oft , Great South Land

¥ Minerals Limited

» 4
T;‘ Great South Land Minerals Limited ABN 54 068 650 386
-

DRILLING
OPERATIONS
MANUAL

Revisio Revision Revised Revision Details Revised By
Numbe Dat Secti
1 Feb 2008 All New Operator DMN




GSLM Lid Chapter 0 Page T of 7
Drilling Operations Manual Index Rev 1 Feb 2008

INDEX

DRILLING OPERATIONS MANUAL INDEX - TABLE OF CONTENTS

INDEX OF CHAPTERS 2
INDEX OF TABLES 5
INDEX OF FIGURES 7

Drilling Operations Manual
Page 2 of 257



GSLM L

Chapter 0 Page 2 of 7

Drilling Operations Manual Index Rev 1 Feb 2008

Chapter 1

Chapter 2

Chapter 3

Chapter 4

Chapter 5

Chapter 6

Brilling Operations Manual

DRILLING OPERATIONS MANUAL. - INDEX OF CHAPTERS

[ O 4
WK =

3.1
3.2
3.3
3.4
3.5
3.6
3.7
3.8

Introduction
Table of Contents
Distribution
Purpose
Application
Definitions
References

Quicklook Drilling Operations Guide
Cbjectives
Quicklook Drilling Operations Guide

General Drilling Practices
Objectives

Responsibilities

General Drilling Standards
General QOperational Practices
Prevention of Stuck Pipe
Prevention of Lost Circulation
Field Supervision

Reports and Reporting

Appendix 1: Tripping Procedures (To be displayed in Doghouse)

4.1
4.2
4.3
4.4
4.5
4.6
4.7
4.8

5.1
5.2
5.3
54
5.5

Drill String Equipment

Objectives

Responsibilities

BHA Handling - Notes

Shock Subs

Jars

Drill String Stabilisers

Drill String Barriers

Inspection of Drill String Components

Drilling Fluids

Objectives

Responsibilities

Standards

Solids Control

Monitaring, Reporting and Testing

Appendix 1: Cooper Basin Typical Mud Programmes.

6.1
6.2
8.3
6.4
6.5
6.6
6.7
6.8

Trajectory Control

Objectives

Responsibilities

Surveying Standards

General Survey Requirements

General Survey Practices and Guidelines
Directional Drilling - Rotary

Sidetracking

Directional Drilling Requirements

Appendix I.1 Lateral Position Uncertainty
Appendix .2 Worked Example
Appendix 1.3 Ellipse of Uncertainty

Page 3 of 257



GSLM Ltd Chapter 0 Page 3 of 7
Drilling Operations Manual Index Rev | Feb 2008
Chapter 7 Casing

7.1 Objectives

7.2 Responsibilities

7.3 Casing Standards

7.4 Casing Preparation

7.5 Running Casing

7.6 Casing Pressure Tests
Chapter 8 Cementation

8.1 Objectives

8.2 Responsibilities

8.3 Cementing Ingredients

8.4 Cement Slurry Compositions

8.5 Spacers

8.6 Sampling and Laboratory Testing

8.7 Cement Coverage

8.8 Primary Cementing Procedures

8.9 Squeeze Cementation

8.10 Plug Cementation

8.11 Cement Evaluation

8.12 Quality Control and Documentation

Appendix 1.1 Primary Cementation Calculations - Casing

Appendix 1.2 Primary Cementation Calculations - Liner

Appendix 1.3 Primary Cementation Calculations — Balanced Plug
Chapter 9 Evaluation

9.1 Objectives

9.2 Responsibilities

9.3 Electric Logging

9.4  Coring

9.5 Mud Logging

9.6 Drill Stem Testing
Chapter 10 Well Control

10.1  Objectives

10.2 Responsibilities

10.3  General Standards

10.4 Equipment Standards

10.5 BOP System Testing and Inspection

10.6  Well Control Drills

10.7  Well Control Procedures

10.8 Well Control Problems

10.9 Formatian Integrity Tests

Appendix 1.1: General Well Controf Formulae

Appendix 1.2: Well Control Schematic Procedures

Appendix 1.3: Minimum Well control Equipment Standards
Chapter 11 Suspension and Abandonment

Drilling Operations Manual

11.1  Objectives
; Respaonsibilities
11.3  Standards and Guidelines
11.4  Well Suspension
11.5  Well abandonment
11.6 Lease Clean-up and Waste Disposal

Page 4 of 257



GSLM Ltd Chapter 0 Page 4 of 7
Dritling Operations Manual Index Rev 1 Feb 2008
Chapter 12 Special Operations

12.1  Objectives

12.2  Responsibilities

12.3  Stuck Pipe

12.4  Stuck Logging Tools

12.5  Milling

12,6  Fishing

12,7  Curing Lost Circulation

12.8  Drilling Depleted Reservoirs

12.8  Air Drilling

Appendix 1: Stuck Pipe Analysis — Identifying Causes
Chapter 13 Hazardous Materials Handling

13.1  Obijectives

13.2 Responsibilities

13.3 Radiation

13.4 Explosives

13.5 Hazardous Chemicals
Chapter 14 Wellhead information

14.1  Objectives

14.2 Responsibilities

14.3  Standard wellhead Configurations

14.4  Wellhead Schematics
Chapter 15 Report Forms & Calculation Sheets

Brilling Operations Manual

Page 5 of 257



GSLM Lid Chapter 0 Page 5 of 7
Drilling Operations Manual Index Rev 1 Feb 2008
DRILLING OPERATIONS MANUAL - INDEX OF TABLES
Chapter Title Table Title Table Page
No.
1. Introduction Distribution List 1 1/1
3. General Drilling Responsibilities for Implementation, Supervision and 2 3/3
Practices Verification of Drilling Operations

Vertical Wells, Bottom Hole Assembly Configurations 3 773
Well Control Guidelines 4 10/3
BHA Handling Guidelings 5 1173
Solutions to Hole Problems 6 1273
General Preventative Measures against Stuck Pipe 7 15/3
Preventative Measures against Differential Sticking 8 16/3
Hole Cleaning - Preventative Measures against Stuck Pipe 9 16/3
Prevention of Stuck Pipe due to Hole Instability 10 17/3
Prevention of Key Seating 11 17/3
General Considerations for BHAs in Preventing Stuck Pipe 12 18/3
Procedures for Minimising Losses 13 19/3
Decision Forum, Daily Rig Meeting 14 20/3
Explanation of Terms in DDR 15 2273

4. Drill String Respansibilities for Provision of Drill string Equipment at the 16 274

Equipment Wellsite

Section Modulus (1/C) of Drill String Components 17 3/4
Inspection of Drill String Components 18 10/4

5. Drilling Fluids Responsibilities for Planning, Preparing and Maintaining 19 3/5
Drilling Fluids
Primary Drilling Fluids Ingredients 20 6/5
Qperational Guidelines for Shale Shakers 21 10/5
Hydrocyclone Trguble Shaoting Guide 22 11/5
Standard Drilling Fluids Monitoring Reports 23 13/5
Minimum Drilling Fluids Testing Requirements, Units and 24 1475
Standards

6. Trajectory Control | Responsibilities for Implementation, Supervision and 25 2/86
Verification of Directional drilling and Surveying
Standard Well Plots for Deviated Wells 26 3/6
Survey Requirgments 27 6/6
Standard Survey parameters for Vertical Wells 28 8/6
Acceptance Criteria for Well Surveys 29 a9/6
Standard BHA Configurations in Nominally Vertical Wells 30 14/6
General Lengths of Windows to Effect a Sidetrack 31 16/6
Bit Selection Guidelines 32 19/6
Recommended Precautionary Measures for Problems in a3 21/6
Drilling Directional Well Sections

7. Casing Respaonsibilities for the Preparation, Execution and Reporting 34 3/7
of Casing Operations
CasingTypes and Functions 35 417
Typical Casings: Physical Properties and Make-up Torques 38 6/7
Casing Design and Loading Criteria 37 7/7
Minimum Standard Centralisation Programme 38 8/7
Generic Casing Equipment Check List 39 11/7
Running Casing Pre-job Checklist 40 1217
Generic Casing Running Checklist 41 13/7

Drilling Operations Manual

Page 6 of 257



GSLM Ltd Chapter 0 Page 6 of 7
Drilling Operations Manual Index Rev ] Feb 2008
Chapter Title Table Title Table Page
No.
8. Cementation Responsibilities for Cementing Operations 42 478
Detailed responsibilities for the Execution of Cementing 43 4/8
QOperations
Allowable {(Mix) Water Contaminents 44 5/8
Guide to Standard Cement Slurries 45 6/8
Spacer Formulations 46 7/8
Sample Packaging 47 8/8
Sample Quantities 48 8/8
Minimum Annular Cement Coverage Standards 49 9/8
Cementing Contractor Reporting Reguirements 50 20/8
Reports Prepared by DSV prior to and After Cement Jobs 51 20/8
Qpp: }; Primary Cementing Calculations - Casing 52 21/8
Aggx 1'3 Primary Cementing Calculations - Liner 53 23/8
| Primary Cementing Calculations — Balanced Plug 54 25/8
9. Evaluation Responsibilities for Evaluation - Generic 55 3/8
Responsibilities for Evaluation Activities - Specific 56 479
Guidelines to General Logging Operations 57 7/9
Guidelines whilst Attempting to Free Stuck Logging Tools 58 9/9
Standard Mud Logging Units 59 15/9
Checklist to be faxed to DE with DST Schematic 60 18/9
10. Well Control Responsibilities for Well Control 61 4/10
Freguency of BOP Pressure Testing 652 5/10
Kick Detection and Well Monitoring Equipment 63 10/ 10
Influx Migration Rate and Hydrostatic Pressure Equivalent 64 25710
Calculations
Barite Plug, Barite-Water Mix for Water Based Muds 65 20/10
11. Suspension and | Responsibilities for Suspension, Abandonment and Lease 66 2/ 11
Abandonment Clean-up
Minirnum Mechanical Barriers - Suspension 67 5/ 11
Minimum Mechanical Barriers - Abandonment 68 8/ 11
12. Special Responsibilities for Special Operations 69 2/12
Operations Worked Example for Determining Effective Pull on Stuck Pipe 70 8/12
Guidelines for Jar Types 71 7112
Free Point Determination Methods 72 8/12
Preparation of Stripping-Over Wireline Logging Cable 73 13/12
Increase in Cable Tension — Problems whist Stripping 74 15712
Considerations during Milling 75 16/12
General Operating Recommendations for Milling Operations 76 17712
Expected Milling Rates 77 17 /12
General Guidelines to Milling Junk 78 17112
Classification of Fishing Tools 79 19712
Considerations to be Made Before Fishing 80 20/12
Force Multiplying Fishing Tools 81 21112
Preparation of Washover String 82 24/12
Junk Basket Types 83 24/12
Miscellaneouse Fishing tools and their Use 84 257112
13. Hazardous Responsibilities for Recieval, Storage and Handling of 85 2113
Materials Materials at Wellsite
Handling Categories of Explosives used in Drilling Operations 86 5/13
Precautions when Handling Explosives in the Vicinity of 87 7/13
Electricity
Radio Silence Procedures during Electric logging Operations 88 8/13
14. Welthead Respaonsibilifies for Wellhead Equipment 8% 2/14
Information Standard Wellhead Configurations for Conventional and 90 2/14
Downsized Wells

Drilling Cperations Manual

Page 7 of 257



GSIM Lud Chapter 0 Page 7 of 7

Drilling Operations Manual Index Rev 1 Feb 2008
DRILLING OPERATIONS MANUAL - INDEX OF FIGURES
Chapter Title Figure Title Figure | Page
No.
3. General Drilling Vertical Well Generalised BHA Configurations 1 6/3
Practices
5. Drilling Fluids Centrifuge 2 1215
6. Trajectory Control | Directional Well Plan — Typical Vertical Section View 3 4/6
Directional Well Plan — Typical Plan View 4 5/6
Lateral Position Uncertainty — Tool Comparison 5 2316
Simplified Sections of Example Well 6 25/6
Ellipse of Uncertainty — Along E-W Axis 7 26/86
Ellipse of Uncertainty — Along N-8 Axis 8 26/6
7. Casing API Casing Grade Identification Colour Codes (AP| Spec 5CT) 9 5/7
10. Welt Control Well Control Method Selection — Decision Analysis 10 17710
Well Control Problem Indicators 11 27710
Appendix Il | Kick Drill Condition 1 (On Bottom Drilling) 12 34/10
Well Contral | Kick Drill Condition 2 (While Tripping) 13 | 35/10
Schematic | Kick Drill Condition 3 (Out of Hole) 14 36 /10
Procedures | Kick Drill Condition 4 (Drill collars Adjacent to Preventors) 15 37/10
Well Shut-in Procedure (Drilling or Connection) 16 38/10
Well Shut-in Procedure (Tripping with Drillpipe) i7 39/10
Well Shut-in Procedure (Drill Collars Adjacent to Preventors) 18 40/ 10
Well Kill Procedure — Wait and Weight Method 19 41/10
Well Kill Procedure — Brillers Methad 20 42/10
Well Kill Procedure — Volumetric Control Method (Casing 21 43 10
Pressure)
Well Kill Procedure — Velumetric Control Method (Driflpipe 22 44 /10
Pressure)
Well Kill Procedure - Bullheading 23 45/ 10
Well Kill Procedure ~ Combined Stripping & Volumetric 24 46710
Method (Annular only)
Appendix Il Minimum Choke Manifold Arrangement 25 48 /10
11. Suspension and | Well Suspension Schematic — Surface Casing in Place 26 6/11
Abandaonment Well Suspension Schematic — Surface and Intermediate 27 7111
Casings in Place
Standard P&A Marker Plate Format 28 10/ 11
12. Special Diagram of Hole Condition and Typical FPIT Reading 29 8/12
Operations llustration of Differential Sticking 30 26112
Typical Air, Mist or Foam Drilling layout 31 28712
Appendix | | Stuck Pipe Analysis — ldentifying Causes 32 29/ 12
Stuck Pipe Analysis — Rotary Drilling 33 30712
Stuck Pipe Analysis — Moving Pipe from Static 34 31/12
Stuck Pipe Analysis — Tripping in 35 32712
Stuck Pipe Analysis — Tripping out 36 33/12
Stuck pipe Analysis — Reaming in 37 34/ 12
Stuck Pipe Analysis — Back Reaming 38 35/12
Stuck Pipe Analysis — Circulating 39 36/12
Stuck Pipe Analysis — Running Casing 40 37712
14, Wellhead Conventional 3 String well design: 13 3/8” x 9 5/8" 7", 5000 psi 41 4714
Information Conventional 2 String well design: 8 5/8" x 7", 3000 psi 42 5/14
Wellhead | Conventional 2 String well design: 9 5/8" x & 1/2”, 5000 psi 43 6/14
Schematics | Conventional 2 String well design: 8 5/8" x 5 1/2”, 3000 psi 44 7114
Caonventional 2 String well design; 7° x 3 1/2", 5000 psi 45 8/14
Conventional 2 String well design: 7" x _1/2", 3000 psi 46 8/14

Drilting Operations Manual
Page 8 of 257



GSLM Lud
Drilling Operations Manual

1.1

1.2

1.3

1.4

1.5

1.6

1.7

DISTRIBUTION
PURPOSE
APPLICATION
INTRODUCTION
SAFETY
DEFINITIONS

1.4.1 Abbreviations
1.4.2 Language

REFERENCES

Drilling Operations Manual

Chapter 1
Introduction

CHAPTER 1
INTRODUCTION

TABLE OF CONTENTS

Page 1 of 5
Rev | Feb 2008

Page 9 of 257



GSLM Ltd Chapter 1 Page 1 of 5
Drilling Operations Manual Introduction Rev 1 Feb 2008

CHAPTER 1
INTRODUCTION

TABLE OF CONTENTS

1.1 DISTRIBUTION 2
1.2 PURPOSE 2
1.3 APPLICATION 2
1.4 INTRODUCTION 2
1.5 SAFETY 3
1.6 DEFINITIONS 4

1.4.1 Abbreviations 4

1.4.2 Language 4
1.7 REFERENCES 5

Drilling Cperations Manual
Fage 10 of 257



GSLM Ltd Chapter 1 Page 2 of 5
Drilling Operations Manual Introduction Rev 1 Feb 2008

1.1 DISTRIBUTION LIST

Controlled electronic copy held by Driling manager
Uncontrolled hard copies of this document are distributed as follows:

Copy No. Holder
1 Drilling Manager (GSLM office copy)
2 Drilling Supervisor (Rig copy)
3 Drilling Confractor {Office copy)
4 Contractors Rig Manager (Rig copy)
5 Mineral Resources Tasmania
6

Table 1 Holders of Copies of GSL.M’s Drilling Operations Manual

1.2 PURPOSE
The purpose of the Drilling Operations Manual is to:

« llustrate the policies, standards, guidelines, procedures and controls required during
the drilling of wells.

» Provide a guide for relevant personnel on the procedures to be followed to ensure that
a cansistent, thorough and uniform approach is adopted to facilitate delivery of cost-
effective wells.

» Provide sufficient information to allow the Driliing Supervisor to supervise, and monitor
the drilling operation and control standards and reporting

« .Provide sufficient information which can be used as a reference in planning and field
drilling operations.

1.3  APPLICATION

The Drilling Operations Manual is the reference manual for GSLM, Drilling Supervisors
and Drilling Managers controlling the drilling operations of land wells in Tasmania.

1.4  INTRODUCTION

It is acknowledged that this manual is based on the Drilling Operations Manual used by
several operators in the Cooper Basin of South Australia. It is expected that these
operations will be very similar to those in Tasmania.

Tasmania is largely unexplored and therefore all personnel have to be aware that
unplanned events could occur at any time. All personnel need to he aware of this and
trained fo react correctly. In all circumstances the safety of the public and personnel
on the rig is the prime concern and operations should be carried ouf with safety as the
top priority.

Drilling Operations Manual
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1.5  SAFETY

GSLM is committed to providing a safe and healthy work environment and to
protecting its employees from the possibility of injury and risk to health while they are
at work.

The company will make available the appropriate resources to ensure that it complies
in all respects to the relevant occupational health and safety legislation and to ensure
that the workplace is safe and healthy. In order to achieve this GSLM will ensure that:

« A safe working environment and safe systems of work are provided and
maintained at the wellsite.

+ Equipment is “Fit for Purpose” and maintained in safe condition.

« People working on the rig will be provided with the information, instruction,
training, equipment and supervision needed fo ensure their health and
safety.

« Occupational health and safety standards and procedures are continually
reviewed and improved.

« Risk management procedures are in place to identify, assess and
control/eliminate hazards. These will include, Work Permits, JSA’s, safety
meetings, incident reports, rig inspections etc.

All personnel must be trained, capable and certified (where applicable) for the job they
are doing. Itis the responsibility for the contractor to ensure their personnel are
qualified and trained for the job. The DSV should check qualifications where possible
prior to the job commencing.

In the event of an incident or emergency at the rig the priorities will be as follows:
+ Safety to the Public
« Safety to personnel on the rig
s Environmental Protection
¢ Prevention of damage to equipment

The current workplace health and safety legislation in Tasmania is:

L3  The Workplace Health and Safety Act 1995
LL]l  The Workplace Health and Safety Regulations 1998
L3  The Workers Rehabilitation and Compensation Act 1988

Drilling Operations Manual
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1.6 DEFINITIONS
This section contains the abbreviations and terminology used in this Manual. It is
strongly recommended that all readers familiarise themselves with the abbreviations
and terminology used, to avoid any misunderstanding arising from the use of the terms

in the text.
1.6.1 Abbreviations
AC Alternating Current
API American Petroleum Institute
Bbls Barrels
BOP Blowout Preventer
BUR  Build-up Rate
CBL Cement Bond Log
Cu Cubic
DC Drill Collar
DDR Daily Drilling Report
DOM  Drilling Operations Manual
Dsv Drilling Supervisor
E&D Exploration and Development
EMW  Equivalent Mud Weight
FIT Formation Integrity Test
ft Feet
gat Gallon
gpm Gallons per Minute
HSWE Health, Safety, Welfare and Environment
HTB High Temperature Blend
IADC  International Association of Drilling Contractors
IF Internal Flush
KOP  Kick-off Paint
LCM Lost Circulation Material
MAASP Maximum Allowable Annular Test Surface Pressure
MDT  Moadular Dynamic Tool
MMS  Magnetic Multi Shot
MT Metric Tonnes
MWD  Measurement While Drilling
N/A Nat Applicable
NDT Non Destructive Testing
oD Qutside Diameter
OGL  Operations Geolegist
P & A Plug and Abandon
Pfc Final Circulating Pressure
pPp9 Pounds per Gallon
psi Pounds per square inch
PVT Pressure Volume Temperature.
QA/QC Quality Assurance/ Quality Control
RFT Repeat Formation Tester
ROP Rate of Penetration
RT Rotary Table
SCR Slow Circulating Rate
SEO  Statement of Environmental Objectives
SICP  Shut-in Casing Pressure
SITHP Shut-in Tubing Head Pressure
5X Sacks
TOC  Top of Cement
TVD True Vertical Depth
UHF Ultra High Freguency
USIT  Uitra sonic imaging tool)
VDL Variable Density Log
WGL  Wellsite Geologist
WOC  Waiting on Cement
wt Weight

Drifling Operations Manual

AHD
BHA
bpm
CCL
cmt

CET

DDE
DE
DP
DsT
ECD
EQB
EPIT
GSLM

RIH
rpm

sec/ qt
SF
SIDPP
spm
TP

TLC

WOB
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Along Hole Depth
Bottom Hole Assembly
Barrels per Minute
Casing Collar Locator
Cement

Cement Evaluation Tool

Directional Drilling Engineer
Drilling Engineer

Drili Pipe

Drill Stem Test

Equivalent Circulating Density
End of Build-up

Free Point Indicator Tool
Great South Land Minerals
Geologist

Gamma ray

Height

Heavy Weight Drill Pipe
Inside Diameter

Kelly Bushing

l.ow Gravity Solids
Methylene Blue

Minute

Magnetic Single Shot
Materials Safety Data Sheet
Mud Weight

Near Bit Roller Reamer
Non Magnetic Drill Collar
Naon Return Valve System
Operations Engineer
Open Hole System
Petroleum Engineer

Initial Circulating Pressure
Pull out of Hole

Parts per Millicn

Plastic Viscosity

Run in Hole
Revolutions per Minute

Seconds per guart

Safety Factor

Shut-in Drill Pipe Pressure
Strokes per Minute

Tool Pusher
Total Depth
Tough Logging Conditions

Weight on Bit
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1.6.2 Language

¢ Shall or must indicates a mandatory requirement.
* Should indicates a guideline which is strongly recommended.
May indicates a guideline which is to be considered.

1.7 REFERENCES

All references applicable to a section of the text are identified at the foot of the text
and prefixed by the symbol.

This manual should be used in conjunction with the following references.

GSLM’s Policies and Procedure

Dangerous Goods Act 1998

Mineral Resources Development Act 1995

Mineral Resources Regulations 2006

Mineral Exploration Code Of Practice

Schedule C of the Exploration License

The Workplace Health and Safety Act 1995

The Workplace Health and Safety Regulations 1998
The Workers Rehabilitation and Compensation Act 1988
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2.1 OBJECTIVES

The objective of the Quicklook Drilling Operations Guide is to provide a quick reference for a
newly assigned Rig Supervisor fo the drilling activities carried out by GSLM. The table in
Section 2.2 summarises and outlines the sequential steps involved in planning, constructing,
evaluating and abandoning a typical conventional well. The table incorporates references to
procedures contained in this Manual, and where relevant, the applicable forms which must be
completed.
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