
1 INTRODUCTION

Loy Yang Power
(LYP) operates a
2000 Megawatt
power station
and supplies
brown coal and
services to the
1000 Megawatt
Edison Mission
Energy (EME)
power station.

The mining and electricity generation complex is lo-
cated approximately 150 km east of Melbourne in
Victoria’s Latrobe Valley. The Latrobe Valley (LV)
occupies the western and onshore portion of the
Gippsland sedimentary basin.

The Gippsland Basin contains approximately
40% of Australia' s fossil fuel reserves in the form of
offshore oil and gas fields and onshore coal deposits.
In addition, the Basin contains significant ground-
water resources and zones that have the potential to
be developed for geothermal energy.

Since the commencement of mining operations in
the early 1980’s, some 300 milli on tonnes of coal
and 78 milli on cubic metres (Mm3) of groundwater
have been removed from the LYP open cut mine.
Groundwater extraction is required to maintain mine
stabili ty. Over 95% of the extracted groundwater is
collected and utili sed in the cooling process associ-

ated with electricity generation in the adjacent power
stations.

LYP has an extensive monitoring network to
measure the environmental impacts of its mining op-
erations, such as groundwater level fluctuations and
subsidence.  This data is used to calibrate numerical
models for the prediction of groundwater drawdown
and subsidence.

LYP is continuously seeking ways to reduce op-
erational costs and improve its overall performance.
The concept of re-injecting aquifer water into the
aquifer systems adjacent to or beneath worked out
mines is currently being evaluated.  Groundwater re-
injection could result in reduced operational costs as
well as a reduction or potential reversal of the min-
ing related environmental effects of falli ng ground-
water levels and land subsidence.

Recent controlled reductions in flow rates as a re-
sult of optimisation of groundwater depressurisation
systems have already resulted in benefits to ground-
water levels adjacent to the Mine (Geo-Eng, 1997).
Re-injection could further raise potentiometric pres-
sures in certain parts of the mine where high pres-
sure levels do not currently pose a serious risk to
mine or personnel safety.

1.1 Regional Impact

Monitoring of observation bores and survey points
throughout the LV over the last 40 years has indi-
cated that the environmental impacts of aquifer de-
pressurisation within the LV mines consist of:
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• Decreasing regional groundwater levels
• Settlement within and beyond the mines and
• Changes in water quali ty:

Of these, the most significant impact has been the
reduction in groundwater levels and the associated
land subsidence.

At LYP groundwater levels have been reduced by
up to 120m through groundwater extraction at Loy
Yang and other sites in the LV and cumulative sub-
sidence in the order of 1m has occurred adjacent to
LYP Mine. This magnitude of subsidence is centred
around the mine and reduces to less than 50mm, 25
– 50 km to the East, where groundwater pressures
have decreased by approximately 30m as a result of
the combined impact of all groundwater extractors in
the Gippsland Basin.

2 SURFACE AND GROUNDWATER BALANCE

Both of the Power Plants on the Loy Yang site use
water from the local river system for cooling.  Water
coming into the power plants during 2000 consisted
of 44.7 Mm3 from the river system and 7.5 Mm3 of
groundwater. The extraction and collection of
groundwater was necessary to maintain stable oper-
ating conditions in the mine.  Hence the use of this
water in the cooling system is currently the highest
beneficial use on this site.
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Figure 1: Site Water Balance for 2000

Total water usage for 2000 at the LYP site from
the regional water resource was approximately 41
Mm3.  At Loy Yang, any discussion on re-injection
of water into the groundwater system must acknowl-
edge that this will be done at the expense of surface
water flows. That is, if all of the groundwater were
re-injected, the surface water usage would increase
by 7.5 Mm3/a.  The balance of water resources be-
tween surface and ground water as shown in Figure
1 is therefore a key issue in determining the merits
of re-injection at Loy Yang.

3 OTHER GROUNDWATER USERS

Although the LYP Mine extracts a significant
amount of groundwater, other industry within the
region also utili ses groundwater from the regional
aquifer systems.  Other users include, Hazelwood
Power, Yallourn Energy, the city of Sale, Rosedale
Tannery, Longford gas plant, and local irrigators.

Groundwater is also extracted as part of oil pro-
duction off the Gippsland coast.  Based on previous
estimates (Walker & Molli ca 1990) LYP Mine con-
tributes to approximately 10% of the total ground-
water extracted from the regional Tertiary aquifer
systems of the Gippsland Basin.  This proportion is
likely to increase as the mine continues to expand.

Through re-injection of groundwater, LYP would
contribute to a reduction in regional groundwater
pressure decline and associated settlement whilst
contributing to the sustainable management of the
groundwater resource.

4 REGIONAL HYDROGEOLOGY

Three major aquifer systems separated by less per-
meable zones (aquitards) consisting of coals, clays
and silts have been recognised throughout the LV
(Schaeffer et al. 1998). The quali fying word "sys-
tem" is used to emphasise that rarely does one aqui-
fer exist; rather, numerous sand, gravel and basalt
aquifers occur of varying thickness, lateral extent
and interconnection.  These are interbedded with
coal, clay, silt and weathered basalt units.  Further-
more, within individual sand beds, there is a high
degree of heterogeneity and anisotropy.

The groundwater systems in the LV are very
complex in terms of lithologic variabili ty, hydraulic
properties and groundwater flow. Some aquifers ex-
tend over large areas, and, partly through complex
structures, into the offshore part of the Gippsland
Basin.  Other aquifers are only of local extent.

For the purpose of this paper the three regional
aquifer systems are defined as:

• Shallow Aquifer System (SAS)

• Morwell Formation Aquifer System (MFAS)

• Traralgon Formation Aquifer System
(TFAS)

Recharge to these aquifers is thought to occur on
the western, southern and northern margins of the
LV and on structural highs to the east, through rela-
tively fresh zones of basalt and associated sands of
the Morwell and Traralgon Formations where these
units subcrop (Brumley et al. 1982).  Under natural
conditions groundwater flow is easterly along the



LV away from the recharge areas and discharges to
the lateral marine units 30 km to the east.

5 LYP MINE HYDROGEOLOGY
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Figure 2: Schematic West – East Section LYP Mine

At LYP Mine the MFAS contains the M1A, M1B,
M2A, M2B and M2C aquifers (Figure 2).  The M2B
and M2C aquifers are currently depressurised and in
the future the M2A & M1B aquifers will require de-
pressurisation as mine development proceeds to the
east.  The shallower aquifers contain mostly clay in
the mine area, and are dewatered via drainage to
lower aquifers.

The MFAS aquifers generally consist of f ine to
medium grained clayey to sil ty quartz sands con-
taining mica and pyrite. Aquifer hydraulic conduc-
tivities range from 1 to 60 m/day with individual aq-
uifers varying in thickness from 0.3 to 15 metres.
Extraction to date from this system has totaled 29.68
Mm3, with current extraction rates in the order of
8000 m3/d or 90 lit res second (l/s).

The deeper TFAS comprises a number of separate
sand bodies, of which the Upper and Middle Traral-
gon aquifers are depressurised.  There is no direct
pumping from the Upper Traralgon aquifer and
drawdown is the result of leakage through the inter-
vening interseam sediments to the underlying Mid-
dle Traralgon aquifer, from which direct pumping
occurs. Hydraulic conductivities range from 13 to
160 m/day with individual aquifers varying in thick-
ness from 1 to 20 metres.  Extraction to date from
this system has totaled 47.1 Mm3, with current ex-
traction rates in the order of 18,500 m3/d (214 l/s).

Of the total groundwater extracted from Loy
Yang Mine, in excess of 95% is collected and util-
ised as a source of cooling water.  The remainder is
discharged to the mine water system and used for
fire protection.

6 POTENTIAL FOR RE-INJECTION

As the mine deepens, significant energy (and cost) is
required to pump groundwater to the surface. The
perception of the regional impacts of mining opera-
tions (falli ng groundwater levels & subsidence) is
also gaining a higher public profile. By re-injecting
groundwater at strategic locations within and around
the mine, using existing bores, the perceived benefits
include:
• reduced operational costs
• stabili sation of regional groundwater pressures
• reduction in settlement rates and
• demonstration of LYP’s commitment to good

environmental management
It is considered that, due to its higher transmis-

sivity, the TFAS is a potential target for re-injection
trials and that sites within or external to the mine
would be suitable.  There is potential for LYP to ac-
cept aquifer water from nearby mines in the LV as
part of a co-operative approach to minimise the re-
gional impact of mine site aquifer depressurisation.

7 GROUNDWATER MODELLING

A MODFLOW (MacDonald and Harbaugh 1988)
based local groundwater model consisting of 3500
cells (70x50 mesh with 100m x 100m cells) has been
used for preliminary investigation of recharge well
operation near LYP Mine.

The hydrogeology in the local model is repre-
sented by defining six layers for aquifers represent-
ing the MFAS & TFAS and vertical leakage compo-
nents for the intermediate aquitard layers. The
boundary conditions for this model were derived
from a regional model of the LV aquifer system.
The model was calibrated using historic pumping
rates and piezometric levels in and around the mine
area.

To evaluate the impact of recharge wells, a four
year period was modelled using 4 existing discharge
wells and three conceptual recharge wells, located
east of the mine.  In the recharge model, 25% of
water removed from the TFAS at LYPM was re-
charged through well points into the TFAS at se-
lected locations north east of the mine area.

Figure 3 shows contours of changes in ground-
water potentials for the TFAS aquifer between the
case when both the recharging and discharging wells
are operating and the case when only discharging
wells are operating at the end of the four year simu-
lation period. It can be seen that recharge wells sig-
nificantly improve the groundwater potentials in the
north east area close to the recharging well l ocations.
There is also a reduced impact on groundwater po-
tentials in the mine area where the discharging wells
operate.
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Figure 3. Improvement of Groundwater Potentials in TFAS due
to Recharge Wells

8 FEASIBILITY OF RE-INJECTION

Preliminary groundwater modelli ng indicates that re-
injection of groundwater ahead of mining would re-
sult in minimal impact on groundwater pressures
within the mine, whilst maintaining higher ground-
water pressures to the east of it.

8.1 Environmental Compliance

The State Environment Protection Policy, (SEPP
1997) indicates that groundwater may be re-injected
into aquifers as long as the relevant protection
agency is satisfied that injection water quali ty falls
within the same segment and does not have a nega-
tive impact on the beneficial use of the groundwater
by other users. As groundwater extracted at LYP
Mine currently falls within Segment A1 (suitable for
all uses), it is feasible that re-injection of ground-
water at LYP Mine will be approved by the water
authorities.

9 DISCUSSION

In order to maintain mine stabili ty and control arte-
sian aquifer pressures at the base of the mine, LYP
are required to extract groundwater from aquifers
beneath the mine.  This groundwater is utili sed in
the cooling cycle of the adjacent power stations prior
to being treated and discharged into the surface wa-
ter system via Traralgon Creek.

A review of water quality requirements and pre-
liminary modelli ng indicates that it is technically
feasible to re-inject groundwater extracted from be-
neath LYP Mine into the same aquifers east of the
mining operations.  The modelli ng also suggests that
as littl e as 25% of total extracted groundwater re-
injected would result in a significant increase in aq-
uifer pressures to the east of the mine.  In addition it

is also feasible that other mine water once treated
may have acceptable water quali ty for re-injection
into the aquifer systems.

LYP will continue investigations into the long
term viabili ty of groundwater re-injection and future
investigations will concentrate on:
• the impact of re-injection on the overall site wa-

ter balance
• the economic viabili ty of replacing groundwater

currently utili sed in the power generation cycle
with surface water against the risk of mine sta-
bili ty

• appropriate sites (within or external to the mine)
for a re-injection well field

• subsidence modelli ng by linking the groundwa-
ter model to a subsidence simulator and

• information sessions on the environmental im-
pacts of falli ng water levels and regional settle-
ment induced by mining activities in the LV.

10 CONCLUSION

This conceptual study has shown that decreasing
trends in regional groundwater levels can potentially
be retarded with modest changes to the groundwater
management system.

The conceptual modelli ng has also shown that a
modest reinjection program could create significant
improvements in pressure levels outside the imme-
diate mining area.

It is therefore predicted that a reinjection program
as modelled will most likely result in minor changes
to the overall site water balance and potentially pro-
duce an improved environmental outcome.
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