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Towards Understanding Induced Seismicity i
A Review of the Problem / Context

A Geothermal community is increasingly aware of the
sensitivity of the public to induced seismicity.

A Public experiences and responses to induced seismicity
at both conventional hydrothermal fields and EGS projects
have been both positive and negative.

A Unfortunately negative responses are more media-
worthy.

A But they highlight the need for all stakeholders (local &
regional communities, government, regulators, THE
MEDIA) to be engaged, informed and educated.

A The Media is an international phenomena and thus so is
Induced seismicity. The geothermal sector must act
consistently and collaboratively to address this issue.
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Towards Understanding Induced Seismicity 1
What 0s Needed

A number of important steps are needed to help address
this issue. These have been thoroughly articulated
already by IEA GIA, IPGT, GEISER.

A Analysis of induced seismicity data (i.e. data gathering,
treatment, errors / uncertainties, equipment, standards)

A Better understanding of geomechanics, rock properties
and fracture behaviour

A Better capabilities in modelling the results / outcomes of
fracturing

A A consistent robust methodology for risk assessment
A And hence prediction of event size, distribution, impacts

We focus now on Task 1: the need for standardised risk
assessment and data protocols.



A common problem needs 1 A consistent robust
approach to risk assessment and data reporting.

A Induced seismicity results from a range of activities i
blasting, mining, dam construction, sub-surface waste
Injection. Many of these activities have developed national
or industry standards in risk assessment methodologies,
monitoring and reporting protocols.

A In the geothermal context induced seismicity affects both
EGS and conventional hydrothermal resources as it results
from both massive hydraulic stimulation of the reservoir
and re-injection of produced geothermal brine.

A As yet no common method used for risk assessment or
reporting of incidents/ data protocols.

A Hence limited national or international repository of data,
and no standard data formats for researchers to access
geothermali related data.



A common problem needs T A consistent robust
approach to risk assessment and data reporting.

Suggest we need:

A Standard definitions and terminology.
A Standardised methods for risk assessment .

A Standardised methods and requirements for reporting
data and information.

A Public access to this data for researchers.
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In the Australian context 1 A consistent robust
approach to risk assessment and data reporting.

Large number of companies
have secured exploration
licences.

At least 2 companies have/will
undertake stimulation ops in the
near future.

These ops need to undergo a (|GGG
regulatory approval process.

Australia has made a
commitment to support research .. ( | L
with public access to data. £ B
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In the sector/public best interest
to have an open & consistent
national/international approach. ]

- Geothermal exploration licence
- Geothermal exploration licence application




In the Australian context 1 A consistent robust
approach to risk assessment and data reporting.

Currently most advanced
licences in South Australia.

PIRSA is the regulator with
objective-based legislation

Want to produce guidelines (not
prescriptions) for industry to
ensure risk assessments are
adequate & data captured is
useable.

Widely consulting with industry,
research sector (via AGEG R P
TIGs, IEA GIA, IPGT, TAIS, o 200 00 00 500 0ok
IRIS, GNS, IASPEI)

Identifying gaps & complexities. B o ontcorce

- Geothermal exploration licence application




In South Australia T Petroleum and Geothermal
Energy Act and Regulations

A Obijectives of the Act: To establish appropriate
consultative processes involving people directly
affected by regulated activities and the public
generally.

A Through Objective-based legislation:
ifoutcomes to be achieved (Awhato to
I risk-based approval s/ surveillance nca
I licensees/permit holders demonstrate can/do achieve outcomes
I prevention (achieve outcomes) rather than cure

A Environmental Impact Report and
A Statements of Environmental Objectives



Statement of Environmental Objectives

A An SEO must:

A be prepared on the basis of an EIR
A include the environmental objectives to be achieved:;

A the measurement criteria for measuring the achievement of
objectives

A be developed in consultation with relevant stakeholders
» eg landowners, other agencies (DEH, DWLBC, EPA)
A be either regional or site specific

A www.pir.sa.gov.au/petroleum/environment/reqister/seo, eir a
nd esa reports



http://www.pir.sa.gov.au/petroleum/environment/register/seo,_eir_and_esa_reports
http://www.pir.sa.gov.au/petroleum/environment/register/seo,_eir_and_esa_reports
http://www.pir.sa.gov.au/petroleum/environment/register/seo,_eir_and_esa_reports
http://www.pir.sa.gov.au/petroleum/environment/register/seo,_eir_and_esa_reports

In the Australian Context 1 Examples

A Two companies have Statements of Environmental
Objectives in place for stimulation operations.

I Geodynamics have completed stimulation operations at
Habanero and Jolokia.

I Petratherm plan to conduct hydraulic stimulation at the
Paralana 1 well this year.

A Thorough consultation and site specific risk
assessments are key



In the Australian Context 1 Geodynamics experience

Well Habanero1l Habanero Habanero 1 Habaner
2 03

Date Nov-Dec August Sept 2005 April

2003 2005 2008
Volume pumped 20,000 7,000 20,000 2,170
(m3)
Area of stimulation 2.5 km? 0.1 km?2 1.5 km? 0.1 km?2
(plan view) additional to

2003 area

Microseismic 28,011 1,283 16,454 452

events located

Maximum event 3.7 1.9 3.1 1.7
magnitude




In the Australian Context - Geodynamics SEO,
objective to achieve and assessment

A Prevent the occurrence of seismic activity that could
damage surface infrastructure or cause community
concern

A Peak particle velocity at the nearest sensitive receiver
or infrastructure will not exceed 10mm/sec due to
seismic activity caused by stimulation of the granite

A 10 mm/s limit based on level at which vibrations could
cause annoyance/discomfort to people T very
conservative, below level for infrastructure damage.

A (From ANZEC guideline www.ephc.gov.au/taxonomy/term/81)



In the Australian Context 1 Geodynamics
seismic monitoring
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Geodynamics - Community Consultation
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In the Australian Context 1 Geodynamics
Otraffic | Jaokid syst e

A Risk warning with event of magnitude 2.5 or more
A Shut down of pumps with event of 3.7 or more

A If an event of 2.5 or more occurs during shut down
resulting from an earlier magnitude 3.7 event then the
reservoir pressure will be bled off

AARestart of operations will
Geodynamics office



In the Australian Context - Petratherm
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In the Australian Context 1 Petratherm SEO,
objective to achieve and assessment

A Prevent the occurrence of seismic activity that could
cause concern to local populations or damage to local
Infrastructure.

A Local seismic indicators (ground velocity, acceleration
or moment magnitudes) not to exceed level where
damage to infrastructure is possible as determined by
the site specific risk assessment (Petratherm, 2010).



In the Australian Context T Petratherm
seismic monitoring



