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Purpose of Briefing

1) Who am 1?

2) Part 1
 What is unconventional gas?
 What is hydraulic fracturing?
 Background and history of gas extraction and drilling in SE
« State Government approval and regulatory processes,
including the information requirements and local consultation

3) Part 2

 What are the Risks associated with unconventional gas
exploration, drilling and related activities
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Part 1l
What is unconventional
gas and oil?




Oil and Gas
Conventional and Unconventional
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What is Hydraulic Fracturing “1

“..is a technique in which a mixture of mainly water
mixed with sand (99.5% vol.) and chemicals (0.5%
vol.) is injected at high pressure into a well to
create small fractures (typically less than 1-2 mm),
along which fluids such as gas and oil may migrate

to the well”

In SA Cooper Basin over 700 wells (circa 1400 stages) have

been fracture stimulated
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Hydraulic Fracturing Animation =




Gelling
Agent Scale -
KCl 0.056%  inhibitor P dJusting
0.043% Agent
' 0.011%

Breaker
0.01%

Crosslinker
0,007%

Iron Control
0,003 %

Corrosion
Irihibit o
0.002%

0.038% 0.123%




Additive Type Main Compound(s) Common Use of Main Compound

Diluted Acid {15%)

Hydrochloric acid
or muriatic acid

Help dissolve minerals and
initiate cracks in the rock

Swimming pool chemical and cleaner

Eliminates bacteria in the water that

Bincide Glutaraldehyde : Disinfectant; sterilize medical and dental equipment

produce corrosive byproducts

: Allows a delayed break down of Bleaching agent in detergent and hair cosmetics,

Breaker Ammaonium persulfate . : -

the gel polymer chains manufacture of household plastics
Corrosion
il N, n-dimethyl formamide  Prevents the corrosion of the pipe Used in pharmaceuticals, Acrylic fibers, plastics
inhibitor

(rosslinker

Borate salts

Maintains fluid viscosity as
temperature increases

Laundry detergents, hand soaps, and cosmetics

Polyacrylamide

Minimizes friction between

Water treatment, soil conditioner

Friction reducer : :
Mineral oil the fluid and the pipe Make up remover, laxatives, candy
Gel Guar qum or hydroxyethyl  Thickens the water in order to suspend the sand  (osmetics, toothpaste, sauces, baked goods, ice cream
Iron control Citric acid Prevents precipitation of metal oxides fuoe add:it.we, ﬂ“ﬁ“"g 4 fnu_d .:md !
beverages; lemon juice ~7% Citric Acid
Kl Potassium chloride (reates a brine carrier fluid Low sodium table salt substitute
Oxygen Wil braitite Remaoves oxygen from the w_ater to [ﬂsmet!cs, food and beverage
Scavenger protect the pipe from corrosion processing, water treatment
pH Adjusting Sodium or potassium Maintains the effectiveness of other Washing soda, detergents, soap, water
Agent carbonate components, such as crosslinkers softener, glass and ceramics
o Allows the fractures to remain Drinking water filtration, play sand,
Proppant Silica, quartz sand

open so the gas can escape

concrete, brick mortar

Scale inhibitor

Ethylene glycol

Prevents scale deposits in the pipe

Automotive antifreeze, household
cleansers, and de-icing agent

Surfactant

Isopropanol

Used to increase the viscosity of the fracture fluid

Glass cleaner, antiperspirant, and hair color

Source: Engineering Energy: Unconventional Gas Production, ACOLA, 2013
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Conventional Oil and Gas
Exploration Nothing New

YEAR 5PUDDED MO, OF WELLS DRILLED
1910to 1919 2
1520t 1929 5
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1980 to 1989 20
1990 to 1999 37
2000 to present 12



Key History Milestones

* Exploration commenced in 1866 in the
South East with a well drilled near Salt
Creek

* First flow at Kalangadoo-1 in 1965 and
Caroline-1 in 1966 — both CO2

* First commercial flow of hydrocarbons
in 1987 at Katnook-1

* Katnook Plant built and commissioned
in 1991 — now mothballed

* Oil recovered from Sawpit-1 in 1992,
flowed from Wynn-1 in 1994 — neither
well commercial

Salt Creek -

Legend
®  Well
Locality
Gas pipeline
Conservation area
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E —

OT13-0010_A

Site of first oil exploration well

Katnook-1: First commercial o
! natural gas flow .
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Gas Supply

FROJECT: PROPOSED OLYMPIC Cill PIPELINE
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Historical Gas Production

Southeast Gas Production
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Where to Next?

0
(metres)

500
1000
1500
2000
2500
3000
3500

4000

4500

Surface aquifers

Potential aquifer bed

Main hydrocarbon targets

Gambier Limestone

0T13-0008

Oil or liquids rich gas




TIME IN SECONDS

South East Geology
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South East Geology

SPE

Society of Petroleumn Engineers

SPE 23009

Pressure-Transient Response in Compartmentalised Gas
Reservoirs: A South Australian Field Example

M. Malavazos and R.C.M. McDonough, South Australia Dept. of Mines & Energy
SPE Marmbers

Copyright 1881, Saclety of Petroleum Enginears, Ina.
Thiz paper was prepared for presantation a1 the SPE Asia-Pacilic Conferance held in Parth, Western Ausiralia, 4-7 Nowember 1331

This paper was salected for presentation by en SPE Program Committes following review of information contained in an abstract submitted by the authon(s). Contents of the paper,
as prasentad, have not bean reviewed by the Scclety of Petroleum Engineers and are subject to correction by the authors). The material, as presanted, does nol necessarily reflect
any position of the Sociaty of Petroleum Engineers, |ts afficars, or members. Papers presented 3t SPE mestings &re subject 1o publication review by Editorial Committeas of the Saciety
of Fetroleum Engineers. Parmission 1o copy & restrictad to &n abatract of not mare than 300 words. llugirations may not be copied, The absiract shoukd contaln conspicuols acknowledgrment
of whare and by whom the paper is presentsd. Write Librarian, SPE, P.O. Box 833836, Richardson, TX T5083-3836 U.5.A. Telex, 730889 SPEDAL.

The initial discovery was made in the Windermere
Sandstone of the basal Eumeralla Formation. The
subsequent drilling of Katnook #2 and #3 discovered
and confirmed that the major gas reserves are located in

Abstract

The long-term, production tests of the Katnook gas
field in the South-East of South Australia are

analysed to enable a better understanding of the
reservoir geometry,

The pressure-transient responses are interpreted to
indicate a compartmentalised reservoir, comprising
a series of high-permeability sand bodies in
relatively poor communication. This is consistent
with the geological model, which describes the
stacked-channel reservoirs having been formed in a
low- sinuousity, braided-stream palaec-environment.

Estimates of

hilids: mwe ol

channel width and reservoir

sl dae feticme af &

a faulted anticlinal structure of the Pretty Hill Sandstona,
covering an area of about 4 km?,

A drill stem test gas flow of 16.4 MMscfd (462,000 m'/d)
on a half inch (12.7 mm) choke was measured during
DST #12 in Katnook #2. This is a record for a well
drilled onshore in South Australia.

Delivery of natural gas from Katnock to the industrial,
commercial and domestic markets in the South-East of
South Australia commenced in March 1931. Under the
terms of the contract the producers will supply 225 PJ
over a 15 year period.
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Fig. 2  Schematic section of the Kamook field (Pretty Hill Sandstone reservoir).
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Legislative Controls




VISION: Deep unconventional gas delivering decades of
safe, secure and competitive gas

To reach this vision

® Must demonstrate: Potential risks to social, natural
and economic environments are reduced to as low as
reasonably practical (ALARP); and meet community
expectations;

® Stakeholders get timely information describing risks to
enable informed opinions/decisions




Regulatory Objectives/Conditions -1

Avoid:

e Contamination of aquifers

e Adversely impacting other land users and uses
e Contamination of soil

e Disturbance of heritage sites

o Adversely impacting vegetation

e etc

Aim of regulatory processes is to have licensees demonstrate that
they can and are achieving these objectives




Regulatory Framework “1

In South Australia
Petroleum Exploration and Production Activities regulated under:

. Petroleum and Geothermal Energy Act 2000 (PGE Act);

. Environment Protection Act 1993;

. Natural Resources Management Act 2004;

. National Parks and Wildlife Act 1972;

. Aboriginal Heritage Act, 1988;

. Development Act, 1993;

. Work Health and Safety Act 2012;

. Public and Environmental Health (Waste Control) Regulations 2010;
. EPBC Act 1999

Interaction between PGE Act and other South Australian Acts administered
through Administrative Arrangements with respective agencies




Petroleum and Geothermal Act 2000 -1

PGE Act defines the environment as:

e |and, air, water, soil;

e plants & animals;

social, cultural & heritage features;
e visual amenity;

economic & other land uses.




Statements of Environmental Objectives (SEO)=1

Regulated Activities cannot be carried out unless
there is an approved SEO in place.

SEQ’s set approval conditions for regulated activities
e.g. seismic, well operations, production, processing,
pipelines, gas storage, etc.

Activity notifications — licensee demonstrates how it
will achieve SEO before approval granted




Approval Process




PGE Act Approval Processes -1

Two approval stages — Petroleum & Geothermal Act:

1. Licence approvals
« Exploration, Retention

* Production, Gas Storage, Pipeline, Special Faclility Licences

2. Activity approvals
« SEO Approval Process

— what they must achieve

 Activity Notification Process

— demonstrate how they will achieve




EIR & Draft SEO

l

Environmental Significance Assessment

'

\ 4

}

\ 4

LOW IMPACT
Internal Govt Consultation

MEDIUM IMPACT
Public Consultation

HIGH IMPACT
EIS Process

\ 4

\ 4

Statement of Environmental

Objectives

A

Y

APPROVAL




Significance Criteria -1

PREDICTABILITY MANAGEABILITY

Level of confidence that for each impact Extent to which consequences can be
and consequence these issues have been managed:

addressed:

e Avoidance

e Sjze e Probability

e Scope e Duration

e Duration e Size

« Likelihood/Frequency e Scope

e Stakeholder Concerns e Cumulative Effects

e Stakeholder concerns
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SEO Objectives Include: -1

Avoid:

e Contamination of aquifers

* Adverse impacts on other land users and uses
e Contamination of soil

e Disturbance to heritage sites

o Adverse impacts on vegetation

e etc

Breaching these objectives is a PGE Act offence

A




Notices of Entry (NoEs) “1

Owners of land means all persons and enterprises
potentially directly affected by regulated activities,

NoEs must provide timely information to enable
potentially affected people and enterprises to reach
informed views regarding impacts on their interests.

Owners of land must be given NoEs at least 21 days in
advance of the start of any activities —and have 14 days
to lodge objections

All potentially directly affected people and enterprises
have rights to object to the approval of land access for
regulated activities, and all such objections are a show-
stopper until objections are resolved.




Notices of Entry (NoEs) “1

e These Owner of Land rights are sustained without support for
vexatious objections.

e Owners of land are due compensation from relevant PGE Act licence
holders for reasonable costs of assessing NoEs (including the cost of
legal advice) and for any loss or deprivation that might result from
activities regulated pursuant to the PGE Act.

e The dispute resolution process for objections to NoEs

o starts with engagement between the concerned
stakeholder and the relevant PGE Act Licence holder;

e can escalate to mediation stewarded by the Minister; but

e court proceedings are the ultimate dispute resolution
process.




Best Practice Regulatory Principles

Delivering Regulatory Best Practice through 6 Principles:

1) Certainty 4) Practicality
2) Openness 5) Flexibility
3) Transparency 6) Efficiency




Openness

Inclusive stakeholder consultation
In establishing regulatory
objectives, broad community
engagement on addressing
potential environmental, economic
and social/cultural impacts.

STAGE 2: ENVIRONMENT AL ASSESSMENT AND APPROVAL CF ENVIRCNWVIENTAL OB ECTIVES

Does SEO exist for proposed activity that addresses all
potential risks assoriated with the proposal®
Yes No
Prepareand submit environmental Prepareand submit EIR and draft SEO
assessment against existing SEQ with A ctivity
Notification continue to stage 3). Regulations10, 17 & 13
Rregulation 2071 (ol ¢
Environmental Significa nce Assessmert to
determine level of ervironmental impact e
10 business days.

¥ ¥ v

[ oo | [ v ] [ e
Consult on determined low Consult on determined medium/high level of environmental impact
level of environm ental impact with OPT
with: Commentswithin 16 business days.

EP&; and
DEWNR, ¥
Commentswithin 10 Consider comments and classify the environm ental impact of
business davs. — proposed activities.
5 businessdays.

v ¥ ¥

I LOW IMPACT I I MEDIUM IMPACT | I HIGH IMPACT
v v v

Consultationon EIR and draft Public consultation on EIR and Assessment and consultation

SEQwith: draft SEQ with: under the Devefoprient Act

*ERA TEPA; FEEE]

*DEWNR; *DEWNR; Atleast 7 months.

* SafeWorksA; and DT,

#DFTI, i activity is within a * SafeWorksa;

council area or a part of the *Relevant statutory authorities;

State described in Schedule 20 *Relevant local councils; Requires preparation of EI5

of the Development Act 1993 *Landowners; that f{alongwith draft SEO] will

Commentswithin 20 business *Key stakeholders; and be subject to an extensive

days. *General public public consultation process.
Commentswithin 30 business Refer tothe Developmert Act
days. 1993 for details.

+ ¥ ¥
Refer draft SEO to DEWNR for.
*Approval, where it covers any area within: a National or Conservation Park; a marine park; or the
Adelaide Dolphin Sanctuary.
*Concurrence, where it covers any area within the Rivery Murray Protection Area or the Murray-Darling
Basin
wote: This ueually oceurs in parallel with consultation on Ervironmental Sigrificance Asssssrent,
Respansewithin 20 - 60 business days.

v

I Consider comments and amend EIR andfor draft SEO as reguired I

Determine whether significant changes have been made to EIR and/or draft SE0 iR
document that would wa rrantfurther consultation,

[w
SEOAPPROVED | SEONOT APPROVED I

Approval decision publisher in 54 Government Gazette
5-10 businessdays.




Transparency “1

Public Access to regulatory decision making.

J Criteria for classifying the level of Environmental Impact

. All Environmental Impact Reports, assessments and Statements of
Environmental Objectives (Approval Conditions) are online

Community access to industry performance information:
* environmental performance R —
e regulatory enforcement actions . B
 surveillance activity information

e Licensee Annual Compliance Reports q .
) PGE Act Complia nce pOIiCV Do e -'{;:",... . 64 Petroleum and Geothermal Energy Act
e PGE Act Annual Compliance report _—

compliance report 2012

Energy Resources Drvision




Licence
cancellation

Security forfeiture

| Punitive measures |

Appropriate range of

Prosecution or
administrative penalty

Step 4

Revert licensee to
‘high surveillance’ operator

regLIIatory |Compu|sive measuresl o o
Activity direction or prohibition

enforcement tools Step 3

‘Show cause’ letter

to eI|C|t Comp“ant |Persuasive measures(

/ Notice of noncompliance

: Step 2
behaviour.
e PGE Act compliance policy SR

e PGE Act Annual Compliance report Step1

Informal communication of suspected or detected noncompliances
Monitoring compliance (field and desktop inspections)

Compliance with the Petroleum and
Geothermal Energy Act 2000 requirements

Achieve statement of environmental objectives (SEO) requirements
Public recognition of outstanding perfoermance
Security lodgement  Education and support
FOUNDATION FOR EFFECTIVE REGULATION  2ca067.020




Part 2
What are the risks?




How do we identify and manage the risks?

Beach Energy Shale Gas Fraccing - EIR

Beach Energy Shale Gas Fraccing - SEO




EIR Summary

HAZARDOUS EVENTS

POTENTIAL CONSEQUENCES

MITIGATION MEASURES

Access & pad construction,
vehicle & people movement.

Intrusion or physical damage
to areas of Aboriginal
heritage significance.

Scouting for such sites to
be undertaken ahead of
activity.

Crossflow from hydrocarbon

zones or lesser quality aquifers.

Drilling through fresh water
aquifers.

Fraccing into adjacent and
overlying aquifers

Contamination of aquifers.

Pollute water source of other
users

Identified aquifers isolated
behind casing.

Use of non-toxic muds.

Non-toxic frac fluid.

Monitor frac through micro
seismic and control pump
pressures accordingly
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Courtesy: APPEA Natural Gas Revolution Brochure, 2013
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Best Practice Industry Standards

http://www.shalegas.energy.gov/resources/HF1.pdf

Hydraulic Fracturing Operations—
Well Construction and Integrity
Guidelines

API GUIDANCE DOCUMENT HF1
FIRST EDITION, OCTOBER 2009

nel




Recommended Well Construction Practice

Typical Qil and / or Gas Well Schematic

I Con du clgL pi
urface casing
Intermediale cash |g

Produclion casing

Lagend
- Stes| casing of pipe

Cement

Figure 1—Typical Well Schematic

All surface aquifers behind
cemented casing to surface

All other strings cemented
casing above shoe across
aquifers or productive zones
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Approved Practice for All future Wells

* Well will be drilled through the
surface sediments into the
Eumeralla Formation and casing run
so that the surface aquifers are not
in communication with the well bore

* All casing strings will be cemented to
surface

* Beyond recommended practice

TARGET

ZONE

mroIrr—a10

I 26" hole

20" conducter set 8-12 metres

174" hole
cemented to surface

13%" 68 Ib/ft K55 casing

to ~600 metres

121" hole

cemented to surface

9%" 47 Ib/ft L8O casing
to ~2,600 metres

84" hole

cemented to surface

5%" 26.8 b/t P110 casing
to ~2,400 metres

5" 23.2Ib/ft P110 casing
~2,400 o total depth
(~4,000 metres)

0(m)~

1000 —

2000 —

3000 —

4000 —



What are the risks

Casing and cement integrity

Not acceptable or tolerable...



BRIEF OF EVIDENCE

Investigation into the circumstances surrounding the Uncontrolled Release of Oil
and Gas from the Montara Wellhead Platform

MONTARA DEVELOPMENT PROJECT

located in the Timor Sea approximately 250 km north-west of the
Western Australian coast, almost 700 km from Darwin in the offshore
area of the Territory of Ashmore and Cartier Islands

Owned and Operated

By
PTTEPAA Australasia (Ashmore Cartier) Pty Ltd
PTTEPAA
(ACN 004 210 164)

On

215 AUGUST 2009




EIR Summary

Access & pad construction,
vehicle & people movement.

Intrusion or physical damage
to areas of Aboriginal
heritage significance.

Scouting for such sites to
be undertaken ahead of
activity.

Crossflow from hydrocarbon

zones or lesser quality aquifers.

Drilling through fresh water
aquifers.

Contamination of aquifers.
—

Fraccing into adjacent and
overlying aquifers

Use of non-toxic muds.

Non-toxic frac fluid.




Offset -Well Microseismic Mapping

A Microselsm Is a
Micro-Earthquaka,
Shoar Slippage Al
An Existing Plana
Weakness.
Microselsma That
Occur During
Hydraulic Fractur
Ara Caused By
Changes In
Stress And
Prossure As

Result Of Tha
Traatmani

Recorded Events




Specialised extraction

eCNNoOIOE
. —— Fracture half
Stimulated rock volume in horizontal well (from

microseismic monitoring) Ie ngth an d

Coloured dots indicate fracture events related to hydraulic stimulation

of each perforated stage C()m p|exity iS
controlled by:

Frac fluid viscosity (gel vs
“slickwater”)

Pump rate

Pump pressure
Proppant “mesh” size

In situ stresses

Existing natural fractures

Natural frac barriers (ductile
rocks that don’t break easily)

Rock brittleness




Eagle Ford Shale Fracture Growth

0 D eepest Water Well Depth ——FracTop -==-Perf Top =P erf Mid PerFB.tm ——FracBtm
Eagle Ford surface aquifer depth in blue
2000 Nappamerri
M Atascosa HBurleson T h We”
M De Witt E Dimmit roug :
M000 | wrgete =Frio Section
= Gonzales = Kames
La Salle M Live Oak
£ 6000 | _ —_—— e —— e —————
i W Maverick Me Mullen GAB aqu”:er.s
= Wehb
% ————————————————————
0 8000
—————————————— 4 ———J— — — — — — —
bl ol Thdone 9 Toolachee
10000 Lk fo - e _
Shale targets
Eagle Ford growth =
12000 - 00-300m Patchawarra
14nnn -

Decreasing depth of treatment
Source: After Fisher and Warpinski (2011)

Figure 24: Typical fracture height growth measured during shale gas stimulation in the Eagle
Ford (USA) with Nappamerri Trough well section superimposed



EIR Summary

Access & pad construction,
vehicle & people movement.

Intrusion or physical damage
to areas of Aboriginal
heritage significance.

Scouting for such sites to
be undertaken ahead of
activity.

Crossflow from hydrocarbon

zones or lesser quality aquifers.

Drilling through fresh water
aquifers.

Fraccing into adjacent and
overlying aquifers

Contamination of aquifers.
—

‘Use of non-toxic muds.
‘Non-toxic frac fluid.

Monitor frac through micro
seismic and control pump

pressures accordingly




Gelling

Agent Scale -

KCl 0.056%  |nhibitgr P OIuUStng
0.043% Agent
' 0.011%

Breaker
0.01%

Crosslinker
0,007%

Iron Control
0,003 %

Corrosion
Irihibit o
0.002%

0.038% 0.123%



Additive Type Main Compound(s) Common Use of Main Compound

Diluted Acid {15%)

Hydrochloric acid
or muriatic acid

Help dissolve minerals and
initiate cracks in the rock

Swimming pool chemical and cleaner

Eliminates bacteria in the water that

Bincide Glutaraldehyde : Disinfectant; sterilize medical and dental equipment

produce corrosive byproducts

: Allows a delayed break down of Bleaching agent in detergent and hair cosmetics,

Breaker Ammaonium persulfate . : -

the gel polymer chains manufacture of household plastics
Corrosion
il N, n-dimethyl formamide  Prevents the corrosion of the pipe Used in pharmaceuticals, Acrylic fibers, plastics
inhibitor

(rosslinker

Borate salts

Maintains fluid viscosity as
temperature increases

Laundry detergents, hand soaps, and cosmetics

Polyacrylamide

Minimizes friction between

Water treatment, soil conditioner

Friction reducer : :
Mineral oil the fluid and the pipe Make up remover, laxatives, candy
Gel Guar qum or hydroxyethyl  Thickens the water in order to suspend the sand  (osmetics, toothpaste, sauces, baked goods, ice cream
Iron control Citric acid Prevents precipitation of metal oxides fuoe add:it.we, ﬂ“ﬁ“"g 4 fnu_d .:md !
beverages; lemon juice ~7% Citric Acid
Kl Potassium chloride (reates a brine carrier fluid Low sodium table salt substitute
Oxygen Wil braitite Remaoves oxygen from the w_ater to [ﬂsmet!cs, food and beverage
Scavenger protect the pipe from corrosion processing, water treatment
pH Adjusting Sodium or potassium Maintains the effectiveness of other Washing soda, detergents, soap, water
Agent carbonate components, such as crosslinkers softener, glass and ceramics
o Allows the fractures to remain Drinking water filtration, play sand,
Proppant Silica, quartz sand

open so the gas can escape

concrete, brick mortar

Scale inhibitor

Ethylene glycol

Prevents scale deposits in the pipe

Automotive antifreeze, household
cleansers, and de-icing agent

Surfactant

Isopropanol

Used to increase the viscosity of the fracture fluid

Glass cleaner, antiperspirant, and hair color

Source: Engineering Energy: Unconventional Gas Production, ACOLA, 2013



EIR Summary (cont)

HAZARDOUS EVENTS

POTENTIAL CONSEQUENCES

MITIGATION MEASURES

Flow back of frac fluids

Contamination of soil, impact
vegetation and potential
contamination of surface
aquifers

Frac fluid contained within
lined pits

Vehicle and plant refuelling
during operations.

Oil spill damage to soil &
vegetation.

Refuel in designated bunded
area.

Seed importation on vehicles
and equipment.

¢ Introducing alien
vegetation species
(weeds).

e Impact on other land
users, eg farmers,
pastoralists

All vehicles steam cleaned
prior to entering district.




EIR Summary (cont)

Flow back of frac fluids

Vehicle and plant refuelling
during operations.

Oil spill damage to soil &
vegetation.

Refuel in designated bunded
area.

Seed importation on vehicles
and equipment.

¢ Introducing alien
vegetation species
(weeds).

e |Impact on other land
users, eg farmers,
pastoralists

All vehicles steam cleaned
prior to entering district.




Green Completion
Its all about Containment

Initial Flowback Sustained Flow Test |

Lined flowback pit Lined Pit
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Impacts on Other Landowners




Environmental Footprint
lts not CSG i

6.8 km G




Environmental Footprint
Its not CSG

Surface Well pad
— extraction of gas to pipe to consumers

Vertical point of well

Horizontal point of well Fine fractures in rock produced by

hydraulic fracturing stimulation

(Diagram not fo scale)

Source: Styles, Keele Universily, UK



Presence of Hydrocarbon
iIn Shallow Aquifers




Water Bore Sampling -

DEPARTMENT OF MINES AND ENERGY

SOUTH AUSTRALLA

REPORT BOOK 9517

GAS SAMPLING FROM WATER BORES
IN THE NORTHERN GAMBIER BASIN,
SOUTH AUSTRALIA

A, HILL
Petrolenm Division

Available on DMITRE SARIG
DE. VINALL .
Petroleum Division Web site

JUNE 1995 DME......... W A
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Head Space Gas Sampling

ﬂ

Dilwyn Formation

Table 1: Compositional analysis of water bores sampled in 1987 survey.

Sample RIV 11 SYM 61 SMT 29 SMT 29
sample 1 sample 1 sample 2 sample 1
N, + O, 92.67 99.39 94.51 98.92
o, 0.96 0.32 3.12 0.39
CH, 5.39 0.29 0.00 0.00 |
C,H, 0.30 0.00 0.00 0.02
CH, 0.00 0.00 0.00 0.00
.. 0.68 0.00 2.37 0.00
Total 100 100 100 100 H




Table 2. Headspace gas volumes, 1993 survey.

Sample Volume (mL)
JOY-17-1 100
JOY-17-2A 800
SMT-29-1 50
SMT-29-2 450
SMT-29-1A 950
6824-1549-1 100
6824-1549-2 1100 |
FOX-10-2 1150
SYM-61-1 400
MTB-18-1 1000




ﬂ
Dilwyn Formation
Table 3: Bulk composition, water bore gases
Components JOY-17-1 | JOY-17- SMT25- | SMT29-2 | SMT29- 6824- 6824- FOX10- | SYM61-1 | MTB18-
2A 1 1A 1549-1 1549-2 2 1
N, (mol %) 52.3 50.9 47.2 46.2 48.3 7.74 10.2 35.1 725 95.5
0,+Ar (mol %) | 4.79 1.03 246 | 2.87 1.17 0.42 0.50 0.80 1.38 1.45
CO, (mol %) 0.18 1.86 0.05 0.15 0.09 0.04 0.06 0.08 0.56 2.90
C, (mol %) 42.7 46.2 50.3 50.8 50.4 91.8 90.2 64.0 25.6 0.16
C, (uL/L) <30 <30 <30 <30 <30 <30 <30 <30 <30 3
’C_,(,uLIL) <1 1 1 <1 1 4 1 <1 <1 <1
C, (uL/L) <1 1 1 <1 2 4 6 2 1 2
Cs (uL/L) <1 F| <1 <1 1 5 5 2 3 1 ‘
Cs (uL/L) <1 60 30 2 4 11 20 4 15 10




Methane

JOY-17-2A

FIIIVANRNIN EAFVFMMATIAN

Methane 6%C

SMT-29-1A

6824-1549-2

FOX-10-2

SYM-61-1

MTB-18-1

Carbon Isotope Thresholds
* < -60 Biogenic Source
* >-60 Thermogenic Source
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OeprLen CASING & COMPLETION Doptb b
o 45m 20m T [ |6mRT 6 conductor (25,67 10) o
S0 HNarravaturk Marl S5m [ 50
100 100
150 24"HOLE 150
zca Dilwym Formatian 35" NUE 200
288 9 2ppf JE B S/8in cating 250
300 Tubing 94 Sppf K55 BTG W0
250 J40m W0
aea 408 405
e 499m i ii 18 S4Bin casing shoe 450
500 500m {TD 503m) 54T =00
550 5 8s0| |2.817" =0
500 £52m|  JWED s00
L) Gl Bm 50
roa oo
750 TEEm 750
eo0 17 W2" HOLE 800
as0 az0
200 900
%50 asa
1999 1000
1050 1050
1109 10
130 e
1200 13.3/8" casing 1230
a0 BB ppf NBD BTC 150
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1350 Lner Top Packer 4380
1450 [test 2BD0psE in 9. 1400
1480 16Rm T ko 1450
1580 Top of linel 1508
1880 13378 x DEE” 1850
1600 {Smith Lmver Hanger) 1600
1650 1650
1700 H 1709
17850 1764m 11 1783
1800 {TD 1766m) 13-36" casing shos 1838
1855 Top of coment 1B05m 1850
1800 192Im 1530
1950 1946m 1950
E 1990m 2000
2050 2050
2100 200
2150 280
2200 2200
2250 2250
2300 4 12 14" HOLE 2300
7360 7350
2400 2400
2450 Laira Formation. 2458
2500 2500
2550 9.5/87 linar 2853
2609 ATppt B0 BTC 2803
2885 2853
o=l i
2750 i 750
2000 T liver hanger (vo seal) 2000
2850 850
2300 2896m 28 m] .} 9.625in Ener shoe 2500
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3090 000
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azE0 2E8
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33E0 s
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3503 T~ Parforated Liner 3500
3550 26 ppf NED BTG, H 3550
WD 36 % 0.75" holos M & H sean
3850 {uncemanted) H 50
avoo 3700
wse ¥
3z00 1390
3850 8 580
a0 T TIVV Drilalble Packett awﬁnnl:l O so1am 900
3850 i 3950
4p00 T T Shoe _d W 4025m 20002010 000




