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GISERA - Gas Industry Social and Environmental Research Alliance

Surface and Groundwater projects in NSW

Project 1. Impacts of Coal seam gas depressurizationon the
Great Artesian Basin (GAB) flux

Project 2. Improvinggroundwater models to better represent coal seam
gas extraction impactsin the Namoi region

Project 3. Water contamination risk assessment on hydraulic fracturingin
unconventional gas extraction

Project 4. Data-worth analysis and spatial design of groundwater
monitoring networks in the Narrabri Gas Project area
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Questions

Project 1. Risks of water quantity impacts to Great Artesian Basin
aquifer? Risks of water being lost from the recharge areas of GAB?

Project 2. What volumes of water will be extracted over the life
time of the gas project?

Project 3. Contaminationrisk due to well bore delamination?

Project4. When and where to do ongoing monitoring for early
detection of water quantity and quality impacts and to improve
predictive reliability?
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GISERA

GISERA water research in the Namoi region R

3 - Contamination ris

assess

ment

4 - Design of monitoring
network:
Integrate data/knowledge to
design optimal monitoring
network

1) Likelihood of potential

contamination events

1 GAB Flux project:

1. Improved conceptual
understanding of the
groundwater interaction in
Gunnedah/Surat Basins

2. Quantify probability
extremes around GAB flux
changes caused by CSG
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Upscaling reservoir processes to GW
models research idea:
1) Improved understanding of drawdown
propagation from the coal seams by
upscaling reservoir processes

Cross section through the Surat and Gunnedah basins - COM
Smith (2014)




Background research

SANTOS

¢ Hydrochemical and isotopic assessment
(Cresswell, 2014)

¢ Santos LeapFrog model (groundwater)
UNSW

¢ research in the Namoi catchment
Bioregional Assessment

e Namoi subregion

CSIRO

e Great Artesian Basin Water Resources
Assessment (2012)

¢ Faults and Aquitards project
DPI water studies

ﬁ Water Research Laboratory
=2 Groundwater Mapping and Transition Zones,
UNSW Namoi Catchment

Facty of Engineering School of Civl and Environmental Engineering

Client: Namoi Catchment Management Autharity |
Year: 20112012 \/
Project Reference: 2011004 /
WRL Technical Report: Namoi Groundwater g
Magpging and Transition Zones (2012101)

Groundwater in the Namoi calchment supports an
imigation industry worh in excess of 5380 milien |
per annum. and is the water supply for many <\
towns and intensive industries such as feedlots.

The draft Namoi Catchment Acion Plan (CAP) '\ i =
wes developed by the Namoi CMA 1o give 3
swategic  recion o natwal  resourse h
sy MEnsgement in the region. The targets in the =
|| CAP were developed based on eritical threshoids.
dectifed via s reshence sssessment of the — | -
caichment. These included the crical threshald v, s (
that “sluvial aquifers are not drawn down below
historical maximum drawdown levels” {Critical Threshold 5) and the acion of idenifying areas of discannected and semi-
| connected aquifers (or ransition zones). Catchment Target Water 2 of the CAP is "by 2020 there is an improvement in
the abity of groundwater Systems th SUpPOrt grOUNCWAter dependent eoosystems and designated benefcial uses™
" (Namoi CMA, 2011). To achieve this target, the Namoi CMA developed a range of required actions. WRL's Projects
Team was awarded the contract to map the historical maximum drawdowns and areas of disconnected and semi-
connected aquiters throughout the catchment
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Water resource assessment for the =/ ©
Suml region

report to the Australian Government from the Santos
CisO Great Artesian Basin Water Resource Assessment - -
Eamaty S 20 Rk TR Narrabri Gas Project

roundwater Modelling Report

Groundwater numerical modelling for the
Namoi subregion

Product 2.6.2 for the Namoi subregion from the
Northern Inland Catchments Bioregional Assessment

23 January 2017

For external review



Project 1 - GAB flux project

Gwydir subregion

* Pilliga forestis
part of the intake
bed of GAB in
NSW

* The groundwater

Coonamble ®

sourceinthisarea S

is called the & Q

Southern

Recharge Source o

Northern Sydney
Basin bioregion  Scone

(NSW Water
Sharing Plan)

ﬂ

Geomdestersoure froporon of grumdheser
‘source within the Namoi subregion %)

B Curabubuia Allvial (100%) [ Quirindi Creek Asvial (100%) Kiometres
I Great Artesian Basin Surat Shatlow (12%) I southem Recharge (35%)

[ Gunnedah-Oxley Basin (44%) I Upper Namoi Zones 1-11 (100%)

[ Liverpool Ranges Basait (52%) Bl Warnumbungle Basalt (7%)

[ LowerNamoi (77%) [ sioregion

] Quipolly Creek Allwval (100%) [ subregion

Pena-Aranciba et al. 2016 (Bioregional Assessment)

Smerdon and Ransley (Eds, 2012) Water Resources Assessment for the Surat region. CSIRO Great Artesian Basin Water Resources Assessment
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GAB flux project...

Improve the conceptual
understanding of recharge and
groundwater connectivity in the
Pilliga region — integrating
information from existing
conceptual and numerical

models, hydrochemical data and

new environmental tracer data

Assess the probability extremes
around CSG induced GAB
groundwater head and flux
changes using modelling and
uncertainty analysis techniques
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GAB flux project...

* Investing in measuring and analysing new
data (environmental tracers and
geochemistry data— new measurements in
the new DPI monitoring bores in the Pilliga
area/ Santos’ monitoring bores)

LAYER

o

N

* Integrating the knowledge derived from
new data and ongoing work (OWS projects
BA, FAM) into the conceptual
understanding of the Surat and Gunnedah
basins

e

s

* Testing hypotheses and accept/reject with
high confidence potential impacts of CSG
development on drawdown and GAB flux




GAB flux project...

* Report on “Uncertainty analysis of and GAB flux and water balance changes
induced by CSG development through Narrabri Gas Project” to be published on
GISERA website soon

* In the next stage of the project we are doing the field work and analysis for
environmental tracers to improve the understanding of recharge

a)

0 50

Kilometres

[1 Model grid geometry S
[1 Namoi groundwater model domain Narrabri CSG project extent




Project 2 — Improving representation of reservoir modelling processes

* Past studies by CSIRO (2015) and Queensland Government (2016) have developed
methods forimproved representation of dual phase flow in regional scale
groundwater models

* This project will develop and apply a similar method for assessing and refining the
prediction of impacts from Narrabri Gas Project

* This study will address the gaps around ‘the veracity of the reservoir modelling
and associated groundwater abstraction rates’ that IESC has highlighted recently.

Year 20

(e) Dual phasesimulation (ECLIPSE (f) Single phase simulation (MODFLOW

— eclipse
- modflow
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0 200 400 600 800 2 4 6 4 6 8
Drawdown (m) : Distance (km) Distance (km)

Simulated drawdown in the Walloon Coal Measures after 20 years Mooreet al.(2015)




Improving representation of reservoir modelling processes...

CSG productioninvolvesa
complex coupling of
groundwater and gas flow
across the well field

It is difficult to represent
these processesin regional
groundwater models

Previous work identified a
relationship between
saturation and pressure
(Herckenrath et al. 2015)

This project will evaluate
this approach forthe
Namoiandincorporate
thisinto regional
groundwater modelling
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Project 3 - Groundwater contaminationrisk assessment
* Probability of groundwater I e -
contamination from well bore °asi"3 T”"U'US ‘ -
delamination

e Potential impacts to local water

resources o
* The study will use mathematical
models that account for the
characteristics of the well bore
annulus and geological - e A
formations and hydraulic -— - —
—-— g T
pressure around the well to o =
compute the probability of L T PR
contamination o
[] Water bearing aquifer © Flow through hydraulic fracture up
[ Aquitard wellbore annulus
[ CSG production interval === Coal
Basement rock > Direction of flow

Panduranganet al. (2016)




Project 4 — Data-worth and monitoring network design

* Monitoring of water
guantity and quality
impacts

e Sentinel monitoring

* Minimisingprediction
uncertainty

e Data-worth analysis

* Probabilisticmodelling
of drawdown changes
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Integrated approach for impact assessment and monitoring

* The improved understanding
of the processes and

uncertaintiesin different R Modeling reservoir
scales will be integrated to e L
provide comprehensive

assessment of risks and Project 4 Project 1
monitoring strategies Glef il il

Travel times to receptor changes
locations
Project 4
Spatial trends
Pressure changes
Project 4 - Travel times
EENCIRENCELE]
Data-worth for
different
predictions

Data-worth analysis

Project 4 o .
Monitoring design




CSG induced flux and water balance changes to the GAB aquifer

Pilliga Sandstone
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Zonation of the numerical model layers and
hydrostratigraphic units for evaluation of fluxchanges
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Distribution of simulated CSG water production
across 500 model runs

* Water productionrates are
not hard-wired as a
boundary condition in the
model

* Instead, the model
simulates the water
production for a given
depressurization target

e Accountsforthe
uncertaintyin CSG water
production

Number of models
[
(9]

Total water production (GL)
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