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1. Short Project Title (less than 15 words)

Water contamination risk assessment on hydraulic fracturing in unconventional gas
extraction

Long Project Title Creating a comprehensive water contamination risk assessment
tool for examining borehole delamination and hydraulic fracturing
activity in unconventional gas extraction

GISERA Project Number W.10

ProposedStart Date 3 January 2017

Proposed End Date 29 January 2018

Project Leader Raman Pandurangan, Zuorong Chen,James Kear

Dane Kasperczyk

2. GISERA Region

X Queensland X New South Wales [] Northern Territory

3. GISERA Research Program

X water Research [] GHG Research X Social & Economic
Research
[] Biodiversity Research ] Agricultural Land []  Health

Management Research

4. Research Leader, Title and Organisation

Researcher Tlm_e Commitment Organisation
(project as a whole)
Raman Pandurangan 40% CSIRO
Zuorong Chen 20% CSIRO
James Kear 20% CSIRO
Dane Kasperczyk 20% CSIRO
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5. Background

Though Hydraulic Fracturing (‘Fracking’) has been a well-established technique for production
of oil and gas from unconventional reservoirs, there is often a concern about its environmental
implications, some of which include air pollution as a result of the construction and operation
activities at the site, contamination of water bodies by the chemical additives used in fracking
process, soil contamination due to oil spills and storage of waste water, and induced seismic
events. Water pollution is particularly a key issue as communities fear that gas production will
potentially negatively impact agricultural land through water quality (NSW Chief Scientist
report).

It is therefore critical for communities living in oil and gas exploration and production regions
to understand the potential contamination risk of surface and groundwater assets through
transport of geogenic or introduced chemicals from drilling and hydraulic fracturing activities
associated with onshore gas development. The stimulation of conductive pathways between the
production depths to surface and groundwater assets is an area of significant concern for
community groups who rely heavily on these water resources. Traditional risk assessment
methods have relied on either analysis of historical data or the technical investigation of a
specific case where high quality data exists. These traditional methods primarily rely on
empirical models formulated based on existing data to generate the likelihood of potential
contamination. However, when historical data is used for likelihood estimation, local conditions
and operations are typically not considered. Alternatively, analysis of a specific case does not
provide a range of potential outcomes at a local or field scale. So, while current methods have
proven adequate in terms of judging the potential risks to humans and environment, there is
virtually no quantification of the actual likelihoods of these risks. Without the quantitative
information of risk likelihoods, it is difficult to prioritise expenditure into risk mitigation efforts
(so that the most effective mitigation options can be implemented).

This project will introduce methods to combine hydraulic fracturing models and uncertainty
guantification techniques and use past data to generate a likelihood of potential contamination
events. Identification of these likelihoods yields specific information that can be acted on by
industry and government to reduce risks of contamination events, and importantly inform
communities of the actual risk to human health and the environment. This project will
demonstrate the engineering processes that exist as part of hydraulic fracturing demonstrating
the critical completion design parameters that are used to control risks.

Currently, much legislation and risk mitigation efforts are based on perceived risk, of possible
contamination events, which are notoriously biased and inaccurate. This project will develop a
tool to provide quantitative information on the contamination risk profile at a basin/sub-basin
scale and identify key parameters that may increase or reduce the likelihood of stimulation of
key conductive pathways of geogenic and hydraulic fracturing fluids to aquifers. The tool will
focus on two key potential conductive pathways: wellbore delamination and hydraulic fracture
stimulation.

This project will address the following concerns and recommendations from the NSW Chief
Scientist Review.

e Stakeholders Concerns (Page 7)- How CSG development and particularly processes
such as hydraulic stimulation (‘fracking’) will negatively affect agriculture land by
depleting aquifers and ground water resources.
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e There are things we need to know more about (Page 10): To understand the risk
of pollution and potential short- or long-term environmental damage from CSG
and related operations.

e Risks can be managed (Page 10). Systems to predict, assess, monitor and act on
risks at appropriate threshold conditions.

e Recommendation 11: centralised Risk Management and Prediction Tool for
extractive industries in NSW. Improving prediction capability of risk likelihoods.

e Recommendation 12: On updating and refining the Risk Management and
Prediction Tool. On whether or not other unconventional gas extraction (shale gas,
tight gas) industries should be allowed to proceed in NSW and, if so, under what
conditions

e Recommendation 13: Companies or organisations seeking to mine, extract CSG
or irrigate as part of their initial and ongoing approvals processes should, in
concert with the regulator, identify impacts to water resources, their pathways,

their consequence and their likelihood, as well as the baseline conditions and
their risk trigger thresholds before activities can start.

6. Project Description

The project will combine an engineering approach to risk assessment with mathematical models
for conductive pathway stimulation to arrive at a quantitative estimate of the risk magnitude.
The risk is defined as the probability of surface and groundwater contamination under different
failure cases for parameter values unique to each basin/sub-basin.

Importance and necessity

While historical data suggests low barrier and well failure rates, community concern over the
environmental impacts to groundwater resources due to wellbore delamination and hydraulic
fracturing continues to be a challenge for the oil and gas industry to effectively address. This
project will use CSIRO’s expertise to predict hydraulic fracture growth and assist in quantify ing
the potential for conductive pathway stimulation through which geogenic or introduced
chemicals could can reach a surface or groundwater. The objective is to convert the perceived
risk over environmental impacts to groundwater resources due to hydraulic fracturing into a
quantifiable risk magnitude by providing bounded estimates on the probability of
contamination under the different scenarios. The actual risk given by the risk magnitude and
the associated uncertainty can then be used to formulate appropriate risk management plans
and address community concerns. The risk likelihood can also be used to further assess, like
for example, attenuation pathways of chemicals and their derivatives into water bodies, in case
the analysis show a higher probability of the fractures reaching an aquifer.

Method

Stochastic methods such as the probability bound analysis (PBA) will be used to assess the
water pollution risk from hydraulic fracturing, and to compute the bounds on the probability
of contamination under the best case and worst case scenarios, with the range representing
the uncertainty. The method combines the prior probability distribution and interval arithmetic
to compute the bounds or uncertainty in the predictions as a cumulative probability function
that are represented in the form of probability boxes (p-boxes). This technique can compute

3



GISERA

Gas Industry Social and
Environmental Research Alliance

the bounds on a complex function give the distribution of inputs, and is well suited for
problems where the upper and lower bounds of the parameter are known, but limited
information is available about its probability distribution. Recently Rozell et al.[1] have used
this technique to study pollution risk associated with natural gas extraction from Marcellus
Shale. This study uses empirical models for risk assessment and is mainly concerned with
environmental risk due to gas extraction from Marcellus Shale in the United States, and
considers water contamination risk from a number of external factors such as tanker spills,
surface spill, and waste disposal.

This project will specifically focus on Australian onshore gas basins in NSW and QLD, and will
be applicable to Shale, CSG and tight gas operations. Mathematical models will be used to
predict the quantitative risks associated with hydraulic fracture growth and well rupture specific
to each identified basin, as follows:

e The risks associated with hydraulic fracture growth will be assessed using simple
mathematical models such as the PKN model, or the Pseudo 3D model. These models
will used to predict the lateral and longitudinal fracture extent using the material
properties relevant to a particular basin. Published data, where available will be used
to arrive at reasonable bounds and prior distributions for the different variables used
in the model. Probability bound analysis will then be used to predict the likelihood of

potential contamination events occurring in the event of a fracture growth occuring,
along with an estimate of the related uncertainty.

e The interface debonding model developed by Brice et al. [2] will be used to study and
predict the fluid flux through the annulus in the event of well rupture. The model can
predict the rate of growth of the debonding and the fluid flux through the annulus for
various growth regimes

[1] RozellDJ, Reaven SJ). Water Pollution Risk Associated with Natural Gas Extraction from the Marcellus
Shale. Risk Anal. 2012 Aug 1;32(8):1382-9

[2] Lecampion B, Bunger A, Kear J, Quesada D. Interface debonding driven by fluid injection in a cased
and cemented wellbore: Modeling and experiments. Int J Greenh Gas Control. 2013 Oct;18:208-23

Industry Benefits

e The study will provide likelihood of ground water contamination in a specific sub-
region in NSW (wellbore delamination) and another in Queensland (planned hydraulic
fracture and wellbore delamination) due to gas activity, along with an estimate of the
related uncertainty. The likelihood estimates can be used by regulators to critically
assess current projects and understand its impact on ground water resources, and
accordingly come up with a mitigation plan to bring down the risks to acceptable
levels. It can also be used by companies or organisations seeking to produce onshore
gas from unconventional reservoirs as an initial high-level screening tool to identify

impacts to water resources, their pathways, their consequence and their likelihood
before starting a new activity.

Community Benefits

e Communities living in gas exploration and development regions want to know if
onshore gas extraction activities will adversely affect the local water sources. In
particular, this tool will provide communities a better understanding of potential
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impacts to local water resources from onshore gas hydraulic fracturing activities and
wellbore delamination.
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7. Budget Summary

2016/17 2017/18 2018/19
Expenditure / / / Total
Labour 160,939 118,684 279,624
Operating 4,500 6,500 11,000
Subcontractors -
Total Expenditure 165,439 125,184 $290,624
. 2016/17 2017/18 2018/19
Expenditure per Task Total
Task 1 55,178 - 55,178
Task 2 30,597 - 30,597
Task 3 18,207 - 18,207
Task 4 31,414 - 31,414
Task 5 30,043 15,066 45,109
Task 6 49,185 49,185
Task 7 12,601 12,601
Task 8 8,628 8,628
Task 9 39,704 39,704
Total Expenditure 165,439 125,184 $290,624
Source of Cash 2016/17 2017/18 2018/19
i Total
Contributions
GISERA Industry Partners (50%) 82,720 62,592 145,312
NSW Government (10%) 16,544 12,518 29,062
Federal Government (20%) 33,088 25,037 58,125
Total Cash Contributions 132,352 100,147 $232,499
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In-Kind Cont ribution from 2016/17 2017/18 2018/19 ezl
Partners

CSIRO (20%) 33,088 25,037 58,125
Total In-Kind Contribution

from Partners 33,088 25,037 - $58,125

Total funding overall years

Percentage of Total Budget

GISERA Investment $145,312 50%
NSW Government Investment $29,062 10%
Federal Government Investment $58,125 20%
CSIRO Investment $58,125 20%
Total Other Investment -

TOTAL $290,624
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Task

Milestone
Number

Milest one Description

Start Date

Delivery Date

Fiscal Year
Completed

Funded
by

Pay ment $
(excluding CSIRO
contribution)

Task 1

1.1

Develop Mathematical model
ofRisk Assessment

3Jan 2017

30 May 2017

2016/17

GISERA

$44,142

Task 2

2.1

Validation of Mathematical
model with sample/synthetic
data.

01 Mar 2017

30 May 2017

2016/17

GISERA

$24,478

Task 3

3.1

Identify a sub-region for risk
assessmentin NSWand QLD
after a discussion with GISERA
Director.

01 Mar 2017

30 May 2017

2016/17

GISERA

$14,566

Task 4

4.1

Review and collectall relevant
data corresponding to the
identified sub-regions.

01 Mar 2017

30 May 2017

2016/17

GISERA

$25,131

Task 5

5.1

Investigate one sub-region in
QLD forwater pollution risk
from hydraulic fracturing and
wellbore debonding, and one
sub-region in NSW for wellbore
debonding using the
developed mathematical
model.

01 Jun 2017

30 Sep 2017

2017/18

GISERA

$36,087

Task 6

6.1

Consolidate major findings
and prepare a project report

01 Sep 2017

30 Sep 2017

2017/18

GISERA

$39,348

Task 7

7.1

Present key findings and
project report to GISERA
Director.

01 Oct 2017

10 Oct 2017

2017/18

GISERA

$10,081

Task 8

8.1

Project review and decision to
progress to stage 3.

0T Oct 2017

10 Oct 2017

2017/18

GISERA

$6,902

Task 9

9.1

Package and deploy “Alpha
version”ofa GUI tool based on
the tested models. To be used
for concept demonstration
covering a limited number of
basins and scenarios.

0T Oct 2017

29 Jan 2018

2017/18

GISERA

$31,763
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8. Other Researchers

Time Commit ment Principle area of Years of L
Researcher (project as a whole) expertise experience Organisation
Hydraulic Fracturing,
Zuorong Chen 20% Mathematical modeling 08 CSIRO
and Numerical Simulation
Hydraulic Fracturing
O, ’
James Kear 20% Project Management 08 CSIRO
Hydraulic Fracturing
Experiments, Field
O, y
Dane Kasperczyk 20% Fracturing and Statistical 04 CSIRO
Reporting
9. Subcontractors
Subcontractors Subcontractor Role

(clause 9.5(a)(i)) None

10. Project Objectives and Outputs

The objective of the study is to provide quantitative information about the possibility of ground
water contamination from planned hydraulic fracture and wellbore development activities
associated with onshore gas development. This information will be made available to
communities living in gas development regions in NSW and Queensland, and is expected to
inform policy makers of possible risks specific to an individual region and help plan current
and future developments.

It is hoped having a quantitate value on low or no risk areas will instill community confidence
that onshore gas extraction activities will or will not cause any damage to local water source
specific to that individual locations. Conversely, where high risk areas are identified, the results

of this study will inform risk mitigation strategies that will reduce these risks to acceptably low
levels.

11. GISERA Objectives Addressed

Carrying out of research and improving and extending knowledge of social and environmental
impacts and opportunities of unconventional gas projects for the benefit of the Gas Industry,
the relevant community and the broader public.

Informing government, regulators and policy-makers on key issues regarding policy and
legislative framework for the Gas Industry.

12. Project Development

This project was developed from a discussion in June 2016 with the Office of Water Science,
Department of the Environment and Energy in Adelaide. The Office of Water Science is leading
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the Australian Government’s efforts to improve understanding of the water-related impacts of
coal seam gas and large coal mining developments.

This project addresses stakeholder concerns and recommendations 11, 12 and 13 from the
NSW Chief Scientist Review centred on the risk prediction and management in Australian
onshore gas industries.

CSIRQO’s expertise can help predict hydraulic fracture growth and assist in quantifying the
potential for conductive pathway stimulation or groundwater resources. The resulting risk
maghnitude and uncertainty can then be used to formulate appropriate risk management plans
and address community concerns.
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13. Project Plan

This project will be executed in three stages with stage gates between each of them. Following
stage 1 (the development and validation of the mathematical model of risk assessment) there
will be a stage gate to identify a sub-region for risk assessment in NSW and another in QLD in
consultation with the GISERA Director. Following stage 2 of the project there will be a further
stage gate to get the GISERA Director’s approval to proceed to stage 3 which is the development
of the GUI tool.

Water contamination risk assessment on hydraulic fracturing in unconventional gas extraction

Commence Stage 1 of Project

A A
Task 1 Task 2
Develop Mathematical Validation of mathematical model
model of risk assessment with sample/synthetic data

|
L 4

Decision Point (task 3)
Following discussion with the GISERA Director, a sub-region
for risk assessment in NSW and QLD will be determined.
The GISERA Director to the provide approval to proceed

Proceed with Stage 2 of Project

3

- o . N . .
Task 4 Task 5 Task 6 Task 7
Collect & Review all Investigate one sub-region in Consolidate Present key findings
data corresponding to QLD for water pollution risk major findings to GISERA Director
the sub-regions from hydraulic fracturing and and prepare
wellbore debonding, and one project report |
sub-region in NSW for wellbore ’

debonding using the developed
mathematical model

Proceed with Stage 3 of Project
|
Task 9
Package and deploy “Alpha
version "of a GUI tool based on
the tested model.

11



GISERA

Gas Industry Social and
Environmental Research Alliance

13.1 Project Schedule

ID Task Title Task Leader g::;etduled IS:icnPil:ﬁuled Predecessor
Develop Mathematical Raman
Task 1 model of Risk Pandurangan & 03 Jan 2018 | 30 May 2017
Assessment Zuorong Chen
Validation of Raman
Task 2 | Mathematical modelwith | Pandurangan & 01 Mar 2017 | 30 May 2017 | Task 1
sample/synthetic data. Zuorong Chen
Identify a sub-region for
risk assessment in NSW
Task 3 | and QLD aftera gj‘;‘fne'(saiizrrczyk 01 Mar 2017 | 30 May 2017
discussion with GISERA
Director.
Review and collectall
Task 4 relevant data Dane Kasperczyk 01 Mar 2017 | 30 May 2017
corresponding to the & James Kear
identified sub-regions.
Investigate one sub-
region in QLD for water
pollution risk from
hydraulic fracturing and Raman 01 June
Task 5 | wellbore debonding,and | Pandurangan & 2017 31 Sep 2017 | Task 1-4
one sub-regionin NSW Zuorong Chen
forwellbore debonding
using the developed
mathematical model.
Consolidate major Raman
Task 6 | findings and prepare a Pandurangan & 01 Sep 2017 | 31 Sep 2017 | Task 5
project report Dane Kasperczyk
Present key findings and | Raman
Task 7 | projectreport to GISERA | Pandurangan & 01 Oct 2017 | 10 Oct 2017 | Task 6
Director. James Kear
Project review and Raman
Task 8 | decision to progress to Pandurangan & 01 Oct 2017 | 10 Oct 2017 | Task 7
stage 3. James Kear
Package and deploy
“Alphaversion” of a GUI
tool based on the tested
Raman
Task 9 models. To be used for Pandurangan & 01 Oct 2017 | 29 Jan 2018 | Task 8

concept demonstration
covering a limited
number of basins and
scenarios.

Dane Kasperczyk
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Task 1

TASK NAME: Develop mathematical model of Risk Assessment.
TASK LEADER: Raman Pandurangan, Zuorong Chen

OVERALL TIMEFRAME: 05 Months

BACKGROUND: Combine hydraulic fracturing models and uncertainty quantification
techniques together with past data to generate a likelihood of potential contamination events
occurring.

TASK OBJECTIVE: Develop mathematical models for conductive pathway stimulation to arrive
at a quantitative estimate of the risk magnitude.

TASK OUTPUTS: Mathematical model/tool to estimate the risk associated with planned hydraulic
fracture and wellbore development.

SPECIFIC DELIVERABLES: Mathematical model of risk assessment.

Task 2

TASK NAME: Validation of Mathematical model
TASK LEADER: Raman Pandurangan, Zuorong Chen
OVERALL TIMEFRAME: 03 Months

BACKGROUND: Combine hydraulic fracturing models and uncertainty quantification
techniques together with past data to generate a likelihood of potential contamination events
occurring.

TASK OBJECTIVE: Validate the developed mathematical model with synthetic data.

TASK OUTPUTS: Mathematical model/tool to estimate the risk associated with planned hydraulic
fracture and wellbore development

SPECIFIC DELIVERABLES: Validated mathematical model.

Task 3

TASK NAME: Identify a sub-region for risk assessment in NSW and in QLD after a discussion
with GISERA Director.

TASK LEADER: Dane Kasperczyk, James Kear
OVERALL TIMEFRAME: 03 Months

BACKGROUND: Identify an area for risk assessment using the proposed model that would be
of interest to GISERA.

TASK OBJECTIVE: Identification of a sub-region in NSW and QLD for risk assessment.

TASK OUTPUTS: Identification of a sub-region for risk assessment that would be of interest
to GISERA.

SPECIFIC DELIVERABLES: Identified sub-region in NSW and QLD for risk assessment
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Task 4

TASK NAME: Review and collect all relevant data corresponding to the identified sub-regions.
TASK LEADER: Dane Kasperczyk, James Kear

OVERALL TIMEFRAME: 03 Months

BACKGROUND: To generate a likelihood of potential contamination events occurring in the
specific sub-region.

TASK OBJECTIVE: Collect all data specific to the identified sub-region for carrying out the risk
assessment.

TASK OUTPUTS: Tabulated values containing all the relevant parameter required for running the
risk assessment model.

SPECIFIC DELIVERABLES: Key finding for the final report

Task 5

TASK NAME: Investigate one sub-region in QLD for water pollution risk from hydraulic
fracturing and wellbore debonding, and one sub-region in NSW for wellbore debonding using
the developed mathematical model.

TASK LEADER: Raman Pandurangan, Zuorong Chen
OVERALL TIMEFRAME: 04 Months

BACKGROUND: To generate a likelihood of potential contamination events in the identified
sub-regions.

TASK OBJECTIVE: To generate a likelihood of potential contamination events in the identified
sub-regions.

TASK OUTPUTS: Likelihood of potential contamination events occurring.
SPECIFIC DELIVERABLES: Key finding for the final report

Task 6

TASK NAME: Consolidate major findings and prepare a project report
TASK LEADER: Dane Kasperczyk, Raman Pandurangan

OVERALL TIMEFRAME: 01 Month

BACKGROUND: To generate a likelihood of potential contamination events occurring in the
specific sub-regions and report key findings.

TASK OBJECTIVE: Report the key finding with detailed information on the risk assessment model

formulation, validation and results from risk assessment exercise pertaining to the specific sub-
regions.

TASK OUTPUTS: Projectreport with key findings.
SPECIFIC DELIVERABLES: Project summary report.
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Task 7

TASK NAME: Present Key findings and project report to GISERA Director.
TASK LEADER: Raman Pandurangan & James Kear

OVERALL TIMEFRAME: 10 days

BACKGROUND: NA

TASK OBJECTIVE: To present the major finding to the GISERA Director.

TASK OUTPUTS: Prepare presentation slides and project summary.

SPECIFIC DELIVERABLES: Presentation of key findings and delivery of final report

Task 8

TASK NAME: Project review and decision to progress to stage 3.
TASK LEADER: Raman Pandurangan, James Kear

OVERALL TIMEFRAME: 10 days

BACKGROUND: NA.

TASK OBJECTIVE: Review of the project.

TASK OUTPUTS: Decision to progress to stage 3.

SPECIFIC DELIVERABLES: Decision from GISERA Director.

Task 9

TASK NAME: Package and deploy “Alpha version” of a GUI tool based on the tested models,
for concept demonstration.

TASK LEADER: Dane Kasperczyk, Raman Pandurangan
OVERALL TIMEFRAME: 04 Months
BACKGROUND: NA.

TASK OBJECTIVE: Package the risk assessment model into GUI tool that can be used for
concept demonstration covering a limited number of basins and scenarios

TASK OUTPUTS: Development of software product that is suitable for use by engineers and
geotechnical professionals.

SPECIFIC DELIVERABLES: Risk Assessment software.
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14. Communications Plan

Communication of the results of the project will be managed in accordance with GISERA’s
communication strategy. This may include presentations at community and industry meetings,
conferences and publication of reports, scientific articles and factsheets. In addition,
communication with relevant state and federalgovernment departments including NSW Department
of Natural Resources, QLD Department of Natural Resources and Mines (Office of Groundwater
Impact Assessment) and NSW Chief Scientist’s office will be maintained to ensure that they are
aware of the outcomes of the research and possible policy implications.

The project will establish a Technical Reference Group (TRG) aimed at seeking peer-to-peer technical
advice on contextual matters and to discuss research needs as well as outputs as the project
progresses. The TRG will include the project leader and a group of different stakeholders as
appropriate (noting NSW Chief Scientist Office have been approached and declined).

15. Intellectual Property and Confidentiality

Background IP Party Description of | Restrictions Value
(clause 11.1, Background IP | on use (if any)
11.2) $

$
Ownership of CSIRO

Non-Derivative IP
(clause 12.3)
Confidentiality of | Project Results are not confidential.
Project Results
(clause 15.6)
Additional Not Applicable
Commercialisation
requirements
(clause 13.1)

Distribution of Not applicable

Commercialisation

Income

(clause 13.4)

Commercialisation | Party Commercialisation

Interest (clause Interest

1.1) Santos N/A
AGL N/A
APLNG N/A
QGC N/A
CSIRO N/A
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