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1 STRUCTURE OF GUIDANCE

This Guidance focuses on safety issues related to flow testing of wells. Section 2 provides a
general discussion of well test options and outlines the regulatory background. Section 3
provides a short description of important issues and then provides guidance on means to ensure
safety.

The following major areas are addressed:

- Management of safety issues in well test operations
- Testing in deep water

- Testing in arctic conditions

- Testing in high pressure and high temperature areas
- Storage and offloading of oil from well testing

In many cases the Guidance does not propose specific solutions but may propose several
alternatives, or may simply identify an area which the user needs to address using best
engineering judgement.

For each of the major areas discussed, a checklist has been created summarizing the main points
to be considered in assessing safety. These checklists are included in Section 4.
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2 INTRODUCTION

2.1 General

This Guidance has been produced as a result of a Joint Industry Project sponsored by the
Minerals Management Service (MMS) Engineering and Research Branch and has been
completed in 2004. The JIP has involved representatives from the main parties concerned with
well testing operations, Offshore Operators, Drilling Contractors, and Well Test Service
Companies.

The main industry contributors have been:

- BP

- Schlumberger

- Global Sante Fe
- DNV

However workshops and hearings conducted within the project have had the participation of a
much larger number of companies.

The guidance relates mainly to areas other than traditional shallow water well testing which has a
relatively good safety record, and aims at safety of testing under more challenging conditions.

2.2 Terms and Acronyms

BOP Blowout Preventer

DNV Det Norske Veritas

DP Dynamic Positioning

DST Drillstem Testing

ESD Emergency Shut Down

F&G Fire and Gas

H2S Hydrogen Sulfide

HAZOP Hazard and Operability Study
HPHT High Pressure High Temperature
HSE Health Safety and Environment
LMRP Lower Marine Riser Package
MMS Minerals Management Service
MODU Mobile Offshore Drilling Unit
MOU Memorandum of Understanding
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OCS Outer Continental Shelf

SEMP Safety and Environmental Management Program
SSTT Subsea Test Tree

USCG United States Coast Guard

WSOG Well Specific Operating Guidelines

2.3 Static versus Dynamic Well Testing

2.3.1 General

In order to determine reservoir characteristics an Operator may decide to carry out well testing.
This testing may be either static (Wireline Formation Testing) or dynamic (Drillstem Testing).
Each of these methods provides certain types of information. Selection of the test method will
depend on the objectives of the well test. Where the test for example, is intended only to confirm
the existence of a hydrocarbon column, a wireline formation test may be sufficient. Where wells
are drilled to prove a minimum volume of hydrocarbons in place, a flow test may be the only
option.

In mature areas the results of historic testing and availability of detailed seismic may be used and
static testing may be sufficient for the Operator’s purposes. In areas where there does not exist
much if any historic data then a flow test may be the best option. Considerations such as cost of
the testing and threat to the environment will also influence the choice of approach.

The guidance in this document addresses only dynamic flow testing (i.e. DST).

2.3.2 Wireline Formation Testing

Wireline Formation Testing is illustrated in the figures below and is employed to determine the
following parameters:

- Formation pressure

- Pressure gradients

- Communication between zones
- Formation fluid collection

- Formation fluid mobility
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Some of the traditional challenges associated with Wireline Formation Testing have been:
- Contamination of reservoir samples (by drilling fluid filtrate and oil based mud)

- Drawdown and sandface control (sudden pressure change between formation and test
bottle causing distortion of sample properties)

- Transportation of samples for assessment
- Limitation on type of data available

Considerable work is currently underway to address these areas and modern tools and procedures
have largely overcome these issues.

. . Typical Offshore
2.3.3 Drillstem Testing Well Testing Layout
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possible environmental impact. One area being looked at is injection of produced oil into another
formation rather than taking it to the surface.

Offshore Surface Testing Layout
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Drillstem testing usually comprises a number of flow periods

- Initial Flow period : to ensure a pressure differential from the formation into the well and
also to remove debris and mud from the hole

- Initial Build-up period : to measure the initial reservoir pressure

- Major Flow period : to measure flow rates, reservoir temperature, and to sample produced
fluids

- Major Build-up period : to measure and record the pressure build-up response, to determine
formation permeability, wellbore damage, and indications of reservoir heterogeneities and
boundaries
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2.4 Well Testing and MODU Type
2.4.1 Waell Testing from a Floating Offshore Unit

Typically well testing on a floating offshore unit, i.e. a semisub, or a drillship is conducted
through the subsea BOP and marine riser.

Conventional well test systems consist of a temporary well completion with tubing supported by
a fluted hanger set below the BOP stack. A test valve located near the packer controls flow from
the reservoir into the tubing string. Gauge bundles hold temperature and pressure recording
devices. Above the hanger is a slick joint or a test tree which spans the BOP ram cavities. One or
more of the BOP pipe rams will be closed around the slick joint/ test tree, sealing off the
wellbore/tubing annulus. Choke and kill lines, with failsafe valves provide access to the annulus.
Above the slick joint is an emergency disconnect device that can close off the tubing bore and
disconnect the tieback tubing string above from the wellbore tubing string below alternatively
the subsea test tree can achieve the same function. . Valves in the quick disconnect assembly
close off both ends of the tubing string to prevent wellbore fluids leaking out of the tubing string.
The tieback tubing string runs through the marine riser to a point above the rig’s drillfiloor. The
surface production tree or flowhead is made up to the top of the tubing string and is supported by

the rig’s travelling block and motion compensator.

The downhole test valve and emergency disconnect are direct hydraulic controlled via an
umbilical strapped to the test string. Alternatively the test valve may be mechanically or

hydraulically actuated.

Generally, annulus pressures are monitored via the rig’s choke and kill lines to check for

downhole tubing or packer leaks.

The diverter will be closed around the top of the tieback string and the drilling riser monitored
either for pressure or flow, indicating a tubing leak in the tie-back tubing. On the rig’s deck a
well test unit separates the gas and liquids and meters each constituent. The gas is normally
flared through the burners and the oil is offloaded to a storage vessel (barge) tied up to the rig.

2.4.2 Waell Testing from a Jack-Up

The surface equipment for well testing is essentially similar for test
from a floating platform or from a jack-up rig. There may be some
changes in the test string from one application to the other.

A typical jack-up test string is shown in fig. 2.3.2 (Halliburton)

Some key differences between resting from a jack-up compared to a
floater are:

- A safety valve is usually installed inside the BOP on the drilling

rig
- No unlatching mechanism is required as with a subsea tree
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2.5 Regulatory Framework (OCS)
2.5.1 General

Drilling Units (MODUs) operating on the OCS are covered by federal regulations administered
by the Department of Homeland Security (U.S. Coast Guard) and the Department of the Interior
(Minerals Management Service). In general the USCG scope covers the drilling unit in maritime
and general safety terms and the MMS are concerned with safety of the drilling and production
operations.

The principal Code of Federal Regulations (CFR) references are:

33CFR Subchapter N - Outer Continental Shelf Activities
46CFR Subchapter I-A - Mobile Offshore Drilling Units
And

30CFR Subchapter B — Offshore

2.5.2 USCG and MMS

Responsibility for follow up of safety on Mobile Offshore Drilling Units (MODUs) on the OCS
is divided between the MMS and USCG. The division of responsibility is defined in a
Memorandum of Understanding between these two bodies. (ref MOU of December 16 1998)

For MODUs the USCG is the lead agency for the following areas :
- MODU design and construction

Bilge and ballast systems
Afloat stability
Hazardous Area Classification

Lifesaving equipment

Firefighting and fire detection equipment

Workplace safety and health

Vessel manning requirements

Lightering operations

Safety Analysis

For MODUs the MMS is the lead agency for the following areas :
- Drilling, Completion, Well Servicing and Workover Systems

Production systems (including those installed for a finite time and designed for removal)

Emergency Shut Down systems
Gas detection (including H2S)
Risers

Pollution (associated with drilling and testing)
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In general the lessee must use the best available and safest technology in order to enhance the
evaluation of abnormal pressure conditions and to minimize the potential for uncontrolled well
flow.

Specifically for well testing the requirements of 30CFR.460 are valid, and will be followed up by
the MMS. These are as follows:

(a) If you intend to conduct a well test, you must include your projected
plans for the test with your Application for Permit to Drill (APD) (formMMS-123) or in an
Application for Permit to Modify (APM) (form MMS—124).

Your plans must include at least the following information:
(1) Estimated flowing and shut-in tubing pressures;
(2) Estimated flow rates and cumulative volumes;
(3) Time duration of flow, buildup, and drawdown periods,
(4) Description and rating of surface and subsurface test equipment;
(5) Schematic drawing, showing the layout of test equipment,;
(6) Description of safety equipment, including gas detectors and fire-fighting equipment;,
(7) Proposed methods to handle or transport produced fluids; and
(8) Description of the test procedures.

(b) You must give the District Supervisor at least 24-hours notice before

starting a well test.

However other requirements in 30CFR250 related to drilling which cover systems used in well
testing will also be applicable (e.g. with respect to well control, mud systems, lifting equipment,
etc) and requirements to the drilling unit itself (e.g. contingency plan, Certificate of
Inspection/Letter of Compliance from USCG) will also be relevant.

In addition practices related to production may also influence the well test operation, for example
the practice of not flaring produced liquid. (see Section 3.7.1 on MMS philosophy on disposal of
produced fluids)

Drills and safety precautions for drilling and production (e.g. H2S precautions) will also be
applicable with respect to well testing
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3 GUIDANCE ON MAJOR SAFETY ISSUES

3.1 Management of Well Testing Operations
3.1.1 General

Offshore operations, including well testing, should be covered by some form of safety
management system. Reference is made to the MMS recommended Safety and Environmental
Management Program (SEMP) and to API RP 75, “Recommended Practice for Development of
a Safety and Environmental Management Program for Outer Continental Shelf (OCS)
Operations and Facilities”. An equivalent company safety management program may also be
used.

The SEMP is a voluntary complement to compliance with the MMS operating regulations. A
SEMP is intended to specify how to:

- Operate and maintain facility equipment;

- Identify and mitigate safety and environmental hazards;

- Change operating equipment, processes, and personnel;

- Respond to and investigate accidents, upsets, and "near misses;"
- Purchase equipment and supplies;

- Work with contractors;

- Train personnel; and

- Review the SEMP to ensure it works and make it better.

3.1.2 API RP 75 — Development of a SEMP

In cooperation with the MMS, the International Association of Drilling Contractors (IADC) and
the National Ocean Industries Association (NOIA), API developed API RP 75 to assist in
development of a management program to address safety from hazards and environmental
impact. The recommended practice is intended to cover all phases of offshore installation
operation and addresses mobile offshore drilling units (MODUs) in addition to production
installations.

The following Management Program Elements are described in API RP 75:
a. Safety and environmental information

b. Hazards analysis

c. Management of change

d. Operating procedures

e. Safe work practices

f. Training

g. Assurance of quality and mechanical integrity of critical equipment
h. Pre-start-up review

i. Emergency response and control

j- Investigation of incidents

k. Audit of safety and environmental management program elements
1. Documentation and record keeping
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Special consideration is given to MODU’s in recognition of the international safety regime to
which they are usually subjected. MODU owners are required to have a safety management
program in accordance with the International Maritime Organization’s (IMO) International
Safety Management (ISM) Code. The ISM Code is however normally only applicable to self-
propelled MODU’s. Many of the hazards associated with the MODU are already identified and
addressed by prescriptive requirements in rules developed by the Flag State (i.e. the maritime
authority of the country in which the unit is registered) and the Classification Society for the
unit, so that hazard analysis can be limited. It should be noted however that drilling and well
testing operations are not normally covered by maritime requirements which focus on marine
systems and operations. Therefore safety hazards and environmental threat from these operations
will need to be specially considered.

3.1.3 Contractor’s Safety Management System

Reference is also made to API RP 76, Contractor Safety Management for Oil and Gas Drilling
and Production Operations.

API RP 75 recommends use of the API RP 76 as a means of ensuring that contractors employed
by the operator also maintain an acceptable level of safety management, in keeping with the
operator’s own safety policy. It therefore recommends that contractors consider requesting
documentation of this by submittal of the following:

a) A copy of the contractor’s written safety and environmental policies and practices
endorsed by the contractor’s top management.

b) A statement of commitment by the contractor to comply with all applicable safety and
environmental regulations and provisions of this publication.

c) Recordable injury and illness experience for the previous years.

d) An outline of the contractor’s initial employee safety orientation.

e) Descriptions of the contractor’s various safety programs, including: accident
investigation procedures; how safety HSE inspections are performed; safety meetings;
substance abuse testing, inspection and preventive maintenance programs.

f) Description of the safety and environmental training that each contractor employee has or
will receive and the contractor’s programs for refresher training.

g) Description of the contractor’s short-service employee training program.

h) Description of contractor’s involvement in industry affairs.

3.1.4 Specific management considerations with regard to well testing.
3.1.5 Organization

In any well test operation there will be a division of responsibility between the major players. It
is assumed that the Operator will have the overall responsibility and will typically contract the
Well Service company to carry out the testing. Both these parties will need to also interface with
the Rig Owner. Managing of well testing and associated operations and the interfaces between
the various players will be important for safety.

Clear lines of responsibility and communication will need to be established for the well testing
operation.
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3.1.6 Responsibility

The Operator will typically have responsibility for determining the reservoir characteristics,
specifying the objectives of the well testing, planning the well test program and following up the
service company.

The Drilling Contractors will typically have responsibility for ensuring that rig safety and utility
systems are in good working order, and have responsibility for overall safety considerations such
as fire fighting, evacuation etc.

The Service Company will have responsibility to ensure that the equipment supplied is in good
condition and is suitable for the intended application and adequate procedures should be
available to address all key operations.

Some key interface areas will be:
- conducting an overall safety assessment of the test
- timing and content of a Job Safety Analysis
- timing and implementation of safety drills
- ensuring personnel are qualified
- ensuring all personnel on board receive safety training
- ensuring that the drilling rig meets regulatory requirements
- ensuring that 31 party equipment meets an acceptable standard
- integration of permit to work system

The roles and responsibilities of the various personnel involved in the well test must be defined.

3.1.7 Manning and Qualification

All personnel involved must be competent and adequately trained for the job. The management
system should consider the sort of qualifications personnel need and how their level of training is
maintained. This will apply to all the parties involved. A training and qualification program
should address initial educational requirements, initial training provided, and program for
continued maintenance/development of competence.

The level of manning depends on the complexity of the well test operation. There should be
sufficient manning for each shift so that personnel are adequately rested.

Special training, (in addition to items such as record keeping, warning signs, equipment, sensors
and alarms), is required when operating in areas where H2S is anticipated. Reference is made to
30CFR250.490 with respect to precautions to be taken when operating in an H2S area. Training
for H2S must be documented in an H2S Contingency Plan.

Training for well control and production is addressed in 30 CFR Subpart O.
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Reference is made to the following with regard to guidance on training:

- API RP T-6 Recommended Practice for Training and Qualification of Personnel in Well
Control Equipment and Techniques for Completion and Workover Operations on
Offshore Locations

- API RP 59 Recommended Practice for Well Control Operations

- API RP 49 Recommended Practice for Drilling and Well Servicing Operations Involving
Hydrogen Sulfide

- API RP 2D Recommended Practice for Operation and maintenance of Offshore Cranes
3.1.8 Parameters for Well Test Spread
In designing the test and specifying the equipment to be used the following parameters will
usually be considered:

- Tubing design (incl. design factors as Burst, Collapse and Tri-axial stress)

- Casing design (incl. design factors as Burst, Collapse and Tri-axial stress)

- Bottom hole temperature and pressure

- Surface flowing temperature and pressure

- Shut in well head pressure

- Flow rates

- Seabed depth

- H2S or CO2 concentration

- Sand production (e.g. erosion of chokes)

- Water cut

- Heavy viscous crude (plugged lines)

- Separation problems or foaming

- Flow Assurance

- Hydrate formation

- Wax or asphaltenes

- Need for methanol and arrangement for storage

- Need for liquid Nitrogen (coil tubing) and arrangement for storage

3.1.9 Suitability of the Drilling Rig

In accordance with 46 CFR 143, all drilling units operating on the OCS must have their general
level of safety assessed by the US Coast Guard either via a Certificate of Inspection (COI) for
US documented rigs and via a Letter of Compliance (LOC) for a foreign documented drilling
unit. The assessment confirms compliance with 46 CFR 107 and 108 or a standard considered
equivalent by the USCG. Typically, as part of this assessment, the USCG will rely on the records
of the Classification Society with which the mobile unit is classed.

In general however the assessment carried out will not necessarily address the suitability of the
unit to conduct a specific well test operation, with a specific well test spread installed on board.
This will need to be separately addressed in order to comply with 30 CFR 250.
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The Operator (in cooperation with the Drilling Contractor) will need to confirm that the
following safety considerations on the drilling unit have been addressed prior to start of the
operation:

Area classification
Availability of escape ways
Flare radiation levels
Deck drainage

Fire fighting arrangement
ESD coordination

Fire and Gas detection
Provision of utilities
Steam

Combustion air to burner
Instrument air

Electric power
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3.2 Deepwater Drilling and Well Testing

Drilling in increased water depths imposes additional hazards compared to shallow water
conventional drilling. These hazards are also reflected in the well testing operation.

3.2.1 Control of Subsea Equipment

As water depth increases, the response time of the tie-back tubing emergency disconnect controls
increases. This may affect the ability of the drilling unit to quickly disconnect should an
emergency arise, for example the drilling vessel losing its position-keeping ability, either DP or
anchor lines.

Further, the hazards associated with a gas leak into the marine riser in very deep water may be
more significant than in shallower water depths. A tie-back tubing leak in 10,000 ft water depth
could quickly evacuate a riser and result in collapse of the drilling riser. It could resemble a kick
in a 10,000 ft well with little or no BOP equipment to control it.

Close monitoring of the riser and rapid closure of the test valves and emergency disconnect are
therefore essential to safety.

The challenge has been to decrease the time between signalling from the drilling unit and
initiating the function at the subsea test tree (SSTT). Disconnecting a subsea test tree is a
complex task involving shutting in the well, closing the landing string, bleeding pressure
between two valves, and then unlatching. All these functions must be completed as rapidly as
possible. The typical closing time of a subsea BOP is between 45 secs to 60 secs at which time
disconnection of the Lower Marine Riser package can be carried out. The well test string must
therefore be capable of being shut in and disconnected well within this limit to permit safe
disconnection of the riser.

Systems are now available that utilize telemetry in the wellbore annulus for positive control.
Direct hydraulic control systems are being replaced by electro-hydraulic multiplexed systems.
These new control systems can effect a shut off and disconnect of the test string inside the BOP
within 15 seconds (an equivalent direct hydraulic system could take several minutes to transmit
signals in large water depths). In an emergency situation, the well test system can therefore be
safely isolated, disconnected and blown down before the drill rig disconnect system completes its
sequence.

In the event that disconnection of the test string is not possible the BOP must be capable of
shearing the shear joint in the landing string. In order to ensure that this is possible the spacing
out of the landing string is very important to ensure that the shear joint and the shear rams are
correctly aligned.

The BOP and LMRP operation are normally the responsibility of the Driller. The control of the
Subsea Test Tree is normally the responsibility of the Service Company representative. It is
critical that procedures and operation of these two systems are clearly defined and coordinated.
Current practice is not to integrate these systems into one control system, but to ensure constant
manning and communication.

A normal operating envelope for the operation should be clearly defined and limits set to the
various parameters which may affect safety, such as : environmental conditions, offset. In
addition procedures for tackling accidental situations should also be documented, e.g. fire,
leakage.
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3.2.2 Hydrate and Wax Plugs

Deepwater applications are also more susceptible to hydrate and wax plug formation which may
represent a safety hazard where plugs prevent the correct actuation and function of the subsea
equipment. Hydrates may occur where gas and water come into contact under pressure at a
temperature below the hydrate formation temperature. In deepwater, the low seabed temperature
and the riser length will contribute to possible solid formation. Critical areas of the well test
system will be areas which experience a significant reduction in temperature, for example at the
seabed and downstream of the choke manifold.

In order to inhibit hydrate formation in situations where the temperature may drop below the
critical level, methanol or glycol injection may be employed. This will be effective in preventing
the necessary contact between water and gas to permit hydrate formation. Use of these hydrate-
inhibiting fluids should be considered during pressure testing and at start up until the flow
conditions are above the critical hydrate temperature.

It should be noted that methanol use raises additional potential hazards on the drilling unit with
respect to handling and storage of the methanol (see below).

It is important to design the string and to develop operational procedures to minimize the
potential of solid formation. It is also important to develop procedures to tackle solid formation
should it occur.

Some factors to be considered will include:

- Procedures for start-up, flow, and shut-in (including during mechanical breakdowns,
scheduled platform maintenance, or hurricane related extended shut-ins)

- test string configuration (minimize any restrictions)

- sizing of components (ensure sufficient velocity to lift water out )

- chemical injection points, capacity , and properties

- Use of inhibitor pills and procedure for displacement of shut in fluid

- Need for seabed sensors (e.g. at SSTT) to monitor pressure and temperature

3.2.3 Use and storage of Methanol

Methanol is a colorless alcohol, hygroscopic and completely miscible with water, but much
lighter (specific gravity 0.8). It is a good solvent, but very toxic and extremely flammable. It
burns producing a faint bluish non-luminous flame.

Storage and transportation of methanol should be in tanks specifically designed and certified for
the purpose. Reference is made to 49 CFR 178 for requirements to tank design and construction.

The tank should be properly secured to prevent any movement in the event of listing of a floating
rig.

Storage of methanol will give rise to a hazardous area which in turn will place requirements on
limitation of potential ignition sources in the vicinity of the tank (ref API RP 500 or RP 505).

In order to protect against fire the tanks should be protected by firewater. Alcohol resistant foam
should also be available.

Since a methanol flame is very difficult to see it is recommended to provide salt on the tank to
make any flame luminous.
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3.2.4 Increased Demand on Drilling Equipment

Deepwater drilling will place greater demand on support equipment on which the well test
system also depends (e.g. well control equipment, tensioning system, hoisting system). These
systems will be specified to the ratings necessary to operate for the specific drilling operation.

Drilling in deepwater areas has also resulted in increased possibility of encountering high
pressure and high temperature wells which will also require special attention in well testing (this
is addressed in a later section).
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3.3 Testing from Dynamically Positioned (DP) Vessels
3.3.1 General

Testing from DP vessels is typically conducted in deep water. Therefore the considerations listed
above for deep water will normally also apply to such operations.

3.3.2 Requirements to DP system

A dynamic positioning system on a drilling installation is a mandatory part of the classification
of the unit, it is also subject to follow up by the flag state and the USCG as part of their scope.

There are several levels of reliability in a DP system, which are defined by their worst case
failure modes as follows:

DP1