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Introduction

There are a number of papers written
on Mine Surveying, most give a broad
outline, designating the jobs to be done
andgenerally assume thatthe Surveyor
has the working knowledge to perform
the necessary surveys. Mr. J. F.
Sheehan(1)in 1986 gave a paper“Mine
Surveying at Mount Isa”. In the twenty
years that followed surveying is still the
same, but with the introduction of
Incline and Decline access to the
working area, vehicle transportation
has become available. With this new aid
the underground Surveyor is far better
able to schedule his work.

All work performed by the Mine
Surveyor originates from an approved
Mine Design plan and in fact the Miner
Supervisors instruction book quotes:
“No mining excavation may be
commenced until a survey
memorandum, showing details of the
work to be carried out, has beenissued”.

The Surveyor is responsible for
marking up, pegging and the issue of a
memorandum according to the design
plan. He is the vital link between design
and operations.

This paper describes some of the
work to be carried out and gives the
Surveyor an opportunity to look at the
survey procedure to be followed.

1. MARKUPS
1.1 Development
1.2 Cut-off Rings
1.3 Main Rings
1.4 Diamond Drill Holes
1.5 Service Holes

2. CONTROL PEGS
2.1 Development
2.2 Raiseborer Control
2.3 Mount Isa Cut and Fill
2.4 Control Pegs Raises

3. SPECIAL SURVEYS

3.1 Shaft Plumbing
3.2 Level Transfer, Inclines/Declines

4, SURVEY PLANS AND
COMPUTATIONS
4.1 Plans
‘4.2 Computations
4.3 Survey Station Filing

METALLIFEROUS MINE SURVEYING

5. COST EFFECTIVE SCHEDULING
OF UNDERGROUND SURVEY
WORK

5.1 Work Method Changes

5.2 Manpower

5.3 Cost Effectiveness

6. CONCLUSION

7. ACKNOWLEDGEMENT
1. MARKUPS

1.1 Development

There are many types of headings
which the Surveyor will be required to
mark up and except for a few, all will
require a centreline and back mark. {fig.

1).

All development to be marked will
originate from the Planning Engineers
“design plan”. The Surveyor will transfer
the design onto his 1:250 scale working
plan and then extract the information
required to perform the requested
markup.

Points to watch are:

1. Distance between the pegs used
for the markup.

2. Closing distance from the markup
to another set or prominent
feature.

A survey memorandum will be issued

explaining details of the job performed
fig. 3)

1.2 Cut-off rings

The cut-off is the slot into which the
main rings are fired. Initially
excavations or ballrooms are mined at
various levels and are connected with a
“raisebored” cut-off raise. The
Surveyors job is to markup the cut-off
rings according to design — so that
when fired will successfully enlarge the
cut-off raise into a cut-off slot

1.3 Main rings

Again theringintervals willcome from
an approved design plan. The

Surveyors job is to mark up the ring
spacings in the drill drive of the stope.

Individual ring patterns are produced
for use by the Drillers to determine hole
intervals on each ring

1.4 Diamond drill holes

These are core holes and are used to
determine the position of the orebodies.
At a later date after the initial
development, confirmatory drilling is
carried out to accurately fix the position
of the stopes to be mined. All diamond
drill holes are co-ordinated to the mine
grid system and Surveyors mark these
holes using a special expanding pick up
rod (fig. 6).

1.5 Service holes

In all parts of the mine, service holes
are used as:
1. Drain holes — to drain excess water
from the operating parts of the mine.

2. Cable holes — a method of
connecting power from one sub to
another.

3. Fillholes — used to direct the flow of
fill to an empty stope or from one sub to
another.

The holes are marked up in the same
manner as diamond drill holes but are
only surveyed after drilling if they do not
break through to theirintended position.

2. CONTROL PEGS

2.1 Development

At Mount Isa all development is
controlled by survey peg lines and the
following is a typical method of peg
installation after the initial development
is completed according to the survey
markup memorandum:

1. A request is received from the
Operating Foreman fo “control pegs in
an operating job”.

2. The Surveyor will have extracted
the necessary information required for
the pegs after the initial markup, foritis.
during the markup that he should check
the area for existing pegs.

3. He should then proceed
underground to the area and the site for
the survey.

4. His first job is to check the
distance to his back station, asthere are
many pegs underground and it is very
easy to use the wrong pegs. The
Chainman will then hang the backsight,
from the correct station.



President’s Report

| am pleased to announce that the
1989 Mine Surveying Seminar will be
heldinEmerald, CentralQueenslandon
gth, 10th and 11th May, 1989. Bob
Harris will be the Convenor with the
assistance of a band of Bowen Basin
Mine Surveyors including Bob Walters
(Registran, Vic Barnett (Secretary),
Andrew Thompson (Treasurer), Glen
Edwards (Papers), Bob Barnes (Social),
plus Graham Campbelland Peter Edgar.

For further information or those
wishing to present a paper, Bob Harris
can be contacted by mail at P.O. Box
528, Rockhampton Mail Centre,
Queensland, 4702 or telephone (079)
28 1723.

1 feel sure the organising committee
would welcome any offers of assistance
from members, particularly those who
have had experience in running a
seminar. | wish them well.

The time to make a final decision on
amalgamation/affiliation will be at the
1989 Annual General Meeting to be
held during the seminar. In order to
provide all members with an
opportunity to vote, it is proposed to
allow postal votes to be submitted to
the A.G.M. by those financial members
unable to attend.

Debate on this issue, both through
the editorials and at branch meetings
has been healthy, however, | urge
members to maintain a balanced view
across the broad sprectum and not to
over-react to local issues.

The progress reports in our
SeptemberJournal by Leigh Caponand
myself will no doubt have been studied
and absorbed. | have answers to some
of the questions raised in those
reports.—

* The $10.00 contingency fee is an
amount paid by all new members of

ILE.M.S. into a contingency fund.

* Existing funds will remain under the
control of current ALM.S. branches
as autonomous I.E.M.S. branches.

* Amalgamation would be conditional
on a constitutional change allowing
“a person authorised by the States
Mines Department as a Mine
Surveyor” tobe a member of |.LE.M.S.

¥ Existing branches of ALM.S. would
continue to operate as autonomous
I.LE.M.S. branches.

To gauge the attitude of all members
and to promote further dialogue, and to
assist the review committee to
formulate a definite proposal to putto a
formal vote at the AG.M,, a
questionnaire has been enclosed. |
urge all members to reply in order to
ensure the right decision, on this very
important matter, is made.

| wish all members and their families
the very best forthe Festive Seasonand
a prosperous New Year.

PETER WHALAN
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| am looking forward to the '89
Seminar to be held in Emerald. There
are to be eight papers and two tours.
The SeminarCommittee will meetagain
on December 10th 1988 and finalise
the programme.

The Queensland Division of AIMS is
planning a Christmas Party for
Saturday, 3rd December at the Ipswich
Homestead International Motor inn,
250 South Station Road, Ipswich at
6.30 p.m. and | would be pleased to
see as many members as possible
attend.

| re-read Dr. Brian White’s “The
Managers Perspective of Mine
Surveying” and thought that we could
well have more papers in the area of
management, economics etc., and it is
with some pleasure that | noticed that
the 1989 Seminar committee is
particularly interested in papers on
such topics. Would all members and
interested parties who are considering
providing a paper please contact Bob
Harris as soon as possible.

Secretary’s
Report

Hugh Taylor Secrtary.

All'l can say is that everyone must be
working hard long hours, as this mustbe
the quietest period that | have
experienced as secretary over the past
2.5 years. They say a busy lifeisa happy
one but sometimes | really wonder. |
would, along with our editor of this fine
Journal, like to hear more from all of you,
even though you are undoubtedly busy.

Time is quickly passing by, and | have
been following with interest the central
Queensland Branch as they gear up
and organise the 1989 Seminar. The
venue is Emerald and the date isthe 9th
to 11th May, 1989. The formatislooking
great and is certain to be a huge
success. All companies should
welcome the opportunity to give their
staff the opportunity to update their
knowledge and experience by
attending these well organised
seminars.

At a recent meeting of the Ipswich
branch of AIMS the members present
were all in agreement of trying to pitch
intogether to try and get as many of our
local members to attend the '89
seminar. One avenue being
investigated is the hiring of a mini-bus
to drive ourselves to Emerald. This may
help our companies with the Travelling
Costs and help get more of our
members to the Seminar.

Also at the meeting the members
decided that the Branch should write a
letter to the Federal Executive of AIMS
for reference of the Affiliation-
Amalgamation Committee. The Branch
would like to hear more of the points for
and against Amalgamation and was
generally in support of Branch Member
Dick Shepherd, whose letter to the
editor was published in the last issue of
the Journal.

| would like to take this opportunity to
Wish all of our members and families a
very Happy Christmas and a
Prosperous New Year. Hope to see all
of you at the '89 seminar.

Hugh Taylor.
Secretary.
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5. Next he should set up his
theodolite and mark the position of the
first station, the Chainman will install
the peg, usually a dyna bolt (fig. 8).

6. The Surveyor will then read a
standard Mount Isa Mines set of angles
in the following manner. There is
no attempt to set zero and between
faces the setting drum is “rolied” to a
new random reading. This random
setting is essential to avoid accidental
errors.

7. If the HI, HS method is being used
the height of the instrument and the
height of sight will be measured along
withthe vertical angles and slope
distance to the grade knot on the new
station (fig. 9).

Diamond Drill Pick Up

Pick up by theodolite of o dritied hote. The surveyor
will use the diamond driil pick up rod and clino.

8. Next the Surveyor will set up on
the new station and after calculation of
the new bearing for the heading will
place in the 2nd peg in the same
manner as the first.

9. If the transference of level is to be
done using a level, the level traverse will
be carried out on completion of the peg
installation. Zero on the staff is always
kept at the bottom as in conventional
levelling

10. On completion of the survey the
results are calculated and a survey
memorandum is issued to continue
mining.

Normally all calculations are performed
by computer.

2.2 Raiseborer Control

The Raiseborer is a drilling machine
that drills a large hole to a
breakthrough. The bit is removed and
replace with a reaming head. The drill
hole is reamed as the rods are pulled
out of the hole. Control pegs, usually
small dynaboits, are placed in the walls
of the mined recess as follows:

1. The co-ordinated centre of the
raiseborer is surveyed and a temporary
point is placed in this position.

2. From the temporary point the
bearing of the raiseborer is turned off.
The dynabolts are installed at each end
of the recess and their position
surveyed.

3. Offsets are given on the survey
memorandum to accurately position
the raiseborer.

4. Thebase plate forthe raiseboreris
set in concrete according to the survey
memorandum.

5. The raiseborer is set on the base
plate and before commencement of
drilling the Surveyor checks the decline
angle. :

6. All raiseborer breakthroughs are
surveyed and a log of deviation is
maintained so that possible deviation
can be determined before drilling.

2.3 Control Pegs — Mount Isa Cut &
Fill = (MICAF)

MICAF pegs are used mainly for
grade level control and to pick up the
mined area as it progresses.

Initially surveying is carried out by
conventional traverse. The control pegs
placed are maintained and extended
each lift. Should the control become
lost (blasted out) a new control traverse
must be run.

Control is placed by:

A. Place BH/W peg and traverse to it

and pick it up.

B. Turn off required bearing and

sightin top H/W peg and pick it up.

C. Pick up raise.

3. Two pegs, one hanging wall and
one foot wall.

This method of control is not in
common use, but for short raises it is
quite acceptable and with one line
secured and one hanging, is in fact
more desirable than two pegs in the
hanging wall procedure:

A. Place H/W peg and pick it up.

B. Set under H/W and place F/W on

required bearing and pick up.

C. Pick up raise.

Digmond Drill Pick Up Rod

An oluminmium rod especially designed for inserting
in drilled holes of various sizes.

The rod con be

compressed then released n the hole to give o snug

fiy

2.4 Control Pegs — Raises

In the past many raised were
developed at Isa Mine, but today they
have been largely replaced with the
raiseborer. However, there are still a
number of conventional raises that
require survey control. After the initial
markup has been mined, there are three
methods of controlling conventional
inclined raises other than by pilot hole:

1. Three peg forming agrade triangle

This is the most common and the
most accurate method of controlling
inclined raises as a rigid grade triangle
is formed with measured distances
available to check for possible damage
to pegs.

The normal procedure for placing

control is:

A. Place BH/W peg on or near centre
line of raise, in a safe position and
traverse to it.

B. Set under BH/W peg, turn off
bearing of raise and place F/W
peg — pick it up. Plumb in THW
peg.

C. String the three pegs and
measure distances and
inclination between H/W and F/W
pegs.

D. Pick up raise in relation to pegs.

2. Two pegs in the hanging wall

This method of placing two pegs in
the H/W of a raise should only be used
for short flat raises at 45° or less —
grade lines are not secured but hung as
a development heading and the base is
generally small.

3. SPECIAL SURVEYS

3.1 Shaft plumbing

This type of survey has been
documented in a previous paper “Shaft
Plumbing Techniques”. Broad (2)

3.2 Leveltransferin Declines/Inclines

With the increase in inclines and
declines, much greater use has been
made of using vertical angles to transfer
level.

A survey of this type was conductedin
the lower levels of Mount Isa Mines
where a conveyor was to be installed.

The problem was to transfer accurately
the level datum at the top of a straight
decline to points approximately 300 m
apart. The declinewas1in7 and 1.2 km.
long. The initial survey was to be over

600 m.

Levelling was considered, but with
the amount of setups (60 approx), was
discarded in favour of simultaneous
reciprocal verticals as the area was well
ventilated by refrigerative air
conditioning.

Three Wild T2's were used with the
observations on each face controlled
by two way radio. The sighting targets
were the small wild T2 illumination light
bulbs.

The heights of instruments and
targets were carefully measured with
the slope distance measured using a
Wild D14.

The observing procedure was carried
out twice with a complete change of set
ups each time. The difference of 1 mmis
very good and demonstrates the
reliability of well controlled reciprocal
verticals.



Height of Instrument (HI)

Mecosurement token from the lowest point of a survey
station to the middle (axis) of a theodolite set under

it, or from a T.P. up to the oxis.

4. SURVEY PLANS AND
COMPUTATIONS.

4.1 Plans — it is a general rule that all
development is picked up and plotted
as the mining progresses.

This is in accordance with the Mines
Regulation Act 1964 — 1983 Sect. 15
“Underground Workings of a Mine to be
Surveyed”. This section lists the plans
to be kept and the scales required. At
Mount |sa the statutory planisa 1:500,
with detail work carried out on a 1:250.
Many other scale plans are used in and
around the mine.

There are approximately 1,800
survey plans and a system of updating
has been set outto ensure the plans are
updated on a daily basis. When the
Surveyor updates a plan a pencil mark
is placed in th relevant updating box.
This enables the Tracer to locate the
updating without searching the
complete plan. When updating is
complete the pencil marks are removed
in readiness for the next update.

The survey 1:500 plan is the base
plan that is printed using various
overlays thus allowing a number of
different combinations to be used e.g.
Mine D esign — Survey, Mine Design —
Geology — Survey and so on. The plan
numbering system is very simple with a
portion of the southwest corner co-
ordinates being used as the plan
number. The sheet coverage is
500m E-W and 300m N-8 with alpha
letters at 50 metre intervals from west
to east, allowing alpha numeric naming
of installations (e.g. R62 shaft). The
survey plan is also used to access
survey numbers.

4.2 Computations — modern
equipment and computer availability
has decreased considerably the task of
computing and plotting.

With our stope surveys, a
reflectorless system is used namely the
Wild T1000, DIOR 3002 and the GRE 3
— complete with PC and plotter. A
similar system is used for stockpile and
surface surveys. J. Makkai (3) describes
some of the problems we have
encountered.

4.3 Survey Station Filing
For some 50 years the filing of survey
stations left a lot to be desired. Up until

Fig. 9 HI — HS

Height of Sight

the early 50’s peg details were filed by:

1. The level

2. The name of the traverse

3. Commencing each traverse with the
number 1.

In the late 50’s a system of
consecutive station numbers was
established:

1. The level

2. Consecutive numbers forthe level
3. The name of the traverse

4. By northings of 1,000 feet

inthe late 60's Sheehan (1) describes
the introduction of the ICT 1902
computer to survey computations. As
this transition took place another
system was required:

1. The level
2. Consecutive numbers

In 1986 we again changed the filing
system to complete consecutive
numbers only. The numbers commence
at 4,000 and stations are bound in
volumes of 500. In addition there are
now two master files that give ready
access to the survey stations:

1. Master file by level and
consecutive number

2. Master file by consecutive
numbers above 4,000

5 COST EFFECTIVE SCHEDULING
OF UNDERGROUND SURVEY WORK

To most, the scheduling of survey
work is taken for granted i.e. if there isa
job to be done, doit.

Recently a team of Management
Consultants spent four months working
with the underground Surveyors with
the view of scheduling survey work.

In the past each Surveyor and
Chainman worked as a team, with most
of the underground work being
performed in the mornings and the
office work in the afternoons. This left
the chaining group with a fairamount of
time where they were not being fully
utilized. At the time we were operating
three Senior Surveyors and ten
underground survey parties, a total of
twenty three men.

5.1 Work method changes

It was determined that work for
Surveyors be scheduled so that as
much work as practical is completed on
each trip underground, that trips
underground be planned for a full day

(HS)

Measurement taoken up or down from a given point
( grade knot) on a fore sight.

and that ensuing paperwork be
completed as soon as practical afterthe
underground trip — usually the next
day.
5.2 Manpower

There will be three underground
areas, each area will have two
Surveyors and one Chainman. The
chainman will alternate between
Surveyors each day. There will alsobe a
holiday/sickness Surveyor and
Chainman. Each area will also have an
expandable platform.

5.3 Cost effectiveness

This is obvious when the numbers are
counted.

10 Surveyors to 7
10 Chainmen 4
20 AN

6 CONCLUSION

As stated in the introduction, not all
aspects of surveying at Mount Isa have
been covered, but it is hoped that the
reader will have a good working
knowledge of the system of surveying at
Mount Isa Mines.

In general, publications on
Metalliferous Mine Surveying are in
short supply and the Student or
Surveyor should seek out publications
made by various Surveyors who have
been employed in the Industry.
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High Accuracy Subsidence Monitoring from Photography
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D. TURTON, BA, MA.LM.S,
Associate, AAM Surveying & Mapping
Consultants High Accuracy
Subsidence Monitoring From
Photography.

SUMMARY In recent years the
application of photogrammetry has been
extended beyond the traditional role of
topographic mapping to include
monitoring of the terrain and structure
thereon to a very high level of accuracy.

A photograph is an effective archival
medium because it records the
complete subject at an instant of time. It
may be stored for future reference or it
may be measured under controlled
conditions to provide spatial
information.

Photography provides a stable data
base which has many advantages over
terrestrial measurements in monitoring
the terrain surfaces. During the time
taken to obtain comprehensive
terrestrial measurements significant
deformations may occur. In addition
terrestrial measurements only record
those points observed at the time
whereas the photographs may be re-
measured at any time to provide more
detailed information at any of the past
monitoring periods.

Applications of monitoring ground
subsidence and the shape of
engineering structures are described.
Current research aimed at refining the
techniques to provide higher accuracy
is reported.

1. INTRODUCTION

Where ground subsidence occurs as
a result of mining operations,
measurement is necessary to
determine the size and extent of the
subsidence. From this data, prediction
of future movements can be made for
various mining depths and strata
conditions. This information is
especially valuable where mining takes
place beneath valuable agricultural
land or near populated areas.
Photogrammetry can provide this
measurement information with good
accuracy and reliability.

2. PHOTOGRAMMETRY

Photogrammetry can be described as

“the science of obtaining reliable

~ information about physical objects and
the environment through processes of
recording, measuring and interpreting
photographic images”.

The best-known application of
photogrammetry is the analogue
compilation of topographic maps —
where pairs of stereo aerial
photographs are used to create a 3-
dimensional model of the terrain. From
this stereomodel, data are collected in
graphical or digital form, and typically
presented as a contourmap (see Fig. 1).

In analytical photogrammetry,
problems are solved by mathematical
computations, using measurements on
the photographs as input dta.
Geometric arrangement of the
photographs is less restricted in this
method. Convergent or multiple overiap
photography can be used to achieve
higher accuracy. (See Fig. 2)

a negatives a’

flying
heigh!
terrain

Stereo Aerial Photography

Fig. 1

Fig.2 Normal and Convergent Photography

In general, the accuracy of points
determined by photogrammetry is
dependent upon the scale of photo-
graphy, accuracy of photographic
measurements and the geometrical
arrangement of the photographs and
points to be measured.

3. PHOTOGRAMMETRY OR GROUND
SURVEYING

Photogrammetry has a number of
advantages over conventional ground
survey methods of monitoring ground
subsidence:—

3.1 Instantaneous Record

Significant ground movements may
occur during the time required to
conduct a comprehensive field survey
of a large area. Not only would these
movements be left undetected, they
would adversely affect the accuracy of
the survey network. Photogrammetry
collects the data in a relatively short
time period, making it particularly
effective for monitoring embankments
or working faces where the rate of
movement may be large.

3.2 Non-Contact

By using anaeroplane and camera for
the data acquisition, the amount of time
spent on the site is significantly
reduced. a non-contact approach
becomes important in sites where
access is difficult or unsafe. In a
production environment, it is important
to minimise the time that the field party
spends hindering or delaying the
working crews.

3.3 Permanent Record

Conventional ground surveys must
determine which targets will be of
interest in the overall monitoring study
and measure to those points at each
epoch. A photograph is a permanent
and detailed record of the site which
can be re-measured at any time in the
future. If the monitoring programme
identifies an area of interest, perhaps
even after the section has failed, the
deformation histroy may be traced from
the archived photographs.

4. PHOTOGRAMMETRIC TECHNIQUES

These are four types of photo-
grammetric measurement that can be
applied in monitoring ground
subsidence and engineering
structures.

These can be summarised as
follows:—

4.1 Conventional Aerial Photogrammetry

— vertical photography, stereo model
observations

— measurement to targets, natural
detail points or derived grid

— accuracy +/— 0.05m

— applicable over medium sized
areas

4.2 High Accuracy Aerial
Photogrammetry

—vertical photography, multiple runs
and overlaps

— observations on a comparator,
targetted points only

— full analytical solution,
compensation of systematic errors

— accuracy +/— 0.02m or better

— applicable over large areas

4.3 Terrestrial Photogrammetry

— photography from the ground or
elevated platform

— observations of stereomodels or
scaled photo enlargements

— measurement to targets, detail
points or derived grid

— accuracy in range 1 in 5000 - 1 in
10000 of size of area

— applicable to small areas, buildings
or engineering structures

4.4 Close-Range Analytical
Photogrammetry

— convergent photography from the
ground or elevated platform, multiple
overlaps

— observations on a comparator,
targetted points only

— full analytical solution,
compensation of systematic errors

— accuracy around 1 in 100000 of
size of area

— applicable to small areas, building
or engineering structures

The following sections discuss these
four methods in more detail.



5. CONVENTIONAL AERIAL
PHOTOGRAMMETRY

Stereoscopic aerial photography has
long been used to obtain measurement
information aboutground shape. |ts use
in subsidence monitoring is well known
and many papers have been written on
the subject (Robertson et al, 1982;
Veress and Hatzopoulos, 1981).

Various approaches are possible
using aerial photography and these
may be summarized into two
categories: measurement to previously
targetted positions using sequential
photography on which the targetted
points are visible; and measurement to
co-ordinated, un-targetted points using
sequential photography.

Both approaches require a number of
control points located on stable ground
outside the principal area of interest.
These points provide the datum for
measurement in each epoch andfor the
comparisons between epochs.

Photography is normally taken with a
mapping camera mounted in a fixed
wing aircraft. A minimum flying height of
around 500 metres thus limits photo
scale to a maximum of 1:3000.

5.1 Use of Targetted Points

This procedure involves the
targetting of all monitoring points prior
to obtaining the first set of photography.
The points are measured in a
photogrametric instrument and a set of
X, Y and Z co-ordinates obtained for
each targetted position. By targetting
the same points prior to subsequent
photography it is possible to again
derive a set of co-ordinates for each
position. These may be compared with
the earlier known measurements to
obtain Isopacks of subsidence, plotted
sections of sequential measurements
or perspective views of affected surface
areas.

and involves the establishment and
measurement of a photogrammetric
grid and the recording of height using
sequential photography on each grid
intersection. These heights may then
be compared to establish subsidence
patterns.

This elimates the need to maintain
large numbers of targets. However, only
Z (height) variations can be monitored
because measurement is made by the
photogrammetrist to a point within a
stereoscopic model defined by co-
ordinates, not defined by a point of
detail or a target.

5.3 Accuracy

A number of factors affect the
accuracy of points co-ordinated by
photogrammetric methods, including
the accuracy of the ground control
points, the type of aerial camera and
instrument used, and the skill of the
photogrammetrist. A heavy covering of
trees or low grass in the measurement
area makes height measurement more
difficult. Another important factor is the
quality of photography. Cloudy weather
conditions or extreme air turbulence
can degrade image quality and thus
reduce accuracy of measurement.
Where measurements are needed to
coincide with specific site conditions or
at pre-determined intervals,
photographic conditions will
sometimes be less than optimum.

Taking these factors into account, the
techniques described have
consistently achieved accuracy of #
0.035m in XY and +/— 0.050m in Z for
any one survey. This represents 1 part
in 10000 of the flying height. This allows
subsidence values greater that 0.1m
(XY) and 0.15m (2) to be confidently
detected.

5.4 Subsidence Measurement —
A Case Study

Fig. 3 Stereoplotting

Measurement to targetted points has

the advantage that movements in X, Y
and Z may be detected since each
target is unambiguously measured in
each set of photographs. Against this
however, is the need to maintain large
numbers of targets which are
sometimes located on unstable ground.

5.2 Use of a Grid of Points

An alternative method avoids the pre-
targetting of points to be co-ordinated,

Instrument (WILD A10)

Longwall coal mining methods have
only recently been introduced in
Queensland. As no geological models
existed to predict subsidence
movements for the area, a
measurement program was undertaken
using aerial photogrammetry.

Measurement of subsidence was
required at monthly intervals over an
area 1500 metres by 400 metres in
rural central Queensland. The

measurement area was predominantly
free of trees, although it did contain
some areas of low grass. Several tracks
and minor watercourses and an
unsealed road crossed the area.

After discussion of the various
methods available it was established
that the primary reason for the
measurement was to determine the
vertical deformation and the area
affected by any subsidence.
Measurements were to be made to a
photogrammetrically determined 25
metre grid.

Targets for photogrammetric ground
control were placed outside the area
where subsidence was likely and
positioned so that a target appeared in
each corner of each stereoscopic
model.

In addition, several targets were
placed within the subsidence area so
that photogrammetrically determined
heights could be compared with
heights obtained by ground survey.
Each of these targets was surveyed
within 15 minutes of the time of
photography.

Photogrammetric observations were
undertaken using an analogue
stereoplotting instrument equipped
with optical shaft encoders connected
to a P.C. The measurement grid was
located with relation to the ground
values of the targetted points and a
height read at each grid intersection. In
addition, XYZ co-ordinates were
derived along each of the watercourses
within the area of measurement. This
information was used to plot profiles of
the creek bed for each survey.

The photogrammetric method
outlined above was used to determine
subsidence within the area of interest
over a period of several months with
new aerial photography being obtained
at monthly intervals. Subsidence of up
to 1.4 metres was detected.

The accuracy obtained was
confirmed by measurements to the
check targets. For each of the
photogrammetric surveys, heights for
all 30 check targets agreed to within
+/— 0.05m of the ground survey values.

6. HIGH ACCURACY AERIAL
PHOTOGRAMMETRY

High accuracy aerial photo-
grammetry offers the capability of
monitoring a larger area with better
accuracy than conventional
photogrammetry. Although small scale
photography is used, the more rigorous
analytical solution allows high accuracy
to be achieved.
6.1 Current Projects

High accuracy aerial
photogrammetry is currently being
used in a number of projects around the
world. The following examples are
offered to illustrate what may be
achieved using current technology:
6.1.1 Rhein Valley, West Germany

Aerial photogrammetry has been
used for over 25 years in the open cut
coal mines in West Germany. In the
middle 1970’s, research was carried out
to refine the procedures to enable the

_co-ordinates of any point on the ground

to be calculated to an accuracy
comparable with field survey methods
(Reichenbach and Schaefer, 1985). The
research was successful, The
techniques are now regularly used by



several larage mining companies in the
Rhein and Ruhr Valleys.

In one programme, a large unstable
embankment in an open cut mine is
monitored every three months. Aerial
photography of the area is used to
determine the co-ordinates of targets
on the ground with an accuracy (i.e.
standard deviation) of +/—10mm on
any one flight. As target shifts are
calculated by comparing two such co-
ordinate values, any deformation larger
than +/— 30mm between flights can
confidently be detected. a similar
method is used to monitor the
subsidence above underground mines
in the Ruhr Valley.

6.1.2 Turtle Mountain, Alberta, Canada

In 1903, a majoriandslide occured on
Turtle Mountain in which some 90
million tons of rock moved down the
east face and buried portions of a town
and seventy people. The safety of the
area is still in question as the south
peak consists of a 5 million cubic metre
rock wedge which is showing signs of
moving eastward.

A programme was devised whereby
targets were adhered to the rock
surface and fifteen photographs were
taken from an aircraft flying 300m
above the mountain peak. The large
number of exposures over a relatively
small area lead to the co-ordinates of
each target being determined with
standard deviations of 2.3mm
horizontally and 5.9mm vertically
(Chapman, 1985).

6.1.3 Subsidence monitoring, Canadian
Rockies

Subsidence monitoring in Canada is
complicated by the highly mountainous
terrain in which the large underground
mining operations are located. Not only
do standard subsidence prediction
theories break down, but alack of stable
survey control and problems of access
over the site cause even the most basic
monitoring programmes to become
major expenses.

A pilot project was conducted during
the mining of a coal seam 12 to 14
metres thick with a steep dip angle 30
degrees to 50 degrees. In addition to
conventional subsidence monitoring
using electronic tacheometry and a
series of tiltmeters, sets of aerial
photography were obtained annually
while the seam was mined. Because of
the difficulty with access, targets were
not placed over the site but natural
objects were used. The ground co-
ordiates of these objects were
calculated from the photography with
an average standard deviation of
20mm, with several being as low as 2 or

3mm. The movements determined from

photographs agreed with those
obtained from the field methods to
within (on average) 40 mm horizontally
and 50mm vertically; although the fieid
methods are themselves subject to
small observing errors (Faig, 1984).

6.2 Research Project

Late in 1986, one of the authors
commenced a research project at the
Department of Surveying and Land
Information at the University of
Melbourne toinvestigate high accuracy
aerial photogrammetry. More
specifically, the project sought to
determine the technical feasibility of
monitoring ground deformations from

Typical ground target

Fig.4

the air under Australian conditions. A
pilot project was to be an integral part of
the research.

6.2.1 Test site

The selection of the test area was
critical to the success of the pilot
project. The site could not be too ideal
because the results would have been
too favourable and therefore not
representative of the real world; nor
could it be too hositle as to lose the
scientific evaluation in a maze of
practical obstructions.

The site chosen to fulfill the above
requirements was an open cut mine.
The region around the site has
experienced significant ground
subsidence due, in part, to the de-
watering programme associated with
the coal winning. Horizontal
movements, mainly in a direction
towards the centre of the excavation,
have also been noted.

6.2.2 Pilot project

The pilot project concentrated on a
2km by 2km site along one edge of the
pit. Sixty targets were constructed by
painting 0.60m diameter yellow circles
on a black background. The current
monitoring programme employed in the
mine uses theodolites and electronic
distance measuring equipment to
traverse between a series of survey
pins driven into the ground. Where
possible, the photogrammetric targets
were centred on these pins.

A twin engined Aero Commander
aircraft fitted with a ZIESS RMK — A
mapping camera was used to take 40
photographs of the site from an altitude
of 950m above the top of the pit. The
plane criss-crossed the site in a
carefully designed pattern so that each
target appeared in as many as 24
different photographs. The everage
photographic scale was 1:7000.

Fig.5 Aerial Camera (ZEISS RMK-A)

Soon after the flight, the targets were
surveyed by ground survey methods.
Some of these co-ordinates were used
as control points in the
photogrammetric processing, while
most were to provide a comparison with
those obtained from the photographs.

The photogrammetric adjustment
computer software calculated the co-
ordinates of each target by
incorporating:

(a) the location of each target on each
photograph as measured on a
comparator with a accuracy of 2-3
micrometers,

(b) the surveyed ground control co-
ordinates of 14 targets, and

(c) mathematical polynomial
functions to account for the camera’s
lens distortions, film shrinkage and
other systematic errors.

6.2.3 Results

Two epochs of photography have
been flown, one in December 1987 and
the other in April 1988. Only one field
survey was available, that was in
January 1988. At the time of writing,
computer processing of the two
epochs of photography and
comparison between photography and
field survey results is not finalised.

Preliminary resuits indicate an
estimated accuracy of +/— 30mm in XY
and Z based on comparison between
photogrammetric and field survey
coordinate values. While this
represents 1 part in 35000 of the flying
height it is not quite as good as the
theoritically expected value. Work is
continuing to refine the results.

7. NORMAL TERRESTRIAL
PHOTOGRAMMETRY

Terrestrial photogrammetry can be
used to monitor buildings and
engineering structures. This method is
similar in principle to conventional
aerial photogrammetry, the main
difference being the photography is
taken on or near to the ground with
small cameras (35mm or 70mm
cameras can be useful).

Photographs can be taken to enable
observations in stereomodels to
targetted points or points of detail, with
X, Y and Z movements monitored over
time.

The accuracy of points determined
depends on camera type, object size
and measurement accuracy but is
generally in the range of 1 in 5000 to 1
in 10000 of the maximum dimension of
the object.

In a recent application, photography
was taken of a railway viaduct
constructed of brick which required
urgent repair work. Scaled
photographic enlargements were used
to monitor the extent of cracks in the
brickwork. The photography was
designed so that stereo models could
be formed and more precise
measurements taken at a later time if
required.

8. CLOSE-RANGE ANALYTICAL
PHOTOGRAMMETRY

Close-range analytical (or Industrial)
photogrammetry has been used
successfully for a number of years to
determine the shape, or monitor the
deformation of complicated structures
ranging from microwave antennas to
large gas turbines. (Kenefick 1971,
Fraser 1986).



The description “close-range” refers
to the camera-to-object distance which
would normally not exceed 300 metres.
The comparison of close-range
photogrammetry to terrestrial
photogrammetry is analogous to the
comparison between high accuracy
and conventional aerial photo-
grammetry — the use of more precise
photographic measurements and a
more rigorous analytical solution allow
higher accuracy to be achieved.

8.1 Application of Close-Range
Photogrammetry

A recent example of the use of this
technique in Australia, while notdirectly
related to subsidence monitoring, will
illustrate the potential of the method.

8.1.1 Australia Telescope Project

The Australia Telescope Project,
commissioned by the CSIRO Division of
Radio Physics, included construction of
seven 22 metre diameter radio
antennas in northern New South Wales.
The reflecting surface of each antenna
comprised 160 aluminium panels which
were individually adjustable to conform
to the design surface shape. To achieve
optimum performance, the allowable
RMS deviation of the parabolic reflector
surface from its design shape was
0.25mm.

During construction each reflector
surface was set out and checked using
a precise theodolite and tape method.

A close-range photogrammetric
survey was undertaken on one antenna
as a further check on sufface shape,
and to assess the feasibility of this
method for future calibration
requirements where theodolites
cannot be used. (Earls 1987)

8.1.2 Photogrammetric Survey

The reflector surface of antenna 6
was targetted with 640 targets made of
special retro-reflective material. This
enabled photography to be carried out
at night to minimise temperature
effects on the surface shape.

A series of five convergent
photographs were taken using a CRC-1
camera. This camera has a 230 X
230mm format and a 240mm focal
length and is specifically designed for
close-range photogrammetry.

The images of the targets on each
photograph were measured on a WILD
BC2 analytical plotter. These data were
input into the photogrammetric
adjustment computer program which
calculated the coordinates of all the
targets.

8.1.3 Results

During the construction of the
antennas, software was developed to
calculate a ‘best-fit’ of the surveyed
panel positions to the design shape.
Panel adjustments were made until the
RMS of the residuals of the best-fit
calculation was less than 0.25mm The
final theodolite and tape survey for
antenna 6 resulted in a ‘best-fitt RMS
of 0.18mm.

The photogrammetrically derived
target coordinates were fed through the
same ‘best-fit’ program. This yielded
residuals from design shape witha RMS
of 0.20mm.

This result confirmed the potential of
the photogrammetric method and
illustrated achieved accuracy of 1 part
in 100000 of the object size.

Fig 6.
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9. CONCLUSION

Measurement and monitoring of
ground subsidence due to mining can
be carried out using photogrammetric
techniques. The specific method
employed will depend on the type of
area or building involved and the
monitoring accuracy required.
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— MOSS SITE MODULE ——

MOSS Site Module

The MOSS System is an interactive graphics three
dimensional computer aided survey and design system
which is the industry's standard for the design of
infrastructure schemes. It is used by almost all of the
Australian and U.K. Highway Authorities and many
engineering and mining companies worldwide.

The new MOSS Site Module, residing on a hand held site
computer, is a breakthrough in civil engineering data
processing. The MOSS System provides the total integration
required by the professional design or survey organisation.
Complete integration has been achieved by directly linking
the processes of site survey, survey reductions, civil
engineering design and site setting-out of the final project.
This eliminates any breakdown in communications and any
bottlenecks in transferring field data to the office processing
modules and finished designs to site for setting out.

The MOSS Site Module has been developed in
co-operation with Optimal Software Limited (U.K.), acompany
with a number of years specialised experience in producing
modular software on hand-held computers for surveyors and
engineers. It has been designed specifically to complement
and integrate with the facilities provided by the MOSS
System as a whole, utilising specific MOSS coding facilities
and providing field verification and editing of collected data.

The MOSS Site Module does not restrict the choice of
instruments or survey methods. It interfaces with all major
electronic instruments (total stations, EDMs, self reducing
EDMs, remote receivers and electronic theodolites), taking
fulladvantage of the facilities provided by each. Italso has the
facility for manual data coliection if so desired.

The basic survey data collection facility provides options
for traverse, detail survey, resections, free station and setting
out processing options. The intelligent software routes the
user logically through each selected task while providing the
flexibility to follow less standard procedures through the use
of menus. These menus appear on the current work sheet
giving maximum access to the work in progress at all times.

The basic survey data collection facility provides options
for traverse, detail survey, resections, free station and setting
out processing options. The intelligent software routes the
user logically through each selected task while providing the
flexibility to follow less standard procedures through the use
of menus. These menus appear on the current work sheet
giving maximum access to the work in progress at all times.

The setting out facility allows complex three dimensional
designinformation generated by MOSS to be loaded from the
design computer to the site computer. The engineer is free to
choose those stations to be used for setting out when on site.
The site computer is based on the Husky Hunter hand-held
micro-computer which has proved its reliability and excellent
data security in the field over many years.

THE FEATURES

TRAVERSE

* Choice of traverse method includes facility for fly stations.

* Multiple or single observations.

* Multiple Reference Stations with measurement and
analysis facility for increased accuracy of traverse
orientation.

* Extensive field checks applied include meaned arc and

distance measurements compared with pre-set

tolerances and traverse closure checks.

Immediate calculation of unadjusted station co-ordinates.

Traverse adjustment giving observed and adjusted co-

ordinates.

Correction factors applied on site if required.

Creates control file accessible from any other MOSS

module.

Easy to understand user prompts with full on screen

facilities.

DETAIL SURVEY

Takes advantage of MOSS coding flexibility to define

strings, features or single points.

Detail and traverse observations can be mixed.

Station co-ordinates can be accessed directly from a

control file stored within the field computer.

Multiple field comments available for recording feature

attributes, such as curve fitting, parallel line generation,

squaring and closing of features, scaling of features, etc.

* ot

*

* 4

* %

String label recall facility allows alternate recording of
features.

Tape and offset measurements.

On screen calculation of co-ordinates with height
differenc and distance between measured points.
Printouts give raw-data and computed bearings,
difference and distance between measured points.
Data output direct to MOSS.

Full user prompts, menus and warnings.

RESECTION

* Resection based on observations on between 2 and 9

stations which may be held in a control co-ordinate database

or entered by hand.

% Up to 18 arcs, (9 rounds FL/FR) may be observed.

* Resection computed after each arc, giving residuals and
standard deviations. Erroneous readings may be rejected.
Observations may be terminated when the required
precision has been achieved.

% Station co-ordinates, Reference Station observationsand
theodolite orientation may be accessed, eliminating the
need for repeat measurements.

% % % %

SETTING OUT

% Direct transfer of design co-ordinate data from MOSS to
the field computer.

% Angle and distance to required point are computedin real

time.

Setting our by single points or automatic sequences of

points.

Set out points by angle and distance with latitude/

longitude corrections.

Set out levels using zenith angles.

Facility for traveller/boning rod input.

Documented set out procedure, includes time and date

stamp for project records.

Remote heighting.

Fly station and resection facilities.

L . D

OPTIONAL FEATURES

* A number of optional add-on features are available for
specific tasks.

ON SITE PLOTTING

% Produces a plot of the observed points to check for
coverage, errors, etc whilst on site.

* Output to any plotter which supports HOGL, HI PLOT or
CalComp graphics languages.

ON SITE LEVELLING

% A straightforward computerised levelling sheet
performing all computation in real time.

BENEFITS

* Provides quality assurance by totally integrating survey
and setting out procedures with office based activities.

* User friendly intelligent software prompts the surveyor
and converts recorded field data into MOSS input format
with no need for further manipulation.

% Full function field survey data collection covers traverse
detail survey-resection, free station and setting out all in
one module and is fully compatible with MOSS system

facilities.

* Error checking at time of data capture, to pre-set
tolerances, improves accuracy of final survey.

% Full function field editing whilst retaining integrity of
automatically recorded data. eliminates need for office
corrections.

%* Site setting out facility allows three dimensional MOSS

design data to be downloaded to site computer with free
choice of control point on site, giving maximum flexibility
and compatibility.

% Add on options cover field plotting and levelling.

* Non partitioned memory space aliows full use of free

memory on field computer giving capacity to hoid 1000

points of survey data. Data can be stored in field using

portable disks.

Rugged, field proven Husky Hunter site computer.

Facilitated flexibility, accuracy and productivity.



Includes a customised Husky Hunter site computer

Comprehensive Traverse and Detail Survey functions
(observations can be mixed)

Resection, Intersection, Fly Station and Setting Out facilities
Interfaces with all standard electronic survey instruments
On Site Plotting and Levelling

Complete integration with MOSS Survey System
- with interactive colour graphics

Facilitates flexibility, accuracy and productivity

MOSS SYSTEMS (AUSTRALASIA) PTY. LTD.

SUITE 1, 2 BURWOOD HIGHWAY,
EAST BURWOOD 3151, VICTORIA,
TELEPHONE (03) 288 5566.
FACSIMILE (03) 288 9797.




Experiences with the WILD GAKKI GYRO Attachment

SYNOPSIS

The Department of Civil Engineering
and Surveying at the University of
Newcastle acquired a Wild GAK1 Gyro
attachment, together with a suitably
modified Wild T16 theodolite, in 1977.
Since that time, the writer has obtained
considerable experience in the use of
the instrument, including two
underground azimuth checks carried
out at the new Myuna Colliery at Wangi
Wangi, NSW, in 1980.

The paper presents a brief review of
the theory of the gyroscope as a
meridian indicator, and the theory and
use of the GAKI attachment. Both the
Turning Point method and the Transit
method are discussed, with particular
emphasis on the former. The reduction
of observations made by that method is
demonstrated, and the precision of the
determinations is discussed.

1. INTRODUCTION

To understand the operation of a
gyrotheodolite, or gyro azimuth
attachment, it is necessary to have an
appreciation of the gyroscope and of
the way in which torques may be
combined.

1.1 The gyroscope

The most common form of gyroscope
is a disc with most of its weight
concentrated near its outer rim,
spinning at high speed. While spinning,
it has a strongtendency toremain in the
same plane, i.e. it resists attempts to
alter the orientation of its spin axis. If
suspended in a triaxial gymbal (i.e. a
cagelike mounting which can be
rotated into any position without
applying any constraint to the object
mounted in it, which is said to enjoy
three degrees of freedom), it will remain
parallel to its original plane, no matter
what movements are applied to the
mounting. This property of the
gyroscope gives a clue to its use in
devices such as gyrocompasses,
inertial navigation systems and inertial
surveying systems.

1.2 The resultant of two torques

A torque may be represented by a
vector perpendicular to the plane in
which the torque is acting, in the
direction in which a right handed screw
would advance if turned in the direction
of the torque. For example, a clockwise
torque acting in the plane of this page
would be represented by a vector
perpendicular to the page and pointing
into it

The resultant of two or more torques
is the torque represented by the vector
which is the resultant of the vectors
representing the original set of torques.

Consider a gyroscope spinning in a
vertical plane, i.e. about a horizontal
axis. its spinning produces a torque
about the spin axis represented by a
vector V1 in the direction of the spin
axis. If a vertical force is
applied to one end of the axis, it will
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create a torque in a vertical plane
normal to that of the spinning disc. This
torque is represented by a horizontal
vector V2 normal to the axis. The
resultant of V1 and V2 will be a
horizontal vector V3, and if the
gyroscope is not constrained from
doing so it will rotate about a vertical
axis until its spin axis lies in the
direction of V3. However, it the vertical
force on the end of the axis is
maintained, the position of V3 will move
with the gyroscope, which will continue
to rotate about its vertical axis until the
vertical force is removed. This type of

“rotation is called precession.

1.3 The Gyroscope as a meridian
indicator

The use of the gyroscope as a
meridian indicator is based on the
above principles of combining torques.

Consider a gyroscope, suspended on
afine wire ata point on the equator
Itis setspinning attime t @ tO’
with its spin axis perpendicular to the
meridian. At this instant, gravity is acting
perpendicularly to the spin axis, so no
torque is being applied to the spin axis.
However at time t0 + dt, where dt is an
infinitesimally smali time interval, the
rotation of the earth has carried the
gyroscope to a position where gravity is
no longer acting perpendicularly to the
spin axis. Gravity is therefore applying a
torque to the spin axis. Because of its
weight and the suspension method, it
obvviously cannot maintain its original
orientation. The gravitational torque
therefore causes the spin axis to
precess about its vertical axis towards
the direction of the resultant torque
vector. the gravitational torque
becomes zero when the axis lies in the
meridian plane, i.e. pointing north-
south. When the spin axis reached this
orientation, it should remain in it.
However, because of inertia, the axis
will usually swing past the north-south
line. This will cause a reversal of the
gravitational torque, causing the
precession to slow down, stop and then
commence again in the reverse
direction. The axis will continue to
oscillate in this way, eventually coming
to rest in the north-south orientation.
The time taken forthis to occurdepends
on how much damping is present in the
suspension system.

In this explanation, the simple case of
the gyroscope being placed at the
equator was used. However, at any
place on the surface of the earth (with
the exception of the poles) there will be
agravitational torque. The magnitude of
the torque decreases with increasing
latitude. It becomes zero at the poles,
because any orientation of the axis will
lie in a meridional plane. Clearly, the
torque will be weak in high latitudes, so
that a meridian indicator based on this
principle is least useful in polar regions.

Bennett (1970, 4-13) gives a useful
review of the history of the gyroscope
and the development of gyro direction
indicators and gyrocompasses for
marine navigation.

2. THE GYROTHEODOLITE

The development of gyroscopic
instruments for the precise
determination of azimuth, and
specifically for the transfer of azimuthin
mines and tunnels, dates from the late
nineteen-thirties, but an instrument
capable of effecting such transfers with
an accuracy of # 1 minute of arc did not
appear until 1948. This was a modified
version of a German gyrocompass
originally designed in 1922 (ibid, 14).
Early gyrotheodolites were bulky and
heavy, but since then a number of
smaller instruments, in which the
gyroscope is suspended in a separate
case mounted on a bridge attached to
th standards of a conventional
theodolite, have been developed.
Examples are the Fennel TK3, Wild
GAK1 and MCM Gi series of
instruments. Probably the most familiar
in Australia is the Wild GAK1 gyro
attachment which is mounted on a
slightly modified theodolite, usually a
Wild T1Am T16 or T2. The gyro
attachment is connected via an
electrical cable to a control unit, which
contains a rechargeable nickel
cadmium battery pack, a DC/AC
converter and electronic circuitry for
controlling the functions of the gyro.

The Department of Civil Engineering
and Surveying at the University of
Newcastle acquired a Wild GAK1 and
modified Wild T16 theodolite in 1977.
Since then, the writer has used the
instrument for a number of azimuth
determinations on the surface and
underground. The instrument,
observation techniques and
computation methods are discussed
below.

2.1 The theodolite

The modifications to the theodolite
comprise:

(a) a circular “bridge” mounted on the
telescope standards. Three
locating pins in the bridge ensure
that the gyro attachment, which has
three matching holes in its base is
always located in exactly the same
relationship to the line of sight of
the telescope. Once positioned
correctly on the pins, the
attachment is locked firmly to the
bridge by a threaded holding ring.

(b) in the case of the T1AorT16
theodolite, the range of the
horizontal slow motion screw is
increased to about 10 degrees. A
second knob is added so that both
hands can be used alternately for
smooth continuous tracking when
the Turning Point method (see
Section 4.2.1 below) is being used.

2.2 The Wild GKK3 control unit

The main component of this unitis the
DC/AC converter, which transforms
direct current into three-phase
alternating current, and the whole unit
is usually referred to as the converter.
The input may be either 12V or24V, and
the output is 115V to 400 Hz The unit
also contains a rechargeable nickel



cadmium battery pack (Wild GKE2)
which permits the use of the instrument
in places where external batteries are
not allowed.

The front panel of the converter
carries a number of controls:

(a) the battery switch, which has
three positions:

OFF/CHARGE — instrument not in
use, or internal battery being
recharged;

INTERN — internal power supply
switched on;

EXTERN — external power supply
switched on.

(b) two indicators for battery voltage
and gyro speed.

(c) the starter switch, which also has

three positions:

OFF — gyro not receiving power,;

RUN — switches power to gyro motorto
start, and keep, it running;

BRAKE — this reverses the current
through the motor, causing it to slow
down and stop.

(d) sundry other controls such as a
rheostat switch for controlling the
illumination inside the GAK1
attachment, a 5 Amp fuse, etc.

Tools, cables, spare parts, etc., are

clipped into the hinged lid of the
control unit. The internal battery pack
contains 10 rechargeable Ni Cd cells.
Its capacity is 6 Amp hours, good for
about 3% — 5 hours running with the
gyro spinning. A spare battery pack can
be carried if longer periods of
underground running are required.
Normal recharge time is about 12 hours
at 0.6 Amps or 18 hours at 0.4 Amps.

2.3 The Wild GAK1gyro attachment

The attachment consists of two
systems, the oscillating system and the
supporting system. The numbers used
in this description refer to Figure 3,
reproduced from the “Instruction for
Use” booklet.

2.3.1 The oscillating system

This consists of the mast (5), the gyro
(24) and the damping plate (8). The mast
contains an insulating plate (22), the
electrical leads (21), the optical
indicator system with gyro mark and
objective lens (4), and the lower tape
clamp (18). The oscillating system is
suspended by the suspension tape(16),
which is secured by screws to the tape
clamps (14 and 18). The upper clamp
can be turned in its mounting to adjust
the tape zero position(see 4.2.1 below).

2.3.2. The supporting system.

The supporting system consists of a
base plate with three columns (6) and a
chimney-like extension which carries
the upper tape clamp (14). The power
cable socket (19), fixed insulating plate
(20), the electrical leads to the motor
(21) and the three mirror prisms for the
optical system, are attached to the
supporting system.

The reticule plate and graduated
scale (26) is held in the stub (25) at the
bottom of the outer case. The image of
the gyro mark is projected onto this
scale, which is observed through a
detachable observation tube (27). The
mask of the reticule has a central V-
notch (see Figure 4).
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When the gyro mark is centred on the
zero of the scale, its spin axis and the
theodolite’s line of sight are nominally
parallel. In fact, they usually differ by a
small angle, called the gyro constant. This
is due to a combination of collimation
error in the theodolite, alignment error
of the bridge to the theodolite and of the
attachment to the bridge, and
alignment error between the gyro spin
axis and the gyro mark. The gyro
constant is determined from time to
time by a gyro measurement of a known
azimuth. Tape zero error has only a
minor effect on the gyro constant.

3. THE PRINCIPLE OF THE GAKI
GYRO ATTACHMENT

The gyro rotor, spinning at 22 000
rpm. tries to maintain its initial random
spinning plane in space. However, the
suspension method used allows gravity
to try to twist it out of its original plane
(unless that coincides with the
meridian plane). As described in
Section 1.3, this causes the spin axis to
precess about the plumbline (local
vertical/direction of gravity) unitl it lies
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in the meridian plane. At this instant
there is no gravitational torgue acting,
but the inertia of the heavy gyro causes
the precession to continue beyond the
meridian. As soon as it passes the
meridian, a gravitational torque in the
opposite direction commences to act
on it. This torque increases as the axis
moves away from the meridian, and
finally halts the precession when the
axis is making aimost as large an angle
with the meridian as it did when it
started to swing, but on the opposite
side. As soon as it stops, the torque
causes it to precess back toward the
meridian, and to swing through it again,
almost reaching its original position. It
will continue to oscillate about the
meridian with period T and slowly
decreasing amplitude.

This type of oscillation is called
Damped Harmonic Motion. For all
practical purposes, the damping maybe
considered linear (see Figure 5, in
which the amount of damping is gretly
exaggerated). The extreme points of
oscillation are called the Turning
Points.

(CONTINUED ON PAGE 16)




Development of the Associate Diploma of Applied Science

P. N. Clarke

ABSTRACT

The mining industry has, since about
1970, been served by anumber of TAFE
courses in mining related fields. One of
these is the CNB52 course —
Certificate in Mine Surveying. But the
continual paper chase for updated
qualifications has caught up to us, and
industry is now asking for a new course
which will give mine surveyors the
academic qualification that they
deserve.

Fortunately this new course
development comes at a time when
surveying education in general is
undergoing substantial change. The
University of Queensland, Queensland
Institute of Technology and Darling
Downs Institute of Advanced Education
have joined together to form a co-
operative body to streamline and
rationalise surveyors educational
opportunities. TAFE is now moving to
join this body, the Queensland Centre
for Surveying and Mapping Studies, to
complete the structure.

TAFE and DDIAE are designing a co-
operative program to make use of
DDIAE surveying and TAFE mining
expertise which will allow students of
surveying to more effectively enter
mine surveying and also allow them to
shift either sideways, to engineering
perhaps, or upwards through a
proposed bridging course to higher
level studies.

Why was the course developed?

About 1984 state TAFE directors
made a decision to standardise the
awards of TAFE courses throughout
Australia. At that time the original
Certificate in Mine Surveying (CN652)
had been in place for 15 years without
substantial change.

These changes, necessary to
standardise courses, were to be based
on occupational outcomes for
graduates. Based on the new
guidelines Queensland TAFE aimed to
reaccredit the CN652 course at the
associate diploma level.

The mining/surveying industry was
made aware of TAFE’s intentions and
was asked to participate in the
upgrading procedure. Industry
representatives were aware that time
had eroded the academic standing of
certificate level courses, and that the
proposed associate diploma would be
an advantage to graduates and
industry.

Therefore what TAFE was faced with
was the necessity to upgrade CN652
and a willingness from industry to co-
operate in the necessary processes.

How was the course developed?

Since the course accreditation is
based on occupational outcomes the
first necessity of development is to
ascertain the duties of surveyors in
mines. This was achieved by
conducting an occupational profile
survey. This survey was co-ordinated by
TAFE with the assistance of Mr. Joe
Blakey, Senior Surveyor, New Hope

(MINE SURVEYING)

Collieries Group, and arrived at the
profile adopted. Readers

should note that both coal and
metalliferous mines are covered by the
profile.

The occupational outcomes were
then compared to objectives stated in
existing TAFE subjects, with the result
that most subjects needed some
change to achieve the required
outcomes. Therefore a major course
review was required. This was going to
be a time consuming and expensive
task.

From the beginning of 1988 no new
enrolments have been taken for the old
CN652 course. From 1989 no students
will be allowed to enter the old course,
not even those who only wish to study
the prescribed subjects for the issue of
a mine surveyors certificate. At this
stage it is not known how many of the
eight TAFE subjects will be prescribed
by the Board of Examiners for the issue
of a certificate of competency to
students already holding surveying
awards.

What's left to be done?

The major items of work ieft to
complete the course are the subjects
themselves. As stated earlier these will
be developed over the next two years.
Atthat time the course will be complete,
requiring only continual update and
triannual review.

The balance of duties with course
development fall to the CMIS, but |
should like to record my great
appreciation of the efforts of all
members of the surveying and mining
industries who assisted in this overdue
but worthwhile task.

OCCUPATIONAL PROFILE

The occupational apalysis
undertaken, as a basis for the associate
diploma highlighted two classes of skill
required of a mine surveyor. The first is
those skills which can be largely
learned as part of a formal course of
instruction. The second type of skill is
those which are largely learned as part
through on-the-job training and
experience. These two categories form
the basis of the following summary of
the skills analysis undertaken.

An added dimensiontothe probiemis
that surveying education in
Queensland is undergoing
considerable restructuring in line with
the Commonwealth Tertiary Education
Commission study (CTEC)
recommendations. In short, the CTEC
study recommends that institutions
providing surveying courses co-
operate to rationalise courses to most
effectively utilise resources, both
human and capital.

Therefore, a decision was made to try
to structure a co-operative course with
the Darling Downs Institute of
Advanced Education (DDIAE). Analysis
of DDIAE's Associate Diploma in
Surveying revealed that the bulk, if not

all, of the surveying requirements of the
proposed new course were already
catered for. DDIAE and TAFE, through
the Centre for Mineral Industries
Studies (CMIS), have a sound basis for
the new course. This

Associate Diploma of Applied Science
(Mine Surveying).

Discussions between the two
institutions arrived at the course
structure of fourteen DDIAE subjects
and eight CMIS subjects to complete
the new course. This
structure was presented to various
development committees and finally to
a course assessment committee for
approval. This final committee was
made up of representatives of the:

— Mines Department Board of Examiners
— Mining Industry

— AIMS

-— DDIAE

— Queensland Centre for Surveying
and Mapping Studies

— TAFE Curriculum Branch and
— CMIS (Ipswich College of TAFE)

How will the course be offered?

The subjects involved in the
Associate Diploma of Applied Science
(Mine Surveying) and the Associate
Diploma of Surveying (existing at
DDIAE) can be grouped into three
blocks.

A — eight TAFE Mining subjects in Ass.
Dip. App. Sc. (Mine Surveying)

B. — fourteen DDIAE surveying
subjects, common to both courses.

C. — six DDIAE subjects in Ass. Dip.
Surveying

These subjects might be combined in
a number of different ways. The
following chart shows the passible
outcomes.

A &B Ass. Dip.App.Sc. (Mine Surveying),
issued by TAFE.

B & C ASS.DIP.Surveying, issued by
DDIAE.

(A & B) & C TAFE Ass. Dip. endorsed by
DDIAE for additional subjects.

(B & C) & ADDIAE Ass. Dip. endorsed by
TAFE for additional subjects.

As well, those students who complete
the Ass.Dip.App.Sc. (Mine Surveying)
and wish to progress to the DDIAE
bridging course will have to complete
most of the block C subjects.

As well. those students who complete
the Ass.Dip.App.Sc. (Mine Surveying)
and wish to progress to the DDIAE
bridging course will have to complete
most of the block C subjects.

When will the course be offered?

At this stage it is anticipated that the
new course will commence enrolments
in 1989. At that stage five of the eight
TAFE subjects will be written and
available. It is proposed that all eight
subjects be available for 1990.

{To be Continued)
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4. OBSERVATION AND
REDUCTION TECHNIQUES

There are two basic methods of
observation with the GAK1 gyro
attachment, known respectively as the
Turning Point Method and the Transit
Method.

Both require the telescope to be
pointed in a direction with # 2 degrees
of True north if the Wild T1A or T16
theodolites are used, or within # 0°30’ if
the T2 is used (because of the smaller
range available on the slow motion
screw). The initial orientation procedure
to be used depends on whether an
approximate azimuth is known for the
line being measured. In most
applications this is so, and only the
procedure appropriate to this case will
be described here. orientation
procedures for the case where the
azimuth is completely unknown are
described in the “Instructions for Use”
booklet.

Jolly (1982) mentions a third
procedure which he calls the Amplitude
Method, which requires a micrometer to
be fitted to the attachment to allow
accurate gyro scale readings to be
taken at the turning points. The
University of Newcastle instrument
does not have this modification, and the
writer has no experience in using the
Amplitude Method.

4.1 Initial orientation

Itis assumed here that the azimuth to
be determined is already known to
within # 2 degrees (or # 0°30’ ifa T2 is
being used).

(a) Setthe horizontalcircletoareading
one or two minutes higher than the
value found by algebraically
subtracting the gyro constant from
the given azimuth.

(b) Sight to the target and clamp the
circle.

4.2 Precise determinations

The object of a precise gyro
determination is to obtain an
accurate estimate (# 15
arcseconds or so) of the horizontal
circle reading which corresponds
with the centre of oscillation of the
spin axis of the gyro. By combining
this reading with the gyro constant
and the mean circle reading to the
target, the azimuth to the target can
be deduced.
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Various writers recommend
observing different numbers of
turning points or transits. The
procedures outlined below are
those currently used at the
University of Newcastlie.

4.2.1 Turning Point method

In this method, the telescope is
set to point to North within the
limits of the initial orientation. As the
spin axis precesses, the theodolite
line of collimation is maintained
parallel to it by using the double
handed slow motion screw to keep
the gyro mark centred in the gyro
scale. When a Turning Point is
reached, the horizontal circle
reading is noted. From a number of
these Turning Point readings, the
circle reading corresponding to the
mean position of the spin axis can
be calculated. The procedure we
use is outlined below. The
theodolite is a T16.

Set up the theodolite, centre it over
or under the station mark and level
it.

Carry out the initial orientation (see
Section 4.1).

Carefully fit gyro attachment, with
eyepiece above eye end of
telescope (in F.L.). Make sure pins
are correctly engaged in slots. Do
not over-tighten the holding ring. Fit
the observation tube to the
eyepiece.

Remove cover from power socket
and connect power cable from
converter unit. Place the converter
so that the theodolite can be
pointed to the target and to north
without fouling the cable. Check
levelling of instrument.

Point theodolite to target in Face
Left. Release alidade/circle clamp.
Make and record four separate
pointings and readings on the
target (readings should all be close
to value set in step (2)).

Centralise the slow motion screw.

Point theodolite in direction 0°00".

Take non-spinning gyro readings as
follows:

(a) Turn battery switch on
converter to INTERNAL or
EXTERNAL position, depending
on whether the internal power
source or an external 12V
battery is being used. Check
that battery condition indicator
is green and that gyro scale is
illuminated.

Gently unscrew clamp until the
stop is reached. Now gently
lower the clamp, watching the
gyro mark. If it appears to be
moving off the scale, damp its
motion by gently raising and
lowering the clamp until the
amplitude is fully contained
within the range of the scale,
with clamp fully lowered.

(c) Record the scale readings for
five turning points (three on one
side and two on the other).
Estimate readings to 0.1 scale
divisions.

Determine the mean position by
the method of Schuler means
(see below).

(b)

(d)

NOTES:
(i) The three individual Schuler
means commonly have a range of
about 0.05 divisions.

(i) The mean position of the non
spinning gyro mark appears to
have little influence on the
spinning gyro results. However, if it
varies from zero by several
divisions, it should be adjusted by
means of the upper tape clamp.
This will seldom be necessary.

(iii) The main purpose of the non-
spinning readings is to detect
external magnetic fields which may
influence the operation of the gyro.
If the non-spinning readings
exhibit INCREASING amplitude,
such a magnetic field is suspected.
In such a case, if the source of the
field (e.g. nearby electric cables,
transmission lines, etc) cannot be
removed, it would be better to
choose another station, or line, for
the gyro comparison, if this is
possible.

( 7) Asthe markcrossestheV notchin
the centre of the scale, raise clamp, and
screw up to fully clamped position
(VERY IMPORTANT).

(8) Turn starter switch onconverterto
RUN position. Take no further
action until speed indicator turns
GREEN.

Gently unscrew clamp to stop.
During this operation, the mark
may begin to move, If so, stop until
it settles. By the time the stop is
reached, the mark may be several
divisions from the centre of the
scale (this does not matter). WAIT
ONE MINUTE. .
Gently lower the clamp. Bring the
amplitude under control as for the
non-spinning gyro. The amplitude
should be between 8 and 15 scale
divisions.

When the amplitude is controlled,
wait till the mark is crossing the V
notch, and commence tracking it
(i.e. keeping it centred in the V
notch by means of the double
handed slow motion screw).

(12y Do NOT record the first turning
point after tracking commences, but
record the theodolite circle readings for
each of the next eight turning points.

)

(10)

1

(13) Immediately after the last turning
point, point theodolite in direction
0°00’. As mark crosses V notch,
raise clamp and screw up to fully
clamped position (VERY
IMPORTANT).

Hold starter switch in BRAKE
position until no motor sound can
be heard.

CAUTION:

Holding it on for too long may
cause the motor to commence
spining in reverse.

Gently unscrew clamp to stop.
Gently lower clamp and control
amplitude. Take five non-spinning
scale readings as in step (6).

NOTE:
Mean position of gyro mark may
now be quite different from that
obtained earlier. This is due to
residual magnetism in the motor.
As before, we are only looking for
evidence of external magnetic
tields.

(14)

(15)



(16) As the mark crosses the V notch,

raise the clamp and screw up to the fully
clamped position (VERY
IMPORTANT). Switch battery
switch to OFF.

(17) Sight back to the target in Face
Right. Record four separate pointings
and readings on the target.

(18) (a) Disconnect external battery, if
used.

(b} Unscrew power cable and
replace socket cover.

(c) Remove observation tube and
pack it away.

(e) Pack up theodolite and tripod.

Reduction by Schuler Means

Let the horizontal circle readings
corresponding t the eight observed
turning points be Ui, i =1, 8 (see figure
5). Since the oscillation of the gyro may
be modelled very closely by a linearly
damped Simple Harmonic Motion, the
mean value of any three successive
readings, called the Schuler Mean, is

given by: M +T LT £T £T ¥
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The eight successive turning points ' “ t’ * s
will yield six separate Schuler Means. -
The grand mean of these six values is F16.G. The Transi¥ Model
taken to be the horizontal circle reading
corresponding to the mean position of t o
the spin axis, i.e. when it is oriented to -+ Z 2 Wheoe n1~ N |'ﬂ¢l ‘U\d\’ °J
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The Range of the Schuler Means is a ﬁ—'
guide to the reliability of the nia- M =W 2,7
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error of the final mean M can be made
from:
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LETTERS TO THE EDITOR

_Editor GRAHAM COOPER.

EDITOR’S COMMENTS

It is always appropriate to look back,
and it is always helpful to look forward,
as it is wise to be aware of the present.

Before | wrote these comments |
skimmed through the previous three
issues for this year and noted that we
have been concerned with

® Professional Liability

® Education

® World Expo

® and our Brisbane Seminar

At present we are talking about
amalgamation with IEMSA. | support
the President’s approach of asking
members to answer the enclosed
questionaire. Would all members
please make a point of returning this
paper by return post. If we decide to
amalgamate, let us do so;if we decide to
remain independent, let us do so; and
then discard this issue altogether and
plan for the future.

My future interests lie with the 1989
Seminar “Surveying into the Nineties”,
to be held in Emerald, Central
Queensland, 9th - 11th May 1989. The
Convenor, Bob Harris, has an eminent
committee to support him and | think he
would welcome an avalanche of papers
from members andinterested partiesas
soon as possible.

| will certainly be attending and
looking forward to the new approach to
Seminars where some papers are to be
given at the mine site before the actual
tour of that particular mine.

See you at Emerald.

Yours in Mine Surveying.

GRAHAM COOPER

Sir,

| would like to congratulate
Mr. Stephen R. Hughes for his fine
paper Evaluation of Computer Software
which appeared in the Septemberissue
of the Australian Mine Surveyor. Mr.
Hughes has done a fine job of
explaining the problems to be
encountered in evaluating applications
software. It was especially helpful, |
thought, to read Mr. Hughes
experiences in evaluating such
software in an applications
environment.

During the past several years | have
been in much the same position as Mr.
Hughes a number of times as both
software and hardware systems have
evolved. One thing which | have found
most helpful in working with new
software is the sense which a surveyor
develops concerning the magnitude of
the answers which should be provided
by the computer software. For example,
surveyors can quickly spot
unreasonable results in co-ordinate
computation. This is true whether the
errors are made by a simple hand-held
calculator or by a sophisticated
software package running on a main-
frame computer. This does require,
however, that the surveyor“participate”
with the computer in working the
mathematical problem involved. When
the surveyor does so, gross errors of
entry or entry coding (resulting in gross
errors in computed results) are readily
apparent. The important point, here, is
the surveyor's willingness to question
the computer output continually so that
he or she can effectively monitor the
computation.

Mr. Hughes comments about the
need to modify the method in which
data is booked in the field are also well
taken. In practice | have found this to be
a big help to the computer person. Field
data in standard formats — reflecting
the method of computerinput — is most
helpful where manual data entry is
required. In this regard, one problem
which | initially encountered with a new

CALL FOR PAPERS

computer system was the plotting of

“mirror image” traverses. These were

generated when the intial azimuth was
incorrectly entered during data input
phase. The solution used was to have
field crews observe magnetic azimuths
on alternate setups in addition to
measuring the interior or deflection
angle. The magnetic azimuths required
little additional field time and were used
only as a check for gross error. When
booked azimuths and computed
azimuths were not in reasonable
agreement following computer
computation and adjustment of
traverse data, a data entry error or
booking error was usually detected.

Finally, it has been my observation
that the transition from manual to
computer computation has been fairly
smooth. As of 1988, surveying
computational software, as well as data
transfer software for downloading data
loggers is generally reliable and easy to
use. The transition to CADD (computer
aided drafting and design) software
apears to be somewhat less simple.
This may be due to the developmental
stage of the software, the inherent
complexity of the process, the need for
more training with the software than
was required for computational
packages, or all of these factors. Were a
surveyor or agency bringing such
software on line, | would think that a
primary concern might be the total
systems nature of the resulting field-
data reduction-plotting system that
would result. Given the amount of
money to be invested — not only in
equipment and software but in
personnel training as well — an
evaluation of the type suggested by Mr.
Hughes and reiterated herein wouid be
most appropriate.

Again, my congratulations to Mr.
Hughes for a very timely paper.
Sincerely,

Andrew C. Kellie,
Member, AIMS
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Here’'s why more Engineers
and Surveyors are using them

Simplicity

Installation only takes a few
minutes, simply drive the
galvanized steel spike into the
ground at the desired point,
release the steel securing
prongs and fit the head cap.
Your permanent mark is
installed and ready for
immediate use.

There is no digging or
concreting involved.

Security

The FENO mark is driven into
undisturbed ground and
therfore less likely to be
effected by errosion or
subsidence. Special heads are
available that allow the spikes
to be driven down flush with
the surface. Ideal in areas
where vehicles or mowers may
threaten marks. Head caps
containing a magnet are
available for easy detection
with magnetic locators should
the mark be buried accidently
or intentionally for security
reasons.

* Economic
The installation of FENO marks
is fast and inexpensive when
compared with the cost of
installing marks embeded in
concrete.
¢ No transportation of
heavy bulky materials.
ie. Water and Cement.
e The mark can be used
immediately.
¢ Labour saving. No digging.

Each mark weighs approx 1 kilo
and very easy to transport. There
is no need to transport Cement
or Water.

FENO — The Best Survey Nail.

Its domed top provides excellent elevation
reference and the machined indent, perfect
X-Y reference. Centre over easily with a

plumbing pole or centring tripod.

FENO — takes the doubt out of marking

For further information

' PERKINS INSTRUMENTS PTY LTD (INC. NSW)

P.0. BOX 115 TURRAMURRA
NSW 2074 AUSTRALIA

T (02) 488 8788






