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President’s Message

LL, THE COMBINED Con-

gress and Annual Seminar at

Darwin is over and by all accounts it was

a success. Some of the members down

here in the Hunter region are still talking

about the entertaining rendition of the
surveying exploits of Mr Len Beadell.

Len Beadell was the guest speaker at the
Congress dinner and he said to Bill Storey
after the speech that of the several hun-
dred times he had given the talk, that occa-
sion, at Darwin, was the most satisfying for
him.

1 have seen some of the photos taken at
the Mine tour in Darwin and it would ap-
pear that reasonable numbers were in at-
tendance. The photo of Steve Wilks stuffing
a gold ingot into the pocket of his strides is
interesting and I hope that Ray Smith sub-
jected all of the visitors to a rigorous body
search.

The State of Origin is an event that I do not
want to spend too much time dwelling on,
BUT I will say that the side that won were
definitely better skilied, in a better state of
fitness, controlled the game better, better

looking, fairer players and thoroughly de-
served the win.

This is not putting too much emphasis, on
what after all, is a very minor matter, and
one that Queensland members would not
dwell upon. [What is the State of Origin?-
the Queensland born Editor]

Next year's annual seminar will be held
here in the Hunter region right in the mid-
dle of the wineries. Terty Ramage is organ-
ising the “nitty gritty” and [ urge members
1o give him all your support. I will definitely
be seeing all of you who attend the semi-
nar next year.

This is my last President's Message and 1
thank all the members for the support over
the time that I have been President. [ am
sure that you all will support Bill Storey in
the same manner(as 1 will) over the coming
year.

Kerry Anderson ll

[Relayed by mental telepathy to
the Editor - Ed]

Secretary’s Report

WAS FORTUNATELY given the op-
portunity by my company to attend the
Darwin Seminar last month. [ found it to
be a rewarding experience in several
different areas, not least of all being the
opportunity to meet quite a few AIMS
members who [ hadn’t come across be-
fore.

It was interesting to hear from individuals
the differing roles filled by Mine Surveyors
in their respective workplaces. However,
the theme of the 35th Australian Surveyors
Congress -— Unity is Strength — is some-
thing we should all give serious considera-
tion to.

As a relatively small representative body, 1
believe AIMS and its members must do all
in their power to grow stronger as an inde-
pendent group representing this unique
profession of Mine Surveying.

Terry Buchanan was elected at the success-
ful AGM to the position of Editor of the
Australian Mine Surveyor. 1 would like to
thank Joe Blakey for the effoit he has put

in over the last few years in producing the
AIMS Newsletters and more recently the

well received copies of the Australian
Mine Surveyor.

Joe basically took on a job which nobody
else was willing to do, and this helped
keep our show rolling along.

In closing, I would like to congratulate all
the newly elected office bearers and also
pay special mention to Terry Ramage, the
inaugural recipient of the annual AIMS
seminar helmet.

Office Bearers for 1993-94 are :—

Bill Storey (President), Kerry Anderson
(Vice President), Brett Rogers
(Sec/Treasurer), and Committee Mem-
bers Peter Whalen (NSW), David Beat-
son (Qld), Ray Smith (NT), R Harmis
(SA), G Turner (WA), Ray Wilson (Tas)

I wish wish Terry and his team every suc-
cess in the organisation of the 1994 semi-
nar to be held in the Hunter Valley.

Steve Wilks B
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Some Observations On The Proposed Coal
Mines Health And Safety Act In Queensland

[ DITOR'S NOTE: It is submitted
:that this proposed legislation
might have future implications for AIMS
members in states other than Queens-
land.

Pﬁrpose of the Legislation

The purpose of the proposed Coal
Mines Health and Safety Act{the
Act) is to:

l Promote and secure the safe opera-
tion of coal mines according to rec-
ognised community standards.

B Encourage the adoption of Quality
Management Systems relative to
health and safety.

B Reduce the risks to the safety and
health of persons in coal mines.

B Provide a framework for the monitor-
ing and auditing of health and
safety performance.

M Provide a means by which compe-
tency of certain key personnel may
be determined.

W Require management structures
that adequately supervise the safe
operation of mines.

M Provide for an appropriate Mines
Rescue capability.

B Provide for a satisfactory level of
emergency preparedness;and

B Provide for the rehabilitation of in-
jured employees.

The Act will apply to all coal mines
and includes the above ground facili-
ties of an underground mine but coal
handling port facilities and rail loading
facilities which are remote from the
coal mine are not included.

The new structure is being formulated
and administrated by the Coal Mines
Health and Safety Council. This Coun-
cil will consist of six persons experi-
enced in the coal mining industry who
will be nominated by the employers,
employees, and the coal mines inspec-
torate. The council will have the follow-
ing functions:

B To advise the government on policy
matters relating to coal mines
health and safety;

B To enquire into recommend and
promote educational programmes in
coal mines health and safety;

N To determine suitable educational
standards for the purposes of this
Act and Regulations;

M To review periodically the working
of this Act and Regulations and
make recommendations to the Gov-
emment; and

B To review recommendations from a
Warden's Enquiry and make recom-
mendations for legislative change if

required.

Commentary on the
Proposals

It should be pointed out that even though
the ramifications of this Act will affect a
considerable number of the Australian Col-
liery Staff Association (ACSA) members,
this body will not be represented on the
Coal Mines Health and Safety Council
(CMHS).

In Draft Policy 7, dated 8/12/1992, the Man-
agement Structures (Item 10) proposed, do
not make mention of the specific position
of “Mine Surveyor” in either an under-
ground or surface environment. Further to
this, the Provision of Plans (Item 14) says
that all plans will be certified {not pre-
pared and certified) by “appropriate profes-
sional surveyors”. This is different to a
*Mine Surveyor” who is referred to in the
other existing Acts.

I attended an information session at which
Mel Bell an Inspector of Mines (Mechani-
cal) and Bill Allison; a State Check Inspec-
tor (U/G Deputy) spoke. Both of these are
on the CMHS Council.

After this meeting, my impressions were
that the CMHS council is primarily con-
cermned with providing a safe working envi-
ronment for all employees and is not overly
concerned with the people’s current posi-
tions or status or job security in this Indus-
try.

1 formed the opinion that the staff positions
of Undermanager and Foreman are under
threat from this new Act since a murky
area exists as to the extent that a Deputy
and an OCE will be able to operate. I be-
lieve that the coal owners are encouraging
“career paths” for Deputies and OCEs that
fall in line with restructuring BUT at the ex-
pense of existing staff positions. Safety on
the job is a good cause and one which we
should all be actively pursuing but job
safety (security) should also be a priority
high on the list for all parties involved.

Do not misconstrue what I am saying as a
whinge as [ believe that everybody should

be given the chance to better one's own
lot but surely a conflict must arise when,
for example, a future grade 4 deputy can
take charge of a shift (in the place of an
undermanager) and is required to make a
difficuit management decision. In a situ-
ation such as this what will his reaction
be towards his UMFA brothers? [Read that
last sentence as “her” and “sisters” if you
are not a “him" - Ed] Will he be prepared
to accept that aspect of the position in a
difficult management decision?

As a part of this new approach in this Act,
a committee has/will be formed which will
decide the level of qualification required for
certain tasks. This “Qualification Commit-
tee” will in effect replace the Board of Ex-
aminers. I have no quarrel with this and I
believe it is this Committee that we as the
Professional Body, should be approaching
and impressing upon, that there should be
no diminution in the qualifications and ex-
perience of the people who wish to be-
come “Mine Surveyors”.

1 believe that the current pre-requisites nec-
essary before consideration for the Board of
Examiners exam should remain. This is to
say that the holder of a Certificate, Associ-
ate Diploma or Degree who wishes to be-
come a “Mine Surveyor” will be required to
complete the 5 mining subjects plus the
Mine Legislation subject.

This would reinforce my opinion that my
statutory position indicates that [ am thor-
oughly competent in my surveying skills
and have the requisite knowledge and ex-
perience of the mine environment to do my
job accurately as well as considering the
safety of those in my charge and every
other person in the vicinity. Could all of
these criteria be met effectively by a
“"green horn” graduate? [You get a “green
horn” by putting a rubber band around it
don't you? - ED] I have nothing against
green hormn graduates, as [ was once one
myself, but their assuming unqualified
authority is what is implied by this new
Act.

I have spoken with Gary Bowden from the
ACSA Qld, and he believes that we defi-
nitely need to voice our concerns over this
issue as it not only concems our future in
this industry, but has ramifications in the
aspect of safety.

Peter Edgar, _
Curragh Mine- Qld B
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Mining Studies Switch to Central Qld

' UEENSLANDERS studying min-

ing-related courses will go where
much of the action is - Central Queens-
land - later this year.

State Minerals and Energy Minister
Tony McCrady said he welcomed a
$650,000 State Government project to
turn Rangeview Hall, Rockhampton,
into a training facility for 300 students
by the second semester this year.

“It's most appropriate that the State’s
mining training headquarters be set up
near the heart of the industry’s biggest
growth area,” he said.

The State Government has paid Rock-
hampton City Council $250,000 for the
former function centre and will spend
almost a further $400,000 on upgrading
and equipment.

Mr McGrady said the project an-
nounced by Employment Training and
Industrial Relations Minister Matt
Foley finalised the transfer of TAFE
mining training from the West Moreton
coal fields around Ipswich to the ex-
panding mining region of Central
Queensland.

“Central Queensland is without doubt
one of Australia's leading growth a1-
eas. It's where the Mineral Industries
Studies Centre belongs,” he said.

The $250,000 purchase price for
Rangeview Hall was raised by the
Rockhampton College of TAFE's com-
mercial activities, including its training
restaurant.

“These young students have catered
at several mining functions I have at-
tended and their service is world class.
It's pleasing that the fruits of their suc-
cess are being ploughed back into the
community,” Mr McGrady said.

The State Government will also pick
up the tab for the annual running costs
of about $250,000.

Mr Foley said the centre’s sophisti-
cated equipment would allow stu-
dents, most of whom work in the
industry, to complete their studies via
computers at their mine worksites
linked to the Mineral Industries Stud-
jes Centre.

In a further development, Mr Foley
said the Queensland Government was

backing a mining industry drive to im-
prove the skills of the State's 15,000
mine workers with a $45,000 grant for
a 12-month training project.

The money will go to the Queensland
Mining Industry Training Council
(QMITC), a body with business, union
and government representatives which
advises the State Government on in-
dustry training needs.

The QMITC will use the grant, to-
gether with $55,000 from the mining in-
dustry for:

B Developing a study course for min-
ing operators who have no formal
qualifications.

M Setting up regional training net-
works.

M Updating a central training register
developed last year.

Tony McGrady, MLA
“The metalliferous mining sector em-
ploys 5000 people and the coal mining
sector 10,500 people, with combined
contributions of more than $5 billion to
Queensland’s economy a year,” Mr
Foley said.

“The people who work in the industry
are as an important a resource as the
minerals in the ground and the world-
class technology used to mine and re-
fine these minerals.

“At least three-quarters of these peo-
ple are not trades people and have not
had access to formal training in the in-
dustry.

“The QMITC'’s proposed cetificate
course will give them a chance to gain
formal recognition of their skills, with
an opportunity to continue their train-
ing at TAFE and university.”

Mr Foley said the regional network
would allow the State’s 35 mining op-
erators to share training resources.

A further State Government grant of
$2450 has been awarded to the
QMITC for the purchase of an over-
head data projection panel to enhance
the council’'s computer based educa-
tion package.

Matt Foley, MLA

Queensland Mining Journal
May 1993 B
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FIG —What’s init forme ?

N A TIME OF RECESSION and high

unemployment, isn't it reasonable to
give voice to this often unasked but
underlying real question:

“What's all this fuss about FIG; what's in it
for me?In such a time as this, isn't what
happens in my office every day of more
relevance to me than what is happening on
the other side of the world? Do events in
Third World Countries, even things con-
cerning surveyors there, affect me in any
way at all?Isn’t it just more business that 1
need? And why should I be supporting the
administration of FIG in Australia through
ISA?”

It is to try and answer these questions and
others like them that this article has been
written. To attempt to do so in such a
short article is a daunting task, but it needs
to be done. If we can’t discover a satisfying
answelr, perhaps the answer to the ques-
tion might be “nothing! .

To make a beginning, the idea that what
happens today in my office is all that mat-
ters can be legitimately questioned. What
happens today is surely one outcome of
what was being done years ago. What we
did then in terms of education, personal ca-
reer planning, developing a business strat-
egy, marketing and investment is bearing
fruit today, one way or another. This holds
true for people as well as businesses.

Let me give one example. Did you know
that the Australian Government is right
now involved with the other twenty six
OECD countries in reaching decisions
about the policies each will adopt with re-
spect to freeing up international trade in
professional services including surveying?

A study which will draft protocols for con-
sideration and eventual adoption by the
OECD countries including Australia, is be-
ing carried out. As an accredited Non Gov-
emment Organisation FIG can make an
input into the OECD study. Isn't it better
that FIG puts forward proposals now at the
planning stage, rather than for all of us to
wonder what has hit us when some new
government policy begins to take effect
and we wonder where it came from?

It is more than just possible that the deci-
sions arrived at soon will be affecting our
profession four ot five years from now.

But where do all the good (and bad)ideas
come from? Aren't we self sufficient in
everything here in Australia? Don’'t we
know the answer to everything already?

These questions might be amusing if they
didn't reflect a “head in the sand” attitude
one comes across here and also amongst
people in many other countries.

The reality is that we learn by being ex-
posed to new things and new thoughts;
when we are forced to listen to other ideas
and work out what we think about them.

And the pool of knowledge in this whole
global village of ours is far greater than the
small puddle we have in Australia. Each of
us can contribute to others as they can con-
tribute to us and we have a personal and
professional responsibility to look beyond
ourselves and do so.

“All right”, I hear you say, “but what about
bringing it down to the level of the individ-
ual. What can I as an individual get out of
FIG in Australia?” Undoubtedly, the best
thing for every surveyor in Australia to do
is to attend the XX FIG Congress in Mel-
bourne in March 1994.

There you will be exposed to the best
minds in the surveying world as many hun-
dreds of people, probably a thousand or
more, come from the eighty or more coun-
tries where FIG has members. Approxi-
mately three hundred papers, representing
the fields of study of the nine FIG Techni-
cal and Scientific Commissions will be pre-
sented and discussed.

In itself, this offers an enormous opportu-
nity for individuals to enhance their profes-
sional development. They will not be
abstruse papers from other-worldly academ-
ics although there will undoubtedly be pa-
pers which will stretch your mind to the
limits. But there will also be papers from
practitioners just like you, dealing with
every subject within surveying and some
outside as well!

In addition, special sessions catering for
every taste will be available. You will be
able to meet and talk to surveyors from de-
veloping countries and from developed
countries and everything in between in-
cluding the newly emergent countries of
Eastern Europe and South East Asia.

You will meet people who will become life
long friends or perhaps future business con-
tacts or colleagues. You will also add to
your CPD score.

The students at Melbourne University, on
hearing about the Congress, have offered
to billet students from other countries so

that they can share
their knowledge, friend-
ship and experience.

FING

Perhaps you too could

answer the Congress Director’s call for vol-
unteers to host foreign visitors before, dur-
ing or after the Congress. Its a once in a
lifetime chance to have such an event in
our country and the possibilities for each
of us to be involved in it are only limited
by the choices we make about our partici-
pation.

Through that participation your mind will
be expanded and you will come away hav-
ing had a glimpse of the big picture of the
surveying world and how Australia and
you fit into it all.

If that isn't enough return for your support
of FIG, then consider this.

If there were no FIG, there would be no in-
ternational Congress in Melbourne, no
Technical Commissions doing their vital
technical work, no-one to represent and ne-
gotiate on behalf of surveyors within the
United Nations, no-one to represent us in
the scientific community of the Interna-
tional Council of Scientific Unions (ICSU},
no-one to sponsor workshops about our
profession in developing countries or to get
funds from international agencies to sup-
port these workshops.

None of this would happen without FIG.

Finally, please consider this. To support
the administrative headquarters of FIG in
Australia for its four year term will cost
each member of ISA a maximum of the
equivalent cost of one medium quality bot-
tle of wine a year. Is that a worthwhile in-
vestment?

To come to the Congress in Melbourne
next year will, of course, cost you more
than that, but you don't have to stay at a
five star hotel if you don’t choose to| There
will be wide range of accommodation avail-
able. The reward to those participating will
be enormous, not just to them as individu-
als, but to our whole profession in Austra-
lia and worldwide. Isn't that a worthwhile
investment?

FIG-what's in it for me? The answer is lim-
ited only by our response to the personal
and professional growth opportunity of-
fered to each of us.

G K Lindsay,
Secretary General, FIG N
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Kunwarara

Featured
Mine

Magnesite Mine

Queensland Magnesia
(GMAG) Magnesite Mine —

Kunwarara

MINE, on a Queensland Metals
Corporation lease about 55 kms
north of Rockhampton, was discovered
in 1985 and is one of the world’s largest
deposits providing the raw material,
magnesite, for the manufacture of high
quality refractory magnesia.

Following early drilling and exploration
of the extent of the deposits the Joint
Venturers agreed to establish a plant
at Parkhurst and an initial processing
plant at the mine site at Kunwarara.

Barclay Mowlem Constructions were
engaged to construct the mine facility
with Kinhill Engineers Pty Itd as the
designers.

The plant was designed to do the
crushing, pre-concentration and benefi-
ciation and initial separation into two
grades before transporting to Rock-
hampton to the Parkhurst concentra-
tion plant.

Survey Activity

Survey setout, control and
checking work was done in
six basic areas of the site:

B Beneficiation plant

M Scrubber stations - Pri-
mary, secondary & tertiary

W Stockpile Structures

W Reclaim tunnel

B Dump Station including
gantry piers & conveyors

W Pipelines & Ponds

These are illustrated in some
of the accompanying photos.

Survey work

In common with most construction
work, surveys could be divided into
five stages:

B Establishment and checking of da-
tum

B Initial set out of footings

B Checking of footing positions and
hold down bolts prior to pour

B Checking of structures during and
after construction

B Issue of necessary documentation
certifying location and accuracy for
quality assurance purposes

Initial Control

Three coordinated survey marks had
previously been established on the site
and closed traverses were run be-
tween the marks with a Pentax Total
Station instrument to check the coordi-
nates.

Once initial earthwork pads had been
constructed by another contractor, pad
levels were checked with a conven-
tional Wild NA2 automatic level and
verified for the contractor.

Two parallel base lines each 100 me-
tres long were established with one
metre long star pickets driven into
ground level at the line extremities.

The two base lines were measured
both ways and the end points coordi-
nated.

A series of temporary bench marks
was established, levelled and
checked. These points, lines and

later extensions, were used

for setting out all structures.

Kunwarara
Magnesite
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Detail Surveys

Coordinates and offsets were calculated or extracted
from plans and footing positions for structures were
established relative to the base lines, and recovery
marks placed using pins and pegs located by the
theodolite and EDME or tape. Prior to pour, footings
and bolt positions were checked.

During and after erection of steel structures vertical-
ity of columns was checked and adjusted where nec-
essary. In addition to footings other major structures
inicluded two gantry piers, a dump station wall and
two reclaim tunnels.

The gantry piers were constructed using three de-
creasing diameter cylindrical columns to a total
height of 15.5 metres. As these piers carried convey-
orIs it was necessary to precisely set out and check
during construction for horizontal alignment and ver-
ticality using two theodolites, total station and level.

The dump station wall as illustrated in the photos,
was constructed using wire cages and compacted
earth fill. Although not part of the contract, steel ver-
tical structures 'butted up’ to the wall so it was nec-
essary to regularly check the verticality of the wall
which was adversely affected by “bulging” caused
by flood rains.

The reclaim tunnels were constructed using com-
pacted earth fill covered "armco” type galvanised cy-
lindrical joined sections. As these tunnels also
carried conveyor belt structures it was necessary to
regularly check during and after censtruction for
alignment and vertical distortion of pipes. Ingenuity
often had to be used to obtain access and make ap-
propriate measurements.

Following each survey, sketch plans were drawn and
verbal and written reports given to the contractor for
quality assurance purposes.

Bob Harris, MAIMS, MIEMS, MIS(Aust),
Registered Surveyor{Qld),
Past President of AIMS W

Piers, Conveyors, Survey Control Stations

Dump Station Wall under construction

Kunwarara Magnesite Mine Plant under construction
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Kunwarara Products

Magnesite

Magnesite(MgC0s) is the naturally oc-
curring carbonate of the element mag-
nesium (Mg) and with a theoretical
maximum magnesia (MgO) content of
47 6% represents the most concen-
trated commercial source of magnesia.

Crude magnesite is seldom traded
without some degree of “value add-
ing”. Most commonly, it is processed
into either calcined, deadburned or
electrofused magnesia.

The high purity low-iron cryptocrys-
talline magnesite deposit at Kunwarara
lends itself well to the production of
deadburned and electrofused magne-
sia with the properties required by the
steel industry's high grade brick mak-
ers.

Deadburned Magnesia

When magnesite or calcined magnesia
is heated to higher temperatures,
above 1500 deg C, the material adopts
the structure of periclase — a rela-
tively non-reactive solid which exhib-
its exceptional dimensional stability
and strength at high temperatures.

The production of this material, known
as clinker, deadburned, or sintered
magnesia, accounts for some 90% of
the woild's output of magnesia and is
used almost exclusively for refractory
applications in the form of basic brick
and granular 1efractories where it is
often combined with carbon, chromite
or other materials to give the desired
propetrties for specific refractory appli-
cations.

Magnesium oxide has the highest melt-
ing point of all refractory oxides and is
the most suitable heat containment
material for high temperature industry
processes.

Magnesia bricks are used in furnaces,
ladles and secondary refining (70% of
the world's output) and in cement and
glass making kilns.

Magnesia granular refractories are
used principally in the metals refining
industry, in the form of monolithic re-
fractories for furnace hearths and la-
dles, and as granular maintenance
materials applied by spray gunning
and fettling.

The western world currently produces
about 4.2 million tonnes of deadbumed

magnesia. Half is derived synthetically

with the balance split about evenly be-
tween cryptocrystalline and macrocrys-
talline magnesites.

Electrofused Magnesia

Electrofused magnesia is produced by

the electric arc melting of calcined or

deadburned

magnesia g
at tempera-
tures above
2800degC.
It is supe-
rior to dead-
burned
magnesia
in strength,
abrasion re- 948
sistance '
and chemi- £
cal stability.

Fused mag-
nesia is
used in the
manufac-
ture of pre-
mium
quality refractories including those
used in nuclear reactors, rocket noz-
zles and the most corrosive areas of
high temperature furnaces.

Reclaim Tunnel

Crushed electrical grade fused magne-
sia is used as an insulating material in
heating elements for industrial electri-
cal furnaces,
in domestic
appliances,
as sub-
strates for
supercon-
ductive and |

cal purposes }

Free world
production !
is estimated |
at 0.2 mil-
lion tpa,
with use
split about
evenly be-
tween elec-
trical and
refractory applications.

Gantry Pier under construction

Kunwarara Process Acknowledgement

The complete process is demonstrated

. . ) The technical data and flow chart are
in the flow diagram opposite.

kindly provided by QMAG, Rockhamp-
ton
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Dispensable Dinosaurs?

(Some outside observations on the
surveying profession)

SUSPECT TBAT when Peter Dawson,

President of ISA Qld, suggested that 1
be invited 1o write an article, he had a
sneaking suspicion that I would stir the
pot abit. You see, | have been known to
take a rise out of the surveying profes-
sion on occasions. At an international
conference on geographic information
systems {GIS) a few years ago, for exam-
ple, I posed the riddle:

Question

“Why are so many surveyors getting
into GIS?”

Answer

“Because GIS is easier to spell than
theodolite.”

[I've never had any problem spelinge
theedolodite — ED])

Not that I 1eally think that surveyors
are the Irish of the applied sciences,
it's just that they seem hell bent on
self extinction. That observation is
based on more than 40 years of direct
observation and close contact with the
surveying profession. I must add that
it is a conclusion that causes me some
distress because, as they say in the
classics, some of my best friends ate
SUIVeyors.

Science in the
wilderness

1 guess my eailiest images of survey-
o1s are derived from primary school les-
sons on Australian explorers, many of
whom were surveyors. The deeds of
heroes such as Matthew Flinders,
Thomas Mitchell, John Oxley, Charles
Sturt, Ludwig Leichhardt and com-
pany always emphasised their roles in
opening up the empty continent.

In the Eurocentric fashion of Austra-
lian education in the 1950's, their
deeds were portrayed as providing the
first scientific observations and written
descriptions, the first measurements
and the first maps of the land. They
were the trail blazeis.

This scientific exploratory tradition in
Australia was continued by surveyors
into the 1950's and 60’s, but essen-
tially died out with the “completion” of
the national topographic mapping pro-
gram in the mid 70's, though a few lin-
gering examples could be found in
places like Papua New Guinea and
Antarctica for a few more years. In es-
sence they had worked themselves out
of a job!

Back in 1961 | encountered one of
these explorer/surveyors in a remote
part of the highlands of PNG, close to
what was then the border between the
Australian Territory of Papua and the
Mandated Territory of New Guinea.

He was camped at the site of a murder
and his task was to obtain an astro-fix
to determine the precise location of
the crime so that the offender could be
charged under the correct law.

This was fairly critical at the time be-
cause Papua was subject to a version
of the Queensland criminal code under
which murder carried a death sen-
tence, whereas New Guinea had a dif-
ferent criminal code with no death
sentence.

This surveyor was pretty well round
the twist because he had been sitting
at the site for about ten days waiting
for clear conditions for an astronomical
observation. This was very much a
three dimensional, real world task
(even a life and death one) for the sur-
veycar.

The range of technology used by the
explorer/surveyor was pretty impres-
sive though mote frequently at the
compass, chain and Abney level end
of the spectrum rather than the “alpha-
bet soup” (GPS, GIS, SPOT, WGS84, B-
8, etc) end. Output was almost
invariably in the form of a paper map
or chart.

The generalists

My late brother Harry was, perhaps,
one of the last of the great explorer/sur-
veyors, being the leader of the Na-
tional Mapping geodetic survey

section at the time of his death. In his
earlier career he established a private
practice in Cooma (NSW) around the
time that the Snowy Mountains
Scheme was gathering momentum. 1
spent many of my school holidays
working with him (supposedly improv-
ing my maths).

His practice was, [ think, fairly typical
of a rwral survey practice at the time.
His jobs typically ranged from doing
simple “ident” surveys of parcels of
land and levelling surveys for a house
site in town, across engineering sur-
veys for new sections of 10ad, to de-
signing rural subdivisions or routes for
major power transmission lines.

Some of the technology used was, for
the time, quite sophisticated. The
Curta “coffee grinder” calculator, for
example, was the flashest thing in
computational aids going, as was its
rapid successor, the first of the
Hewlett Packard programrnable pocket
calculators.

Other technologies were much less so-
phisticated. I recall Harry using a per-
spex template to calculate the curve of
cables to be strung on a transmission
line, for example. Paper or linen plans
were the most common outcome.

Here again, the breadth of experience
and practice tended to emphasise a
three dimensional world view for the
profession.

The specialists

Evolution of the profession over the
past few decades appears to have
been inexorably moving towards in-
creasing specialisation. [ have the im-
pression that most surveyors in private
practice (and many in the public sec-
tor) today do little more than cadastral
survey work.

The other fields of the profession, such
as engineering survey, aerial survey,
geodetic survey, and so on see them-
selves as (almost) separate professions.
Indeed several have their own profes-
sional bodies distinct from the Institu-
tion.

]




June 1993

Page 11

Certainly the community tends to
equate “surveyor” with the person
who checks the boundaries of the
property that is about to be bought.

The cadastral surveyor does not need
to take a three dimensional, real world
view - his stock in trade is a two di-
mensional, legally defined entity.

This is facilitated by the use of
cartesian coordinate systems (the
dreaded AMG) which are difficult, if
not impossible, to accurately link to

_ real world entities such as coastlines,
rivers and so on.

Not satisfied with that travesty, the ca-
dastre, and especially the digital cadas-
tre (the even more dreaded Digital
Cadastral Data Base (DCDRB)), has been
promoted as a substitute universal spa-
tial referencing system.

Symptomatic of this cadastre-centric
myopia in the profession has been the
edict of ALIC (now ANZLIC) that
“Land Information System (LIS)" is to
be the preferred term in Australasia for
the technology that the rest of the
world knows as “Geographic Informa-
tion Systems (GIS)".

Other symptoms are: the declining
numbers of people attracted to the pro-
fession; the decline in the number of
academic institutions offering survey-
ing courses; the decline in the mem-
bership of the Institutions; and, the
increasing number of surveyors joining
AURISA.

The technology employed in this latest
manifestation has become quite sophis-
ticated and increasingly automated. La-
ser or satellite-based instruments,
computers, “total stations™ and so on,
linked to computer aided drafting pack-
ages such as AutoCAD, seem to be

the standard.

Output is increasingly in digits (rather
than hard copy), with ever increasing
absolute spatial accuracy and in ever
increasing volumes. Surveyors have be-
come, in effect, very efficient spatial
data capture robots.

Technology and
evolution

Evolution is a process of adaptation to
changing environments. The greater
the capacity of an organism to react
and adapt to change, the greater its
ability to survive change. Conversely,
the more specialised the organism, the

more vulnerable to extinction it isin a
changing environment.

I believe that the surveying profession
is in imminent danger of extinction
because of technological change. I
must say that my own discipline of ge-
ography is no less endangered for
many of the same reasons.

It is clearly an irony that it is the very
technology developed to aid surveyors
that is making them irrelevant. No
longer is it necessary to call in a sur-
veyor to peg out the batters for the cut
and fill for a building, for example.

The Dumpy level and more recently
the laser level, has placed that capac-
ity in the hands of lesser mortals such
as builders and drott operators!

GPS was developed to overcome the
US military problem of not being able
to obtain ground control in hostile ar-
eas such as the Soviet Union, China
and North Korea that they wanted to
bomb the crap out of.

1 doubt if even my explorer/surveyor
friend from PNG would have been will-
ing to take on the task of making Cold
War astro-fixes on Siberian mountain
tops for the CIA.

Because the CIA couldn’t get a sur-
veyor on the ground, a methodology
that made the ground surveyor redun-
dant was required - hence a satellite-
based system. The success of this
anti-surveyor technology was dramati-
cally demonstrated during the Gulf
War.

The rapid growth in the availability
and accuracy of GPS in the civilian
community and its capacity to be di-
rectly linked to spatial databases (in-
cluding the DCDB) is perhaps the most
potent threat to the cadastral surveyor.

Who needs a surveyor when it is possi-
ble for anyone (even an engineer or de-
veloper) to design a subdivision and its
infrastructure (by smart CAD soft-
ware), peg it out on the ground (using
GPS) and lodge the plans (in digits)?

What is left for the registered surveyor
to do other than sign declarations re-
quired under legislation that is itself
under question? I note that the vener-
able position of Queensland Surveyor
General recently joined the dodo.

GIS, the integrating spatial technology,
will no doubt speed the march to-
wards extinction for some because it

places incredible power in the hands
of users other than spatial scientists.

It may, however, also represent a path
to survival for those surveyors who are
willing and able to adapt to and ex-
ploit the new technologies.

Survival path

I believe that there are four critical fac-
tors which surveyors must come to
terms with if they are to select the GIS
route to salvation. First is the retumn to
an appreciation that spatial science re-
lates to the real world of three (and
four) dimensions rather than the two
dimensional world of the cadastre.

Amongst the outcomes of this change
should be a greater degree of linkage
between cadastral and topographic in-
formation. Indeed, we may even see
the cadastre employ an earth centred
referencing system rather than the
“flat earth”” of the AMG system and
the use of real world references such
as street address rather than arcane
systems such as lot-on-plan.

Second is a realisation that there is
more to spatial science than data cap-
ture and the (almost) ritualistic stuffing
of digits into databases such as the
DCDB. The largely untapped potential
of GIS lies in its application to solve
real world problems and to aid the de-
cision making process in most aspects
of human endeavour.

Surveyors {and geographets), with
their philosophical and scientific roots
in providing spatial definition, should
have some sort of edge in helping to
answer questions that involve
“where?".

Third is a realisation that absolute spa-
tial accuracy is not what most consum-
ers of spatial information want or

need: that relative accuracy is good
enough.

A fireman, for example, doesn't need
to have millimetre-accurate coordi-
nates for the hydrant he is looking for,
he only needs te know (at worst)
which side of the street it is on along
the block or (at best) outside which
street address it is located.

Similarly, it escapes me why metre-ac-
curate coordinates are demanded for
the targeting of strategic ballistic mis-
siles when a thermonuclear device will
vaporise everything within about 10 kil-
ometres!
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More attention needs to be given to an-
swering questions such as “how good
is good enough?” and “how much will
the next order of accuracy cost?”

rather than “how accurate can I make
it?"

Fourth, and perhaps most important, is
the cultural problem that surveyors
seemn to have in that they believe they
have a monopoly on spatial informa-
tion. Nothing could be further from re-
ality!

Certainly surveyors play a key role in
understanding the coordinate geome-
try of the two spatial dimensions of
geographic information (x & y).

They may also have some claim to su-
premacy of knowledge in under-
standing some of the themes, such as
elevation, under the attribute (z) di-
mension. But that is about where it
ends.

Their knowledge and understanding of
topology (coordinate-free geometry) is

generally limited. Further, they are es-
sentially illiterate about the vast major-
ity of the themes needed in GIS, not 1o
mention an appreciation of the tempo-
ral (t) dimension and its impact on the
other three dimensions.

For surveyors to claim “ownership” of
GIS, simply on the basis of their contii-
bution to knowledge of the x & y coor-
dinate geometry is suicidal - the other
spatial science players (including car-
tographers, geographers, etc etc) and
the legicns of GIS users (planners, for-
esters, geologists, marketing analysts,
emergency managers, etc etc etc etc)
will cast them into the professional tar
pits.

Surveyors who are able to make these
adjustments will very likely survive. Af-
ter the transmogrification they may not
look like the same species as the sur-
veyors in the history books, but they
will, none the less, 1emain spatial sci-
entists.

Those that can’t make the transition
will probably be indistinguishable from
real estate agents.

Ken Granger

Scientific Adviser, CHEM UNIT
Bureau of Emergency Services
]

QLID — The Queensland
Land Information Directory

QLID is a new computerised land infor-
mation directory which provides infor-
mation about land related data within
he State of Queensland.

Whether you are a provider, a user or
just interested in land related products
available from Government and other
organisations, the Queensland Land In-
formation Directory (QLID) will provide
major benefits to you and your organi-
sation.

QLID supersedes the paper based cata-
logues and map indices which have
historically resided in various agencies.
A wide 1ange of information about
land related data has now been amal-
gamated into one easy to use PC
based system.

Information Contained in
QLID

Within any geographic area, QLID pro-
vides the following details for each of
the thousands of
land information
items contained
in the directory :

B thetitleand a
brief descrip-
tion

B up to four key-
words describ-
ing the major
topic or theme

B its available for-
mat, i.e. re-
port, published
map, photography, manual records
system, computer based system

M the date the land information item
became available or is intended to
be released

B the usual update frequency

M a statement describing its quality

B an indication of any charges, copy-
right 1estrictions, etc. associated
with its availability

M the name and contact of the agency
responsible for the land information
item

A

Operating Features

One of the main features of QLID is
the ability to search not only for the
availability of data over a whole state,
but to concentrate searching to a user
defined geographic area.

Some of the major features include :

B full compatibility with IBM-PCs
which utilise a hard disk, VGA col-
our monitor and MS-DOS operating
system

M mouse or keyboard operation

B a user friendly menu facility with
many interactive options using a
simple point and select operation

W Map Display Window and built-in
graphics capability which displays
the current view of any user se-
lected area of Queensland

B textual display of currently available
land related information at any par-
ticular geographic location

M on-line help facility

Subscriptions

QLID comes as a complete package

containing subscription details, pro-

gramy/installation disk and a detailed,
easy to read User Guide.

Thank You For Holding.....
Hello? Are You There?...

2\
Subscription is based on a yearly regis-
tration. An annually advertised fee will
entitle all registered users to a sub-
sequent data update for that year. It is
intended that these data updates and
system enhancements will be made
available on a regular release cycle, in-
itially at six month intervals.

Orders

QLID is available from your nearest
Land Service Centre or by contacting :

QLID Co-ordinator
Department of Lands

Locked Bag 40

Coorparoo Delivery Centre Old
4151

Phone : 07 896 3871
or Fax : 07 896 3433

S ———TT




Everything youd

2 p.m. is pure profit!

Compared to a conventional total station, -

Geodimeter System 4000 will save youup to
3 hours a day. And that’s after counting
depreciation, salaries and other costs.

This gives you two interesting options.
Increase your profitability by 30 - 40% or
let the survey crew go home at 2 o’clock!

We’ve kept pretty quiet about our
system’s amazing productivity... until now.

Report after report arrives showing the
superiority of remote control surveying,
and we’ve just got to tell somebody the good
news!

Interested? Want to see what the system
can do for you? Get in touch with us and
we’ll give you the facts. After you see them,
we’re sure you’ll think twice.

Fm=============7"

This sounds too good to be true! Prove it!

(L] Contact me now. [ want the facts and figures.

[] Please send me all the info you have on
remote positioning

1 Please send me user reports.

City

Name
Company
Address
Post code
System4000 _
ountry
Get 3 more
hours a day! Telephone

[@[Geodimeter]

L =

Queensland

Herga Instruments Pty Lid
Tel: (07) 852 1245 Fax: (07) 252 1275

Contact: Paul Bright or Lawrie Watson
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A History of Change at Tarong

r'\ OALWAS KNOWN to exist in the
—J Tarong area since the 1920,s
when subcropping coal was used by
blacksmiths etc. for their furnaces, the
extents of the deposit was not 1ealised
at that point in time. Coal seams were
later intersected when water bores were
being drilled around the area.

C.R.A. commenced exploration
drlling, based on information from
local farmers, etc., in 1967. The in-
itial borehole location surveys were
done using a Hilger Watts Theo-
dolite, then a “Wild" T1A with 100
metre steel band and level for verti-
cal position.

These positions were calculated on
a "local grid”. This situation contin-
ued until 1978 when a decision

was made to construct the Tarong
Power Station based on the coal re-
serves identified up to then.

At this point all previous survey in-
formation was converted to A M.G.
g1id for horizontal position and
AHD. for vertical position.

In 1979 a mining lease was granted
over the area. Also in 1979 associ-
ated aerlal surveys were engaged

to setup and carry out aerial map-
ping of the lease area. Three 'Hicon”
staticns in the area were used as “ma-
jor” control base. The photographic
control was placed using “Wild" T.2.
Theodolites and “Geodimeter’’ 14's for
distance measuring.

Mapping was carried out at 1:2500
scale (53 AQ size sheets) and 1:1250
scale (40 AQ size sheets) all with two
metre contour intervals.

This mapping was used for original de-
sign work for "Stage [ construction of
haul 10ads, drainage, conveyor loca-
tions etc., it was also used by mining
engineers for initial mining area pit de-
sign, dragline walk 10ads, access
10ads, etc.

In 1981 a cadastral survey was carried
out (JF H Murray & Associates) to
peg the "Surface Area” (limit of distur-
Dbance) of the mining lease, in conjunc-
tion with this, eight contral stations
(with tripod beacons) were placed
around the initial mining areas with

A M.G. coordinates and A H.D.
heights.

These stations, in the main, were
placed in locations which would not
be disturbed by the mining operation
for some considerable time. This sur-
vey work was carried out using a
*Zeiss”' 1 second theodolite and H.P.
3810A E.D.M.

Author : David Beatson

This control network is still used on a
1egular basis to maintain and extend
control for use on all facets of the min-
ing operation. For our “day to day” use
one of the central points of this net-
work was adopted and a rectangular
grid calculated at 500 metres A.HD.
for the other stations.

Stage I construction commenced in
September 1981 - included in this con-
tract were haul 10ads and ramps, ac-
cess roads, R.0O.M. dump station,
conveyoar lines, office - workshop and
associated buildings, clean and dirty
water drainage systems.

The major earthworks contract was set
up as a “Schedule of Rates” con-
tract. The “original surface” surveys
were carried out using H.P. 3810B, the
information was picked up along '‘sec-
tions” which were hand plotted and
were constantly updated as construc-
tion progressed, normally using Wild
T.2. theodolite, chain and level.

The control for all construction set out
was brought in from major control net-

work. Normal survey techniques were
used for buildings and conveyor line
set out (theodolite, chain and level).

All volume calculations were done
from plotted sections using H.P 41c
with card reader and printer.

Due to an extremely good working
1elationship between “Minenco”
(C.R.A. Engineering Consultants re-
sponsible for design and project
construction management) and ma-
jor earthworks contractors (Roche
Bros ) the necessity to duplicate
“number crunching” for volume
calculations was reduced signifi-
cantly, this was greatly appreciated
by survey staff on both sides of the
contract.

This first stage construction was
completed in March 1983, at ap-
proximately the same time the op-
erational phase of the mine got
underway with dragline walkroad
construction into King I mining
area.

The overburden in this area had al-

ready been drilled and shot to top

of coal. Survey work had been done

Initially to pick up position and lev-

els of benches constructed to allow

access of overburden drill, this
pickup was given to mining engineers
for blast pattern design which was
then pegged out for drill. Original sur-
vey equipment consisted of Wild T.2.
theodolite, Wild DI4L E.D.M., Wild
N.A.1level.

The coal seam in the King | area is ap-
proximately 12 to 15 metres thick with
very little parting and of good quality.
Due to this we did not build a wash-
plant until 1986 (Stage 2 construction).

Commencing in 1983 aerial photogra-
phy has been flown over the area and
1:2500 scale mapping in mid to late
January and August each year, with 2
metre contour interval.

This has been set up to coincide with
statutory requirements of Mines De-
partment to supply plans of mining op-
eration in March and September of
each year. This 1:2500 scale mapping
is also used for design concepts of
dragline walk roads, access roads, min-
ing design, drainage, etc.
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As new mining ar-
eas are opened up
aerial photography
of the area is taken
following clearing
and burning of tim-
ber to allow 1:500
scale mapping to be
drawn with 0.5 me-
tre contours, this in-
formation is then
used as a base for
mine design.

. AAM Surveys Bris-
bane office have
handled all of our
aerial photography
requirements and in
1987 it was decided
that, due to the
amount of change
taking place be-
tween flights and
the consequent
amount of manual
change to plans
that had to be
made, we would
start to acquire the
information in a
digital format to
speed up the plan
plotting process
and also to give us
valuable informa-
tion that could be
downloaded to
“Geocomp” or
“Miner2" for plan-
ning or design pur-
poses.

This process has
proved to be very
successful and we
have encountered
only minor prob-
lems with reformat-

" KING IV AREA .

4-5 km

ting this data to suit —-
these software pack-

ages as they have

improved and devel-

oped over the years.

To go back in time

for a moment all our

survey information up until 1986 was
plotted and filed manually due to the
relative ease of the operation (one min-
ing area, single seam, low tonnages)
and rapid development of survey hard-
ware and software at the time.

In 1986 it was decided that, due to the
fact that we were about to move into a

>

INITIAL CONTRACT
MINING AREA

Tarong Coal - Meandu Mine

new mining area which was, and still
is, geologically complex due to multi
seams (up to 7) plus varying stone
bands, splitting of seams etc. In a
seam that can be up to 30 metres
thick, that a new method of firstly ob-
taining relevant data then storing and
manipulating this data in an accept-
able form was necessary.

It was decided to purchase a Wild
T1000 theodolite, DISL E.D.M., GR.E.
3 data storage unit and our first “Geo-
comp” system with Graphtec plotter.

The Geocomp system has been up-
dated and improved over time and has
been able to adequately deal with the
information in a way that best suited
our needs.
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The information is stored under sepa-
rate mining areas and these are then
divided into ‘Horizons” as we move
through the mining operation to the
floor of the seam.

B Overburden Bench Pickup - for
blast design

B Pickup of overburden blast patterns
after drlling

B Set out for dragline operation

B Weekly pickups for material re-
moved by dragline and coal uncov-
ered.

W Set out and pickup of coal shots

B Regular mining face pickups to al-
low geologist to keep track of min-
Ing operation

B Base of mining operation (floor)
pickups

B Reconciliation volumes

A decision is to be made shortly as to
whether we continue using “Geo-
comp'' or change to a “Modular’’ soft-
ware package matketed by “"Mincom”
which has mine design (Minescape),
dragline {dragline operation design),
Geology (geclogical modelling), 1eha-
bilitation and survey systems which
can be integrated.

This total system- operates through
“Summagraphics’. workstations on
“Unix'' operating system.

The ability to integrate these systems
would make the updating of invento-
ries and reconciliations a much easier

Whichever way we go the “'Geocomp”
system will be kept as a backup sys-
tem and for road and drainage design
packages.

Day to day control stations are placed
on either highwall or lowwall of strips
to keep track of normal mining opera-
tions. These controls are checked regu-
larly as movement does occur with
stations placed on new spoil benches
from dragline operation (usually after
heavy 1ain). this does not pose a major
problem for normal survey work.

Other areas of involvement of survey
team includes targeting for aerial pho-
tography, location and pickup for ex-
ploration drill sites (by outside
contractors), supervision and control of
earthworks contracts - for location,
level, grade control and volume calcu-
lation for contract payments.

A "Laser alignment” 5030 dual grade
laser system is used to control grades
for dragline operating level as the
dragline works along a strip. The Re-
ceiver unit is mounted on the dragline
dozer - on a pole outside cab, above
cab floor level, visible by the operator,
beam well below operator eye level -
as the dragline chops to operating
level dozer moves round in front of
dragline, finds level then prepares pad
for dragline to walk onto.

This system has saved us a lot of time
and money especially on afternoon and

Seam Geometry - NW Area
Example Section through 3 Boreholes

task than it is at present and will also
allow the more effective use of survey
data etc. in the mine design package
for haul road, dragline walkroad, drain-
age and strip designs.

We can format '‘Geocomp, data to
download to workstations but we feel
that problems could arise at some
stage with ''non-compatibility, of data.

night shifts when normal survey prac-
tices are not adequate.

Due to the nature of the operation we
have a 25 metre bench at the back of
each strip which is used to drain any
surface water away from working pits.
The maintenance of survey control on
this bench grade is therefore extremely

. important as any overcutting by

dragline means refilling these areas
with scrapers etc. to maintain grade.

Another area we are looking into at
the moment is G.P.S. Our dragline is
fitted with a “Tritronics” dragline moni-
toring system which records data from
dragline - drag, hoist, dig mode, dig
time, operating mode, walking time,
swings, bucket load - and sends it by
radio link to a computer in the mining
office, where dragline engineers can
then use this data to check progress of
dragline operation.

The latest version of this system has
the capability to be able to monitor the
position of the dragline bucket (within
metres) from a G.P.S. receiver unit
mounted on the dragline. The details
of how we mount the unit etc. have
not been finalised as yet but we are
looking at the possibility of having an
extra mobile receiver unit to be used
for survey purposes if the system has
the capability and the appropriate soft-
ware to handie the information we
would require.

This could be used for extending con-
trol network, major construction con-
tract control, pickups of areas for
rehabilitation etc.

As can be seen from this quick history
of the Tarong Coal open cut coal mine,
even though in relative terms it is a
new mine we have still gone through
some fairly major changes as far as
technological development goes in
both computing (software and hard-
ware) and survey equipment.

These changes will continue to occur
at a 1apid pace and I think we have to
keep up with theses developments
and use them to our advantage where
possible.

“Work smarter
not harder”

5.25 million tonnes delivered to the
Power Station between June 1991 and
June 1992. 7 million tonnes mined (Ex.
Pit) to achieve this figure.

David Beatson B

This paper was first presented at

. the Darwin Congress, May 1993
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A Practical Approach to GBS

IS PAPER INTRODUCES the

reader to various practical uses of

Global Positioning System (GPS) tech-

nology, when related to surveying activi-
ties.

The material is presented (and accom-
panied by overhead projections) with
reference to actual projects undertaken
by Dynamic Satellite Surveys (DSS) dur-
ing four years of specialised work utilis-
ing GPS equipment.

The aim of the discussion is to inform
of the varying uses of GPS equipment,
and the planning and ancillary equip-

ment needed to perform the task effi-

ciently.

Introduction

The Global Positioning System is alive
and aimost well. The system isin a
useable form, and although perhaps a
year from being fully operational, can
be exploited by the navigator, aviator,
engineer, and surveyor for appreciable
benefit.

It is some of the surveying related uses
and benefits which will be discussed
in this paper.

They range from ground control for aer-
ial photography, mine and engineering
control, cadastral control, Local Author-
ity Control, topographic profiling, and
gravity surveys. DSS has extensive ex-
perience in these areas, being the larg-
est land based GPS specialist company
in the South Pacific.

Some Practical
Aspects

Briefly, there are some points which
are perhaps more important when ob-
serving a GPS survey, as opposed to a
conventional survey.

They are:

M The need for planning, and counter
plans (when the first fails).

B Know what the satellites, the
weather, etc are doing.

B The most efficient method of mov-
ing between the sites ie. by air,
boat, 4x4 vehicle, or on foot.

8 Serviceable equipment, and spares
{batteries, cables, spare tyres, tool
kits)

M Security - Receiver may be unat-
tended for long periods.

M The accuracy and precision of the
control you propose to use.

DSS contacts the US regularly, to ob-
tain predictions of times when satel-
lites are unavailable, or likely to deliver
inaccurate signals. Prior warning or
these outages is invaluable.

Some Practical Uses

Ground Control for Aerial
Photography

This has probably been the area most
people associate GPS measurement in
surveying, however several develop-
ments have improved the efficiency re-
cently.

Laying targets or doing photo iden-
tification while observing:

DSS now combine the identification of
the ground target (fence post, tree etc)
with the actual precise measurement
of the position of the target, in relation
to the Australian Map Grid (AMG) and
the Australian Height Datum (AHD), or
indeed any other coordinate or height
system.

This is done by using an antenna
mounted on the front of the vehicle,
and the receiver inside the cabin.
Where vehicle access is impossible,
the receiver is portable and can be
hand carried, continuously tracking.

A similar process is undertaken when
laying out photo targets.

The benefits of this combination are
numerous, but in particular, save an
extra trip to each station.

Improved Geoid - Spheroid calcula-
tions:

One of the problems of the GPS meas-
urement system is that the height dif-
ference derived from the
measurements is mathematical in na-
ture (relates to the spheroid - a mathe-
matical shape), while the required
height differences are required in the
physical system (relating to the geoid -
a physical (level) surface).

Many texts cover this topic, with sev-
eral different approaches to modelling
the transformation between the two
surfaces (to allow the GPS heights to

be expressed as AHD, or heights
above MSL).

While many models exists, the two
most useful on the Australian conti-
nent are OSU89A and AUSGEQID91
(developed by AUSLIG and W.
Kearsley, UNSW).

Both these models work reasonably
(the OSUB9A model usually equals
third order levelling in' most areas),
the AUSGEOID91 model giving slightly
better results generally. However, both
these models have minimal truth val-
ues to be tested against, so are at best
an untested approximation in most ar-
eas.

DSS now has software that combines
the OSU89A modelled values with true
values (the difference between spirit
levelling and GPS height for the same
points) obtained in the area, and part
of the survey in progress.

The software (G-S_FINE) combines the
true geoid-spheroid separations with
the predicted values from the OSU8SSA
model, to provide a surface of best fit.
The level of agreement is output as re-
siduals, to allow a qualitative assess-
ment of the values to be made.

In some cases, a geoid-spheroid con-
tour map may be the most appropriate
method of assessing the models. This
is particularly the case when some
measures indicate errors in the local
levelling (orthometric) network.

Improved techniques and Equip-
ment:

In general, ground control projects are
in the 1-5km station spacing range,

and in areas not suitable for kinematic
techniques. Further, there is a great
need for a networking, and double oc-
cupation of points to ensure their integ-
rity.

One should always remember, one re-
turn field visit to correct an undetected
error, is far more costly than the time
taken to correctly observe a network of
points, and be sure of the results.

DSS uses pseudo-kinematic tech-
niques on some photo projects, how-
ever, most are observed using the
static technique, with minimal times
observed, and two remotes moved si-
multaneously.
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When the accuracy required is in the I-
2m 1ange (horizontally), differential
pseudo range can be used. This pro-
vides very quick positioning, without
the need to hold lock between posi-
tions.

For accessible land areas, properly
equipped vehicles are mandatory.
They include: extra work lights for
night observations, extra spare tyres,
carrying boxes, HF radio and UHF ra-
dios, quick-set tripods, and antenna
mounts on the vehicle.

All these may seem a luxury, but are
actually a necessity to an efficient GPS
survey.

For inaccessible areas, the cost of hir-
ing a helicopter will be re-couped by
the enormous increase in the mobility,
and thus efficiency.

Airborne GPS for photogrammetric
control

Consider the following example:

A photo project is about to be ob-
served, and all equipment is mobilised.
Cloudy whether delays photography
for a day (GPS equipment idle for one
day).

B Even with airborne photocentres,
some ground coordination is desir-
able.

Once in the air and photography has
begun, a power cable fails, but is
quickly replaced, however lock on the

satellites is lost.
Coordination of photocentres is cur-

rently a risk worth taking in the most
remote and in-accessible areas, but
would appear uncompetitive for most
photo-control projects.

On returning to the base, ancther air-
craft cuts signal to one of the satel-
lites, thus reducing the strength of the
geometry of the satellite constellation.

Any one of these problems, which are
likely to occur, may completely jeop-
ardise the coordinates of the photocen-
tres observed.

Mining and Engineering
Projects

The Mining and Engineering fields
have embraced GPS technology, and

It would seem a more practical, and NS .
utilise it on a wide scale:

sure-proof way to observe the photo-

control on the ground. )
These are the areas where full kine-

matic and pseudo kinematic tech-
niques are particularly useful,
however, it is still necessary to net-
work all observations.

B Clouds or even rain will not stop
GPS observations (providing access
is passable).

B With actual ground occupation, one
can be sure of the mark, and access
to it (for future surveys).’

B Any problem can be rectified there
and then, and techniques and plans
altered accordingly. The coordina-
tion is not reliant on the most vul-
nerable technique (kinematic).

W With correct technique, equipment
and personnel, ground coordination
is rapid.

Due to some errors which can creep in
to kinematic observations, and remain
undetected, it is essential that some
check be made on ALL kinematic ob-
servations. DSS requires that kinematic
observations be repeated at a later
time, usually with a different base sta-
tion (unless some other check is avail-
able).
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One technique which has proved par-
ticularly useful is to use two base sta-
tions for the rover, then repeat the
points from two different bases. This
provides two sets of twin {partially cor-
related) observations, and allows a rea-
sonable assessment of the likely errors
at the point.

Many projects involve unique datums,
with azimuth swings, special scale fac-
tors, false origins etc. Special software
has been developed by DSS to incorpo-
rate ANY mapping grid worldwide,
and transform to locally derived coordi-
nate systems.

Engineering and mining projects often
have good levelling networks, and will
require the new marks to have a high
vertical accuracy A locally developed
Geoid-spheroid model is a necessity
(DSS program G-S_FINE).

Monitoring of relative or absolute
movements can be easily achieved to
around 7mm in all dimensions. While
this may not rival an EDM over short
distances, it should be noted that line
of sight is not required, and thus the
errors of traversing around these obsta-
cles is eliminated.

Also, the position is three dimensional,
at the same time, not levelled first,
then positioned a day later.

Large obstructions are the normal
(power-lines, buildings, haulroads and
trucks, etc). Techniques and equip-
ment must be able to cope with these.
Advance warning of problem sites is
also appreciated.

Other uses for GPS in exploration are
topographic profiling (when combined
with a Rapid Elevation Meter), dy-
namic gravity surveys, borehole and
petroleum well locations, and seismic
line positioning.

Real time set-out is useful for position-
ing in the 1-5m range, and if the data
is then post processed (statically or ki-
nematically), the final position is then
in the O.1m range.

DSS receives many inquiries from mine
surveyors about ' a cheap (ie under
$5000) system that can set-out my
boreholes’. If the boreholes need only
be within 100-200m, then systems are
available, however most pecple require
the holes to be set-out to 5m, with a
final position (including elevation) to
about O.1m. To achieve these accura-
cies requires full geodetic receivers,
NOT TOYS, and these are expensive.

Local Authority Control

The need for this work is becoming
more and more evident. The Depart-
ment of Lands digitised cadastre is a
useful planning tool, however, is very
limited by its low accuracy.

By the installation of control within a
local authority's area gives the sur-
veyor an accurate network to start
from, and thus develop an accurate co-
ordinated cadastre, and engineering
data base.

The recent surveys for Local Authori-
ties shows an all inclusive cost per
mark of around $170. It is easy to see
for a small investment ($5000-$10000),
a network can be installed, and then
all conventional survey work originate
from, and close to these marks, and
this build an enormous data base very

quickly.

As an example, a survey performed by
DSS for the Rockhampton City Council
put 32 marks in, for under $5000.
Within six months, 14000 points had
been connected to the network, and
thus entered into the data base.

These points have been observed in
the normal course of everyday work for
the council surveyors, so have not in-
curred any extra cost. The secret was
an accurate coordinated network to
start with, ie Working from the Whole
to the Part.

While some relationship may be re-
quired between AMG/AHD and the lo-
cal grids/datums, all work of this
nature should be on AMG. Department
of Lands or National Mapping Control
should be used wherever possible. The
control station numbers should be
clearly stated in the report, to allow ad-
justment or referencing in the future.

The geometry of the network should
be acceptable (noting that GPS is not
constrained by the same relationships
as conventional triangulation/trilatera-
tion/traversing).

Bad sites will be the norm for these
surveys. Power lines abound, traffic
will be close, interference from inquisi-
tive passers by, and the odd water
problem from dogs will hamper the sur-
vey. These likely problems must be an-
ticipated BEFORE cbservations begin.
Although many GPS surveys can be
done without prior reconnaissance,
work for local authorities can not if one
wants to maintain any sort of effi-
ciency.

Observation times should be planned
around all the problems predicted by
the 'recce’, avoiding likely traffic prob-
lem areas at peak hour times.

Another problem that will occur is sur-
vey marks too close together. At any
site, there should be only one mark, or
some identifying feature (eg. different
coloured finder, etc) so confusion can
not occur. Remember, another ob-
server may come from a different direc-
tion, and encounter a different mark in
the same vicinity as the required mark.

GPS as a Cadastral Survey
Tool

GPS can be one of the highest accu-
racy survey tools available. It has been
accepted in Queensland courts as an
aid in the identifications of legal
boundaries (ref DSS and Schlencker
Surveying, Jan '91, Definition of World
Heritage Area, North Queensland).

On this particular survey, GPS was
used to accurately position survey sta-
tions, located in areas of impenetrable
rainforest, for boundary definition.

It should be noted that the GPS must
be correctly tied into the local cadas-
tral system to allow azimuth and scale
relationships to be developed. The
theoretical minimum is two stations,
however this does not provide any
check, so three common stations is

the practical minimum (one as a redun-
dancy).

GPS can also be used for bearing and
closure control on cadastral surveys,
€g. on a long road traverse, the work
can be simply checked by using GPS
at each end, thus confirming the accu-
racy (or otherwise) of the new work.

On larger scale surveys, GPS can be
used as a measurement tool of com-
plete survey lines. One of the major ad-
vantages of the system is that ties
across the network are possible, not
just around the cleared boundary lines.
If the GPS observations are correctly
tied to the cadastre, measurements
can be expressed as coordinates
(AMQ), or bearing and distances (rela-
tive to the local cadastre).

Line pegs may present a problem,
however, their cost/benefit is rapidly
putting them into the dinosaur cate-
gory. A boundary measured by GPS
would not be reinstated by running a
conventional traverse along a bound-
ary, but rather from reference marks _
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placed, or from the original marks the
GPS measures were taken from.

Indeed, if the cortect relationships be-
tween AMG and the local cadastre
were developed, the marks could be 1e-
instated from the AMG marks. [t
should be noted that this technique is
an interpolation, not extrapolation tech-
nique. ie: marks within the original
area can be reinstated, however, exter-
nal marks can not.

Kinematic technicques may be applied
to small scale areas that are com-
pletely clear, and easily accessible. It
should be noted that kinematic tech-
niques are in affect a radiation, and
should be either run twice, or some
other independent check performed.

Remote Area Control

GPS is the most effective tool to pro-
vide survey control in remote areas.
Control can be bought in over very
large distances, in a matter of hows.
However there are several things to
note:

a) The need for propetly equipped vehi-
cles and experienced personnel is a
pre-requisite. With-out HF radios, you
are wasting your time, and money be-
ing out there.

b) Alternative control marks will be re-
quired. The disappointment and de-
spair of a two hour drive only to find
the required mark has been ploughed
into a wheat field will be felt less if
one has an alternative mark to occupy.

If scouting is possible before, this will
save time at observation stage, how-
ever in most cases, the observations
will incorporate the reconnaissance.
Tracking whilst in motion (within the
vehicle) is a necessity.

Station Surmmaries from the relevant
authority (DOL or AUSLIG) will only be
of use if they are recent (within 5
years). In general, these are 20 to 30
vears old, and have rarely been up-
dated, thus trying to follow 'trees with
white paint spots’ from 1963 is a very
difficult task. Local knowledge from
land owners will be of most use.

Spares of everything are required. To
jeopardise the survey due to the failure
of a $20 power cable is too common,
so be prepared with spare cables, bat-
teries etc., and facilities to repair faulty
parts.

One last note on remote control. Too
often it is assumed that with dual fre-

quency receivers, connections can be
made from hundreds or thousands of
kilometres distant, and provide AMG
coordinates within a remote area.

This is correct, however, the AMG sys-
tem has inherent observational and ad-
justment errors, so although the dual
frequency GPS connections may easily
achieve accuracies of 2 part per mil-
lion, the coordinates produced on the
remote site may not relate to the local
AMG network by metres.

One must remember, the client prob-
ably doesn't want his Alice Springs sta-
tions to relate to Darwin or Brisbane
High Order Control, but to his local
AMG network. Always work to your lo-
cal control!!

Summary

The above notes, and the accompany-
ing overhead projections, should give
the surveyors present an under-
standing of some of the projects GPS
is currently being used for by Dynamic
Satellite Surveys.

The practical aspects of varying pro-
jects have been shown by example, to
give the surveyor an overall perspec-
tive of likely problems to be encoun-
tered, and a solution to each.

As previously stated, GPS is a survey-
ing tool to be utilised, and can signifi-
cantly increase the speed and
accuracy of many surveys. However,
GPS will never replace the theodolite
and EDM completely, but each compli-
ment the other as surveyors embrace
the technology.

In conclusion, it should be apparent
from the above discussion that GPS
can NOT be done effectively ‘'on the
cheap’, but requires careful planning,
and appropriate equipment. However,
correctly utilised, it will be a very cost
effective tool, that can be utilised on
many more projects than it is at pre-
sent.

In short, employ a professional with
the correct equipment for a project,
and the benefits in your ‘on site' train-
ing and the overall flow on the project
will be obvious. The adage particularly
applies to GPS, “If you Pay peanuts,
you get Monkeys’

Tim McCall B

This paper was first presented at
the Darwin Congress, May 1993

Out of
the Chaos of
Data
Transmission. ..

. . . comes Diskfax

Simply, this revolutionary communica-
tions system allows you to slide a com-
puter floppy disk into the transmitting
Diskfax and then send the disk (or re-
ally its contents!) over an ordinary tele-
phone line to the 1eceiving Diskfax
where an identical disk is produced.

Whether it's a company report, a
spreadsheet, text or a drawing — all
can be sent by Diskfax.

Cost per machine is just $4,450 includ-
ing Sales Tax.

The benefits of this method of data
transfer are immense. The Diskfax is
quick and easy to use. All you need to
do is connect it to an existing tele-
phone line and dial the number of the
1eceiving Diskfax. It's also economical
— you pay only for the telephone line
when it is actually being used.

Installation and training costs are al-
most negligible.

For more information contact :

Accutech

12 St Michael Tce
Mount Pleasant
WA 6153

Phone 09 364 2211

_or fax 09 316 1364 |
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Mining Leases

IS PAPER IS PRESENTED as an
overview to the broad aspects as-
sociated with mining lease surveys and
does not discuss all aspects of the survey
of leases required by direction under the
Mineral Resources Act 1989 and Regula-
tion 1990.

Few surveyors in Queensland are famil-
iar with the survey requirements of
Mining Leases. Yet, the actual physi-
cal survey of the boundaries, except-
ing the marking of comners and plan
presentation, is no different than the
techniques used in every boundary sur-
vey.

The mystique, in part, relates to the
common law aspects of the descrip-
tion of the lease, and the transcribing
of those descriptions to boundaries on
the ground.

The surveyor is often called upon to in-
terpret the miners intention to satisfy
the legal aspect, which can, in some
instances, become complex through
subsequent land actions, such as road
or 1ail resumptions or amendments to
the original request for a lease by the
miner with respect to surrenders
and/or additions to surface rights or
the lease itself.

Need

Why do miners need a mining lease?
There are two basic reasons

W To define the limitation of the
miner’s rights to mine, both on or
below the surface.

M To have documented evidence
(Lease) defining rights for a known
time over land. This can be used as
collateral to raise capital for the de-
velopment of those rights.

Definition of Land

Mineral deposits rarely if ever follow
the exdsting overlying cadastre. This re-
quires the miner to define the land of
interest using a metes and bounds de-
scription starting from a fixed refer-
enced point. This fixed and marked
point is known as the Datum Post.

The Datum Post and all other corner
posts are placed by the miner or his
agent prior to lodging the application
for the lease.

The Datum Post and Corner Posts are
to be durably branded with name or in-
itials of applicant and the date of appli-
cation.

There are two main difficulties associ-
ated with describing the lease in this
manner :

1. Defining the location of the Datum
Post, so that it can be found at a later
date, but just as importantly for other
miners, to be able to locate any land
they may wish to take up, without
overlapping the existing application.In
some instances, such locations have

Author : Ed Cottrell

been defined by such descriptions as
10.5km, NE of the junction Spring and
Sandy Creek. Very vague and open to
misinterpretation.

With the advent of GPS location of Da-
tum Posts and Lease Post can be more
finite.

2. The azimuth used in the description
needs to be defined -

M magnetic
B true

B AMG

N CAM

Additionally, often readings in mag-
netic can be subjected to local vari-
ation, leading to erroneous description.

Land taken up

The miner should only take up land he
requires, particularly as he pays an an-
nual rent for every hectare under lease.

The surface and underground rights
need to be defined, as well as access
to site if no legal access is in existence.

The miner also needs to be made
aware of the ownership and type of
the underlying tenure of the land over
which he has made an application.
Compensation agreements with land
owners covering the Surface Area are
required along with current rights of
entry to land must be in place at the
time of application.

The Survey

The Mining Act over time has been
changed to strengthen the marking on
the ground of the land applied for by
the miner and such changes occurred
as in the table below.

When surveying the lease, marking, as
described in the table, must be known.

Let's assume that a survey was re-
quired of a lease which had been ap-
plied for prior to 1971, and the
description of the lease was described
as follows :

Commencing at the Datum post by a
line 10 chains in a northerly direction,
thence by a line 5 chains in a Westerly
direction, thence by a line 10 chains in
a Southerly direction, thence by line 5
chains in an Easterly direction back to
the point of commencement. Area 5
acres.

The surveyor needs to determine the
applicant’s original intention in respect
to the land applied for, but also
whether there are any prior rights to
the land, current overlapping applica-
tions or other current tenements such
as mining claims.

After determining the availability of
land, the final lease area may be less
than that described in the application.

The Search

If a surveyor receives an instruction
from a client to survey a Mining Lease,
the first step for the surveyor is to ob-
tain approval on behalf of his client
from the Department of Minerals and
Energy to conduct the survey as well
as specific instructions in relation to
the conduct of the survey. This is a re-
quirement of the Mining Resources
Act 1989.
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Date of Application Datum Post Application Posts Marking
Prior to 31/12/71 At corner None Applicant’s initials on Datum

Post

1/1/72 to 177779

1 to 10 yards of the comer Yes

Initiéls, surname, date of
marking for DP & AP (Aps
only after 28/10/76)

177779 to 1/8/82

At corner

Yes, except on Crown Land

without surface

Initials, surname, date of
marking, ML number

Mineral Resources Act 1989

1/9/90 (covers MLs and Claims) At corner

Yes

Initials, sumame, date of
marking, Claim No., ML No.

In seeking this approval and instruc-
tions from the Department, the sur-
veyor obtains all details that affect the
lease and which impinges on the sur-
vey. However, details relating to prior
and/or current mining claims which
are prevalent in gold areas and the
gemtfields can only be discovered at
the Local Warden's Office.

This instruction information is only
available through a search of the appli-
cant's file held in the Department of
Minerals and Energy and includes
such details as :

M Position of Datum Post

B Description, area and name

B Surface area requirements

8 Access requirements

B Dates of Grant

M Sumrenders from lease and surface
area

M Additional surface areas

M Mining restrictions

Additionally, advice may be given as
to how the plan should be presented
in relation to action which has taken
place since the original grant, as well
as if any parts of the survey may be
compiled, either because the lease
boundaries have been previously sur-
veyed or are contiguous with the un-
detlying cadastre.

Survey

The lease is surveyed in accordance

with the Surveyors Regulation 1992,

however with the following points of
note.

1. The survey of the Mining Lease
starts at the Datum Post.

2. Comers of the mining lease should
be marked with survey posts and refer-
enced to trees, iron pins, etc. Either

the Post or the Tree will be branded
with the appropriate ML number.

3. Surface area corners to be marked
with large pegs, with those boundaries
marked with line pegs. Where the sur-
face area boundary crosses underlying
tenure then those must be intersected
and marked.

4, Infrastructure details such as Tele-
com, power and water lines are t6 lo-
cated where they fall within the
surface area.

5. The survey should be on AMG azi-
muth and connected if possible to co-
ordinated survey marks.

Plans

The Minerals & Energy Plan Form
must be used and must show not only
the relevant survey data and ML
boundaries, surface boundaries, but
also adjoining and underlying tenure.

The name and areas of the lease, sur-
face and access, (if required) must be
shown. Specific notes affecting mining
should be shown on the face of the
plan along with a tenure table defining
dates of grant or renewal.

Reference mark, traverse, permanent
survey marks and lease post tabula-
tions are also shown in the normal
manner.

Plan Lodgement

The plan, along with field notes, calcu-
lations, report and search should be
lodged with the Department of Miner-
als & Energy for examination and regis-
tration of the Plan of Survey.

A fee of $20.00 is required at the time
of lodgement for each plan. This fee is
called a duplication fee. The registered

plan is copied and the duplicate is
stored for record and review in the ap-
propriate Mining District Office.

Much of the detail relating to survey re-
quirements for mining leases is con-
tained in the hand book titled
“Handbook of Resource Industries Sur-
veys” available at the Department of
Minerals & Energy for $35.00 plus post-
age.

The plans are registered and an instru-
ment of lease is-issued shortly after.
The Department, once they issue an in-
struction to proceed, look to the sur-
veyor for a timely response to the
instruction. Miners may be able to re-
duce the anxiety in the lodgement of
application by utilising the services of
a surveyor who has knowledge and
skill in preparing applications and plac-
ing Datum and Lease Posts on the
ground.

However, under the present Mineral
Resources Act, procedures in relation
to application for leases have changed
and now follows a detailed process
from Authority to Prospect, Mineral De-
velopment License to Mining Lease.

Under the present Mining Act, compa-
nies are required to survey their min-
ing lease before granting of a lease
takes place, unless a special exemp-
tion is received. Additionally, the hold-
ers of existing mining leases, which
are unsurveyed but are due for re-
newal, will be required to survey the
lease before the renewal will proceed.

The survey of Mining Leases is a mat-
ter of understanding the Department’s
procedures, good administration and
compliance with the Surveyors Regula-
tion 1992 and Department of Minerals
and Energy’s instructions.

E.C. Cottrell B
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Monitoring Of Slope Movements Using
Electronic Distance Measurement And
Precision Theodolites — J.IVl. Rueger

S PAPER REVIEWS the basic
principles of small monitoring sur-
veys and suggests appropriate monu-
mentation, field and analysis
procedures. The methods are directly
applicable to the monitoring of natural
and mining slopes or rock faces but can
be adapted for the monitoring of man
made structures.

After giving possible designs for the
monumentation of instrument, target
and reflector stations, separate net-
work designs are developed for moni-
toring surveys with theodolites, with
distance meters or with electronic
tacheometers.

Simple formulae for the computation of
displacements are given. They are suit-
able for pocket calculators or imple-
mentation on personal computers. The
paper closes with a discussion of the
altemative analysis by least squares
methods and the suitability of the pro-
posed techniques for motorised
tacheometers (surveying robots).

Introduction

There are many occasions, where sur-
veyors are asked to monitor the stabil-
ity of slopes or 1ock faces with time.
Examples are unstable embankments,
rock faces in road cuts and quarries,
slope creep as well as instabilities of
pit slopes in open cut mines.

In this paper, the basic principles of
monitoring based on repeated meas-
urements of directions and zenith an-
agles (using theodolites, on two or more
stations), slope distances (using elec-
tronic distance meters, on one or more
stations) or directions, zenith angles
and slope distances (using electronic
tacheometers, on one or more stations)
are discussed.

The discussion concentrates on monu-
mentation, field measurements and
simple analysis techniques and aims at
an accuracy of a few millimetres in de-
termined displacements. Manual opera-
tion of instruments is assumed for the
field measurements.

The same principles can, however, be
applied to computer controlled opera-
tion with motorised theodolites or

tacheometers. For simplicity, the net-
work design and the discussion of the
data analysis is restricted to non-redun-
dant measurements. In practical cases,
the basic designs should be extended
by adding at least one additional in-
strument station.

Where appropriate, the computation of
the point movements between two ep-
ochs is based on direct differences be-
tween observations in different
epochs. The given formulae thus suit
computations with (programmable)
pocket calculators and personal com-
puters.

The formulae may be used to write
least squares programs for the analysis
of properly weighted and redundant
data.

Aspects of monumentation are dis-
cussed first, before giving details of
suitable targets and reflectors. The de-
sign of suitable networks is then dis-
cussed separately for monitoring
surveys using theodolites, electronic
distance meters and electronic
tacheometers, followed by the field

Stainless steel plate
(200mm diameter,

20mm thick. ) T o
’
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rods extending 0.3- ,-51
-0.5m into bedrock. <7
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Monumentation

Survey monuments serve as stable sup-
ports for theodolites, distance meters,
tacheometers, targets and reflectors
during measurement and are, in this
context, to permit repositioning to bet-
ter than # 1.0 mm through forced
centring.

Monuments for Instrument
Stations

Figure 1 (after LAROCQUE 1977) pro-
vides details of a suitable monument
for the monitoring of slope move-
ments. As shown in the figure, con-
crete pillars are ideally anchored in
bedrock.

Alternatively, the pillar may be an-
chored on a concrete base of 1.0 x 1.0
x 1.0 m resting on compact, undis-
turbed gravel (LAROCQUE 1977).
Other designs of pillars may be found
in RAPHAEL (1983, Figs. 4 and 5),
KERN (1974) and WITTE & SCHMIDT
(1989, Figs. 11.2-12 and 11.2-13, page
552), for example.

5/g Inch
extended Bmm above plate.

Last 0.15 of concrete
poured later with

centring plate level.

eathered rock removed

/|

————s

—— Bed rock

Fig. 1 : Stable monument (pillar) for slope monitoring

and analysis procedures for the three
types of monitoring.

A discussion of the alternative analysis
by least squares methods and the suit-
ability of the proposed techniques for
motorised theodolites and tacheome-
ters (surveying robots) concludes the

paper.

It is customary, to protect observation
pillars by an additional pipe (concen-
tric to main pillar, with small air gap
between outer and inner structure), to
provide shade and some protection
against mechanical interference. The
pillars should be equipped with fix-
tures which permit a simple attach-
ment of umbrellas.
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Sometimes, permanent observation
huts are constructed around the pil-
lars. The sights to all marks should be
well clear of any hut structures and
should not go through glass. Four dura-
ble witness marks should be placed in
solid rock (or, alternatively, in concrete
blocks) at distances of 5 to 20 m from
the monument and in four cardinal di-
rections. The witness marks should
face the monument and should exhibit
a circular pattem as shown in Fig. 2.

Monuments for Target and
Reflector Stations

Survey monuments, which need to pro-
vide stable support for reflectors or tar-
gets only, may be of a design shown

in Fig. 3 (LAROCQUE 1977). They are
to permit repositioning of reflectors

and targets to +1.0 mm through forced
centring. Alternatively, the reflectors
are permanently mounted.

Rock of
wall Face

Protective Roof

Plastic Steel
asing

h - Glass
Prism

(a)

T
1smm Fig. 2 : Front face
1 of a witness mark

angles, the target pattern might be dif-
ficult to see. In such cases, omnidirec-
tional targets are preferred.)

Targets And
Reflectors

Targets

Permanently installed targets for theo-
dolite measurements should be of a de-
sign to withstand the elements for the
full duration of the monitoring project.
They should be suitably protected

from falling objects, if attached to
slopes or rock faces. Suitable designs
are depicted in Figs. 4a and 4b.

Glass Prism
Assembly

i

—Adagfer

(b)

Fig. 3 : Monuments for wall mounted reflector stations

All wall mounted monuments must be
protected by a protective roof above.
Where theodolites are used exclu-
sively, the prisms shown in Figure 3
are replaced by targets.

Permanently attached reflectors (such
as in Fig. 3a) must be fixed in such a
way that the angle between the line
from the distance meter to the reflector
and the perpendicular to the front sur-
face of the reflector does not exceed

15 degrees. At 15 degrees, the
strength of the return signal is 60 to 70
percent of the full strength at zero de-
gree misalignment.

Permanently fixed unidirectional theo-
dolite targets (such as shown in Fig.
4a) should be oriented towards the one
or more theodolite station(s) from
which they are observed. (At oblique

Commercially available traversing tar-
gets can be employed on monuments
as shown in Fig. 1 and, possibly, Fig
3b. Alternatively, targets of special de-
signs might be used. Figure 5 depicts
two suitable designs.

Reflectors

Removabile reflectors designed for se-
quential use on a number of monu-
ments consist of one (or three) glass
prisms in a housing. The shape and
the clear aperture of the reflector
should be selected according to the
type of electronic distance meter and
the range requirements.

The reflector is to be tiltable about a
horizontal axis and be rotatable about
a vertical axis. It must be attached to a
base which permits levelling of the re-
flector and attachments to the monu-
ment.

The front face of the reflectors should
be kept dry and clean. The same ap-
plies to the three perpendicular back
surfaces. Should the latter be metal-
lised, the reflective coating should not
exhibit any sign of deterioration. At
least one reflector is required when us-
ing an electronic distance meter or
electronic tacheometer.

The use of a number of reflector sets is
advantageous if a large number of dis-
tances is to be measured: Whilst one
reflector is moved between monu-
ments, measurements can continue to
one or more additional reflectors. If a
number of reflectors is used, they must
be of the same make and type so that
it can be assumed that their reflector
constants repeat within one millimetre.

Permanently attached reflectors might
be of the type referred to above. De-
pending on the range and optical lay-
out of the electronic distance meter or
electronic tacheometer used, alterna-
tive types of reflectors might be suit-
able, such as acrylic reflectors (e.g.
road delineators with diameter of 80
mm) or glass prism reflectors with
smaller front aperture (e.g. with diame-
ter of 22 mm).

Extensive tests of inexpensive reflec-
tors were reported by RUEGER (1990,

Protective Roof

Target Disk
Vitreous enamel

{

on brass or PV(
fiexible engraving
material )

b
30-40 mm

Fig. 4a : Unidirectional theodolite target for rock faces
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Fig. 4b : Omnidirectional theodolite target for rock faces
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Fig. 6a : Plan view of
basic network design
for slope monitoring
with theodolites

{b) Section

Target Sphere

5 Inch

T
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for removable targets

fitting monuments as

shown in Fig. 3b
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(a)Plane View Main Oirecfion
of Movement
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i
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A =Theodolite Station
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o =Monitoring Points.

Fig. 6b : Section of ba-

sic network design for

slope monitoring with
theodolites

1990a). Further information on the se-
lection and installation of permanent
reflectors may be found in RUEGER
(1989).

Design Of Monitoring
Networks

Networks for Use with
Theodolites

The network design shown permits
the determination of slope movements
in three dimensions on the basis of
theodolite measurements only. The
principle of the measurement of one
profile is shown in Figs. 6a and 6€b.

However, a number of profiles can be
monitored from the same two instru-
ment stations A and B. In Figs. 6a and
6b, monuments occupied by the theo-
dolite are depicted as triangles. Monu-
ments for which the movements are to
be determined are shown as circles.

Squares indicate height reference
points. They should remain stable in
height and need not necessarily be in
the profile to be monitored (see
dashed squares). The angle y shown
in Fig. 6a should be close to S0deg.
The distance between the two trian-
gles (baseline AB) has to be measured
prior to the start of the monitoring pro-
ject.

To obtain an independent check on
the horizontal movements of points, it
is advisable to build a third instrument
station C along the axis AB (and to
carry out the same observation pro-
gram as on A and B). Additional instru-
ment stations are also required
whenever the slope to be monitored is
wider than the baseline AB.

Networks for Use with
Distance Meters

The network design shown in Figs. 7a
and 7b permits the determination of
one component of the three-dimen-
sional displacement vectors, namely
the component towards the measuring
station.

The measured “'displacements’” are
therefore not parallel to each other nor
are they in a horizontal plane. The prin-
ciple of the measurement of one profile
is shown in Fig. 7. A number of pro-
files can be monitored from the same
instrument station.

The monument occupied by the elec-
tronic distance meter (Station A) is in-




June 1993

Page 27

dicated by the left most triangle in
Figs. 7a and 7b. All other monuments
need to be occupied (permanently or
temporarily) by reflectors. Circles indi-
cate displacement marks. The laterally
offset triangles indicate distance refer-
ence marks (Stations D E).

They should be on stable ground and
at the same distance from the distance
meter as the displacement marks. The
longitudinal profile to the distance ref-
erence marks should be similar to that
to the displacement marks.

The ratio of the dimension 'a’ to the di-
mension 'b’ should exceed 10:1 so that
the measured displacement compo-
nents are roughly perpendicular to the
vertical profile of the slope.

For the same reasons, profiles should
not be too far off the vertical plane
which goes through A and is perpen-
dicular to the slope.

For wider slopes and to obtain an inde-
pendent check, a number of instru-
ment stations may be installed (on a
line through A which is paralle] to the
slope).

Networks for Use with
Electronic Tacheometers

The network design presented in Figs.
8a and 8b permits the determination of
slope movements in three dimensions
with a single set-up of the electronic
tacheometer.

The principle of the measurement of
one profile is considered. However, a
number of profiles can be monitored
from the same instrument station.

The monument occupied by the elec-
tronic tacheometer (Point A) is indi-
cated by the left most triangles in Figs.
8a and 8b. The squares indicate height
reference marks which should be sta-
ble in height.

Displacement marks are shown as cir-
cles. The monuments (Points D, E)
which are used as a reference for angu-
lar, slope distance and height measure-
ments are depicted as triangles
laterally offset from the profile.

These monuments must be on stable
ground. The distance and the profile
from the instrument station to these
reference marks should resemble
closely the profile and distance from
the instrument station to the displace-
ment marks so that the scale of the

(a) Plan View

Fig. 7b : Section of ba-
sic network design for
slope monitoring with
electronic distance me-

ters

electronic tacheometer and refraction
can be modelled satisfactorily.

(al Plan View

(b) Section

Fig. 7a : Plan view of
basic network design
for slope monitoring
with electronic dis-
tance meters

_AWNNN/\\/NNN/%/N/J/W\m»\

For this reason it is suggested that the
ratio of the dimension 'a’ to the dimen-
sion 'b’ be 10:1 or larger. The height

Fig. 8a : Plan view of basic network design for slope monitoring with

electronic tacheometers
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1eference marks (squares in Figs. 8a
and 8b) need not necessarily be in the
picfile (tefer to Fig. 6).

Field And Analysis
Procedures When
Using Theodolites

In any one measurement campaign,
and at both instrument stations, the di-
rections are measured to the adjacent
theodolite station(s), all height refer-
ence marks and to all displacement
marks first, followed by zenith angle
observations to all height reference
marks and displacement marks.

The measurement instructions below
are given in great detail to avoid mis-
understandings. Following these in-
structions will ensure that each
measurement is checked by a second
one. The proposed analysis procedure
models the coefficient of refraction on
the basis of zenith angle measure-
ments to a group of fixed points
{(height reference marks).

This treatment is somewhat analogous
to the Local Scale Parameter (LSP)
method in EDM. (See later, BRUNNER
& RUEGER 1993, RUEGER et al. 1989
and RUEGER 1990.)

It has been stated before, that it is
strongly recommended to observe all
displacement marks from more than
two instrument stations to provide an
independent check of measurements
and computations (and to improve ac-
curacy).

Preparations

The monument to be occupied by the
theodolite is shaded by an umbrella un-
less equipped with a permanent cbser-
vation hut. The theodolite is then
mounted on the monument and lev-

Fig. 8b : Section of ba-
. sic network design for
£ slope monitoring with
E electronic tacheometers

elled. Permanent targets on all height
reference marks and displacement
marks are inspected (through tele-
scope) and cleaned, if necessary.

Where necessary, removable targets
are mounted on adjacent theodolite
station(s} and all height reference and
displacement marks of the profile and
oriented to the theodolite station. (If
the targets are oriented to the mid-
point between the two instrument sta-
tions, it might be possible to use one
target orientation for measurements
from both instrument stations).

Direction Measurement

The theodolite is pointed in face left
{FL) to the left most target (typically an
adjacent instrument station or a height
1eference point) and the horizontal cir-
cle set to 0°00" and a few seconds.
The theodolite is then repointed to the
same target and the horizontal ciicle
1ead and recorded.

Proceeding clockwise, all targets are
pointed to in FL and the circle read
and the reading recorded. After read-
ing the right most target, the telescope
is rotated into face right position (FR).
Proceeding anticlockwise, all targets
are then measured to until the meas-
urements of the left most target have
been recorded (in FR).

This program constitutes the first arc
of horizontal directions on the station.
Starting with a horizontal circle read-
ing of 90°00" and a few seconds in FL
to the left most target, a second arc of
directions is measured to all targets.
The reduced means and the grand
mean of all directions should be com-
puted (e.g. see TRUTMANN 1976,
GROSSMANN 1975, KAHMEN & FAIG
1988, HARVEY & RUEGER 1992 [Table
1)) in the field to ensure quality control.

Zenith Angle Measurement

The zenith angles to all height refer-
ence and displacement marks are
measured one time in both faces from
both instrument stations. Considering
a network as shown in Figure 6, the
top height 1eference mark is measured
in FL and then FR, followed by the
first displacement mark down in FR
then FL, followed by the second dis-
placement mark down in FL then FR,
and so forth, until the bottom height
reference mark has been measured.

As the zenith angle measurements
from Station A are checked by those
from B, zenith angles are measured
only once at each instrument station.

Computation of Horizontal
Movements

Prior to the analysis of the measure-
ment of the first epoch, a local X-Y-co-
ordinate system is defined by two
instrument stations. Refer to Fig. 6.

For example, the Y coordinate of A is
taken as the horizontal distance be-
tween A and B and the X and Y coordi-
nates of B as well as the X coordinate
of A are taken as zero.

For each epoch, the XQ and YQ coordi-
nates of all height reference and dis-
placement marks ‘Q’' are computed
from (e.g. RICHARDUS 1984)

[5.1]

Xq = (Ya-Yp)+ Xacotf +Xpcota
cot a + cot B

[5.2]

Yo = (Xp—Xa)+Yacotp+Ygcota

cota +cotf

The angles o and B are defined in Fig.
6 and are computed from the grand
means of the measured arcs of direc-
tions. The horizontal movements of the
displacement marks and height refer-
ence marks between two consecutive
epochs are given by the change in co-
ordinates between the epochs. Note
that it is assumed that the coordinates
(Xa, Ya, X8, Yp) of the instrument sta-
tions A and B remain constant through
all epochs.

As a computational check and to im-
prove accuracy, it is strongly recom-
mended to compute a second set of
coordinates Xq and Yq from measure-
ments from a third station (say C) and
either A or B.
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Computation of Vertical ments to height reference (HR) marks Field And Analysis
Movements {typically two, as shown in Fig. 6):

From the coordinates of all marks in
the first epoch, the horizontal dis-
tances D from monuments A and B to
all other monuments are computed.

The differences AS of the zenith angles
Z between two consecutive epochs (i,
j) from A to all displacement marks
and height reference marks are com-
puted (in seconds of arc) as

[5.3]
& = 7-7

In doing so, it is assumed that the
height of instrument and height of tar-
get at each station were exactly the
same in both epochs.

Small differences in the height of the
theodolite between epochs at a par-
ticular station will be compensated to
a certain degree by the computation of
AK (see Eq. 5.4).

However, changes in the heights of tar-
gets are not. Unless the Zi and Zj are
corrected for changes in the heights of
targets prior to the computation of Ad
in Eq. (5.3), such changes will map
into the vertical displacements.

In order to take a change Ak of the co-
efficient of refraction k into account,
values AK are derived from all A5'R
which refer to zenith angle measure-

[5.4]

HR
ak = 2= pum)
whete D is the corresponding horizon-
tal distance (in metres). The relation-
ship between AK and the coefficient of
refraction k will be discussed later.
The corrected A for measurements to
displacement marks become (in sec-
onds of arc)

[5.5]
A5 = A -D AR

where AK is a mean value of all AK
computed from A. The vertical dis-
placement AH (in metres) between ep-
ochs yields

[5.6]

_ (A5-DAR)D
AH = 55066

where a negative sign of AH indicates
a downward movement of the mark
from epoch i to epoch j.

The above analysis procedure (Egs.
(5.3) to (5.6} is then repeated for the ze-
nith angles taken at B. The mean verti-
cal displacements AH are obtained as
the mean of the corresponding AH
from A and B.

Procedure When Us-
ing Distance Meters

In any one measurement campaign,
the slope distances are measured from
the instrument station to all displace-
ment marks and to the two (or more)
distance reference marks. Refer to Fig.
7. Contrary to the methods discussed
in the preceding and following sec-
tions, this method provides only one
component of the three-dimensional
displacement vectors of monitoring
points.

Although the method is fast and sim-
ple, it should only be empioyed, where
it is sufficient to monitor the change in
the slope distance between an instru-
ment station and displacement marks.

The analysis procedure below deter-
mines the scale of the distance obser-
vations from comparison with a
number of stable reference lengths. Be-
cause of the use of this simplified Lo-
cal Scale Parameter (LSP) method
(BRUNNER & RUEGER 1993, RUEGER
et al. 1989, RUEGER 1990), no tempera-
ture, pressure and humidity measure-
ments are required in conjunction with
the distance measurements.

It is strongly recommended to repeat
the measurement program below from
a second instrument station to provide
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an independent check of computed dis-
placements.

Preparations

The monument to be occupied by the
distance meter is shaded by an um-
brella (unless equipped with a perma-
nent observation hut). The distance
meter is then mounted on the monu-
ment and levelled, so that the vertical
axis is in the plumbline. If necessary,
the distance meter is connected to an
external battery.

The distance meter is prepared for
measurements as suggested by the
manufacturer. Any preset constants
should be carefully noted. Instruments
featuring an input for the on-line appli-
cation of the first velocity correction
(ppm cormrection, temperature and pres-
sure conection) should be pro-
grammed in such a way, that no such
correction is applied.

This might be achieved by setting the
pem dial to zero, by entering the refer-
ence meteorological data or by an
equivalent instrument specific proce-
dure.

Al preset values including those for in-
strument correction and prism con-
stant should not be changed during a
measurement campaign on the pro-
ject. The same distance meter and con-
stants should be used in all epochs.

It is assumed that the instrument cor-
rection [C {incl. additive constant,
scale correction) of the distance meter
is determined before and after the
monitoring project (and during the pro-
ject if it extends to many months if not
years). Refer to RUEGER (1992, 1991,
1990) for details on the calibration of
electronic distance meters.

If the instrument correction IC (incl. ad-
ditive constant) is found to have
changed significantly during the moni-
toring project, it would have to be ap-
plied to all measurements prior to the
computations of Section 6.3. (Similar
action has to be taken if the distance
meter is changed.) Small changes in
the instrument correction are compen-
sated by the analysis procedure sug-
gested below.

Permanent reflectors on all displace-
ment marks and, possibly, on the dis-
tance reference marks are visually
inspected (through telescope) and
cleaned, if necessary. Removable 1e-
flectors are mounted on those displace-
ment marks and distance reference

marks which do not carry a permanent
1eflector.

The same reflector should be used on
any one mark throughout the epochs.
It is essential that, at any one station,
the height of instrument and the
heights of reflectors do not change be-
tween epochs. The reflectors are ori-
ented and tilted towards the distance
meter and, if applicable, levelled.

Measurement of Distances

The distance meter is switched on and
then pointed to the first reflector fol-
lowing the procedures suggested by
the manufacturer of the distance me-
ter.

As soon as the distance meter is ready
for measurement, the slope distances
are first measured to the distance refer-
ence marks, then to the displacement
marks and finally again to the distance
reference marks.

Each slope distance is measured and
recorded two (or more) times (to mm).
The distance meter is then rotated
away from the reflector until no signal
is received any more. It is then pointed
again towards the reflector following
the procedures recommended by the
manufacturer. The slope distance is
then measured (to mm) and recorded
another two {or more) times.

Computation of
Displacements

The movement of the displacement
marks in direction to the distance me-
ter are derived from a comparison of
the slope distances d measured in con-
secutive epochs i, j.

Changes in ambient temperature and
pressure as well as in the scale correc-
tion (and, to a certain degree, additive
constant) are accounted for by com-
parison of the 1eference distances.
(This procedure is a simplified version
of the Local Scale Parameter (LSP)
method and could be refined, if neces-
sary. See RUEGER (1990) and RUEGER
et al. (1989) for further details.)

Note that the ratio of 'a’ over 'b’ (Fig.
7) must exceed 10 if small variations in
the additive constant are to be mod-
elled by the scale factor. The analysis
procedure below assumes that the
height of instrument and the heights
of reflectors remain unchanged across
the epochs.

If changes do occur, due to a change
in equipment, for example, an addi-
tional correction must be applied prior
to using Egs. (6.1) and {6.2).

A scale factor F is derived from a com-
parison of the reference distances dap
and dag in consecutive epochs i and j.

[6.1]

_ dhp and F dhg

dap dhg

The movements of the displacement
marks follow from

[6.2]
Ad = d'-Fd’

where F is a mean value derived from
two (or more) reference distances. A
positive Ad indicates that the mark
moves towards the monument occu-
pied by the distance meter.

As a computational check and to im-
prove accuracy, it is suggested to com-
pute a second set of Ad from
observations taken at a second instru-
ment station. .

Field And Analysis
Procedure When
Using Electronic
Tacheometers

In any one measurement epoch, the di-
rections, zenith angles and slope dis-
tances are measured from one
instrument station to all distance refer-
ence marks, height reference marks
and displacement marks.

The analysis procedure below bases
the orientations of the (graind mean)
arcs of directions on measurements to
some reference marks. The scale of
the distance measurements is derived
from comparison of distances to dis-
tance reference marks.

No temperature, pressure and humid-
ity measurements are thus required in
connection with the distance measure-
ments. The coefficient of refraction is
modelled from zenith angle measure-
ments to some height reference marks
in an analogous way.

[t is strongly recommended to repeat
the observation program below from a
second instrument station to provide
an independent check of computed
displacements and to improve accu-

racy.
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Preparations

The monument to be occupied by the
electronic tacheometer is shaded by
an umbrella unless the monument is
equipped with a permanent observa-
tion hut. The electronic tacheometer is
then mounted on the monument and
levelled, so that the vertical axis is in
the plumbline. If applicable, the elec-
tronic tacheometer is connected to an
external battery, data recorder or both.

The electronic tacheometer is prepared
for measurements as suggested by the
manufacturer. Any preset constants
should be carefully noted. Instruments
featuring an input for the on-line appli-
cation of the first velocity correction
(ppm correction, temperature and pres-
sure correction) should be pro-
grammed in such a way, that no such
correction is applied.

This might be achieved by setting the
ppm dial to zero, by entering the refer-
ence meteorological data or by an
equivalent instrument specific proce-
dure. All preset values including those
for instrument correction and prism
constant should not be changed dur-
ing a measurement campaign on the
project. The same electronic tacheome-
ter and the same constants should be
used in all epochs.

As above, it is assumed that the instru-
ment comrection IC (incl. additive con-
stant, scale correction) of the
electronic tacheometer is determined
before and after the monitoring project
(and during the project if it extends to
many months or even years). Refer to
RUEGER (1992, 1991, 1990) for details
on the calibration of electronic
tacheometers.

If the instrument correction IC (incl. ad-
ditive constant) is found to have
changed significantly during the moni-
toring project, it would have to be ap-

plied to all measurements prior to the
computations for distance meters.
(Similar action has to be taken if the
electronic tacheometer is changed.)
Small changes in the instrument cor-
Tection are compensated by the analy-
sis procedure suggested below.

Any permanent reflectors on displace-
ment marks, height reference marks
and distance reference marks are visu-
ally inspected (through telescope) and
cleaned, if necessary. Removable re-
flectors are mounted on the displace-
ment marks, height reference marks
and distance reference marks which
are not equipped with permanent re-
flectors.

The analysis procedure below assumes
that the heights of reflectors and
height(s) of instrument(s) do not
change between epochs. The same re-
flector should be used on any one
mark across all the epochs. The reflec-
tors are oriented and tilted towards the
electronic tacheometer and, if applica-
ble, levelled.

Measurement of Directions
and Distances

The electronic tacheometer is
switched on and pointed in face left
(FL) to the left most reflector. The hori-
zontal circle is then set to 0°00’ and a
few seconds and the electronic
tacheometer repointed to the reflector.
The horizontal direction is read and
the slope distance is measured (two
times).

The values of direction and distances
are noted. Proceeding clockwise all re-
flectors are pointed to in FL and their
directions and slope distances are
measured and noted, until the meas-
urements to the right most reflector
are completed. The telescope is then
transited and the directions to all re-
flectors are measured by proceeding

anticlockwise from the right most to
the left most reflector. This constitutes
the first arc of horizontal directions
and a first set of distances.

Starting with a horizontal circle read-
ing of 90°00’ and a few seconds in FL
when pointing to the left most reflec-
tor, a second arc of directions and a
second set of distances are measured
to all reflectors, following the proce-
dure given above. The reduced means
and the grand means of all directions
should be computed (e.g. see TRUT-
MANN 1976, GROSSMANN 1975,
KAHMEN & FAIG 1988, HARVEY &
RUEGER 1992 [Table 1)) in the field to
ensure quality control.

Zenith Angle Measurements

The zenith angles to all height refer-
ence, distance reference and displace-
ment marks are measured two times
in both faces from the instrument sta-
tion. Zenith angles are measured inde-
pendently of directions to ensure that
the effects of changing index errors
and coefficient of refraction are mini-
mised.

Considering a network as shown in
Fig. 8, the top height reference mark is
measured in FL and then FR, followed
by the first displacement mark down
in FR then FL, followed by the second
displacement mark down in FL then
FR, and so forth, until the bottom
height reference mark has been meas-
ured.

Then the two (or more) distance refer-
ence marks are measured. This pro-
gram is then repeated a second time,
unless a second set of data is obtained
on a second instrument station.

Computation of
Displacements

Displacements of marks between ep-
ochs are derived from changes in coor-
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dinates. The coordinate system is de-
fined in Fig. 8. To remove any scale bi-
ases of the distances, a simplified
version of the Local Scale Parameter
method (BRUNNER & RUEGER 1993,
RUEGER 1990, RUEGER et al. 1989) is
employed.

Here, the scale factor F is derived from
a comparison of the slope distances

dap and dar to the distance reference
marks in consecutive epochs i and j as

[7.1]
I i
Fap = d—,‘ﬂg and Fag = giA—E
dAp d aE

These formulae assume that the dis-
tances to the reference marks did not
change and that the heights of the re-
flectors and the height of the elec-
tronic tacheometer were the same in
both epochs.

The mean value F is used sub-
sequently to scale all distances meas-
ured in epoch j

[7.2] di = Fd;

The distances measured in epoch i are
not changed. The differences Ad of the
mean zenith angles Z measured from
A 1o all displacement, distance refer-
ence and height reference marks in
two consecutive epochs (i, j) are com-
puted (in seconds of arc) as

[7.3] Ad = Zj-Zj

In doing so, it is assumed that the
height of the electionic tacheometer
and the heights of reflectors at each
station were exactly the same in both
epochs.

Small differences in the height of the
electronic tacheometer between ep-
ochs at a particular station will be com-
pensated to a certain degree by the
computation of AK (Eq. 7.4).

However, changes in the heights of 1e-
flectors are not. Unless the Zi and Z;j
are corrected for changes in the
heights of reflectors prior to the compu-
tation of Ad in Eq. (7.3), such changes
will map into the vertical displace-
ments.

From all 3" obtained from measure-
ments to height and distance reference
marks (R), refraction conections AK
are obtained as

(7.4]

where d is the comresponding slope dis-
tance (in metres). The comrection AK is
related to a change Ak in the coeffi-
cient of refraction k through the rela-
tionship

Ak

[7.5] AK = R
where R is the earth's 1adius. (Refer to
RUEGER (1990, Eq. 7.48, Fig. 7.2) for
further explanation.) All zenith angles
measured in the second epoch j are

then corrected as

[7.6] Zj = Zi+d Rk

where AK is a mean value of all AK
computed above. The coordinates of
all marks in epoch | compute as

[7.7] X; = Djcos a
[7.8] Y, = Djsin o;
[7.9] H; = djcos z;
[7.10] Dj = d;sin z;

where a; are the measured grand
mean directions in epoch i. All three
coordinates of Station A are zero, as is
the Y coordinate of Station D. (Refer to
Fig. 8). The coordinates of all marks in
epoch j compute as

[711]  X; = Djcos g
[7.12] Yj = Djcos aj
7.13]  H - dcosZ
[7.14] Dj = gjsinz;

[7.15]

Ay = @)+ -a))
2

[7.16] o = oj+ A«

where Aa is the orientation unknown
of the grand mean directions in epoch
j (relative to the grand mean arc in ep-
och i and based on the lines AE and
AD) and where «; are the measured
grand mean directions in epoch j.

The denominator “2" in Eq. (7.15) is
due to fact that only two fixed rays are
used for orientation purposes. If more
distances reference marks were used,
then the denominator of Eq. (7.15)
would have to be changed accord-
ingly. The movements (AX,AY AH) of
the displacement marks between ep-
ochs, are obtained as

[7.17] AX = X~ X;

(7.18]  AY = Y-V,

(7.19] AH = Hj~- H;

1t is strongly suggested to monitor the
movement of slopes from two instru-
ment stations as a computational
check and to increase accuracy.

In such a case, two independent val-
ues of AX AY,AH are obtained for each
displacement mark and the mean
taken.

Continuous Monitor-
ing With Surveying
Robots

In this context surveying robots are de-
fined as motorised theodolites or elec-
tronic tacheometers which can operate
autonomously under computer control.
(Refer to SIPPEL & RUEGER (1991) for
an overview on surveying robots.)
They can be programmed to carry out
observations to displacement marks at
freely selectable time intervals.

With suitable programming, the meas-
urements can be analysed and the dis-
placements computed and displayed
in real-time. The resulting time series
of data can be further analysed by
post-processing. The suitability of two
types of surveying robots for the above
monitoring methods is now briefly dis-
cussed.

Motorised Video-Theodolites

The telescopes of motorised video-
theodolites (such as the Wild
TM3000V) can be equipped with tar-
get illuminators to enable angular
measurements to retroreflective tar-
gets (HUEP 1988). The range of such
systems will depend on the power of
the laser pointers, the filtering out of
ambient light and the reflectivity and
size of the reflectors on the displace-
ment marks.

Using sophisticated image processing
software, such theodolites can auto-
matically measure angles with an accu-
racy which approaches the resolution
of the electronic circles.

The network design for theodolites

and Figs. 6a and 6b and the field and
measurement procedures for theo-
dolites can be adapted to motorised
video-theodolites with integral target il-
luminators.

At least two instruments are required,
if displacement marks are to be ob-
served simultaneously in 3D. (Alterna-
tively, one only motorised
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video-theodolite may be used and
moved between the two stations (Fig.
6a).

However, the time tags of determined
coordinates would not be clearly de-
fined in such a case.) Reflectors (see
earlier) on the displacement marks re-
place the targets usually used in con-
junction with optical (and manual)
theodolites.

Motorised Electronic
Tacheometers

Motorised electronic tacheometers are
electronic tacheometers, which can be
pointed automatically under computer
control. Like the motorised video-theo-
dolites, they are equipped with step
motors on the vertical and horizontal
axes.

The distance meter can be built-in or
telescope mounted. The Geodimeter
140 Slope Monitoring System (SMS) is
of the former, the Wild Automatic Posi-
tioning System (APS) of the latter type.

These types of instruments can be
used in networks as described in De-
sign of Monitoring Networks above. In
the first case, the field and analysis
procedures follow the rules given for
analysis using distance meters. In the
second case, the procedures for analy-
sis using electronic tacheometers are
followed.

When using motorised electronic
tacheometers, automatic angular obser-
vations must be obtained. The Geodi-
meter SMS and the Wild APS systems
both employ the infrared beam of the
distance meter for pointing purposes
(using signal strength profiles).

This means that the telescope is
pointed to the centre of the EDM
beam and not to the centre of the
cross-hairs of the telescope. Resulting
angular accuracies are typically worse
than those achieved with manual vis-
ual measurements.

To overcome the limitations of the
pointing accuracy with EDM beams, it
is possible to mount distance meters
on motorised video-theodolites. The
distance meter is then not only used
for the measurement of distances but
also as target illuminator. The angles
can be measured using image process-
ing techniques to an accuracy close to
the least count of the circles.

Analysis Using Least
Squares Methods

The formulae given above are based
on non-redundant observations to dis-
placement targets. One- or three-di-
mensional displacement vectors of
marks between two epochs of meas-
urements are determined directly. In
principle, no coordinate systems need
to be defined. (To simplify computa-
tions, however, local coordinate sys-
tems are employed.)

It has been mentioned before that it is
strongly suggested to add at least one
additional instrument station to the de-
signs of discussed to provide a compu-
tational check and to improve
accuracy.

Additional instrument stations lead to
two (or more) independent results of
displacement vectors. When using the
method with distances only, measure-
ments from a second station produce
different components of the deforma-
tion vectors. This monitoring scheme
is therefore not suitable for least
squares analysis and not discussed
any further.

Additional instrument stations are also
required whenever the slopes are too
wide (long) to be monitored by one net-
work alone (Figs. 6 and 8). In such
cases, a larger number of (interlinked)
instrument stations is required. As
soon as redundant and interlinked ob-
servations are obtained, the use of
least squares analysis techniques
should be considered. They permit
proper weighting of observations and
statistical analysis of results.

The computation of the displacement
vectors by least squares methods can
be implemented in two ways. One
way is to solve directly for epoch-to-ep-
och displacements (and “nuisance” pa-
rameters) as described in the sections
on theodolites and electronic
tacheometers. In the case using theo-
dolites, the unknown parameters for
each displacement mark would be (af-
ter Egs. 5.1, 5.2, 5.6)

[9.1]

[

AXo = Xqg - Xo

AYg = Yo, - Yo

AH (as per Eq. 5.6)

with one or more nuisance parame-
ter(s) AK (Eq. 5.4; modelling the coeffi-
cient of refraction). When using
electronic tacheometers, the unknown

parameters for each displacement
mark would be (Egs. 7.17 - 7.19) AX,
AY and AH, with groups of parameters
AK (Eq. 5.4; modelling the coefficients
of refraction), F (Eq. 7.2; modelling the
local scale parameters) and Aa (Eq.
7.15; modelling the orientations of arcs
or orientation unknowns).

Alternatively, existing network adjust-
ment programs may be amended to in-
clude the relevant changes. As normal
network adjustment programs usually
solve for coordinates and heights of
points, one set of 3D coordinates
should be solved for in each epoch.
The deformation analysis would then
follow the classical approach of com-
paring the coordinate sets of both ep-
ochs and their variance-covariance
matrices (e.g. CASPARY 1988).

It should be noted that proper horizon-
tal and height datums as well as the
additional parameters specified above
need to be introduced. Although most
geodetic network adjustment pro-
grams cater for orientation unknowns
of direction observations, they do not
cater for refraction and scale un-
knowns.

Most existing programs would thus re-
quire significant changes to implement
the suggested processing procedures
for theodolites and electronic
tacheometers. Where warranted, more
sophisticated mathematical models
can be implemented for the computa-
tion of the refraction, scale and orienta-
tion parameters.

Experiences And
Conclusions

Following the design for networks us-
ing theodolites and the appropriate ob-
servation and analysis procedures, six
displacement marks (bullseye targets,
vertically above each other) on a eight-
storey building were observed by
UNSW students from two monitoring
stations.

The distances from the monitoring sta-
tions to the object were 133 m and 166
m and the baseline between the two
monitoring stations 160 m. Over two
days, four epochs of measurements
were taken using Kern DKM 2AE one
second theodolites and Kemn heavy
duty centring tripods.

The accuracy of the horizontal coordi-
nates was assessed on the basis of the
Tepeatability of the four coordinate .
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pairs for each of the six displacement
marks under the assumption, that the
building in fact did not move. Pooled
standard deviations of +1.6 mmin X
and +0.8 mm in Y were obtained.

‘The accuracy of the vertical compo-
nent was assessed on the basis of the
between-epoch height differences of
the four displacement marks in the
middle of the profile and on the fact,
that the true values of these height dif-
ferences were zero. (The top and the
bottom marks were kept fixed.)

A pocled standard deviation of #0.7
mm was achieved.

Following the design for networks us-
ing electronic tacheometers and the
appropriate observation and analysis
procedures, 38 displacements marks
(30 mm diameter reflective tape reflec-
tors) on a twelve-storey building
(about 45 m high) were observed from
about 90 m with the Wild Automatic
Positioning System (APS; Wild
TM3000D motorised electionic theo-
dolite and Wild DI 3000 pulse distance
meter) owned by the University of
New South Wales.

The 1epeatability (about their mean val-
ues) of the three-dimensional coordi-
nates of the displacement marks

across twelve epochs and six months
was better than +2-5 mm depending
on coordinate.

Both, the commercial (Leica APS) and
an in-house (POSMOS) control soft-
ware were used in the field. For the
computation of the coordinates of the
displacement marks, the program
MONITOR (produced for Leica Austra-
lia Pty Ltd by UNSW) was employed.
Similar tests have commenced on a
rock-fill dam using sighting distances
of about 500 m.

The proposed field methods are suit-
able for use with manual instruments
as well as with surveying robots. The
suggested analysis procedures in their
simplest form can be easily imple-
mented on pocket calculators and per-
sonal computers. The procedures can
therefore be used by any surveyor in
connection with a multitude of relative
simple monitoring tasks.
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Premier's Award for
Environmental Excellence in the
Queensland Mining Industry 1993

Nominations for these prestigious awards are invited from the
following industry sectors :

M Coal Mining M Metaliferous Mining B Petroleumn
# Small Mining B Exploration

The aim of the award is to recognise the contribution of the
mining industry to the development of environmental manage-
ment technologies and techniques and the use of these to
achieve high standards of environmental management and re-
habilitation.

Categories of the award will be :

Innovative Technology — The standard or level to which in-
novative technological developments have reduced or have the
potential to reduce, the impact of the operation on the sur-
rounding environment

Environmental Management/Operational Excellence —
Demonstrated environmental management or operational excel-
lence incorporating the principal of environmentally responsi-
ble development and/or multiple or sequential land use.

Rehabilitation — The standard to which disturbed land has
been returned to acceptable sustainable use.

Register interest or get more information :-

Environmental Excellence Awards Information Officer

Department of Minerals & Energy =
LGPO Box 194 Brisbane Qld 4001 (Phone 07 234 9906) AW Don’'t EVER give up

( FIG Conference W ( Satellite Navigation Technology )

— 1993 and Beyond
Melbourne

FIIG 5 — 12 March 1994 Univ. of NSW

19 - 21 July 1993

The Institution of Surveyors Australia, and the FIG Bureau

have great pleasure in extending a warm invitation to Survey- This conference is the first to be convened in Australia to ex-
ors of the World to join us, together with their partners, in Mel- plicitly recognise that GPS is a positioning tool of unmatched
bourne for the XXth Congress of the International Federation utility. It is not restricted to a particular class of user, but a po-
of Surveyors. sitioning technology for all.

This is the first time in its one hundred and sixteen year his- The conference organisers have put together a programme
tory that the Federation’s Congress has been held in either the that reflects the broad range of applications of GPS. Topics to
Southern or Eastern Hemispheres. The Congress provides an be discussed include : -

opportunity to meet and make new friends with surveyors from
many countries of the world, and in particular those from
South East Asian and Pacific Regions.

B Defence and GPS Industry M Marine Applications
W Aircraft navigation and Airborne Applications M DGPS
M Vehicle Navigation & Tracking B Resource Management

The Congress theme is “Surveying Global Changes” and this is B Resource Mapping and Engineering Applications
a reflection of the rapid changes affecting surveying through- B Kinematic Surveying and Novel Applications
out the world today.

The conference also includes Forum discussions on :—
There will be many concurrent activities and participants will
have a number of choices for each day's activities. An exten-
sive social and partner’s programme is included.

B GPS Trends and Prospects
B DGPS Issues and Developments

The programme also includes Tutorials on various topics and

Registration forms or more information are available from :- K e
an instrument exhibition.

Congress Secretariat . . . -
The FIG XXth Congress For information and Registration contact :
P.O. Box ZQ John Pollard
Parkville Vic. 3052 School of Surveying, Univ. of NSW
Ghone 033879955 or Fax: 03387 3120 J kP.O. Box 1 Kensington NSW 2033 Phone : 02 697 4182
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22 — 24 JUNE 1994
POKOLBIN, NSW

Call for Papers

The 13th Annual Mine Surveying Seminar will be held at Pokolbin,
NSW in the centre of the wine making area of the Hunter Valley.

The aim of the seminar is to bring together people involved in mine
surveying with diverse backgrounds to address |ssues in a time of
technological and environmental change.

Papers are invited from members and colleagues in different
spheres of surveying, such as Coal and Metaliferous, Open Cut and
Underground, and Education.

Interesting papers from outside the mining industry are also
welcome, as are suggestions for contacts with people that may be
too shy {or modest) to volunteer.

SUBJECT MATTER MAY INCLUDE :—
¥ New Technology

3 Legal Changes
3 Rehabilitation
¥ Subsidence
3 Education

¥ Computers
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