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Figure 10.14 Project case projected
groundwater level drawdown in the

Watertable interval at model year 2049

AUSTRALIA PACIFIC LNG PROJECT

LEGEND

Source Information

Water bores
[1]Derived from the DERM Groundwater database and
Great Artesian Basin water resource stock and domestic register

Projected 5m Drawdown
[2]The Great Artesian Basin Resource Operation Plan (2007)
adopts a 5m groundwater drawdown for evaluating the criteria
for the protection of existing groundwater entitlements.
The same criteria has been applied in the impact assessment to
evaluate potential effects to existing registered groundwater bores.

Extent of Alluvium
The Commonwealth of Australia, Geoscience Australia. 2007.
Surface geology of Australia 1:1,000,000 scale, Queensland -
2nd edition [Digital Dataset].

Mining Resources
Department of Mines and Energy, MERLIN Mining Tenures system and
Database (MTDB) 2009

Major towns

Major watercourses

Projected 5m groundwater
drawdown contour at model
year 2049 (best estimate
project case scenario)

Groundwater Level Drawdown

Model domain

QGC leases

Santos leases

Arrow leases

Extent of Alluvium within
the model domain

1 water bore registered in the Watertable
aquifer within >5m groundwater drawdown
contour [1] [2]

Projected area of
groundwater drawdown
> 5m at model year 2049
(best estimate project
case scenario)
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Figure 10.15 Project case projected
groundwater level drawdown in the

Hutton Sandstone aquifer
at model year 2049

AUSTRALIA PACIFIC LNG PROJECT

LEGEND

Source Information

Water bores
[1]Derived from the DERM Groundwater database and
Great Artesian Basin water resource stock and domestic register

Projected 5m Drawdown
[2]The Great Artesian Basin Resource Operation Plan (2007)
adopts a 5m groundwater drawdown for evaluating the criteria
for the protection of existing groundwater entitlements.
The same criteria has been applied in the impact assessment to
evaluate potential effects to existing registered groundwater bores.

Mining Resources
Department of Mines and Energy, MERLIN Mining Tenures system and
Database (MTDB) 2009

Major towns

Major watercourses

Projected 5m groundwater
drawdown contour at model
year 2049 (best estimate
project case scenario)

Groundwater Level Drawdown

Model domain

QGC leases

Santos leases

Arrow leases

Projected area of
groundwater drawdown
> 5m at model year 2049
(best estimate project
case scenario)

© 
Co

m
m
on

w
ea

lt
h 
of
 A
us

tr
al
ia
 (
Ge

os
ci
en

ce
 A
us

tr
al
ia
) 
20

10
, ©

 T
he

 S
ta
te
 o
f 
Qu

ee
ns

la
nd

 (
De

pa
rt
m
en

t 
of
 N
at
ur

al
 R
es

ou
rc

es
 a
nd

 W
at
er

) 
20

10
, 

by
 la

w
, e
xc

lu
de

 o
r 
lim

it
 a
ll 
w
ar

ra
nt
ie
s 
re

la
ti
ng

 t
o 
co

rr
ec

tn
es

s,
 a
cc

ur
ac

y,
 r
el
ia
bi
lit
y,
 c
om

pl
et
en

es
s 
or

 c
ur

re
nc

y 
an

d 
al
l l
ia
bi
lit
y 
fo
r 
an

y 
di
re

ct
, i
nd

ir
ec

t 
an

d 
co

ns
eq

ue
nt
ia
l c

os
ts
, l
os

se
s,

re
pr

es
en

ta
ti
on

s 
or

 w
ar

ra
nt
ie
s 
in
 r
el
at
io
n 
to
 t
he

 In
fo
rm

at
io
n,
 a
nd

, t
o 
th
e 
ex

te
nt
 p
er

m
it
te
d

© 
W
or

le
yP

ar
so

ns
 S
er

vi
ce

s 
Pt
y 
Lt
d 
   
Us

er
s 
of
 t
he

 in
fo
rm

at
io
n 
re

co
rd

ed
 in

 t
hi
s 
do

cu
m
en

t 
(t
he

 In
fo
rm

at
io
n)
 a
cc

ep
t 
al
l r

es
po

ns
ib
ili
ty
 a
nd

 r
is
k 
as

so
ci
at
ed

 w
it
h 
th
e 
us

e 
of
 t
he

 In
fo
rm

at
io
n 
an

d
sh

ou
ld
 s
ee

k 
in
de

pe
nd

en
t 
pr

of
es

si
on

al
 a
dv

ic
e 
in
 r
el
at
io
n 
to
 d
ea

lin
gs

 w
it
h 
pr

op
er

ty
.  
De

sp
it
e 
De

pa
rt
m
en

t 
of
 N
at
ur

al
 R
es

ou
rc

es
 a
nd

 W
at
er

 (
N
RW

)'
s 
be

st
 e
ff
or

ts
, N

RW
 m

ak
es

 n
o

da
m
ag

es
 a
nd

 e
xp

en
se

s 
in
cu

rr
ed

 in
 a
ny

 w
ay

 (
in
cl
ud

in
g 
bu

t 
no

t 
lim

it
ed

 t
o 
th
at
 a
ri
si
ng

 f
ro

m
 n
eg

lig
en

ce
) 
in
 c
on

ne
ct
io
n 
w
it
h 
an

y 
us

e 
of
 o
r 
re

lia
nc

e 
on

 t
he

 In
fo
rm

at
io
n.

© 
Th

e 
St
at
e 
of
 Q
ue

en
sl
an

d 
(D
ep

ar
tm

en
t 
of
 M

ai
n 
Ro

ad
s)
 2
01
0,
 ©
 T
he

 S
ta
te
 o
f 
Qu

ee
ns

la
nd

 (
De

pa
rt
m
en

t 
of
 N
at
ur

al
 R
es

ou
rc

es
, M

in
es

 a
nd

 W
at
er

) 
20

10
, 
© 
Th

e 
St
at
e 
of
 Q
ue

en
sl
an

d 
(D
ep

ar
tm

en
t 
of
 M

in
es

 a
nd

 E
ne

rg
y)
 2
01
0,
 ©
 T
he

 S
ta
te
 o
f 
Qu

ee
ns

la
nd

 (
De

pa
rt
m
en

t 
of
 E
nv

ir
on

m
en

t 
an

d 
Re

so
ur

ce
 M

an
ag

em
en

t)
 2
01
0.

Woleebee

Combabula / Ramyard

Carinya

Condabri

Talinga / Orana

Dalwogan

Kainama

Gilbert Gully

Walloons Gas Fields Development Areas

No water bores in the Hutton Sandstone aquifer
within >5m groundwater drawdown contour
[1] [2]
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Figure 10.16 Project case projected
groundwater level drawdown in the

Precipice Sandstone aquifer
at model year 2049

AUSTRALIA PACIFIC LNG PROJECT

LEGEND

Source Information

Water bores
[1]Derived from the DERM Groundwater database and
Great Artesian Basin water resource stock and domestic register

Projected 5m Drawdown
[2]The Great Artesian Basin Resource Operation Plan (2007)
adopts a 5m groundwater drawdown for evaluating the criteria
for the protection of existing groundwater entitlements.
The same criteria has been applied in the impact assessment to
evaluate potential effects to existing registered groundwater bores.

Mining Resources
Department of Mines and Energy, MERLIN Mining Tenures system and
Database (MTDB) 2009

Major towns

Major watercourses

Groundwater Level Drawdown

Model domain

QGC leases

Santos leases

Arrow leases
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No groundwater drawdown >1m projected for the
Precipice Sandstone aquifer.
[1] [2]
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Potential implications for groundwater levels (cumulative case) 

In general, the projected extent of groundwater level drawdown in the Walloon Coal Measures and 
overlying and underlying units in the cumulative case model (relative to the project case) is expected 
to expand due to the associated water production by all CSG operators. The projected magnitude of 
the groundwater drawdown in each unit is, however, anticipated to be of the same order as indicated  
for the project case.  

Coal seams of the Walloon Coal Measures 

The groundwater level drawdown projections generally demonstrate consistency with the elevation of 
this unit and are most significant in areas where the unit occurs at its lowest elevation, such as 50km 
west of Gilbert Gully (North), 10km west of Condabri South and 10km, 40km and 100km south-west of 
the Carinya development area. 

During the combined CSG activities in the region, the radial extent of groundwater level drawdown in 
the coal seam units is projected to be limited to the cumulative development areas and nearby 
proximities, within 50km of the area boundaries. Post-production, during the groundwater level 
recovery phase, the radial extent of the drawdown is projected to broaden to less than 100km beyond 
the cumulative development area boundaries.  

Major aquifer units overlying the Walloon Coal Measures 

The Springbok Sandstone is projected to experience the highest cumulative groundwater level 
drawdown outside the Walloon Coal Measures. On average, the groundwater level drawdown is 
projected to be approximately 15m across the cumulative CSG development areas and their 
proximities. Localised areas are projected to experience greater drawdown during associated water 
production, being generally concentrated in areas where both the coal seam elevations are 
comparatively deep and the Upper Walloons unit aquitard (separating the Springbok Sandstone and 
target coal seams) is inferred to be thin. These localised areas of elevated drawdown are projected to 
occur in proximity to the Gilbert Gully, Ramyard, Carinya, Condabri South and Condabri Central 
development areas, between the Gilbert Gully and Kainama development areas and 100km southwest 
of the Pine Hills development area. 

The BMO Grouping and Gubberamunda Sandstone are projected to experience comparatively less 
drawdown (on average below 3m) but in localised areas may approach 10m. These localised effects 
generally correspond to larger drawdown effects in the Springbok Sandstone aquifer, and in some 
instances occur in areas where the intervening aquitard (i.e. Westbourne Formation) is inferred to be 
thin. These localised areas of elevated drawdown are generally projected to occur in the Carinya 
development area and to the south, 100km southwest of the Pine Hills development area and north 
and northwest of the Gilbert Gully development area. 

Similarly, the watertable interval is projected to experience a comparatively low magnitude of 
groundwater drawdown, generally less than 2m. According to the initial numerical model results, 
localised areas of the watertable interval are projected to experience greater drawdowns in the 
following areas: 

• East of Condabri Central and in Condabri South 

• North and northwest of the Gilbert Gully development area  
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These isolated areas correspond to the projected groundwater level drawdown in the deeper 
Gubberamunda Sandstone aquifer, and are representative of localised zones where the Rolling 
Downs aquitard (separating the Cainozoic Units and the underlying Gubberamunda Sandstone) is 
inferred to be thin or absent. 

During associated water production, the radial extent of the groundwater level drawdown within these 
overlying aquifers is projected to be concentrated within close proximity to the cumulative development 
area boundaries. Post-production, during the groundwater level recovery phase, the radial extent of 
the groundwater level drawdown is projected to expand. 

Major aquifer units underlying the Walloon Coal Measures 

The Hutton Sandstone is projected to experience groundwater level drawdown, particularly in areas 
where both the coal seam elevations are comparatively deep and the overlying aquitards (i.e. Taroom 
mudstones and Eurombah Formation) are believed to be thin. Groundwater level drawdowns are 
generally expected to be less than 10m. 

Minimal upwards leakage of groundwater from the Precipice Sandstone aquifer is anticipated due to 
the presence of the intervening Hutton Sandstone aquifer and confining properties of the Evergreen 
Formation aquitard. Areas at higher risk of drawdown correspond to those regions with concentrated 
effects from depressurisation in the overlying Hutton Sandstone and/or thinning of the overlying 
Evergreen Formation aquitard. 

During the associated water production, the radial extent of the groundwater level drawdown within the 
Hutton Sandstone and Precipice Sandstone aquifers is projected to be concentrated around the 
development areas. Post-production, during the groundwater level recovery phase, the radial extent of 
the groundwater level drawdown is projected to broaden beyond the cumulative development area 
boundaries. 

Potential implications for groundwater storage 

Associated water production from the project's gas fields (the project case) and all other existing and 
proposed CSG developments in the Surat Basin (the cumulative case), will change groundwater 
storage within the Walloon Coal Measures. The initial projections of the numerical groundwater model 
indicate a level of inter-aquifer leakage may occur as a consequence of the pressure differential 
created between the coal seams and the overlying and underlying units.  

Hence, while associated water production will primarily affect groundwater storage in the Walloon Coal 
Measures, storage in overlying and underlying aquifers potentially may also be affected through a 
reduction in hydrostatic pressure as water moves towards the low pressure area created in the 
Walloon Coal Measures. Notably, groundwater released from these overlying and underlying confined 
aquifers is almost exclusively from storage (i.e. aquifer compression and water expansion). 

Furthermore, the intervening aquitard layers (separating the coal measures from adjacent aquifer 
formations) will ultimately restrict the potential for significant inter-aquifer leakage and, subsequently, 
the level to which groundwater storage in these overlying and underlying aquifer units is affected. 

Potential implications for groundwater quality 

The production of associated water from the Walloons Coal Measures, in both the project case and 
cumulative case, is not expected to have a detrimental effect on the groundwater quality (including 
salinity) in the region. The pressure differential created by the associated water production has the 
potential to move water from overlying and underlying aquifers towards the coal seams through 
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intervening aquitards. While the poorer quality groundwater in the Walloon Coal Measures is extracted 
during the CSG process, the effect will be to intercept fresher groundwater from adjacent formations. 

Given the quality of groundwater in the non-coal bearing aquifers is broadly similar, any groundwater 
transfers induced by associated production are unlikely to compromise the regional quality of 
groundwater aquifers outside of the coal measures.  

Potential impacts to existing Water Act bores 

Depressurisation from associated water production may potentially affect water levels and water 
availability in existing bores licenced under the Water Act (2000). These effects extend to other stock 
and domestic bores, which are authorised under the Act but not licenced.  

Initial groundwater modelling of the project case indicates that a number of bores in the BMO 
Grouping, Gubberamunda Sandstone and Springbok Sandstone aquifers may incur greater than 5m 
drawdown as a consequence of associated water production from the Project’s gas fields. Those 
bores extracting water from the Walloon Coal Measures (licenced and stock and domestic), 
particularly those immediately to the east of the Orana development area and south-east of the Gilbert 
Gully development area (where the coal measures are at shallow depths), have the greatest potential 
to be affected. The bores accessing groundwater from the Hutton Sandstone and Precipice Sandstone 
aquifers are not expected to experience drawdowns greater than 5m as a consequence of associated 
water production. 

With respect to the initial cumulative case model projections, a larger number of water bores may 
potentially be affected due to the comparatively larger drawdown footprint associated with cumulative 
development in the region. It is possible that drawdown impacts may affect bores in the Cainozoic 
Units, particularly in the high usage area between Dalby and Millmerran. The Condamine River Alluvial 
aquifer beneath this area is currently under heavy use in support of irrigation activities, which has 
reduced groundwater levels substantially in some of the Cainozoic aquifers. It is anticipated that the 
drawdown levels associated with CSG activities will not significantly add to the currently already 
observed drawdown levels in water supply bores accessing the Condamine Alluvium.  

Potential impacts to streamflow 

According to the initial project case model projections, the potential drawdown effects to the watertable 
aquifer is expected to be of limited extent, and is projected to occur immediately downstream of the 
Chinchilla Weir (Figure 10.1). Drawdown of the watertable aquifer could potentially alter groundwater – 
surface water interaction rates between the Condamine River and underlying aquifers in this localised 
area. However, operation of the weir itself is likely to override any potential changes to the 
groundwater–surface water relationship at this location. 

Additional localised occurrences of drawdown in the watertable aquifer upstream of the Chinchilla Weir 
are projected in the initial cumulative case model. Such drawdowns may alter the groundwater – 
surface water interaction rates between the Condamine River and underlying aquifers in these 
localised areas.  However, on the basis of the limited extent of the projected drawdown such affects 
are expected to be minimal.  

The initial project case and cumulative case numerical model projects a minor effect to shallow 
groundwater levels in other localised regions across the study area. These localised areas largely 
occur in proximity to ephemeral streams and creeks which only receive limited baseflow following 
rainfall events. Shallow groundwater level drawdown in these localised areas is not expected to have a 
significant effect to the baseflow occurring in these ephemeral systems. 
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On the basis of the initial project case and cumulative case numerical model projections, there is 
considered to be a low potential that various river reaches in the study area potentially receiving 
baseflow from the outcropping aquifer systems of the Great Artesian Basin (as identified by AGE 
2005), will be affected. 

Potential impacts to mound springs and Groundwater Dependent 
Ecosystems (GDEs) 

During the project case and cumulative case scenarios, drawdown in GAB aquifers is expected to be 
limited to areas within, or just beyond, the boundaries of the proposed CSG tenements. According to 
the DERM wetlands mapping database (Figure 10.5) and other sources of publically available 
information (DNR 2005), no 'discharge' spring complexes are documented to occur in proximity to the 
CSG tenements. It is noted that a 'recharge' spring complex may be present in the western corner of 
the Project’s Pine Hills development area. As this is a recharge spring, it is not expected to be affected 
by any groundwater level drawdown that may occur in this area. 

For a period of time post-production (during the groundwater level recovery phase), the drawdown 
cones in the affected GAB aquifers, whilst reducing in magnitude, are projected to broaden beyond the 
boundaries of the CSG development areas. According to the initial project case and cumulative case 
projections, there is a low risk that groundwater levels (and potentially the rate of vertical groundwater 
movement) will be affected (post-CSG operation) in proximity to the high-value discharge spring 
complexes and their associated groundwater dependant ecosystems east of the Injune township. 

Other spring complexes and accompanying GDEs known to exist within the study area are not 
expected to be at risk. 

The initial project case and cumulative case model projections also indicate that groundwater levels 
within the shallow Cainozoic Units may be affected, in localised areas, by groundwater level drawdown 
from CSG development. Given the local climatic conditions and drainage characteristics of these 
areas, surface water runoff and infiltrated rainfall are likely to represent the primary source of water 
flux required to satisfy ecosystem requirements. As the level of groundwater dependency of 
ecosystems in these areas is likely to be low, species dependent on groundwater in the shallow 
watertable aquifers associated with drainage lines are considered to be at very low risk of impact. 

Potential implications for gas migration 

Gases, including methane, are present in the subsurface in one or more of the following conditions: 

• Adsorbed to the matrix material 

• Dissolved phase or 

• Free phase. 

The gas phase is directly related to pressure and temperature conditions in the subsurface and is also 
influenced by the porewater salinity and the presence of other gases. In the undisturbed coal seams, 
methane is predominantly in the adsorbed phase. Depressurisation of the coal seams by pumping 
groundwater and reducing the hydraulic head allows the adsorbed gases in coal seams to desorb and 
migrate to the CSG production well. Extraction of the gas occurs almost exclusively in the free phase. 

The primary driving forces of a free gas are pressure and buoyancy. That is, gas moves from high 
pressure areas to low pressure areas, and it will tend to rise in the water column due to buoyancy 
effects. The majority of free and dissolved gas in the zone affected by CSG depressurisation (i.e. the 
cone of depression) will move towards the production wells. However, at some distance from the edge 
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of the gas field, where the effects of depressurisation are less, the force of the buoyancy will dominate. 
The gas released in this area of influence will have the potential to move in an up-dip direction away 
from the production zone.  These gases might eventually make their way to shallower intervals and 
potentially discharge to the surface, either through wellbores or via natural geological pathways 
to surface seeps. Gas may also accumulate in overlying aquifers where there is an established 
pathway between the coal seams and the overlying aquifer. 

Investigations conducted in the Raton Basin and the San Juan Basin in the USA have demonstrated 
that methane occurring in domestic water wells is often natural in origin and not linked to migration 
from the CSG intervals (Viellenave et al. 2002). The baseline monitoring program conducted in 
support of this application identified dissolved methane concentrations in waterbores completed in the 
Gubberamunda Sandstone at concentrations similar to those measured in the CSG wells completed in 
the Walloon Coal Measures.  However, the source of methane in the Gubberamunda Sandstone is 
unknown.  

Gas migration, seepage and venting are natural phenomena where coal beds are close to the surface.  
All seeps vary in spatial and temporal expression depending on a wide range of natural environmental 
factors (e.g. barometric pressure; decreased recharge due to drought - Viellenave et al. 2002).  
Additionally, human-made conduits have been linked to the conveyance of gas to overlying aquifers 
and surface environments (Chafin 1994). This includes improperly constructed bores or poorly sealed 
well annuli, or inappropriately abandoned bores. CSG production wells are designed to produce free-
phase gas safely to the surface; however, standard water bores generally are not. 

The build-up of gas in a non-CSG well bore constitutes a potential health and safety risk. Pumped 
water bores pose a greater risk as the pressure reduction in the well may result in dissolved phase gas 
transitioning to the free phase. Significant gas release in operating water bores may also result in 
pump cavitation and subsequent pump damage or failure (Fisher 2001). Section 10.5 discusses how 
these impacts will be managed and mitigated. It should be noted that not only water bores accessing 
the Walloon Coal Measures pose a risk. Bores accessing overlying aquifers with sufficient dissolved 
gas concentrations do as well.   

Although there are approximately 2,100 water bores in the Walloon Coal Measures, they are mostly 
located where the unit is shallow and distal to the Australia Pacific LNG tenements. The overall risk is 
predominantly limited to those water bores that are completed within the Walloons within the 
development areas.  

Potential for aquifer compaction and land subsidence 

The risk of land subsidence associated with the extraction of water and natural gas from consolidated 
underground reservoirs such as the Walloons Coal Measures is minimal. While subsidence due to 
groundwater extraction is known to occur in unconsolidated sediments (and primarily in highly 
compressible clays), its occurrence in consolidated formations is far less common. Groundwater in the 
GAB is stored in consolidated, confined, porous sandstone aquifers with limited compressibility. 

There is a risk of some subsurface compaction associated with those regions where the coal seams 
reside at greater depth, and are therefore subject to greater drawdowns during CSG development . 

However, all or part of this compaction is unlikely to be expressed at the surface (as land subsidence) 
as the overlying consolidated and competent rock formations will serve to attenuate any downward 
movement caused by compaction of the coal seams. Therefore, on the basis of the initial assessment, 
the potential risk of land subsidence as a consequence of associated water production in the project 
case and cumulative case is considered low. 
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10.4.2 CSG associated water management 

As part of the associated water management options being considered for the gas fields element of 
the Australia Pacific LNG Project, the following potential implications for groundwater resources in the 
study area have been identified: 

• Potential for the uncontrolled discharge of associated water from the feed ponds, or waste water 
from the brine storage ponds and associated pipe work and infrastructure at a magnitude that 
would cause an impact to shallow groundwater resources 

• Potential impacts to shallow groundwater flow and quality conditions from the short-term 
discharge of treated water to regulated and unregulated watercourses 

• Potential impacts to groundwater flow and quality conditions from the injection of 
blended treated and untreated associated water to aquifers within the Surat Basin  

• Potential impacts to groundwater flow and quality conditions from the injection of brine 
concentrate into isolated geological formations. 

Potential for uncontrolled discharge of water from storage ponds and 
associated pipework and infrastructure 

From a hydrogeological perspective, the primary risk associated with the proposed feed and brine 
storage ponds is the uncontrolled discharge of water or waste water to the environment by way of: 

• Vertical seepage or other losses through the base of the storage ponds to the underlying 
unconfined (watertable) aquifers 

• Overtopping of the embankment during, or following, heavy rainfall events and subsequent 
seepage to underlying unconfined (watertable) aquifers or discharge to surface watercourses. 

Any uncontrolled seepage from the feed and brine storage ponds has the potential to affect the quality 
of shallow groundwater and alter groundwater flow patterns by way of localised mounding of the 
uppermost groundwater surface. Such risks will be managed through appropriate engineering design, 
construction, monitoring and maintenance of the feed and brine storage ponds.  

In particular, storage ponds will be lined, constructed and maintained to conform to Queensland 
Government guidelines. Furthermore, monitoring will be conducted at strategic locations around the 
perimeter of these containment structures to detect any seepage and therefore trigger 
intervention with the appropriate mitigation measures, if necessary. 

Potential implications of short-term treated water discharge to the 
surface watercourses 

Discharging high quality treated water to the Condamine River has the potential to temporarily alter the 
groundwater – surface water relationship between the river and the subsurface. Any changes to river 
and aquifer connectivity will be temporary and localised at the site of discharge. The minor and 
temporary increase in the Condamine River flow rates during such discharge events may marginally 
reduce the river's baseflow (i.e. groundwater discharge) component or marginally increase leakage 
through the riverbed at a local scale. In turn, a marginal rise in local groundwater levels adjacent to the 
river system may temporarily occur. Such changes are not expected to have any significant 
implications for groundwater quality or flow patterns in the near-surface alluvial aquifers. 

Discharging treated water to unregulated ephemeral watercourses will have short-term implications for 
the local groundwater resource. During a discharge event to an ephemeral stream or creek, the 
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underlying alluvial deposits will receive a level of recharge. Following cessation of discharge, the 
recharged groundwater may partially constitute baseflow to the ephemeral stream or creek for a short 
period. Any affects to the groundwater system, upon discharge to an ephemeral watercourse, are 
likely to be localised and temporary to the groundwater environment. 

Use of treated water for agricultural uses will ultimately be dependent on the demand for the water, 
with higher demands projected for the drier seasons of autumn and winter. Such use is not expected 
to cause major detrimental impacts to the shallow groundwater system. In particular, the use of high 
quality treated water for irrigation purposes, in place of lower quality surface water or groundwater 
resources, will ultimately contribute to a level of localised dilution of the shallow groundwater 
resources and a reduction in the potential for soil salinisation. Furthermore, using this readily available 
and good quality water resource will alleviate the demand placed on heavily utilised surface water and 
groundwater resources.  

Potential implications of associated water injection  

The injection of raw or treated production water into selected aquifer systems of the Surat Basin is one 
beneficial use strategy being considered within the Project's adaptive associated water management 
plan. This option may provide a solution which, if feasible, would allow CSG production to proceed 
with minimal operational risks while maintaining a sustainable water balance within the GAB and 
minimising the project’s ecological and social footprint on the land surface. 

To facilitate such an approach, a range of criteria identified with the regulatory agencies (including 
those concerning injection pressures and source water quality) would need to be adhered to in order 
to protect the integrity of the natural groundwater system and accompanying receptors. 

An aquifer injection feasibility assessment has commenced and, if deemed feasible, is likely to 
be followed by an initial field investigation and pilot injection trials to test deliverability and chemical 
compatibility of the injected water and receiving aquifer(s). The outcomes of feasibility studies and 
any pilot trials will enable an assessment of the viability and potential effects of this management 
strategy. 

Potential implications of brine concentrate injection 

A waste brine is generated during the treatment of associated water by reverse osmosis. Australia 
Pacific LNG is considering the strategy of injecting brine concentrate into suitably isolated and deep 
geological formations.  

Preferred locations identified in the pre-feasibility phase would aim to fulfil the following criteria to 
minimise potential environmental risks and impacts:  

• A geological horizon that is suitably isolated from potential oil and gas reservoirs and 
groundwater development activities 

• A hydrogeological horizon with no agricultural, economic or cultural value  

• Lithology that has sufficient capacity to accommodate the required disposal rates of brine 
concentrate 

• An interval that demonstrates geologic containment. 

Any brine injection system will require a comprehensive study (potentially including exploratory drilling 
and pilot injection trials) to evaluate the efficiencies and operational risks of a prospective system.  
This will include an assessment of potential environmental impacts in accordance with the proposed 
injection management plan. 
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10.4.3 CSG infrastructure activities 

Potential impacts to groundwater resources which could arise from the construction and operation of 
CSG infrastructure include: 

• The loss of recharge due to surface alterations 

• Water quality impacts as a consequence of operational leaks or spills 

• Inter-aquifer leakage or water level changes due to poorly constructed wellbores 

• Localised water level drawdown due to groundwater extractions for construction and operational 
activities. 

Groundwater recharge has the potential to decline if the permeability of large areas of ground surface 
is affected by way of compaction or creation of hardstand surfaces. Relative to the overall scale of the 
gas fields, the area of land that will be affected is small, and in most cases, rainfall runoff will be re-
directed to surrounding drains. Therefore, any reduction in recharge to the shallow aquifers is 
expected to be negligible. 

Pipeline leaks, sewage system leaks, storage pond leaks and chemical (including fuel) spills have the 
potential to impact on groundwater quality at a local scale. Lined ponds will be designed and 
constructed to prevent leakage, pipelines will be pressure tested (hydrostatic testing) prior to 
commissioning, and operational areas will be properly bunded.   

It is considered a low risk that leakage from pipelines and ponds will impact on shallow groundwater at 
a magnitude that would cause significant harm. Operational items such as refuelling, chemical storage 
and waste transfer (including septic tank) will be managed through the Project's environmental 
management plans.  

A schematic diagram of the current Australia Pacific LNG CSG production well design is provided in 
Figure 10.4, while a detailed description of the well construction staging is provided in Volume 5 
Attachment 21. As this figure demonstrates, the design affords an effective seal to all overlying 
aquifers through the use of pressure cemented (i.e. from the bottom up) seals around the casing, 
particularly to the upper units which are double-cased.  

Australia Pacific LNG's CSG production well design exceeds the Minimum Construction Requirements 
for Waterbores in Australia (Land and Water Biodiversity Committee (LWBC) 2003) and the Minimum 
standards for the construction and reconditioning of water bores that intersect the sediments of 
artesian basins in Queensland (NRM 2004). Only water-based drilling fluids are used in the drilling 
process, reducing the potential for groundwater quality impacts.  

In areas where the aquitard overlying the coal is thin or non-existent, a portion of the upper coal 
measures may be sacrificed during well construction where practicable, thus minimising the potential 
for drawdown effects to overlying aquifers. The benefits of this practice, related to reduced drawdown, 
have not been incorporated in the modelling and model results presented in this section. 

Given these construction and mitigation measures, the CSG production approach being proposed by 
Australia Pacific LNG is unlikely to result in groundwater drawdown effects or water quality issues to 
local water bores through the CSG production wells themselves. As a result, the potential adverse 
effects to groundwater from CSG well construction are likely to be minimal.  

It is likely that groundwater will be used for construction activities in some locations. These activities 
will be of relatively short duration and only needed prior to the availability of associated water (either 
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treated or untreated depending on water quality). Over the life of the Project, the primary source of 
water will be produced water treated to a level appropriate for the intended use.   

In the latter stages of development and during operation, Australia Pacific LNG intends to be largely 
self-sufficient for water use. Any associated impacts will therefore be localised in extent. Water bores 
that are drilled for the supply of construction water have been, and will be, designed and installed in 
accordance with the construction standards identified previously. Drilling and installation of such wells 
will be supervised by an appropriately licenced water bore driller. 

10.5 Monitoring, management and mitigation 

Although monitoring will not reduce the potential impacts associated with the Project, the information 
acquired from the monitoring program will be used to inform management decisions to limit potential 
impacts. Australia Pacific LNG is committed to implementing a performance monitoring and 
management system to measure operational groundwater levels and groundwater quality during CSG 
development and operation.  

Monitoring will be conducted through the development and implementation of a program meeting  
objectives agreed to with DERM, and consistent with the sustainability principles of adaptive 
management. Adaptive management, also known as adaptive resource management, is a structured, 
iterative process of optimal decision-making with a focus on reducing uncertainty through improved 
knowledge. In this way, decision-making simultaneously maximises one or more resource objectives 
and gathers information needed to improve future management (Holling 1978). Therefore, by using 
adaptive management, as new groundwater quality and quantity information is generated, models and 
understanding can be updated and water management approaches and decisions adapted 
accordingly. 

The adaptive management and performance assessment approach is illustrated in Figure 10.17. This 
forms the basis for the groundwater monitoring, management and mitigation strategy for the Project. 
Notably, the performance assessment system connects the regional groundwater outcomes with 
indicators and management actions, consistent with Queensland government commitments 
(Department of Employment, Economic Development and Innovation 2009). Australia Pacific LNG will 
develop its own monitoring program and collaborate with the Government to develop a regional 
monitoring program as follows: 

1. Continuously increase understanding 

• Ongoing collection of hydrogeological data to continuously improve understanding of the 
regional groundwater system 

• Building a comprehensive database of groundwater-related information 

• Engaging and collaborating with stakeholders on associated water production effects, 
management strategies, monitoring and community expectations  

2. Sustainable management approach 

• Adopting holistic water management techniques, considering environmental, social, safety and 
financial consequences throughout and beyond the life of the Project 

• Implementing design and management controls to minimise the potential for impacts to occur 

• Investigating the feasibility of injection of associated water  

• Operating responsibly to manage the water resources under Australia Pacific LNG's control 
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• Consulting with community stakeholders, government authorities and shareholders and 
considering external views in decision making  

 

3. Monitoring and performance evaluation 

• Establishing an adaptive groundwater 
monitoring framework promoting active 
response to regulatory change and 
stakeholder engagement  

• Adopting adaptive and continuous 
improvement management practices to 
plan, develop, evaluate, implement and 
monitor potential impacts associated with 
associated water withdrawal 

• Managing operations to respond in a 
positive manner to negative monitoring data 
through appropriate design and mitigation 
measures. 

Figure 10.17  Adaptive management and continuous improvement process 

A comprehensive discussion of the groundwater monitoring, management and mitigation strategy 
proposed by Australia Pacific LNG is provided in Volume 5 Attachment 21. 

10.5.1 Monitoring 

Objectives 

If groundwater quality impacts occur around infrastructure during construction or operations, these 
impacts will be localised and detectable by established monitoring systems. Additionally, the relatively 
slow groundwater flow rates (5m per year or less) and attenuation capacity of the natural groundwater 
system will allow sufficient time for appropriate action to be taken, where needed. The objectives of 
the local-scale monitoring around project infrastructure (local monitoring) are: 

• An appropriately located and designed monitoring network to address spatial and temporal 
needs 

• Development of a high-quality dataset of background conditions against which potential impacts 
can be assessed 

• Timely identification and mitigation of potential impacts from local-scale activities 

• Application of a flexible and adaptive approach to ongoing monitoring and management of water 
resources to minimise impacts in accordance with the project’s sustainability principles. 

In contrast, possible groundwater impacts from associated water production require more of a 
regional-scale approach. The objectives of the regional groundwater monitoring program (regional 
monitoring) are to: 

• Provide good regional coverage and establish baseline groundwater conditions 

• Gain further understanding of aquifer interactions and how the groundwater system is 
connected to surface environments 
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• Verify and refine understanding of the regional hydrogeology 

• Gain a better understanding of natural variability in the regional aquifers 

• Provide information to better understand natural groundwater recharge and discharge in the 
region 

• Identify long-term water level trends and potential cumulative effects from current and future 
CSG development 

• Detect any potential groundwater quality effects from CSG development 

• Identify higher risk areas that may require monitoring or additional monitoring 

• Provide information to differentiate effects between operating gas fields and other sources of 
groundwater variability 

• Generate data against which projections made through groundwater modelling can be verified 

• Gather high quality data to develop target and threshold values for key indicator parameters 
within each major aquifer in the development areas (using an adaptive management process) 

• Liaise with, and where possible, involve the community in the groundwater monitoring program 

• Interpret and communicate the results of the monitoring efforts to stakeholders. 

Locations and timing 

Initial groundwater modelling was completed to identify areas with the highest potential risk from CSG 
development, taking into account the intrinsic vulnerability of the aquifer under assessment as well as 
nearby receptors. Figure 10.18 shows the locations of an indicative monitoring network. It is noted that 
the number of proposed locations and their actual locations may change after further refinement of the 
model.  
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Figure 10.18 Indicative 
monitoring locations
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Source Information

Reservoirs and drainage
     Geoscience Australia 2009
Towns
     Department of Natural Resources, Mines and Water, Queensland 2009
Roads
     Department of Main Roads, Queensland 2009
Proposed monitoring bores
     WorleyParsons 2010
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Proposed monitoring bores
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Springbok Sandstone
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Proposed groundwater monitoring initially focuses on the Springbok and Hutton Sandstone aquifers, 
as these units are the ones with the greatest potential to be affected by earliest depressurisation in the 
Walloon Coal Measures. It is recognised that this may be reviewed following interpretation of 
monitoring and future modelling results.  

The intention, as part of the adaptive management process described above, is that if significant 
effects associated with CSG development are observed, that overlying or underlying aquifers would 
then be monitored or existing monitoring would be intensified. Some baseline monitoring of the 
shallower intervals has been conducted to date, and further baseline assessment is intended for the 
Springbok, Hutton, Gubberamunda Sandstones and BMO Group as necessary. As existing bores in 
the Precipice Sandstone are identified, these too may be included in the initial regional network (if 
deemed appropriate). 

It is further noted that monitoring may be implemented concentrically outward from the gas fields. That 
is, if a significant effect is observed in close proximity to the gas fields, then monitoring locations at 
some distance (either horizontally in the same aquifer, or vertically in a different aquifer) may be 
incorporated into the network, hence the actual number of monitoring bores may be different from the 
number identified in Figure 10.18.  It should also be noted that the monitoring locations incorporate 
indicative regional monitoring locations which will be developed in collaboration with other CSG 
proponents and government, in accordance with the Government's Blueprint for the LNG Industry. 
Indicative monitoring locations include existing and new bores. 

Where possible, existing bores will be used and any new monitoring bores will be drilled and 
constructed on existing drill pads (where practicable) to minimise impacts associated with land 
disturbance and drilling activities. The added benefit of co-location with production infrastructure is the 
potential for connection to production monitoring systems, allowing real-time automatic data 
downloads of water level information through existing production monitoring systems. Monitoring will 
be brought on-line in advance of development (where practicable) to allow the establishment of 
baseline conditions. Timing and locations of proposed monitoring in a particular development area will 
also take into account Australia Pacific LNG's current development schedule as well as 
developments proposed by other operators.  

With reference to local monitoring, this will be conducted in the immediate vicinity of infrastructure 
activities, with actual locations identified upon finalisation of their design. Identifying specific locations 
for local monitoring locations will take into account site-specific hydrogeology, particularly an 
understanding of anticipated groundwater flow directions, preferential pathways for groundwater 
movement and potential receptors of impacts (essentially a risk-based approach). The existence of 
local wellbore infrastructure, which could potentially provide longer term background data, will also be 
assessed for possible incorporation into the monitoring network. Monitoring bores will be installed prior 
to, or approximately with, construction activities to facilitate baseline monitoring prior to commissioning 
of CSG production activities.  

Indicators 

Indicators are used to measure the cause and effect relationship between human activities on the 
environment and the environmental response to those activities.  

The primary indicator for groundwater quantity will be any change to a groundwater level in a defined 
aquifer at an established monitoring location. Secondary indicators will be variations in groundwater 
flow to rivers or springs (as assessed by water level changes or modelled results). Dedicated 
monitoring bores will be instrumented with permanent automated water level/pressure monitoring 
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devices, which will record water levels at agreed intervals. Data from the loggers will be downloaded 
on a regular basis and uploaded into a central database. Manual water level measurements will be 
collected at the time of download to confirm the quality of the data.   

Water quality indicators will be selected based on the natural hydrochemical conditions of the aquifer 
and potential chemical compounds associated with CSG development. The groundwater will initially 
be sampled and analysed to provide a baseline condition. Water quality sampling will be conducted 
using methods appropriate for the analytes being monitored and the bores being sampled. Sampling 
methodologies will be in accordance with established protocols including the Water Quality Sampling 
Manual (Environmental Protection Agency 1999). 

Data analysis and monitoring bore trigger development 

Once sufficient data is collected, targets will be developed based on statistical analysis which 
considers natural variability and trend identification. Statistical control charting can be utilised for each 
selected indicator parameter measured at a given monitoring well. This method honours natural data 
variability and allows tracking of any changes to quality and quantity conditions. Control charting is 
commonly used to determine whether or not an observed value, within a given set of data, is 
significantly different from historical values (Gibbons 1994). The overall goal of control charting and 
trend analysis is to detect situations that may be heading in a direction and at a rate that is 
unacceptable. An upper control limit (UCL) is calculated for each parameter measured at a well where 
a large number of data points exist. Similarly, a lower control limit (LCL) is calculated to determine the 
lower bounds on the temporal data set. A data point that exceeds either control limit is an indication 
that something may be occurring outside the range of natural variability or understanding. 

An example of the style of proposed data charting and comparison to established control limits is 
provided as Figure 10.19. In this figure, the action level and initiation of a follow-up response is 
indicated at the point where a measurement falls outside the natural range of variability and/or past an 
established trigger value. The approach uses a green, yellow and red condition to establish the level of 
action required. Thus, changing from a green condition to yellow condition is defined as exceeding an 
established trigger level indicating the need for further investigation. Subsequently, if conditions move 
from yellow to red, more stringent controls and/or mitigation may be necessary.  
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Figure 10.19  An example of statistical charting for followup response 
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Reporting monitoring results 

All monitoring results will be verified and entered into a single database. There will be ongoing review 
of the data, and reporting to the appropriate regulator will be completed on an annual basis. At a 
minimum, these reviews will provide comment on: 

• Changes to the proposed monitoring network from the previous report (e.g. new monitoring 
bores brought online) 

• Most recent and historical monitoring results, trends, and any changes in trends compared to  
interim or adopted triggers and thresholds 

• Comparisons between monitoring results and model projections 

• Histories and management of complaints lodged by private water bore owners 

• The proposed response plan for investigation of events or conditions outside the established 
control conditions. 

The monitoring report will be submitted to the approving agency in accordance with the requirements 
of the PAG Act. Australia Pacific LNG will work with government to develop a publically-accessible 
database which will contain easily interpreted groundwater level and quality monitoring data. 

Investigation and response process 

Monitoring data collected during routine field programs will be reviewed against established targets. A 
response process will be implemented where monitoring data:  

• Deviates from established baseline conditions or range of natural variability 

• Levels exceed statistical control limits or  

• A significant trend is identified. 

Where an indicator is detected outside established targets, Australia Pacific LNG will initiate a phased 
investigative response incorporating: 

• Verification 

• Evaluation 

• Management and/or mitigation. 

This assessment will be reviewed and reported as required to the regulating agencies.  

10.5.2 Mitigation and management 

Most of the potential groundwater-related impacts associated with the Australia Pacific LNG project 
will be managed or mitigated through appropriate well design, construction and management 
practices. However, some residual risk remains and mitigation measures are proposed to address 
these risks. 

Minimising drawdown effects through appropriate production well 
construction 

Drawdown effects to overlying and underlying aquifers are strongly controlled by the thickness and 
permeability of the intervening aquitard layers between the coal measures and the Springbok 
Sandstone and Hutton Sandstone. The Springbok Sandstone unconformably overlies the Walloon 
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Coal Measures, and in places erosion of the upper Walloon Coal Measures has resulted in the 
Springbok being in direct connection with the coal seams. Thinner accumulations of aquitard material, 
or lack of it, will lead to greater drawdown effects. 

Some of the effects can be mitigated by effectively increasing the distance, and aquitard thickness, 
between the uppermost coal seam and the Springbok Sandstone. This can be achieved by sacrificing 
the uppermost coals (where practicable) by sealing them off from the productive part of the CSG well. 

Australia Pacific LNG employs this design in the majority of production wells where connection is 
identified. This control measure will continue to be employed (where practicable) where the aquitards 
are thin or non-existent. 

Mitigating impacts to existing water bores 

Trigger thresholds are yet to be developed in accordance with the PAG Act for the aquifers in the 
Surat Basin. However, preliminary triggers are being discussed with DERM.  

As there is little existing precedence with regards to a blanket rule for assessing impacts, Australia 
Pacific LNG will continue to consult with government to develop appropriate trigger thresholds. The 
use of trigger thresholds applies to water level changes in groundwater extraction bores only and are 
not applicable to monitoring bores where a trend analysis approach is proposed.  

Exceedance of the ultimately-adopted investigation trigger will initiate follow-up investigation into the 
cause of the drawdown to gain a full understanding of Australia Pacific LNG's contribution. This will be 
achieved through monitoring and assessment of the data in relation to natural variability of conditions 
and groundwater extraction rates and volumes of the bore in question. In the event that a downward 
trend in water levels is detected outside the range of natural variability, and the downward trend 
continues, management measures will be implemented to reverse or stabilise the trend, and/or the 
loss of water supply would be mitigated by the 'make good' provision. 

If the result of the investigation confirms that declining water levels are the result of Australia Pacific 
LNG’s activities, and if the make good provision is required, Australia Pacific LNG will make good the 
water supply to the impacted water bore in compliance with the PAG Act. Where appropriate, such 
actions may include: 

• Lowering of the owner's pump to increase the available drawdown 

• Deepening the bore within the same aquifer, if the current construction allows 

• Installing a replacement bore at a location less affected by the CSG operations or into a 
different aquifer 

• Injection of treated water (of similar quality to the native groundwater) 

• Monetary compensation for the increased cost of pumping, or for the effects of impaired 
capacity  

• Provision of an alternative water source. 

It is noted that with respect to these actions to ‘make good’ the water supply in an impacted bore, a 
CSG industry-wide response may be required. In this regard, Australia Pacific LNG is committed to 
collaborating with the Queensland Government and other CSG operators and stakeholders in the 
region to develop an approach to regional-scale groundwater monitoring and cumulative effects 
assessment (using groundwater modelling), along with an agreed process to assessing and 
apportioning the ‘make good’ responsibility. 
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Mitigating risks associated with gas migration 

Australia Pacific LNG production wells will be constructed in accordance with industry standards, with 
the goal of maintaining hydraulic isolation between discrete water-bearing formations, and will 
therefore inherently mitigate the risk of gas migration into overlying aquifers and/or releases at 
surface. In addition, the integrity of the wellhead and casing will be monitored as part of normal 
operations.  

A good understanding of natural and existing occurrences of dissolved and free phase gas, prior to the 
onset of CSG development, is important for future management of potential issues. Although risks 
associated with gas migration are considered low, further assessment will be carried out. 

Future activities 

Data obtained from regional monitoring efforts will be compared to model projections as part of a 
verification process. Significant deviation from measured versus simulated drawdown values will 
provoke further investigation using information and data acquired during the period. Consideration will 
be given to refining the monitoring network if significant gaps are noted.  

A large volume of data has been utilised in this study, and it is anticipated that a much larger dataset 
will be accumulated as a result of collaboration with government on monitoring. Australia Pacific LNG 
will work with the Queensland Government to develop a publically-accessible database which will 
contain easily interpreted groundwater level and quality monitoring data. 

10.6 Conclusions 

10.6.1 Assessment outcomes 

On the basis of the studies conducted to date, the outcomes of the groundwater assessment are 
summarised in Table 10.3. The table lists the environmental values within the study area and the 
sustainability principles inherent to this project as they relate to the groundwater environment. 
Accompanying the identification of potential impacts, appropriate management and mitigation 
strategies are described. In addition to the management and mitigation measures described in Table 
10.3, the implementation of a comprehensive groundwater monitoring program has commenced. The 
purpose of the monitoring program is primarily to monitor changes in groundwater levels which may 
result from CSG development activities. If an observed water level change is confirmed to be due to 
Australia Pacific LNG’s project's activities, any required management and mitigation measures will be 
implemented to address the potential impact.  

A residual risk level following the proposed treatment (management or mitigation) approach for the 
potential impacts has also been provided in the table. 
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10.6.2 Commitments 

Australia Pacific LNG makes the following ongoing commitments as part of its groundwater mitigation 
and management strategy:  

• Continue to assess impacts from associated water extractions over the life of the Project  

• Collaborate with the Queensland Government in support of its Blueprint for Queensland's LNG 
Industry (2009), and other CSG operators in the region, to develop an agreed approach to 
regional groundwater monitoring and cumulative effects assessment  

• Work with government to develop a publically-accessible database which will contain easily 
interpreted groundwater level and quality monitoring data 

• Manage and implement appropriate (early intervention) strategies to minimise adverse impacts 
as a consequence of proposed CSG activities 

• Comply with the 'make good' provisions where required under the Petroleum and Gas 
(Production and Safety) Act 2004 and consult with stakeholders on strategies to 'make good' 

• Involve community groups in the implementation of the ongoing groundwater monitoring 
program 

• As part of the ongoing groundwater monitoring program, conduct further evaluations of the 
potential for gas migration during CSG production and, where necessary, develop appropriate 
monitoring and control measures to mitigate any residual risks 

• Employ CSG well and infrastructure designs and construction methods, in accordance with 
relevant legislation and standards agreed in consultation with government, which minimise the 
potential for impacts to the local and regional groundwater regime  

• Actively investigate alternative water management strategies including aquifer injection 

• Participate in studies into the long-term sustainable water supply options for the region and 
support programs for water conservation within the region. 
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