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L.

ABSTRACT :

The similarity of conditions at Cornwall, where Triassic coal
is mined under cover ranging up to 1,000 feet, and at the Great Lake
Headrace Tunnel, which is expected to traverse some 7,600 feet of Triagsic
rocks under cover ranging from 300 feet to 1,300 feet, prompted the
investigation in the Cornwell Mine aimed at determining the stresses on
support systems and the effeotiveness of grouted rock bolts,

The present workings at Cornwall are carried out by the Bord
and Pillar method and the widths of bords range between two and four
times the height., The openings are in coal and generally laminated
sandstone, siltstone and mudatone 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 affecting roof, floor and walls frequently
ogcurs. Under low oover failure is confined to the roof and a break
occurs &t the Jjunction of the roof and one wall {or sometimes both walls)
allowing the flat-lying rooks to separate &long bedding planes thus
loading the supports, Where the cover exceeds about 800 feet floor
heave also occurs and if this is allowed to go unchecked it may result in
complete closure of the opening., The relative severity of the floor
movement may be attributed to the presence of weak, soft mudstones under-
lying the coal and the presence of stronger sandstones immediately
overlying 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 seta with invert atruts and two ciroular sets were installed
at 2'6" centres and one of each type was instrumented, In addition,
forty-one 8' x 1" roof bolts were grouted into the walls and roof of =
section 22 feet 10 inches in length and a torque of 250 ft. 1lbs, was
applied. .

A second test aren was chosen in more strongly squeezing ground
but this wos sbandoned when an attempt to control the approaches by the
inatallation of 8 £, roof bolts wos unsuccessful. A torque of 100 ft,
1bs, oould not be applied to the bolts, thus indicating that the fracture
zone arourd the opening extends beyond 8 feet.

In the test area an average of 30 deep 'clicks' per minute
were observed at the working froe with the sub-audible noise detector.
The level fell to 2 'cliocks' per hour after the face remained untouched
for one week. In the strongly squeezing Right Hand Yorkings an average
of 100 and more 'clicks' per minute were recorded at the working face,
but the level fell to 15 'eclicks' per minute 100 feet back from the face.
The obgerved 'clicks! were eassociaoted with the formation of the fracture
zone around the opening.

Under conditions comparacble with thosc preveiling in the
Cornwall Test Section, circuler and horseshoe shaped ovenings should
prove satisfactory and light support and roof bolting should be sufficient
to control stroto movement,

The areas of considereble strata movement appear to be under
high cover in the vicinity of the small north trending fault-trough, but
evaluation of the situation is complicated by the presence of old
workings above adjacent sections, This situction suggests that
combinations of cover and faulting may present similar conditions ot
Great Lake,

'Heaving' is aggravated by the shape of the workings, the
lock of invert struts and the continual 'brushing' of the floor,
Failure to control the movement results in enlorgement of the fracture
zone and progressive deterioration. Thus adequate supports should be
placed early, This support should extend the complete width of the
opening to prevent roof failure adjacent %o the walls,
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IT1. INTRODUCTION:

1.

2,

3.

b

GFeneral:
T ————

This report contains the geclogical data collested during the
tunnel support experiments whioh were carried out in the Cornwall
Colliery in the latter part of 1959,

These experiments were designed to provide informetion
appliocable to the headrace tunnel at Great Lake, for the Cornwall
mine is located in Trinassic sediments which are similar to those
that will be enoountered in the tunnel,

Location and Access:

The Cornwall Colliery is situacted two miles north-west of
St. Marys on the southern fall of the Mt. Nicholas Range (Refer
Geological Sketch No, 13). The workings are located at an
approximate altitude of 1400 ft, above sea level, which is some
600 feet above the general level of the 'Break 0'Day! Plain. The
range reaches an altitude of about 2800 feet above sen level.

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

Previous Work:

The published reports on the conlfields are contained in the
works of Gould (1883), Twelvetrees (1901) and the Department of
Mines (Bulletins No, 7, 1922, and No. L4k, 1938).

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

Production:

The mine produces about 500 tons of coal per day and employs
134 persons,

ITI. GSTRATIGRAPHY,

1.,

General:

The Mt., Nicholas Range is 2 narrow north-east trending ridge
of Triassic sediments capped by remnants of a dolerite sill,

Typical sections through the upper part of the sediments are
provided by the two Cornwall bores (refer Geological Sketch No. 13),
whioch are situated in a saddle on the crest of the renge (Bore No, 1
is located about 1/3 mile north of bore No, 2). The sections
consist of alternctions of light to medium-grey, fine to medium=-
grained 1lithio sandstones, medium to dark grey siltstones and
mudstones, black shale {olod) and coal, There are eight coal
phases and thirteen coal seams, The seams range in thickness from
3 inches to 11 feet (the thickest seam measured in the district is
17 feet 5 inches),

The two drilling records may be compared by positioning the

coal seam at LO4 feet in D,H, No, 1 against the coal seam at 462
feet in D,H, No. 2, This indicates that there is fair correspcndence
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between coal phases but 1little correspondence between the interveening
sediments, for facies ohanges are considerable; sandstones in one
hole are frequently represented by siltstones and mudstones in the
other. Similer facies changes ere reported (Mr, Geachie, former
Cornwall Mine Manager: personal communication to the Geologist-in=-
Charge) to ococur between the Cornwall and Mt, Nicholas mines in

the rook lying between the two main seams worked, The rock is
reported to change from 37 feet of mudstone and sandstone at Cornwall
to 70 feet of sandstone at Mt., Nicholas, However, as a major fault
gseparates the two workings some doubt exists about the coal
correlations,

4 seotion through the lower part of the Triassic sediments is
provided by the Jubilee bore, The rocks consist of interbedded
lithio sandstones, siltstaones, mudstones and shales, which are
similaxr to those encountered in the Qornwall bores, but only 1" of
coal is present,

Approximately 1000 feet of section is repregented by the cores
of the three bores,

Depositional Environment:

The lack of marine fosgils suggests that the sediments are
fresh-water lacystrine deposits, The sedimentation was sporadic,
altemating between periods of active deposition, reprepented by
the sandatones, siltstones apnd mudstones, and periods of quict,
when the coal forming carbonaceous materisl accumulated. Much of
the lithio (rook fragments) moterial in the sendstones is voleanic,
which suggests derivation from erosion of a volcanio terrain or
from direct volcanic aotivity,

Correlation:

In view of the rapid facies changes, and the possibility that
the Triasgsic sediments of the State were deposited in o series of
small lakes rather than one big lake, only local correlations are
poasible, Thus correlation between the beds at St, Marys and Great
Loke cannot be made, However, the beds at Cornwall are similar to
trhose of the Bradys Formation of the Great Lake area.

IV. STRUCTLRE.

1.

2.

Dip of Strata:

Ig genergl the sediments of the Mt, Nicholas range dip at
from 3~ to 10 towards the south, Slight rolls occur in the coal
seams but the area is comparatively free from these occurrences,

Faulting:

Considerable minor normal faulting has occurred on the Cornwall
Lease but this has not greatly affected mining., The maximum
displacement so far cncountered is cbout 4O feoet, and no difficulties
were met in tunnelling through this fault, Calecite deposition has
token place in this fault zone and there are now no openings and
the zone 1s completely dry, '

The main structure in the mine is a small north trending

asymmetric fault~trough, which incorporates the fault with 40!
displacement,



VI,

MINE WORKINGS :

Three coal seams have been worked at Cornwall (Refer Plan A7040).
In descending order, these are :

the 'Blue! Seam,of average thickness 9 feet;
the 'Hittit' Seam, of average thickness 8 feet 9 inches; and
the 'Mo, 4! Seam, of average thickness 2 feet 6 inches.

At present the Gompany mines only the lower part of the 'Hittit!'
seam, Some 5 feet 6 inches of coal lying below o persistent sandstone
band is extracted 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 'Bord 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 bords (drives)
and leaving pillars for later extraction., A double entry system is
used, with one heading aoting as an intake air-way and hauloge-way
and the cther as the return air-way and emergency exit. The main cross
drives are also driven in pairs.

In the vieinity of the test drive the main haulage-way has an 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 abangoned workings in the overlying 'Blue' Seam were carried out
by both the 'Bord and Pillar'! and 'Longwall' systems. The main feature
of the 'Longwoll' method 1s thot practically all of the coal is removed.
A continuous face is mointained oround the workings and as this face
advances the roof behind i8 allowed to break, The system is particularly
odaptable to thin seame where the roof settles and the floor tends to
heave, for the waste rock is used for pack-walls to support the roof and
maintain the road-ways,

STRATA MOVEMENT,

The width of the bords ranges between 2 and 4 times the height, so
that the shape is conducive to strata movement and this has frequently
accurred,

Along the main heading of Blairs Tunnel failure is confined %o the
roof and the normal occurrence is for a breask to occur at the Jjunchion
of the roof and one wall (or less frequently at the junction with Loth
walls) and for the flat-lying roof sediments to separate along bediing
planes thus loading the pit supports, Generally the posts have “een
placed one or two feet from the walls and, as the caps do not extend
to the walls, strips of roof adjacent to the walls have been left
unsupported, Thus along many of the drives cracks have alsc develcped
in the roof above the ends of the ceps 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 the
main faults occur and the oover exceeds about 800 feet, both .oof and
floor failure takes place, Frequently floor heave is more severe than
roof movement and this may be attributed to the presence of weak, sof't
mudstone underlying the coal and the presence of stronger sandstone
immediately overlying the seanm,
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The '"Machine Road' was originally mined early in 1958 and since
that time 12 to 18 inches of heave has ocecurred in the floor, buckling
the rails ond arching the centre of the floor, The road, however, is
only lightly timbered and little to no movement has taken place at the
bage of the wooden supports, The area now appears to have stabilised.
Movement along this road is shown on Plate IV,

Movement 1s more severe in the "Right Hand Workings'®, ond if
unchecked results in complete closure of the opening, for the strata
under the coal extrudes into the drive expanding until the floor meets
the roof, As much as 12 inches of movement hns occurred in 24 hours.
In this section of the mine the floor heave is sufficiently severe to
cause failure of the pit supports by rotation of their bases, The
gupports are installed with a slight inward slant at the top but as the
floor heaves the bases are brought inwards and continucd movement
results in failure, This failure is shown on Plate IIT 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 effect is enlargement of the fracture
zone around the opening and eventually the zone deteriorates so badly
and ropidly that meintenance of the roadway is uncconomie,

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

TEST DRIVE,
1. Location:

The test drive is an extension of the 'Hittit' seoam workings
and is located at the north-westcern end of Blairs Tunnel, The
location is shown on Plan A7040.

2. Description:

The test chamber, which is 50 feet long, was shaped to
accommodate horseshoe and circular sets of 13 foot internal diameter,
Eight sets, consisting of 6 horseshoe sets (with invert struts) and
two circular sets, were installed at 2'6" centres, In addition,

a further section (22'10") is supported by forty-onc, 8 foot by 1
inzh roof bolts, A plan and a profile of the drive are shown on
€2626,

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

During the early stages of the excavation excessive use of
explosives disturbed the alignment of the first 6 sets, and thece nuu
to be re-installed, The aceident indicated that at this stage
there was little or no load on the sets,

3. Geology:

The drive was exoavated in the 'Hittit! Seam and its roof and
floor rocks, The section exposed, in descending order, consists of:
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3. Geology (Contd,):

én Light to medium=-grey mudstone

2¢ Bituminous coal

18" Black siltstone

216" Laminated black carbonaceous shale (elod) and

medium grey lithic sandstone

2n Black shale (clod) with conl lenses
1 Bituminous coal
L Black carbonaceous lithiec sandstone
an Bituminous coal
i Grey fine-groined lithic sandstone

51100 Bituminous coanl
19" Mudstone with coal lenses. (To foot-plate of

horseshoe set).
These beds dip to the south-east at 3°.

A small fault, with a maximum displacement of 5", runs in a
longitudinal direotion diagonally aorossothe test chamber. In the
roof sediments it dips to the west at 55, bubt in the coal it is
vertical, Along its length the mudstones are slickensided and
thin (") caloite veins ococur in the conl, but the zone is now
tight and dry.

Vertiecal jointing is prominent in both longitudinal and
transverse directions,

4L, Cover:

As shown on Geological Sketoh No, 14 approximately 880 feet of
Triassic sediments overlie the drive,

Blairs Tunnel runs oblique to the trend of the HMt., Nicholas
Range,thus the cover inoreases northwards or over the right hand
section of the mine.

For comparison, the maximum cover over the Great Loke Headrace
Tunnel will be about 1300 feet of whioh some 900 feet will be
dolerite.

5e Qbseryationsa:

As the face advanced measurements were taken of the atresses and
the radial defleotions of the sets. These results will be anclysed
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 the adjacent main heading sparce
posts and caps, whioh were inserted meinly to control roof falls,
are also adequate.

VIII, SECOND TEST AREA,

It was planned to undertake o second test drive in the heavily
squeezing Right Hand Workings where the cover was approximately 980
feet, ©Parts of this area are still actively mined but other parts
have been abandoned and heaving has been allowed to proceed unchecked,
The access roadwny is tortuous, narrow and low and thus it is difficult
to tronsport heavy equipment sueh os sets, In order not to disrupt
normal working an area had to be chosen which had the shortest access
route and thus the area allocated was not removed from the influence of
the old workings.
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An attempt was made to improve and gontrol the approaches to this
area by the use of 8 foot by 1 inch roof bolts, but a torgue of 100
ft, 1bs. could not be applied to the bolts and the test was abandoned.
The previcus attempts to maintain the roadway by 'brushing' the floor
had allowed the fracture zone around the opening to extend beyond 8
feet,

SUB~-AUDIBLE ROCK NOISE OBSERVATIONS .

Rock noise observations were made in the Test Areas, the Right
Hand Workings and along the Machine Road using 2 'Seismiphone' and &
"Mikroseis! Nr, 15.

In each case the observations were carried out working faces and at
locations from 25 to 100 feet back from the faces, The listening poats
congsisted of 11" dicmeter holes drilled 4 feet into the rock and the
periods of observation ranged up to 2 hours, The mejority of
observations were made manually during normal mine operations, but
typical noises were algo recorded on magnetic tape during meal brecks
and after the completion of daily work, These recordings are available
at the Geologioal Sestion.

The results of the obaervationg are given in Table I,
The frequency of noise is greatest in the most actively squeezing

ground -~ the Right Hand Workings « and the noise is greatest during the
formation of the fraeture zone around the opening.



TABLE I,

e R

Relationship to Workings

~ ol -

Location Map Designation Frequency of 'Deep Clicks' Nature of Site Remarks Approx,
per Minute Noise Cover
Test Arce 1 and 2 30 Singly, in Coal Face 880" 1 - 10 hours after firing.
No. 1 Groups of 2 or and
3, and in Coal Wall
bursts of short
duration
(¥ - 5 seconds)
1 and 2 1/30 " Goal Wall 880! 7 days after firing.
Test Area 6 15 " Goal Wall 980 Large pillar zdjacent to airway
No, 2 '
Right Hand 3 100 or greater " { Goal Face 980" Working face during meal broaks
Workings and after completion of daily
Work‘
5 15 " Coal Wall 9801 Large pillar adjecent to airwey:
100 ft. fram coal face,
Machine Road L 50 " Coal Face 980! Working face during meal breaks
Workings and after completion of daily
work,
7 5 " Coal Wall 980! 100 fect from working faoce,

233¢1
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X. CONCLU3IONS.

In relating the work at Cornwall to the Great Lake Headrese tunnel

the following conclusions are drawm:

1.

2,

3.

b,

5.

SJTP /N
29/4/1960

Under conditions comparable with those prevailing in the Cornwall
Test Section, cirgular and horseshoe shaped openings should prove
satisfactory and light support and roof bolting should be
sufficient to control strata movement,

The areas of eonsiderable strata movement appenr to be under high
sover in the vicinity of the small north trending fault-trough, but
evaluation of the situation is compllcated by the presence of old
workings above adjacent seotions, This situation suggests that
sombinations of ocover and faulting may present similar conditions
at Great Lake,

'Heaving' is aggraveted by the shape of the workings, the lack of
invert struts and the oontinual 'brushing' of the floor.

Pailure to sontrol 'heaving' can result in enlargement of the
fraoture zone and progressive deterioration, Thus supports should
be plaeed garly to attempt to control the condition,

Supports should extend the eomplete width of the openings to
prevent roof failure adjeaeent to the walls (See Plate III).



Fizure 1.
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333043

TestbAreas No. 1o Fault in carbonaceous sandstone in the
face and back at the location of the third 'horseshoe! sei.

Test Area Noe. 1. Fault in carbonaceous sandstone in the
face at the location of the fourth 'horseshoe' set,.
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Test Area No. 1. Slickensiding on the fault-plane in
carbonaceous sandstone in the back between the first and
third 'horseshoe! sets,

est Area No. 1. Jointing in ecarbonaceous sandstone in the
south=west wall at the start of the test drive,



Right Hand Workings showing floor heave in mudstone
and failure of supports.

Right Hand Workings showing roof collapse in carbonaceous
saendstone between the walls and supports,
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