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The objective of this study is to predict regional-scale cumulative impacts on water resourc-
es caused by coal resource developments in the Gloucester subregion of New South Wales
(NSW), Australia. A key outcome of the assessment is identifying areas where water resources
are very unlikely to be impacted (with a less than 5 % chance) from those where water resourc-
es are potentially impacted (at least a 5 % chance). Governments, industry and the community
can then focus on areas that are potentially impacted when making regulatory, water man-
agement and planning decisions. Potential impacts were ruled out using a zone of potential
hydrological change. This zone was defined based on at least a 5% chance of exceeding defined
thresholds in multiple hydrological response variables including groundwater drawdown and
eight streamflow metrics (only reductions in annual streamflow are reported here). The zone
of potential hydrological change in the Gloucester subregion covers 250 km® and includes
242 km of stream network. This represents 52 % of the area and 70 % of the stream length as-
sessed. Groundwater drawdown exceeding 0.2 m in the near surface aquifer due to additional
coal resource development is very likely (> 95% chance) for an area of 20 km?but is very un-
likely (< 5% chance) to exceed an area of 100 km” Although 242 km of streams are identified
as being potentially impacted, changes in streamflow are small, with a little over 5 % reduction
in annual flow in some streams close to the coal mines, and reductions in annual flow in the
major rivers not exceeding 1-5 %.

Keywords: coal resource development, groundwater, surface water, Australia.

1. Introduction

The Gloucester subregion covers about 348 km? and is defined by the geological
Gloucester Basin. It is located just north of the Hunter Valley in NSW and is approximate-
ly 60 km south-west of Taree and 55 km west of Forster (Fig. 1). The subregion extends
55 km north-south (at its longest) and 15 km east-west (at its widest). Elevation in the
subregion ranges from 10 to 515 m Australian Height Datum (AHD), and it is mostly un-
dulating with relatively low slopes; some steeper slopes are found along the western and
eastern flanks of the geological basin.

Current vegetation cover is mainly persistent vegetation associated with forests along
the edge of the subregion and grazing (covering over 75 % of the subregion). There are
numerous rivers in the subregion that straddle a catchment divide; north-flowing riv-
ers contribute to the Manning River and discharge to the Tasman Sea beyond Taree and
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Fig. 1. Baseline and additional coal resource developments (ACRD) in the Gloucester subregion.
Reproduced from Fig. 4 in (Post et al., 2018)

the south-flowing rivers contribute to the Karuah River and discharge into Port Stephens
(Fig. 1). From a groundwater perspective, it is a closed system, with recharge and dis-
charge confined to the syncline structure of the Gloucester geological basin.

The climate is sub-tropical, characterised by summer-dominant precipitation. Aver-
age precipitation over the last 30 years (1982 to 2012) was 1095 mm/year with potential
evapotranspiration (PET) of 1587 mm/year.

This study is a regional analysis that compares two futures of coal resource develop-
ment. The term ‘coal resource development’ specifically includes coal mining (both open-
cut and underground) as well as coal seam gas extraction. Other forms of coal-related
development activity, such as underground coal gasification and microbial enhancement
of gas resources, are not within the scope of this study.
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The two futures considered for the Gloucester subregion are:

— baseline coal resource development (baseline): a future that includes all coal mines
that were commercially producing as of December 2012;

— coal resource development pathway (CRDP): a future that includes all coal mines
and coal seam gas fields that are in the baseline as well as those that are expected
to begin commercial production after December 2012.

The difference in results between the CRDP and baseline is the change that is report-
ed here. This change is due to the additional coal resource development — all coal mines
and coal seam gas fields, including expansions of baseline operations, that were expected
to begin commercial production after December 2012.

In the Gloucester subregion, the additional coal resource development (shown in
Fig. 1) includes: (i) expansion of the Duralie open-cut mine, (ii) expansion of the Strat-
ford open-cut mine, (iii) establishment of the Rocky Hill Mine, and (iv) establishment of
Stage 1 of the Gloucester Gas Project.

The CRDP is the most likely future, based on consultation with coal and gas industry
representatives, state agencies and the Australian Government. The CRDP was finalised
for the Gloucester subregion based on information available in October 2015 (Dawes et
al., 2018) to allow the hydrological numerical modelling to commence. In reality, devel-
opments in the CRDP may ultimately be implemented in different ways (e. g. changes to
timing), or circumstances of coal resource developments may change (e. g. a proponent
may withdraw for some reason). This reflects the dynamic nature of resource investment
decision making, related to diverse economic, political or social factors. Consequently,
the CRDP needs to be viewed as an indicative future that highlights potential changes for
water resources and water-dependent assets that may need to be considered further in
local analyses or via approval conditions required by regulators. Equally as important, the
CRDP plays a role in identifying where changes will not occur, flagging where potential
impacts to water resources and water-dependent assets are very unlikely.

Factors such as climate change and land use (such as agriculture) were held constant
between the two futures. Although the future climate and/or land use may differ from
those assumed here, the effect of this choice is likely small because the focus of this study
is on reporting the difference in results between the baseline and CRDP.

This study focuses on those surface water and groundwater effects that may accu-
mulate, either over extended time frames or as a result of multiple coal resource develop-
ments. These typically correspond to changes in surface water and groundwater that are
sustained over long periods of time, generally decades, and which may create the potential
for flow-on effects through the hydrological system. Many activities related to coal re-
source development may cause local or on-site changes to surface water or groundwater.
These are not considered explicitly here because they are assumed to be adequately man-
aged by site-based risk management and mitigation procedures and are unlikely to create
potential cumulative impacts.

This study is designed to analyse the cumulative impacts of coal resource develop-
ment at a regional scale, and not focus specifically on individual mines or coal seam gas
operations. The baseline and CRDP futures for the Gloucester subregion include a suite
of developments, the potential impacts of which may overlap to varying degrees in both
time and space.
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Regional-scale models are used to predict the cumulative hydrological changes and
potential impacts of those developments from multiple developments over time. The
area of potential impact is expected to be more extensive and extend greater distances
downstream of developments than what is predicted from site-scale, single-mine mod-
els. Results of the analysis reported here do not replace the need for the detailed site- or
project-specific investigations that are currently required under existing Australian state
and Commonwealth legislation. The hydrological modelling undertaken here is appropri-
ate for assessing the potential impacts and risks to water resources and water-dependent
assets at the ‘whole-of-basin’ scale, whereas the modelling undertaken by a mining pro-
ponent for an individual development as part of an environmental assessment, occurs
at a much finer scale and makes use of local information. Therefore, results from these
detailed mine-specific studies are expected to differ from those shown here. However, as a
range of potential parameter values are considered here (see details below), it is expected
that the range of possible outcomes predicted here will encompass the results from indi-
vidual site-specific studies.

In this study, parameter uncertainty was considered as fully as possible when predict-
ing hydrological outcomes (i. e. changes to surface water and groundwater). For example,
groundwater models were run many thousands of times using a wide range of plausible
input parameters for many of the critical hydraulic properties, such as the hydraulic con-
ductivity and storage coeflicients of all modelled hydrogeological layers. This differs from
the traditional deterministic approach used more routinely for groundwater and surface
water modelling and is driven by the risk analysis focus taken here.

While models are constrained to data, the density of reliable observation data is
sparse, so results may not represent local conditions well. However, they do consistently
represent the risk and uncertainty at all sites through probability distributions of possible
hydrological changes, where the area, depth, timing and assumed pumping rates of each
development largely determine the spatial variation, and lack of detail about the physical
environment at any given point in the assessment area defines the uncertainty.

2. Methods

This section contains a description of the groundwater and surface water models that
were constructed to assess the change in groundwater levels and surface water flows in the
Gloucester subregion. A more complete description of the models is available in (Crosbie
et al,, 2016) and (Peeters et al., 2018) for groundwater, and (Viney, 2016) and (Zhang et
al., 2018) for surface water, while an overview of the approach as a whole can be found in
(Post, 2018).

The conceptual understanding of the Gloucester subregion is summarised in Fig. 2.
The Gloucester Basin is considered to be a geologically closed basin with three main hy-
drogeological units:

— surface alluvium up to 15 m thick, a semi-confined to unconfined aquifer;

— shallow weathered and fractured rocks up to 150 m thick, a confined to semi-
confined aquifer;

— interburden units alternating with coal seams to a maximum depth of about
2500 m, only considered to be water-bearing strata.
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Fig. 2. Conceptual block diagram of the Gloucester subregion. Reproduced from Fig. 6 in (Post et al.,
2018)

The shallow weathered and fractured rock layer underlies the alluvium entirely, and
outcrops extensively across the rest of the surface of the Gloucester subregion. Both the
Avon and Karuah rivers are unregulated streams connected with local groundwater. The
river system is mostly gaining, with baseflow estimated to be about one-tenth of total
streamflow (Dawes et al., 2018). The alluvial aquifer only receives water from the river
system during high flow and flood events.

The main causal pathways identified in (Dawes et al., 2018) for coal seam gas op-
erations are aquifer depressurisation and inter-aquifer connectivity, while for open-cut
mines the main causal pathways are disruption of natural surface water drainage and in-
ter-aquifer connectivity, including pumping to dewater mines by lowering the watertable.
Any water extraction in either the coal seams, interburden or the shallow weathered and
fractured rocks has the potential to affect groundwater levels in the alluvium. A change in
groundwater levels in the alluvium may affect the surface water-groundwater exchange
flux and thus streamflow. Open-cut coal mines have a more direct impact on surface wa-
ter flow as all rainfall within the mine footprint area is contained on site and no longer
contributes to runoff. The role of faults and fractures which may increase or decrease in-
ter-aquifer connectivity is highlighted as an important knowledge gap.

The objective of the numerical modelling undertaken in the Gloucester subregion is
to probabilistically assess hydrological changes arising from coal resource development.
The groundwater and surface water modelling predict changes in the hydrological charac-
teristics of the system that potentially change due to coal resource development.
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Unlike typical applications of hydrological models, in this study, we do not apply an
optimised calibrated model to determine likely impacts. Rather, we vary the parameters of
each model over a ‘likely range’ as determined via expert opinion based on observed data.
The range of results then provides us with the range of potential impacts. We do calibrate
a surface water model in order to obtain optimal parameters to ensure that we are able
to model the system adequately, but these parameters are not then used moving forward
except to provide a reality check on the parameter range chosen.

The hydrological response variable reported for groundwater is maximum difference
in drawdown for one realisation within an ensemble of groundwater modelling runs, ob-
tained by choosing the maximum of the time series of differences between two futures.
Remember that the difference in drawdown between CRDP and baseline is due to the
additional coal resource development. For surface water, only change in total annual flow
will be reported here. Changes in eight other hydrological response variables were derived
and are reported in (Zhang et al., 2018), while decreases in the number of low-flow days
are reported in (Post et al., 2020).

Simulating the change in hydrological response variables necessitates the develop-
ment of an integrated surface water-groundwater model. Groundwater and surface water,
however, operate at very different spatial and temporal scales. The surface water obviously
is bound to the river channel and floodplain. Streamflow is very responsive to individual
rainfall events, requiring at least a daily temporal resolution. The groundwater in the allu-
vium is bound to the alluvial sedimentary deposits, which form a strip along the rivers of
about 15 m thick. Groundwater levels in the alluvium respond to changes in rainfall and
river stage, albeit at a longer timescale than surface water. Capturing this dynamic in a nu-
merical model necessitates at minimum a monthly resolution. The deeper hydrogeologi-
cal units (i. e. the fracture rock layer, interburden and coal seams) are much more spatially
extensive, both horizontally and vertically. The groundwater dynamics are very slow, with
limited and delayed response to recharge events or flood events in the shallow weathered
and fractured rock layer. To simulate this part of the groundwater system, a high temporal
resolution is not required.

While fully coupled surface water-groundwater model codes are available, their use
is not justified here due to the high data requirements for parameterisation. For this as-
sessment, a pragmatic coupling of three models was developed, consisting of a regional
groundwater model and an alluvial groundwater model to simulate the impact on the
groundwater systems, and a rainfall-runoff model to simulate the impact on the surface
water systems of the subregion (Fig. 3). The individual models have different spatial and
temporal resolution which requires a set of customised processing steps to up or down-
scale model data to allow the models to be linked.

The regional groundwater model is an analytic element (AE) model, designed to sim-
ulate the change in drawdown associated with the groundwater bores in the Gloucester
geological basin weathered zone, and to provide the change in groundwater level under-
neath the Avon and Karuah alluvium. The latter provides the lower boundary condition
for the alluvial groundwater models. For both alluvial systems a MODFLOW model was
developed to simulate the change in drawdown associated with the alluvium and the
change in surface water—groundwater flux. This flux is taken into account in the Aus-
tralian Water Resources Assessment landscape (AWRA-L) surface water model generated
streamflow. The modelling of river management or routing of streamflow through the
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GW AEM GW ALV AWRA-L
baseline baseline baseline

GW SRL GW ALV SW AHRV
dmax, tmax dmax, tmax receptors

Fig. 3. Model sequence for the Gloucester subregion. GW AEM: regional analytic element groundwater
model; GW ALV: alluvial MODFLOW groundwater model; AWRA-L: rainfall-runoff model; SRL: surface
weathered and fractured rock layer; Ah: change in groundwater level; Qb: change in surface water —
groundwater interaction flux; Qt: total streamflow; HRV: change in hydrological response variable; CRDP:
coal resource development pathway; SW: surface water. Reproduced from Fig. 3 in (Zhang et al., 2018)

river network with a river model is not necessary as the salient features of streamflow can
be simulated solely with a rainfall-runoff model (see Viney, 2016).

Figure 3 shows the sequencing of the different models. In the GW AE baseline coal re-
source development (baseline) model, the impact of historical coal mines and coal mines
commercially producing coal as of December 2012 are simulated. The GW AE CRDP
model simulates the impact of the CRDP, which is the impact of the baseline coal resource
developments as well as those that are expected to begin commercial production after De-
cember 2012. The difference in simulated drawdown between those two runs represents
the impact of the additional coal resource development on the shallow weathered and
fractured rock layer of the Gloucester geological basin.

The GW AE baseline model and GW AE CRDP model simulated impacts under-
neath the alluvium feed into the alluvial groundwater models for the Avon and Karuah
rivers. The difference in simulated drawdown between these two models’ runs represents
the impact of the additional coal resource development on the Avon and Karuah alluvi-
um. The GW ALV models for the Avon and Karuah rivers also simulate the time series of
the change in surface water-groundwater exchange flux, AQb(t), for the surface water
catchments associated with receptor nodes in the AWRA-L model as:

AQb (t) = beaseline (t)_ QbCRDP (t) (1)

The AWRA-L baseline run therefore simulates streamflow incorporating the effect of
existing and approved open-cut coal mines. The AWRA-L CRDP run simulates stream-
flow incorporating the effect of existing and approved open-cut coal mines plus the addi-
tional coal resource development. The total streamflow difference, AQt (t) (due to addi-
tional coal resource development) is obtained as:
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AQt (t) = thaseline (t) - QtCRDP (t) - AQb(t) (2)

3. Results

3.1. Groundwater

The groundwater zone of potential hydrological change is defined as the area with a
greater than 5% chance of exceeding 0.2 m of drawdown in the alluvium due to additional
coal resource development. It means that 95% of groundwater model runs exceeded
this level of drawdown. Groundwater impacts due to coal mines and CSG projects are
regulated under state legislation and state regulatory and management frameworks. The
0.2 m drawdown threshold adopted here is consistent with the most conservative minimal
impact threshold in the NSW Aquifer Interference Policy (DPI, 2012).

The groundwater zone of potential hydrological change for the Gloucester subregion
is shown by the coloured area in Fig. 4, ¢ showing results at the 95 percentile (5% chance
of exceedance). It consists of an area of 88 km? in the Gloucester river basin, and 12 km?
northwest of Stroud in the Karuah river basin. These two areas are around the proposed
Rocky Hill Coal Project, Stratford expansion and the Gloucester Gas Project Stage 1 CSG
field in the north, and the proposed Duralie expansion in the south.

Figure 4, a and b show maximum predicted depth of drawdown due to the additional
coal resource development for the 5™ and 50™ percentiles. These illustrate the variation
in model predictions due to parameter uncertainty. Additional drawdown occurs in two
areas, the first area in the Gloucester river basin, centred on the Rocky Hill mine; the
second in the Karuah river basin around the Duralie mine. The area associated with the
5" percentile (19.7 km?) can be interpreted as representing the extent of drawdown when
the model parameters reflect lower pumping rates and/or lower hydraulic conductivities.
Conversely, the area of drawdown associated with the 95" percentile (100 km?) also
includes the predictions based on higher pumping rates and relatively conductive
geological layers. This is a general guide only as the influences of the different parameters
can be complex and produce a range of drawdown responses. Groundwater drawdown
predictions indicate that drawdowns of greater than 2 m are very likely (greater than 95 %
chance; 5™ percentile) due to the additional coal resource developments at Duralie and
around Rocky Hill (Fig. 4, a). Generally, drawdowns exceeding 5 m due to the additional
coal resource development are very unlikely, although the 95" percentile map indicates
the possibility of > 5 m drawdowns around the Rocky Hill development (Fig. 4, c).

3.2. Surface water

The potential hydrological changes in surface water are summarised by eight
hydrological response variables as reported in (Zhang et al., 2018). These hydrological
response variables were chosen to represent potential changes across the full flow regime:
from low flows to high flows including two hydrological response variables to represent
changes in flow volume and variability. The zone of potential hydrological change was
defined based on exceeding a 5% change in any of these eight hydrological response
variables. The surface water zone of potential hydrological change is shown in Fig. 5. It
covers an area of 187 km?, with approximately 117 km?in the Gloucester river basin and
70 km? in the Karuah river basin.
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Fig. 4. Additional drawdown (m) in the alluvium (5" 50" and 95" percentiles). Additional drawdown
is the maximum difference in drawdown between the coal resource development pathway (CRDP) and
baseline model runs, representing the impact of additional coal resource development. Reproduced from
Fig. 16 in (Post et al., 2018)

As can be seen from the reductions in annual flow shown in Fig. 6, the zone of
potential hydrological change shown in Fig. 5 is very conservative. The decrease in annual
flow due to additional coal resource development in the Gloucester subregion shows that
the reductions in annual flow are identical at the 5%, 50, and 95™ percentiles. This is
because the reductions in annual flow are driven primarily by the area of overland flow
intercepted by the open-cut mine pits, which is not included in the uncertainty analysis.
There are 1.7 km of stream with a little over 5% reduction on the stream downstream
of the Stratford mine and an additional 24 km of stream with 1 to 5% reduction further
downstream on the Avon River.
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Fig. 6. Decrease in annual flow due to additional coal resource development (ACRD). Reproduced
from Fig. 26 in (Post et al., 2018)

4. Discussion

4.1. Groundwater

Figure 4 shows that drawdown due to additional coal resource development can be
small, even close to some of the coal mines. This is because Fig. 4 does not include draw-
down that has already occurred due to coal mining that is in the baseline. The spatial dis-
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Fig. 7. Baseline drawdown (m) in the alluvium (5%, 50" and 95 percentiles). Baseline drawdown is the
maximum difference in drawdown under the baseline relative to no coal resource development. Reproduced
from Fig. 17 in (Post et al., 2018)

tribution of drawdown under the baseline is shown in Fig. 7, providing a visual compari-
son to the potential groundwater drawdown due to additional coal resource development
in Fig. 4. Under the baseline, the area with at least a 5% chance of drawdown greater than
0.2 m is about 140 km®. The areas of drawdown are associated with the baseline workings
at the Duralie mine and the Stratford mine. The area of overlap with the groundwater zone
is 53 km” and represents the area where drawdowns due to baseline and additional coal
resource developments potentially accumulate. Another 30 km” overlaps with the surface
water zone and defines the area where lagged groundwater drawdown responses from
baseline developments could coincide with more instantaneous changes in streamflow
due to the additional coal resource development. Thus, it is important to consider that
additional drawdown may not occur, even due to additional developments, if the ground-
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Fig. 8. Ratio of change in annual flow due to additional coal resource development (ACRD) to the
interannual variability in annual flow. Reproduced from Fig. 28 in (Post et al., 2018)

water levels in that area have already been drawn down due to baseline coal resource
developments.

4.2. Surface water

To understand the significance of the modelled decreases in annual flow, it is useful
to look at them in the context of the interannual variability in annual flow due to climate.
In other words, are the modelled decreases due to additional coal resource development
within the natural range of variability of the longer-term flow regime, which would suggest
the system is adapted to the range of possible decreases, or are they potentially moving the
system outside the range of hydrological variability it experiences under the baseline? The
maximum decrease in annual flow due to additional coal resource development relative to
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the interannual variability in annual flow under the baseline has been adopted to put some
context around the modelled changes. This ratio is shown in Fig. 8.

It is important to be aware that the changes shown in Fig. 8 represent the maximum
decrease in annual flow due to additional coal resource development in a single year rel-
ative to the interannual variability across 90 years under the baseline. Thus, it is not a
comparison of distributions, but an assessment of whether the change due to additional
coal resource development, in the year of maximum difference between the CRDP and the
baseline, is within the range of natural variability. If the maximum change is small relative
to the interannual variability due to climate, then the risk of impacts from the decrease in
annual flow is likely to be low. If the maximum change is comparable to or greater than the
interannual variability due to climate, then there is a greater risk of impact. However, since
the change due to the additional coal resource development is additive, even a ‘less than
interannual variability’ change is not free from risk, and the results of this analysis should
be viewed as relative indicators of risk.

There are six model nodes where a reduction in annual flow is observed, and this
change is less than the natural variability seen under the baseline (Fig. 8). The small re-
ductions in annual flow due to the additional coal resource development are therefore
unlikely to lead to significant impacts.

5. Conclusion

This study has investigated the potential impacts of additional coal resource develop-
ment in the Gloucester subregion of Australia. The methodology described herein repre-
sents a generic approach that can be applied to determine the impacts of multiple resource
developments within a region. While applied to Australia here, there should be no impedi-
ment to application in other countries. A range of possible parameter values for each of the
groundwater and surface water models is required, and thus results will have greater un-
certainty where these parameter values are not well measured. Nonetheless, the approach
itself is sufficiently robust to handle such uncertainty, and the range of uncertainties can
be reduced through field measurement of physical properties which define these model
parameters. In Gloucester, the proposed additional coal resource development will have
only a small impact on groundwater levels and annual streamflow. It should be noted how-
ever that these results are specific to this region and that other regions in Australia where
this methodology has been applied show much larger hydrological changes due to coal re-
source development. Results for these other regions and more detailed results for other hy-
drological metrics in Gloucester can be found at Bioregional Assessment Program (2016).
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O1jeHKa BO3/eiicTBUS Pa3pabOTKHU yTrOMbHbBIX PECYPCOB Ha TMAPOTOTMYECKIIT PEKUM
(ua mpumepe ABcTpanumn)

. A. Ilocm

TocynapcTBeHHOE 00BeMIHEHNE HAyYHBIX U IIPUKIAHBIX nccmenoBanmit, Oraen 3emmu u Boxbl,
Ascrpanus, 2601, Kau6eppa, GPO Box 1700

s nurupoBanus: Post, D.A. (2021). Assessing the hydrological impacts of coal resource develop-
ment: a case study from Australia. Becmnux Canxm-Ilemep6ypeckozo ynusepcumema. Hayxku o Semne,

66 (1), 91-106. https://doi.org/10.21638/spbu07.2021.106

Llenpio MCCTeTOBaHNsA SB/AETCA OLIEHKA COBOKYIIHOTO BO3[ENCTBMA paspabOTKM yI/iA Ha
BOJHbIe PecypChl B perroHa/jbHOM Maciutabe Ha mpumepe cybpernona Imocrep B HoBom
I0>xHOM Yanmbce (NSW), ABctpamusa. OCHOBHBIM Pe3yIbTaTOM OLIGHKH, IIOJY4YeHHOIT B Iie-
JISIX OPUHATHSL PELIeHNIT 3aMHTEPECOBAHHBIMI CTOPOHaMU (IIPaBUTEIbCTBO, O13HEC, 061Ie-
CTBEHHBIE OpraHM3alyM) B OOMACTY PETyIMPOBAHNSI, YIIPABIEHUS BOGHBIMU pecypcamMm
U IVTAHUPOBAHMA, AB/IACTCS OIpefie/ieHye TePPUTOPUIL, TTie BOLHBIE PeCYPChI BPAL /I OYAYT
IIOfIBEPTHYTHI BO3/ECTBIUIO (C BEPOSITHOCTBIO MeHee 5 %), 10 CPaBHEHMIO C TeMU TEPPUTO-
pusIMH, I7ie BOZHBIE PeCypChl MOTYT OBITh IOTEHIMANBHO YSI3BUMBIMU (BEpOATHOCTD Kak
MUHUMYM 5 %). OlieHKa BO3MOXKHBIX BO3ZEIICTBUIT IPOBOAM/IACH Ha OCHOBE MCIIONb30Ba-
HVISI METOZIA 30HUPOBAHUS NOMEHUUATLHBIX U3MeHeHUTI 800HbIX pecypcos. Takas 30Ha ompe-
IernseTcsa 3HadeHMeM He MeHee 5% BepOATHOCTU IIPeBBbIIIEHNA PAaCCUMTAHHBIX TOPOTOBBIX
3HAYEHMII ITOKa3aTesieil I pOIOrMIeCcKol peakluy, BK/I0Yas MCTOLIEHNE IPYHTOBBIX BOJ
Y BOCBMM IPYTUX XapaKTePUCTHUK CTOKA (3/1eCh COOOIIIAeTCs TOTIBKO O COKPAI[eHNN TO0BOTO
CTOKa). 30Ha [TOTEHIMA/IbHBIX IUAPOTOINIeCKIX U3MeHEeHMII B cyOpernoHe [7Toctep 0XBaThl-
BaeT mwromans 250 km” (52 %) u BrmogaeT 242 kM (70 %) pycnosoit cetn. [ToHmxeHne ypos-
Hs1 TPYHTOBBIX BOJ, B IIEPBOM BOJJOHOCHOM TOpM3OHTe Ha 6osee, yeM 0.2 M U3-3a JJOIOHN-
Te/IbHOII paspabOTKY YTOMIBHBIX PECypPCOB BeCbMa BEPOSATHO (BepOsATHOCTD 6oree 95 %) mns
wiomanu 20 KM, HO OYeHb MaJIOBEPOSITHO (BEPOATHOCTD MeHee 5 %) YTO IUIOI[a/ib TEPPU-
TOPUM BO3[EVICTBUA COCTABUT 6omee 100 km>. XoTs PYCnoBas CeThb IIMHON 242 KM ABIAETCA
NIOTEHLMAIbHO MOABEPKEHHOI BO3/ENICTBIUIO, U3MEHEHN S B PEYHOM CTOKE He3HAYUTE/IbHBbI:
BO/IM3M YTONBHBIX IIAXT C/IOJ TOJJOBOTO CTOKA YMEHbLIAETCs 4yTh Ooree, yeM Ha 5%, a Ha

OCHOBHOIT 4acTy 6acceifHa TOOBOrO CTOKA BOJBI He IpeBsiiaeT 1-5 %.

Kntouesvie cnosa: paspa60TKa YTOMbHBIX PECYPCOB, ITIOJI3€MHBIE BOJbI, IOBEPXHOCTHDBIE BOIBI,

ABcTpanus.
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