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ABSTRACT

At the request of the Mount Morgan Shire Council, a
geophysical survey was made to determine the extent and inter-
connexion of alluvial deposits from which the town of Mount Morgan
pumps its domestic water supply. The object of the survey was to
provide data for further development of the underground water
resources.,

The seismic ahd resistivity methods were used to determine
the thickness of the alluvial deposits and to give information
about its constituent materials.

_ The results outlined three zones which may bc suitable for
development either because of thc great thickness of alluvial
deposits there or because of other factors which influence the rate
of yield of water.



1. INTRODUCTION

The town of Mount Morgan draws its domestic water from .
bores operated by the Mouht Morgan Shire Council, The Shire Council:
pumping reserve, approximately 9 miles south of Mount Morgan, is near
the mouth of the alluviated valley of Flectcher Crecek (Plate 1), and its
" tributaries the McBride and Nine Mile Creeks. Proposed developments
by the mining company, Mount Morgan Limited, will require a much
larger quantity of water than is at present available,

On the recommendation of Mr., S.R.L. Shepherd, Consultant
Geologist to Mount Morgan Limited, a request was made by the Mount
Morgan Shire Council to the Burcau of Mineral Resources to earry out
a geophysical survey to determine the extent and interconncxion
of the potential water-bearing beds along Fletcher and McBride Crocks.
This survey was undertaken by the Geophysical Branch of the Burcau.
While the survey was in progress, a request was made by the Shire
Couneil to extend the survey to three smaller arcas on Nine Mile Creek.
It was later found by geological observations that two of these arcas
werc unsuitable, and surveys of them were cancclled except for scismic
shooting of a single control spread to comparc the geophysical
measurements with visual observation.

The geophysical party consisted of E.E. Jesson (party leader
and geophysicist), B.J. Bamber (geophysicist), and.J.P. Pigott
(geophysical assistant). Field hands. werc supplicd at first by the
Irrigation and Water Supply Commission of Quecnsland and later by
Mount Morgan Limited. The topographical surveying was carried out by
Mount Morgan Limited, which also provided office space for the party.

Field operations took place between 26th October and 27th
November 1959. During this period there were several heavy rain
storms; these afforded an opportunity to carry out resistivity surveying, .
because good clectrical contact could then be made with the ground.

2. METHODS

" Seismic method

In the seismic method an explosive charge is detonated on or
near the surface of the ground at what is known as the "shot-point", to
produce artificial seismic waves which are yeflected and refracted by
boundaries between different rock formation] beneath the surface. The
refleetion and refraction of seismic energy depend on a contrast
between the clastic properties of the rock on each side of a boundary.
The physical laws involved closely resemble thosé.associated with
optical phenomena, - ' '

For this survey the refracted energy only was considered.
If energy strikes a boundary at the critical angle it will travel
along the boundary, continuously transmitting energy back to the
surface at the critical angle. This energy is recorded at the surface
by special détectors (geophones) which are set up in line (geophone
spread) at a specific spacing. The arrival time (measured from shot
instant) of this refracted energy is plotted against distance from the
shot-point, for each individual geophone. The resulting curve is
known as a "time-distance curve". The slope of each section of this
curve is a measure of the velocity of seismic waves in each of the
successive rock layers, and from these data it is possible to compute
the depth to these layers.
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The computation method uscd is the "Mcthod of Diffcrcnces!
(Heiland, 1946, p: 548). In this mcthod, if A is thc shot-point at
one cnd of a sproad, the time taken for the cnergy to rcach a point B
within the spread is T,, and the time to a point C beyond the spread
is T, . Similarly, whcn shooting from C, the time for the cnergy to
rcacii’B is T.., and from C to & is T,,. Thec cnergy paths from C to A
and L to C a¥c identical and the tinds TAG and TCA (the receiprocal times)
should be identical,

. The depth is computed from the vertical travel time TD which
is defined ag -
=. 1 -
Tp = % (Typ * Tgp = Tyo)
The depth D, is then given by -
D= VaTD
where V_ = apparent velocity of seismic waves in the material between

the. surface and the boundary under consideration, and allows for the
inclined energy path.

- Two types of spread were used :-

(1) Normal spreads in which the geophone spacing was generally 100 ft,
shots being fired at points 100 £t beyond each end of the
spread. This type of spread is used to give values of TD to
the unweathered bedrock.

(2) Weathering spreads in which the geophone spacing was 10ft, and
shots were fired at points 10 ft, 75 fty,and 150 ft beyond each
end of the spread. In some places an additional shot was fired
at 500 ft beyond each end. This type of spread is used to give
information relating to velocity and thickness of the layers
at shallow depths, from which an apparent velocity (V_) between
the surface and unweathered bedrock may be caleulated,

The seismic method was used to trace unweathered bedrock, to
measure the thickness of the alluvial deposits, and to indicate places
where drilling might reveal an abundant water supply.

Resistivity method

In the resistivity method, an electric current is applied to the
ground through two current electrodes, and the potential difference is
measured between two additional electrodes at points between the two
current electrodes., The ratio of the measured potential to the applied
current’ is a measure of the ground resistivity. ~For the purpose of
this survey the "Wenner" configuration (electrodes equally spaced) was
used with an electrode spacing of 100 ft.

It is generally considered that the effective depth of
penetration of the current is approximately the same as the eled®trode
spacing., However, the current penetration depends on the relative
resistivity values of the various sub-surface layers through which the
current passes to complete the electrical circuit.
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If the electrode spacing, and thus the depth penetration, is
kept constant and the electrode ariangement is progressively moved as
a whole, then lateral variations in resistivity of the near-surface
layers can be determined. Generally, if the bedrock rises, the
resistivity will increase owing to the introduction of high-resistance
material into the circuit.

On this survey, resistivity traversing was used to detect

structural changes and these were used as a guide to. the best location

for seismic weathering spreads.

3. EQUIPMENT

For the seismic work a Midwestern 12-channel Portable
Reflection/Refraction Seismograph was used with Brush 20-c¢/s geophones
for the normal spreads and Midwestern 6.5-c/s geophones for the
weathering spreads,

For the resistivity work either a "Geophysical Megger Earth
Tester" or a "Low-Resistance Megger Earth Tester" was used. The
Geophysical Megger was found to give the more consistent results on
this survey.,

. 4e GEOLOGY

The geology of the Mount Morgan Shire Council Water Reserve
(Plate 1). is known from surface surveys (Staines and Shepherd, un-
published) and from the logs of water bores.

The alluvial deposits, which occur as in-fillings of former
valleys, consist of gravel, sand, and clay approximately 60ft thick, and
overlie a bedrock of metamorphosed shale, tuff, and chert. The under-
ground stream, which is the source of water, flows within the alluvial
deposits. In the earlier bores, at approximately 30 ft, a band now
identified as coarse gravel was believed to be bedrock until a recent
bore (Plate 8) penetrated it and entered decomposed bedrock at 70 ft.

The hardness of this band of coarse gravel suggests it is highly
consolidated,  Because an isolated consolidated band overlying
unconsolidated sand and gravel is unlikely, it is probable that all the
alluvial materials below this hard band are also highly consolidated.

Pump tests on the new bore showed no appreciable increase in
thé amount of water drawn from the bore as a result of it penetrating
sand and gravel beds deeper than the nearby bores. This fact combined
with the seismic data tends to confirm that the. deep alluvial beds are
highly consolidated.

Obserﬁation of the level of the water table at various locations
near the Water Reserve suggested that rock bars may exist across the
creeks., :

For the purpose of this report, it is necessary to distinguish
between the convehtional term "bedrock" which includes weathered bedrock,
and "unweathered bedrock" which is the formation mapped in a survey of
this type as 1s discussed in Section 5.1 below,
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Over much of the survey area outside the Water Reserve
the boundary of the alluvial deposits was mapped by Mount Morgan
Limited (Plate 1).

5. DISCUSSION OF RESULTS

5.1 Objectives and General Discugsion of the Survey

’

The Fletcher, McBride, and Nine Mile Creeks are surface
expressions of a system of subsurface streams which flow through
alluvial deposits occurring as in-fillings of former valleys,

The objective of the geophysical survey was to determine the
extent and interconnection of potential aquifers within the alluvial
deposits. In particular if the existence of rock bars across the
subsurface streams could be established, which effectively serve as
subsurface dams, then an abundant supply of water could be expected
from bores situated upstream of these "dams",

In a survey of this type the interpretation of results is’
often dependent on associating a rock type with a seismic velocity.
As a guide to the interpretation, rock types and expected longitudinal
seismic velocities are tabulated below: the figures are based on
general experience,

Velocity in ft/sec Rock Type
700 to 1200 Soil, unconsolidated surface deposits.
1200 to 4000 z Unconsolidated clay, silt, unsaturated

sand and gravel,

4000: to 5500 Saturated sand and gravel, compact clay
: and silt,. completely weathered rocks.

5500 to 8000:~ Consolidated and cemented sediments,
probably water-saturated; weathered
metamorphic and lgneous rocks.

8000= to 12,000 Highly consolidated or cemented
sediments, weathered or sheared
netamorphic and igneous rocks.

12000 to 20,000 Metamorphic and igneous rocks, either

! unweathered or only slightly weathered.
Those with.velocities in the lower
part of this velocity range may also
be somewhat fractured..

Applying these data to the seismic weathering spreads of this
survey we see that basically the following sequence of rock types is
found ¢~ ’

(a) unsaturated and unconsolidated alluvial deposits above the
water table. .

(b) saturated unconsolidated alluvial deposits below the water table,
This includes the main sand and gravel aquifers.



(c) partially consolidated and saturated alluvial deposits and
possibly very weathered bedrock, These also may include
~ useful sources of water.

(d) highly consolidated (or cemented) and saturated alluvial
deposits or partially weathered bedrock. Small quantities of
water may be available from this group of rocks.

(e) unweathered bedrock.

~ Regions where rock types (d) and (e) are close to the surface
mey serve as rock bars, provided they are orientated so as to block
the subsurface streams. Therefore the obvious way in which to locate
rock bars on the Fletcher and McBride Creeks would be to trace the
partlelly weathered bedrock and the highly consolidated alluvial
deposits. This is rarely practlcable,as explained below.

If there are three rock layers with velocity contrasts such
that it. is expected the three 1ayers can be identified, the inter-
nediate layer must have a certain minirum thickness before its presence
can be detected by first-arrival seismic events (Leet 1950), In
addltlon unless the intermediate layers are very thick, short seismic
spreads would have to be used; otherwise, at the geophones remote from
the shot-point, energy from the deeper high-velocity 1ayer would mask
energy from the intermediate layer.

‘ For these reasons the unweathered bedrock is the most reliable
and simplest formation to map by the seismic method, because there is
nearly always a marked contrast between its seismic velocity and that
of the overlying materials and it is extensive enough to be a good
transmitter of seismic energy.

It is known from experlence in other areas that the depth of
weathering is fairly constant in areas like the Fletcher and McBride
Creeks. In other words, structural features in the weathered ‘bedrock
are likely to be indicated by similar features in the unweathered
bedrock.

Thus the practical way in which to locate rock bars on the
Fletcher and McBride Creeks is to map the unweathered becrock and then
try to detect anomalous zones of unusually thin or unusually thick
weathered bedrock, and zones where the alluvial deposits are highly
 consolidated.

5.2 Unweathered bedrock Fletcher and McBride Creeks

Plate 1 shows the looation of the traverses, Plates 2 and 3
show the seismic sections, and Plates 5 and 6 show unweathered bedrock
contour plans constructed fron the seismic data.

Generally it is seen that over this area the depth to
unweathered bedrock rangesbetween 50 and 70 ft at the western end of
the area and between 40 and 60 ft at the eastern end of the area and
south-east along McBride Creek.
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Features of interest are :—

(a) a rock bar at the extreme western end of the area, blocking
Fletcher Creek where it enters the River Dee. This feature is
shown on Traverse A, the western end of Traverse B and D, and the
southern end of Traverse C. The unweathered bedrock is between
10 and 20 ft deep. This is the only rock bar detected.

(b) a broad ridge on Traverse F between its western end and centre
(Plate 5)., This ridge causes a constriction in the .ereek. The
depth to unweathered bedrock is about 18 ft.

(¢) a trough on Traverse C about 200 ft north of the existing water
bores (which are grouped around Konarz No. 11 Bore). The depth
to unweathered bedrock is about 100 ft.

(d) a trough on the north-western end of Traverse J. The depth to
unweathered bedrock is about 125 ft.

(e) ninor troughs near the northern ends of Traverses G and N, The
depths to unweathered bedrock are about 65 and 80 ft respectively.

The depth to unweathered bedrock is conputed from the product
of the time depth (T.) and the apparent velocity (V_). The accuracy of
T, values is limited to about -~ 1 millisecond, which for an average
value of 15 milliseconds for T, is about 7 per cent. The error in
V_is difficult to evaluate bug a value of 10 per cent seems reasonable
fTom a consideration of the consistency of values of V_ within type
groups (deep areas, shallow areas, nornal intermediateadepth areas).

hus the error in the values of depth to unweathered bedroek
is about - 20 per cent.

5.3 Unweathered bedrock, Nine Mile Creelk

The Nine Mile Creek seismic sections are shown on Plate 4 and an
unweathered bedrock contour plan, for Area “A" only, is shown on Plate 7.

AThe depth to unweathered bedrock is generally between 50 and 70
ft on the western part, and between 45 and 55 ft on the eastern part of
Area MAM, :

: On Area "B" Traverse W shows depths to unweathered bedrock
between 46 and 56 ft.

There is no indication of rock bars on the Nine Mile Creek
areas, ,

5.4 ¥Wonthored bedrock

Unfortunately the information relating to weathered bedrock is very

inconclusive, In some zones of the survey a material with a seismic velocity
of between 10,000 and 12,000 ft/sec was detected; this could be partially
weathered bedrock, but on the evidence available is not necessarily so. In
other zones the highest seismic velocities observed, apart from that of
unweathered bedrock, are between 4000 and 7000 ft/sec. :

v
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- To gain more information on weathering, Traverse W was shot on
Area "B!" of Nine Mile Creek. In this area the creek has cut a channel
about 20 to 25 ft deep through the alluvial deposits exposing hard rock
in the ereek bed. This exposed rock is accepted as bedrock in the
conventional sense. There are two wells about 25 ft deep in this area,
one very closc to the creek and the other some 800 ft away. The
cuttings dug from these wells indicatc that they also cnter bedrock.

Traverse W, which is situated between the two walls; shows that
the depth to unweathered bedrock is between 46 and 56 fti; The quality of
the seismic records is good and the discrepancy (about 20 to 25 1)
botwocn the two forms of obscrvation is attributcd to the cxistunce of
a layer of weathered bedrock that is too thin to be rccorded as a
"first ovont” on the seismic records (Lect, 1050). This layer would be
shallower than the computed depth to unweathcred bedrock and st be the

Amaterial.observod in the creck and’the two wells.

Assuning a’ velocity of 8000 ft/sec for the weathorcd bedrock,
s theorctical consideration of the problem indicates that the niniruan
thickness of this layer to cnable it to be recorded is about 40 £t;
assuning a velocity of 10,000 ft/sce, the minimum thickacss is about
25 ft, These valucs are of cqual or greater nagnitude than the
discrepancy mentioned above.

Similar theorctical considerations show that, for an arca
where the unweathered bedrock is overlain by about 20 ft of matcerial having:
a charactoristic vclocity of about 1100 ft/sce such as on Traverse T,
from F4 to F24, an intcriediate layer of weathersd bedrock would have to
bo at least 10 ft thiek for it to be detected,

Bocause it is highly improbable that weathcered bedrock is
entirely absent, up to 10 £t of it may be cxpected bencath the shallow
arces and up to 40 ft on the decper arcas. On the very deep arcas sueh
as Traverses C and J, an cven greater thickness of weathered bedrock
nay oxist, .

As montioncd at the beginning of this Scetion (5.4) a material
having o scisnic velocity between 10,000 and 12,000 £t per sccond has been
dotosted in scveral places which can be groupcd as below :-

(a) zonos where the unweathored bedrock is deepest, nancly the troughs
on Traverses C, J, G, and N which arc filled with a thick laycer
of high-velocity material,

(b) somc zoncs wherc the traversces arc closc to the edge of the
alluvial dcposits, as on TraverssM and U. Thisprobably bocausc
the partially weathered bedrock is thicker there, where
mechanicol crosion is less soverce than near the centre of the
crecks. ‘

(¢) the junction of Traverses § and R. Presumably there is a
Jocalised thickening of high-velocity material, but because of
its depth (33 ft) and the overnll width of the channel in this
region, it is not likely to constitute an important rock bar.

It was originally thought that this naterial with a seismic
velocity between 10,000 amd 12,000 ft/sec was composed entirely of
weathered bedrock. However, a comparison of the seismic results for
Traverses B and C with the log of the Konara No. 11 Bore (Plate 8) shows
that part of this material rust be highly consolidated alluvial deposits.
An exact comparison of the bore log and seismic results is not possible
because the bore is not on the traverse line, and the depth to bedrock
varies rapidly.
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Detailed information on the composition of this high-~velocity
noterial is in fact not relevant to the objectives of this survey.
Whether it be partially weathered bedrock or a highly consolidated
alluvial deposit, if it were present as a rock bar it would constitute an
effective subsurface dam. However, there is uo evidence of a rock bor
cailposed of this high-velocity material.,

5.5 Alluvigl deposits

The previous discussion has shown that apart from the rock bar
across the mouth of Fletcher Creck, which effeetively dams the whole
creek system, there arce no rock bars which could influence the
seleetion of sites for now water bores. However, the composition of
the alluvial deposits can influence the sclcetion of sites for now bores.
For exaiple, o borc penetrating sand and gravel beds would be expected to
produce greater quantitics of woter than onc penetrating clay beds.

A water-saturated roek consists of a framowork and voids, within
the francwork, which contain water, When scismic encrgy is transmitted through -
this roek two types of wave, a frame wave and a type of watcr wave, way
exist. The faster wave gencrally masks the slower onc. Under certain
conditions where the water wave travels faster than the frame wave, it is
possible to detect the water toble. This is gencrally the casc in sands
and grovels which are good aquifcers,

Plates 2, 3,and 4 show at many placcs ncar-surfoce layers having
a vclocity of 4000 to 5000 ft/scc, characteristic of water-saturated
natcerials below the water table. The clevation of the water table
computed from weathering sproads is shown on the contour plans (Plates 5,
6, and 7). It should be romcmbered, howcver, thot the water table is
subject to eonsiderable changc from scason to scason. It was reported
orally by Mr., S.R.L. Shepherd that at the time of the survey the water
toble was unmusually low. It will be scen from the water table clevations
on the contour maps that, in the Fletcher and MeBride Crecks arca, the
woter table dips gently from 528 £t above sca level in the cast to 478 £t
above sce level in the west., A sinilar slope to the north-west is
indicated by two points along MeBride Creck. The bore log, howcver,
(Plate 8) shows the water table at 473 £t above sca.lovel at the western
ond of the arca., This differcnec is probably cxplained by the water
teble having an indefinite boundary owing to ecpillary action.

A feow anomalous water toble clevations arc scen on the plates,
The low valuc of 481 fU at the junetion of Traverscs G and H suggests that
at this placc there may be a layer of unconsolidated plastic clay
overlying o bed of gravel, Sueh o clay bed, saturated with water botween
481 £t and the water table at about 496 ft, would have o characteristic
vo}ocity botween 2000 and 2500 ft/sce; the measurcd velocity was 2400
ft sCe, !
Y

Somc of tho water table clovations scom anomalously higher than
noarby onvs; e.g. at €10, J11, and L14. Thosc may reproscent an clevated
wator table duc to reeont roing morc probably, the approximatcely
5000~ft/sce velocity ot these places is due to a layer of partially
ceniented or consolidated sand, gravel, or clay, or cven to highly weathered
budrock. Such a layer, above the water toble, would mask the truc water
wave and would itsclf be nisteken for the water wave.
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In Arca "A" of Nine Milc Creek, the woter table is scen to
slopc down towards the north-west frow 558 ft to 542 ft above soa lovel,

In Arco "B", a 5000-ft/scc leyer mey be interpretod as the
water table at 655 ft above sea lovel. Because no water is ovident
at a level lower than this in the creeck, and the water is seen to bo
lower than this in two ncarby wells, this 5000 ft/scc veloecity is
probably caused, as in tho Flctcher and MeBrido Crecks area, by cithor
an clevated water table or a rock formation with a chracteristie
velocity of 5000 ft/sce,

The resistivity profilcs,which erc shown on Plates 2 and 3,
generally confim the configuration of the bedrock. As explained under
WMITHODS", if the bedrock is close to the surface, the resigivity is
greater owing to the introduetion of high-resistance material into-the
circuit. An oxanplc of this is Traversc D where from west to east, tho
depth to unwesthered bedrock inercascs and resistivity decreases,

A1l the anomalics arc assoeiated with changes in the character
of the alluviun, with the cxecption of the anomaly on Traverse F botweon
F19 and FR2, which is attributed to a change in character of the
weadlering in the bedrock,

Gonorally elay shows a lower resistivity than gravel., In this
survey, rosistivity peaks assoeiatcd with detcetion of the water table,
arc interpreted as watcr-saturated sand or gravel. Conversely,
resistivity troughs where the water teble was not detecetod, arc
interpreted as clay,

6. CONCLUSION AND RECQMMENLATIONS

Apurt from the ridge aeross the nmouth of the underground
ehanncl of Flctoher Creck, no rock bars were dotceted within the
alluvial deposits. It is thus concluded that in the survoy area, the
alluvial beds in the Fletcher and MeBride (rocks arc interconnceted,

The deteetion of wator-saturated beds in many parts of the
survey area indisates the possibility of obteining new water supplics,

The survey rcvealed a fow arcas of clay, Although elay has a
high porosity it has a low permeability, and elay arcas will not
provide appreeiablc water supplics. Sueh argas arce the north-westcern
half of Travorsc E; the junetion of Traverse Q with R and §; the
Junction of Traverse L with P, and the region of L47 on the Flotcher
and MeBride Crecks arca; and the junction of Traverse U with V on tho
Ninc Mile Creck arca, . '

Three zones on the Fletcher and MeBride Crecks arca should be
of speecial interest :-

(1) The deep zone on the northern part of Traverse C.
(2),The deop zone on the north-western part of Traverse J.
(3) The junction of Truverse G with H.
The first two of thoese zones arc doep basins (approxinately 100 £t),

. but below about 30 ft their pernmeability may be reduccd owing to
consolidation of the alluviun.

A
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The third zone, at the junction of Traverse G and H, is net
as deep as the first two zones but, because the depth to the
consolidated gravels is greater (approximately 45 ft), it may well
prove to be the best for providing water supplies, A further
advantage of this zone is that the shallew bedrock on the southem edge
of Fletcher Creek restricts the width of the infilled valley and thus
directs the underground water flow into this zone., Because the water
table is indicated as having a gradual slope down-stream, the
restricted width of the valley cannot be having any damming effect on
the underground water., This suggests that the permeability of the beds
may be somewhat higher in this zone; if so, it would be advantageous to
bores in this zone. Owing to the lower surface elevation of this third
zone the depth to be bored would be less than on other sites.

A test bore in the region of a bedrock shear zone on Traverse L,
at L14 (Plate 2), may also yield appreciable quantities of water.

The region of the junction of Traverses Q and R appsars, from
the contour plan, to be of interest because it is the centre of a wide
area with depths of 60 to 70 feet. However, as described above, the
presence of clay beds (which overlie consolidated materials) would
probably restrict the flow of water in this region.

It is recommended that to obtain full value from the survey
several test bores should be sunk in regions of both thick and thin
alluvial deposits to obtain some indication of the thickness of the
unweathered bedrock which undoubtedly must exist over some if mot all
of the survey area. Suggested sites are A7, E6, E18, F10, H6, J2, Q22
and V5. A consideration of the total available water is ineluded in
Appendix I,
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APPENDIX
AVATLARLE UNDERGROUND WATER ON THE FLETCHER,McBRIDE, AND
NINE MILE CREEKS -

In this Appendix an attempt is made to calculate the order of
magnitude of the quantity of water available from the valley system.,
It is mportant %o realise that this estimate is only a guided guess

which may serve to stimulate further research an _the problem.

. An examination of the relevant 1-mile military maps of
Queensland shows the catchment area of these creeks to be approximately
100 square miles. '

The average rainfall (measured for 33 years) for the Mount
Morgan area is about 31 inches (2,6 feet) per annum (Bureau of
Metesrology).

Hence the average total water that falls as rain is

100 x 52802 x 2,6 x 6,25 gallons per year
or '10
4.5 x 10'" gallons per year

The losses due to evaporation are extremely difficult to
evaluate on theoretical grounds but weather records show (Bureau of
Meteorology) that from a free surface -

(a) Rockhampton has an anmual evaporation of 52,71spednis INCHES
(measured for 26 years),

(b) Biloela has an annual evaporation of 79.45¢pséats=‘n40HES
(measured for 13 years).

Rockhampton is about 25 miles from Mount Morgan and Bileela abeut 70
‘miles, Averaging these evaporation rates, and using the resulting value
at Mt, Morgan, the annual rainfall lost from afree surface by
evaporation is about 2 per cent., However, apart from any pools in the
creeks, free surface conditions do not exist and allowance has to be

made for the effects of vegetation and type of surface. Such evaporation
losses vary considerably from area to area, and a value of 10 per cent is
taken as a maximum, Hence the water available over the catchment area
being considered will be about

10

4 x 107 gallens a year,

As not all the water passing the bores can be recovercd,
‘particularly after rain when the flow rate of the underground streams is
higher than normal and may even cause the crecks to flow, the bores
need to be placed carefully to give best yield; in line across the
stream, for instance, rather than in line along the stream, Assuming
that only 25 per cent of the available water is recoverable, this
should amount to about 1 x 1010 gallons per year.

If the future annual requirements for Mount Morgan are only a
small fraction of 1 x 1010 gallons, no difficulty should be experienced
in obtaining the water. If however, the requirements are of the order
of 1 x 1010 gallons, it will be necessary either to develop other
productive areas or to reducc the 75 per cent losses - by construction
of a dam, for cxample,
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