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Executive Summary |

* No obvious reason for reduction in injectivity by
analyzing the long-term Fall-offs

* Slight increase in skin and slight increase in kh

* Near-well Auto-PTA conclusively indicated a
reduction in the near-well kh and injectivity

* Difference in measured vs. calculated injection
rates was a clear indication of scale build-up in the
well bore

* The acid job fixed both the scale issues in the well
bore and the injectivity losses in the near-well
region
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Executive Summary I

* Rate Measurements compared to ODSI’s d/p
wellbore method can diagnose scale

* Automatic PTA saves time and provides consistency
for ‘apples to apples’ comparisons

* Near-well kh provided the most reliable diagnostic
of completion performance for this well

 After the stimulation job (Jan 2017), the measured
and calculated rates matched again, indicating a
cleaned well bore

Oilfield Data Services, Inc.



* Well Analyzer Software Features
* Well A background info

* Trial Objectives

* Data Processing

* Trial Results

e Allocations
e BHP
e PTA

* Conclusions and Observations
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About Well Analyzer

Well Analyzer is the only existing software package
that is based on a direct solution to the Mechanical
Energy Balance equation, which is the basis of the
most VLP correlations, including:

* Cullendar & Smith
* Beggs & Brill
* Hagedorn & Brown

Well Analyzer’s method uses a direct solution, hence
it provides more accurate and reliable results
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How does it Work ?

 \Works both in Real-Time and on Historic data

* Polls the required data tags from the database, performs the
calculations, validates the results and writes them back to the database

WA is installed an
client’s
database/historian

modules/
calculations

OD5l engineers
Validating WA writes the o create andstune the
the result:‘.ll_:ractlf to the well model using the
calculated client s real flowing data
values database/historian &
CLIENT'S o
BHP DATABASE/HISTORIAN
HCE‘ETE WA is ready to
olume
Well Test Reports 1 operate and
PTQ perform
vl calculations

A

o WA pulls the required data
WA performs tags from the
the calculations database/historian
6 (specified by the client)
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Well Analyzer Real-Time Features

* Virtual metering
* Qil, gas and water rate calculations
* Detects errors in allocations

e Bottomhole pressure calculation from the surface
data

* Can replace downhole pressure gauge in case it fails

 Automated Transient Interpretation of build-up &
drawdown tests and injectivity & injection fall-off
tests

e Skin
* Permeability
* Avg.Pres/P*

Oilfield Data Services, Inc.




Well Analyzer - PTA

Well Analyzer polls the data and looks for new
transients. Once identified, the software analyzes them
for:
* Permeability
e Skin
Pressure drop due to skin
Reservoir pressure
Productivity Index/Injectivity Index
* Completion Efficiency

* Allows engineers to ‘catch’ new transients

* Monitoring of PTA parameters and well performance
(changes) with time

Oilfield Data Services, Inc.




Background

e 4.5 (July 2012- Feb 2017) years of production data was
provided to ODSI to demonstrate software’s real-time features
e Virtual metering
* BHP conversion
* Auto-PTA

* The well equipped with
e WHP
* DHGP/DHGT
* Water rates were being measured

; ODSI

Oilfield Data Services, Inc.




Completion Schematics

. % ©  own oo Gomn W o ore
) - = 40 437 Veizs Hanger (Beiow hang o parE)
{2-2 £§12 457 4,545 Manger Pup Jont TBiue L-80 S 12" 232pin T Blue 2000
b=
{23 £12 4570 4 545 Space Out Pups § 127 L-80 23 TBwe pin ... Thiee 220080
s 3 = SU2 4670 4545 Tubng § 12" L-80 238 TBue pnxbor (4 . TBue noLw
x
o | o
a2
a2
a2 =
. {25 £570 4570 4545 Pup Joint § V2" L-80 23% TBiue pin ¥ box T B 2000
" = 8 a2 4310 BOT TEM-8 DHEV § 12" Vam Top HC pin . Vam Top HC. 26,00 25% Cupeex
a2 759
- naed = W3 BET 4AT0  4S4EPupJoi S X IMLOTBuEpREEoK  Vam TeHC D200
ol Rt — == 2IWE SUT AT 4545 Tubing § 1T L-S0 232 THe:
T 2 2 a 2 &7 ing § VT P oin xbox (S8 T Bue 2000
33
0
{22 02 £12 4p: 4767 X0 TBUe L0 S 12" TRpinx S U 238 . TBue 17,00 L-80
S
:} j>-10 31093 SU2  ap 4767 Tubing 5§ /2" L-80 178 TBiue pin xbox (76 . T Bue 1700L-80
s"‘ 211 L T Mo Joine § U L0 TR TRe pnwbex T e 70080
5!.5 212 16 6080 4408 420300 L-805" 1Se TBRe DN X S VT 178 TR T Bue 15,00 L-80
- 213 1ns 5050 4408 4263 Pup Joint 57 L-80 158 THIue pim x bow T Bue 15,00 L-80
s
sas
sa3
L]
ean | 1034 Camg,
g3z 218 LE- 13 § 4408 4283 Tubing & L-80 152 TBiue pin x box (218 Joi. 15,0080
562
%0
s8s
558
s
sse
S8T 215 “®2 £ s4me 4283 Pup Joint 5° L-80 152 THiue pim x box T Bue 15,00 L-80
s
16 30 49 DS JANXOE U 26pn Tour 5188 TRuesox T Bue 260080 D h I p g g @ XXX TV D
ses
- G Mm e Mmoo The ox onwnole pressure gauge
S5,
55:: >-18 25 491% 39T 3,833 X0 57 158 TBiue pin x4 12" 1268 TBiue box T Bue: 1250L-80
- 219 3 § 4408 4290 Pup Joine I 158 B DR box Toue 1520080
e |20 1552 € 4408 4283 Tuting & L-80 152 TBiue pin x box (4 Jorts) T B 1200080
26
s
23
=2 == 2 EDED 4D D505 Pup Joint 5 L-80 158 THIue pin xbow (2 ol T Bl 1500080
520
s =1 j2-22 40 68370 4340 4312 38-2 Injecton Packer Totae 15,00 L-80
) -3 w1 £D0S0 4408 4263 Pup Joint 57 L-80 152 THIue pim x bow Thiue 15,00 L-80 . .
Vertical separation of 1017 ft TVD
J2-24 n2 € 4408 4283 Tubng JontE L8O 1SS TBuepnEbor  Toke 16001-80
512
s11
51
g
s
s 22 31 RS 408 156X L-80THue DIspniSter Thue 1509080
= W1 ECS 40M  1MPE KRGS TBuebarzpn  TBue 16000126
sas
u 227 22 £T6d 3TSD 3750 375 AOF Nippie x4 127 12 TSE NNS8 N 358 127580
a4
. 20 W2 RN 404 JIMPE KRG NSTEuetcrxpn TSR
- u 29 31 E0S0 ap4s 3,535 X0 57 L-80 TBiue 158 N=box TH 15,00 L-80
12 3 L5 ue pnx ue L
= Datum P (BHP) @ XXX TVD
sa0
sa0
=3
Y
o |30 15 5530 S48 4283 Fup Joint (Above locaior ring) £° 158 TBIue . T Be 1£,00L-80
s
s o 81 8410 4400 43R isewserng 150090
a2 41 ED0 4408 4380 Pup Joirt (Besow ocame rrg) £ 168 TBue . T Be 1600140
433
. T ¥4 Umer, {2-33 15 5730 4408 4263 X0 5354”20 Sub Acme pin x5 158 Thiu . T Blue 15,00 L-80
2 1: -3
s ke s 40 ETI 42T 430BOT Sefalgning mukshoe x£.364 30 Bt Ame 1500080
10 Tam TO (B4-HAZATE)

Oilfield Data Services, Inc.




11

Well Logs
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Trial Objectives

Build a well configuration for Well A
e Tubing profile
* Fine tune PVT (Water Density)
* Well’s thermal profile

Calculate water injection rates using DP wellbore
 DP between a tree and downhole pressure gauges

Calculate Datum P/BHP

Perform automated interpretation of injection fall off tests

Provide conclusions and observations

12 ODSI
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Trial Objectives - PTA

* From data QA/QC process, it was determined that the well had an
unusual flow regime based on the derivative response, therefore, PTA
was performed for both early and late time radial flow

e Early-time IARF: 0.2~ 0.9 hrs
e Late-time IARF: 300 ~ 400+ hrs

Qilfield Data Services Inc.
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Trial Objective — PTA

* Upon Operator’s request, automated PTA was performed using
both the measured and the calculated rates for the comparison
purposes

* Therefore, there were a total of 4 sets of PTA results:
* Early-time IARF with calculated rates
Late-time IARF with calculated rates

Early-time IARF with measured rates
Late-time IARF with measured rates

(Shown on Slides 46 — 62)

1 ODSI
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Trial Expectations

Demonstrate automated features of Well Analyzer software

* The ability to calculate the water injection rate using DP
wellbore
* Compare the results to the measured rates

* The ability to calculate Datum P/BHP

* The ability to perform auto-PTA
* Injection Fall-off

s ODSI

Oilfield Data Services, Inc.




Trial Results

16 OD SI
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Real-Time Inputs

The calculations (Inj. rate, BHP, auto-PTA) were performed using
the following inputs:

e \WHP Inputs | summary | Outputs | Reports |
° Select Input Data Config
D H G P/D H GT WHP WP ~|  psia SamplesPerUpdate
WHT (None v 1000
DHGP [oree -] Psia Config Ok
DHGT (DHGT ~] DEGC l Load Config l
QGas [None vJ
GG None v Analysis Endabled
Yo [Nme ,] Reserves Enabled
Vor (hone 2] MLTO (DEGF)
15

SCSSV None -

Legacy MLTO (not used in rate calc)

Ext QGas None - "] VSSV Open
! Ignore invalid events

Qo ’Nme v] .‘
O I ‘ | No CalcRate Smooting
None -
QTotal INone vJ Rate Calc from Perm
BHP [None ] "] Enabled
[ Export Inputs ]

17
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Injection Rate Comparison

e Starting early April 2015 the measured and the calculated rates started to deviate
* Up to 2000 STB/D difference
» After the stimulation job (late Jan 2017), the rates matched again

Qilfield Data Services Inc.
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Injection Rate Comparison

e Starting early April 2015 the measured and the calculated rates started to deviate
* Up to 2000 STB/D difference
» After stimulation job(late Jan 2017), the rates matched again

Qilfield Data Services Inc.
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Injection Rate Comparison

e Starting early April 2015 the measured and the calculated rates started to deviate
* Up to 2000 STB/D difference
» After stimulation job (late Jan 2017), the rates matched again
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Discussion on Rate Comparison

e ODSI uses a direct solution to the Mechanical Energy Balance
equation for the rate calculations

dp Lvdv 8 dz+2ffv&dl

dp g, g, gD

+dW_ =0

* where, head and friction are dominant components

 The difference in the measured and the calculated rates could

be explained either by a heavier fluid in the wellbore (head) or
additional friction

* |t was more likely that the difference in rates was caused by
scaling, which caused the additional friction in pipe

e Measured & calculated rates matched again after the scale was removed
with the stimulation job

* The scaling was also confirmed with PTA results
* Decreasing kh with time
. * Decreasing Il (Injectivity Index) with time SI

Oilfield Data Services, Inc.




BHP Results

The software simultaneously calculated BHP using the DHGP and the calculated rate

QOilfield Data Services Inc.
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BHP Results Zoom

The software simultaneously calculated BHP using the DHGP and the calculated rate

PSIA
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Auto-PTA Results

with ODSI’s Calculated Rates

25 OD SI
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Auto PTA Summary

* Auto-PTA was performed for both:
* Early-time IARF
* Late-time IARF

Overall-observations:

* kh was decreasing with time

* From 16 000 md-ft ( August 2012) to 8 000 md-ft (Jan 2017) over the
course of ~ 4.5 years

e Successful re-stimulation job in late Jan 2017

e Kh immediately increased from 8 000 md-ft to 18 337 md-ft (Feb 11,
2017 INJ fall-off test)

* Injectivity Index was gradually decreasing over the course of
well’s life

* From 88 STB/psi (Aug 2012) to 47 STB/psi (Jan 2017)
* Inj Index increased to 103 STB/psi after the stimulation job

2 ODSI
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Auto-PTA Summary Table (Early-Time IARF)

Start Time End Time Test Test DHGPi DHGPf BHPi BHPf Qwi Qaw Total KH Total DP PStar Comp 1] DPs/Q
Lengh Type Perm Skin Skin Eff Water
ddMMMyyyy ddMMMyyyy HOURS PSIA PSIA PSIA PSIA STB/D STB/D md md-ft (] PSIA % BBL/PSI psi/(sTB/D
7/14/2012 23:55 | 7/15/2012 15:50 15.9 Fall-Off 6169 5899 6684 6435 10977 10977 22.3 12265 -3.5 -324 6261 350.06 84.76 -0.03
7/21/2012 9:40 | 7/21/2012 12:20 2.7 Fall-Off 7401 7111 7877 7648 18748 18748 29.8 16390 -3.2 -372 7137 265.71 83.47 -0.02
8/15/2012 15:25 | 8/15/2012 18:10 2.8 Fall-Off 7552 7307 8040 7844 16674 16674 30.5 16775 -3.1 -322 7380 263.15 84.41 -0.02
8/19/2012 7:55 8/19/2012 10:20 2.4 Fall-Off 7567 7295 8043 7832 18766 18766 24.2 13310 -3.4 -499 7297 325.58 84.89 -0.03
8/29/2012 1:40 8/29/2012 3:20 1.7 Fall-Off 7678 7523 8154 8060 18802 18802 26.2 14410 -3.4 -458 7529 315.21 88.29 -0.02
9/22/2012 1:20 9/22/2012 4:05 2.8 Fall-Off 7678 7384 8164 7921 17125 17125 31.6 17380 -3.2 -323 7519 267.3 88.62 -0.02
10/4/2012 16:25 | 10/4/2012 19:55 3.5 Fall-Off 7700 7468 8185 8005 17195 17195 26.9 14795 -3.4 -413 7482 319.97 91.56 -0.02
10/21/2012 1:45 | 10/21/2012 3:20 1.6 Fall-Off 7692 7424 8182 7961 16382 16382 31.8 17490 -3.1 -303 7669 260.73 86.91 -0.02
11/13/2012 4:20 [11/14/2012 13:55 33.6 Fall-Off 7613 7206 8113 7743 14559 14559 27.2 14960 -3.3 -335 7222 297.93 86.14 -0.02
11/17/2012 4:15 | 11/20/2012 3:45 71.5 Fall-Off 7646 6873 8133 7410 16928 16928 30.7 16885 -3.2 -326 7034 263.89 85.23 -0.02
12/5/2012 6:50 12/5/2012 16:45 9.9 Fall-Off 7669 7318 8157 7855 16826 16826 31 17050 -3.1 -316 7248 257.69 83.98 -0.02
12/12/2012 18:05| 12/13/2012 1:00 6.9 Fall-Off 7674 7376 8162 7913 16876 16876 30.6 16830 -3.1 -325 7312 262.94 84.51 -0.02
12/14/2012 16:05| 12/14/2012 22:25 6.3 Fall-Off 7659 7377 8147 7914 16797 16797 26.9 14795 -3.3 -387 7430 293.61 83.98 -0.02
1/7/2013 16:50 1/8/2013 1:25 8.6 Fall-Off 7678 7421 8166 7958 16891 16891 29.7 16335 -3.4 -364 7368 307.14 96.11 -0.02
1/24/2013 23:35 1/25/2013 1:10 1.6 Fall-Off 7658 7389 8149 7926 16261 16261 26.7 14685 -3.3 -372 7582 286.75 81.65 -0.02
3/6/2013 10:30 3/6/2013 13:20 2.8 Fall-Off 7673 7345 8160 7882 16876 16876 25.7 14135 -3.3 -406 7454 296.12 81.48 -0.02
3/26/2013 9:20 3/26/2013 16:05 6.8 Fall-Off 7683 7244 8171 7781 16748 16748 32.6 17930 -2.8 -272 7327 223.18 75.91 -0.02
4/2/2013 0:45 4/2/2013 2:30 1.8 Fall-Off 7671 7489 8160 8025 16542 16542 26.9 14795 -3.2 -370 7565 277.72 79.52 -0.02
4/3/2013 19:40 4/5/2013 1:55 30.3 Fall-Off 7667 7028 8157 7565 16359 16359 29.8 16390 -3 -306 7088 242.89 76.32 -0.02
6/2/2013 22:55 6/26/2013 19:00 572.1 Fall-Off 7577 6227 8094 6764 10620 10620 22.7 12485 -3.1 -272 6975 270.58 66.61 -0.03
7/12/2013 19:45 | 7/12/2013 21:50 2.1 Fall-Off 7595 7326 8082 7862 16933 16933 20.8 11440 -3.3 -498 7277 301.37 68.53 -0.03
8/21/2013 17:10 | 8/21/2013 19:20 2.2 Fall-Off 7709 7417 8200 7954 16365 16365 22.7 12485 -3.2 -436 7489 289.44 71.12 -0.03
9/20/2013 14:15 | 9/20/2013 17:05 2.8 Fall-Off 7722 7465 8214 8002 16094 16094 21.6 11880 -3.3 -457 7432 299.85 70.39 -0.03
10/29/2013 0:05 | 10/29/2013 2:50 2.8 Fall-Off 7722 7463 8216 7999 15722 15722 21.4 11770 -3.2 -446 7438 295.55 68.96 -0.03
11/17/2013 13:20{11/17/2013 15:05 1.8 Fall-Off 7731 7427 8224 7964 15802 15802 20.1 11055 -3.3 -490 7541 316.55 69.76 -0.03
11/18/2013 2:15 | 11/18/2013 6:55 4.7 Fall-Off 7710 7463 8203 8000 15796 15796 27.2 14960 -2.9 -312 7466 232.91 67.39 -0.02
11/28/2013 3:35 | 11/28/2013 6:05 2.5 Fall-Off 7732 7492 8225 8029 15859 15859 21.3 11715 -3.3 -457 7466 303.26 70.53 -0.03
1/8/2014 5:25 1/8/2014 13:05 7.7 Fall-Off 7713 7272 8212 7809 14826 14826 23.9 13145 -3.1 -365 7337 272.59 70.14 -0.02
1/29/2014 3:45 2/11/2014 21:35 329.8 Fall-Off 7708 6470 8209 7006 14496 14496 20.7 11385 -3.3 -430 6986 303.86 68.79 -0.03
2/21/2014 5:45 2/22/2014 0:20 18.6 Fall-Off 7670 7100 8164 7636 15547 15547 21 11550 -3.1 -425 6835 267.2 61.13 -0.03
3/12/2014 0:45 3/12/2014 2:50 2.1 Fall-Off 7720 7387 8223 7923 14028 14028 20.6 11330 -3.1 -394 7494 271.37 61.08 -0.03
4/20/2014 15:05 | 4/20/2014 17:50 2.8 Fall-Off 7664 7309 8158 7846 15842 15842 19.8 10890 -3.4 -507 7384 329.13 71.56 -0.03
5/10/2014 2:05 5/11/2014 19:40 41.6 Fall-Off 7709 7015 8213 7552 13740 13740 19.3 10615 -3.2 -428 6982 294.69 62.54 -0.03
5/18/2014 10:25 | 5/18/2014 12:10 1.8 Fall-Off 7700 7465 8202 8002 14213 14213 20.6 11330 -3 -392 7511 264.66 59.67 -0.03
5/22/2014 15:20 | 5/22/2014 20:20 5 Fall-Off 7700 7404 8205 7941 13696 13696 20 11000 -3.1 -396 7268 272.93 59.88 -0.03
6/29/2014 11:05 | 6/29/2014 19:30 8.4 Fall-Off 7699 7207 8203 7743 13750 13750 19.8 10890 -3.1 -406 7189 280.06 60.98 -0.03
8/2/2014 14:25 8/3/2014 0:15 9.8 Fall-Off 7698 7268 8204 7805 13481 13481 20 11000 -3.1 -387 7153 269.94 59.16 -0.03
8/20/2014 17:50 9/22/2014 9:15 783.4 Fall-Off 7696 6153 8199 6690 13931 13931 22.9 12595 -2.9 -331 6869 243.16 60.32 -0.02
9/26/2014 8:00 9/26/2014 9:35 1.6 Fall-Off 7571 7314 8054 7851 17510 17510 17.4 9570 -3.1 -585 7133 282.75 54.7 -0.03
10/5/2014 19:55 10/6/2014 3:55 8 Fall-Off 7659 7066 8158 7603 14912 14912 18 9900 -3.1 -478 6906 277.29 55.29 -0.03
3/16/2015 14:05 | 3/16/2015 17:30 3.4 Fall-Off 7545 7303 8059 7840 11572 11572 16.3 8965 -3.1 -412 7681 285.67 52.16 -0.04
8/9/2015 5:55 8/9/2015 22:25 16.5 Fall-Off 7785 7109 8280 7646 15518 15518 19.7 10835 -3.2 -473 6925 293.64 63.56 -0.03
9/20/2015 12:20 | 9/20/2015 15:35 3.3 Fall-Off 7755 7434 8258 7971 14023 14023 18.4 10120 -3.1 -445 7610 281.93 57.33 -0.03
9/30/2015 21:10 10/1/2015 1:45 4.6 Fall-Off 7759 7403 8261 7940 14183 14183 18.8 10340 -3.1 -441 7470 280.65 58.16 -0.03
11/26/2015 22:40| 11/27/2015 3:05 4.4 Fall-Off 7441 7183 7962 7720 9711 9711 19.9 10945 -2.9 -267 7293 249.9 54.62 -0.03
1/1/2016 14:35 1/1/2016 18:45 4.2 Fall-Off 7171 7022 7703 7559 5199 5199 13.2 7260 -2.9 -213 7309 261.79 39.56 -0.04
1/12/2016 7:25 1/12/2016 14:20 6.9 Fall-Off 7355 7011 7875 7548 9916 9916 17.6 9680 -2.9 -309 6978 256.77 50.35 -0.03
1/21/2016 12:50 1/22/2016 2:00 13.2 Fall-Off 7365 6953 7886 7489 9634 9634 15 8250 -3.1 -378 6926 299.56 50.92 -0.04
1/22/2016 8:20 1/22/2016 12:30 4.2 Fall-Off 7181 6970 7701 7506 9872 9872 19.8 10890 -3 -282 7242 263.61 57.23 -0.03
6/5/2016 7:05 6/26/2016 20:20 517.3 Fall-Off 7779 6292 8284 6829 13651 13651 19.1 10505 -3.1 -422 6757 285.25 59.94 -0.03
9/28/2016 8:00 9/28/2016 15:10 7.2 Fall-Off 7817 7413 8324 7950 13108 13108 16.1 8855 -3.1 -472 7276 286.18 51.74 -0.04
4/27/2017 12:45 | 1/30/2017 23:15 82.5 Fall-Off 7600 6863 8122 7400 9130 9130 14.6 8030 -3 -355 6879 280.85 46.48 -0.04
2/11/2017 2/13/2017 51 Fall-off 7746 6932 8209 7434 32.9 18095 33 18377 -3.4 -392 6852 296 102.9 -0.0193
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plot is a screenshot from the automatically generated PTA report

o) o -
(@] = -
c c ;
7,) 2 "
g =] [ O O 0 S O O
- 2 : :
£ & - L -
9 I m m
T A A
e O R
Q —_ ﬁ —ﬁ T dfr F & mIx I v
s ~— O N R I R
m. Ll .m S W CRNIE TW EL U S T  RR T S—R
. gan & g & & @QE 4 Y )
A - I T R B
X S U B e e e
w O __" F dbE ¢ o3 ElE OBl § ¢
.o m_ LIV I R S 5 1 NS
p_ ) ) 1 1 1 ] ' ] 1 1
=~ IEEIEERIINEE
el & _" BIiIEERIIEER
m 2 .QL. ..l-“____"___.“__..“::"h:pu::upp -“___.“__._“:-_“.
o
S c I 5§ § E 8 8§88 8 § 8
A a m o © ~ o~ —
J

| I | | | | | |
SAM 12PM 3PM ©6PM O9PM 22Fri 3AM
Oilfield Data Services, Inc.

I I I I
6PM 9SPM 21 Thu 3AM 6AM
Date-Time - DateTime

12PM  3PM

| | |
9AM

3AM  B8AM

20 Wed Jan 2016

28



Auto-PTA: Example Report

Jan 21, 2016 Inj Fall-off — Semi-log Plot

Note: This plot is a screenshot from the automatically generated PTA report

Oilfield Data Services, Inc.

early PTA - INJ-FO - SemilLog
Qilfield Data Services Inc.
== PU? BIHP — M1‘(y=-137.8'log[x‘{+?69‘6.6}' TIP1.(y=-262.8*Iog(x‘}+??14.4}'

PSIA

Delta Time - Hours [Start: Jan-21-2016 12:50:00]
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Auto-PTA: Example Report

Jan 21, 2016 Inj Fall-off — Sem-Log MTS Zoom Plot

Note: This plot is a screenshot from the automatically generated PTA report

Oilfield Data Services, Inc.
I early PTA - INJ-FO - SemiLog Zoom MT

Oilfield Data Services Inc.
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Auto-PTA: Example Report

Jan 21, 2016 Inj Fall-off — Derivative Plot

Note: This plot is a screenshot from the automatically generated PTA report

Oilfield Data Services, Inc.

early PTA - INJ-FO - Derivative
Oilfield Data Services Inc.
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Auto-PTA: Example Report

Jan 21, 2016 Inj Fall-off — Derivative Plot

Note: This plot is a screenshot from the automatically generated PTA report
Net Pay used = 550 ft

Oilfield Data Services, Inc.

ANALYSIS RESULTS

INJECTION FALL OFF
Jan/21 - 22/2016

Calculated Reservoir & Completion Properties

SKIN -3.1

PRESSURE DROP DUE TO SKIN -378 PSI
COMPLETION EFFICIENCY 300 %
PERMEABILITY 15 md
FADIAL FLOW INJECTIVITY INDEX (II) 509 STBE/PSI
SKINLESS RADIAL FLOW II 17.0 STB/PSI
PERMEABILITY THICKNESS 8274 md-ft
MOEILITY THICKNESS 11,819 md-ft/cp

32
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Auto-PTA: Permeability (Early-time IARF)

* Permeability was gradually decreasing with time
* Anindication of scale build-up
* Bigincrease in permeability was observed from Feb 11, 2017 Fall-off test after the well was re-
stimulated in late Jan 2017
* From 14 md (Jan 27, 2017) to 32.9 md (Feb 11, 2017)
* 135 % increase in perm

INJ FALL-OFF
PERMEABILITY (MD)
NET PAY = 550 FT

*

30 *® ”“‘ *
* * . LN ote *
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*
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Auto-PTA: kh (Early-time IARF)

* kh was gradually decreasing with time
* Anindication of scale build-up
* Bigincrease in kh was observed from Feb 11, 2017 Fall-off test after the well was re-stimulated in
late Jan 2017
*  From 8 030 md-ft (Jan 27, 2017) to 18 377 md-ft (Feb 11, 2017)
* 135 % increase in kh
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Auto-PTA: Skin (Early-time IARF)

* Negative (stimulated) skin
* Fairly constant throughout the well’s life

INJ FALL-OFF
SKIN
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Auto-PTA: DP Skin (Early-time IARF)

* Negative (stimulated) skin
* Fairly constant pressure drop due to skin throughout the well’s life

INJ FALL-OFF
DP SKIN (PSlI)
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Auto-PTA: Il (Early-time IARF)

* Gradually decreasing Inj Index with time
* From 88 STB/psi (Aug 2012) to 47 STB/psi (Jan 2017)
* An indication of scale build-up

* InjIndex jumped from 47 STB/psi to 103 STB/psi after the re-stimulation job in late Jan 2017
* 120 % increase

INJ FALL-OFF
INJECTIVITY INDEX (STB/PSI)
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Auto-PTA: Completion Efficiency (Early-time IARF)

* Good Completion Efficiency
* Fairly constant throughout the production history as skin was not
changing much

INJ FALL-OFF
COMPLETION EFFICIENCY (%)
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Auto-PTA Summary Table (Late-time IARF)

Start Time End Time lestlengtf Type | DHGPi | DHGPf | BHPi | BHPf | Qwi | Qw [otalPern{ kh Total Skinfp Total K| Ptar CompEff| PI_Waten DPs/Q|
ddMMMyyyy HH:mm:ss | ddMMMyyyy HH:mm:ss| HOURS PSIA | PSIA | PSIA | PSIA | STB/D [ STB/D | md | mo-ft PSI | PSIA | % | BBL/PSI pSI/(STB/D
6/2/2013 2345 6/26/201316:55 | 5692 |Fall-Off | -1 | 8188 | 6720 | 17001 | 17001 | 41 | 255 | 54 | 4144 | 6502 | 52038 | 179 | 04
1/29/20143:45 102014505 | 3133 |Fall-Off | 7705 | 6484 | 8205 | 7021 | 14558 | 14558 | 42 | 2310 | 51 | -337L | 6653 | 58542 | 0% | 03
8/20/201417:50 Y2/2014905 | 7833 |Fall-Off | 76% | 6082 | 8199 | 6619 | 13855 | 1385 | 38 | 2090 | 51 | -3468 | 6536 | 59523 | 1978 | -0.5
6/5/20167.05 6/26/20162210 | 5191 |Fal-Off | 7780 | 6291 | 8284 | 6578 | 1363 | 1623 | 4 | 200 | -49 | -3168 | 6618 | 67311 | 2465 | -0.3

=

Late IARF was observed at around ~ 300 hrs

Oilfield Data Services Inc.
Date created : 2/15/2017 4:51 PM

=mmmm dCalc BHP - DT1 = mmmmmm Calc BHP LMS Derivative -DT1

PSI

DT1 - HOURS
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Auto-PTA: Permeability (Late-time IARF)

INJ FALL-OFF (LATE IARF)
PERMEABILITY (MD)
NET PAY — 550 FT
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Auto-PTA: kh (Late-time IARF)

INJ FALL-OFF (LATE IARF)
KH (MD-FT)
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Auto-PTA: Skin (Late-time IARF)

INJ FALL-OFF (LATE IARF)
SKIN
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Auto-PTA: DP Skin (Late-time IARF)

INJ FALL-OFF (LATE IARF)
DP SKIN (PSI)
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Auto-PTA: Inj Index (Late-time IARF)

STB/PSI

30

25

20

15

10
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Auto-PTA: Completion Efficiency (Late-time IARF)

INJ FALL-OFF (LATE IARF)
COMPLETION EFFICIENCY (%)
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X 400
300
200

100
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Auto-PTA Results

(Using Measured Rates)

46 OD SI
Oilfield Data Services, Inc.




Auto-PTA with Measured Rates

* Upon Operator’s request, automated PTA was performed using
measured rates for the comparison purposes

* Similarly, PTA was done for both early and late time radial flow

* The following slides compare the results obtained from both
measured and calculated rates

47 OD SI
Oilfield Data Services, Inc.




PTA with Measured Rates

* |nputs for auto-PTA
« WHP
 DHGP/T
* Measured Injection Rate

Inputs | Summary | Outputs | Reports |

Config

(e ~| Psia SamplesPerUpdate

[NDM v] 100

[oriee ~] PsiA Confla Ok

[oHGT -] DEGC I Load Config I
QGas [None ~|
GG [None | Analysis Endabled
Yo [None vJ Reserves Enabled
Yw [None -] MLTO (DEGF)

15

SCSssv [NOM 'l Legacy MLTO (not used in rate calc)
Ext QGas [None - ] VSSV Open
Qo [None 'l [”] Ignore invalid events
o ( ] "1 No CalcRate Smooting

Provided QWinj -7 STB/D
QTotal |None -] Rate Calc from Perm
BHP [one ) "] Enabled

l Export Inputs J

48
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Auto-PTA Summary Table (Early-time IARF)

Start Time End Time Test Test DHGPi| DHGPf| BHPI BHPf | Qwi Qw Total kh Total DP PStar | Comp 1 DPs/Q)j
Lengh | Type PERM SKIN SKIN Eff Water

ddMMMyyyy |ddMMMyyyy|HOURS| PSIA PSIA PSIA PSIA | STB/D|STB/D md md-ft PSI PSIA % BBL/PSbI/(STB/
7/21/2012 9:35 7/21/2012 12:40 3.1 Fall-off 7401 7241 7877 7736 18728 18728 24.7 13585 -3.4 -486 7552 319.9 84.76 -0.03
7/30/2012 10:10 7/30/2012 11:35 1.4 Fall-off 7513 7378 7993 7865 18103 18103 25.9 14245 -3.3 -434 7419 297.03 82.15 -0.02
8/1/2012 2:50 8/1/2012 23:00 20.2 Fall-off 7515 6935 7993 7471 18359 18359 25.3 13915 -3.4 -459 6751 309.85 83.85 -0.03
8/15/2012 15:20 8/15/2012 21:45 6.4 Fall-off 7552 7444 8039 7938 16957 16957 25.9 14245 -3.4 -419 7837 317.04 87.76 -0.02
8/17/2012 4:00 8/17/2012 20:10 16.2 Fall-off 7599 7410 8086 7899 16909 16909 26.4 14520 -3.1 -373 7574 264.18 74.37 -0.02
8/19/2012 7:55 8/19/2012 10:15 2.3 Fall-off 7567 7210 8041 7747 19103 19103 24.1 13255 -3.5 -518 7329 336.09 87.14 -0.03
8/29/2012 1:45 8/29/2012 3:30 1.8 Fall-off 7678 7561 8153 8049 18865 18865 28.7 15785 -3.3 -403 7453 284.31 86.22 -0.02
9/7/2012 3:15 9/12/2012 8:55 125.7 Fall-off 7703 7716 8177 8202 19064 19064 29 15950 -3.3 -412 7631 295.2 90.33 -0.02
9/12/2012 8:55 9/12/2012 11:50 2.9 Fall-off 7715 7618 8193 8110 18504 18504, 28.3 15565 -3.3 -402 7903 286.8 86.06 -0.02
9/23/2012 4:30 9/23/2012 5:55 1.4 Fall-off 7615 7523 8102 8012 16942 16942 27.9 15345 -3.3 -375 7864 289.16 85.5 -0.02
10/21/2012 1:45 11/9/2012 8:10 462.4 Fall-off 7692 7626 8184 8133 16082 16082 29.8 16390 -3.2 -321 8159 267.98 84.08 -0.02
11/13/2012 4:20 11/20/2012 3:55 167.6 Fall-off 7613 6873 8115 7409 14252 14252 25.3 13915 -3.4 -355 7223 306.63 83 -0.02
12/12/2012 18:05 12/13/2012 0:55 6.8 Fall-off 7674 7248 8164 7785 16477 16477 27.6 15180 -3.2 -358 7282 275.55 80.84 -0.02
12/14/2012 16:05 12/14/2012 22:45 6.7 Fall-off 7659 7400 8152 7912 15913 15913 24.2 13310 -3.3 -405 7633 296.15 77.12 -0.03
1/19/2013 8:20 1/19/2013 9:45 1.4 Fall-off 7664 7438 8156 7965 16007 16007 24 13200 -3.3 -405 7837 290.07 75.03 -0.03
3/6/2013 10:30 3/6/2013 13:55 3.4 Fall-off 7673 7471 8163 7979 16378 16378 24.5 13475 -3.3 -411 7676 295.13 77.81 -0.03
3/27/2013 7:55 3/27/2013 8:55 1 Fall-off 7619 7362 8112 7899 15761 15761 24.6 13530 -3.2 -385 7662 282.41 74.74 -0.02
4/3/2013 19:35 4/5/2013 2:00 30.4 Fall-off 7667 7034 8163 7571 15233 15233 23.2 12760 -3.2 -390 7087 280.03 70.32 -0.03
7/12/2013 19:45 7/12/2013 22:10 2.4 Fall-off 7595 7443 8086 7943 16240 16240 19 10450 -3.3 -522 7598 306.64 64.24 -0.03
8/21/2013 17:10 8/22/2013 3:00 0.8 Fall-off 7709 7597 8204 8107 15577 15577 20.6 11330 -3.2 -456 7620 293.36 66.01 -0.03
8/23/2013 17:50 8/23/2013 19:35 1.8 Fall-off 7703 7573 8198 8085 15648 15648 19.6 10780 -3.3 -487 7651 304.87 65.8 -0.03
9/20/2013 14:15 9/20/2013 17:20 3.1 Fall-off 7722 7546 8219 8047 15234 15234 19.7 10835 -3.2 -471 7492 300.76 64.96 -0.03
12/5/2013 10:40 12/5/2013 19:35 8.9 Fall-off 7571 7222 8096 7759 7938 7938 15.9 8745 -3.2 -300 7260 309.08 55.26 -0.04
12/14/2013 16:55 1/8/2014 5:25 588.5 Fall-off 7732 7694 8231 8198 14718 14718 19.7 10835 -3.2 -452 8194 298.04 64.52 -0.03
1/8/2014 5:25 1/8/2014 13:05 7.7 Fall-off 7713 7272 8218 7809 13714 13714 20.6 11330 -3.1 -390 7314 278.22 62.69 -0.03
1/19/2014 7:05 1/19/2014 10:45 3.7 Fall-off 7716 7360 8221 7897 13456 13456 20 11000 -3.2 -401 7450 288.86 63.4 -0.03
1/29/2014 3:45 2/13/2014 0:55 357.2 Fall-off 7708 6936 8213 7462 13622 13622 18.6 10230 -3.3 -447 6986 306.65 62.95 -0.03
2/13/2014 0:55 2/13/2014 5:20 4.4 Fall-off 6943 6933 7468 7458 8309 8309 15.8 8690 -3.2 -316 7410 308.28 54.81 -0.04
2/21/2014 5:45 2/22/2014 12:35 30.8 Fall-off 7670 7580 8168 8091 14893 14893 18.6 10230 -3.1 -465 7251 278.79 57.22 -0.03
3/12/2014 0:45 3/12/2014 3:10 2.4 Fall-off 7720 7597 8227 8094 13127 13127 17.9 9845 -3.1 -425 7525 279.97 55.62 -0.03
5/10/2014 2:05 5/11/2014 19:35 41.5 Fall-off 7709 6958 8215 7495 13234 13234 17.6 9680 -3.2 -452 6982 302.23 59.17 -0.03
5/18/2014 10:25 5/18/2014 12:05 1.7 Fall-off 7700 7378 8204 7914 13693 13693 18.5 10175 -3.1 -426 7568 275.49 56.4 -0.03
5/22/2014 15:20 5/22/2014 20:15 4.9 Fall-off 7700 7271 8209 7808 12650 12650 17.4 9570 -3.1 -419 7247 278.05 53.77 -0.03
6/29/2014 11:05 6/29/2014 19:35 8.5 Fall-off 7699 7231 8207 7768 12875 12875 17.4 9570 -3.1 -434 7146 287.39 55.62 -0.03
7/1/2014 16:00 7/1/2014 16:45 0.8 Fall-off 7690 7442 8197 7979 13212 13212 19.4 10670 -3 -383 7523 263.46 56.33 -0.03
8/2/2014 14:20 8/3/2014 1:05 10.8 Fall-off 7699 7271 8209 7798 12524 12524 15.5 8525 -3.2 -486 7134 312.46 54.7 -0.04
8/20/2014 17:45 9/23/2014 9:05 807.3 Fall-off 7696 7211 8203 7715 13038 13038 17.8 9790 -3.1 -428 6868 284.93 56.32 -0.03
9/26/2014 8:00 9/26/2014 9:45 1.8 Fall-off 7571 7380 8060 7874 16466 16466 15.3 8415 -3.1 -625 7121 289.92 50.03 -0.04
10/5/2014 19:55 10/28/2014 20:30 552.6 Fall-off 7659 7686 8160 8201 14352 14352 16.2 8910 -3.1 -517 7461 288 52.19 -0.04
11/17/2014 15:35 11/17/2014 17:30 1.9 Fall-off 7670 7317 8166 7854 15364 15364 18 9900 -3.2 -509 7449 294.51 58.7 -0.03
11/28/2014 15:00 11/28/2014 20:40 5.7 Fall-off 7711 7706 8218 8213 13111 13111 16.2 8910 -3.1 -475 8141 294.03 53.54 -0.04
3/16/2015 14:05 3/16/2015 17:00 2.9 Fall-off 7540 7275 8055 7805 11029 11029 14.7 8085 -3.1 -444 7622 301.41 50.04 -0.04
4/12/2015 8:25 4/29/2015 14:50 414.4 Fall-off 7576 7582 8092 8098 11023 11023 14.2 7810 -3.1 -449 7576 292.89 47.4 -0.04
4/29/2015 14:50 4/30/2015 1:35 10.8 Fall-off 7580 7573 8095 8086 11202 11202 13.9 7645 -3.1 -471 8064 299.62 47.47 -0.04
8/9/2015 5:55 8/9/2015 22:25 16.5 Fall-off 7785 7109 8295 7646 12531 12531 15 8250 -3.1 -479 6923 283.87 48.05 -0.04
9/8/2015 8:20 9/8/2015 12:15 3.9 Fall-off 7786 7435 8298 7966 12058 12058 14.2 7810 -3 -478 7901 277.9 44.84 -0.04
9/8/2015 14:50 9/8/2015 16:45 1.9 Fall-off 7631 7385 8145 7916 11420 11420 15.7 8635 -3.1 -419 7794 283.49 49.95 -0.04
9/8/2015 19:05 9/8/2015 22:00 2.9 Fall-off 7589 7419 8103 7943 11361 11361 15.3 8415 -3.2 -440 7530 300.41 51.71 -0.04
9/9/2015 0:20 9/9/2015 1:45 1.4 Fall-off 7539 7448 8055 7963 10854 10854 16.3 8965 -3.1 -386 7567 286.29 52.39 -0.04
9/20/2015 12:20 9/20/2015 15:35 3.3 Fall-off 7755 7434 8268 7966 11629 11629 14.2 7810 -3 -463 7872 279.64 45.15 -0.04
9/20/2015 16:55 9/21/2015 0:50 7.9 Fall-off 7484 7593 8011 8104 7728 7728 13.8 7590 -3.5 -362 7669 381.22 60.12 -0.05
9/30/2015 21:10 10/1/2015 1:55 4.8 Fall-off 7759 7426 8271 7956 12009 12009 14.8 8140 -3 -461 7796 280.07 46.89 -0.04
11/26/2015 22:40 11/27/2015 9:40 11 Fall-off 7441 7323 7965 7846 8814 8814 18.3 10065 -2.8 -254 6884 240.6 48.85 -0.03
1/1/2016 14:35 1/1/2016 18:40 4.1 Fall-off 7171 7008 7701 7542 6264 6264 14.7 8085 -3.1 -246 7457 288.52 47.95 -0.04
1/12/2016 7:25 1/12/2016 15:20 7.9 Fall-off 7354 7087 7879 7616 8302 8302 13.6 7480 -2.9 -330 7375 262.18 40.82 -0.04
3/2/2016 10:40 3/2/2016 13:55 3.3 Fall-off 7545 7270 8060 7799 11150 11150 14 7700 -3.1 -455 7582 287.46 45.95 -0.04
6/5/2016 7:05 6/27/2016 22:55 543.8 Fall-off 7779 6917 8292 7441 11838 11838 15.4 8470 -3.1 -442 6757 285.92 49.76 -0.04
6/28/2016 8:30 6/28/2016 10:55 2.4 Fall-off 6882 6671 7405 7203 8873 8873 13.4 7370 -3.1 -380 7141 291.2 44.69 -0.04
9/28/2016 8:00 9/28/2016 15:40 7.7 Fall-off 7817 7442 8329 7969 11803 11803 13.6 7480 -3.1 -501 7600 291.68 45.16 -0.04
1/27/2017 12:45 2/3/2017 1:00 156.3 Fall-off 7600 7702 8122 8205 9267 9267 14 7700 -3.1 -384 6938 294.62 46.91 -0.04

2/11/2017 2/13/2017 51 Fall-off 7746 6932 8211 7469 32.9 18095 32.9 18095 -2.52 -291 6852 196.96 67.4 -0.01433




Auto-PTA Summary Table (Late-time IARF)

Start Time EndTime  [estlengt| Type | DHGPi | DHGPf | BHPi | BHPf | Qwi | Qw [otalPerm Kh TotalSkinfp Tota S| PSter Comp Efff Il Water DPs/Q|
AMIMIVyyyy Hfmm:ss | dMMMyyyy Htmrm:ss| HOURS PSA | PSIA | PSIA | PSIA | STBD | STB/D | md P | S | % | BBPSI SI(STR/D
6/2/201322:55 62620131850 | 5719 | DD | 702 | 6182 | 8192 | 6719 | 16523 | 1653 | 4 | 2200 | -53 | 440 | 6502 | 52014 | 1677 | 0.5
1/29/20143:45 10142135 | 398 | DD | TI09 | 6470 | 823 | 7006 | 1374 | 1374 | 39 | 25 | 51 | 331 | 6648 | 5316 | 18% | -0
8/20/2014 1745 920/2014%05 | 783 | DD | 7% | 6082 | 8204 | 6619 | 1877 | 1877 | 35 | 195 | 5 | -339 | 653% | 405 185 | -0
6/5/20167:05 6262016235 | 495 | DD | 7780 | 6303 | 8292 | 6840 | 11801 | 11801 | 34 | 1870 | -48 | -3102 | 6619 | 67488 | 2187 | 06

Oilfield Data Services Inc.
Date created : 2/15/2017 4:51 PM

=mmmemem dCalc BHP - DT1  wmwmmmmm Calc BHP LMS Derivative -DT1

Late-tlme IARF

____________________________________

PSI

————————————————————————

3 '::,_:;:'-"i'fmota_ha]ﬁsldbéfiif;::;i:;

DT1 - HOURS
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Permeability Comparison (Early-time IARF)

INJ FALL-OFF (EARLY IARF)
PERMEABILITY (MD)
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o Blue — PTA results with measured rates
o Orange — PTA with calculated rates
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kh Comparison (Early-time IARF)

INJ FALL-OFF (EARLY IARF)
KH (MD-FT)
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o Blue — PTA results with measured rates
o Orange — PTA with calculated rates
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Skin Comparison (Early-time IARF)

INJ FALL-OFF (EARLY IARF)
SKIN
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o Blue — PTA results with measured rates
o Orange — PTA with calculated rates
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DP skin Comparison (Early-time IARF)

INJ FALL-OFF (EARLY IARF)
DP SKIN (PSI)
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o Blue — PTA results with measured rates
o Orange — PTA with calculated rates
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Inj Index Comparison (Early-time IARF)

INJ FALL-OFF (EARLY IARF)
INJECTIVITY INDEX (STB/PSI)
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o Blue — PTA results with measured rates
o Orange — PTA with calculated rates
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Completion Efficiency Comparison (Early-time IARF)

INJ FALL-OFF (EARLY IARF)
COMPLETION EFFICIENCY (%)
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o Blue — PTA results with measured rates
o Orange — PTA with calculated rates
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Permeability Comparison (Late-time IARF)

INJ FALL-OFF (LATE-TIME IARF)
PERMEABILITY (MD)
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o Blue — PTA results with measured rates
o Orange — PTA with calculated rates
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kh Comparison (Late-time IARF)

INJ FALL-OFF (LATE-TIME IARF)
KH (MD-FT)
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o Blue — PTA results with measured rates
o Orange — PTA with calculated rates
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Skin Comparison (Late-time IARF)

INJ FALL-OFF (LATE-TIME IARF)
SKIN
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o Blue — PTA results with measured rates
o Orange — PTA with calculated rates
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DP Skin Comparison (Late-time IARF)

INJ FALL-OFF (LATE-TIME IARF)
DP SKIN (PSI)
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o Blue — PTA results with measured rates
o Orange — PTA with calculated rates
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Inj Index Comparison (Late-time IARF)

INJ FALL-OFF (LATE-TIME IARF)
INJECTIVITY INDEX (STB/PSI)
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o Blue — PTA results with measured rates

o Orange — PTA with calculated rates
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Completion Efficiency Comparison (Late-time |IARF)

INJ FALL-OFF (LATE-TIME IARF)
COMPLETION EFFICIENCY (%)
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o Blue — PTA results with measured rates
o Orange — PTA with calculated rates
62

Oilfield Data Services, Inc.



Feb 11, 2017 PTA Comparison

Measured vs Calculated Rate

PTA w Measured Rate PTA with Calculated Rate
Oilfield Data Services, Inc. Oilfield Data Services, Inc.
ANALYSIS RESULTS ANALYSIS RESULTS

INJECTION FALL OFF INJECTION FALL OFF

Feb/11-13/2017 Feb/11-13/2017

Calculated Reservoir & Completion Properties Calculated Reservoir & Completion Properties

SKIN 34 SKIN 34
PRESSURE DROP DUE TO SKIN 387 PSI PRESSURE DROP DUE TO SKIN 392 PS]
COMPLETION EFFICTENCY 20 % COMPLETION EFFICTENCY 29 Y%
RADIAL FLOW INJECTIVITY INDEX (II) 989 STB/PSI RADIAL FLOW INIECTIVITY INDEX (Il 1029 STB/PSI
SKINLESS RADIAL FLOW II 341 STB/PSI SKINLESS RADIAL FLOW II M8 STBPSI
PERMEABILITY THICKNESS 17951 md-f PERMEABILITY THICKNESS 18377 mdt
MOBILITY THICKNESS 25644 md-flep MOBILITY THICKNESS 26253 md-ftiep

Oilfield Data Services, Inc.



Conclusions |

e ODSI calculated rates matched the measured rates accurately
when there was no scale in the well bore

* A deviation between measured and the calculated rates was
noted during (mid-April 2015 — Late Jan 2017)

* ODSI’s rate solution is independent. Any deviation from the
measurement is an indication of a change in well’s
performance/model (PVT, friction)

* It was likely that the scale build-up caused additional friction
and caused the rates to deviate

 Scale build-up was confirmed with early-time (near well) PTA
results

* Confirmed by comparing calculated rates vs. measured rates

The software helps to detect errors in Allocations and changes in
well’s performance!

o ODSI

Oilfield Data Services, Inc.




Conclusions lI

Scale build-up was confirmed with early-time (near well) PTA
results

* Gradually decreasing kh with time

* From ~ 16 000 md-ft (Aug 2012) to 8 000 ( Jan 2017)

e Re-stimulation job in late Jan 2017 removed the scale

* Kh immediately improved to 18 337 md-ft (Feb 11, 2017)

Gradually decreasing near-well Inj Index with time:
* From 88 STB/psi (Aug 2012) to 47 STB/psi (Jan 2017)

* Immediately improved to 103 STB/psi (Feb 11, 2017) after the stimulation
job

Negative and fairly constant skin with time

High and fairly constant completion efficiency

. ODSI

Oilfield Data Services, Inc.




Well Analyzer Features

* Virtual metering
* Qil, gas and water rate calculations
* Detects errors in allocations

e Bottomhole pressure calculation from the surface
data

* Can replace downhole pressure gauge in case it fails

 Automated Transient Interpretation of build-up &
drawdown tests and injectivity & injection fall-off
tests

e Skin
* Permeability
* Avg.Pres/P*

66 OD SI
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Why ODSI?

* Well Analyzer is not intrusive and provides fast and
accurate results

» Accuracy of the technique assists in diagnosing
errors in allocations

» Software-based installation only

e Low cost investment

67 OD SI
Oilfield Data Services, Inc.




