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SURVEY CONTROL

— SINGLE ENTRY DEVELOPMENT —

With the planned introduction of
longwall mining into Ellalong Colliery
investigations were made for an
efficient system of establishing the gate
roads required for the formation of
longwall blocks.

The machines in use at the time were
not achieving satisfactory advance
rates for longwall block development to
support the high production associated
with longwall extraction.

Multiple heading development of
Longwall 1 tailgate was considered an
unnecessary waste of drivage and
sterilised potentially mineable coal.

Single entry development, then
unique to the Australian mining
industry, was studied and tested at
Ellalong Colliery.

The survey control practised in single
entry drivages was extensively tested.

The initial method of controlling the
alignment of the machines used in
single entry was by way of sight pins in
the drivage roof. It was not until
approximately 1000 metres of roadway
had been driven that a laser instrument
was introduced to assist in machine
alignment.

The design of the machines used and
their working dimensions strongly
influenced the survey approach to the
drivages. To date six single entry
drivages have been completed with
varying degrees of success, accounting
for approximately 4 kilometres of
development roadway.
INTRODUCTION

Ellalong Colliery operates within the
Greta seam which varies in depth from
300 metres to 680 metres over the
existing lease. The seam dips to the
South East. As development headings
advanced in this direction the roof
conditions demanded an increased
support density.

Drivage widths were planned for
approximately 4.5 metres and where
the width of the working place became
greater the roof stability deteriorated. It
was also found where roof supports
were not erected within 1.2 metres of
the newly exposed working face, strata
separation occurred over the drivage
resultingin unstable roof. Development
advance rates were decreasing owing
to these worsening physical conditions.
With this in mind investigations were
made regarding a development
machine which allowed simultaneous

cutting, loading and roof bolting close
to the working face, providing stable
gate roads for longwall extraction.

Single entry development machines
were being successfully used in
Europe.

After extensive discussions, the
manufacturers of a machine and
colliery management agreed to trial the
In Seam Miner (ISM) 1730 at Ellalong
Colliery. Here longwall mining was
being planned, and for the initial
longwall block only, it was preferred
that the tailgate be formed using a
single roadway rather than multiple
heading development.

For several years prior, ACIRL had
been conducting underground
geomechanical investigations into
pillar and roadway stability in the Greta
seam at Ellalong Colliery. This provided
the necessary data to set up
mathematical models for the single
entry development which indicated that
the resuitant roadway should give
excellent stability.

As the machine being trialied for
single entry development was
designed to feed the cut coal directly
onto the conveyor system the use of

shuttle cars was eliminated thus
removing a cause of roadway floor
break-up.

Furthermore, when comparing single
entry development to the alternative of
two headings with associated
cutthroughs a substantial resource
saving is made by eliminating a chain
pillar.

By forming the tailgate of Longwall 1
using two headings and cutthroughs,
27.8% is consumed in first workings,
sterilising the remaining 72.2%. By
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employing single entry development
12.5% is consumed in firstworkings and
the coal which would have been
sterilised using the previously
mentioned alternative is accessible to
longwall extraction. This represents a
gain of 223,000 tonnes.

The method adopted for extending
sights to the working face was by
double plunging from a backsight
reference pin and wherever possible a
check was carried out on another
survey pin. When advancing traverses,
check was carried out on another
survey pin. When advancing traverses,
the last two legs of the previously run
traverse were read as bearing
references. These methods were
employed as checks for roof movement
which had been experienced at the
Colliery.

TRIAL DRIVAGE — BLUE PANEL

The in-seam-miner 1730 commenced
drivage of a single entry heading at
Ellaiong Colliery in 1981. This was a
trial to assess its suitability as a
machine for blocking out an area of coal
for longwall extraction. The results of
this initial drivage were encouraging.
Superior rates of advance were
achieved compared with the advance
rates of other machines in use at the
time.

However, some survey problems
arose during the single entry drivage.

The operating personnel found
difficulty in maintaining a consistent
vertical horizon within the seam and
sights were required often on a daily
basis. (REF FIGURE 1)
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Secretary’s
Report

Hugh Taylor Secretary.

The Mining Industry has always been,
by its Heritage, a turbulent and often
frustrating Industry and the current
time is just one of those times. The Gold
Industry is still booming, while the coal
is floundering and struggling for
survival. As the majority of ourmembers
are in the coal sectoritis concerning to
see the number of retrenchments and
early retirement packages being
handed down as companies try to cut
their workforce in an effort to survive
through the current crisis.

The Institute has already offered the
retrenched members an excellent
proposal to assist them retain their
membership while retrenched.

Now | would like to see a
classification included in our member-
ship status to include retired members.
Those members that retire and cancel
their membership may wish to keep in
touch with the Instituteand the Industry;
provided it doesn’t cost a good deal of
money. Therefore | propose for $20.00/
year we can include a retired member
status. Could | have your thoughts and
any suggestions please.

The retrenchments and early
retirements have meant that anumber of
members have changed locations
within their own company and in some
cases even changed company and
location completely. For any of these
members please don’t forget to send
me or Graham Cooper your new address.

One person making a change of
company and location, that comes to
mind, is the infamous Bill Storey. Bill is
making achange from the Hunter Valley
in N.SW. to the sunshine state. Bill is
to take up the position of Chief Mine
Surveyor for Allied Queensland Coal-
fields, in Ipswich, Queensland. Perhaps
his decision to make a break for the
sunshine state was made on the front
lawn of the Hungerford Hill Winery, in
the early hours of the morning, after
quaffing a good supply of Hungerford

_HillLiguorMuscat and beingaskedbya
'security guard if he and his friends
could find a warmer place to drink. Best
wishes anyway Bill.

President’s Report

| think | must commend the 1988
Mine Surveying Seminar Committee for
selecting Brisbane for the venueforour
next gathering. Brisbane will be the
centre of world attention as EXPO 88
gets underway and it will be a wonderful
opportunity for wives and children of
those fortunate enough to attend our
Seminar to take some time out to visit
Expo 88.

Although Brisbane itself has notbeen
acoal miningcentreit is only 30 kilometres
to that great coal centre Ipswich, and
some of the difficulties that are
experienced in developing, living and
working in the mining industry have
been reflected in the relationship be-
tween the two cities. There is a hardly

known silver, lead and zinc mine within
a few kilometres of the centre of
Brisbane and this will probably be one
of the optional visits listed on the
registration form.

We have been fortunate to obtain two
unusual papers that will contribute to
the success of the Seminar. William
Kitson is a well known Surveying
Historian and a very accomplished
public speaker and will tell us about our
surveying heritage. Another unusual
paper that | am looking forward to
reading and seeing presented is that by
Glen Edwards on the Moura Mine
Disaster.

* * * *

Institutes and Professional
Associations have been more or less
closely connected with politics. Quite a
few politically important people have
learnt their skills from professional
associations such as mining unions;
Roley James is an example in my own
state, and there are many more
examples. We in turn also respond to
government pressure with invitations to
sit on various committees and for
involvement in registration procedures.
| would draw your attention to the
material presented in this issue by the
Queenstand Division President, on
changes inthe concepts of registration.
His comments under “Suggested
Requirements for Mine Surveyors” are
clearly ourlined.

Best wishes for the coming Xmas
Season.

Peter Whalan

Some of the movements that | have
heard of are:

Arvo Varvari: From Westfalen Collieries,
Ipswich, Q., to Cook Colliery, Black-
water, Q.

Robert Waliter: From Rhondda Collieries,
Ipswich Q. to: Curragh Mine, Black-
water, Q.

Bill Storey: From Drayton Hunter Valley,
N.S.W. To: Allied Queensland Coai-
fields, Ipswich, Q.

Mark King: From Westfalen Collieries,
Ipswich, Q. To: Norich Park, Central
Queensland.

Gunner Rippon: From Qld Wolfram Pty
L.td To: Pine Creek, Northern

Territory.

On speaking with Jock Campbell of
Mount Isa Mines recently he tells me
that anyone wishing to go to the ISM
Congress in Lenningrad had better
hurry along with their nominations.
Nominations close soon but most
importantis the costs. Jocktells me that
the accomodation isin excess of $250.00
per night, Registration $340.00 and
airfares $2000.00. He also told me they
are expecting at least 1000 delegates
of which Jock only knows of 3 Australians
going.

Finally, | would like to wish all our
members a Very Merry Christmas and a
Prosperous New Year.

Hugh Taylor
Hon. Secretary

The Federal Executive of AIMS
Welcomes These New Members.

Rodney Bertram (corporate) of
Nth Broken Hill, N.S.W.
Stephen Rule, (corporate), of
Oakleigh Colliery, Qld.
lan McGregor (corporate), of
Warkworth Mine, N.S.W.
Paul Collins {(corporate), of
Narelian Central, N.SW.
Phillip Clarke (Associate), of
TAFE, Ipswich, Qld.
William Blackert (corporate), of
Cordeaux Colliery, N.S.W.
Keith Harris (corporate), of
Cooranbong Colliery, N.S.W.
Daniel Dent (Associate) of
Mount {sa Mines, Qld.
Student Members Updating to
Corporate Members.
Gordon Taylor of Zeehan, Tasmania.
Kelvin Jamieson, of Rhondda Collieries,
Qld.
John Hives, of Saraji Mine, Qld.
Andrew Thompson, of Blair Athol Coal,
Qid.
Mark Scholes, of Muswellbrook, N.S.W.
Retired Members:
David Page, of Roseberg, Tasmania.
S. M. Ennever, of Buderim, Qld.
R. Nicholson, of Moranbah, Qid.
PeakDowns Mine.
R.A. Norman, of Blackwater, Qld.
D. J. Patzel, of Dysart, Qld.
Norwich Park Mine.
M. Randall, of Mount Isa Qld. (M.1L.M.}
Dave Rose, of Moranbah, Qld.
Peak Downs Mine.



The undulations in the drivage on
occasions became so severe thatit was
not possible to eye-sight to the working
face after the heading had been
advanced 10 metres beyond the last set
of sights. This often resulted in two
instrument sets being necessary to
extend the sights to the face.

The less favourable alternative wasto
extend the sights forward while the
machine was in operation, and before it
had advanced beyond the line of sight.

The survey system employed at that
time for machine alignment was by sight
pins in the roof.

Often after sights had been
requested, a survey party would find
that the bridge conveyor (REF FIGURE
2) was positioned underneath the
survey pin that was to be occupied.

Initially when this situation occurred,
eye-sights would be projected through
to the working face. Then at the first
opportunity, usually a short time after
the commencement of the next
development shift, the sights would be
extended by instrument.

This method was demanding more
survey time than desirable because
little attention was being paid to ensure
that the sight closest to the face was
free of the bridge conveyor before
requesting sights to be extended.

Time taken to extend these sights
during the nextdevelopment shift could
also contribute to machine downtime,
and to lessen this unnecessary
downtime potential an alternative
method was tested.

The instrument was set up inbve the
last set of sights and reasonably online,
by eye-sighting outbye to the survey
pins. Then by trial and error the
theodolite was adjusted on the plate of
the legs and then levelled. This
procedure was repeated as many times
as necessary until the vertical hair of
the reticule intersected both strings
hanging from the survey pins. The line
of sight was then double piunged to the
working face.

FIGURE 2

The above method was adopted to
ensure an acceptable control was
maintained in the single entry drivage.
Alignment and distance control were
essential as thisdrivage was planned as
a future belt heading and was
approaching goaved workings
suspected of containing large volumes
of water.

It was during this initial drivage, that
the survey personnel were asked to
provide the machine operators with an
indicator which would display the
machine’s inclination relative to
horizontal.

It had been reasoned that if the
operator had some indication as to the
inclination of the machine parallei to the
direction of drivage then it would be
detected sooner when the machine
began to pitch up or down within the
seam. This indicator was used to assist
in eliminating the vertical undulations
occurring in the drivage. To satisfy this
request a clear plastic tube was
mounted to a timber board. The tube
was mounted in such awaysoastoform
an arc of a curve. A steel ball of smaller
diameter than the tube was placed
inside the tube. The tube was then filled

LS.M. 1730 FiGure 2
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with transformer oil and both ends were
sealed ensuring no air bubbles were
trapped inside.

TIMBER 30ARD

STEEL BALL
PLASTIC TU‘BE / \

LS.M. 1730 INCLINOMETER

FIGURE 3

Marks were placed on the board
adjacent to the tube to indicate the
inclination of the machine relative to
horizontal.

When the machine was not horizontal
the steel ball would roll to the lowest
point within the plastic tube. (REF
FIGURE 3)
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STAGE 1 — LONGWALL 1 TAILGATE

The second single entry drivage at
Ellalong Colliery had similar problems
to those experienced with the first
drivage in the Blue panel.

This second drivage was the first of
three stages to form the tailgate of
Longwalil 1. (REF FIGURE 4)

Vertical undulations in the drivage
occurred again but were more severe
than previously encountered. (REF
FIGURE 5)

The length of drivage was 590 metres
and after 200 metres of advance the
machine had maintained an acceptable
horizon within the seam.

At this point the machine pitched
upwards and climbed for the next 18
metres of advance until it met with the
seam roof and then the machine went
into a steep dive and control in
horizontal alignment became difficult.
Aftera further 12 metres of advance the
machine had dived 3.3 metrestobe 1.5
metres below the seam floor. (REF
FIGURE 6)

Surveyed sight lines as short as 6
metres were required to maintain
control.

The cutting direction was once again
corrected and the machine rose within
the seam for the next 60 metres until it
was cutting at the seam roof.

The machine had deviated from
horizontal alignment to the extent
where it was no longer possible to
produce the centre line of sight to the
working face. To assist in the advance
of this machine while maintaining
reasonable control of its alignment, an
offset line was established at this point.

This machine is of such design to
render it impracticable to move it back
from the working face and re-establish
the drivage on its correct alignment.
The coal rib which had impeded the
centre line of sightand a severe humpin
the floor of the drivage were trimmed
back by shotfiring. The centre line of
drivage was then plunged forward to
the face.

To maintain correct alignment of the
conveyor the structure was positioned
adjacent to the right-hand rib where
under normal operating conditions it
ran adjacent to the left-hand rib. (REF
FIGURE 2)

Access to the face was possible only
by climbing over the conveyor structure
atthis point and then once again further
inbye.

The condition of this area created a
“bottie-neck” effect for any future
surveys.

In the ensuing traverse ran to check
the single entry alignment, it was
necessary to include a 5.5 metre survey
leg. The survey was carried out using
EDM equipment but where legs of
similar length were necessary the
distance was established by chain.

STAGE 2 — LONGWALL 1 TAILGATE

The second stage of the tailgate
drivage for Longwall 1 was drivenwith a
dosco dintheader machine. [t was
trialled to assess its application to
single entry development and assist in
continuing formation of Longwall 1
block.



The dosco dintheader in conjunction
with shuttle cars had been used since
1975 as a main road development
machine but in the single entry drivage,
the dosco’'s boom was fixed to a mobile
boot end which in turn was fixed to the
conveyor.

Few problems were experienced with
the control of the dosco in both its
horizontal alignment and ability to
maintain a consistent horizon.

The working height was 2.4 metres
which offered some relief to the working
conditions of those experienced in the
ISM 1730 drivage.

The conveyor structure was
positioned so that its edge was 0.15
metres from the centre line of the
drivage.

This caused difficulty in setting up a
survey instrument under the centre line
while the conveyor was mobile. To
allow sights to be extended to the face
during production a control line was
established 0.2 metres from the drivage
centre line and on the opposite side to
the conveyor.

During the drivage of this single entry
a “LODESTAR" laser instrument was
introduced to assist in machine
alignment. It was positioned on the
centre line of the drivage. The
alignment for the laser was established
by measuring 0.2 metres at right angles
from the control line and placing pinsin
the roof.

The laser was positioned underneath
these pins to ensure its positioning on
the centre line and its beam was aligned
through 3 sight strings inbye.

All survey pins were placed in the
drivage roof because the support
system was “W” straps with associated
roof bolts.

STAGE 3 — LONGWALL 1 TAILGATE
The final stage of establishing the
tailgate of Longwall 1 was completed by
the ISM 1730 and involved the drivage
of 460 metres.

Experience gained by the operating
personnel contributed to superior
control of horizontal and vertical
alignment in comparison with previous
drivages.

Because of the modification
eliminating the gooseneck section of
the chain conveyor of the ISM it was
now possible to use a laser in the
roadway and the introduction of this
laser ensued a constant visual check of
the machines directional alignment,
resulting in longer distances between
sight pin extensions.

The laser was positioned on the
centre line of the drivage which was
used as the survey control line.

Longwall extraction commenced in
1983. As the face advanced tests were
being carried out to monitor the
reaction of the single entry profile to the
surrounding stresses.

The curved ribs of the profile were
standing well while the floor was
subject to considerable heave and up to
0.3 metres was experienced.

As the cutting height of the ISM was
1.730 metres it was an unsatisfactory
height for establishing the maingate or
trackgate of future longwall blocks.

The seam varied in thickness from 3.2
metres to 3.5 metres over the length of
the longwall block. When nearing the

completion of Longwall 1 the floorin the
surrounding gateroads heaved up to
1.6 metres. To allow the longwall
supports to advance in the maingate a
minimum height of 1.7 metres was
required.

From this point it was decided that
any future maingate drivage was to be
at a minimum height of 3 metres to
accommodate maingate equipment
and up to 1.3 metres of floor heave.
LONGWALL 3 MAINGATE

The ISM 3000 was introduced for trial
in the maingate of Longwall 3 in 1985
(REF FIGURE 7) and is stillin use at this
time. It has a cutting height of 3 metres
and a cutting width of 5.2 metres.

A laser instrument was used to assist
in its alignment. It was positioned on
the drivage centre line.

The overall length of the maingate
was 1950 metres. The machine
developed 812 metres of maingate at
the bottom of Longwall 3 block and the
remaining drivage was completed using
a continuous miner. This drivage was

established from the top of Longwall 3
block and joined up with that
established by the ISM 3000 in the
opposite direction. The support system
used was “W” straps and roof bolts.

The conveyor system in both drivages
was positioned so that the centre lines
coincided, thus avoiding the
dismantling and re-establishing of
conveyor structure.

The ISM 3000 was designed with its
conveyor to the left of the centre of the
machine to feed directly onto the
development heading conveyor also
situated to the left of the drivage centre
line. The edge of the conveyor was
planned to be 0.175 metres away from
the centre line and when this was the
case a survey instrument could be set
up on the centre line.

The heading conveyor was advanced
with the machine, making it
impracticable to provide conveyor line
reference pins to the working face at all
times. Therefore, the conveyor
structure often had to be installed
without references to line pins.

DOSCO IN SEAM MINER 3000

FIGURE 7
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The survey staff adopted a control
line 1.5 metresto the right of the drivage
centre line because on occasions the
installed belt structure wandered
across the centre line. This required
measuring at right angles to the control
fine to establish the centre line of
drivage. The laser beam was directed
through these centre line pins and
Conveyor line pins were placed a
further0.175 metres away from the
centre line.

In setting up the instrument clear of
the conveyor structure it was possible
to extend the sights to the working face
whilst the machine and conveyor were
operating. When extending sights, the
laser was positioned 50 metres back
from the machine. Survey pins were
positioned in two groups of three and
the laser beam was aligned through
these. Three pins were placed directly
in front of the laser and 3 pins
immediately behind the machine. The
machine then advanced about 100
metres and the laser and sights were
moved forward.

LONGWALL 4 MAINGATE

Drivage of the maingate for Longwall
4 was undertaken in 1986. A survey
control line was established 0.5 metres
to the right of the drivage centre line
and 0.675 metres to the right of the
edge of the conveyor structure.

Water and airwere supplied tothe ISM
3000 through two pipe lines. These
were laid on the drivage floor adjacent
tothe conveyor structure. (REF FIGURE
8) The structure legs were set on
concrete blocks which protruded
outside the line of the edge of structure.

Centre legs were used and roof
support was “W” straps with roof bolts.

The legs were erected to the right of
the pipe lines placing them close to the
control line. Often these legs
obstructed the line of sight causing
delays in establishing sights at the
working face and while running control
traverses.

CONCLUSIONS

The results achieved from the
machines employed in single entry
development at Ellalong Colliery were
generally encouraging. However, the
initial trial and eventual use of the ISM
1730 in longwall gate road
development displayed some short
falls. The introduction of the ISM 3000
provided for more acceptable roadway
specifications.

Without doubt the key problem with
the ISM 1730 was the inability to steer
and control the machine. Evidence of
the lack of control was shown in the
frequent vertical undulations produced
in the roadway.

FIGURE 8

Teg

The frequency of these undulations
determined the amount of attention
required from the survey staff. The
allocation of space in single entry
development directly affected the
survey approach as equipment usually
placed in multiple headings must be
installed in one roadway.

The machine alignment was critical at
all times as the design of the machine
did not provide for it to be moved back
from the working face to correct any
mis-alignment in drivage. The
gateroads subject to single entry
development were part of longwall
blocks and pre-determined centre lines
had to be strictly followed to
accommodate longwall equipment.

The application of an offset control
line became essential to assist in the
extension of sights during the
machine’'s operation and improve the
time taken to perform this task.

The introduction of a laser instrument
lessened the frequency for sight
extensions and provided a constant
reference for the machine’s direction.
However, the problems which arose
from both physical conditions and
surveying methods employed were not
unlike those experienced in the
conventional practice of multiple
heading development.

Witk careful planning and further
experierce, single entry development
should now become an efficient, widely
practiced method of roadway
development in the Australian
coalfieids.
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The Simple Solution

SIMPLE TO INSTALL
No digging, no mixing concrete.
LIGHTWEIGHT

Easily carried no more trans-

rock head has the
Jj same wearing qualities as

Drive spike into ground with
driving tool at desired position.

Expand prongs with sleeve
locking mark in position

Fit head cap either plastic
or aluminium

SURVEY MARKS

LOW COST
Establish a permanent mark at a fraction of
the cost of conventional marks.
STABILITY

Mark is ready for immediate use. No waiting
for concrete to set. The mark is driven into
undisturbed ground.

WIDE RANGE OF OPTIONS
Different head colours,
shapes and sizes.
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MAPPING AND SURVEYING THROUGH THE

PROCESSING AND ANALYSIS OF REMOTELY

Russell Priebbenow and Tim Danaher V

ABSTRACT
The Department of Mapping is the

Main Surveying and Mapping arm of the

Queensland State Government. As
such, the Department maintains a
strong interest in new technologies that
assist in providing up to data
geographical information about the
state: Remote sensing is one such
technology that can provide spatial
information about the surface of the
earth at a relatively low cost in
comparison to some traditional
methods of Surveying and Mapping.

The new structure of the Department
consolidates current remote sensing
activities into a subprogam. The main
two objectives of the Sunmap Remote
Sensing Centre are to monitor the
state’s needs for remotely sensed data
and to bring the technology of remote
sensing into routine production in
Queensland.

By focussing on project-related work,
this paper describes how the Centre is
achieving these two objectives. Three
projects will be discussed,
“Environmental Monitoring through the
Analysis of Airborne Scanner Data”,
“Production of SPOT-derived Digital
Terrain Models for Mapping
Applications”, and “Drought Monitoring
Assessment from Satellite”.

1 INTRODUCTION

The Department of Mapping and
Surveying is the main Surveying and
Mapping arm of the Queensland State
Government. As such, the Department
maintains a strong interest in new
technologies that assist in providing up
to date geographical information about
the state. Remote sensing is one such
technology that can provide spatial
information about the state. Remote
sensing is one such technology that
can provide spatial information about
the surface of the earth at a relatively
low cost in comparison to some
traditional methods of Surveying and
Mapping.

The new structure of the Department
consolidates current remote sensing
activities into a subprogram. The main
two objectives of the Sunmap Remote
Sensing Centre are to monitor the
state’s needs for remotely sensed data
and to bring the technology of remote
sensing into routine production in
Queensland.

Three projects currently being
carried out by the Centre demonstrate
the variety of practical applications for
which remotely sensed data is being
used in Queensland. These projects
are “Environmental Monitoring through
the Analysis of Airborne Scanner Data”,
“Production of SPOT-derived Digital
Terrain Modeils for Mapping
Annlications”, and “Drought Monitoring
Assessment from Satellite”. Each of
these projects uses data from a
different sensor, also showing the
range of data types which is used.

SENSED DATA

2 ENVIRONMENTAL MONITORING
USING AIRBORNE SCANNER DATA

2.1 Introduction

Remotely sensed data has been used
for many years, but until recently its
application has been limited by the
resolution of the data available. High
resolution airborne multi-spectral
scanner data (MSS) has proven suitable
for a number of applications including
environmental management and
monitoring.

A shallow water mapping research
project completed on the Gold Coast
has shown that remote sensing can be
.used as a cost effective tool for
environmental management and
monitoring.

2.2 Background

Gold Coast beaches are an important
asset for tourism, hence management
of beaches is a high priority. Beaches
are subject to the natural erosion and
build up processes resulting from sand
movement from south to north.
Mapping is required to monitor
changes in beach and sea bottom
profile, for location of problem areas
and to further the understanding of the
natural process.

The Nerang River entrance or
Southport Bar in its natural state was
unstable and subject to constant
change. To stabilise the position of the
entrance and make it safer for
navigation training walils were
constructed in 1985. Mapping is
required atregularintervals to study the
movement of sand in the vicinity of the
training walls and provide up to date
water depths in the entrance area.

Existing techniques being used to
monitor sand movement consist of field
and hydrographic surveys and
interpretation of aerial photography
flown at regular intervals. Although
these techniques produce very
accurate individual cross-sections,
there are some disadvantages, namely:

This method is time consuming and
changes can occur during the time of

commencement and completion of

the survey.

The surveyed area is not completely

sampled, hence large changes can

occur between profiles and go
unnoticed.

This method of survey is costly.
2.3 Pilot Project

Water depth measurement from
remotely sensed data relies on
variations in the intensity of reflected
light to determine depth variations. The
Department of Mapping and Surveying
has successfully used remote sensing
techniques for mapping projects in the
Trobriand Islands PNG, Great Barrier
Reef Cairns, and Torres Strait.

Based on the experience gained
using Landsat data for shallow water
mapping projects and with
improvements expected as a result of
using airborne scanner data, it seemed
possible that mapping at a scale 1:
5000 with 1 metre contour interval
would be possible for Gold Coast

waters. To examine the capabilities and
limitations of the technology a pilot
project was initiated.

The pilot project sought to determine
if airborne MSS data could be used for
measurement of water depth over
offshore sand bars and whether the
resultant accuracy would enable the
production of a digital elevation model
of better overall accuracy than one
derived from cross-sections measured
by precise surveying methods over a
long period of time.

The proposal included:

1 Acquisition of Airborne MSS data
and concurrent field data.

2 Analysis of data.
3 Evaluation of products.
4 Preparation of a report.

The site chosen for the pilot project
was an area 6km long commencing at
Main Beach and extending
approximately 2km north of the Nerang
River entrance.

Data was captured in September
1986 using a Daedalus 1260 MSS. The
aircraft was flown at a height of 1000m
giving a swath of approximately 1700m
with a pixel size of 2.5m at nadir.

To enable the imagery to be rectified
to the local map grid and to aliow the
signal to be related to water depth,
some concurrent field work was
necessary. This included placement of
control targets offshore and along the
beach. The position of these targets
was measured at the time of data
capture by intersection methods. Six
cross-sections were measured from the
beach to approximately 1600m
offshore. This information was used to
calibrate the recorded MSS data for -
water depth determination and for
verification of results produced.

In order to check the homogenity of
the water mass within the survey zone,
water quality measurements were
taken. This included secci disc depths,
water temperature, turbidity, colour,
conductivity and suspended solids
measurements.

The MSS data acquired during the
pilot project was received in Computer
Compatible Tape Format. The
Department of Mapping and Surveying
image processing facility was used to
process the digital data and provide
hard copy output.

Processing of the data initiaily
involved testing of various procedures
used in previous research (Hickman et
al; Lyzenga, 1985), then development
of new techniques. Since the data isin
digital format a large range of products
can be produced easily.

Products produced in this pilot study
inciude:

1. False colourinkjet prints at scales
1:5000 and 1 : 2500.

2. Colour coded depth images
showing 1 metre depth zones as
different colours at scales 1 : 5000
and 1 : 2500.

3. Acontourmap at scale 1:2500 with
1m contours.



4. Cross-sections derived from the
processed depth image.

5. A digital elevation model.
6. Slides and a video of all imagery.
2.4 Project Evaluation

Products from the pilot project were
initialily evaluated in terms of mean
square errorf(MSE) for position (x,y) and
depth (2).

Usingavailablecontrol, (x,y) precision
was calculated to be MSE+10m in
absolute terms but less in relative
position. Water depths can be
determined toanaccuracyof+0.45m
in unbroken water to a maximum depth
of approximately 15m. This level of
accuracy makes this type of survey
suitable for production of 1 metre
contours.

The method used in this project for
shallow water mapping, either for
determination of what is there, or for
monitoring purposes, has many
advantages over conventional
methods, these being:

A Economic

Economic data capture can be
achieved using a scanner rate of 1
square kilometre every 6 seconds
(1000m elevation} compared with
conventional field methods (reduced
sampling only) every 5 hours in good
conditions.

Aircraft and scanning costs are
$2000 per hour flying time, whereas
conventional survey methods are
$2000 per day. Data capture is only
part of the cost. Reduction, analysis,
and presentation of data also have
costs associated with them.

These costs are similar for both
methods, even though the scanning
method requires more data handling
than conventional methods, due mainly
to today’s high speed, high capacity
computers.

B Total ¢overage

Scanners capture data over the
project site at a user selected
resolution, compared with sampling
only along widely spaced section lines.
Each pixel site gives position asan (x,y)
coordinate as well as other information
(eg water depth, bottom type, soil type).
C Pictorial view

Scanner data can be printed as a
scaled false colour image, similar to a
photograph. This allows for a visual
recording of the project site, idea! for
use by laymen. The conventional
method does not allow for any visual
recording.

D Userdefined products

Both scanned and conventional data
can be presented in digital format,
either by way of cross-sections, spot
heights, contours or digital terrain
models from which volumes can be
computed.

The prime advantage of scanneddata
is that it allows for a range of different
user defined products or thematic
maps. Conventional methods cannot
produce the same products unless
more dataiscapturedand manipulated,
which results in higher costs.

The Gold Coast pilot project has
shown that remote sensing using
airborne scanner can provide low cost
bathymetric mapping suitable for
providing water depth measurements
and monitoring sand movement.

3 TOPOGRAPHIC MAPPING USING
SPOT DATA

3.1 Introduction

The Remote Sensing Centre is also
involved in research into the use of data
from the french satellite SPOT for
topographic mapping. The project is a
joint project between the Department
of Mapping and Surveying and the
Queensiand Centre for Surveying and
Mapping Studies, and is an approved
project under the Preliminary
Evaluation Programme for SPOT
(PEPS) scheme, sponsored by SPOT
Image.
3.2 Background

SPOT was launched by the French
Space Agency (CNES) on 22 February
1986 from French Guiana. Together
with the Landsat Thematic Mapper,

-SPOT can be considered to be one of

the ‘'second generation’ remote sensing
satellites. Four specific features of
SPOT place itin this categoryand make
it potentially suitable for topographic
mapping. These features are its
platform stability, small sampling
interval, off nadir viewing capability and
the use of CCD technology.

Platform stability is a criterion for any
mapping satellite, but becomes
particularly important with high
resolution satellites sichas SPOT. The
attitude of the satellite isconstrained to
be within 0.1 degrees of a nominal
attitude, using measurements from an
on-board horizon sensor. More
importantly, the rate of change of
attitude is limited to 0.0006
degrees/second (Chevrel et al, 1981).
Therefore the effect of any attitude
change can be considered to be
smooth and can be modelled
mathematically using simple formulae.

SPQOT has the smallest ground
sampling interval (commonly referred
to as pixel size) of any commercial
remote sensing satellite to date. Itstwo
sensors each operate in two modes,
Panchromatic with 10m¥ 10m pixels,
and Multispectral with 3 bands each
with 20m X20m pixels. This compares
with Thematic Mapper which has 7
bands with 30mX30m pixels. The
panchromatic imagery shows much of
the detail represented on standard
topographic maps at scales as large as
1:25 000.

The use of CCD (Charge Couple
Device) sensors gives images with
improved geometric quality when
compared with those acquired using a
scanning mirror. The CCD array
consists of a line of 6000 detectors
which receive light through the optics
simultaneously. Successive image
lines are acquired as the satellite
moves forward. The geometry of such a
sensing system is known and is
constant for every line of the image.
Another advantage of the use of CCD
arrays is that there is no mechanical
movement of the sensor while the
image is being acquired, reducing the
vibration and instability of the sensor.

The SPOT senors have the capability
to view at up to 27 degrees off nadir. A
steerable entrance mirror can be
pointed from 4+ 27 to — 27.
across track in steps of 0.6 degrees,
giving access to a 60 km wide strip
anywhere within a 900 km wide corridor
centred on the satellite nadir. It is this
capability which allows stereo images

to be acquired, since the same area can
be imaged from different orbits.
Measurements of terrain co-ordinates
can be made using the same principles
used in photogrammetry.

3.3 PEPS Project

Prior to the launch of SPOT, research
proposals to investigate SPOT data
were invited by SPOT Image. The
Queensland project was one of seven
projects approved in Australia. The
project is entitled “An Investigation of
SPOT Stereographic Imagery for
Application to Digital Terrain Models
and the Production of Orthophoto and
conventional line maps as medium to
large scales in Australia”.

As the name implies, the project is
primarily intended to investigate the
suitability of SPOT for topographic
mapping. It involves the development of
mathematical formulae which model
the geometry of SPOT imagery, and
the implementation of this algorithm
onto an analytical plotter so that stereo
images can be measured. Tests on the
accuracy of the imagery and its
suitability for mapping will then be
carried out.

SPOT images are formed by the
sequential acquisition of image lines as
the satellite orbits the earth. Each of the
image lines is acquired virtually
instantaneously, and can therefore be
considered to be similar to an aerial
photograph covering1 OmX60km. The
model of central perspective geometry
which is used in photogrammetry can
be applied to each image line.

As the satellite acquires successive
image lines, its position and attitude
changes. A model which describes
these variations has been developed.
Using a number of ground control
points together with auxiliary
information provided and attitude of the
satellite to be derived foranyimage line.

This position and attitude model|,
used with a modified form of the
photogrammetric collinearity
equations, describes the relationship
between image co-ordinates. This
allows ground co-ordinates to be
calculated from image measurement.
These formulae have been
implemented onto an analytical plotter
allowing mapping to be carried out from
the imagery.

Using a stereo pair of SPOT images
covering the area from Brisbane to
Gatton, a series of tests will be carried
out to determine the image accuracy
and content.

Image accuracy will be assessed by
using a number of check points
distributed over the image. Different
numbers and configurations of control
points will be used to calculate the co-
ordinates of these check points from
the SPOT images. These co-ordinates
will be compared with those derived
from the measurement of aerial
photograhs.

A number of 1:25000 topographic
maps in the area covered by the SPOT
images have recently been digitised.
The possibility therefore exists to
compare a DTM measured from the
SPOT images with that gathered from
these maps. Assessments of the
accuracy of this DTM will then be made.
Its suitability for the derivation of height



information for topographic mapping
and for the rectification of aerial
photographs to produce orthophotos
will be investigated.

The interpretability and content of
imagery must be considered when
assessing its suitability for mapping.
Comparisons of maps drawn from SPOT
imagery and from recent aerial
photography will be made to determine
what features can be located and
identified in SPOT imagery.

3.4 Progress To Date

The mathematical model describing
the orbit and attitude of the satellite has
been developed. This model is based
on the perturbed equations of motion
used in satellite geodesy. Auxiliary
data provided with the imageryincludes
approximate information about the
orbit which can be included in the
model. This mathematical model has
been implemented on the Zeiss
Analytical Plotter at Queensland
Institute of Technology.

Some delays are being experienced
in obtaining the necessary imagery
from SPOT Image. Consequently, no
tests using the actual imagery have yet
been carried out. Results presented by
other researchers indicate that image
accuracy is adequate for map revision
in plan at scales as large as 1 : 25 000,
with the possibility of drawing 20m
contours. However, image
interpretability appears to be a problem
when mapping at such large scales.

4. DROUGHT MONITORING USING
AVHRR DATA
4.1 Introduction

Significant areas of Queensland, and
indeed the whole of Australia, are
regularly affected by drought.
Government assistance to primary
producers in drought affected areas is
given only when an area is officially
declared as ‘drought-stricken’. Such a
designation is currently made on the
basis of rainfall measurements and
observations by field staff.

A project currently being carried out
jointly by the Department of Mapping
and Surveying and the Queensiand
Drought Secretariat, Department of
Primary Industries, involves the
monitoring of drought conditions using
data from the Advanced Very High
Resolution Radiometer (AVVHRR)
sensor on board the National Oceanic
and Atmospheric Administration’s
satellite NOAA-9. This project, which is
described in detail in Jones and
Dudgeon (19886) is summarised beiow.

The projectinvolves the production of
maps showing vegetation cover and
vegetation greenness using
information derived from AVHRR
imagery. These maps will be field
checked by DPI officers, both for their
accuracy and for their stability for
assisting in assessing drought
conditions.

The project objectives are:

* to determine the usefulness of
AVHRR data for monitoring and
assessing cover and greenness, and
changes in these parameters for the
regional drought conditions.

to assist Queensland Government
officers in determining the need for
drought mitigation practices by
monitoring and assessing drought
conditions

*

* to select and evaluate an appropriate
methodology for drought declaration
of large areas

* to determine the spatial extent and
severity of drought, as well as the
effect of other environmental events
on biomass conditions.

4.2 Current Drought Declaration
Methods

During the last 30 years, up to 75% of
Queensiand has been drought
declared at any one time, with droughts
lasting up to four years. Since much of
Queensiand’s pastoral area lies in
drought prone areas, droughts have a
major influence on the management
and viability of the livestock industry.

Government assistance is provided
to drought affected primary producers
in the form of land management advice
and financially through freight
subsidies and low interest loans.

Land use management advice is
provided to assist landholders to
minimise the effect of droughts on their
operation, and to ensure that no
pasture degradation results from
excessive grazing pressure. The advice
provided by DPI officers depends on
their knowledge of drought conditions,
currently based on the observations of
local field staff. At times, such
observations do not give an accurate
indication of the drought conditions.

Monetary asistance is only made
available to primary producers whose
property has been declared drought
stricken orisin adroughtdeclared area.
Therefore, the expenditure of large
amounts of public revenue depends on
the accurate assessment of drought
conditions. Loans and subsidies in the
1983/84 financial year exceed $60
million.

The drought declaration of particular
areas is initiated by local Drought
Committees, which assess the drought
condition on the basis of:

* pasture and water availability
* stock condition

* drought mortalities

* destocking

* drought feeding

* rainfall

* other phenomena affecting the
situation (eg high temperature, winds,
frosts, etc.)

The recommendation of the Drought
Committee is reviewed by senior
government officers and the final
decision to drought declare an area is
based on rainfall recordings at the
Bureau of Meteorology’s recording
stations. The criterion used here is that
the rainfall during the growing season is
considerably below average for each
recording station in the area.

Obviously, drought assessment on
the basis of rainfall measurementcan at
times be highly inaccurate. The effect
of rainfall on vegetation growth
depends on its intensity and the
climatic conditions following the rain. In
some areas, recording stations are
sparsely located and will not always
give an accurate indication of rainfall in
adjacent areas.

4.3 Project Methodology

The techniques used in this project
are based on studies by Graetz et al
(1983), who determined that biomass
can be accurately estimated from
remotely sensed data using spectral
reflectances in the red and near infra-
red portion of the spectrum. The
AVHRR sensor records reflectances in
these bandsat0.58 —0.68and 0.725 —
1.1 microns respectively. In a
rangeland environment, there is a low
level of correlation between these two
bands.

The basic features of the rangeland
environment which can be
distinguished using these two bands
are bare soil, vegetation greenness and
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vegetationcover. On abispectral plot of
the two bands, the distribution of the
reflectance combinations can be
approximated by a triangle with the
above features represented by the
vertices of the triangle (see Fig 1).
Variation in ground cover ranges from
100% at C to 0% at B (bare soil), while
variation in greenness ranges from 0%
at C to 100% at G.

It is thus possible to determine the
greenness and cover for any particular
pixel. The spectral reflectance of this
pixel in the two bands determines its
position P within the reflectance
triangle.

FIGURE 1

The intersection point D of a line

through P paralle! to CG, and the cover
" line CB defines the vegetation cover at
P by :

Cover = 100 DB/CB.

The greenness of the vegetation is
then estimated by the ratio

Greenness = 100PD/ED.
since the line GB represents 100%
greenness forvarying degrees of cover.
As greenness isa relative indicator with
its significance dependent on cover, a
useful indicator for drought condition
may be one suchasgreenness cover.
Using this technique, maps showing
greenness, cover and greenness
cover are being produced. A fourh
product, showing NDVI (Normalised
Difference Vegetation Index), which
has been used by a number of
researchers to estimate biomass from
AVHRR data,will also be produced. The
suitability of each of these maps for
drought assessment will be
investigated, and the results verified
through field checks.

It is meaningless to apply this
technique globally over a range of
vegetation types, since each type will
have a different spectral response for
100% greenness. For example,
Mitchell grass at its greenest does not
give a strong ‘green’ response when
compared with other vegetation.

Consequently, a preliminary
vegetation classification has been
carried out, dividing Queensland into
areas of dominant vegetation type,
using the DPI Native Pastures Map. A
reflectance triangle is then produced
for each type, and the four products
described above are derived to produce
maps covering the whole state.

.4.4 Project Operation

The project involves three major
phases. The first, which is the
development, implementation and
testing of the above methodology, has
been completed.

The second phase, commenced in
November 1986, involves the
processing of 12 scenes (monthly) to
derive the products described above. A
field assessment of the results will be
carried out.

The third phase consists of the
presentation of the results, which will
outline such features of the method as

* the suitability of the method

* the accuracy of the method

* cost/benefit when compared with
existing methods

On the basis of these results, a decision
can be made as th whether the method
should be implemented on a routine
basis.

RHONDDA COLLIERY — IPSWICH.

5. CONCLUSION

The three project outlines above
demonstrate the versatility of remotely
sensed data as a problem solving tool.
The Sunmap Remote Sensing Centre is
taking advantage of this potential in a
variety of projects, to assist State and
Local Government Departments in
solving particular needs, and thereby to
benefit the whole state. All three are
ongoing projects, and further benefits
than those already achieved are
anticipated.
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The discipline of Mine Surveying
emerged from primitive man’s attempts
to do subsurface work. There are
historical records of underground
surveys well before the first centuryand
some of these ancient openings are still
in existence. The robbers of some of the
ancient pyramids were aware of
surveying techniques when they
tunnelled past obstacles in the soft
stonework and were able to correct
their directions to attain the desired
target. James a Michener writes of
advanced mine surveying techniques
that were adopted by the Jewish
occupants of a city besieged by
Romans, in their attempts to protect
their city by supplying an adequate
water supply and secret escape routes.
There is evidence of long underground
water supply tunnels (over 5km} being
driven by Roman Military Engineers.
EUROPE

On the continent mine surveying
developed alongside cadastral
surveying at a much earlier stage than
in Australia. As the importance of
cadastral surveying diminished, other
forms of engineering surveying
developed Mine surveying on the
continent moved into the geometry of
mineral resources, physical geology
and the neoscience “rock mechanics”.
As mines became deeper and covered
greater areas the assessment of the
accuracies that were being attained
became more necessaryand aspects of
safety and efficiency fell into the
domain of the main surveyingexponent.

The term “mineral surveyor” was
often applied to the discipline and the
mine surveyor became a blend of
mining engineer/geologist/surveyor
and the curriculum of a mine surveyor
trained on the continent could include
areas such as Mining Geometry, Rock
Disturbance, the Protection of Surface
Structures, Stability of Open Cuts and
Waste Dumps, Structural Geology, etc.

The continent witnessed the
introduction of new high precision
equipment and technology specifically
designed for mine surveying, such as
the gyrotheodolite and borehole
surveying devices. New materials for
presenting the necessary graphics
were introduced to the mine survey
drafting room as well as sophisticated
computer programmes in cartography.

Terrestrial photogrammetry was
applied to mining problems such as
surface stockpiles and attempts were
made to apply all these new
developments to the “standard
problems” of mine surveying : (i)
measuring to inaccessible points in
huge underground openings where the
ore is being extracted (ie stoping); (ii)

“shaft plumbing; (iii) connections in 3
dimensions; (iv) borehole surveys; (v)
graphic communication strategies to
represent stopes on plans and
sections; (vi) ore reserves.
AUSTRALIA

On the Australian scene mine
.surveying became prominent in the
middle of the last century, when the
State economy was dependent on gold
mining and the Mining Surveyor was a

very important person indeed. His
general work was quite different to that
of today, and included much of what
might be called "inspectorial duties”.
The Mining Surveyor of the 1850’s had
a set of duties far removed from present
concepts. It must be remembered that
circumstances developed in response
to the rapid development of shallow
surface gold mining activities and later
when the Ballarat fields were deserted
and the miners moved to the deep
mining of the Kalgoorlie Goldfield
another set of guidelines for mine
surveyors developed. It shouid be
noted that the“Surficial Mine Surveyor”
of the 1850’s did not require a great
accuracy in his determinations and it
was not until subsurface work became
common that the accent on analysis
and relative accuracy became
necessary.

In the late 1880's in West Australia it
became evident that a new breed of
Mine Surveyor was needed for the
deeper mines, working off a single
vertical shaft, and by 1902 the West
Australian School of Mines was starting
courses in Metalliferous Mine
Surveying. These courses contained
the essential elements of geology and
mining technology that were to
separate the Mine Surveyor from the
Engineering Surveyor. It is interesting
to note that these courses were under
the control of the Mines Department, a
departure from the association of
Surveying with the Lands Department.

The input of vast sums of money into
exploration in Australia led to Mine
Surveying becoming a significant area
of interest.

Starting from the search for oil in the
1950’s and then the iron ore boom in
the 1960's, exploration brought about
the use of sophisticated equipment that
simply had been cost-prohibitive until
this flood of funds for oil and minerals.

Oftf-shore exploration and the
recognition that vast marine riches
were available, such as oil, gas and
other minerals, gave further impetus to
the funds poured into new surveying
technology. Governments outside
Australia were even prepared to spend
huge sums of money on pure
exploratory research such as with the
USA MOHOLE PROJECT, wherein
attempts were made to drill into the
earth’s magma and other projects such
as drilling into the Antartic Ice Sheet.
Other factors such as border
delineation between Australiaand New
Guinea helped hasten decisions on off-
shore mapping.

This impetus to mine surveying at the
exploratory level lead to new ways of
establishing vertical and horizontal
control. The early stages of mine
surveying invariably saw the use of
astronomical observations for azimuth
and initial position. The advent of the
gyro-theodolite gave the mine surveyor
a new tool for reference directions and
very sophisticated direction finding
technology adapted from space

THE EVOLUTION OF MINE SURVEYING

research is now available. Inertial
surveying systems have become
commonplace, and such systems used
with helicopters are not unusual in
modern exploratory work. Global
positioning systems are available at
costs which can be easily sustained by
large exploration companies and
shallow water surveying with either
global systems or ground satellitesisin
every day use. Often satellite imageryis
enough for control and planning, in the
initial stages, of large deposits such as
iron ore or aluminium. Once these
control systems have established the
parameters of an area and the leases
are legally constituted, the tasks of the
mine surveyor merge into geological
activities. Some sort of mapping must
be accomplished and plans must be
provided by the surveyor so the
geological data can be plotted,
boreholes located, downhole surveys
conducted and control grids for
geophysical prospecting methods
installed.

Over the years the concept of the
environment has become more
important to the public and
governmental agencies. The early
years when surveyors were able to
blaze a path through bush with an axe
are over and the mine surveyor is now
called upon to be sensitive to the
environmental aspects of exploration
and mining. ’

Finally, with respect to exploration,
many costly legal mistakes can be
prevented by the mine surveyor having
a working knowledge of the relevant
Acts, Regulations and Laws regarding
Entry Rights, Compensation and the
power of a Miners’ Right and Leasehold
Rights.

The advent of the computer has also
changed the attitude of the mine :
surveyor. He must now be familiar with
the application of common commercial
programmes. In particular he must use
programmes to calculate volumes and
be famitiar with computer-aided design
and drafting.

Another major use of the computer
which involves very complex
programmes is that in ore reserves and
rock mechanics. Most of the easily
accessible and exploitable mineral
deposits have been found. In the
exploitation of relatively deep mineral
deposits it will be necessary to have a
reliable and valid ore reserve
assessment. The assessment firstly
requires the mine surveyor to provide
the necessary control to give the
accuracies warranted and secondly to
produce the down hole data to obtain
the values on which these volumes can
be deduced. The geostatistical analysis
of this data will enable selective mining
within very close economics limits tobe
performed. This type of approach will
require a facility with purchased
programmes and the adapting of these
to a specific mine, or problem.

It will be interesting to examine the new
Associate Diploma of Applied Science,
Mine Surveying when it has been
completed to see if it is taking into
account this evolution.



MINES MEAN EFFICIENCY

&

3

TOPCON GTS-3B and FC-2

+—_____4'® The perfect combination for mine survey work where Qﬁ@
vertical heighting, speed of data collection and integrity of .e

il S data are paramount concerns. o R

GTS-3B, the smailest and one of the lightest total stations available, can continuously transfer
instrument data without touching data collector, and can measure and record any combination of
values inside 4 seconds of time.

FC-2 data collector is faster than small computer type machines, is waterproof and robust. It is
designed for the single purposes of collecting survey data, and controlling set-out, and does so
with absolute precision, integrity and speed.

These are the features you want in your mine survey environment.

TOPCON
....simply, the EDM standard for Australia.

l [ E' DER Instru ment CO. P /L Brisbane Office: 60 Logan Road, Wooiloongabba,

Brisbane — Ph. (07) 3918666

HEAD OFFICE AND FACTORY: 253 PRINCES HIGHWAY, ARNCLIFFE, SYDNEY. 2205



SURVEYS ASSOCIATED WITH OPEN CUT COAL

WINNING OPERATIONS IN THE LATROBE VALLEY

Mr P W Murrell, BAppSc (Surveying)
SURVEYS ASSOCIATED WITH OPEN
CUT COAL WINNING OPERATIONSIN
THE LATROBE VALLEY

ABSTRACT

The State Electricity Commission of
Victoria (SECV) is the statutory body
responsible for the generation of
Victoria's Electricity requirements.

. Some 75% of this generation originates
from thermal power stations in the
Latrobe Valley. Power Stations at
Yallourn, Morwell and Loy Yang
generate electricity, produced from
brown coal won from open cuts at each
of the locations.

The aim of this paper is to provide an
overview of the survey involvement
associated with the coal winning
activities in these open cuts. This
survey involvement commences with
surveys for the initial investigation and
development phase of proposed open
cut areas, such as topographical
surveys of the original surface.

Surveys for coal winning operations,
such as dredger grading control and
conveyor alignments, service the
ongoing requirements of the
operational open cuts.

The surveillance of earth movement
and settlement attributable to open cut
coal winning operations also requiresa
significant survey involvement.

Descriptions of the various survey
activities, including procedures and
equipment used, are presented to
portray the type of survey function
provided to support the open cut coal
winning operations in the Latrobe
Valley.

INTRODUCTION

The Latrobe Valley coal deposits
comprise a total of some 112 Q00
million tonnes of brown coal of which
around 52 000 million tonnes is
currently assessed as being readily
accessible.

These coal deposits are spread over
an area of approximately 100 000
hectares in a band extending some
70km easterly from the Latrobe Valley
coal deposits have been widely
researched and reported-on in many
publications, in particular by Gloe (1)
and Herman (2).

Generally, several interleaved seams
of coal interspersed by narrow bands of
clay, as well as layers of gravel and sand
which are frequently charged with
water, overlie each other. Some seams
range in depth from 60m to 140m with
an overburden cover of easily worked
sand and clay averaging about 15m in
depth in the most favourable areas. Drill
tests at one point have shown 230m of
continuous coal beginning only 27m
below the surface.

There are currently 3 open cuts
operating in the Latrobe Valley which
contribute to the state’'s power
supplies.

The Yallourn OpenCut was openedin
1921 and serves the original Yallourn
Power Stations plus the Yallourn W
Power Station complex. The total

generating capacity of the original G, D
and E Power Stations is 496 MW, whilst
the Yallourn W Power Station complex
has a maximum output of 1450MW
provided by two 375MW generators
and two 350 MW generators. Coal from
the Yallourn Open Cut is also used for
the manufacture of briquettes.

Coal mining operations began in
1955 at the Morwell Open Cut which
provides coal to the Morwell and
Hazelwood Power Stations. The
Morwell Power Station has a maximum
output of 1770mw and the Hazelwood
Power Station, with eight 200MW
generating units, has a maximum
output of 1600MW.

The most recent open cut to be
opened is Loy Yang, where overburden
removal operations commenced in
1982 and electricity was first generated
from the Loy Yang Power Station
complex in 1984. A total generating
capacity of 4000mw, provided by eight
500mw generators will be available
when the complex is completed in the
mid 1990’s.

A fourth, much smaller open cut, is
operated at Yallourn North on a limited
field to supply coal used in local
industries.

The survey function supporting the
day-to-day operational, monitoring and
development requirements of the open
cutoperations is provided by the Survey
Section, Engineering Services
Department of the SECV.

The section comprises a total of 105
personnel and consists of three main
groups located at Yallourn Morwell and
Loy Yang with an additional smaller
group servicing the requirements of the
Yallourn East Field Project. Each group
operates independently of the others,
in respect to day to day operations,
having their own field and office staff.

The paper is intended to describe
survey activities and methods directly
associated with operational aspects of
open cuts in the Latrobe Valley. There
are a number of ancillary Survey
functions performed by the Survey
Section, such as property surveyors,
control for photogrammetrical projects,
pondage surveys and construction
projects which are not included in this
paper.

YALLOURN OPEN CUT

The Yallourn Open Cut is mined on
four levels, each defined by a design
grading, determined from bore logs and
dredger excavating characteristics.
Both overburden materialsand coal are
excavated by means of dredgers. The
size, type and rates of excavation for
these machines varies considerably.
The overburden removal dredger at
Yallourn, No 13, has a maximum
output of 1500m cu. per hour, whereas
the coal winning dredgers have
maximum outputs ranging from 700
tonnes per hour for No 3 dredger to
2020 tonnes per hour for No 12
dredger.

Of the 7 dredgers operating at
Yallourn there are 6 bucketwheel
dredgers and 1 bucket chain dredger.

All dredgers are powered by a 6.6kV
electrical supply.

The coal and overburden
transportation system is comprised of a
combination of moveable and trunk
conveyors, 1.4 metres wide with either
straight or curved horizontal
alignments.

Overburden disposal equipment

Overburden conveyors move at a
nominal speed of 5.3m/s and coal
conveyors at 6.0m/s. The moveable
face conveyorsare upto 1700 metresin
length.

Overburden disposal equipment
consists of a Wesserhutte Tripper and
Stacker connected by a double slewing
conveyor capable of disposing 4700 cu.
m per hour.

Excavated coal is transported to the
Raw Coal Bunker, a mass storage
facility until such time it is required for
electricity generation purposes. A
conveyor system is used to transport
the coal from the Raw Coal Bunker to
the appropriate power station.

The annual quantity of coal excavated
at Yallourn is around 13,500,000 cubic
metres. At the Morwell Open Cut, the
quantity is 12,500,000 cubic metres
and at Loy Yang 7,500,000 cubic
metres.

'DETAIL SURVEYS

Prior to the excavation of overburden
materials, there is a requirement to
survey and record surface details of the
area to be excavated. A terrain modelis
developed from which volumes can be
determined and design features
created.

The equipment used for these
surveys consists of an automatic
tacheometer, such as Sokkisha SET 10
or a Zeiss Elta 46, connected to a data
collector such as the Sokkisha SDR2.

Although the SDR2 has program
options which would enable
observations to be recorded in a
reduced format, it is common practice
to record observations as raw data tobe
reduced after it has been down-loaded
from the data collector.

Program options of the SDR2 are
used to compute check shots made at
the beginning and end of observations
at each set up. As the Moss program is
used for the processing of field survey
information, the principles of string line
surveying are adhered to in collecting
the survey data. This aspect of the field
survey is vital to the overall accuracy
and effectiveness of the survey being
undertaken and has often been
misunderstood. Basically, the
principles of string line surveying follow
from the definition of strings which may
have one or more of the following
meanings:

i A string canrepresenta partorallofa
topographical feature such as a road,
drain or fence.

i Astring canrepresenta set of surface
spot heights in which case it is
assumed that the surface is of
uniform grade between consecutive
points on the string and normally of
uniform grade between this and
adjacent strings.



iii A string can represent a change of
grade on a surface such as along the
top or toe of a batter (ie a “break line”).
iv A string can also represent a set of

pointsthat are connected logically

and not physically such as trees.

With the exception of this last
meaning it is the line between the
points in the string that is of importance
and not the points themselves.

In order to obtain the maximum use of
the Moss program and to simplify the
overall processing, a standard string
labelling convention is adhered to for
identifying strings.

On completion of the field survey or
on return to the office, the raw data is
down loaded from the data collector to
an IBM PC/XT and stored on either a
flexible diskette or the fixed disc on the
PC.

The data is processed using software
specifically designed to accommodate
various types of data collectors as well
as manual input of observations. The
processing includes the reduction of
raw data to three dimensional
coordinates, misclose of check shots
and production of a crude plot. After
verification, that data is read into the
Moss program for further processing.

The amount of time taken from
_carrying out the field survey until the
production of the verification plot is
significantly less than the time required
using traditional methods. Booking and
transcription errors in survey data are
largely eliminated and the computer
reduction is rapid and error-free. In
most instances the field survey data
can be down loaded to the computer,
reduced and a crude plot produced,
generally within half an hour, regardless
of the amount of data involved.

Start surface surveys done in this
manner have, at times, been checked
foraccuracyby independent surveyors.
The method of checking often entails a
comparison of a number of sections
through the start surface at random
locations, with end areas computedtoa
design profile. In one area, checks
performed in this manner revealed
differences of less than 6 square
metres in cross sectional areas of
approximately 4500 square metres.
LASER GRADING

All dredgers in the open cut excavate
to a design grade. it is the responsibility
of the Survey Section to ensure that
alignment facilities are maintained in
order that the dredgers are kept on
grade.

With the older, traditional system of
providing grade control, usually 4
boning rods at each dredger were co-
ordinated and their positions plotted on
grade pians to determine design RL’s.
The resultant difference between
design and surveyed RL’s was used to
set up boning rods with the top of the
boning rod generally set at 1.5m above
design grade.

The operation of the present system
is centred around a constantly rotating
laser placed on the level immediately
above a particular dredger. The laseris
set up in such a way that the plane
created by the rotating beam is parallel
1o, and at some height above the design
grade level for that dredger. A peg on
grade is then placed adjacent to the
dredger so that the dredger bucket-
wheel can be gently placed on the peg.

A sensor located on a mast on the
dredger is then adjusted to receive the
signal from the laser. The initial
adjustment complete, the dredger
driver can excavate to the design grade
as long as the sensor receives the
signal from the laser. A simple displayin
the driver's cabin indicates whether the
excavation is either above, below or on
grade.

The type of laser most commonly
used is a Spectra-Physics Model 945
Laser Level GS. It is self-levelling and
rotates continuously at 300rpm. An
interlock is also fitted to prevent the
laser from giving off light when the
scanning head is not rotating.

The most common problem affecting
the system lies with the requirement for
an unobstructed path between the
transmitterand receiver. Care hastobe
taken when selecting station positions
for setting up the laser so that the
emitted beam will not be obstructed.

A number of alternate techniques for
setting up the laser have been
developed. These range from con-
ventional survey tripod set-ups to
mounting the laser on large trans-
portable frames.

The power source for the lasers is
provided by banks of 12 Voit batteries
loaded into a standard 1.8 metre X 1.2
metre trailer. When the laser is shifted,
the trailer is simply towed to the new
location.

The accuracy provided by this
procedure generally far exceeds that
required for the job with nearly all errors
emanating from lasers which have been
tampered, or human error in mis-
understanding the grading alignment
provided.

The obvious benefit with using the
lasers, compared with the traditional
method lies in the greatly improved
quality of the surface of the coal beds
being excavated. Anotheradvantage is
that the reference plane from the laser
is available anytime during the day or
night.

It is interesting to note, however, that
the survey time requirements for this
method have not significantly reduced.
This factor is mainly attributable to the
requirement for checking every laser
each day.

CONVEYOR ALIGNMENTS

The coal and overburden trans-
portation system consists, in part, of
moveable conveyors. Periodically,
these conveyors are shifted to enable
the working faces of the open cut to
progress. A conveyor shift may be
parallel, pivoted or uneven. The pro-
cedure of physically shifting the con-
veyors involves the use of bulldozers
fitted with special couplings which are
placed over the continuous rail
attached to the conveyor. The
bulldozers are travelled backwards and
forwards along the rail gradually pulling
the conveyor sideways. Final
adjustment is performed using an
attachment to a grader blade and the
hydraulics of the grader.

The survey requirement is to provide
the alignment, suitably marked, at an
appropriate offset for the shift. In the
Yallourn Open Cut, general practice is
to place pegs with nails along the

alignment adjacent to both the head
and tail units of a conveyor.

The remainder of the alignment is
marked with 450mm X 50mm X 6m
indicators placed at approximately 20m
intervals. Generally, most theodolites
can be used for defining the alignment
provided they are in good adjustment.
Asface conveyors canbe upto 1.7kmin
length, a number of set ups may be
required along the alignment to
compilete the job. Care isrequired when
setting up the Theodolite at these
intermediate stations to ensure the
alignment is kept straight. A similar
procedure is adopted at the Morwell
Open Cut although pegs and nails are
used for the entire alignment.

Both methods satisfy client
requirements, however, it is debatable
as to which method is the faster.

From time to time, trunk conveyors
are required to be realigned. The
procedures followed for this activity are
similar to those for moveable
conveyors.

OPEN CUT SURVEY CONTROL

The survey control used in the open
cut for operational purposes is an
extension of the primary and secondary

" Latrobe Valley control networks

mentioned elsewhere in this paper. A
number of trig stations placed at
appropriate locations around the
perimeter of the open cut form the basis
of the survey control used in the open
cut.

As all survey marks placed directly on
coal will ultimately be disturbed with the
excavation of that coal, one of the more
important considerations when placing
a mark is that it be placed in such a
position that it will remain for as long as
possible.

Use is made of survey marks placed
during the course of other survey
activities to provide control as well. For
example, pegs placed for conveyor
alignments are utilised, as with laser
station pegs, to further the survey
control.

Generally, accuracies required for
open cut operational works are not of a
high order, bearing in mind the nature of
the activities, however, all survey work
is closed off to ensure there are no
gross errors. Accuracies of 0.01m, both
horizontal and vertical, are considered
satisfactory for most survey control
work in the open cut.

A slightly different method of
providing survey control within the Loy
Yang Open Cut has been adopted. This
is due mainly to factors attributable to
the relatively young age of the open cut,
such as its smaller size and non-
permanence of benches and batters within
and around the open cut.

The procedure involves using a
programmable Sharp PC1350
Calculator to compute the three
dimensional coordinates of a survey
station, placed in the required location,
using the observations from a resection
observed at this station. The program
has checks written into it which will
reject the reduction if certain criteria
are not met. Comparison of results with
traditional coordination techniques
have indicated differences within
0.01m for both horizontal and vertical
values.



All survey control situated within
open cut environs must be periodically
checked and updated to safeguard
against errors caused by movement.

PROGRESS SURVEYS AND
QUANTITIES

On a regular basis, detail surveys are
performed on the working faces of the
opencut. These surveys are required in
order to produce progress plans of the
open cut and overburden disposal
areas and to determine quantities of
coal and overburden excavated during
a specific period. This is usually tri-
monthly for coal quantities and monthly
for overburden quantities. Progress
plans are produced tri-monthly.

Field procedures adopted and
equipment used are similar to those
used in start surface type surveys,
although the frequency of points
surveyed is generally less.

At Yallourn, progress plans are
currently being produced manually,
using a combination of conventional
and computerised methods. This
involves updating the previous
progress plan by tracing a computer
produced plot of the latest progress
survey, produced at the same scale.

At Loy Yang, in contrast to Yallourn,
progress plans are produced entirely
using the SECV’'s mainframe computer.
An extensive data base has been
developed and maintained for the Loy
Yang area.

Quantities are currently determined
using the Section and Volume options
available in the Moss program. ltis
anticipated that use will be made of the
Isopachyte optionin Moss todetermine
Volumes in the near future. Briefly, this
facility provides for the triangulation of
surface models with Volumes derived
for theoretical prisms. For a defined
area, it is claimed the volume so derived

- will be theoretically correct. Initial
comparisons of volumes obtained using
both methods suggests insignificant
differences in final volumes, however,
the process of volume determination is
somewhat simplified. The progress
quantities, determined in cubic metres,
can be readily converted to tonnes by a
factor of 1.116. This factor has been
obtained from studies, carried out by
the Research and Development
Department of the SECV, into the bulk
density of coal.

Using a history of survey derived
quantities,a constantmeasuring facility
has been developed which provides a
relationship between the quantity of
coal excavated by a particular dredger
and the amount of power used by that
dredger. Thisfacility is primarily used to
determine quantities of coal excavated
ata particular point of time but can also
be used to compare survey derived
quantities. Periodic accuracy checks
are performed to ensure the
consistency and accuracy of the
measuring facility.

MOVEMENT AND SETTLEMENT
SURVEYS

The ongoing safety of SECV
personnel who work in and around the
open cuts, and the security of
Commission assets are a vital concern
. to the SECV. Similarly, the extent and
effect of earth movements on privately
owned properties surrounding the
open cuts is also a major concern. In

responding to these concerns, a
significantly large volume of survey
activities are performed to provide
information for the monitoring of, and
the prediction of earth movements
within the open cuts and adjacent
areas. Additionally, the information
derived from surveillance surveys over
a long period of time is also used for the
ongoing design of open cuts and
structures, and to plan some
operational procedures such as
dewatering of aquifers.

The major contributing factors of
horizontal and vertical earth
movements due to brown coal winning
in the Latrobe Valley have been
recognised by Ross, Peter and
McDonald (3) as —

i the effects of the vertical settlement
caused by dewatering of aquifers;and

ii excavation of open cuts cause the
perimeter to move radially toward
“thecentre of gravity” of the open cut.

Aquifers, or layers of gravel and sand
bearing water, which intersperse the
coal seams throughout the Latrobe
Valley, create operating problems due
to water penetration into the open cuts.
These problems have been overcome
by a massive dewatering program
designed to lowerthe watertable in the
immediate vicinity of the open cuts.

The combination of a massive
dewatering program and extensive
open cuts has resulted in very large
regional earth movements. IN the area
immediately north of the Morwell Open
Cut, and the south of the township of
Morwell, horizontal movements of up
t0 2.0 metres have been observed over
a 28 year period. The vertical
settlement of the locality is roughly of
the same order. The magnitude of both
horizontal and vertical movement
decrease as the distance from the open
cut is increased. The nature of this
horizontal and vertical movement
necessitates the requirement for a
sound geodetic network and level
datum based in areas not subject to
earth movement.

MAJOR SURVEY CONTROL
i Horizontal

The horizontal control network is
based on three major survey stationson
the perimeter of the Latrobe Valley.
These stations are sufficiently remote
from the open cut areas to be
considered free from the effects of
earth movement due to brown coal
winning.

These points have been included in
the State Geodetic Triangulation to
provide coordinates on the Australian
Map Grid, Zone 55, as well as on the
AEC Latrobe Valley Grid (a metric
version of the previous National Grid,
Zone 7, Transverse Mercator
Projection).

Aregional networkis derived from the
major control to provide a basis forlocal
control used in the vicinity of the open
cuts. Both triangulation and
trilateration are used with angular
observations from Wild T2 and Wild T3
Theodolites and distances from
medium range EDM such as the Wild
Di3000 being used in the reduction.

Computation and adjustment of
network observations are carried outon
the SECV IBM Mainframe computer, the
adjustment being by the method of

Least Squares using Observation
Equations.

ii Vertical

An annual Levelling Program is
conducted to ensure a consistent
datum relationship throughout the
Latrobe Valley and to monitor
settlement. The program consists of a
series of interlocking loops based on a
datum mark at Yallourn. Although this
mark is in close proximity to the
Yallourn Open Cut, it has proved to be
stable due to the up-thrusting of the
basement rocks at this point.

The 1986 levelling program
consisted of approximately 440km of
levelling involving 1757 points,
surveyed to second order
specifications.

Traditional procedures adopted and
equipment used have been well
documented in other publications (4),
however, some recent changes have
been made which significantly alter the
procedures documented. The changes
involve the use of two levels per
levelling party with levels observed in
one direction only, between survey
stations using only one level per party.

Further proposed developments are
currently being investigated towards
automating the existing procedures
using data collectors. The reduction
and adjustment of the surveyed BM to
BM differences obtained during the
Levelling Program is by means of a
L.east Squared Levelling Reductionand
Adjustment Program installed on the
SECV IBM Mainframe Computer.

PIN LINE SURVEYS

The monitoring of earth movements
at ground level is achieved by
repetitious surveys of lines of pins
placed in areas of historical and
anticipated movements. Steel pins
0.019 metre in diameter and 1.000
metre long, spaced at various intervals
appropriate to the time of their
installation, constitute a pin line. For
older pin lines, an interval between pins
of approximately 61 metres, or 200 feet,
was adopted primarily to suit the 200
feet invar field tapes used at that time.

Since the introduction of EDM and
the resultant ability to change survey
methods, more flexibility is available in
selecting the placement of pins.

Survey control for pin lines is
provided from the breakdown of the
major control and in many instances the
connection is direct with no inter-
mediate traversing or further
triangulation required. Conventional
surveying techniques are used to
obtain horizontal angles, distances and
offsets of pins between angle points,
using Theodolites and EDM.

Observations are booked on field
sheets and later input to the mainframe
computer for processing using the
program for least squares network
adjusment. The levels of the pins are
obtained either by differential ievelling
techniques or trig heighting, often
involving reciprocal vertical angles. For
some pin lines, a combination of both
methods are used.

The accuracies of the surveys are not
easy to assess due to ground
movements which make it difficult to
differentiate survey errors from ground
movements. Acceptable accuracies
between adjacent pins would generally



be in the order of + 0.003 metre. The
survey results are presented in the form
of a data base or scan which provides
the results of successive surveys,
together with vectors showing the
change from both the previous value
and the initial value.

Reqularity of surveys is generally
dependent on the location of the pin line,
usually those pin lines closest to the
working faces of the open cut being
required more frequently than those pin
lines more remote from the working
faces, however, all pins are surveyed at
least annually.

BORE HOLE DEVIATION SURVEYS

Unlike surface movement, which can
be readily monitored by conventional
surveying techniques, the ability to
define and monitor movement beneath
the surface is more complex but equally
as important. In order to determine
these movements, regular surveys of
bores drilled in areas of anticipated
movement are made using a Digitilt
instrument.

The procedures involved in a Digitilt
survey consist of lowering aprobe down
a special inclinometer bore casing,
grooved to accommodate a spring-
loaded guide wheel attached to the
probe. The probe is lowered to the
bottom of the bore on a graduated cable
and then withdrawn, readings of the
accelerometers in the probe being
recorded at 0.5 metre intervals. On
reaching the surface, the probe is
turned through 180° and the procedure
repeated. The information is recorded
automatically with a data logger and
later processed on a IBM PC/XT
computer. The resultant output
consists of a tabulated listing of the
inclination of the bore and a graphical
presentation of the information.

Results of previous surveys can be
superimposed to provide comparisons.
The manufacturers of the Digitilt claim
an accumulative error of 1 part in
10,000 (0.01%). Field tests have proved
that this claim is justified.

EDM CALIBRATION

EDMs are calibrated on a regular
basis, generaily not exceeding 6
monthly intervals, over a Schwendener
type base line situated in an area of the
Latrobe Valley remote from the open
cuts and not subject to local earth
movement. From the observations
made on the base line, a determination
of a scale factor, index correction and
cyclic corrections can be made. The
cyclic correction is determined and
applied to the measured distances
before the scale factor and index
correction are computed.

The base line has been established
by weight meaning a number of least
squares reductions of calibrations of
more than 20 different EDMs.
Comparisons of calibrations results for
EDMs calibrated on this base line, as
well as the MMBW base line at Mitcham
(a certified base line), have been
excellent in all respects of the
calibration (5).

SEC COMPUTER INSTALLATION

The Survey Section is a major user of
the Commission’s mainframe computer
installation. The hardware consists of
two Amdahl 5860 processors with 32
megabytes of real storage, running
under the MVS/SP operating system.

There is also an IBM 4341 processor
but this is not used for survey related
computing activities. About 1000 time
sharing terminals located at sites all
over Victoria are connected to the
processors. Graphical output is via 5
Versatec rastertype plotters IBM 3277
and IBM 3279 type terminals, and
Tekronics 4014 type terminals are used
for interactive graphics.

The major survey applications
software in use are —

i Moss

A surface modelling system, used
extensively for the determination of
volumes, presentation of plansand, toa
lesser extent, the design of engineering
features.
it P2966

This program is used to reduce raw
coordinates and create a genio file
suitable for input to the Moss program.
iii P3063

A program for adjusting horizontal
survey networks according to the
principles of least squares.

iv P971

A program for adjusting level
networks.

Additional computer hardware
installed at each of the survey groups
include IBM PC/XT's, HP85's and a
variety of hand held calculators, mainly
HP and Sharp. The majority of software
used with these calculators has been
developed locally. The IBM PC/XT's
primarily provide a means of interfacing

-the mainframe computer with

electronic data collectors but are aiso
used to run survey applications
software such as a PC version of the
mainframe program P2966.

SUMMARY

The types of survey activities
discussed in this paper have, quite
intentionally, not been confined to
those activities one would normally
expect to be associated with open cut
coal winning operations.

The inclusion of such activities as pin
line surveys and digitilt surveys are
provided to illustrate the close
relationship existing between the
operations involved in excavating the
coal, and the requirement to provide
survey information necessary for the
design of open cuts and structures, as
well as ensuring the safety of the
SECV’s personnel and its assets.

Descriptions of the SEC’'s computer
facilities and EDM calibration have
been included as they are in intergral
part of many of the survey activities
discussed.

CONCLUSION

A broad variety of survey activities
can be experienced in providing a
survey service to the open cut coal
winning operations in the Latrobe
Valley.

The unique problems encountered
with a combination of extensive open
cuts and a decreasing water table
present a challenging environment in
which to perform these activities.

The requirement to keep abreast of
technological change is recognised
as being essential in maintaining an
effective and efficient service to the
open cut coal winning operations.

Finally, the service provided by the
Survey Section, engineering Services
Department of the SECV, to the open
cut coal winning operations in the
Latrobe Valley, has been effective and
should continue to be so.
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QUEENSLAND DIVISION NEWS.

Important Notice to All Queensland
Mine Surveyors, Cadet or Student Mine
Surveyors and Intending Mine
Surveyors wishing to be registered in
Queensland.

At the meeting of the Board of
Examiners for the Department of Mines,
Queensland, on the 6th November,
1987, the following minutes were
recorded:

Mine Surveyors Certificates will be
Issued to Applicants with Acceptable
Academic Qualifications and
Experience as follows:

1. Mine Surveyors Certificate (Open Cut)

Experience Requirements: 3 years
Surveying Experience Including 12
months Mine Surveying Experience
(An increase of 6 months).

2. Mine Surveyors Certificate

(All Mines).

Experience Requirements: 3 years
Surveying Experience Including 12
months Mine Surveying Experience
of which 6 months must be actual
Underground Survey Experience.

Applicants for Either Certificate will
be required to sit for a common
Examination in Mining Law.

The Board of Examiners and the
Department of Mines were trying to
remove the classification of “Open Cut
Mine Surveyor”.

Itappearsthat Queenslandis the only
state that has this classification and its
abolishment could have some serious
effects on a lot of our members and
particularly student members.

Your thoughts on the Minutes of the
meeting and the original proposal by
the Board would be very much
appreciated.

For more information please ring
either Joe Blakey (07) 202 1304, or
Hugh Taylor (07) 282 1311.



LETTERS TO THE EDITOR

Editor GRAHAM COOPER.
EDITOR’S COMMENTS:

More than half the accommodation at
our venue, the Brisbane City
Travelodge has been allocated.

Would members who intend to stay
“where the actionis” please contact me
and book as soon as possible. A 90%
refund will be made on any cancellation.
Sir,

| have just noticed in the Australian
Advertiser some details about World
Expo 88 (April 30 — October 30).

The “Theme Week” for Expo during
our Seminar (which runs from 11 — 13
May 1987) is Week 2 — Flights of Fancy
{(May 7 — 13) and covers anything and
everything that flies, from the might of
the Royal Australian Air Force to the
joys of a child’s balloon.

For those members who will arrive
earlier or leave later the themes are:—
Week 1 —(April 30— May 86) —Opening
Celebration week (an extravaganza)
Week 3 — (May 14 — 20) — Splash
Down week, (This will be Expo’s salute
to the wonderful things that happen on
" water.

| thought members intending to
attend the seminar would beinterested.

A Ballard.
26th October, 1987. -

Sir,

1988 is not only the Bicentennial of
Australia, but the 21st birthday of the
DDIAE and of course the School of
Engineering. To mark this occasion a
history of the school! is being prepared.
Part of this history concerns the
academic qualifications of Engineering
Surveyors.

My knowledge of the early part of this

“history is rather vague. My

initial association with this branch of
education occurred in 1969 when |
undertook an external part-time
appointment with the Technical

Correspondence School in the subjects
of Astronomy and Geodesy. At thattime
I wasinstructed by the TCS to set exams
and grade candidates. In 1968 this
instruction was issued by the CCAE,
then in 1970 these instructions came
from DDIAE.

The award of Certificate for Survey
Technician was awarded by the TAFE
organisation until 1970 but as from
1971 was awarded by the DDIAE. When
awarded from the DDIAE, a practical
examination was conducted and all
possible graduating students had to
undertake this test prior to graduation.
Brian Knox examined these students
from 1970 to 1977, and from 1978 to
1984 when the course was phased out,
| carried out these practical
examinations.

As part of the School's history itwould
be appreciated if members could
provide me with details of the DDIAE
involvement with Surveying Education.

L.B. Capon.

Sir,

| note that we are holding our 7th
Mine Surveying Seminar during World
Expo. Will it be possible to buy Expo
Passes from the organiser of the
Seminar?

P. Rodgers.
Editor's Reply:

The Seminar Committee have
purchased three-day passes which will
be available to members at $40 each.
There will be a limited supply, so |
suggest that you apply reasonably
early.

Suggested Requirements for Mine
Surveyors.

Considering the numbers of Mine
Surveyors applying to beregistered, itis
not considered practical to require
separate experience for metalliferous
and coal surveyors.

| have had long discussions withJohn
Sheahan and Barry Broad, past and
present Chief Surveyors of Mt. Isa
Mines, and they have assured me that
they do not think this separation
necessary. They have spoken of
numerous cases of coal only

experienced surveyors coming to Mt.
Isa and having no difficulties adjusting
to the different environment and
methods. | personally have had
experience of four surveyors from Mt.
Isa coming into coal mines and having
no difficulties, in fact two of them have
gone on to become 1st Class Coal
Managers.

The T. A. F. E. College has nearly
completed its Assoc. Diploma syllabus
in mine surveying. The Course is based
on a common course for metalliferous
and coal mining, and requires 3 years
experience in the industry during the
four year course.

As far as | can ascertain there was no
registration of open-cut coal surveyors
prior to 1960, and | suggest that this
registration was introduced to
accomodate the great expansion of
open cut coal mines with the boom of
overseas sales of coal. | do not know of
other States or Countries that have a
separate registration for open cut
surveyors.

It has been suggested that with the
introduction of the new diploma course,
it may be a suitable time to do away with
what was a remedy to an emergency
situation. As any candidate for
registration will have to do the diploma
course, the experience requirement
would be completing a set of
underground and open cut surveys
nominated by the Board, and being
assessed by T. A. F. E. personnel. This
would be in alignment with the U. K. and
New South Wales.

The only difficulty | can see is for
those candidates who work in open cut
only mines; and | suggest that they can
arrange to do these underground
assignments during their annual leave
(5 weeks/year) over the four year
period.

| would like to point out that at the
present time the Mines Reg. Act allows
Authorised Surveyors to survey U/G
mine plans, and this Act as well as The
Coaimining Act allows any surveyor to
do underground surveys to check
encroachments.

Queensland Division President.
Joe Blakey.

REQUIRED IN REASONABLE CONDITION,
ROLL TOP MINING STAFF FOR
UNDERGROUND LEVELLING

Please contact: VIC BARNETT,
Capricorn Coal Management Pty. Ltd.
Central Colliery,

German Creek, Q. 4746.
Telephone (079) 85 7333

e



MINE SURVEYING SEMINAR
BRISBANE 1988

The 7th Annual Australian Institute of Mine

Surveyors Seminar will be held at the BRISBANE

CITY TRAVELODGE.

FROM
Wednesday, 11th May to
Friday, 13th May, 1988.

“TOWARDS THE FUTURE”
Technology and the Mine Surveyor.

WEDNESDAY 11th May, 1988

THURSDAY, 12th May, 1988

FRIDAY 13th May, 1988

8.30 Registration

9.30 Official Welcome and
Opening Address
Speaker, Lord Mayor
Alderman Sallyanne
Atkinson.

10.00 Morning Tea.

10.30 Paper 1.
Surveying for Extraction
of Coal UnderTidal Waters
—Dennis Baker

11.10 Paper 2.
Surveying Stocks and
Stockpiles with the
Reflectorless Distomat —
John Makkai

11.50 Paper 3.
Machine Alignments —
Kerry Anderson, Phil
Grant, Keith Harris.

12.30 Lunch

1.30 Paper 4.
OurSurveying Heritage —
William Kitson

2.10 Paper 5.
Development of the
Associate Diploma in
Applied Science (Mine
Surveying) — Phillip Clarke

2.50 Paper 6.
The Manager’s Perspective
of Mine Surveying —
Dr. Brian White.

3.30 Afternoon Tea
4.00 Annual General Meeting
6.30 Informal Dinner.

8.00 Technology Exhibitions

98.00 Paper?7.
Surveying at the Moura
Mine Disaster —
Glen Edwards

9.45
Paper 8.
Mine Leases —
Bruce Ralston

10.30 Morning Tea

11.00 Paper9.
Mine Subsidence —
James Armstrong

11.45 Paper 10.
Photogrammetric
Measurements in Mine
Subsidence —

Victor Barnett,
Keith Dawson, Dave Turton

12.30 Lunch

1.30 Tours (Details
to be advised).

7.00 Formal Dinner

All inquiries should be sent to the Convenor:

GRAHAM H. COOPER

Box 78, Darling Heights,
Toowoomba, Queensland. 4350.

Phone (Home) (076) 36 1908, (Business) (076) 31 2544.

8.30 Technology Exhibitions

9.45 Paper 11.
Mine Surveying at
Newlands — Richard
Collier

10.00 Morning Tea

11.00 Paper 12.
Mine Surveying at
Mt. I1sa—
Barry Broad

11.45 Paper 13.
Surveying at
Ravensworth
No 2 — Peter Whalan.

12.30 Lunch

1.30 Paper 14.
Totally Automative
Surveying
Systems — David Dowling

2.10 Paper 15.
Geophysical Prospecting—
Paul Harrison

2.50 Paper 16.
Satellite Surveying transit
—gps — Leigh Capon

3.30 Afternoon Tea
4.00 Close



WITH THE NEW ZEISS
WEST GERMAN SUPER
TOTAL STATIONS THERE
JUST IS NO COMPARISON
CHECK FOR YOURSELF!

3-5"° TOTAL STATIONS

ZEISS TOPCON SOKKISHA WILD T1000 AGA PENTAX
ELTA 4 GTS-3 SET-3 D1 1000 420 PTS-10
Weight (kg) with battery .58 . 6.2 74 6.7 79 77
Weight with case (kg) .90 124 128 106 139
Battery Time 10 hours 3 hHouts 25 hours 4 hours 2.5 hours 3 hours
Accuracy Angles HIV 3”731:*‘ - RV 5"/5" 313" 373" 575"
Accuracy Distances 3mm + 2ppm 3mm—+ 2ppm 5mm + 5ppm | 5mm + 5ppm | .5mm + Sppm [ 5mm + Sppm
Displays on instrument 4 1 2 2 4 2
both faces both faces both faces both faces one face both faces
Number of keys
to cperate 3 only 9 (x2) 20 (x2) 6 (x3) 20 16 (x2)
Double function { Double function | Triple function Double function

2°° TOTAL STATIONS

West Germany

ZEISS TOPCON SOKKISHA AGA
ELTA 3 ET1 SET-2 440
Weight (kg) with battery 6.1 83 74 79
Weight with case (kg) 93 145 128 139
Battery Time 10 hours 2-3 hours 2.5 hours 2.5 hours
Accuracy Angles H/V 27" 213" 213" 272"
Accuracy Distances 3mm + 2ppm | 5mm + Sppm | 3mm + 2ppm | 3mm + 3ppm
Displays on instrument 4 2 2 4
both faces both faces both faces one face
Number of keys
to operate 3 only 6 (x2) 20 (x2) 20
Doubie function | Double function
Axis compensation Dual V/H Single Single Dual V/H

Additional features and programmes of Zeiss Super Total Stations:
* Computes ppm automatically after input of temperature and

pressure.

e Compatible with Wild, Zelss or Kern equipment
® Corrects for curvature and refraction.
e Allows for determination of index and colimation correction.
® Allows for input of scale factor correction.
® Elta3 aflows for electronic levelling by compensator.

AS WE SAID, THERE IS NO COMPARISON WITH THE NEW ZEISS
SUPER TOTAL STATIONS. RING [PHM| TODAY FOR DETAILS!

- NSW

(02) 977 6600

PHM

VIiC

(03) 572 2133

QLD

* Gives vertical display of slope in percent.
* Computes co-ordinates (xy,z) in local and state systems

West Germany

Computes co-ordinates of eccentrically measured points

* Determines missing distances between two points.

* Computes station co-ordinates in relation to two points

* Determines remote co-ordinates in a definable vertical plane.
by angle measurement only.

(07) 854 1110

WA
(09) 444 0233

AUSTRALIA PTY. LTD.

SA

(08) 364 0509





