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SilverJack Optimization Process

« Optimization with SilverJack is typically done remotely
using the Zedi Access web host

 Remote Access provides several tools to provide visibility

iInto well performance.
o Long term data trending and graphing
o Current parameter settings

o Remote Alarming
o Surface & downhole pump cards (current and historical)

 Remote Access allows remote parameter changes

* Three levels of SilverJack Optimization:

o End User Manual Optimization — User determines issues and manually
adjusts parameters on Zedi Access

o TCB Optimization Service — Emerson Optimization Team provides
support for initial setup and manual optimization via remote Access

o Autonomous — SilverJack controller identifies issues and makes
parameter changes in real time

SilverJack Optimization Case Studies ﬂca



Section 1: SilverJack Manual Optimization —
What Tools Are Used?

Goal: Reduce Time to Complete Optimization Cycle

(A) User Initiated Optimization
 Measure
— Remote data collection every 15 to 60

: minutes (or less with high resolution
, , option
Test \nalyz i)
* Analyze

— Use remote access tools analyze
performance (long term trending, pump
cards, alarm history, etc.) and decide on
changes

* Optimize
- Use remote Access to change pumping

parameters. No site visit, no mechanical
changes, no downtime.
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User Initiated Optimization Example: Standing Valve Stuck Open

» Downloading polish
rod loads every 15
minutes

Optimize

Peak and Min Load: Surface Card: %) 40| w 2017-06-10 14:37:08 (MOT) i | )

_01. PPRL 10 Min Avg (1bs)

- Reset
)
= 2016-03-21 02:13:41 (MDT) [Ref] — 2017-06-10 14:37:08 (MOT)
Autoscale: Off

-»- 01. PPRL 10 Min Avg + 02. MPRL 10 Min Avg - 14k
1 2 - .
10k i 1 Zti 10k % 1o
¢ w S
000 R ‘ or 0o 10 20 30 40 S0 60 70 80 90 100 110 120
o 0 7-f & 76% N

Date (CMT-06:00)

Alarm set on MPRL trend - High MPRL alarm sent
Alarm triggers user to investigate (manage by exception)
User connects to remote Access to investigate and determine problem

User remotely increases down stoke speed via Zedi Access (or Zedi Go)
Increases fluid velocity passing open valve to flush debris

Monitor data trends on remote Access to determine if problem is
resolved or further action required.
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Zedi Access Tools — Live Data Screen Example

Status Screen

5J 6000 VE.0.5 01-Current Status ¥ | = Soreen |=) Command Log <=, Retresh

To navigate, use drop Peak and Min Load: Surface Card: [== #) (o)} w 2013-07-24 114343 (COT) oir | 2 » Surface Card Area:

down menu abes
Butzscals: OF T I I Autascals: OFF
Rz} — 2017-10-05 12:41:35 (£DT) IR 2018-07-24 11:48:4 (CD (Fiaw
= e + O1.PPRL 10 Min &g~ 02. MPRL 10 Min g T + 5F Card araa 1 0-min avg
o F = ook
= g
5 =
g : 100k
i = Mm&-
- E | : Ji|
118 = =
= U

Measured Stroke Rate: DH Card: =al ) 2018-07-24 D:43:-10 (COT) . » Low Engine RPM Strokes:
L {Raw) L — 2017-10-05 1£:41:35 (COT) IRaf] 2018-07-24 03:43:10 (COT, [Faw} Autazeale OFF

#- Low Engina RPU Strokes {kourly)

« STROKE RATESP - 03. Moasurad Stroka Rata

e TPM Stro be s thou g (F)
-

STROKE RATESP

L Ergin

1] Alarm Status: I Tim Phase:
Hydrauk: Temp | @ cLzeAE z 162400 start Spas oin
Hygrauk: Temp | @ CizasE 152700 start Spas cect Trme i semios
Fyaraue T A £ CLEARE 1 retant Sozs # Dieabled
1ol

sz Czemens az
oN v z3ble
JoN ¥ min
Acknoudesge Al
rrin
Fii o New Beg

» Landing page that shows current status of key parameters and control features
» Graphs show short term trends
» Pulldown menu in upper left used to view different live data screens
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Remote Access Tools — Live Data Screen

Control Screen

SJ 8000 v6.0.0 05-Basic Controls

To navigate, use drop
down menu above

© ON © OoN

Stroking Rate:

@520

Zedi SilverJack Field Service:
Canada 1-403-742-0359

U.5. 1-940-255-6361

Zedi SilverJack Optimization:
optimization@zedisolutions.com

©8 @2

@oFF

SilverJack Control

Set Moter

&[CN v

Send

Send

@ON -
k: edge Rlarms Send

Valve Testing Setup:

& |2 - DALY v

avelling Valve Test Measurement Time

Travelling
€ |20.0000 Seconds

Standing Valwve

& 20

Send Changes

bl
i

¥ | = Screen ]=| Command Log <2 Refresh

Poll Setpoints

Send Send

Send Fositicon Send

SEM Send Send

Remote, Manual Go-To Function:

&) | DISABLED v

© |5.0000 in

€ |4 hrs

Send Changes

Tank Volume:

© [0 % @ DISABLED

Send Changes

* Most commonly changed parameters on separate screen

for easy access

SilverJack Optimization Case Studies

Example
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Remote Access Tools — Live Data Screen Example

Alarm Screen

SJ 8000 v6.0.0 04-Alarms v | = Screen ]=| Command Log <2, Refresh
To navigate, use drop Alarm: Status: Time: Date: Phase: Assisted Lift
down menu above
& Power Failure CLEARED 21:52:00 © 328 © Bottom Dwell ©F OFF
is: (v OFF
Log: @ OFF
@ CFF
(& Power Failure CLEARED 21:52:00 & 328 (& Bottom Dwell (v OFF
@ Power Failure @ CLEARED 21:45:00 @ 3.28 @ Bottom Dwell @ OFF
& High Accum Pressure - Stop Pump @ CLEARED 13:53:00 © 3.06 @ Constant Speed Up (] OFF
\_) Imb. Bot. COFF
M) : 2018-03-28 22:38:11 (UMDT) W)
Hydraulic Alarms Position Alarms Miscellaneous Alarms
OFF OFF OFF
CFF CFF NORMAL
CFF CFF
OFF OFF & Ext. Alarm 2
OFF OFF
OFF
OFF
Engine Status Alarms Engine Fault Alarms EDC:
Combustible Engines Only US Combustible Engines Only
© o o (R, Tmemrre OFF ) Chach 3 OFF 0
Zedi SilverJack Field Service: @ E OFF OFF OFF ]
Canada 1-403-742-0359 - - - -
U.S. 1-040-265-6861 © SAF SAF SAF C
Zedi SilverJack Optimization: () Fzilure Reset  COFF OFF OFF
optimization@zedisolutions.com _
CFF 0
@6 ©2 OFF 0

» Shows recent alarm history and current status of all alarms

SilverJack Optimization Case Studies




Remote Access Tools — Alarm Config Screen

Configuration Message Contact
Enable Alarm Set (kg) Reset (kg)
7 High High 4082.33 4036.97
v High 3855.54 3832.86
v Low 2540.12 2562.8
s Low Low 2313.32 2336
3750
g
g 3500
<
£
=
o 3250 2016-01-13 15:18:52
~ e MPRL 10 MIN AVG: 3 057.21 kg
% - :
=
3000
A2 A2 AD
0\(1'0 o\€ ol o\© 0 \("'0 \6'0\
Tes Cancel

SilverJack Optimization Case Studies

» User sets high and low thresholds that will be used to
generate alarms (management by exception)
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Remote Access Tools — Live Data Screen Example
SJ8000 Assisted Lift (Admin Screen)

SJ 8000 V6.0.0 08-Assisted Lift ¥ | = Screen J Command Log <% Refresh

Setpoints:

Demand Poll (this page)
will not update setpoints

(Raw)

+- ED AVERAGE POWER UP T0MIN AVG (HHF) +- ED AVERAGE POWER DOWN 10MIN AVG (HHF) ;

]

13 DAY NIWO L NME

%D AVERAGE POWER LIP TOMIN AVC

Date (CMT-07.00)

@ |0-Disabled v Well Name Raw) Autoscale: Off

Send Changes +- ED N2-ACCUM PRESSURE TOP + ED N2-ACCUM PRESSURE BOT

w

an an

 Parameters used to monitor balance of N2 lift assist
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Remote Access Tools — Live Data Screen Example

Pump Card Screen

Surfa_ce Card

«) | w 2017-03-20 14:37:52 (MDT) 7 | » ™

0
— 2016
201
1
1

T8k
T4k

=

- 12k
10k

Downhele Card _
H) (44| w 2017-03-20 12:38:33 (MDT) iy [ # M

—_— 201G MDT 1
017 MDT 1
— 2017 MDT

SilverJack Optimization Case Studies

Lifetime Counters

* Both Surface &

Downhole cards

available

» User can select multiple
cards to overlay to show

trends

 Long term card storage

on Zedi Access

-

at Pump Lead
) 4575.0000 lbs

r Pump Load
) -818.0000 lbs




Remote Access Tools — Report Center

View data from | 2017-01-27 08:00 to|2018-03-29 11:42 X

DP Unit 1-H 5)8
SilverJack Pump Fillage, SPM, stroke length and Estimated Production Y-day averages (Raw)

| +- Y-DAY ROD LOAD AVG + Y-DAY 5TROKE LENGTH AVG Y-DAY STROKE RATE AVG «~ Y-DAY ESTIMATED PUMP FILLAGE % AVG -+ 08. SF Production Yesterday

350 8 30k 300

300
23k 230

A
e I I e atetad inf ™ gunrspus sty
50 B = preaFimvewe e N g ;
3 20k ] I Py - — ¥ | 200 T
z . T sl SRR e u ¥ o
- ] =
z = - f =
2 200 I =
o z ]3 2
=z 43 sk 150 =
c 9 —
= =
3 150 p Z
E o &
2 = T
= % 10k 100 >
% 100 = 3l
. - ==
o >3
b 2
5k 50
50 .
0 0 Ok 0

A0y ! 08! -~y - \ -
FAY FAY At ] ) 1
wha — 31'-‘- - f.,'::? - wod pan =

« Ability to create user defined graphs of any parameters in Zedi Access

» Can set up multiple parameters per graph so correlations are easier to see
» User can select time period of interest

56 DAY % A0V dWNd O3 LWINILST A=A



Section 2: SilverJack Autonomous
Optimization

Detect and respond
to well dynamics
with no user Intervention
after initial setup

SilverJack Optimization Case Studies



SJ Autonomous Optimization - Pump Efficiency Optimizer (PEO)

PEO Screen

SJ 8000 Vv6.0.0 06-PEO ¥ w Screen |=| Command Log %, Refresh

1. Pump off Control

_ - — . . 3 - Auto adjust SPM
To navigate, use drop Pump Efficiency Optimizer Controls: High Flowline: .
down menu above S e based On pumpflll

DEQ Spm Adjust Interval DEC Mode Set High Flewline Autoreset Time 1
@ © [oFF v 4 @ |10.0000 min

BWEN_E :)_-SL_E

R 5:093; Adjust Valus ::): SE;EEQ:E:: S:'_ac: ia)—.s:—:i;:—. Flewlins Lutorsse:t Retries 1-50 2 ) CyCIe SllverJ aCk
@340 ?jicz’- Fump :"—'—l% 343'3‘75;-;;;;;; 'L Update Autcreset Parameters 2 On and Oﬁ

PEC Mode: PEC Spm Minumum Value Stuck SV End .
© oFF (~]F] © | 0-Disabled —f Pump Timer:

3. Auto shutdown &
restart based on
flowline pressure

iameter Stuck TV Start On-Time D

Timer Mede: Pump Bore Diamete tuck TV Star n-Time Pump Timer Enable
@ OFF @ [1.5000 in @ | 1-Ratio 35% v | © |20.0000 min © | Disable v

3”54?:?’5: Tima

Poll Live Parameters

5-5:18--33_—2:7' 1é:-35:'-1_m -:) 4-5|_:D__Uj\:.ﬂ__-" lbs

------ ner Energy Szver Status

Y Ol o Py i 4. Autonomous

O e o Y detection and real
B B Fi e time resolution of
imet O e specific downhole

-Sj)_' :2sz Joltags \:;.'_;::-. Value ISSueS

Zedi SilverJack Field Service: o Update Pump Parameters
Canada 1-403-742-0359 R, FLUID .
U.S. 1-940-255-65861 / / WEIGHT
Zedi SilverJack Optimization: /

optimization@zedisolutions.com

Update PEQ Parameters

Inst Dump Fill - DPEOQ Method
51%

min qe FW

MPRL

10-min Rverage Quick Calc
(© 13650.0000 los & 67.0000 lbs

®c @2

SilverJack Optimization Case Studies



SJ Autonomous Optimization - Pump Efficiency Optimizer (PEO)

Pump Off Control 1

SJ 8000 Vv6.0.0 06-PEO ¥ w Screen |=| Command Log %, Refresh

- yate, use d T o : . ine:
dg‘:z\-:g::z :::vercp Pump Efficiency Optimizer Controls High Flowline 1 ) P u m p Oﬂ: CO ntrol

i

.

SE;ET;-Q:E:: S:'_ac: ia)—.s:—:i;:—. Flowline Autorsset Retries 1-50 ° Controner monltors

'.(—_R;.ati_:;;;;:s = Update Autoreset Parameters p u m p fi I I a.n d adj u Sts
e stroke speed

- Disabled v

accordingly

- Ratio 35% v | € |20.0000 min (] Disable v

o=
i
-

Dump i 5

g Bon

@

0.10

¢ OF)04

T
F

I
n

L
=
i @

T
E
I
[
I
n

Timer Mo M
& OFF & |1.5000 in

o
Ve @
] (=]

-
NI}

TN B W [ i O —C related parameters
T Oy @ T to find best settings
P e o | Obmerl T @R for specific wells

@rm s @20 s

@[1z20 v

Zedi SilverJack Field Service: o Update Pump Parameters
Canada 1-403-742-0359 3, FLUID .
U.S. 1-940-255-65861 / ! WEIGHT
Zedi SilverJack Optimization: /

optimization@zedisolutions.com

.J-ﬁ \,_) 2
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2

Pump Timer:

= (20,0000 min
e (20,0000 min
© a3 %
&) | Enable v
Battery Saver E

&4 | Disable

) | Disable -

v Herlsr Ceamtes

E2 700 hirs
& [12.20 %

Update Pump Paramsters

o Timer Er

= | Disable -

;j34 m ne Left
Energy Sa 5o

& Off

Battery-S5aver Min Engine
& |57.0000 *F

@ [2300 hrs

SilverJack Optimization Case Studies

SJ Autonomous Optimization - Pump Efficiency Optimizer (PEO)

Mode 1. Simple timer

- X’ minutes off

»n. N

minutes on /"y

Mode 2: 24 hr timer
- On at 0x00 hrs/off at xx00 hrs

Mode 3: Shutdown based on
pumpfill
- Set min pumpfill threshold
- Controller shuts down if pumpfill
drops below threshold for given #
strokes for defined period of time

- For gas powerpacks engine monitors
battery level and turns engine on to
charge battery if required.

;MCB



SJ Autonomous Optimization - Pump Efficiency Optimizer (PEO)

High Flowline:
©[00000  jmin

2 5

Update Autoreset Parameters

SilverJack Optimization Case Studies

Shutdown based on high flow line
pressure (if high flowline pressure
valve engages SJ shuts down)

Ability to configure auto reset/restart if
flowline pressure valve is auto reset

Number of restart attempts
configurable before shutdown
requires manual restart




SilverJack — Enhanced Optimization Capabilities

Limitations of User Initiated Optimization:
« Polling interval (~ 15 minutes)
« User response time (? minutes)
« User knowledge / troubleshooting time

(B) Autonomous Optimization

- Controller identifies issue and makes
real time changes to pumping
parameters

- No user intervention required

- Currently available for:
- Pumped off condition
- Standing Valve Stuck Open
- Traveling Valve Stuck Open
- Gas Lock

;MCB



Autonomous Optimization Example

Surface Card
W 4| w 2018-03-29 13:01:39 (CDT) | » M @ curzent sv Last Reload Surface Card |
Gaslock Script Hourly Overrides

— 2018-02-01 16:42:22 (CST) [Ref] ~— 2018-03-2913:01:39 (CDT) Qo

Mea S u re 20k 3) :c[ipt Hourly Overrides

Gaslock Script Status

@2
« System identifies problem o
not just symptom B

4 - Stuck Trave{lmg Valve —
10k SF Card area 10-min avg
) 583.0017 N-m

IpFEEO
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 ©0%

n | save Gontroller Ref Card |

Pump Efficiency Optimizer Controls:

;;)‘45;: Adjust Interval PO Mode ° System engages pre-

o ——— defined script depending
i on issue identified

525;; — l) 2 - Ratlo 70% g

e -Jg 5;;3;33 * End user defines extend of
& 1.5000 in Max Tap
5;'::;0 33% Autonomous Changes

_— b (starts with least
ueaoooooo Ios ©| 10-GoToTap

11 - Light Tap 1 1
aggressive action)
@ 13 - Max Tap + Ratio 70%
Update PEO Parameters 14 - Max Tap +Ratio 70% Med Hi
15 - Max Tap + Ratio 70% Med H.

t Pump Fill - PEO Method

© 43%

zed Rate 0

0%

0-min Average

Q 128550000 108 @ 67.0000 Ios.

gca MANUFACTURING



SJ Autonomous Optimization - Pump Efficiency Optimizer (PEO)
Autonomous Detection and Real-Time Resolution of Downhole Issues

Pump Efficiency Optimizer Controls:

o 1 oo . Step 1: Autonomous downhole issue detection,

i — O Dssves v identification & notification
 —— © 1~ Rato 0% . - Stuck traveling valve
Obm o © - Disaned . Stuck standing valve
: Gas lock
Parted rods
EZ\: E;_";'_:'Pz.'a-_:;'.'.: 3:\:5:: Interval ards HOIe in tu bing
(£ 6000.0000 Ibs & |3 . .
Partial pump fill

€ |60 min

Bod Stretch

Estimated =>tuck LV Ena
£ (3.0000 in (& | 0 - Disabled v

Update PEC Parameters

Surface Card

B e A () PED Optimized Rate ] 51O ST e e 5 ) Curzent st s TR
@ 43%

= 2018-02-01 16:42:22 (CST) [Ref] — 2018-03-29 13:01:39 (CDT) 0
min age

MPRL 10-min REver FW Quieck Cale
(& 12858.0000 lbs (& 67.0000 lbs 20k

- SJ Controller uses card shape
(Reference vs Current), rod
loads, and other parameters to —
identify issues. Notifies user of
suspected issue.

SilverJack Optimization Case Studies ECB




SJ Autonomous Optimization - Pump Efficiency Optimizer (PEO)

Autonomous Detection and Real-Time Resolution of Downhole Issues

Pump Efficiency Optimizer Controls:

Step 2: Autonomous downhole issue

N resolution

= dmated - Stuck travelling valve
on s - Stuck standing valve
£0 55 - Gas lock

- - Controller initiates script sequence to
©pooo  in . attempt to resolve identified issue.
720 usid dasn: Cap - User pre-selects script start and end
e points

e B e i - Significantly reduces issue resolution
B ’“’“C; time for these specific issues
it & 720 Eficiancy 0% compared to manual intervention.
) 128550000 108 © 67.0000 Ibs.

SilverJack Optimization Case Studies ﬂca



SJ Autonomous Optimization - Pump Efficiency Optimizer (PEO)

Autonomous Detection and Real-Time Resolution of Downhole Issues

Surfa_ce Card

-

W) (¢ | w 2018-03-28 16:39:05 (MDT) i i )
’ ’ i b4 Gasle
— 2018-01-25 14:35 S @1
’ 102/16-26-017-12W4M (SF 10-23) 5)8 Autoscale: OFF
TV Script Hourly Overrides (Raw) TV Script Hourly Overrides

16k © §EE Fensiy Ovesmise
B | -o- PEO Stuck TV Script Hourly Overnides
EJ Gazlc

14k g CE
%; TV Sc
z P 2

12k £ ©

10k é
) Detected Card Type (un-synced)
S @ 3 - Gas Lock

B = L6 00 g OU SF Card area 10-min awg
= IV - 037F @ 103896.3284 N-m

Date (GCMT-06:00)

IDFDED
©71%

Save Controller Ref Card

- Controller keeps history of how often PEO overrides are engaging to
address detected issues

;MCB



Optimization Case Studies

» Examples of manual Optimization Case Studies performed
by the SilverJack Optimization Team

SilverJack Optimization Case Studies



Case 1: Travelling Valve Not Seating

Peak Load 10 min avg (Raw)

o~ PPRL 10 MIN AV

PPRL 10 MIN AVG (Ibs)
Ty
- =
£

Date (CMT-05:00)

ans
COvY Q,c,t le= PPRL 10 MIN AVG -+ MPRL 10 MIN AVG

2014-07-02 09:51:48
PPRL 10 MIN AVG : 9,069.00
MPF M 3,822.00

= PPRL 10 MIN AVG (Ibs)

Date (CMT-05:00)

SilverJack Optimization Case Studies

NIW Ol TddW

(591 DAV

Symptoms:

« Sharp drop in upstroke rod load
detected via rod load alarm

» Upstroke rod load would return to
normal periodically

e Conclusion: Travelling valve
not seating properly.

Solution: Decrease Stroke Ratio
and “Accel time up” to move
plunger up faster and snap
travelling valve closed.

Benefit: Quick detection avoids
lost production. Remote repair
avoids trip to site.

;MCB



Case 2: Standing Valve Stuck Open

Peak and Min Load: Surface Card: W) )| @ 2017-06-10 14:37.08 (MDT
4 Reset '

Autoscale: Off

+- 01. PPRL 10 Min Avg + 02. MPRL 10 Min Avg

1 2

in Avg (Ibs)

~01. PPRL 10 M
¥
¢z

Ibs

Date (CMT-06:00)

Symptom: Min Polish Rod Load (MPRL) “High/High” alarm

LLIMITEILLN Stuck Open Standing Valve

Action: Remote parameter change - increase stroke ratio (faster down stroke).
NOTE: resolution delayed at “1” due to customer approval delay. Quick resolution at

“2” with customer pre-approval.

Benefit: Avoid production loss via rapid remote detection (1-15 min) and remote
problem resolution (10-20 min). No site visit required.

SilverJack Optimization Case Studies ECB



Case 3: Complicated Issue — SV & TV

MPRL, PPRL (Raw)

+- MPRL 10 MIN AVG -+ PPRL 10 MIN AVG

. - . 000
TV T~ pee L . L —————— ., At e | e 11,000
~ \ r | _—
s, (Wl |
¥ Ve | |

~ \ Finished

issue
fixing

10,500

Started
_fixing .#HA‘

MPRL 10 MIM AVG (Ibs)

Symptoms: o
» Reduced upstroke rod load indicating issue with travelling valve
* Increased downstroke rod load indicating gas interference.

Conclusion: Standing Valve and TV issue. Fix for one compounded problem with
other.

Solution: Increase upstroke speed, increase downstroke speed, add long bottom dwell
to slow overall SPM and avoid pumped off scenario.

Benefit: Significantly increased production

SilverJack Optimization Case Studies QCB



Case 4: Gas Lock

Surface Card Surface Card
LUK w 2017-11-06 15:04 44 (MST) M) M Reload Surface Card M) (14 W 2017-11-06 15:09:32 (MST) M) (M Reload Surface Card
— 2017-11-10 16:19:04 (MST) [Ref] 2017-11-06 08:40:30 (MST) 2017-11-06 15:04:44 [M5T) — 2017-11-10 16:19:04 (MST) [Ref] 2017-11-06 13:09:32 (M5T)

Ibs

Symptoms: The pump stopped lifting liquid. Pumpfill dropped to zero and pump
card showed extreme gas interference.

Conclusion: Gas lock

Solution: Stroke ratio setpoint was raised to 70% (slow up and fast down) to
create light vibration on traveling valve. Gas lock fixed in a few minutes.

Benefit: Fast detection. Remote diagnosis & resolution. Unfortunately history
shows this only works in 50-70% of cases .

SilverJack Optimization Case Studies ﬂca



Case 5: Seized Insert Pump

Peak and Min Load: Surface Card: W) @) | w 2017-09-25 20:41:51 (GOT)
| Reset '

Autoscale: OFf
{Raw)

-+ D1. PPREL 10 Min Avg + 02Z_ MPRL 10 Min Avg

bag

01, PPREL 10 Min Awvg b
= o &
kS =

=] ra E

=] F
Ui 01 Tedi 20
b=

= -

Date (GMT-05:00)

Symptoms: Pump shutdown due to high rod load alarm. Shutdown card shown
too high rod load at upstroke above 60 inches.

Conclusion: The plunger seized in the barrel.

Solution: Top position setpoint was lowered at 55 inches and restarted for
overnight for natural clean up and pump release.

Benefit: Fast detection, diagnostic, restart. The plunger was released itself next
morning and top position raised step by step. Remote manipulations
allowed avoiding trip to site, clean up treatment and possible pulling the

pump.

SilverJack Optimization Case Studies ﬂca



Case 6: Parted Rods

-o- PPRL 10 MIN AVG -+ MPRL 10 MIN AVG

= PPRL 10 MIN AVG (Ibs)

20

'\ :4

\\\\

o\

(5q1) DAV NIN 01 TddN

x0\3

Date (GMT-05:00)

W) 4w 2014-09-03 04:37:49 (MDT) | ) ¥
10000 T —T

8000 [~ |-

Ibs
~

4000 - \

SilverJack Optimization Case Studies

“ 2014.09.0305-37-49(MDT)% OIC

2500

non —
g

r\m\_

l_f‘FW_‘\‘L”W\ 1

LT
11 y

U

50

Symptoms:

« Both upstroke and downstroke
rod loads sharply decreased
at the same time (flagged by
alarms)

 Rod loads flat-lined
Conclusion: Parted rods
Solution: Well work-over

Benefit: Fast detection
minimizes lost production

;MCB



Case 7: Top Tapping Due to Debris in Pump

MPRL, PPRL, Rod Loads min and max (Raw)

e~ MPRL 10 MIN AVG -+ PPRL 10 MIN AVG Rod Load Min -« Rod Load Max

Approval and
remote fixing

The issue detection)

9k 9k |
8k 8k /
N

I3
A [\ fa i \
[a [ \/ ’ R N
ray AR AT i \ A A Ta
S A K {1\ ot A \ /7 \ il
/ £\ P / g 7 e o M - N
ad L, Pl O S P W el T Aty B :"&\’ﬁ\* T A‘o*%ﬂl’ A e L

9k 9k

7 Bt % o o
Caed W S lreuprraefuipgfn,, Fi 1

6k

(sqp) xep peo] poy

m
a
MPRL 10 MIN AVG (Ibs)
—
C K
< ]
2
(s91) DAV NIW 01 Tddd

oA

Symptoms: On upstroke, PPRL increased at 90 inch mark. Detected via rod
load alarm.

Conclusion: Top tapping due to debris at the top of the pump
Solution: Top position setpoint was decreased for a few days for natural clean up

Benefit: Quick detection avoided equipment damage. Remote fix avoided trip to
site.

SilverJack Optimization Case Studies QCB



Case 8: Bottom Tapping Due to Debris in Pump

ads min and max (Raw)

Approval and
remote fixing

Symptoms: On downstroke, min rod load dropped at 10 inch mark. Detected via
rod load alarm.
Conclusion: Bottom tapping due to debris at the bottom of the barrel

Solution: Bottom position set point increased to 15” for 1 day for natural clean up

Benefit: Fast detection avoided equipment damage and production drop. Remote
fix avoided trip to site and clean up treatment.

SilverJack Optimization Case Studies QCB



Case 9: Compllcated Issue — Waxmg &TV

dewaxma

Py
o

Date (CMT 06 000

Symptoms:

1. Upstroke rod load increased at the same time as downstroke rod load
decreased

2. Several more severe drops in upstroke load indicating travelling valve
ISsues
Conclusion: Waxing issues and travelling valve not seating properly
Solution: Dewaxing treatment

Benefit: Quick detection avoided equipment damage E‘CB
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Case 10: Wax Build-Up
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Date (GMT-06:00)

Symptoms: Mirrored change to max and min rod loads. Detected via rod load
alarms.

Conclusion: Waxing build-up issue
Solution: Dewaxing treatment

Benefit: Fast detection prevents damage from parted rods. Optimize use of
dewaxing chemicals.
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RL (Raw)

Case 11: Hole in Tubing

Remote detection
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Date (GMT-06:00)

Symptoms: Smooth upstroke rod load decrease. Detected via rod load
alarm

Conclusion: A hole in the tubing (or pump)
Solution: Well work-over

Benefit: Remote detection. Avoid lost production.
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Case 11: Hole In Tublng (con’t)

Surface Card
) (4} w 2017-06-07 09:14:47 (MDT) iy | %) m fisload Surface Cond

—_ 2017~

1

2017-

2017-
1

Example of Troubleshooting
Technique

Reported Problem: Production dropping. No obvious problem. No visible
change in PPRL.

Troubleshooting Steps: (1) Remotely reduced stroke rate, 5 SPM to 1 SPM,
(2) Demand polled pump cards, (3) overlaid pump cards to compare.

Conclusion: At 1 SPM, PPRL slowly dropping (fluid escaping through hole
exceeded amount being lifted). Column of fluid dropping. No surface production.

Benefit: Minimized troubleshooting time & cost. Identified problem remotely in
1hr with no field testing.
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Case 12: Worn or Split Barrel

In a few hours

First signs
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Symptoms: Sharp rod load drop part way through upstroke. Only visible on pump
card as reported PPRL is not impacted.

Conclusion: Worn or split barrel

Solution: Well work-over. Possibly continue with reduced production by lowering
top set point to just below start of rod load drop.

Benefit: Remote detection. Avoid lost production.
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Case 13: Worn plunger or travelling valve

Fastest upstroke and
acceleration time up
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First signs

.

Symptoms: Gradual transferred weight gain through the start of upstroke. Only
visible on pump card. PPRL drops at lower stroke rate.

Conclusion: Worn plunger or travelling valve

Solution: Possibly continue with fast upstroke, high acceleration and deceleration
at upstroke or well work-over

Benefit: Remote detection. Avoid lost production.

SilverJack Optimization Case Studies ECB



Case 14: Clogged Pump Intake

Pump fill
recovering during
Fast Pump fill th? soaping

drop

Pumpfill (Raw)

-e- INST PUMP FILL - PEO METHOD

3 fNST PUMP FILL - PEG/ METHOD (%)

Date (GMT-06:00)

Symptoms: Too fast pump fill drop (1-2 hours) and stabilization next. Pump fill
does not grow enough at lower stroke rate.

Conclusion: Restriction in pump intake (debris).

Solution: Producer Flushed the pump as there was no benefit of slowing stroke
rate as it was not a “pumped off” condition.

Benefit: Fast remote detection. Avoid lost production.

SilverJack Optimization Case Studies ﬂca



Case 15: Bottom Tapping

MPRL, PPRL (Raw)

- MPRL 10 MIN AVG -+ PPRL 10 MIN AVG cao0 /

MPRL 10 MIN AVG (Ibs)

Date (GMT-07:00)

Symptoms: MPRL significantly dropped after well work-over. Detected via rod load
alarm.

Conclusion: Bottom tapping (rig crew had bottom position set too low)
Solution: Bottom position setpoint increased to 10 inches

Benefit: Fast detection to avoid equipment damage. Remote fix to avoid trip to site.
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Case 16: Casing Valve Left Closed

MPRL 10 MIN AVG (Ibs)

Remote detection
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Symptoms: Quick, significant drop in pump fill and upstroke rod load, increase in
downstroke rod load. Detected via rod load alarm.

Conclusion: Casing valve closed

Solution: Travel to site and open casing valve

Benefit: Quick detection avoided lost production.
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Case 17: Debris in Downhole Pump Valves

MPRL, PPRL, Rod Loads min and max {Raw)

- MPRL 10 MIN AVG -+ FPRL 10 MIN AVG Rod Load Min -+ Rod Load Max
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Date (GMT-06:00)

Symptoms: Smooth drop in upstroke rod load detected via rod load alarm
Conclusion: Downhole pump valves not seating properly due to debris

Solution: Stroke Ratio and “Accel time up” changed for faster upstroke, short
term tagging regime. Backside if remote action doesn’t work.

Benefit: Relatively fast detection to avoid lost production. Remote resolution
avoids trip to site.
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Customer Support Model

Zedi Access
Support
24/7/365

Hardware | Optimization
Support | Team
24/7/365 N 7/365

Control Center

(monitoring and Field Services
restarting) 7/365
24/7/365
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Appendix
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Pump Cards (Surface) - Common Shapes
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Partial Pump Fill
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Optimization Example — Fluid Pound Issue
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Initial To Resolve: Fluid Pound
- Customer had initial thoughts on how to address fluid pound but changes resulted in
drop in oil and gas production
- Engaged Zedi Optimization team and found operating parameters that re-established
oil and gas production, reduced fluid pound and cut SPM in half
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Optimization Example — Fluid Pound Issue (con')

Zedi Access 7-day sensor graph (Raw)
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- Initial changes resulted in lower average pumpfill making problem worse.
- Increasing stroke length, reducing stroke speed and fine tuning PEO settings

significantly increased average pumpfill.

- Autonomous pump off control functionality engaging whenever pumpfill drops
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