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Agenda

—Why Surface-Controlled Lift?
—Implementation of Electric Gas Lift
—API 19G2 Flow Testing

— Experimental Testing

—Results and Interpretation
—Conclusions
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Adaptive Gas Lift
System (AGLS)

v

Why Surface-Controlled Gas Lift?

Advanced Production Increased Oil Recovery
— Maximize injection depth — |mproved drainage of
— Variable orifice adjustment reservoir
— Remote control and — Prolonged lifetime of well
adjustments
— Reduced intervention
shutdowns
Intervention Avoidance Climate Contribution
— Avoid premature opening of — Avoid carbon footprint
valves associated with

— Online adjustments avoid interventions

interventions to perform — Improved utilization of
orifice adjustments available gas, reducing
CO, per barrel
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How? |
— Combined existing and field-proven technologies from Emerson Roxar and PTC it Smglqcnnnectmn to subs
Interwell - %—*— host data system g
— Integration and control of PTC gas lift valve on Roxar Integrated Downhole Network = lida N!Hmph O iatre Of deffart
— Electrification enables topside adjustment of gas lift application after installation s | N _#“types may be connected to
: - the same single

— Online and adjustable - cable network in the well
_ Project initiated in 2020 ' : ' g
— Validation testing of prototype valve started in H2 2023 and was completed Q1 2024
— Validation testing according to AWES RP 3362-36 for electronic components

— Validation testing for APl 19G2 and 19G1 for valve and side-pocket mandrel

— System designed and tested to an absolute pressure of 15,000 psi and a max
temperature of 150°C

Concept feasibility Concept Development

2020 H2 2021 H1 2021 H2 2022
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APl 19G2 Annex G Testing

System Specifications
— 6,000-gal [23-m?3] liquid nitrogen storage
— 1,125-scf [32-scm] high-pressure nitrogen
gas storage
— Pressures up to 3,000 psi [207 bar]

— Flow rates up to 12 MMscfd with nitrogen
gas [0.4 MMscmd]

System Operation
— Accurate flow measurement = B
— Instrumented test section | =
— Upstream control valve (UCV) and B o
downstream control valve (DCV) for
pressure control
= PID control on UCV to maintain pressure

~ | 5. Flow Meter
: Section

targets
= Ramp profile on DCV to control downstream L
pressure and flow rate 2. Liquid Nitrogen 3. Heat Exchangers
— No temperature control Pump
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Flow Coefficient Testing

Flow Coefficient testing is performed in accordance with APl 19G2, 2nd Edition
— Operator maintains approximately constant upstream pressure while decreasing the downstream pressure
— Flow is continually increased until choked flow is achieved, or facility limitations are reached
— Cv charts are generated according to the equation specified in API 19G2

Typical Fixed-Orifice Flow Data

1600 -+ 2 1.6 4
1400 § 1.4
ﬁ1200 — 1.5 5 1.2 ]
= , 2 ]
%1000 g 1.0 ]
 —— N E o
800 14 1 =
§ ] @ 6 0.8 -
£ 600 | & . :
/ i z > 06 L1
400 05 2 ] 1
] " 0.4 - (Sqx Ty X Zy 5-)2
200 ] E xC » 4 RP
1 r 0.2 7= q
0 0 ] Y 1360P;
20 120 220 320 420 0.0 1 ‘ , ‘ ‘ ‘ ‘ , ‘
Elapsed Time [sec] 00 01 02 03 04 05 06 07 08 09

+ Upstream Pressure = Downstream Pressure 4 Flow Rate Pressure Ratio (x)

2. . iroc.coM




) SGAS LIFT ——
7~ WORKSHOP

Gas
Outlet

Test Plan for Electric Valve

API 19G2 Flow Coefficient Testing
— Constant upstream pressures: 1,000 psi,

Experimental Testing

— Operate the electric valve between
1,500 psi and 2,000 psi positions during continuous gas flow
— Oirifice sizes: 10/64”, 18/64”, 24/64” — Operate valve across its operational
and 32/64” region with a dP of up to 2,175 psi
[150 bar]
— Open and close valve with up to
2,175 psi [150 bar] differential
pressure
— Verify behavior of valve during Gas

dynamic flow conditions Inlet

18/64”
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Original Cv Plot
° ° 20 b
Flow Coefficient Results -
Analysis methods were modified to fit the data collected 151
o
— Different port geometry - different plot shape :
— Used data after inflection point, as progressing towards choked flow, to 103
calculate flow coefficient and critical pressure ratio
0.5 |
AGLS Flow Data
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Experimental Testing —1 |
Experimental testing was performed while adjusting the position of the AGLS .
Pre

tream
— DCV was left in the fully open position to maintain the lowest backpressure possible ssure

i ) I 3 iy
(target differential pressure of 2,175 psi) _ ! L} PTCTest [
— Different AGLS position ranges were tested, optimizing flow control and measurement :E ;1 "i 40 Fixture | _

with different control valve trims and orifice plates - k Mj\ X

l
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Experimental Test Results and Interpretation

Test results

— Opened/closed against 2,500-psi [~175-bar] differential
pressure (DP)

— Closed > 24/64” with = 2,175-psi [150-bar] DP
_ 24/64” > Closed with = 2,175-psi [150-bar] DP
— 24/64” > 32/64” with max facility DP = 1,700 psi [~120 bar]
— 32/64” > 24/64” with max facility DP = 1,700 psi [~120 bar]

Valve performance

— Experimental test was successfully completed according to
requirements

= Capable of adjusting orifice during high flow and high differential
pressure

= No abnormalities experienced during orifice adjustment
— Some limitations to flow facility experienced during testing
due to high volume demand and longer flow durations

A
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Experimental Test Results and Interpretation

Nonlinear ratio between flow rate AGLS Flow Performance vs Orifice Position for a Typical Well Condition Scenario

and orifice size 100% 10:/64" 16/64" _ 20/64" 24/64" 26/64" 32/64"
— Equivalent orifice size vs % opening 0% | | | ; ; ; ;
%- 80% : : /
Computational Fluid Dynamics % 0% /
(CFD) Analysis £ 60%
— Good match between CFD and flow xR 50% !
data § 40% Well condition scenario:
— CFD can be used to fill gaps % 30% Idng)e:tgo4n4pgeasrsure =134.3 bar
between actual flow data L 20% SG = 0.635
— Allows creation of dynamic flow 10% Temp =92.3°C
performance curves 0% = '

10% 20% 30% 40% 50% 60% 70% 80%
Orifice opening [%]
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Conclusions

SwRI Nitrogen Blowdown Facility
— Good fit for the experimental tests

— Some limitations on higher flow rates and long-duration test
= Possible upgrades to Nitrogen Blowdown Facility
= Possible use of high-pressure recirculating loop (Gas Lift Test Facility)

API Testing
— Some challenges regarding Cv calculations — different equations may be necessary
— Identified a method for analysis in the meantime

Successful Experimental Testing

— Valuable information concerning valve movement characteristics
— Verified CFD model
— May bring value to include in future API test procedures
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Copyright

* 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, and the Artificial Lift
Research and Development Council (ALRDC) rights to:

* Display the presentation at the Workshop.

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

* Place the presentation 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).
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Disclaimer

The following disclaimer shall be included as the last page of a Technical Presentation or Continuing Education Course. A similar disclaimer is
included on the Gas Lift Workshop webpage.

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 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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