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BACKGROUND

New unconventional wells in the Permian Basin have been
very challenging to convert from ESP to Rod Pump due to

high gas to liquid ratio’s experienced early in the life of the
well.

ESP’s by nature are designed to pump only liquids and
have difficulty handling a large amount of free gas.

While automation on the rod pump form of lift cannot
differentiate between pump off and gas interference
scenarios limiting runtimes.




WHY IS ARTIFICIAL LIFT SO CHALLENGING?

Horizontal wells are extremely dynamic!

* Highly deviated and undulating * Can produce all gas at times and rates are dynamic
(The “Drunken Porpoise”) * Can produce all liquid at times and rates are dynamic

* Fracture irregularities * Constantly varying liquid gradient

* Pressure and permeability inconsistencies ° Heading up and flumping
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DYNAMIC CASING GAS RATES

Intraminute Casing Gas Rates in MCF using MVT
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DYNAMIC CASING GAS RATES

Intraminute Casing Gas Rates in MCF using GreenShot (continued)
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intake“at 45 degrees-" e R e e ——————— =
Dual Cup Packer/Diverter in vertical

Same fluid path as typical packer style

installation

Adding isolated path for any gas trapped

below the packer to discharge above entire

BHA and pump assembly



DESIGN RECOMMENDATIONS

5.5” 20Lb. Casing Scenario

: : * Notables:
| Target Fluid Velocity € 0.4 . Length of bypass
Inner Diameter 4,778 tube
Outer Diameter 2.043 : L?ng:h Ofttét\il o
, . pipe to get to
Desired Production (BBLS / 24 HRS) 330 degrees
Downward Fluid Velocity 0.211 - 3+ joints between
o - I gas discharge
) ' and TAC
ry - 0.0119 x (BPD) 0D* = 4174
ID?- OD? Area= 18655
in/bbl = 3.927
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DESIGN RECOMMENDATIONS

5.5” 20Lb. Casing Scenario

. Item Total
. Typical Bottom Top Bottom
Quantity Item . Length | Length ] .
oD, in Depth (ft) |Connection|Connection
(ft) (ft)
197 2-7/8" Production Tubing*® 2.875 32.7 6438.1 6,438.1 2.875 2.875
1 Conventional TAC 3.2 3.25 3.25 6,441.3 2.875 2.875
7 2-7/8" Tubing loints* 2.875 32.7 228.9 6,670.2 2.875 2.875
1 Enduralloy Blast Joint 2.875 32.7 32.7 6,702.9 2.873 2.875
1 Seat Nipple 2.875 1.1 1.1 b6,704.0 2.875 2.875
1 Gas Discharge Port 4.25 0.67 0.67 6,704.7 2.875 2.375
1 2-3/8" Tubing* 2.375 32.7 32.7 6,737.4 2.375 2.375
1 2-3/8" Lift Sub 2.375 2.0 2.0 6,739.4 2.375 2.375
1 MAX Gas Separator (no shroud) 1.9 40.0 40.0 6,779.4 2.375 2.375
1 2-3/8" Nipple 2.375 1.1 1.1 6,780.5 2.375 2.375
1 Gas Bypass Connection Sub 4,25 0.67 0.67 6,781.1 2.375 2.875
1 NR-1 (HNBR) Dual Cup Type Packer 5.5 2.0 2.0 6,783.1 2.875 2.875
1 Gas Bypass Sub (Gas Intake) 3.625 0.67 0.67 6,783.8 2.875 2.875
15 2-7/8" Tail Pipe*® 2.875 32.7 490.5 7,274.3 2.875 2.875
1 2-7/8" Lift Sub 2.875 4.0 4.0 7,278.3 2.875 2.875
1 Helix Desander (Fluid Intake @ 46.15%) 3.75 9.0 9.0 7,287.3 2.875 2.875
4 2-7/8" Mud loints*® 2.875 32.7 130.8 7,418.1 2.875 2.875
1 Bull Plug 2.875 0.65 0.65 74188 2.875 N/A
*estimated lengths, will depend on tubing tally
Notes: TAC must be set above Gas Discharge Port
Total Length of Rod Pump Components (ft): 79.81
Total Estimated Length of 3/4" Bypass Tube (ft): 104.81

includes additional 25° safety factor
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SYSTEM CLEARANCES

5.5” 20Lb. Casing Scenario 7” 29Lb. Casing Scenario

0.0625"
Monel Band

Typ.
190in
MAX Separator OD

34" SST
//_____

< 4.65in P

Casing 1.D. (drift)
*Dimension accounts for Monel Band Thickness of 0.0625"
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PRODUCTION DATA REVIEW
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Consistency
Longer the system ru
the harder the well is
produced the better th
system performs
Initial production is di
as separation area is
reduced by bypass tu
and no free gas is Se€
below packer
As more free gas'is
produced fromthe
reservoir results img
and conditions stab
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PRODUCTION DATA REVIEW

800 | i i i i i Data table;
WellDaily -
Line by:
(Nong) -

Color by.
(Colurnn Nam__. -

Rod Pump Conversion from ESP & BHA Installed

600

il
0 Gas
Water
@ IntakePressure

400

4 columng -

4717202 312021 6172021 N 8N/ 911/2021 107172021 naiI 131200 1172022
® =

GLR Trended Over Time
2000 NOTABLES:

1000 “\J_,»AA’\,_\[\J——\»—N - Downward production trend coming off ESP reversed
0 - Maintaining ESP Water and oil rates even through the high GLR’s

1 6 1116212631364146515661667176




PRODUCTION DATA REVIEW

* Note the 401
MCF casing
gas rate at time
of shot

* 1.75” Pump

- FG Rods

+ 192" Stroke

* 6,704 SN Depth

* 100% run times

* 6-7.5 SPM

Loading 535%

Stroke

Meas. Length

Polished Rod
6618 spm | |paak | oad 19.545 Kb
19200 n| |pin Load 7151 Kb
Power 17.1 HP
Wellhead

Tubing Pressure
Casing Pressure

97 1 psi{g)
87 2 psi{q)

Production

oi == BBL/D
Water == BBL/D
Gas == MsciD

Systemn Efficiencies

Polished Rod/Motor Eff. ==
PumpMotor Eff. ==
Volumetric Eff 58.3%

=

OO0

Acoustic LL = 2061 ft

Rod Loading

Diameter

Maodified
Goodman
(85%)

Stress
(psi (@)

Sensitivity

Grade (85%, H)

(iny/
Length (ft)

125 Fe

312 AX%

15926.9

1
i KD 503% | 199441
0.875
gk KD 708% | 215004
15 B 264% | 62043

700

Pump {APi: 0-175 R?B? 04
Max £I'l£(e Length l2

Gas Free Plunger Stroke 1
Gas Free Filage

Gas Free Slippage

Gas Free Dsplacement

{@ 31% RT)

Calaulated Fluid Load Max
Pump Fluid Load, ip-Dn)
Damping FactorlUp
Damping Factor Dot
Kr&Kt

Kt

Pump Intake Depth

Pump intake Pressure 124

PR Fluid Above Pump 4641 ft TVD
Liquid Level 2061 ft MD | | coivalent Gas Free Above Pump 894 ft TVD
Production
Date Entered 12106121
e e Curmrent  Potential
ol % Lo ol =x = BBL/ID
Water e e BBL/D
Gas b = MsdiD
3' IPR Method Vogel
PBHP/SBHP 0.00
LL: 2061 : 9 Producing Efficiency 0.00%
a4 =
g Casing Pressure
g Pressure 87.2 psi {(g)
6 “i
C Annular Gas Flow
- a0 Gas Mow 401.6 MscifD
9
54 4 N -
3 Fluid Properties
r % Liquid Above Pump 19.26%
t % Liquid Below Pump 46.49%
1 4
é? e Depths
P Pump Intake Depth 67021t
\ 3 Formation Depth 10000 ft
1 F
k Wellbore Pressures
| s00 PP 397 9 psi {g)
1 PBHP 1095.1 psi {g)
4 SBHP e
Gasfliq Interface 93.3 psi{g)
1
(1000
Collar Analysis {(Manual) Casing Pressure Bulldup
T T 9
LE SH
L ! >
ANAI I
- 1] E o »=t
VYT :
[ d iR i
‘ Oelta Tima, Minut
Casing Pressure 87 2 psi{g)
Average Acoustic Velocity 11751tfs | | Buddup 10.6 psi {g)
Average Joints Per Sec. 18.53 Jisisec | | Buldup Twne 1 min 55 sec
Joints To Liquid 65.02 Jis | | Gas Gravily from Collar Analysis (Manual) 0.7831 Ar =1
Comments and Recommendations Total Rod Co

Final free. POC run time is 100%.

Comments and Recommendations

Final free. POC un time 1s 100%.
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CONCLUSION

* Though early in the life of this system, results appear promising. So
much so that this operator has since installed 2 more Silver Bullet
systems to further prove out the technology.

- Operating conditions can be significantly improved by utilizing the
Silver Bullet, an innovative technology, when paired with proper rod
pump design and operational practices.

- This technology can play a key role in improving the ability to move
larger volumes of fluid on rod pumped wells converted off of dynamic
ESP systems.

- This case study has shown improved production consistencies
regarding rod pump efficiencies, optimized production and
stabilized runtimes utilizing the Silver Bullet system.
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COPYRIGHT REDGauniI\..

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) rights to:

» Display the presentation at the Workshop.

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

» Links to presentations on ALRDC's social media accounts.
» Place it on a USB/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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DISCLAIMER I\

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

The Artificial Lift Research and Development Council and its officers and trustees, and the Artificial 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 Artificial Lift Learning Course and their company(ies),
provide this presentation and/or training material at the Artificial 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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