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direction that has been evident in the ‘born-again’ journal is testimony to the time

87 Long Street
Graceville Q 4075
Ph: (07) 379 4533
Fax: (07) 278 1181
All administrative, advertising and edi
torial correspondence should be ad-

and effort that has been necessary to achieve this end result. I am sure that this o

new direction with the Journal will be the basis for much discussion at the Seminar C ressed to the administrator. J
and also the AGM. If any member of AIMS has any topics which they would like
to see addressed at the AGM, now is the time to forward them to me, or one of the ( N\

other office bearers, so that an agenda can be compiled. ost in the M i nes
One pressing problem we must consider at the AGM is the venue for the 1993 .
AIMS Seminar. Ray Smith from the Northem Territory has tabled a resume of his Anybody knowing a home or
thoughts on staging a Seminar in that part of the country. He concludes that a business address for any of
Seminar could be staged in the NT if a good deal of help in organising it was forth- the following members,
coming from members remote from that area. please advise the Editor at 87
Long Street, Sherwood, Qld

Finally I would like to appeal to all members to be on the lookout for a cheap sec-
ond hand computer that could be used by our administrator for the running of some 4075, or FAX (07) 278 1181.
spreadsheet and word processing software. This computer, if attained, would

. . R.F.Alford,
make llft? much easier in the future. 48 Myall Street, Blackwater, Qld
Best Wts'hes, B.J.Broad,
Steve Wilks 1 Dillon Crescent, Mt Isa, QId
G.Bluett,

Telfer Gold Mine, Telfer, WA

W. Bradford, c/- Costain,
Great Victoria Mine, Marvel Loch,

USQ News

As the first semester of the 1992 aca- in developing, running and reviewing WA
demic year draws to a close the 200 surveying courses. J.W.Fee,
USQ surveying students are sitting fi- The accreditation documents are pres- | 6 Palm Street, Blackwater, Qld
nal examinations, completing assign- ently being assessed by the Universi- I.Payne,

ments and no doubt looking forward to
the holidays. For the staff it has been a
very busy teaching semester. In addi-
tion they have been developing the ac-
creditation documents for the revised
Associate Diploma course and the New
Bachelor of Technology (Surveying)
course. The School of Engineering
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An Introduction to Draught Survey

What is draught survey?

A method of cargo weight determination by measuring or
reading the draught of the vessel, empty and loaded, taking
into account any change in weight of the liquids on board.
The accuracy of the draught survey will be dependent upon
the experience and carefulness of the surveyor concerned; on
the documentation of the vessel; on the spirit of cooperation
of thie vessel’s crew and of the shore terminal personnel; and,
last but not least, on the instruments used by the draught sur-
veyor and the method, situation and condition.

In the following sections details will be given regarding the
procedures to be followed for the draught survey but before
going any further, it is necessary to explain the following ba-
sic principles:

1. The Principle of Archimedes: A vessel, when freely

floating in water, will displace a weight of water equal to its

own weight. It is obvious that the weight of the displaced vol-

ume of water will not only be the weight of the cargo on

board, but will also include:

O the weight of the vessel in light condition; i.e. including all
the equipment required for sailing and the provisions;

O the weight of the residual (bome by trade patterns and
chancing from time to time);

0O all deductible liquids on board:
a) ballast: required for stability reasons;
b) fresh water: drinking water and cooling water;
c) bunkers: fuel, diesel and lubricating oil;

d) a constant: which will be explained in a specific section.

2. Variation of displacement of a loaded ship: It also fol-
lows from the ‘Principle of Archimedes’ that:

a) If a weight of cargo — say 80,000 metric tons — is
loaded on, or unloaded from, a vessel floating freely in
water of any measured density, then the vessel will sink (or

float) into the water until the total weight of water displaced
is equal to the original weight of the vessel plus (or minus)
the 80.000 metric tons of cargo which has been loaded (un-
loaded) and plus (or minus) density variation of the water
intervened between start of loading (first measurement) and
end loading (second measurement).

b) If a vessel of fixed weight floating freely in water of low
density, for example dock water of apparent density 1.000,
is moved into water of higher densit; *, for example sea
water of apparent density 1.025, then the vessel will rise
slightly in the water because of the smaller volume needed
for the same weight of the water displaced.

3. ‘Empty’ ship are actually part loaded with ballast: In
the daily practice of draught survey, one of the complicating
element is the fact that an ‘empty’ ship (that is before loading
of after unloading) is actually always loaded with ballast
water. This complicates the calculation of the cargo loaded
or unloaded. Moreover, the ballast water tends to hide sedi-
ments than can be assumed or be mis-identified with the
cargo.

When sailing without cargo a vessel has to be ballasted to
be at sufficient draught for manoeuvrability and to submerge
the propeller. After arrival at the loading berth, the initial sur-
vey is usually carried out when the vessel is still ballasted.
Consequently, in order to be able to calculate ‘the light ship
weight’, it is most important to determine a reliable ballast
quantity. This quantity is — together with fresh water, fuel
oils etc. — deducted from vessel’s gross weight. After com-
pletion of loading ballast tanks are again sounded to deter-
mine possible remnants.

It is commonly accepted that ballast water has the greatest
influence on the final tolerance in the outturn figure. Conse-
quently it must be emphasised that greatest care should be
taken during all measurements and observations regarding
the ballast.
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4. Relevance of draught survey: Throughout the world mil-
lions of tonnes of raw and processed materials are bought
and sold every day. If any of those materials are carried by
ship it is most likely that the weight, and therefore the value,
of the consignment will be measured by a draft survey.

5. Initial draught surveys at loading or unloading ports:
The following operations should be routine for the perform-
ance of draught survey either at loading or unloading ports.

5.1 Preliminary controls before loading or unloading
starts: A check should be made of any equipment malfunc-
tions, blockages in sounding pipes, etc., which could affect
the accuracy of the survey.

At most loading and discharge ports there is pressure to
comimence operations as soon as possible after the vessel has
berthed. Despite this pressure, sufficient time must be al-
lowed for the surveyor to gain the necessary data before load-
ing or unloading is commenced.

In most situations it would suffice for operations to com-
mence after draught marks have been read and agreed, and af-
ter all slack tanks have been sounded. The remaining density
measurements and calculations can be made after operations
have commenced, unless the surveyor considers that some
anomaly exists in measurements or in the ship’s tables,
which could lead to errors in the survey. In such cases, the
survey should be completed before loading or unloading is
commenced.

5.2 Draught measurement: The vessel is to be securely
moored before draught marks are read.

In sheltered ports, it is preferable that a boat be made avail-
able for reading of offside marks. Where this is not possible,
ladders must be placed overside at the forward, midship and
aft marks. It is also preferable that all measurements be taken
jointly with a ship’s officer.

At exposed ports, the use of a boat may be impractical or
even dangerous. In such situations a suitable alternative is to
read the nearside draught marks and to employ a full beam
width manometer to determine the offside draughts, by calcu-
lating the effect of vessel heel. The use of a manometer can
also enable accurate calculations of heel when the vessel is
subject to rolling as a result of sea conditions.

All draughts are to be corrected to the perpendicular and
displacement calculated using the double mean of means
method.

5.3 Water density: Samples are to be taken with a ‘tumble-
fill’ or equivalent type of salinometer pot for 15%, 50% and
85% of the vessel’s draught, at 25% of the vessel’s length for-
ward and aft of midships.

Density measurements should be made with a Zeal glass hy-
drometer, calibrated in air. The hydrometer should have cer-
tificates of both conformity and test, or should be regularly
checked against an appropriately certified hydrometer.

The results of all tests should be averaged and should be
compared with other recent tests at the port or berth. If unex-
pected variations occur, the samples should be retaken and
tested again; if necessary at one-meter intervals on both port
and starboard sides of the vessel.

In many ports the density of dock water changes with depth

and tide. Consequently a number of samples should be taken
at various levels and locations to obtain a reliable mean den-
sity. Tidal variations also can affect density.

5.4 Bilges: All bilges are to be sounde 1 or confirmed dry by
visual inspection. Previous visual inspections during hold
cleaning or on-hire survey would relieve the draught sur-
veyor from the necessity to recheck bilges.

Bilges pumping certificates should be placed on board and
the master should be requested to keep an accurate record of
any bilges pumped overboard during the voyage. This record
should be handed to the consignee’s surveyor at the dis-
charge port and a copy retained on board.

To secure reliability of the data the bilge water should be
first pumped in a calibrated compartment and from there
overboard each time that such compartment is full. This is a
very critical point, failing which, reconciliation of load and
disport results can be perturbated.

Bulk cargo contains a certain amount of moisture. The
moisture contents ranges from high to low, all depending on
cargo, season etc. During the sea passage of the loaded ves-
sel to the discharge port, water in cargo with high moisture
contents accunulates to the lower regions of the holds and fi-
nally flows in the collection bins (bilges). These bilges are
sounded at regular intervals by vessel’s crew. When the build
up of water is too high the bilges are emptied for safety rea-
sons by pumping overboard.

5.5 Ballast tanks: All ballast tanks must be sounded with a
calibrated steel sounding tape and water finding paste.
Where any doubt exists as to whether a tank is empty, a vis-
ual inspection must be made, or altematively a sounding rod
should be used.

At exposed berths, where vessel mo\ement could cause er-
rors in tank soundings, the soundings should be made at least
three times with a steel tape and paste, or alternatively with a
float, and the average taken of the readings.

Water in ballast tanks must be measured by sampling via
the sounding pipes with appropriate equipment (such as a
small pump and plastic tubing) and the density calculated, us-
ing equipment and procedures as set out in 5.3.

Corrections for heel and trim must be applied to soundings,
including allowances for un-pumpable volumes in ‘dry’
tanks.

Any inadequacy of tank tables in regard to capacities or cor-
rections for trim, should be noted on the surveyor’s report.
The surveyor should in particular be aware of the effect of
‘wedge volumes’ due to the shape of some tanks, which can
lead to under-reading of ballast volumes when the vessel has
appreciable stern trim.

5.6 Fresh water: The quantity of fresh water in tanks is to be
established by sounding or by gauge if fitted, and corrections
made as necessary for heel and trim.

5.7 Bunkers: Under normal circumstances, the chief engi-
neer’s figures for fuel on board and for fuel consumption dur-
ing loading are an acceptable method of calculating fuel
weight. Any large difference in fuel figures between the in-
itial and final surveys should be investigated and, if neces-
sary, all tanks must be sounded and weights determined
using the appropriate specific gravity for the fuel.
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If bunkering is to take place during cargo loading, all slack
fuel tanks should be sounded during the initial survey.

5.8 Constant: Using the calculated vessel displacement,
weights calculated above, and the lightship weight of the ves-
sel, a ‘constant’ or undefined weight is found and applied
during the final survey. This undefined weight should not be
accepted as a ‘constant’ for the vessel, but should be recalcu-
lated at each initial survey and should be recorded on the sur-
vey certificate.

6. Draught surveys on completion of loading or unload-
ing: On completion of loading, draught is to be read at all
points, as per 5.2 above and water density again calculated as
per 5.4.

All ballast tanks must be sounded and weights calculated as
per 5.5, with appropriate corrections made for heel and trim.

From the calculated displacement, deductions are made for
lightship weight, the weights determined for bunkers, ballast
and fresh water, and the calculated ‘constant’ or undefined
weight to obtain the weight of cargo loaded or unloaded.

Allowance must also be made for the weight of any large
amounts of stores or spare gear which has been taken on
board since the initial survey.

7. Certification and general comments: The Registered
Surveyor must provide the shipper with a Certificate, on com-
pletion of both initial and final surveys, which sets out the
way in which calculations have been made together with
notes or any information pertinent to the survey, including
problems which may have been encountered. In this respect,
notes should be provided on the following:

O Swell

O Current

O Tide conditions

0O Vessel motion

O Any cargo spillage or residue on deck

O Any area where care is needed in the use or interpolation
of the ship’s tables.

In cases where a vessel is moored in a fast-flowing current
during loading or unloading, both the surveyor and the mas-
ter should be aware of the potential for vessel ‘squat’ due to
the hydrodynamic properties of the hull, especially where un-
der-keel clearance is smatl.

8. Loading of multiple cargoes: It is frequently the case that
two or more separate cargo lots are loaded into a vessel
either during a more or less continuous operation at the same
port or sequentially at separate ports. The latter situation may
arise due to draught restrictions at the first port, resulting in
the need for the vessel to ‘top-up’ at a second port, or vice
versa at unloading ports.

Where two or more cargoes can be loaded or unloaded sepa-
rately and fully, it is preferable that an initial draught survey
be conducted, followed by intermediate surveys to calculate
the weight of the first and subsequent cargoes loaded or un-
loaded. On completion of loading or unloading, a final sur-
vey should be conducted to determine both the total weight
and the weight of the final cargo.

In cases where loading or unloading is conducted sequen-

tially at separate ports, it is recommended that both an initial
and a final survey be conducted at each port. In this case, the
initial survey should verify the weight already or still on
board and should also recalculate the ‘constant’ or undefined
weight of the vessel.

In cases where multiple cargoes cannot be loaded or un-
loaded separately, or where several loading or unloading
grabs are employed simultaneously, it is recommended that
only the initial and final surveys be conducted. The appor-
tionment of the weights of each of the cargoes should then be
made by comparing surveyed weight with belt weightometer
or shore weight to achieve a factor which is applied to each
cargo, as follows:

Surveyed weight
= Factor (f)

Shore weight
Weight of Cargo A = Shore weight x f
Weight of Cargo B = Shore weight x f

It is considered that the adoption of this methodology for
multiple cargoes will result in an order of accuracy within
0.5%, which is accepted for bulk cargoes throughout the
world.

However, where two or more loading heads or unloading
grabs are employed simultaneously, it is important that the
relative errors between individual belt weightometers be
checked and recorded frequently. While absolute accuracy is
not required, it is important that the weightometers be in har-
mony with one another, to avoid incorrect apportionment of
cargo weights delivered by each loading head. Missing the
shore reference the draught surveyor should present written
instructions on the criteria to be used (for instance stowage
factor of goods, rail car, a.s.0.).

9. Requirement for draught surveys during loading or un-
loading: It is recommended that draught surveys should al-
way's be conducted prior to, and on completion of, loading or
unloading. Where loading or unloading takes place sequen-
tially at several ports, the decision as to whether or not to
conduct a pre-loading survey at the se.ond or subsequent
ports should be at the discretion of the shipper.

In the majority of loading and unloading ports, the final
draught survey certificate forms the basis on which harbour
rates, loading, stevedoring and other service charges are lev-
ied, as well as completion of the Bill of Lading for the ves-
sel. It is therefore in the interests of both the shipper or
receiver and of the vessel agent to ensure that a satisfactory
draught survey has been completed.

Payment for draught surveys on loading should be the re-
sponsibility of the shipper and on unloading of the recei ver.
In practice these charges are normally incorporated into the
cargo superintending fees. In cases of dispute between the
shipper and the ship’s master over any draught survey, the
master retains the right to arrange for a second, independent
survey to be conducted, but in such cases the cost of the sec-
ond survey should be bome by the vessel operator.

10. Monitoring of discrepancies and trends: It is strongly
recommended that arrangements be made between shippers
and consignees, whereby copies-of Draught Survey Certifi-
cates at the loading and out-turn ports are exchanged for each



Page 6

Australian Mine Surveyor

cargo.

Where such arrangements have been entered into, the ship-
per should provide the consignee with the following informa-
tion by telex, facsimile or other method which will ensure
that the information is available prior to discharge:

O Copies of certificates of pre-loading and final draught sur-
veys conducted at the loading port or ports;

O Notes provided by the surveyor in relation to sea and
weather conditions at the time of loading, together with
any comments on deficiencies found with the vessel or its
equipment, or difficulties encountered in the use of the
ship’s tables.

It is important that the consignee or surveyor at the disport
also be provided with a record, certified by the master or a
ship’s officer, of any tonnages pumped overboard from
bilges during the voyage.

It must be pointed out that all the minerals and coals
shipped in bulk drain moisture during the transit time and are
subject to be wetted by snow, rain or water (dust control in-
stallation), or to evaporate during loading and unloading op-

involved in the above phenomena can be very significant.

Water drainage is directly proportional to the level of super-
ficial moisture at the loading point and to the length of the
trip. The rule of thumb is that, for a high departure level of
moisture (like 10% or more) and a long sailing distance (like
40 days or more), the drainage can be in the order of 1% of
the cargo weight measured on departure. On lower moisture
levels at departure (like 6% or 7%) and shorter sailing dis-
tances (like 15-20 days) drainage stays within a 0.5% limit or
less.

The above information, in relation tc the out-tum survey,
should also be provided by the consiguee to the shipper so
that trends between loading and discharge ports can be moni-
tored. It would be equally important to the systematic ex-
change of surveys made in different parts of the worlds.

This would allow the dissemination of uniform practice,
make possible the study of trends, and identify possible
anomaly by a given vessel. Such professional tool could be
served properly and profitably by a trade publication and pos-
sibly be supported by an internationally accessible library
where all surveyed vessel data could be classified. #

erations. Depending upon the cargo size the quantities

Global Warming Theory Wrong

A leading United States scientist yesterday rejected the greenhouse theory as it has been portrayed and
accused the green movement of gross misrepresentation.

A Professor of Meteorology at the
Massachusetts Institute of Technology,
Dr Richard Lindzen, said there was “no
substantive basis for the warming sce-
narios being popularly described”.

The models on which the theories
were based were wrong in key areas
and many of the scientists supporting
global-wamming theories were not quali-
fied in climate science, he said.

He labelled the global-warming move-
ment a “circus” and said a petition cen-
tral in forming a public perception that
there was widepread agreement on the
issue had included no more than four
scientists involved in climatology out
of 700 signatures.

Delivering a keynote address at the
1992 Australian Coal Conference on
the Gold Coast, Dr Lindzen said the
greenhouse studies by economists,
agronomists and hydrologists had pre-
dicted there would be little difficulty
adapting to global warming if it were
to occur,

The major losers from the greenhouse
debate would be “‘ordinary people”.

“Wealth will be squandered that
could have been used to raise living
standards in much of the world. Living

standards in the developed world will

decrease,” Dr Lindzen said.

“Regulatory apparatuses will restrict
individual freedom on an unprecen-
dented scale.”

Dr Lindzen said “political pressure”
had been placed on dissidents from the
greenhouse theory in the United States
scientific community.

He cited a case of a professor who
was dismissed from a 1988 US Senate
hearing into global warming for sug-
gesting that the issue was “controver-
sial”.

And another professor of meteorol-
ogy at the Massachusetts Institute of
Technology had his funding withdrawn
after his analysis failed to show net
wammning over the past century.

Dr Lindzen said global warming had
become one of the major “battle cries”
in the environmental advocacy move-
ment’s fund-raising efforts.

The media had “unquestionably ac-
cepted the pronouncements of these
groups as objective truth”, he said.

But a recent poll of climate scientists
showed 49% doubted there had been
any identifiable man-caused warming
while 18% supported the concept.

“Among those actively involved in re-

search and publishing frequently in
peer-reviewed research journals, none
believe any man-caused global warm-
ing has occurred so far,” Dr Lindzen
said.

Attempts would be made at the com-
ing June Earth Summit in Rio to negoti-
ate intemnational carbon emission
agreements which had “profound impli-
cations for both industrial and develop-
ing countries”

Dr Lindzen sa. d a “guilt trip” was be-
ing put on people who worked in indus-
try when “in fact the economic changes
might be worse.”

He estimated that a doubling of carb-
on dioxide could produce global warm-
ing of less than 0.3 or 0.4 degrees
celcius “and that would be indistin-
guishable from natural variability.”

Dr Lindzen rejected prediction that
the amount of carbon dioxide in the at-
mosphere would double by 2030 and
said recent German studies had cast
doubt as to whether it would double
even by the year 2100.

There had already been a significant
increase in carbon dioxide levels and
other greenhouse gases but “the data
provide no evidence of man-induced
global warming.” #
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GPS and Gravity Surveys

Dynamic Satellite Surveys (DSS)
have been operating Global Positioning
Systems (GPS) for three years, concen-
trating in Seismic Oil Exploration in
Australia and South East Asia. Re-
cently DSS have undertaken the posi-
tioning and heighting for Gravity
Surveys.

The success of these projects is due to
the increased satellite window, and the
development of the fast kinematic
method of data acquisition. One area
surveyed was near Coober Pedy in the
north of South Australia. The terrain
was treeless, gibber, undulating plains
crossed by a number of traversable
creeks and a dog fence. Driving speed
was limited to first and second gear in
four wheel drive vehicles.

Twenty-one lines spaced at 500 me-
tres , with 100 metre stations were sur-
veyed, for a total of 191 kms. In
addition a 15 kilometre base line was
surveyed to allow setout bearings for
each line. Because of the good line-of-

sight the lines were laid out with range
poles and chained with a calibrated
speedometer. Under different parame-
ters and terrain the stations could be
placed by GPS.

The initial take off co-ordinates were
established by GPS from two govern-
ment trig marks (standard DSS proce-
dure ). GPS control points were
established at two kilometre intervals
along the lines to check the chained po-
sition and the kinematic surveyed re-
sult. Elevation control was taken from
two government bench marks.

DSS provided three GPS operators,
three Ashtech GPS receivers, a laptop
computer, and three 4x4 vehicles (2
Mavericks ,1 Toyota).

The project took nineteen days total
broken into the following: Mobilisation
— one day; Establish horizontal and
vertical control and mark up pegs —
one day; Survey base line and calibrate
chaining meter — one day; Chain and
survey lines — fifteen days; Demobili-

sation — one day.

The first three days of the survey
were used to develop the best field
method. Differe:it antenna mount
points on the vehicle, the set up of the
swap station location, and the number
of times it has to be reoccupied during
a session were tested.

The kinematic window was from 6.00
am. to 10.40 am. with a break in the
middle of 20 minutes — a total of 4
hours 20 minutes. DSS only used the
window with a minimum of 5 satel-
lites. There was also a 1 hour 30 min-
ute window in the night, but this was
only used on one day for safety rea-
sons.

Due to the short window two roving
receivers were used to achieve the pro-
duction. On future jobs the launching
of more satellites should enable DSS to
use one roving receiver for a longer pe-
riod to gain the same daily production.

continued over
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SURVEYS

Dynamic Gravity Surveys
Complete Seismic Surveys
Well Control Surveys
Transmission and Pipeline Surveys

Control of Aerial Photography

and Landsat Data
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Bill Hedditch
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71 Ferguson Avenue
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Tim McCall
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PO Box 713
Yeppoon 4703




Of course you realise that a one-man system offers many bene-
fits. But you can’t imagine how impressive they are until you’ve
tried it for yourself.

If you want to work alone, you can — at any time of the day or
night. You can do all your surveying from the point and check all
the details at the same time. Both collecting details and setting
out can be done ar least as fast as with conventional methods.
Andyou get all the software and memory capacity you need.

Talk about efficiency and lower costs! Yet you may still feel
that the major benefit is the greater confidence you will have in
your results.

If you want to work conventionally, you can use the system as
an ‘ordinary’ servo-driven total station. (Except that its capacity
is far greater than all other measuring systems on the market to-
day!)

In short, Geodimeter System 4000 is more effective, with

lower costs, and greater reliability and flexibility than you’ve
ever enjoyed before. Try it yourself, and you’ll see.

Geodimeter System 4000
Intelligence where it belongs!

Yes, please, | want to try Geodimeter System 4000!

Please let me know when you can give me a

demonstration of Geodimeter System 4000. Ol\‘{% MAN
Please send me more information. dyseernt
Name:
Company:
Adderss:

Contact your nearest Geodimeter sales office for a demonstration or more information.

New South Wales/ACT
Precision Instrument Co.

PO Box 180, Willoughby NSW 2068
Tel: (02) 958 2866 Fax (02) 958 6998
Contact: Robin Douglass

D[Ge

Queensland

odimeter’

Herga Instruments Pty Ltd
Tel: (07) 852 1245 Fax: (07) 252 1275
Contact: Paul Bright or Laurie Watson

Victoria, Tasmania, South Australia
On Line Surveying Equipment Pty Ltd

Tel: (03) 597 0711 Fax: (03) 598 4323
Contact: Colin Plumb

Western Austr:lia

Haefeli-Lysnar Survey Equipment Pty Ltd
Tel: (09) 242 4444 Fax: (09) 242 5544
Contact: Richard Lysnar

HEAD OFFICE: Geodimeter of Australia Pty Ltd, PO Box 223 Brookvale NSW 2100 Tel: (02) 938 2333 Fax: (02) 905 5518 Contact:David Morrow
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GPS and Gravity Surveys
from page 7

Breaks in the data due to cycle slip oc-
curred during the survey and sections
of the survey had to be repeated. In-
itially this meant up to 70% of the data
was lost on the first few days, but with
more stable mounting of the antenna
on the coiled spring Maverick this was
reduced to less than 10% by the end of
the survey. When data was lost due to
cycle slip the points had to be repeated.
There is no risk that the data is just out-
side tolerance as the algorithm can
either resolve the ambiguity and pro-
duce the result, or after cycle slips it
cannot produce a result. On three days
no data was lost.

Ties between the control stations and
the kinematic stations were in the order
of 3-4 cms. but always less that 0.1 me-
tres.

The best survey day was 17.3 kilome-
tres or 173 points. The actual time at
each station is 20 seconds so the criti-
cal limitation to the survey is the speed
at which you can drive between sta-
tions without jerking the antenna so
much as to lose lock. On this particular
survey nearly 80% of the time was
spent driving compared to actual obser-
vation time. On a more regional survey
the percentage drive time is going to in-
crease making the production of the
survey more dependent on driving
speed.

In conclusion, DSS believe that Grav-
ity surveys can be performed using
GPS with higher accuracy and lower
costs.

Accuracy of 0.1 metres in height is
achievable.

Production of 100 to 200 points per
day is possible but is dependent on the
access, the acquisition parameters, and
the available satellite window.

In the right terrain areas, with limited
trees and reasonable driving, points can
be surveyed for as little as $10 each.

DSS will continue to develop GPS
field techniques and processing soft-
ware to suit all types of exploration pro-
jects. #

Coal exports forecast to double

The $6 billion a year Australian coal industry is set to become
the strongest growing export commodity in the next decade.

A Federal Government survey shows
world coal trade demand will double in
the next decade.

Australia is the world’s largest coal
exporter and the fuel is this country’s
biggest export eamer.

The major study commissioned by
the Federal Government about world-
wide coal supply and demand and un-
dertaken by Sydney consultants
Barlow Jonkers is expected to reveal
world demand for coal is actually in-
creasing.

Director of the Australian Coal Asso-
ciation Michael Pinnock said coal ex-
ports were on the verge of a 10 year
boom and Australia would reap the
largest share of the benefits.

‘The message that is becoming appar-
ent in the 90s is that it is going to be
the decade for coal,” Mr Pinnock said.

‘Because of the environmental de-
bate, there is a perception coal is going
down the gurgler when in fact it’s quite
the opposite.’

‘OECD figures show world coal trade
doubling by the year 2005. Around the
world the figures are quite stunning.’

Japan is the world’s largest importer
of coal and currently imports 100 mil-
lion tonnes a year while it domestically
produces 10 million tonnes.

‘By the year 2000, Japan will increase
it’s intake by 40 per cent, importing
142 million tonnes and producing only
3 million tonnes of coal a year,” Mr
Pinnock said.

Australia supplies a massive 70 per
cent of Japan’s steaming coal, which is
used for electricity, and 40 per cent of
its coking coal, which is used for steel.

And although prices were cut US 50c
a tonne this year and $US 1 a tonne last
year, Mr Pinnock said Australia had
held its share and was still getting $A
55 a tonne.

‘Australia has maintained its market
share which is the most important thing
— that is really the name of the game
because of the increasing competitive-
ness,” he said.

Mr Pinnock said the coal export
growth in Asia \/as three times the
growth in Europe.

‘It’s largely on population growth, es-
pecially in Asia, and we’re sitting right
on the doorstep,” he said.

Mr Pinnock said steaming coal ex-
ports to the Asian region were ex-
pected to increase by 40 per cent in the
next decade, with South Korea one of
Australia’s biggest growth markets, up
400 per cent in the last five years. #

Idemitsu coal for new technology
Japanese blend

A new Japanese method of distribut-
ing coal as a fuel for industrial consum-
ers uses a blend of coal from the
Ebenezer mine in southem Queensland
and MIM/ Agip’s Newlands mine in
central Queensland.

It can make coal an attractive alterna-
tive to high sulphur oil.

The Coal Cartridge System (CCS) de-
veloped by energy group Idemitsu
Kosan over five years involves a new
technology which transforms coal into
a fuel which can be transported, stored
and burned like oil.

Idemitsu Kosan’s Ebenezer mine will
provide 75 per cent of the coal for the

CCS system, supplemented by a 25 per
cent blend of premium quality low sul-
phur steaming coal from Newlands
mine.

MIM manager - coal marketing serv-
ices Rod Charlton says Idemitsu cur-
rently buys 400 000 tonnes of
Newlands coal a year for its own
power generation needs and for sale to

‘customers in Japan. “The CCS system

has the potential to expand total
Japanese coal cemand even to the
point of challenging oil’s supremacy
among industrial users,” he says.

continued over
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Latest
Technology!

An early
calculator,
held by the
Queensland
Survey
Museum

JOINT VENTURERS PARTICIPATE IN

MCARTHUR RIVER ZINC-LEAD STUDY

Nippon Mining Co., Ltd. and wholly
owned subsidiary Toyoha Mines Co.,
Ltd. have agreed to participate in the
feasibility study into the development
of Mount Isa Mines Limited’s
McArthur River zinc-lead-silver de-
posit in the Northern Territory of Aus-
tralia.

The study which MIM has already
commenced is expected to be com-
pleted this year.

The study is focussing on a measured
identified mineral resource of 47.4 mil-
lion tonnes of ore grading 15.7% zinc,
6.5% lead and 66 grams per tonne sil-
ver within the McArthur mineralisa-
tion, whereas previous studies had
been based on the overall resource of
227 million tonnes of lower average

grade.

NMC and Toyoha have formed ANT
Minerals Pty. Ltd. to participate in the
study

The President of NMC, Mr. T. Naka-
mura, said that ANT Minerals had an
option to acquire a 15% participating
interest in the McArthur River Project
should it proceed to the development
stage.

The Managing Director and Chief Ex-
ecutive Officer of M.1.M. Holdings
Limited, Mr. N.C. Fussell, welcomed
the contribution that NMC and
Toyoha, as major mining and mineral
processing companies, would bring to
the McArthur River feasibility study. #

Idemitsu coal

- Jrom page 9

Idemitsu South Queensland managing
director Mr Shozo Horii says Idemitsu
is confident of winning new contracts
from light industry and power utilities.
It introduced the system commercially
in October, 1991 and predicts demand
for 200 000 tonnes within a year and
up to eight million tonnes a year within
adecade.

CCS blends and pulverises coal in an
inert nitrogen gas sealed system. The
heated inert gas pre-heats the coal prior
to grinding which reduces water con-
tent to boost the CCS product’s energy
content. The product blends are tai-
lored to each customer’s boiler technol-
ogy for maximum economic and
environmental efficiency. #

NEW
DEVELOPMENTS

SOKKIA Survey Instruments
announce the new Ensign
GPS unit — the first personal
navigation tool designed for
the palm of your hand.

Features include three chan-
nels for tracking up to eight
satellites; 100 way point stor-
age; latitude, longitude and al-
titude information; AMG;
exceptional navigation func-
tions; and a built in antenna.
See the advertisement on the
opposite page.

THE SURVEY AND|
ENGINEERING
SOFTWARE THAT
PROVIDES THE
TECHNOLOGICAL
EDGE.

civilcad IS A COST EFFECTIVE,
EFFICIENT, EASY TO USE PC
BASED PROGRAMME WITH
FACILITIES FOR. ..

B ROAD DESIGN

W ROAD RECONSTRUCTION

B DRAINAGE DESIGN

B SUBDIVISION CALCULATIONS
B SURVEY PLOTTING

M TERRAIN MODELLING

M SURVEY DATA REDUCTION

@ CONTOUR PLOTTING

@ VOLUME CALCULATIONS

DESIGNED BY BLOOMFIELD
COMPUTING SERVICES,
civilcad IS DISTRIBUTED
WORLDWIDE . . .
OVER 1000 USERS

TIME SAVING

civilcad
GETS IT RIGHT FIRST
TIME AND EVERY TIME.

For brochure and demonstration disk contact:

Bloomfield Computing Services

Pty. Ltd.
#‘ TOPCON
P.O. Box 627, Drummoyne, NSW 2047 Australia

Ph: 61 2 819 6488 Fax: 61 2 819 7461
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PHOTOGRAMMETRIC MEASUREMENTS FROM AERIAL
PHOTOGRAPHS
A DISCUSSION OF FACTORS WHICH INFLUENCE ACCURACY

David Turton

AAM Surveys Pty Ltd, 11 Wicklow Street, KANGAROO POINT, BRISBANE

Introduction

Those people whose responsibility it is to commission pho-
togrammetry and evaluate tenders for photogrammetric work
have, in the past, been able to apply various rules of thumb in
order to get some idea of the relative accuracies and preci-
sion of the competing methodologies. These include the ‘C
factor’ of various photogrammetric instruments, the flying
height of the proposed photography, lens type and ground
control configuration.

Changing technology has rendered these rules of thumb ob-
solete. This paper sets out the factors which influence accu-
racy and precision, discusses recent changes to each, and
attempts to quantify the current situation. The paper argues
that accuracy of measurement using current technology is
greatly improved. The exact amount of improvement is still
not known. It can only be known by testing each project and
building up a dossier of such tests. This can then be used to
ensure that projects are planned to meet nominated accura-
cies.

Definitions

Since this paper is primarily a discussion of the effect of
changing technology on the accuracy of information ob-
tained from aerial photographs, it is important that the terms
accuracy and precision are defined at the start.

For the purposes of these discussions the following defini-

tions have been adopted:
O Accuracy is nearness to truth.
O Precision is fineness of detail.

Thus, a properly conducted field sur ey has the capability
to produce co-ordinates which are more accurate than those
derived from aerial photogrammetry; that is they are closer
to the true co-ordinates of the point being measured. How-
ever, because photogrammetry offers the ability to record
many more points than can practically be measured by field
survey methods (even with total stations and electronic re-
cording) the picture built up from photogrammetric measure-
ment has the potential to be more precise.

Section 1

Factors which impact upon accuracy
The accuracy of photogrammetric measurement is influ-
enced by a number of factors. Amongst these are:

O Flying Height

O CameraLens

O Forward Image Movement
O Lateral Image Movement

O Film Emulsion
continued over

TrimbleNavigation

No matter what you do, there’s a

Trimble GPS

survey and mapping system that can

make your job easier.

SOKKIA

Total Survey System

ACN No. 002 141 424

Ensign GPS™

$ 1,590

Ex Tax

Contact
ROD YANN

Ph (07) 846 3385
Fax (07) 844 3907

Sales — Hire — Service
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Photogrammetric Measurement
from pdge 11
O Film Development
O Design of Measuring Instrument
O Ground Control Location and Survey Accuracy
0O Weather Conditions at Time of Photography

O Stereo-plotter Operator’s Skill
O Data Density

Flying Height

Flying height is a significant factor in determining the accu-
racy of photogrammetric measurement. High level photogra-
phy suffers from the inability to image small detail, as well
as a lessening of the accuracy with which the photogrammet-
ric reference mark can be placed on the surface of the three
dimensional model established in the stereo plotting equip-
ment.

Camera Lens

All camera lenses distort the photographic image leading to
both interpretational and measurement inaccuracies. Modem
lenses have the benefit of computer design and manufacture
allowing a theoretically distortion free lens to be designed
and built. Whilst this is theoretically possible, price con-
straints mean that from a practical point of view, lens distor-
tion is still present to a small extent.

Forward Image Motion

Forward image motion is the blurring of the photographic
image caused when the shutter remains open whilst the cam-
erais moving.

The longer the shutter remains open (such as would occur
when photography was being undertaken in poor light condi-
tions requiring long ex posure times) the greater the amount
of image movement.

The blurring of the image caused by forward image motion
reduces the accuracy with which the reference mark within
the photogrammetric instrument can be placed on an object,
or on the ‘ground’ within the stereoscopic model. Blurring
also causes difficulty in identifying small objects through a
reduction in resolution. Thus they may be missed altogether
at the plotting stage, or incorrectly identified.

Recent changes to aerial camera design compensate for im-
age movement by moving the film plate, in the direction of
flight, at the instant of shutter release. The transport speed is
dictated by the flying altitude and aircraft speed.

Lateral Image Motion

Lateral image motion is the blurring of the photographic im-
age caused by movement at right angles to the line of flight.
This is generally the result of turbulence, making the aircraft
wings move up and down, but can be caused by a low level
of pilot skill.

Correction of lateral image movement is brought about by
fitting a gyro mount to the camera which ensures that the
camera is retained in a stable attitude irrespective of the atti-

tude of the aircraft.

Film Emulsion

Changes in camera technology which permit longer expo-
sure times whilst compensating for image movement have en-
abled the use of very fine grain film emulsion. Such films
require long exposure times but have significantly improved
resolving capability. This means improved interpretation of
small objects, and more accurate measurement of the edges
of objects because of their sharper definition.

Film Development

Film development techniques have also improved in recent
times. The ability to control contrast and density has resulted
in an improved medium from which to plot, which in turn
has contributed to improved plotting accuracy.

Design of Measuring Instrument

Photogrammetric measuring instrum 2nts which incorporate
sophisticated mathematical solutions to assist in model orien-
tation, improved optics which assist in image interpretation,
and zoom capability to improve measurement accuracy are
now being increasingly used by photogrammetric organisa-
tions. Such instruments allow measurement distortions
caused by earth curvature, film shrinkage and lens distortion
to be computed out of observed measurements, resulting in
the potential to greatly increase the accuracy of co-ordinated
data.

Ground Control Location

Without appropriate ground control, none of the technical
changes discussed so far will give a satisfactory level of accu-
racy. Ground control in the correct location and surveyed to
an appropriate level of accuracy is still a fundamental compo-
nent of photogrammetry. GPS has made a significant contri-
bution in this regard, allowing greater freedom in the
location of control points and providing the potential for
highly accurate coordinates, at a realistic cost. The location
of control is important because no significant statement on
accuracy can be applied to photogrammetric measurements
beyond ground control. In the past, compromises had to be
made because of the practical problems associated with trav-
elling to control points located in the theoretically most suit-
able position. Using GPS to determine control locations
removes some of the former limitations and has the ability to
improve control configuration. This is reflected in improved
photogrammetric accuracies.

Weather Conditions at the time of Photography

It should go without saying that weather conditions at the
time of photography still play an important role in the quality
of aerial photography, and this in tum impacts upon the accu-
racy of any subsequent photogrammetric measurement. This
is so, even when skies are clear! Shadows cast by buildings
and earthworks cause difficulties in both interpretation and
measurement and these difficulties may be aggravated by the
use of very wide angle lenses. Modem aerial film and cam-
eras permit photography in subdued light, such as exists un-
der total cloud. This is often the most appropriate time for
aerial photography because no deep shadows obscure detail
and even light conditions assist in interpretation.
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Turbulence is another factor which influences photographic
quality and therefor measurement accuracy. In conditions of
high humidity, such as exist along the Queensland coastline
during the summer months, turbulence can be considerable,
particularly at low altitudes where photography for the most
accurate photogrammetric work is generally flown.

Stereo-plotter Operator SKkill

The skill of the stereo-plotter operator in interpreting what
is seen, assigning the correct feature code and accurately
‘pointing’ to the feature being digitised will make a signifi-
carit contribution to the accuracy of data derived from aerial
photography. However, this component is very difficult to re-
liably quantify.

Data Density

Digital photogrammetric data must be gathered such that
sufficient points are recorded to accurately depict the feature
being represented. Often the user of digital data acquired by
photogrammetric methods finds that the data set is consider-
ably larger than the software can handle. A decision is then
made to filter the photogrammetric data to reduce its size. If
this is not done in a way which safeguards the integrity of
shape of each feature significant inaccuracies can result
when the filtered data is plotted or interacted with another
data set, as may occur during volume calculation, for exam-
ple.

Section 2

Determining the accuracy of photogrammetric
measurements

Having discussed the factors which can influence photo-
grammetric accuracy we can now look at ways of determin-
ing the accuracy of a survey, and then attempt to determine
the extent to which the factors in Section | impact upon the
accuracy of the final product.

Two methods are available to determine the accuracy of a
photogrammetric survey, viz. theoretical and testing. It is be-
yond the scope of this paper to go into too much detail, but
the reader is referred to general texts (such as Caspary
{1987}) for more information.

Theoretical

The theoretical approach to determining photogrammetric
accuracy uses the survey design to predict final data accu-
racy . Computations are based on geometric features, such as
flying height and camera focal length, and combined with
qualitative estimates of measuring precision and control dis-
tribution. In practice, cost considerations prevent rigorous
network simulations being used to estimate achievable sur-
vey accuracy. Instead, use is made of rules of thumb relating
the required contour interval to flying heights and the fre-
quency of control points along a strip of photography.

These rules of thumb evolved in aerial photogrammetry be-
cause there is often a similarity between one mapping project
and another. Qualitative variations such as image quality, ter-
rain definition and operator ability are considered in a highly
subjective manner, if at all. The development of new technol-
ogy further diminishes the value of rules of thumb. Conven-
tional flight planning for a 1960’s RC8 camera and 88

stereo-plotter surely cannot still hold for a 1990’s camera fit-
ted with forward motion compensation and analytical stereo-
plotter.

Testing

An alternative to theoretical prediction of survey accuracy
is to test the data quality once it has been gathered. In photo-
grammetry, this usually involves statistically comparing the
measurements with independent field observations. There is
a cost involved with this approach but it is not prohibitive if
a series of check points is acquired co rcurrently with the
ground control points. The advantage is that this method pro-
vides a definitive record of data quality, encompassing atl of
the wide ranging and often subtle variables mentioned in Sec-
tion 1.

Anocther advantage of obtaining an independent set of field
check points is that it can be used to improve the quality of
the photogrammetric survey. Byme {1991} stated that com-
paring the elevations of check points obtained by photogram-
metry and field methods often reveals that there is a small
systematic error between the two data sets. This error usually
shows that the photogrammetric block is sitting slightly
above the field values (Figure 1). For engineering modelling,
this bias is typically only a few centimetres in magnitude and
can be attributed to individual stereo-plotter operators’ ten-
dercy to plot marginally above the terrain. Removing this
bias from the photogrammetric data improves the overall ac-
curacy of the data set. Using check points in this manner is
known as ‘calibrating the block’.

Photogrammetric definition

Desired condition

Field survey definition I | Freguency

-ve Error magnitude +ve
Figure 1 - Error distribution on check points

Ideally, the two methods to determine data accuracy should
work together. Theoretical predictions are required to plan
the survey to meet the project’s accuracy requirements. Sub-
sequent data testing can then record the accuracy achieved,
calibrate the photogrammetric observations and provide feed-
back to continuously update the quantitative aspects of accu-
racy predications.

The calibration of data in this way is applicable when DTM
data is acquired. Contour information can only be calibrated
if non-standard contour values can be tolerated or if contours
are derived from the DTM.

continued over
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Photogrammetric Measurement

Having said that photogrammetric accuracy can be deter-
mined by both theoretical and testing methodologies we
should now attempt to put some figures on those factors dis-
cussed in Section 1. It is these factors which not only form
the basis of a theoretical assessment, but also are the parame-
ters upon which first assessment of competing methodolo-
gies will probably be made by those people who commission
photogrammetric measurements.

A rule of thumb often applied to aerial photography is that
it should be flown at altitudes of between 1100 and 1600
times the contour interval, if contours are required to be
within one half an interval of their correct location when
measured on the ground.

Evidence gathered to date is suggesting that using current
aerial cameras, with compensation for forward image move-
ment, contours can be expected to be within one third of an
interval of their correct location. Further gain can be ex-
pected if photogrammetric measurements are undertaken us-
ing modern analytical stereo-plotters. Other factors such as
operator skill, weather conditions, film development and con-
trol configuration impact upon accuracy and given favour-
able application of all factors the quoted accuracy can be
significantly increased. Documented test data from work re-
cently completed by AAM indicates an RMS error on dis-
crete model points of better than 1:40000 of the photo scale
can be achieved in such circumstances.

Conclusion

As has been explained previously, determination of the ef-
fect on accuracy of the factors quoted in Section 1 is unreli-
able if not undertaken with reference to field checking. The
collection and analysis of relevant data takes time and must
be built up from a wide range of projects in order to arrive at
a new set of operating parameters. Work in this area is pro-
ceeding.

It should perhaps be said, in conclusion, that in most cases
the users of photogrammetric data appear to be happy with
the level of accuracy that is currently being provided. The
benefits of new camera and instrument technology are, in re-
ality, being used to provide data that have a similar accuracy
to that derived from older technology . However this accuracy
is obtained by flying higher and using less ground control
than previously with commensurate savings in data acquisi-
tion costs.

As requirements for higher measurement accuracies in-
crease, in deformation and subsidence monitoring for exam-
ple, the new camera, film and plotting instruments will be
able to provide a level of measurement accuracy commensu-
rate with this need.

References

Byrne, P.M. (1990) The Application of Digital Terrain Models from Aerial
Photogrammesry to Engineering Design and Construction. Presented Paper
to 40th Anniversary Seminar of Geodesy Department, L.T.B., Bandung.

Caspari, W.F. (1987) Concepts of Network and Deformation Analysis
Monograph 11, School of Surveying, University of New South Wales.

from page 13

The Australian Institute of Mine Surveyors

Eleventh Annual Mine Surveying
Seminar

Wollongong 1992

The Eleventh Annual Australian Institute of Mine
Surveyors Seminar will be held at the Northbeach
Parkroyal, Wollongong,
from 9 to 11 September 1992.

Theme — ‘More than Meets the Eye’

CALL FOR PAPERS

Suggestions:
O In-seam Seismic Surveys

O Occupational Health and Safety,
and Stress Management

O Open-cut and Underground Surveys
O Mine Subsidence and Restoration
O Close Range Photography

O Computer Awareness
(]
O

Professional Development

A User's Perspective of Current
Software
and Hardware

O Hard Rock Mining

O Environmental Development and
Planning

Accomodation has been booked at
‘Northbeach Parkroyal’

Alternatives are:
O Beach Park Motor Inn

042 263555
0O Golden Pacific Motor Inn

042 263000
O Normandie Motor Inn

042 294833
O Boat Harbour Motel

042 289166
O Park Street Serviced Apartments

042 277999

All are within 800 metres of the venue
All correspondence to:

The Convenor, AIMS Conference
PO Box 163, Picton, NSW 2571
or Maurice Tangredi, 046 840159 (Tahmoor Colliery)
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Winter

Cold as an Eskimo gloomy and glum,

Cold as the hairs ‘round a Polar
Bear's bum.

Cold as the ice beginning to thaw,
Cold as the [ove of an elderly whore.
Cold as Charity, and that s pretty
chilly,

But not as cold as Poor Little Willy;
He's dead, poor bugger!

Hydrographic survey at ldemitsu mine, Amberley

Your Institute office requires a com-  contact —
W A N T E D . puter and a photo copier. If you or Joe Blakey

: your mine have either or both of these Phone (07) 379 4533
items to donate, lend or sell cheaply Fax (07) 278 1181.

PORTABLE/HANDHELD
GLOBAL POSITIONING SYSTEM SPECIALISTS

= MAGELLAN

SYSTEMS CORPORATION

NAV1000 PRO
Special prices avallable

4 parallel channels

Full technical support system options and service
ensuring maximum benefit for your GPS dollar.

[RI(R)

RESOURCE INDUSTRY ASSOCIATES Contact Terry Boyd or

Jeff Baile
538 Brunswick Street, Fitzroy North 3068 Ph: (03) 182 i945

+ Australian National Distributors; Sony & Magelian. Agents in all states and territories. Fax: (03) 482 4956
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GPS Receivers

* Ashtech is the smallest
geodetic receiver on the
market, allowing 2 receivers
to fit into a standard briefcase.
* Our receivers offer ‘all in view' operation
by automatically tracking all visible satellites on 12
independent channels, s standard.
* We offer 4 years free upgrade for both standard post-
processing and internal receiver software.
* Performance options, including dual frequency, photo-

and

Today with 24 hours of GPS coverage and a Magellan
Pro GPS Receiver, Geologists, Geophysicists, - Sur-

where Lassiter failed - they can return to the
spot time and time again, ‘

/ The exceptional accuracy of GPS is g
' available in the truly portable light-v
hand held Magellan GPS Receiver.

Call your GPS Specialist Today at:

veyors, 4WD Explorers, Navigators etc can succeed .
s‘%,ﬂr’_

by ASHTECH

The world’s most sophisticated
GPS Technology

grammetry camera input, are offered in a modular form,
allowing any Ashtech receiver to be ordered for specific
applications and later upgraded to full survey and/or naviga-
tion configurations.

* The new GPP$-2 software expands both post-processing
and analysis capabilities for all GPS surveys. The operator
need only indentify the type of survey performed, static,
pseudo-kinematic or kinematic and the rest is automatic.
Superior graphics allows data analysis, summaties for reports
and easy survey planaing.

MAGELLAN

WE BRING GPS DOWN TO EARTH™

The Magellan GPS NAY 1000 PRO

FEATURING

* 25 Metre Differential accuracy * AMG - lat and long
conrdinates » RS 232 data port

* [nternal batteries and antenna » Software inclusive

ement usirfg Ashtech GPS receiver
External antenna kit option

1
I
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l |

Company:
PHM| QUEENSLAND | ™™ |
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310 Wynnum Road, Norman Park Q 4170 | Address |
Brisbane, Australia. : Postcode :
P.O. Box 179, Morningside, Queensland, 4170 | Phone: Fax I
Telephone: (07) 899 2944 | DL:;:“:::: You o call me regrding your G srvics :

Facsimile: (07) 899 1814 x

(I Magetan (Jashtech [ GPS Hire
(] 1 wouid like to attend 2 GPS course. Please send me details.





