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Gas Lift

 Theory, Application, and Advantages
 Horizontal Production Challenges

e Solutions

e Coil Tubing Gas Lift

 Coil Tubing SAGD Gas Lift
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Theory / Application - Gas Lift Objectives and Process

 To lift as deep as
possible within
constraints of
production system

* Inject gas
requirements through
one single valve
station

First In:
¢ Gas Lift Technology
¢ Quality Control

e Customer Service

e Computer Designs
which include “GLAD”
“WEM” and “VALCAL”

e Well Evaluations
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Applications

Return dead or loaded wells back to production
Increase production in flowing wells

Wide range of production rates

o o o o

AR T Remove or unload fluids from gas wells and/or keep gas well
SidePocket unloaded
Mandrel with- ..

Good operation in high GOR wells
Back flow salt water disposal or injection wells

No moving parts

o o o o

Sand production not a major problem
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Horizontal Production Challenges

Challenges with traditional methods of artificial lift providing
lift from the HZ section

Logistics of getting equipment down around the 90 degree
heel

Life span and maintenance of equipment run past 90 degrees
Commonly a lot of sand build-up in HZ section
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Horizontal Production— Gas Lift

Gas Lift

Proposed Well Completion
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Horizontal Production— Gas Lift

| | Injecting gas down the annulus to the crossover packer

At the packer injection gas goes from annulus to tubing

and injecting down tubing through horizontal section
“sweeping” entire horizontal leg

Formation production is annular flow in the horizontal

leg then returning to tubing production in the vertical
section via the crossover packer
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Coll Tubing Solutions — Gas Lift

Colil tubing gas lift (bull plug / valve) can be run down into
HZ section of tubing with ease

Simple , reliable , minimal intervention to set up

Unloading valves/mandrels can be spliced in to coll if required
(low injection pressure)

No moving parts - no rod wear - nothing to get jammed with
sand

No rig intervention required in most cases, can use existing
tubing string

|ocked and packed into any profile nipple
Low BHP wells , extended perforated intervals
Below deviations where it is to risky to run packers
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Coiled Tubing Gas Lift - Downhole Components

(—- Injection Gas

Coiled Tubing

Coiled Tubing
Gas Lift
Mandrels Valves

Bull Plug
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How A Gas Lift Valve Works

3 1/2-in. Casing
1 1/4-in. Coiled Tubing

Gas Lift Mandrel

Gas Lift Valve
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Coll Tubing Gas Lift Valves

* Reduced running OD gas lift mandrels with internally
mounted gas lift valves

e CT connectors are installed above and below each mandrel

* These special mandrels and valves are also used in pack-off
and slim-hole, jointed pipe gas lift applications

 Provides gas lift applications without pulling well
completion
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Colled Tubing Gas Lift Mandrels

Surgrip Coiled Tubing Connector Assembly
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Colled Tubing Gas Lift Surface Components
(—- Injection Gas

CT Wellhead Connector
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Colled Tubing Gas Lift Installation
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Gas Lift Theory / Application - SAGD

Gas lift was one of the first artificial lift choices for SAGD operations. Gas Lift was
chosen due to the low cost and its ability to accommodate the elevated temperature
conditions and high fluid production rates.

Gas lift deployed is a “poor boy” version which is simple completion consisting of
production tubing landed in the producing interval — usually two strings one in heel
and one near the toe. Coil tubing is run concentrically in the production tubing and
gas is injected down the coil and production flows up the tubing (micro-annulus)

Gas Lift currently accounts for ~ 45% of the market share in SAGD operations
Inject gas into producing conduit to reduce fluid density , thus reducing the gradient

Reduce the FBHP enough to allow fluids to flow to surface without mechanical
Interference

Control injection volumes for optimal production

Maintain a stable pressure drop across orifice valve to ensure stable inflow and
consistent injection volumes which are commonly very low ~ 3-5 e3m3/day
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Gas Lift Completion - SAGD

«{1—— Dual tubing strings

Short string produces

/ from the heel
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Instrumentation

Gas injection through concentric string
coiled tubing & bull nose injectors


http://www.icota-canada.com/default.asp

Gas Lift - SAGD - Equipment
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Coll Tubing Gas Lift - Evaluation

Deviation Profile (Whd @ 3.40 meters)
Offset (meters)
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Coll Tubing Gas Lift - Evaluation
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Coll Tubing Gas Lift - Evaluation

Inflow/Qutflow Plot - NODAL ANALYSIS - GAS LIFT
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Coll Tubing Gas Lift - Evaluation

Pressure Profile

TEMPERATLRE (O
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Rate = 25.0 m3/d

Fluid Properties :
Oil Gr = 801.7 Kg/m3
Gas Gr = 0.65
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Coll Tubing Gas Lift - Evaluation

10

Pressure Profile

TEMPERATURE
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Rate = 25.0 m3/d

Oil Gr =

WR = 30.0 %
GOR = 100.0 m3/m3

Wellbore Data :

WHP = 1000.0 kPag
TVWD = 1678.0 m

Corr roan
Anul/73.0X31.75/ 239
Csg/114./ 279
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Hydraulic Jet Pump

* Theory — How They Work
 Applications — Where/Why They are Used
» Advantages

e Colil Tubing Jet Pumps
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Theory — How They Work

drive down-hole pumps.

{ The use of high pressure fluids pumped from the surface to J

Fluid
Supply — |*

Production

+ Exhaust
Power

Fluid

Pum | |
Power
Fluid
Energy Transfer

Pump
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Theory — How They Work

Power Fluid

Combination
of Fluids

Formation
Fluid
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Pressure
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Theory — How They Work

P

I\

Nozzle

p, Throat

Diffuser


http://www.icota-canada.com/default.asp

Theory — How They Work
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Applications — Where They Are Used

Horizontal/Deviated Wells — Can be landed at 90°

Sandy and Gassy Production — No Moving Parts Downhole
FFR Frac Fluid Recovery — Highly Flexible

Production Testing — Moveable Surface Assets

Idle Well Revival — Can Land in Existing Tubing String
Dewatering Gas/CBM Wells — Coil Jet Pump

Backup for ESP & Gas Lift — Can Land in Sliding Sleeve
Corrosive/Scaly/Waxy Wells — Power Fluid Additives
Permanent Production — Low Maintenance

Remote Locations — Pump Retrievable without
Wireline/Service Rig
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Hydraulic Jet Pump - Advantages

No moving parts downhole
High volume capability

Run and retrieve via wireline or “free”
circulation

Deviated and horizontal wells

No rods in tubing

Tolerant of solids, corrosive fluids, gas
Excellent for producing viscous crude

Adaptable to existing BHA's and
sliding sleeves

Repairable at well site

Low pump maintenance, easy to
repair
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Coiled or

: . Conventional Tubing COi I Tu b i n g J et P u m p

 [Installs without pulling tubing

4 Jet e Can be run in directional or
“Free” Pump horizontally completed wells

Ml eoverFuic o Capable of “free pump” operation;
Well Fluid circulates in and out hydraulically

« Jet pump design adaptable to a wide
variety of well conditions and
configurations

Pump Cavity

Produced Fluid

R P R o R R R A R R R e R R R R P A A A A S R R R P R L

3 9,058 6,03 6'03 4'0 303 003 a0 3¢,

J Standing Valve _CaSing Used As Gas
Vent for Liquid Wells
I T or Gas Production for
' ﬂ Gas Wells

PRI RERER
L
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Coll Tubing Jet Pump Completion

Coil tubing Jet Pump

Proposed Well Completion

Fe-rw
Lotaton

F—n-u

tam h*
I'ﬂ' 1 A | 828 mm tubing cet 2t 960 m
Frepared for Treeme B | HE-80 CM 1 %" x 0.134, Coll Tubing detalie:
Propered by Sabaw g 1 308.1 mm, Thermal Grapple Comnector 57.15 mm OO0
2 | 444.5 mm Jet Pump, 45T mem OD set 45 m
Sanvics Centre Ecimonton (780) 480-1040 | [Date
= '—Fw 3 | 416.8 mmm, 275" XN Laiching Seal Assembly, 2 shear ping | 4000 Iof shear releate force.
Tubstas () toin) e e o (%) 3. | 243 = Standing vaive assemiy, £3 mm OO
Surtace Casing 1 337 Wiz >55 BT&C Surl 1243
Int. Casling 1778 30.89 L-80 LTAC Sl L]
Tublrg 889 13.84 L-80 EUE Surt ]
Coll TEG 381 2. HS-80 St
Hotes
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Coll Tubing Jet Pump Wellhead

Coil Wellgead Standard Wellhead

Production
Line

Injection
Line
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Jet Pumping — Surface Equipment

« Each jet pump application will have unigue surface requirements.

* Essentially what is needed:

1. Reservoir Vessel / Separator — Stores produced fluid and power fluid, dumps to
flowline or storage tank. Can act as a separator or be used in conjunction with another

separation vessel, provides power fluid to Triplex.
2. Multiplex or HPS Pump — Provides power fluid to the jet pump. Can be fed either

from a separation vessel or from water tanks.

Jet Pump Surface Setup - NW Alberta
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Jet Pumping — Surface Equipment

Accumulator Vessel

Circulation Relief

Pulsation
Dampener

—tubricator

>

Gas
Separator

Well Head

 Fluid Line

e

Production
—>
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Coll Jet Pump — Case Study

REAL RESULTS

Jet Pumps Installed “Free Style”
Answer Need for Producing Highly
Deviated Wells at Rates of 800 to 50
Bbl/d

Objectives

.

Praduce highly deviated wells of unkncn capability with a
single artificial [t method able to perform relisty over a
wide range of production rates. The rate requirements and
hole deviations eliminated rod pumps, progressing cavity
pumps, ard electric submersible pumps from consideration

Results

= Weaheford's colled tubing Jet pumps produced at rates as

high a3 B00 Bolid and as low as [ess than 50 Bol'd simply by
changing the nozzle andfor throat, This taskwas quickly
accomplished, as the pump's "free style” operation cepability
meant it couid De circulated in ancd oLt hydraulically.

Value to Client

Enahled client to develop a productivity indesinfiow
perfarmance relatiorship (PLPR) far each well to leam
what the well was capaile of producing and to size the
diowrinole pump accordingly. The wells could be produced
at different rates by vanying the power fiuid ifjection
pressures and rates for each nozzlethroat cambiration.

- Mo operalng edpenses were incurred in the changing of

Client
Major Operator

Locatlon:
Novth Texas (Denton area)

Well type:
Gas

CasIngtublng:
B-in., 26-IbTE, 2 7/8- and 1 1/4-in.

nozzles or throats, as e "free style” pumps were Degth In:
installedtetieved with power fuid and not a pulling wnit, 8,000
= The pumps have operabed without any incidents ar Flowy rate:
dowrtime. Dropped from 800 o 50 Brifd
BHA datalls:
Coiled tubing
sy i il
gl::;m.ﬁ:fzglgi Ty P g, m;m:::!uuam WA Bger W m%?;?i:&&m%
I‘Gl.SDI.TCI:I TImT Ea . fo el g B o baratt ary
DT T idorTi3 e nse RS et

MO4-05 Vietie mbrd ARSRLE Refened.
RealResvk AR 107600

Issues With Production:
 Highly deviated wells
« Unknown well capability

Coil Jet Pump Solution:
 Produced variable rates from 8 —
130m?3/day

 Enabled client to develop PI/IPR’s for
each well

» No operating expenses were incurred
to change the nozzles and throats as
they were installed “free style”

e Pumps have operated with no
incidents or downtime
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Jet Pump — Design & Evaluation

Qilmaster 7 11311503
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PRODUCTION RATE (M3/D)
- Production Fluid Cavitation Region
C-CAVITATION 2- 23 MPaPF - Powser Fluid Cavitation Region
Froduction Rate 7= 15 M3/D at 2. MPaPump Intake Prezsue
FF- 27 MPaFF W - IPR at Perfaration Depth
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Jet Pump — Design & Evaluation

WEATHERFORD ALS, INC.

Injection Pressure = Z0.0 HMPa
WELL DATA SUHHNARTY Production Rate = 5.5 M3/D
EEEEEEEmEmmmmmmmmmmmmmmmmmEmmmmmaas Injection Rate = 140.6 M3/D
Horsepower to Jet Pumnp = 50.2 HP
Customer H Date : 1051872011 Pump Intske Fressure = E.9 MPa
Field & Well : Discharge Pressure = 24.4 MPa
Location : Fun ID: 113119-03 Cavitation Rate = g51.0 HSI;’D
. Perforation Depth fm) : 2108.0 13.Producing GOR (=2.m3/m3) : 104.0 Injection Pressure = 23.3 MPa
2. Pump Vertical Depth (m) = Z2190.0 14.Gas Jp. Gravicy (air=1.) : 0.650 Production Rate = 0.6 M3/D
3. Pump Instl (1) Standard Flow 15.3eparator Press (KPa) : BZ8.0 Injection Rate = 150.3 M3/D
(2)Rewv. Flow (3)Parallel Flow: 1 16.Well Static BHF [(HFa) : 7.00 Horsepower to Jet Puwp = g2 .5 HF
4, Ca=zing ID (rem) = 62.0 17.Well Flowing BHP (HP=a) 1.50 Puwp Intake Pressure = 4.1 MPa
5. Tubing OD (roem) = 38.7 15.Well Te=st Flow Rate (m3/D): 15.0 Discharge Pressure = Z4.6 MFa
6. Tubing ID (roem) = 3l1.8 19.Well Head Temp (deg. C) : 15.0 Cavitation Rate = 41.5 M3/D
7. Beturn Tubing ID {rem) @ NSA Z0.Bottom Hole Temp(deg. C) : 65.0
8. Tubing Length (mj} : 2265.0 21.(1l)vented (2)unvented H 1 Injection Pressure = 26.7 MPa
9, Pipe Cond (l)new(2)awyg(3)old : 2 Z2Z.Power Fld (1l)oil (2)water: 2 Froduction Rate = 14.5 H3/D
10.041 Grawvicy (API) : 35.000 23.Power Fld API/Sp. Gravicy: 1.050 Injection Rate = 159.0 M3/D
11.Water Cut (%) ¢ 75.00 Z4.Bubble Point Press (NPa) : 20.82 Horsepower to Jet Fump = 75.8 HF
12 .Water Specific Gravity :  1.050 25.Well Head Press (KEPa) : SZ28.0 Pump Intake Pressure = 2.1 MPa
Discharge Pressure = 24.53 MPa
EEEEESSSEEESSESSSSESESSSSESESSSSESSSSSSESSESSSSSSESSSSSSESSSSSSESSSSSSSSSES=S=S== Cavitation Rate = 31.3 M3/D
Jilmaster TE Jet Pump Performance Summary for User Target Specified Production
Rate of 15.0 m3/D ac Z2.28 MPa Pump Intake Pressure Injection Pressure = 30.0 HPa
Injection Pressure = 26.9 NPa Froduction Rate = 17.7 M3/D
III:IECLIDI] Bace = 159.5 M3/D Injection Rate = 166.7 HS('JD
Horsepower to Jet Pump = 26.4 HP Horsepower to Jet Pump = 59.2 HP
Pump Intake Pressure = .3 MPa Pgmp Intake Pressure = 1.1 MFa
Discharge Pressure - 24.8 MPa Dls?harge Pressure = 25.0 MPa
Cawvitation Rate = 20.3 M3/D

30.6 MH3/D

Cavitation Rate


http://www.icota-canada.com/default.asp

\ 4
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© Copyright 2011 Weatherford
ALL RIGHTS RESERVED

THE OPINIONS PROVIDED ARE DELIVERED FOR INFORMATION
PURPOSES ONLY AND ON AN “AS IS” BASIS. CLIENT SHALL NOT DISCLOSE
UNLESS EXPRESSLY PERMITTED BY WEATHERFORD. WEATHERFORD
MAKES NO WARRANTY, EXPRESS OR IMPLIED, INCLUDING, BUT NOT
LIMITED TO, THE WARRANTIES OF MERCHANTABILITY AND/OR FITNESS
FOR A PARTICULAR PURPOSE. ANY ACTION BY CLIENT ISAT ITS OWN RISK
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