown on Geological Sketch No. 13,
and their drilling records are included in the appendix.

4. Production:

The mine produoes about 500 tons of ooa1 per day and employs
134 persons.

III. STRATIGRAPHY.

1. General:

The Mt. Nicholas Range is a narrow north-east trending ridge
of Triassic sediments oapped by remnants of a dolerite sill.

Typical sections through the upper part of the sediments are
provided by the two Cornwall bores (refer Geo10gioal Sketch No. 13),
whioh are situated in a saddle on the crest of the range (Bore No. 1
is 100ated about 1/3 mile north of bore No.2). The sections
consist of alternations of light to medium-grey, fine to medium­
grained lithia sandstones, medium to dark grey siltstones and
mUdstones, black shale (olod) and ooa1. There are eight ooa1
phases and thirteen coal seams. The seams range in thickness from
3 inohes to 11 feet (the thickest seam measured in the distriot is
17 feet 5 inches).

The two drilling
coal seam at 404 feet
feet in D.H. No.2.

records may be compared by positioning the
in D.H. No.1 against the coal seam at 462
This indioates that there is fair oorrespondence
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between coal phases but little correspondence between the interveening
sediments, for faoies ohanges are oonsiderable; sandstones in one
hole are frequently represented by siltstones and mudstones in the
other. Similar faoies ohanges are reported (Mr. Geaohie, former
Cornwall Mine Manager: personal oommunioation to the Geologist-in­
Charge) to ooour between the Cornwall and Mt. Nioholas mines in
the rook ~ing between the two main seams worked. The rook is
reported to ohange from 37 feet of mudstone and sandstone at Cornwall
to 70 feet of sandstone at Mt. Nioholas. However, as a major fault
separates the two workings some doubt exists about the ooal
oorrelations.

A seotion through the lower part of the Triassio sediments is
provided by the JUbilee bore, The rooks oonsist of interbedded
lithio sandstOnes, siltstones, mudstOnes and shales, whioh are
similaX' to tholle enoountered in the Oornwall bores, but only 1" of
ooal is present,

APProximately 1000 feet of seotion is represented by the oores
of the three bores,

2, Depositional Eqvironment:,

The laok of marine fOSsilS suggests that the sediments are
fresh-water laoqstrine depOsits, The aedimentation was sporadio,
alte~ating between periods of aotive deposition, repreaented by
the sandlltones, siltstones and mudstones, and periods of quiet,
when the ooal forming oarbonaoeous material aooumulated. Muoh of
the lithio (rook fragments) material in the sandstones is voloanio,
whioh suggests derivation from erosion of a voloanio terrain or
from direot voloanio activity.

3. Correlation:

In view of the rapid faoies ohanges, and the possibility that
the Triassio sediments of the State were deposited in a series of
small lakes rather than one big lake, on~ looal oorrelations are
possible. Thus oorrelation between the beds at St. Marys and Great
Lake oannot be made. However, the beds at Cornwall are similar to
those of the Bradys Formation of the Great Lake area.

N. STRUCTL1ill,.

1. Dip of Strata:

In general the sediments of the Mt. Nioholas range dip at
from 30 to 10 towards the south. Slight rolls ooour in the ooal
seams but the area is oomparatively free from these ooourrenoes.

2. Faulting:

Considerable minor normal faulting has ooourred on the Cornwall
Lease but this has not great~ affeoted mining. The maximum
displaoement so far enoountered is about 40 feet, and no difficuJties
were met in tunnelling through this fault. Caloite deposition hrls
taken plaoe in this fault zone and there are now no openings and
the zone is oompletely dry.

The main structure in the mine is a small north trending
asymmetrio fault-trough, which incorporates the fault wit~ 40'
displaoement.
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V. MINE WORKINGS:

Three coal seams have been worked at Cornwall (Refer Plan A70JJD).
In descending order, these are

the 'Blue' Seam,of average thickness 9 feet;
the 'Hittit' Seam, of average thickness 8 feet 9 i'1c11p,,; Cend
the 'No.4' Seam, of average thickness 2 feet 6 inches.

At present the Company mines only the lower part of the 'Hittit'
seam. Some 5 feet 6 inches of coal lying below a persistent sandstone
band is extraoted and the remainder is left in the roof. The operations
are carried out by mechanical (Joy Continuous Miner) and hand methods and
some 2/3rds. of the coal is mined by hand. The 'Bard and Pillar' system
of mining is used, for this is suitable for conditions where the floor
rock is inclined to heave. The method consists of mining bards (drives)
and leaving pillars for later extraction. A double entry system is
used, with one heading aoting as an intake air-way and haulage-way
and the other as the return air-way and emergency exit. The main cross
drives are also driven in pairs.

In the vicinity of the test drive the main haulage-way has em average
width of 17 feet and a height of 5 feet 6 inches. It is timbered at
intervals of about 8 feet by hardwood logs of 8" diameter. The pillars
of coal average 45 feet wide and 175 feet long.

The abanq.oned workings in the overlying 'Blue' Seam were carried out
by both the 'Bard and Pillar' and 'Longwall' systems. The main feat~re

of the 'Longwall' method is that practically all of the coal is removed.
A continuous face is maintained around the workings and as this face
advances the roof behind is allowed to break. The system is particularly
adaptable to thin aeams where the roof settles and the floor tends to
heave, for the waste rook is used for pack-walls to support the roof ana
maintain the road-ways.

VI. STRATA MOVEMENT.

The width of the bards ranges between 2 and 4 times the height, so
that the shape is conduoive to strata movement and this has fre~uently

ooourred.

Along the main heading of Blairs Tunnel failure is confined to the
roof and the normal oocurrenoe is for a break to occur at the junction
of the roof and one wall (or less frequently at the j~nction with toth
walls) and for the flat-lying roof sediments to separate along bea-iing
planes thus loading the pit supports. Generally the posts have Jeen
placed one or two feet from the walls and, as the caps do not extend
to the walls, strips of roof adjaoent to the walls have been left
unsupported. Thus along many of the drives cracks have also developed
in the roof above the ends of the caps and the unsupported section of the
roof has fallen to the floor. This type of failure is shown on
Plate III Figure 2.

Along the 'Machine Road' and the 'Right Hand Workings', where> tbA
main faults oocur and the oover exceeds about 800 feet, both ,oaf ani
floor failure takes plaoe. Frequently floor heave is more severe than
roof movement and this may be attributed to the presence of weak, soft
mudstone underlying the coal and the presence of stronger sandstone
immediately overlying the seam.
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The 'Machine Road' was originally mined early in 1958 and since
that time 12 to 18 inches of heave has occurred in the floor, buckling
the rails and arching the centre of the floor. The road, howevor, is
only lightly timbered and little to no movement has taken placo at the
base of the wooden supports. The area now appears to have stabilised.
Movement along this road is shown on Plate IV.

Movement is more severe in the "Right Hand Workings', and if
unchecked results in complete olosure of the opening, for the str'lta
under the 000.1 extrudes into the drive expanding until the floor meets
the roof. As much as 12 inches of movement hus occurred. in 21+ hours.
In this section of the mine the floor heave is suf'ficiently severe to
cause failure of the pit supports by rotation of their bases. The
supports are installed with a slight inward slant at the top but as the
floor heaves the bases are brought inwards and continued movement
results in failure. ~his failure is shown on Plate III Figure 1.

The roadways in the squeezing areas are maintained by continual
replacement of wooden supports and removal of heaved material by
'brushing' of the floor. The net effoct is enlargement of the fracture
zone arou.~d the opening and eventually the zone deteriorates so badly
and rapidly that maintonance of the roadway is unoconomic.

Fretting takes place from the sides and roof of all openings in
shale and coal and this has lod to the failure of roof bolting by
bearing plate failure.

VII. TEST DRIVE.

1. Location:

The test drive is an extension of the 'Hittit' seam workings
and is located at the north-western end of Blairs Tunnel. The
looation is shown on Plan A7040.

2. Desoription:

The test ohamber, which is 50 feet long, was shaped to
accommodate horseshoe and circular sets of 1.3 foot internal diameter.
Eight sets, consisting of 6 horseshoe sets (with invert struts) and
two oircular sets, were installed at 2'6" centres. In addition,
a further section (22'10") is supported by forty-one, 8 foot by 1
inoh roof bolts. A plan and a profile of the drive are shown on
C2626.

The chamber was driven by hand in two man shifts. It tcok
1328 man hours. The coal was first removed then the roof and
floor were shaped. For the first three sets the face was allowed
to advance up to 11 feet ahead of set installation, but for the
last 5 sets this advance was restricted to 8 feet.

During the early stages of the excavation excessive U"~ of
explosives disturbed the alignment of the first 6 sets, and. theDe IW,U.

to be re-installed. The aocident indicated that at this stage
there was littlo or no load on the sets.

3. Geolow:

The drive was exoavated in the 'Hittit' Seam and its roof c.nd
floor rooks. The seotion exposed, in descending order, oonsists o~:
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3. ~eology (Contd,):

Light to medium-grey mudstone
Bituminous ooal
Blaok siltstone
Laminated blaok o~rbonaoeous shale (olod) and
medium grey lithio sandstone
Black shale (clod) with coal lenses
Bituminous coal
Black carbonaceous lithio sandstone
Bituminous ooal
~rey fine-grained lithio sandstone
Bituminous coal
Mudstone with coal lenses. (To foot-pla.te of

horseshoe set).

These beds dip to the south-east at 30
•

A small fault, with a maximum displaoement of 5", runs in a
longitudinal direotion diagonally across the test ohamber. In the
roof sediments it dips to the west at 550

, but in the coal it is
vertical. Along its length the mudstones are sliokensided and
thin (t", oa.loite veins oocur in the coal, but the zone is now
tight and dry.

Vertioal jointing is prominent in both longitudinal and
transverse directions,

4. ~:

As shown on ~eologioa1 Sketoh No. 14 approxinately 880 feet of
Triassio sediments overlie the drive.

Blairs Tunnel runs Oblique to the trend of the Mt. Nioholas
Range,thus the oover inoreases northwards or over the right hand
seotion of the mine.

For comparison, the maximum oover over the ~roat Lake Headraoe
Tunnel will be about 1300 feet of whioh some 900 feet will be
dolerite.

5. Observations:

1~ the faoe advanoed measurements were taken of the stresses and
the radial defleotions of the sets. These results "~ll be analysed
by Civil Designs.

In general, there is no evidenoe of heavy ground stress in the
area. The sets are only lightly stressed and adequate support is
maintained by the roof bolts. In tho adjaoent main heading sparce
posts and oaps, whioh were inserted mainly to oontrol roof falls,
are also adequate.

VIII. SECOND TEST AREA.

It was planned to undertake a seoond test drive in the heavily
squeezing Right Hand Workings where the oover was approximately 980
feet. Parts of this area are still aotively mined but other parts
have been abandoned and heaving has been allowed to prooeed unoheoked.
The aooess roadway is tortuous, narrow and low and thus it is diffioult
to transport heavy equipment suoh as sets. In order not to disrupt
normal working an area had to be chosen whioh had the shortest aoooss
route and thus the area allooated was not removed from the influenoe of
the old workings.
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An attempt was made to improve and oontrol the approaches to this
area by the use of 8 foot by 1 inoh roof bolts, but a torque of 100
ft. lbs. could not be applied to the bolts and the test was abandoned.
The previous attempts to maintain the roadway by 'brushinll' the floor
had allowed the fracture zone around the opening to extend beyond 8
feet.

IX. SUB-AUDIBLE ROCK NOISE OBSERVATIONS.

Rock noise observations were made in the Test Areas, the Right
Hand Workings and along the Machine Road using a 'Seismiphone' and a
'Mikroseis' Nr. 15.

In eaoh case the observations were carried out working faces and at
locations from 25 to 100 feet back from the faces. The listening posts
consisted of l~' diameter holes drilled.4 feet into the rock and the
periods of observation ranged up to 2 hours. The majority of
observations were made manually during normal mine operations, but
typical noises were alpo reoorded on magnetio tape during meal breaks
and after the completion of daily work. These recordings are available
at the ~eologioal Saotion.

The results of the observations are given in Tablo I.

The frequenoy of noise is greatest in the most aotively squeezing
ground - the Right Hand Workings - and the noise is greatest during the
forroation of the ~I'lture zone around the opening.
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Looation Hc.p Designation Frequency of 'Deep Clicks' Nature of Site Remarks Approx. Relationship to Workings

per Minute Noise Cover
--

Test Arca 1 and 2 .30 Singly, in Coal Face 880' 1 - 10 hours af'ter f'iring.
No. 1 Groups of' 2 or and

3, and in Coal \Vall
bursts of' short
duration
(! - 5 seconds)

1 and 2 1/30 • Ccal Wall 880' 7 days after f'iring.

Test .Area 6 15 n Coal Wall 980' Large pillar adjacent to a
No~ 2

Right Hand 3 ~oo or greater " Coal Face 980' Working f'ace during rJeal bra
Workings and after completion of' dail

work.

-
5 l5 n Coal Wall 980' Large pillar adjacent to a

100 f't_ !'rem coal f'aoe.

Maohine Road 4 50 " Coal Faoe 980' Working f'ace dl,ring meal bre
Workings and af'ter completion of: dai

work.

7 5 " Coal Wall 980' 100 f'eot f'rom working f'ace.
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X. CONCLUSIONS.

In rel~ting the work at Cornwall to the Great Lake Headrace tunnel
the following oonolusions are dra?lll:

1. Under conditions comparable with those prevailing in the Corn~all

Test Section, circular and horseshoe shaped openings should prove
satisfaotory and light support and roof bolting should be
sufficient to control strata movement,

2. The areas of considerable strata movement ~ppear to be under high
oover in the vioinity of tho small north trending fault-trough, but
evaluation of the situstion is oomplioated by the presence of old
workings above adjaoent seotions. This situation suggests that
combinations of oover and faulting may prescnt similar conditions
at Great Lake.

3. 'Heaving' is aggravated by the shape of the workings, the ~~ck of
invert struts and the oontinual 'brush:l.ng' of the floor.

4. Failure to control 'heaving' can result in enlargement of the
fracture zone and progressive deterioration. Thus supports should
be placed early to attempt to oontrol the oondition.

5. Supports should extend the complete width of the open;i.ngs to
prevent roof failure adjacent to the walls (See Plate III).

SJP/NW
29/4/1960



Figure 1. TestbArea No.1. FauJ.t in oarbonaoeous sandstone in the
faoe and baok at the location of the third 'horseshoe' set.

Firnre 2. Test Area No.1. FauJ.t in carbonaoeous sandstone in the
face at the location of the fourth 'horseshoe' set.
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Fimre 1. Test Area. No.1. Slickensiding on the fault-plane in
carbonaoeous sandstone in the back between the first and
third 'horseshoe' sets.

Figure 2. Test Area No.1. Jointing in oarbonaceous sandstone in the
south-west wall at the start of the test drive.
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Figure 1: Right Hand Workings showing floor heave in mudstone
and failure of supports.

Figure 2: Right Hand Workiioga showing roof collapse in carbonaceous
sandstone betvlee:l the walls and supports.
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Fip;ure 1: Machi.'le Road '!lorldngs showing heave (doming) in mudstone
at the oentre of the floor.

Figure 2: Maohine Road Workings shoning heave in mudstone
at the base of the wooden supports.

-- ~--- ----
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