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SUMMARY . The Tomago Sandbeds contain two valuable resources, water and heavy minerals, Water is
abstracted from pumping stations within the gazetted catchment area and at the time of the stedy two areas
outside the gazetied catchment area were being mined for heavy minerals. The development of the existing
water supply scheme is outlined and the factors pertinent te mineral sands mining operations are noted.
Under the general headings of geology/stratigraphy, groundwater/hydrolegy, chemistry and the vegetation/
environment, the poszible changes due to mining on the use of the aguifer are assessed. Finally, con~-
ditions are set out under which mining might proceed within the gazetted catchment area, without adversely
affecting the quality and guantity of water available and its abstraction.

1 INTRODUCTION of $A 70 million.

The Tomago Sandbeds contain two valuable 2  DEVELOPMENT OF SANDBEDS WATER SUPPLY SCHEME
resources available for the use of man, water and
heavy minerals. The former is replaceable through The first phase of the scheme was a shallow
the forces of nature but the latier iz irreplace- development one operating on a suction lift. By
able: +thus one is of long term value and vital to 1941, 15 pump stations commanding a large extent
the continuing life of the community regiomally, of the sandbeds had been installed: these electri-
vwhile the other is of considerable but transient cally operated stations each drew water from 60
econromic value to the country. tube wells penetrating to depths of 13.5 m: the

maximum rated capacity of each station was 115 ¢/s.

The Tomago Sandbeds are located to the north Conceptually, the second phase undertalten in the
east of Newcastle and cover an area of approximat- mid nineteen fifties differed from the first stage
ely 130 square kilometres., The sandbeds are by being a deep well pumping development compris—
contained within the area bordered by the Hunter ing bore pumps (7.5 to 9.5 f/s maximum rated
River, the southern boundary of Grahamstown capacities) in wells penetrating to depths of
Reservoir, Pipeclay Creek around the bays of Port about 20 m and interconnected in groups of 8 to 16
Stephens to Tilligerry Creek, and across to wells to a station: a booster pump was installed
Fullerton Cove off the Hunter River. Over most in the more remote stations. Additionally, in
of the area the ground lies between RL 6 m and this phase five of the original stations were
RL 9 m and tends to be flat or gently undulating. converted into deep well bore pump stations. All

the pumping statione are connected to a large

The Tomago Sandbeds are utilised by the Hunter diameter header main traversing over 20 km of
District Water Board (the Board) as one of the the sandbeds and feeding into treatment works: the
three major sources of water supply for the latter have a rated combined capacity of 80 Mld
Newcastle region and were first brought into use (with an overload capacity up to 110 Mld). An
in 1939, The area of the sandbeds controlled by authoritative description of the scheme has been
the Board and designated the gazetted catchment provided by the Board {(Ref. 1).
area, is approximately 100 square kilometres in
extent, The mwajority of this avea is utilised and 3 POSSIBLE EFFECTS OF MINING
owned by the Board for the purposes of water supply
The storage potential of the sandbeds may be Mineral sand mining has been undertaken in
gauged by considering that the weighted mean high Australia for many years, buit not in other areas
ground water level has been estimated at approx- where the sand forms an aquifer being used as a

imately RL 6.67 m: depending on the limit criter%a major source of water supply; it is the latter
used this represents a storage of 110 to 160 x 10 feature that makes the Tomago Sandbeds area unigque.

litres., The Board's investments in capital works Thus when it was realised that it was likely that
associated with the sandbeds and located on applications to mine within the gazetted Tomago
the sandbeds have amounted to approximately catchment area would be lodged by mining companies
$A 5 million; however, present day or replacement and at a time when perimeter areas cutside the
values would be considerably in excess of this gazetted catchment were already being mined, it
SUlk. became apparent that further investigation and
assessment of the area was necessary in order to
Exploratory work undertaken by mining companies ensure that the existing water resources were not
indicates that an appreciable portion of the jeopardised in any way either quantitatively or
sandbeds contain heavy minerals and that the qualitatively. Also if mining was to be permitted,
commercially viable leads are generally within it would be necessary to formulate contrels which
about the top 25 feet. No official estimate has would have io be imposed to safeguard the aquifer

heen placed on the value of the heavy minerals but and the enviromment.

with the recent inereases in value of rutile, R . i . . . .
illmonite. zircon and monozite, indications have With these objectives in mind, it may be said
heen given that the deposits have a value in excess that the investigations set out to evaluate and
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answer the following guestions:~

- What does mining invelve?

- What are the existing conditions relating
to the nature of the sandbeds, the hydrol-
ogy and the related chemistry as well as
the wvegetation in the area?

- What changes occur or may occur as a result
of mining?

-~ Iz the mining of the mineral sands compat-
ible with the use of sandbeds as an aguifer
or alternatively can the mining be regulated
in a manner such that the interests of the
water authority may be safeguarded?

4 THE MINING OPERATION

Two forms of sand mining are used along the
east coast of N,S.W,, dredge mining and open cast
mining., At Tomago, the level of the water table
is generally relatively high with respect to the
base of the mineral leads and dredge mining has
been the only method under consideration.

The typical mining eycle {after initial
development of a dredge pond) may be summarised as
follows:-

Clear and burn trees and undergrowth.
Strip and then stockpile the topsoil.
Mine forward by cutter suction working
along and undercutting the front sand
face of the pond, the upper material being
removed after it has fallen on to the
floor of the pond.

The dredged material is pumped back along
a flexible pipeline, supported on floats,
to a pontoon mounted concentrator plant.
Preliminary sereening of the dredged
material to remove oversize coarse (say
= 6 mm) and organic material, depositing
this material back into the pond.
Gravity separation of the heavy minerals
is undertaken on the concentrator plant.

(vi)

(vii) The heavy minerals are pumped ashore to a
stockpile where the concentrate is de-
watered and temporarily stored before
removal offsite for mineral sorting.

(viii) material (i.e. the mineral

The remainin
reduced sand% iz ejected hydraulically at
the rear of the pond as tailings.

The tailings are levelled off or con-
toured, the topsoil replaced and revege-
tation measures put in hand.

(ix)

The stages noted above are shown diagrammati-
cally below:-—

Fig., 1 Diagrammatic representation of mining eycle
5 THE EXISTING CONDITTONS

In order to study the effects of mining
disturbance, it was a pre-requisite to obtain know-
ledge of the present geohydrological and chemical
conditions. This then became the background
against which to judge the changes brought ahout by
wining which in turn established the basis to
assess the effecis on the aquifer and determine
measures necessary to control and/or alleviate any
adverse effects of mining.
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The general characteristics and conditions of
the existing enviromment were determined by a
carefully planned and wide ranging programme of
field and laboratory work having regard to each of
the main factors involved, namely:

Geology ; To investigate the extent of

Stratigraphy) the aguifer and variability of
the stratification within it.

Groundwater Te determine the permeability,

Hydrology porosity of the sandbeds and the
regional water table and to
develop a mathematical water

balance model for the agquifer.

To ascertain the quality of the
groundvater and related insitu
chemical constituents in the
soil,

Vegetation
Environment

To classify and map the natural
vegetation and landform,

)
)
-
;

{a) Geology

The following stages were deduced in the
geological development of the area. An elevated
surface formed of Permean sediments, consisting of
interbedded siltstones and mudstones comprising
part of the Tomage Coal Measures, was eroded until
by late Pleistocene times a guite irregular land
surface existed. Submergence of this surface then
took place, whereby the Tomago Basin was forwmed,
This was later cut off and closed by a sand bar
which resulted from prevailing currents, assisted
by a further drop in sea level. Sedimentation
occurred within this basin from stream borne and
sea borne deposits with intertongueing oceurring.
The sediments were mostly soft to stiff grey clays
and silt, Tomago clays with occasional gravel and
did not cover completely the Permean base. Re—
entry of the sea followed and deposition of sand
cccurred on the ocean beach front. The heavy
minerals were deposited during this period. A
further fall in sea level and deposition of wind
blown sand oceurred to form dunes as the beach
retreated south eastwards. Thereafter fluctuations
in ground water level led to the development of
Podsol profiles in the sands, A few swamp deposits
exist on the present surface of the:sands in
isolated low lying parts.

{b) Stratification of Sandbeds Aquifer

The study was concerned primarily with the
sandbeds aquifer itself. The base of the aquifer
was found to be clay and/or rock: the base was
plotted and contoured and is shown on Fig. 2,

Bam

Grahamstown

PACIFIC QCEAN

Tig. 2 Base of aquifer contonrs



From a study of the 325 sandbed semples taken
by driving 6.35 nm nom. dia. tubes (Ref. 2 and 3)
and obtained throughout the sandbeds, it was found
that a convenient correlation existed hetween
individual strata and the colours of the tube
gsamples immediately on recovery. In general, the
profile consisted of the upper light sand {(u1s),
the dark sand (DS), the lower light sand {LLS) and
the under lying grey sands (68). The dark col-
oured sand representing the B horizon of a typical
podsel profile, was found to be occcasionally
cemented, and in this condition is known locally
as "Wooloomooloo rock", It is equivalent to the
“eoffee rock" of West Australia reported upon by
Andrews (Ref. 4). A itypical section through the
gandbeds is shown on Fig. 3.
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Fig. 3 Central section through long axis of

sandbeds

Mechanical properties of the sands in the
various strata were examined and Fig. 4 shows the
average gradings of the upper three strata are
almost identical, with the grey sand being dis-
tinetly finer than the overlying strata. Mineral-
ogical examination showed mostly rounded to sub-
rounded quartz for all strata except the GS whose
larger grains were angular.
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Fig. 4 Average gradings of sand strata

Extensive measurements on the density of the
sand in the various strata were made using the air
injection sampler. The average results obtained ab-
ove and below the water table were all within the
range 1600 %o 1630 kg/mJ, with the exception of the
DS above the water table where an average densiiy of
approximately 1550 kg/h3 was obtained. These
densities represent porosities of approximately 39%.

As a matter of roubtine, SPT values were ob-
tained but their use for ascertaining satisfact-
orily the changes in density was indeterminate due
to the presence of cemented zones.

{c) Hydrology of the Aquifer

Initially, a network was established of ground-
water observation heles, the majority of which
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were related to but remote from the water supply
abstraction points to minimise interference. Com-
prehensive ground water contour maps of ‘the area
were drawn up and these are continuing to be made
at monthly intervals in order to obsexrve seasonal
and yearly variations. The main factors affecting
changes in the ground water levels in the catch-
ment area are climatic conditions and the Board's
abstractions. An analysis of the rainfall data
showed that it varied from 1000 mm per year near
the Hunter River to 1300 mm per year for the east-
ern zone. Abstractions of water by the Board have
been carefully recorded from the commencement of
pumping operations in 1939. The peak value ab-
stracted in any one year was approximately

26 x 109 litres.
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Pig. 5 Typical ground water contour plan
Prior te this study, large scale pumping tests

had been carried out near the western border of the
sandbeds and these have been reporied by Herzog and
Gerard {Ref. 5). They indicated in natural ground
unmined) an average cogfiicient of permeability of
approximately 2.5 x 107 cm/sec. During this
study, an extensive programme was undertaken of
individual permeability tests (constant head above
ground water level and rising/falling head belov
ground water level): results were obtained from
100 locations from over 40 positions in plan over
the area of the sandbeds. The overall averag
estimated probable permeability was 1.5 x 107
em/sec and location everages lay within the range
0,02 x 102 to L,5 x 10-2 cm/sec. No definite
patiern was observed for any concentration of high
or low results in any particular area although the
light sand strats were on average, the most perm-
eable. Comparing the different types of tests con-
firmed the normally higher value for the rising
head technigue indicated by experience, although
precantions were talken fo minimise uplift. The
constant head test generally gave consistenily
lower results probably due to the different envir-
onment for these tesgts.

In order to obtain an assessment of the rela-
tive behaviour of the hydrological factors affect-
ing water movements within the aquifer, a mathema-
tical water balance model was developed utilising
the monthly data from a selected 6 year period.

The catchment was divided inte three parts and each
was considered separately. The mathematical model
was then developed from the following equation:—

G (1)

= — atG® _ b'E 1(R.—
1 =G - @6, - b Dpi +c (Ri Xi)
1 and Gi are respectively

In the equation, Gri

the volumes of ground water stored at the end and
start of each month, Ri and Xi are respectively the

measured rainfall and abstraction during month i,
Epi is the evaporation measured in an "Australian"

type evaporimeter, a! Gni represents the net

seepage losses and a', b', ¢! and n are dimension-
less constants,



(¢) Chemistry of the Aquifer

This was examined with relation both to the
soil profile and the ground water. It had heen
found already that iron is the parameter of crucial
importance to the operation and management of the
aquifer: therefore, a definite part of the work
wag directed Towards identifying and ascertaining
the veriations in jron across the aquifer, and also
the transformation mechanisms occurring causing the
solubilisation of the iron.

The results of the chemical analyses on the
soil samples from the four main sand strata were
plotted out across the length of the aguifer to
examine regional variations. A plot of interest is
that of the chemistry of the sand, comparatively by
strata (see Fig. 6). The high iren in the grey
sand is considered to be a factor warranting
further consideration in the future development of
the area as a water resource, although the level of
the grey sand is generally such that it is unlikely
to be affected by a mineral sand mining operation.
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Fig. 6 Soil chemistry by strata

The water gqualiiy was investigated by testing
samples from the netwerk of sampling points estab-
lished during this study and by consideration of
results of tests obtained from integrated samples
from the Board's pumping stations. Fortunately,
with respect to the latter, deteiled records have
been waintained by the Board throughout the period
of nse of the sandbeds. The groundwater is acidic
throughout the sandbeds and some correlation was
indicated between the groundwater abstracted and
the bagse level of abstraction with relation to the
level of the grey sand.

It was considered that some change might occur
when sampling from the water supply wells, due to
chemical transformation mechanisms especially with
respect to the iron content. A point of consider-
able interest with respect to the iron and the
groundwvater is the mechanism whereby iron is
brought into solution from insoluble compounds.
The mechanism which is most favoured depends upon
the introduction of air into previcusly submerged
iron bearing strata (Ref. 6} causing the initial
dissolution of iren by oxidising the insoluble
sulphide to soluble ferrous sulphate: the process
nay, however, be extended by further oxidation to
produce insoluble iron hydroxide. The reactions
may he shown simply as follows:-

o (2)

The oxidation of the sulphide generally occurs
through the agency of, and can be greatly acceler-
ated by, sulphur oxidising bacteria, It is, of
ecourse, this first reaction sbove which is of prime
importance. The implications of the above hypothe-
sis have been examined in relation to the use of

FeS

2 + 2
PeS0,, I‘e(UH)3
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the aquifer. It was noted thet an indieation
exists between pumping rates and the pumped water
quality (Board's records) and that the worst
effects on the quality (i.e. high iron content)
oceurs nearly one year after heavy pumping.

(e) Landform/Vegetation

By means of aerial photo interpretation and
field visits, a survey of the vegetation was under-
taken. Six main vegetation classes were identified
and mapped. The classes were:; heathland, shrub
savannah, woodlands, forest, swamp and cleared
land.

6  CHANGES RESULTING FROM MINING

In considering the changes resulting from

mining, it was advantageous to the study that
"mining was already taking place in the sandbeds
area outside the gazetted catchment: one operation
was at the western end and the other near the east-
ern end of the sandbeds. The latter was adjacent
to a salt water boundary and in an area where the
sandbeds were comparatively shallow: here the
mining was undertaken down to the level of the clay
base of aquifer. The weslern area on the other
hand was reasonably typical of the sandbeds and
this site provided valuable information.

The western area, in particular, was studied
a3 an active mining area in much greatler detail
than the remainder of the catchment; although
detailed attention was given also teo two prospect-
ive mining areas within the gazeited catehment
area where mining might first be permitted to talke
place on an experimental basis.

More obvious changes resulting from mining are
apparent from the description of the mining oper-
ation in Section 4, i.e. elimination of the exist—
ing vegetation and soil structure. Q(uestions
which arise from the sand resorting operation are;

- 1is the restructuring of the sand deposits

~ of significance?

- is the pattern, rate of flow or storage of
ground water affected?

- is the guality {chemically) of the water
affected?

~ how can the changes in vegetation be
minimised?

The answers o most of these questions follow
on from consideration of changes in so0il structure
and factors affecting the ground water, hydraulie-
ally and chemically and finally by considering
vegetation requirements.

(a) S0il Structure Changes

The main feature of concern identified was an
extensive layer of mainly Tine material termed
"glime" deposited on the base of the mining pond.
The significance of this layer is commented on
further in the paragraphs following. In size, it
was mainly less than .15 mm, passing AS sieve No.
100, end was found to be rich in iren and organics.
Ageregated thicknesses of up to about 300 or 600
mm in places were measured in holes put down
through the restored mined-over ground,

(b} Factors Affecting the Groundwater Hydraulically

The slimes layer at the base of the pond level
was found to be relatively impermeable (i.e. approx.
range 10-3 to 10~ cm/sec). Hence it could serious
ly inhibit any vertical flow through it and might
therefore affect the recharge of the sandbeds.



The results of a few large scale pumping tesgts
and mltiple local (small scale tests) indicated
that the permeability of the tailings (above the
slimes layer) was greater than that of the undis-
turbed ground by & factor of some 50%.

The average density of a limited number of
sand samples obtained from the tailings by wmeans of
the air sampler was not significantly different
from that obtained from the unmined ground.

Gradings of samples from the tailings indica-
ted that there was a marked reduction in the per-
centage of fines passing AS sieve No. 100. This
is consistent with the formation of the predomin-
antly minus AS No. 100 slimes layer at the base of
the pond level and the increased permeability.

(c) Factors Affecting the Groundwater, Chemically

Two important features emerged in the chemistry
survey. Firstly, a high concentration of iron was
found in the slimes layer at the base of the pond,
and secondly, the groundwater in the mined-over
area showed notable inereases in soluble iron
several months after mining had occurred nearby.
It may be noted that the latter observation is in
keeping with the delay effect described previously
in a comparative analysis of water chemistry and
heavy abstractions of groundwater. Laboratory
tests undertaken suppori the hypothesis that in-
creagses in soluble iron are related to the pres-—
ence of the slime layer.

() Vegetation Changes
Changes mst occur from the removal of the

trees and topsoil. Their effect is summarised in
the following list of objectives of revegetation:-

(i)
(1)

(1ii)

(iv)

Stabilisation of the ground surface
against future erosioen.
Prevention of increased water losses.
Prevention of deterioratien in water
quality.
Re~establishment of a stable fire resis-
tant eco-system.
7  TECHNICAL SAFEGUARDS
Considerations of the findings of the study led
to the conclusion that it should be possible to
permit limited mineral sand mining operations to be
undertaken by the dredge process in a manner where-
by the interests of the Board would net be adverse-
ly affected providing certain safegunards were in-
corporated in the mining process and appropriate
detailed and carefully meonitored control measures
were adopted. These considerations would be sub-
ject to progress reviews as mining proceeded. The
main technical control measures are outlined below:
(i) ZLocal conditions - investigation of ground
conditions and pgroundwater to he ascer—
tained in the area to be mined to check
that no new factor exists which requires
attention e,g. local silt formations.
Slimes - the slime separated out by the
mining process should be removed from the
pend and catchment area.
Organics - organic matter should not he
permitted to accumulate in the pond.
Groundwater - the quality of the ground-
water in the area should be checked regu-
larly to obtain a verification of the
efficacy of the measures and controls
adopted, particularly with the passage of
time.

{v) Vegetation and Landform — the nature of
the vegetation and landform existing
before mining should bhe ascertained in
some detail and measures should be taken
to re-establish the pre-mining landform
ineluding the topsoil and the indigenous

species to the extent practically possible.

To achieve the above a detailed control and
monitoring system is required to provide regular
and constant checks on the performance of the
operation, and should adverse effects atiributed to
mining be detected, powers should exist to enable
the Board, if necessary, to stop operations in the
area until adequatie remedial measures are taken and
until a satisfactory operating procedure is estab-
lished.

As a point of current interest, it may be noted
that mining is proceeding satisfactorily now on a
lease area within the gazetted catchment area in
accordance with the detailed conditions set out and
noted in prineiple in this paper.

8  CONCLUSIONS

The mining of mineral sands by the dredge
process in the Tomago aquifer causes changes which,
if not carefully controlled, could result in
effects detrimental to the aquifer as a source of
water supply. Therefore, in order to safeguard
the aquifer, it is imperative that suitable con-
trols are adopted for any mining operations which
are permitted. To verify the compliance with and
adequacy of the measures, a monitoring system is
required. A contractual basis for the work is
necessary giving the Board adeguate powers to en-
force the safeguards formulated. Subject to these
provisos, it should be possible for restricted
mining to proceed in the Tomago catchment area
without detriment to the Board's interests.
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