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Alternate Gas Lift Tracer Pilots

Radioactive / Minimum Concentration Tracers

Ex¢onMobil

Michael Romer and Adrian Lejeune — ExxonMobil Technology and Engineering
William Mixon and Andrew Booton — Tracerco

Kurt Pacey — Inficon

Mitch VonBorstel — Welker
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Iracerco ¢’ INFICON "
Insight through innovation WELKER
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Background
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WellTracer®

* Inject a slug of CO, with GL gas

* Detect CO, returns with gas chromatograph

» Real-time data plus nodal analysis determines
communication depth(s)

Preferably at GL valves but could be a hole

« EM has run CO, tracer surveys for ~20 years

* (See References)
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CO, Tracer Surveys — Example

8/2010 — Well multipointing at first five
mandrels; injection rate 43% higher than design

5/2011 — Injection rate reduced to design,
lift at second and fifth mandrels

5/2012 — Multipoint injection at 3rd, 5th,
and 6th valves; valves redesigned

1/2014 — Redesigned valves (ports and pressure
settings) and reduced injection rate by 46%;
production increase of “550 BOEPD
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CO, Tracer Surveys — Pros/Cons

Advantages

* Interventionless determination of communication points
* No production impairments during survey

* Field proven, commercial equipment

Disadvantages

« Potential freezing issues due to sampling line (East Canada, Bakken, North Slope)
« Need enough CO, (pph) to overcome natural background (North Slope)

 Need enough pressure to inject into the GL gas stream (3000 psi in East Canada)
« Logistics of measurement unit, CO,, N, (for pressurization), hoses, laptops, etc.

« Considerations for area classification, exhaust stream, SIMOPS
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Potential Improvements

Radioactive Tracer

* Hire somebody with a license! - il
. . > UYRg ACTIVE MATERIAL: et A
* |nject the gas tracer with the GL gas ~“"A°KAGE'

e

W . '

« Measure it through the flowline (no sampling!)
« High measurement sensitivity, shorter half-life,

Traéerc Kr-79

and dilution mitigate safety concerns SF6
. I I 1.2E-11 /
Minimum Concentration Tracer /
* |nject something inert and alien to production wells /
« Use a high-res (ppb/ppm) mass spectrometer (MS) to sample /
» SF, recommended (common in facilities tracing) /
» Argon easy to find but too close to hydrocarbon spectra, e
as confirmed with sample testing at Inficon /
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Hawkins Field
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History

» East Texas conventional, producing since 1940s

* Initially strong water drive (1st), then gas drive (2nd)
« Double displacement process since 1994 (3rd)

« Heavy oil with “asphalt” mat

« Bail water and inject gas to keep oil at perfs

Hawkins Oil, Water, Gas

Artificial Lift Methods 120
. - | 5
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Hawkins Double Displacement Process

PROJECT

DISCOVERY 1993 CURRENT ULTIMATE
CONDITIONS CONDITIONS CONDITIONS CONDITIONS
1940 (2003)
Gas Gas Gas

Injector Injector Injector

- N
. Asphalt . Water

. Water-Invaded Oil Column

Qil Producer Shut In

Shut In

Shut In

Oil Producer

Water
Withdrawal
Well

Oil Producer
(Ultimate
Drainage)
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Hawkins #1 Pilot
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Hawkins #1
RA Tracing

Kr-79 sourced from Missouri reactor

35hr half-life, so only 3-4 days to
complete surveys

(Other longer-lived isotopes are
available for tracing)

10cc (50mg) of Kr-78 in ampoule
sent to reactor; only a small amount
is converted to Kr-79

Flex Hose

Flex Hose Or Tubing

Or Tubing

Nitrogen

SC02 . Sco1
<] Sample Cylinder

Injection Setup
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Wireless Radiation
Detectors at Inlet,
WH Outlet and Flowline
(shielded circumferentially
to avoid noise)
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Top valve closed, returns from
valves 2 and 3, with more
through bottom valve

Choke had been opened and
WHP had dropped to 110psi
since CO, tracer run

Noted well was producing
more fluids with some slugs

Hypothesized lower WHP
helped close upper two valves

Results matched modeled
nodal analysis predictions

Tracer return times close to
those seen with CO,

Detector responses not
identical because thicker WH
steel attenuates more than
stainless flowline
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Hawkins #1
SF¢ Tracing

Liquid Knockout

Gauge and Regulator

Gas Sample
Line ,

sk THOW Path

Sampling Point
and Primary
Pressure Drop
Inside WH

and Shutoff

-
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Welker Sampling Kit
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Hawkins #2 Pilot
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> 600BPD liquids, ~300 MCFD GL gas
* Three 12/64” IPOs, One 16/64” orifice
* Nodal: All returns through top valve

Hawkins #2 » Acoustic Shot: Only top valve open,
Baseline others liquid-covered (backchecked)
» CO, Tracer: All returns through top
valve, trip time about 2hr
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RA Tracing
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* Single return from top valve
* Same transit time as CO,
* Another match!
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SF¢ vapor pressure at ambient

Hawkins #2 — SF, Tracing ~ "e™P- Was about 350ps, unable
to quantify mass injected

Dual Port / Dip Tube

 SF. normally liquid at injection conditions (same as CO,)

Valve

» Dip tube bottle enables liquid delivery when boosted l If no dip tube, the “head
with another high-pressure source (N, in this case) e gas” just blows off into
, , . . the well (N, + SF, vapor)
* Dip tube bottle unavailable at testing location \f \ .
T Inert gas
60 Io gL “overpressure”
SQ,L SF, Phase L > l ‘//
| Diagram S N Inert Gas
{e.g. He, N;)
1 | g
z | Injection at oo
2 | wasa 800PSi, B0F /| uacrreen 11
7t O | Liquid mixture
5 Critical
B~ 4 region
----------------------------- P,
. \-,&c/."/- l l
2 - o

- Vapor region
0 el T T s S Gl A MR o R i Wl ,&L

220 240 260 280 300 320 340 360 380 625
Temperature T (K) https://www.cacgas.com.sg/liguefied-gas-mixtures
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* Injected SF, and Ar
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Next Steps

RA Tracing
« Effective, non-intrusive, and available!
* Tracing economics highly dependent on RA isotope

« Kr-85 (10yr half-life) is preferred and ~1/10t" cost of Kr-79,
but was unavailable—new supplier identification in progress

SF¢ Tracing

 WH-internal sampler was an improvement over typical tracer setup
* Plan to repeat test with dip tube bottle

A SF, specific measurement device could be even better

May lead to automated GL tracing in the future...
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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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