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Introduction.

| have prepared this talk to you today after it
was suggested to me by Nigel Atkinson. Last
year, | touched on one of the challenges in
setting out control for a 1.3km deep shaft in
Mongolia being the height scale factor
changes to measured distances which are
required to maintain the verticality of a shaft
being sunk from different mine levels. Nigel
thought that this was a technical area which
was, generally, not well understood by Mine
Surveyors and so, a talk aimed at giving a
fuller understanding of the effects of height

scale factor in mines would be helpful.




| have enjoyed the research for this talk,
particularly in refreshing my memory of
some of the more technical aspects.
However, | have struggled in writing the
story to give it some excitement and life
when, in reality, it is a pretty dry technical
topic. | do hope that you find it useful as a
reference to consider when you have time to

do so.




Map Shest

Figure 1 The simplest example of a Projection:-

Light rays emitted from the centre of the spheroid project
features on the surface of the spheroid onto the map sheet —
scale varies on the map

Mine Surveyors are familiar with the projection scale factor
concept in UTM projections of the spheroidal earth’s shape onto
map sheets and mine plans. Figure 1 shows the simplest example
of a projection when rays from a light globe at the centre of a
transparent sphere project features on the surface of the sphere
onto a map sheet. The scale varies right across the map sheet and
is 1.00 at the point where the map sheet is tangential to the
sphere.



MNorth|Pole

Equator

Figure 2 The Mercator Projection —
A cylindrical projection

Mine Surveyors deal with the Universal
Transverse Mercator (UTM) projection, which is
a variation of the cylindrical Mercator
Projection shown in Figure 2, on a daily basis,
particularly in coal mines, because the Survey
and Drafting Directions require mine Record
Tracings and survey control to be defined using
UTM coordinates established on the Map Grid
of Australia(1994). These coordinates are “on
the spheroid” which is taken to be at mean sea

level.



There are, however, many places in Australia and, indeed, worldwide where the
surface topography and/or the mine or tunnel workings are separated significantly
from mean sea level and, particularly, from each other. These deep mines are, for the
most part, metal mines but some coal mines have significant separation between the
surface topography and the seam. For example, the lllawarra and Lithgow areas of

New South Wales have deep seams below surface.

There is a need to relate surface detail and infrastructure to the underground
workings. Surveyors need to be familiar with the combined effect of scale factors
(both height and projection) on the relationship of, say, boreholes at the surface to

their intersection with or by underground workings.



2. PROJECTION SCALE FACTOR — CONCEPT.

Figure 3 UniversalTransverse Mercator (U.T.M.) Projection -
Cylindrical Projection at 90% to Mercator Projection—This projection has been adopted for
Map Grid of Australia (MG A 54).

Figure 3 shows the concept of the Universal Transverse Mercator (UTM) Projection. It is a cylindrical
projection with the axis of the cylinder at ninety degrees to the cylinder in the Mercator Projection.
The UTM projection has been adopted for the Map Grid of Australia (MGA94) and the spheroid
adopted for MGA94 is the GRS80 spheroid. To keep the effect of the projection scale factor to an
acceptable level, MGA94, like other versions of the UTM projection, is broken into Zones which are six

degrees of longitude wide with a Central Meridian in the centre of each zone.
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Figure 4  Projection Scale Factor (5.F.) isthe number usedto take a measured Mean Sealevel(ground)
distance to the grid or projection distance.

M.5.L. distance x5.F. = Grid Distance

Grid Distance (from coordinates) + 5.F. = M.5.L. distance (ground)

To further minimise the effects of projection scale factor, Figure 4 shows that the
cylinder, on which the spheroid is projected, cuts the spheroid in two places equidistant
from the Central Meridian of the zone. At these “cuts”, the scale factor is one because

the map sheet and the spheroid coincide.
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Figure 4  Projection Scale Factor (5.F.) isthe number usedto take a measured Mean Sealevel(ground)
distance to the grid or projection distance.

M.5.L. distance x5.F. = Grid Distance

Grid Distance (from coordinates) + 5.F. = M.5.L. distance (ground)

At the Central Meridian, the scale factor is a minimum and in MGA94 it is for all latitudes, set at 0.9996
(-0.04 metres in 100 metres compared to ground distances). From the intersection of the cylinder with
the spheroid outwards, both to the east and the west, to the edge of the zone the projection scale factor

is greater than one (except for very high latitudes where this projection is unsuitable).
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Figure 4  Projection Scale Factor (5.F.) isthe number usedto take a measured Mean Sealevel(ground)
distance to the grid or projection distance.

M.5.L. distance x5.F. = Grid Distance

Grid Distance (from coordinates) + 5.F. = M.5.L. distance (ground)

The projection scale factor at the edge of the zone (by longitude) varies with latitude from
1.000981 at the equator to 0.9996 near the pole with an average projection scale factor of
about +0.3 metres per 1000 metres when compared to ground distance at latitude forty five

degrees.




3. HEIGHT SCALE FACTORS — WHAT ARE THEY?
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Figure5  The relationship of Height Scale Factor and the change

from Local ground distance to projection or grid distance.

Figure 5 shows the relationship of an
elevated terrain to the UTM projection
plane close to the Central Meridian. It
shows that the ground distance at an
elevation above mean sea level (the
geoid) is longer than the distance at
mean sea level. This is because the
radial lines from the centre of the earth
which show the vertical as defined by
gravity diverge the further they are

from the centre of the earth.
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Figure5  The relationship of Height Scale Factor and the change
from Local ground distance to projection or grid distance.

The separation of the geoid and the spheroid
is, in Australia, for the most part insignificant
as far as variation in ground distance reduced
to the spheroid is concerned. For example, a
geoid/spheroid separation of 80 metres, being
higher than the extreme value in the Cape
York area gives a height scale factor correction
due to the value of “N” as 13 millimetres per
kilometre. In most of Australia, the height
scale factor correction due to “N” is less than
7mm/km. In critical cases, where the highest
precision is needed, the AUSGEOQID value of
“N” can be determined by entering the MGA
geodetic coordinates (lat./long.) into “Winter”

software and the value of “N” noted.



The value of “N” can be applied to the average
reduced level of the baseline (ground length)
to determine its height above (or below) the
geoid. If the geoid is above the ellipsoid, “N” is

' Apply Height
l Scale Factor positive. If the geoid is below the ellipsoid, “N”

RL - : : : :
0AHD l_.. N~ Geod /S is negative. The relationship between H

,_-Swaﬁ""\i (height above the geoid), h (height above the
‘q T P ——

; PRly Projection Ellipsoid ellipsoid) and N (geoid — ellipsoid (or spheroid)
Cale Factor

separation ) is
r UM Projection prape H=h-N
I Then using the increase or decrease in the
| radius of the earth due to height difference
between the measured distance’s height and

the ellipsoid/spheroid, the height scale factor

Figure5  The relationship of Height Scale Factor and the change
from Local ground distance to projection or grid distance. can be calculated.




This will bring the ground distance to a
spheroidal distance and this spheroidal
distance can be converted to a projection
distance by the application of the projection
scale factor referred to before. The height

N'=Geaid / Spherard scale factor can be combined with the

Geoi
| Separation e far:prm,m“ projection scale factor by multiplying them
M’Emmum together to get the combined scale factor
which will bring a ground distance to a
r ==UTM Projectio, Plane projection distance. It must be remembered
I that the process must be reversed if it is
I necessary to set out, on the ground surface, a

design baseline terminal points based on MGA

Figure5  The relationship of Height Scale Factor and the change ST

from Local ground distance to projection or grid distance.
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from Local ground distance to projection or grid distance.




Figure 6 shows the application of height scale
factor to convert ground measured distances to
spheroid/ellipsoid distances from both elevated
ground above the spheroid and from mine
workings below the spheroid. The terms shown
in the formulae are:

d is the ground distance, dhm is the ground

distance at mean height and ds is the distance

on the spheroid/ellipsoid. Rm is the mean radius

of the earth and h is the height of the base line

terminals or mine workings above or below the

spheroid. It is important to remember that for

measurements below sea level, h becomes

negative. In other words, Rm + h for hills

becomes Rm — h for mines or tunnels below the

spheroid. Figure & Application of Height Scale Factor

dhm - ds  then ds = Rmdmm

Rm+h Rm Rm+h

Ground to map: Height Scale Factor must be applied to ground distance [horizontal) at

mean height to bring the measured ground distance to sea level distance prior to or

combined with the projection scale factor. To g0 map to ground reverse this process.

For measurements below sea level h becomes negative:- i.e. R=+h for hills becomes R--h
for minesor tunnelsbelow sea level.




4. WHAT ABOUT

(rnening 11 VARIATIONS IN

THE EARTH’S
RADIUS?

South Pole As we all know, the spheroid which most

Figure 7 Mean Radius — Radius smaller at the equator and greater at the poles (due to flattening NS lo I \WATSNT sl o] (SR s TN F-1a d s KR -LTeI D E1 RS s T IR

at the poles) an oblate spheroid. This is a sphere which has
its curvature radius increased at the poles to
follow the earth’s flattening as its radius at
the equator decreases to conform with the
bulge of the earth at the equator due to the
spinning force of the earth tending to allow

Equator

(rho) p = radius of curvature in the meridian (small at equator, bigger at the pole)

(nu) v =radius of curvature at the prime vertical (i.e. at right angles to the meridian)

For the GRS80 Ellipsoid where a = 6378137, f = 0.003353 and the molten core to distort outwards due to
e (eccentricity) = 0.006694 that centripetal force

At $ 90° (poles) At ¢ = 0° (equator)

b = a(l-ed) a 6378279.922 p a(1-e?) 6377851.166
{1_e2sin2¢}3,"2 {1_e2}1.|"2

a a 6378279.922 6378137
{1-E25in2¢}i’f2 {1_E2}1.|"2

(i.e. same radius in all directions at the pole) 6377994.08




Morth Pole

Rminor This means that the earth’s radius of
(flattening 1/f) curvature varies according to position
on the earth’s surface as shown in
Figure 7. The radius of curvature in the
meridian (rho) is small at the equator
and bigger at the poles. This radius of
curvature is the same for each meridian
of longitude because they are great

South Pole circles of the spheroid.
Figure 7 Mean Radius — Radius smaller at the equator and greater at the poles (due to flattening

Equator

at the poles) . : :
The radius of curvature in the prime

(rho) p = radius of curvature in the meridian (small at equator, bigger at the pole) vertical (nu) is a great circle at right

angles to the meridian, which radius
. . o , . varies by only about 143 metres from
(nu) v = radius of curvature at the prime vertical (i.e. at right angles to the meridian)
equator to poles.

For the GRS80 Ellipsoid where a = 6378137, f = 0.003353 and
e (eccentricity) = 0.006694

At $ 90° (poles) At ¢ = 0° (equator)

b = a(l-ed) a 6378279.922 p a(1-e?) 6377851.166
{1_e2sin2¢}3,"2 {1_e2}1.|"2 1

a a 6378279.922 = 6378137
{1-E25in2¢}i’f2 {1_E2}1.|"2

(i.e. same radius in all directions at the pole) . = 6377994.08




Morth Pole

Hminﬂr

(flattening 1/f)

The value of rho, on the other hand,
varies by about 429 metres between the
equator and the poles. From Figure 7
we can see that, for the GRS80 ellipsoid,
the radius at the poles is the same in all
_ _ , South Pole B directions. At the equator, though, the
Figure7  Mean Radius — Radius smaller at the equator and greater at the poles (due to flattening . . . .

radius in the meridian is 285.834 metres
smaller than the prime vertical radius at
the equator. The mean radius at any
position is the square root of the radius
rho multiplied by the radius nu.

Equator

at the poles)

(rho) p = radius of curvature in the meridian (small at equator, bigger at the pole)

(nu) v =radius of curvature at the prime vertical (i.e. at right angles to the meridian)

For the GRS80 Ellipsoid where a = 6378137, f = 0.003353 and
e (eccentricity) = 0.006694

At $ 90° (poles) At ¢ = 0° (equator)

b = a(l-ed) a 6378279.922 p = a(le’) = 6377851.166
{1_e2sin2¢}3,"2 {1_e2}1.|"2

a a 6378279.922 6378137
{1-E25in2¢}i’f2 {1_E2}1.|"2

(i.e. same radius in all directions at the pole) 6377994.08
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Figure B variations in Earth's Radius with Latitude

Figure 8 shows the values of rho and nu for every five degrees of latitude and also the mean

radius at each point. The mean value of all these radii is the square root of the product of
rho and nu for latitude forty five degrees.

What does all this mean in practical terms for the Surveyor?



Figure9 Investigation of Variation of Earth’s Radius on reduction of measured distancesto
ellipsoidal distances.

_ dp = Amine
dn = 10.000RL / KT hoors (T RCAHD)  Fov P (L6 RLARD 701

For height RL3000 meters and distance (ground) 10000 meters.

At the pole At the equator

10,000 10,000 ds
6,378,279.922 + 3,000 6,378,279.922 6,377,994.08 + 3,000 6,377,994.08

- d _ 10,000 x 6378279.922 o d _ 10,000 x 6,377,994.08
- 6,378,279.922 + 3,000 =8 6,377,994.08 + 3,000

_ = 9,995.2985
= 99952987

Therefore, maximum variation in radius has no practical effect on a 10km

traverse.

Figure 9 shows the effect of differing radii of the earth on the height scale factor used to

reduce a ten kilometre baseline to the spheroid from 3000 metres height above sea level

in two locations which use the maximum difference in radius of the earth that exists. One

is at the pole and the other is at the equator.




Figure9 Investigation of Variation of Earth’s Radius on reduction of measured distancesto
ellipsoidal distances.

_ dp = Amine
dn = 10.000RL / KT hoors (T RCAHD)  Fov P (L6 RLARD 701

For height RL3000 meters and distance (ground) 10000 meters.

At the pole At the equator

10,000 10,000 d

6,378,279.922 + 3,000 6,378,279.922 6,377,994.08 + 3,000 6,377,994.08
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6,378,279.922 + 3,000 =8 6,377,994.08 + 3,000

odg

_ = 9,995.2985
= 9,995.2987

Therefore, maximum variation in radius has no practical effect on a 10km
traverse.

The example in Figure 9 shows that the difference in spheroidal/ellipsoidal distance on
these 10km baselines is 0.2mm. Therefore, we can say that the actual variations in the
earth’s radius have no practical effect on the reduction of ground distances of, at least,
10km to the spheroid/ellipsoid. A mean radius of the earth can be used safely, then, in
the reduction/expansion of measured baselines on the surface or in the mine to
spheroidal lengths.




5. EXAMPLES OF HEIGHT SCALE FACTOR AND [TS

QUANTUM.

Mote: PSF denotes Projection Scale Factor (constant at each station)
HSF denotes Height Scale Factor (linear change with height change - see & columm)

Table Showing Effect of Height Scale Factor on Projection Scale Factor at Two Widely Spaced Stations

Figure 10

Station; Refugio, 401807.7935E 6756576.7119N RL5054.452 Station; Newcastle 237796.9802E 6252712.0192N RL50
Chile UTMZone 19 |  PSF 0.999718971 HSF 0.999206775 Combined SF 0.998925968 Australia PSF 1.000447625 HSF 0.999992151 Combined SF 1000435772
Ground Dist x C5F = Grid Dist Ground Dist: 1000 Grid Dist: 1000 MGA Zone 56 Ground Dist: 1000 Grid Dist: 1000
Grid Dist + CSF = Ground Dist Grid Dist: 998.926 Ground Dist: 1001.075 Grid Dist: 1000.440 Ground Dist: 999.56

For a 1000 Ground Dist A For a 1000 Ground Dist A

RL5054.452 Grid Dist; 998.926 0 Grid Dist;
RLA0DOO 999.091 0.165

RL2000 999.405 0.314 1000.134 0
RL1000 1000.291 0.157
RL500 999.64 0.235 1000.369 0.078
RLAOOD 999.656 0.016 1000.385 0.016
RL300 899.672 0.016 1000.401 0.016
RL200 999.688 0.016 1000.416 0.015
RL100 899.703 0.015 1000.432 0.016
RLO 899.719 0.016 1000.448 0.016
RL-100 999.735 0.016 1000.463 0.015
RL-200 999.75 0.013 1000.479 0.016
RL-300 999.766 0.016 1000.435 0.016
RL-400 999.782 0.016 1000.51 0.013
RL-500 999.797 0.015 1000.526 0.016
RL-1000 999.876 0.079 1000.605 0.079
RL-2000 1000.033 0.157 1000.762 0.157
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Figure 10

Table Showing Effect of Height Scale Factor on Projection Scale Factor at Two Widely Spaced Stations

What we need to know is what difference in length results from what difference in height
change to the spheroid so that we can assess whether or not height scale factor is something
that needs to be accounted for in our mines. Figure 10 shows a table of grid distances at

different heights for two widely separated locations in the world so that the effect on grid
distance of changes in height can be easily seen.
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Table Showing Effect of Height Scale Factor on Projection Scale Factor at Two Widely Spaced Stations

One station is in the high Andes on the border of Chile and Argentina and the other point is in
Newcastle New South Wales but using an exaggerated height range for Newcastle of from
2000 metres above sea level to 2000 metres below sea level. The delta height column for

each point shows that a change of height of 100 metres effects the grid distance by 16mm
per kilometre.
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Table Showing Effect of Height Scale Factor on Projection Scale Factor at Two Widely Spaced Stations

So, a mine with 300 to 400 metres of cover between the surface and the workings will have a
change in the grid distance between those levels of 48mm to 64mm. This difference is
significant because Class D precision which is prescribed for mine surveys by the Survey and

Drafting Directions only allows a total positional uncertainty of 60mm per kilometre

surveyed.




6. HOW SHOULD A SURVEYOR GATHER MEASUREMENT
DATA?

It is my understanding that there are two types of total station which predominate the
underground mining industry at present, Leica and Trimble total stations. | believe that all
total stations can deal with scale factors in on board software but, today, | will give some
detail of the two most common instruments.

Trimble total stations can deal with sea level corrections on board in both measurement
and staking out. Firstly, the Trimble Access job must have a coordinate system set in it
and also must have “Sea Level (ell) correction” enabled in Job Properties, Cogo settings,
then distances and coordinates will be reduced to sea level. If the stations are below sea
level, it will actually be an expansion rather than a reduction. The points that are being
measured or staked out must have an elevation as well. If they don’t have an actual
elevation, then the Surveyor will need to set the project height as accurately as possible.
The General Survey help file for Trimble software is an extensive publication which will

give users further help in this aspect of operation.
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Figure 11 Atmospheric Correction-
Choose menu to enter atmospheric data

Leica TS15 total stations have some alternative ways of dealing with scale factors. As
you know, every distance measured using a total station must have an atmospheric
scale factor (usually expressed in parts per million) applied to correct for variations in
temperature, pressure and humidity from the standard atmosphere through which the
total station’s microwaves are propagated at a known speed. With Leica total stations,
the first step is to select the menu to enter atmospheric data as shown in Figure 11.
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Figure 12 AtmosphericCorrections-

Temperature Pressure and Humidity
can be entered.

There are three ways to enter the atmospheric data. The first is shown in Figure 12
where temperature, pressure and humidity can be entered.
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Figure 13 AtmosphericCorrections—
If no barometeris available,
elevation can be entered instead.

The second is shown in Figure 13 which shows that, if no barometer is available,
elevation above mean sea level can be entered instead of pressure.
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Figure 14 Atmospheric Corrections —
Atmospheric PPM can be typed in manually

The third is shown in Figure 14 which shows that atmospheric parts per million can be
typed in manually from, say, a graph supplied by the manufacturer.
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Figure 15 Projection and Height Scale Factors —

Projection scale factor can be entered as a
scale factor or ppm

Once the measured distance is known, it can then be corrected for projection and height

scale factors to display grid distances as measured lengths. Figure 15 shows that projection
scale factor can be entered as a scale factor or parts per million.
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Figure 16 Projection and Height Scale Factors
Entered manually as ppm — can be the
combined projection and height scale

factor?

Projection and height scale factors can be entered as a pre-computed combined scale
factor manually as parts per million as shown in Figure 16. As stated before, the
projection scale factor multiplied by the height scale factor gives the combined scale

factor.
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Figure 17 The combined scale factor at the
instrument station can be computed
automatically by entering the station
coordinates, height and the coordinate
system (e.g. MGAS56).

The total station will automatically compute the combined scale factor as shown in Figure
17 provided the coordinate system (eg MGA56) is set in the total station software and then
the station coordinates and height above sea level are entered manually.
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Figure 18 The projection scale factor of a point can
be computed by entering the scale factor
at the Central Meridian of the Zone
(0.9996 for MGA) and the offset of the
point from the Central Meridian in metres.
The height scale factor is computed by
entering the ground height above datum
(MSL or AHD). The combined scale factor is
shown above as “Geometric ppm”.

Another method of having the combined scale factor of a point computed by on board Leica
software is to enter the scale factor at the Central Meridian (0.9996 for MGA) and the offset east
or west of the Central Meridian in metres. The height scale factor is computed by entering the
ground height above (or below) datum (MSL or AHD). Figure 18 shows this process and the
combined scale factor is shown in Figure 18 as “Geometric ppm”.



/. WHAT ABOUT COMPNET
ADJUSTMENTS?

Compnet is a very popular least squares adjustment software package used
by Mine Surveyors. It has a great deal of flexibility in that it will allow “flat
earth” systems as well as rigorous projection corrections. If a UTM projection
(eg MGA) is used at a mine, Compnet will automatically 3D compute to the
spheroid so the traverse distances entered into Compnet should only be
corrected for temperature, pressure and humidity. As is required by good
survey methods and QA principles, the instruments used for traversing and

measuring should be calibrated and the prism constants known.



The coordinates/heights resulting from this type of 3D adjustment are those
for record tracings and final lists of coordinates which are on the spheroid
having been automatically corrected for projection and height scale factors by

Compnet.

However, when working on day to day survey traverses to set out design
locations relative to the surface infrastructure, or reverse, height scale factor
combined with projection scale factor should be used to take design lengths
on the spheroid to ground distances as measured. This will give a different set
of coordinates for the working traverse to the final control traverse
coordinates which have been determined in a 3D Compnet adjustment (if

your mine is on a UTM system).
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denotes line of gravity.

denotes offset between

reference coordinate at design
level and at reference plane.

denotes origin of coordinates
normal to gravity at origin.

| -300 AHD |,/
\ Design fidpr of mine : Figure 19 Care is required if a plane rectangular coordinate

systemis being used at a mining or tunnel project.

Forexample:- Inthe diagram above, at 45° Rn=6,378,136.998m

1. Correct plane rectangular distance 1,000m to spheroidal
distance d: = R X diref iy
Rm+ refht
6,378,136.9958 x 1,000
6,378,136.9958 + 200

Centre of Spheroid

In some mines, an artificial height datum is set
which creates a convenient “flat earth” system
of plane rectangular coordinates with parallel
lines between levels rather than convergent
vertical lines towards the earth’s centre. sy = Ge(Rm+h]

993.93656m

2. Correct spheroidal distance to plane distance at design floor
level (RL-300AHD)

. Bm
Compnet can be used to adjust these networks
999.9636 (6,378,136.998 — 300)

but the datum which is set must be a 6,378,136.998
meaningful height such as RL -10,000 datum = 999.9216
but not zero datum. If zero is used the offset a
o ) o 3. Therefore, ¥=0.0784m/km from origin (exceeds 60mm/km for
between levels will introduce significant class D precision)
differences to the “real world”.
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denotes line of gravity.

denotes offset between
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Centre of Spheroid

This plane rectangular coordinate approach
eliminates the effect of projection and
height scale factors but it is not rigorous.
Figure 19 shows that care and judgement is
required when using a “flat earth” system to
recognise, in work between the surface and
underground, or between underground
levels, when it will be necessary to calculate
the offset between the same coordinate on
the plane system at different levels to
achieve verticality as defined by gravity.

reference coordinate at design
level and at reference plane.

denotes origin of coordinates
normal to gravity at origin.

Care is required if a plane rectangular coordinate
systemis being used at a mining or tunnel project.

Figure 13

Forexample:- Inthe diagram above, at 45° Rn=6,378,136.998m

1. Correct plane rectangular distance 1,000m to spheroidal
distance d: = R X diref iy
Rm+ refht
6,378,136.9958 x 1,000
6,378,136.9958 + 200

993.93656m

2. Correct spheroidal distance to plane distance at design floor
level (RL-300AHD)
d: (Rm + h)
Rm
999.9686 (6,378,136.998 — 300)
6,378,136.998

g,j_pane| =

999.9216

3. Therefore, ¥=0.0784m/km from origin (exceeds 60mm/km for
class D precision)
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4 v ¢ Y L denotes line of gravity.

GrDUl"ld 5 rftce |
Reference \l plane at mean | height L | say RL2000 AHD denotes offset between
A\ I 4

reference coordinate at design

level and at reference plane.

denotes origin of coordinates
normal to gravity at origin.

| -300 AHD |,/
\ Design fidpr of mine : Figure 19 Care is required if a plane rectangular coordinate

systemis being used at a mining or tunnel project.

Forexample:- Inthe diagram above, at 45° Rn=6,378,136.998m

1. Correct plane rectangular distance 1,000m to spheroidal
distance d: = R X diref iy
Rm+ refht
6,378,136.9958 x 1,000
6,378,136.9958 + 200

Centre of Spheroid

999.9686m
In the example Shown In Flgure 19’ the 2. Correct spheroidal distance to plane distance at design floor

offset between coordinates at workings 500 level (RL-300AHD)

metres deep is 78mm per kilometre. This Dpane) = W

offset gives an error in position that exceeds 999.9686 (6,378,136.998 — 300]
the 60mm per kilometre allowed by Class D 0,378,136.338
precision for work in mines.

999.9216

3. Therefore, ¥=0.0784m/km from origin (exceeds 60mm/km for
class D precision)




8. CONCLUSION.

Height scale factor is a correction that has
been less well understood in mining work
than projection scale factor. | believe that
this talk has demonstrated that there are
circumstances which Mine Surveyors should
be aware of when, particularly in setting
out work designed on UTM coordinates and
when verticality as defined by gravity is
important, height scale factor needs to be
applied to measurements so that the
precision of measurements is not degraded

below acceptable standards.

-
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10.QUESTIONS?




