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Most operators will not qualify the standard Gas Lift
Valve as a barrier element

WHY?

*The traditional valve has not been taken through a
qualification program as for well barriers

*The other items in the well barrier envelope is
normally subjected to stringent test requirements

i.e. APl 6A for well head, ISO 14310 for packers, ISO 10432:2004 for
down hole safety valves etc.
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The industry (authorities and operators) identifies a need for new
qualification requirements based on the desire for higher
performance levels

PREFERRED PROCESS

*Similar process as the development of ISO 10432:2004 for Downhole
Safety Valves (often referred to as the “Rogalands test”)

*The traditional gas lift valves failed to meet the new requirements

HOW?

MERGER OF ISO 14310 (Packers and bridge plugs) AND ISO
17078 — 2 Gas lift valves

CONCLUSION
‘New Gas Lift Valve technology needed to be developed
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APl 11 V1, 1995/2000

API V5, 1999

API V7,1999

ISO 17078 part 2, 2004

NORSOK D-10, 2004
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Specifications for Gas Lift
Equipment

Recommended Practice for
Operation, Maintenance and
Trouble-shooting of Gas Lift
Installations

Recommended Practice for Repair,
Testing and Setting of Gas Lift
Valves

Flow Control Devices for Side-
pocket Mandrels

Well Integrity in Drilling and
Well Operations
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Operator GLV requirements

“The gas lift valve (s) shall together with the tubing be part
of the primary barrier”

&
Gas Lift Valve Acceptance criteria's

1. Leak test (liquid):
No more than 1% reduction in the differential pressure over the
hold period after sufficient time has been allowed for stabilisation

2. Leak test (gas):
No more than 20 cc leakage over the hold period after sufficient
time has been allowed for stabilisation. The bubble rate shall not
increase during the hold period.

3. Closing:
The back check valve shall close at a differential pressure of less

than 25 psi.
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A qualification program was performed in 2005-2006 where 7
different gas lift valves from 3 vendors were tested

RESULT
- Testing revealed weaknesses to back check valve function:
— Damaged to soft seal, dart and spring elements
— Leakage high above accept criteria’s (gas: 3-30 1/10 min)

— Inconsistency in seating and integrity

CONCLUSION:

None of the valves are qualified to be a well barrier

= Development of gas lift valve technology was required!
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The goal was to develop a safe and reliable Gas Lift Valve
that:

* Fulfils the well barrier requirements

 Reduce well intervention frequency => reduced OPEX

Two design concepts were found to have the greatest
potential:

 Petroleum Technology Company (PTC):
SafeLift® (1 2” OD) spring activated sliding sleeve / dart

« Baker Oil Tool (BOT):
Gas Lift Barrier Valve® (1 2” OD) spring loaded flapper valve
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The test program was developed based on
the requirements in;

— I1SO 17078-2: Flow control devices for side-pocket
mandrels

— 1SO 14310: Packers and bridge plugs (V1)
— 1SO 10432: Subsurface safety valve equipment
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« The PTC SafeLift® (1 '2” OD) orifice valve fulfils all acceptance
criteria’s set forth in the qualification test program.

« The valve is qualified to be a well barrier according to NORSOK D-
010 and StatoilHydros's governing documents: Well Construction.

 The back check valve function has successfully passed through
the comprehensive test program without any damaged to the
valve and with consistency for all tests performed.

« Qualification testing demonstrates that the reliability of the valve
is high and that number of well interventions and OPEX can be
expected to be reduced.
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1 %2” OD orifice valve (orifice range: 1/8” to 1/2”)

True metal-to-metal seals (no soft seals inside valves)

« Valve design is optimized for seal area protection (flow erosion)
« Spring activated valve with positive sealing

 Spring is protected from flow

 Vibrations are eliminated by design

« 25-180°C working temperature envelope (1so 14310-V0 tested at +2 to +165C)
 Designed for 10 000 psi working pressure

« Capable of flow rates exceeding 240 000 Sm*3/day

« Spring can be pre-set to various opening differentials
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 API - no barrier requirements for gas lift valves

 ISO - have adopted API performance
requirements

« NORSOK - referring to APl / ISO performance
requirements

 PSA - referring to down hole saftey valve
requirements and performance

» Ptil — referring to leak tight performance and
pending on operators test program for
qualification

Feb. 4 - 8, 2008 2008 Gas-Lift Workshop 11



To qualify the GLV as a well barrier:

 Norsok D10. “For gas lift valves to qualify as a
well barrier there shall be a qualification test
demonstrating the valves ability to be gas tight
over an operator defined number of cycles”.

* Petroleum Safety Authority (PSA) “ An operator
that wants to use gas lift valves as satisfactory
barrier element against the reservoir must
consider these valves to be down hole safety
valves”

« StatoilHydro “ The Gas Lift Valve shall together
with the tubing be part of the primary barrier

(Continued on next slide)
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Test program was developed on this basis as;

- StatoilHydro Gas Lift Qualification / back check valve testing test
procedure

* The tests have been performed at:
— International Research Institute of Stavanger AS (IRIS)
— K-lab at Karste - Full scale gas test



The validation test program consists of four phases:

1. Initial function test, water and gas

 Open and close (back check) tests at ambient and elevated
temperature, with and without spring installed

2. Unloading tests (water)

- 600 bbl, 1.5 bbl/min

 Back check leak tests at each 200 bbl with water and gas
3. Full scale gas flow test at 1885 psi

100 open / close cycles with back check leak test after each
10 o/c sequence

* Min. 140hrs of maximum gas flow circulation (250.000 m3/d)
4. Final function test, water and gas

 Open and close (back check) tests
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Additional Gas Lift Valve - Optional testing

1. 1S0O 14310 — VO Gas test at ambient and elevated temperature

« “zero gas bubbles during hold period of 15 minutes”

2. Erosion test
 water and barite
 Extended unloading rate

« “zero gas bubbles”
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The SafeL.ift® gas lift valve: SafeLifte

* Qualified as a barrier element
according to Norsok D10 and
StatoilHydro

 Extended life time
* Increased fluid flow capacity
* Increased gas flow capacity

* Increased tolerance for particle
erosion
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New requirements — New GLV's
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SafelLift® - Gas Lift Valve
CFD (Computational Fluid Dynamics analysis)
Pressure distribution
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SafeLift® - Gas Lift Valve
CFD analysis - particle tracking
final stage continuous flow
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SafeLift® - Gas Lift Valve




* Project Start — January 2006
 Design and Manufacturing January — April 2006
« FMECA performed and closed June 2006

« Valve manufactured for qualification testing June - July
2006

» Testing of Valve at IRIS (RF) and Karste August -
September 2006.

« Valve final validation tested and accepted November 2006

« Valve available to the market in December 2006
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SafelLift —S, Gas injection
1”7,1.5”, 1 %"

SafeLift —C, Chemical injection
L R 7
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-Variable spring force
-STEALTH orifice

-Surface coating, scale prohibiting
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« SafeLift -high pressure / high temp
Above 10000psi and 200 °C

 Shear open valve

 Dump / kill valve
« Unloading valve / differential valve, iPo/PPO

« Chemical injection sub

All with barrier sealing technology developed for the SafeLift®
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Rights to this presentation are owned by the company(ies) and/or
author(s) listed on the title page. By submitting this presentation to
the Gas-Lift Workshop, they grant to the Workshop, the Artificial Lift
Research and Development Council (ALRDC), and the American
Society of Mechanical Engineers (ASME), rights to:

— Display the presentation at the Workshop.

— Place it on the www.alrdc.com web site, with access to the site to be as
directed by the Workshop Steering Committee.

— Place it on a CD for distribution and/or sale as directed by the Workshop
Steering Committee.

Other uses of this presentation are prohibited without the expressed
written permission of the company(ies) and/or author(s) who own it
and the Workshop Steering Committee.
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The Artificial Lift Research and Development Council and its officers and trustees, and the Gas-Lift
Workshop Steering Committee members, and their supporting organizations and companies (here-in-
after referred to as the Sponsoring Organizations), and the author(s) of this Technical Presentation or
Continuing Education Trainin%Course and their company(ies), provide this presentation and/or

training material at the Gas-Lift Workshop "as is" without any warranty of any kind, express or
implied, as to the accuracy of the information or the products or services referred to by any presenter
(in so far as such warranties may be excluded under any relevant law) and these members and their
companies will not be liable for unlawful actions and any losses or damage that may result from use
of any presentation as a consequence of any inaccuracies in, or any omission from, the information
which therein may be contained.

The views, opinions, and conclusions expressed in these presentations and/or training materials are
those of the author and not necessarily those of the Sponsoring Organizations. The author is solely
responsible for the content of the materials.

The Sponsoring Organizations cannot and do not warrant the accuracy of these documents beyond
the source documents, although we do make every attempt to work from authoritative sources. The
Sponsoring Organizations provide these presentations and/or training materials as a service. The
Sponsoring Organizations make no representations or warranties, express or implied, with respect to
the presentations and/or training materials, or any part thereof, including any warrantees of title, non-
infringement of copyright or patent rights of others, merchantability, or fitness or suitability for any
purpose.
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