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Petroleum Engineering & Economics Essentials (PE? Essentials) is a comprehensive
suite of cost-effective software tools comprised of Reservoir Engineering, Production
Engineering and Economics programs.

The PE? Essentials suite of tools can be used for all types of wells/reservoirs: gas & oil;
unconventional & conventional; onshore & offshore.
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“Petroleum Engineering & Economics
Essentials, Tools and Techniques to
Evaluate Unconventional (and
Conventional) Wells and Reservoirs” is
a how-to manual for evaluation of oll
and gas wells and reservoirs.

The book includes tools, theories,
techniques and examples covering
Reservoir Engineering, Production
Engineering and Economics.

The book was originally conceived to be
a handbook for evaluation of
unconventional reservoirs but evolved
to include conventional and some
IOR/EOR evaluation techniques as well.
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@ﬁ@i = PE? Essentials — Versi0|l2023

CO Inc.

Asset Management Essentials

. Production Database (stores all raw production data and can be password protected)

. Production Data Analysis: PE Tools db, Flow Regime, RTA, Simulation (generates simulator data file)
Basic Essentials

. Gas/Oil/Water PVT and Relative Permeability Curve Generation (generates simulator PVT files)

. Basic Equation of State (EOS) Model for Oil - PR and SRK (generates equivalent black oil PVT simulator tables)
. Monte Carlo Simulation for Oil and Gas In-Place and Recoverable Volumes

. PE Graph (plots data from PE2 Essentials; CSV files; or simulator RSM files)

Well Essentials

. THP-BHP Tubing Pressure Drop Calculations for Gas Wells

. Quick Log Analysis — Includes GIIP/OOIP and TOC Estimates, also includes pressure-depth (RFT) analysis
. Hydraulic Fracture Design

. Artificial Lift Design (rod pump, plunger lift, hydraulic pump and ESP)

. Pressure Transient Analysis and Analytical Test Pressure Simulator (9 Reservoir Configurations)

. Volumetric Surveillance and Analysis (includes Drive analysis)

. Hydrate Analysis (gas gravity and compositional analysis and includes inhibitor volume forecast)
Forecast Essentials

. Horizontal Hydraulically Fractured Well Forecasting (includes a History Matching Simulation tool)

. Basic Reservoir Simulator — Single Well Reservoir Simulator (generates simulator data file)

. Streamline WaterFlood Simulator (Leighton and Higgins streamline simulator)

. Miscible/Immiscible CO, WAG and Waterflood Streamline Simulator (DOE)

. Multi-Tank Gas Material Balance and Oil Material Balance Analysis and Forecast (includes aquifers)

. Decline Curve Analysis and Forecast (Deterministic Forecast) includes eDCA and NormDCA

. Monte Carlo Decline Curve Production Forecasting (Probabilistic Forecast)

. Type Curve Generation (averaging and probabilistic type curves based on history and Arps parameters)
IOR/EOR/Heavy Oil Essentials

. IOR/EOR Screening Tool (screens 18 different processes)

. IOR/EOR/Heavy Qil Tools (MMP, Thermal Properties, Hot/Cold Injection, Pump Rates)

Field Development Essentials

. Field Development Planning (Multi-well Project Planning and Forecasting)

. Nodal Analysis: Reservoir, Wellbore, Surface, Compressors and Atrtificial Lift (generates simulator VFP files)
. Interference Analysis: Performs well-to-well interference analysis of production data

Recovery Essentials

. Recovery Factor Analysis — Monte Carlo Oil, Gas, Unconventional, Reservoir Complexity, ANN

Asset Valuation Essentials

. Project Economics (Includes Corporate Economics Model)

. Asset Economic Evaluation (includes Generic, TSC, PSC contracts and acquisition analysis)
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Production Database Tool
* This is the repository for all production data
* The database can be password protected

+ Can perform data smoothing of noisy data o | st care | spocnasuymcare || noda || &

Import Data  Plot Data  Sum / Smooth Data.

NO15/5-F-5 AH
N 15/5-F-4 AH WL
ND 15/5-F-3 AH WL

O 15/5-F-15 D Oilfield

N 15/5-F-5 AH

O 15/8-F-4 AH ilfield W1
5/5-F-5 AH DilfeldW|

DORREREERE000

k] k)
Exit Program ‘ ‘ Export Data to CSV File | Export Well Summary to CSVFile | | BackupdB | | Info

(.

Import Data  Plot Data  Sum / Smooth Data

=1

eELevhen o

QilProd  GesProd  Water Prod
0 0 o

179048 13734 2421713

e o o

1965053 18.00889 00072964

1640608 1354059 00061013

19.19582 1477827 00307581 3 Delete Well

1876074 1492973 00116365

18.74747 14,6143 0.0407592 A hange Well Na

1916054 1505769 00045917

1922066 1554379 00028034

1906078 1496668  0.0028305

1828855 1404346 00027676

1164732 00017612

19,6694

19.15645

Excel Input

Well

Well

1916274 y

108355

1869105 ¥ :

193137 . Edit Table Data Q H - - H 4 Ho

19,3007 1617972 Exit Program | | Export Data to CS¥ File | Export Well Summary to CSV File || BackupdB | | Info

=2 e

19.14387 157.605 1
1876427 142,567 . Import Data  Plot Data _Sum / Smooth Data

18.66274 1352153

18.56104 1321817

1671014 91.02382

1621884 6658511

18.85006 1244675

19.00461 : 130.7047 :
18.93542 1295643

1757703 97.10782 3 l:l
19.24042 1253234

18.64865 1134838 :
19.69632 127.890

1972148 1219838 ;

197718 1161214
19.70261 1124508
10.74321 103.4287
19.85545 101.0636

PEE Database Examples Datsbase DVXdb

User Data 1

User Data 2

Import Data / Save to Database

BUREEE LS ERNERRE

NO 15/9-F-12 H Qifieid

RRO000000000;

NO 15/3--15 D Dilfield
NO 15/8-6-5 AH Oilfield
NO 15/5-F-4 AH Dilfield W1
O 15/0-F-5 AH Ol
WLRX

WLRX Oifeld
NO 15/9-F-1 C Diffield-&veraged T

o ] i o o o [ o

7
O 15/3-F-5 AH Oilficld- Averaged T
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@ﬁ@i\ 2 PE? Essentials — Asset Man.ament Essentials

Production Data Analysis (PDA) Tool (1)

* Links to, and loads, data from the Production Database and creates an integrated PE Tools database
» The PE Tools Database is the repository for all tool models and forecasts

» Database Management enables viewing and deleting the contents of the database

Q 3 p! ¥ 4 4 4
Exit Program Load PE Tools dBase | Linkto PE Production dBase | Convert Forecast ‘ Export Data to CSV File ‘ Save Well Data to New dBase | Create New (Empty) dBase Copy dBase ‘ Backup dB Infe
PEE Tools Examples Database.PEEdb
Oilfield Units
Database Management Capture Screen INTERPRET-PDA INTERPRET-PDA WFlood INTERPRET-PDA WI
Oil Well
Update Wells to Data Production Data VT Data Validation / Diagnostics Flow Regime Identification Flowing Material Balance Analysis  Analytical Simulator Numerical Simulator
| Eagle Ford Example | [] Check=Raw Import Data / UnCheck=Analyzable Data (®) Show Rate  (_ Show Cum
Base Well 5 . .
Data to be imported from the PE Production Database: Date Days Qil Rate Gas Rate ~ Water Rate THP CHP BHP
e Ford Examnle - 3-Jul-12 1 4250055 1119088  554.0042 0 3857 61917 A
= £ L= e N P/l 1-Aug-12 2 5358936 1410983  537.9935 0 4075 6326.5
1 O NOT5/S-F1C P 2-Aug-12 3 5890008 1602099 429.9998 0 2179 63556
- 2 [0 NO1/S-F-1H P 3-Aug-12 4 7399997 1805999 340.9999 0 4288 6394.9
Reservoir Parameters 3 0 NO15/S-F12H P 4-Aug-12 5 7290007 1933009 291.9999 0 4300 63546
‘; E :g ESH‘; g E 5-Aug-12 6 9299996 2254999  240.9999 0 4300 62523
/9-F- §-Aug-12 7 8309906 2201999  205.9999 0 4275 62243
R P 7000 .
SErEEE 5 L NoT5/o-FsAd Pl T-augn2 8 49998 13309% 110 0 4225 64108
Reservoir Temp (F) | 160 ’ E Hg Egg‘; i: m : 8-Aug-12 9 93.90996 2520099 2109999 0 4225 6078.7
/9-F- 9-Aug-12 10 105 2432009 130.9999 0 4225 6075.1
A P d 0.057 p .
verage Porosity (dec) 8 [ NO15/9-F1COifield P 10-Aug-12 1 1300099 2561999 1619999 0 4150 54718
Average Perm (md)| 1 %0 E :8 ESEP:J_E 8!::!5:: E 11-Aug-12 12 98.99996 2608999 138,999 0 4067 5326.8
/9-F- ifiel 12-Aug-12 13 3409999 8509996  51.69998 0 4217 8571
I Pay(f)| 50 . S
pELEE 12 00 NO15/3-F-14H Oilfield Pl 13augiz 1 5399998 1249.999 8099997 0 4182 64027
Wellbore radius {in) 4 1O MO 15/9-F-15 D Qilfield P 14-Aug-12 15 0 0 0 0 0 0
14 [0 NO15/9-F-5 AH Oilfield P 15-Aug-12 1% 0 0 0 0 0 0
Gas Saturation (dec)| 0O 15 [0 NO15/9-F-4 AH Cilfield Wi ! 16-Aug-12 17 0 0 0 0 0 0
16 [ NO15/9-F-5 AH OilfieldWi I 17-Aug 12 18 0 0 0 0 0 0
Do (=) R 7O wiRe ! 18-Aug-12 1 6200007 1844909  55.90008 0 4200 §179.9
Water Saturation (dec)| 0.27 e [ WLRKOifield . ! 19-Aug-12 20 50.00003 1530000 53.00008 0 4320 £434.4
Qﬁ E :g 1g*{g'ﬁ1CH03f_:§'dl'dA‘:E'399d-d- 3 E 20-Aug-12 21 1279999 3081.999 120 0 4100 5322.3
i /9-F- ilfield-Averaged_7 21-Aug-12 2 115 2866.999 10 0 4050 5258.6
Initial OIP (mmbhbls) A B - g
271 [0 No 15."9-F-1 2H O!If!eld-Averagedj P 22-Aug-12 23 96.99996 2740.999 103 0 4000 5192.7
2 [ NO15/9-F-14H Oilfield-Averaged 7 P 23-Aug-12 2 120 2117999 81.99997 0 3933 5126.8
23 [ NO15/9-F-15D Oilfield-Averaged 7 P 24-Aug-12 25 17 2714999 8299997 0 3904 5001.3
EEUEEES e s 24 [ NO15/9-F-5 AH Oilfield-Averaged 7 P 25-Aug-12 2 1240090 2700909  80.99997 0 3330 50377
(O Use THP 26-Aug-12 7 1219999 2710999 73.99997 0 3810 48819
i Unselect All Wells
AP ==> P; = () Use CHP Sclect 2Welk (Chock fiistwell == = 27-Aug-12 28 12890099 2714999 71.90997 0 3304 50244
28-Aug-12 29 1219999 2618999  68.99997 0 3900 5088.6
® Use BHP Import Data From PE Production dBase 29-Aug-12 30 17 2602.999  65.99997 0 3900 5081.2
30-Aug-12 £l 120 2604909 6699997 0 3875 5057
w
Update Prod Data From PE Production dBase F1-Aun-1 ?. 3? 1n7 .?ﬁﬁf.lﬂﬁq fi2.99997 N 3850 5012.4
[ Use Pseudo Pressure Note: Rate in mscf/d, bbls/d and Pressure in psi Edited data, Cum Reduction ==>|I|
Save New Data to PE Tools dBase
Copy Res Parameters to all Wells Generate BHP Clear Well BHP Reload dBase Clear All BHP's
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ent Essentials

@ﬁ@Z-EZ Essentials — Asset M

Production Data Analysis (PDA) Tool (2)

» Generates PVT tables or imports tables from the PE Essentials PVT tool

* Includes oil and gas Flowing Material Balance

» Can generate P90/P50/P10 and average curves from multiple wells

« Can assist with identifying flow regimes to identify boundary dominated flow

* Includes an Analytical Simulator

» Generates a model for the Basic Reservoir Simulator tool and the industry standard reservoir simulator

Info » 4 Diagrostics gin s sl Si - FEE Tools Exampdes Database PEEdL
Capture Sereen INTERPRET-PDA INTERPRET-PDA WFlood  INTERPRET-PDA W1
—
Well Bamete2d - 191 £2-497-32948 R e e~ .
Gas Pseudo Pressure (psPip) Ol Pseudo Pressure (psi) Water SOINGWR (sctbbY) Remave Rates La L
X-Axis Tome v
P pos—— Py . 0
332000083 | 320000304 | — Tutosiak 1 Lo
25200000+8 175000808 e e Greater than.
P, sy " Generate Aversge! e T T it d
ey posessaity e z ;
+ 8000008~8 | 1 200003e~3. 2 Generate POO/PSO/P10 Wells Settings b
12000008+3 | 7200003we 2 g
#000000e~4 % 000000w~8 7] KT
prisssain pose——. )
e e TR T T e Copy M Model 1o 3l Wells
Pressure (psi) Pressure (psi) Pressure (psi) g g ] Use Defauit M Model
Gox Preusdo Pressure P+ SweGragh |0 Pseudo Pressure D5 SweGraph Vst SoinGUR. 5 Save Geaph E S i et Wkt
g =incde FI o (e
H 3
3 @ i/Sealing Settings
P e
1t = Wimimams | O 0
& T T
& P72 Scaing Factor
o1 % Wcaing acor| 15
¥ et A
&
S S Y S SN S S S—
00y iz B0 wm S0 w00 700 @0 w00 1) ° =0 B0 70 Wed @0 wed 1 000 22 2500 E=Ra
Production Time (Days) Barny APt ‘Cum Gas Production, Normalized Cum Gas Production (mmscf) -
176 - Averaged Well (175 Wels) 2% Save Graph
Export VT Duta e 7% Save Graph 3
— = = - o = —— v o ! Fiowing Anaitical Siriator . i [ Vemerical Simator
Skin Facters Analytical Model
- e sl Tutorial
: Smtenn, | Tmelde) skn @ . . al-1
- - Tatorial 1 —=1 : : ?‘"‘“"”““’ 2 Lineas Net Pay Varistion
Days | Hathut | Sim Pt ) Pacate Faits Cadis s
H A O Perpendicuta Falts (- g composi Numerical Model : . Basic Reservoir Simulator
= ! (©) Constant P Boundary Depth to Top Reserveie ()| 720 ] "
H o @ - Build PE Basic Reservair Simulator Model
:
Reservir Widthy/Well Spacing {19571+
2000] s vestofoncat 0| Tubing 1060|1952 (1) B Single Fractune Stage Model
: ForecastBate 1456
H Number of Wydenobc fractures
g 2 1] Plot FMB Reservoi Pressure Fractue HlfLongth 1905
. " L] Show Plat Logend Unconventional Forecast
£ 1 Reset Reservaie Area
4 " Build e Modal
15 7
8 i 2 et
e 1 | Estimated Numerical Model Parametars
» ] = rea o Sumuiation Model (cres)| 14405
£ 0
x 59 - .
n 9 § w0 ] oy single
] 2 953 £ 200 FresSoln Gasin lace (Bach) 2067
a 5 s it et P rm Build Simulator Well Model Export Schodulo File
x w7
] s bad (®)Rate Comtrol ) BHP Gontral CITHP Gontral
. a me CIER R T T TR
Production Time (Days) . Hiote:Pressures in pi, Rate in mscld, Cum i menscf uss
% Save Graph -
Export Simudaion Ressts to C5W P SaveGaph | YMmDwheer| 0 | vMm 0 e Oow
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Essentials — Asset t Essentials

Production Data Analysis (PDA) Tool (3)

* INTERPRET-PDA tool performs straight-line analysis of any plot

* INTERPRET-PDA WI tool performs a Hall Plot analysis of water injection well data

* INTERPRET-PDA Wflood tool performs a straight-line analysis of oil-water performance in order to estimate the
waterflod EUR for a given water cutoff

IMTERPRET-POA
4 3 4 + 3 i
Ext INTERPRET-POIA || Losd PE Tocls INTERPRET-POA || Export Data to CSV Fle || Sawe INTERPRET-PDA to PE Tocls @8 || Info Wi || Lo PE Toaks W || Export Holl Cata to CSV il || Save INTERPRET-PDA Wi to PE Toals &8 || Infa
Info: INTERPRET-PDA Eagle Ford Refresh Well List PEE Tooks Examples Database. PEEdD Info: INTERPRET-PDA W1 Refresh Well List PEE Tools Examples Database. PEEdh
'@ Enable Hall Plot Analysis.
Well: Exgle Ford Example Add / Edit Line 5 . el WL Ol el Plot Analysis
Citine2 tines _ :
1 S Sope 800000 Sope (1/cE| 5250111 [ Radkewd 1490
Intercept. Intercept: Inftercept: | 37588 R o |
Plottine (] | oo Plotlne[ ] cew | Plotline[ ] cox = Feseuowpn | HetBe_1o4
D-Smoothing 400000 1I/Hall Caleulation
@iNo Olow Ruls Settings K Ouamp  AMeSsttinz
¥ Asis x Asis. y Axis * Al
Cmig Otagh oo B o 350000 [TTle M o || o
L= LS w ) sa BHP T
T Plat Parameters S 1 a8 F 300000 el e
i Plot Paramaters Log Scaler
2] ot as Ponts s e & =) a
& [ Show Well Count E e [ Plot as Points. Reset Ares
E
g e Updi Pt
£
150000
100000 2 WIRX
2 OE wiRKoiRed
50000
OWgT i Gl oM o032 04 o4 0% 0% 07 o8 60 100 1800 2400 00 300 40 4600 5400 6000
Production Time (Years) Wi Cum (mbis)
Y-Axis q-Oil/aF = 4 Save Graph XeMxis Time fyrs) - e “ e — V-Axis Hall Parameter - 2 Save Graph A-Axis Wi Cumulative — p—
i 3 :
Exit INTERPRET-PDA WF Load PE Tools INTERPRET-PDA WF Export Parameters to CSV Fée Save INTERPRET-PDA WF to PE Tools dB Info
Info: INTERPRET-PDA WF F-11H PEE Tooks Examples Database PEEdb
NO 15/9-F-11 H Oifield (/) : 7118316/ 6.102308 NO 15/8-F- Log(WOR) vs Np ———
Slope: 0476401 | Minl 001 || 0 | MeckWCut s
Log(WOR) vs Np (mmbbl) 1/q vs Np/q (days) e —l——
P ——— 0015, Intercept: M| o0 || s [NEURN 932 |
00135
0012 1/qvsNp/q (MBTime)
e yhus  xAuis
0008 Slopes | 244526c | Min| o o [WMagol 10 |
e Intercept: 21 (M| 0o1s || sooo | EUR | mo3t
0008
00045 twvs.
. . e yhus  xAxs
3 Slope: -0.4455¢ lﬁl‘_ 1 “ 0 Maxweu s |
0618 Intercepts <2715 | Ml 23 5 | ER| 730
Mo 08 16 24 32 4 48 56 64 72 110080000) L2 [ ¢ | [Fasec]
NO 15/9-F-11 H Odfield (x/y): 01350624 18.72875 fowle yhus  x s
Siope: mad | Ml o[ 0 | MesWCw! o
. 1/fw vs Np Intescepts 1454 Mo s | EUR | 78052
208} _,
£
-k WebSeiector | Upauerie |\ [ Updee Pt |
& 7 0 NOISFISD A
e 8 [ NOIVS-FSAH
2 1 O NOISSF-1COMied
o8 24 NO 15/9-F-11 H Oilfield
78 13 [  NO1S/S-F-12HOilfield
14 [ NOISSF-14HOified
54 15 O NO1Y/S-F-15D Oifild
32 < . 16 [ NO1S/S-F-5AH Oifield
1 24 []  Prodi-Smooth 7 v
. 08 16 24 32 4 48 56 64 7% 08 16 24 32 ¢ 48 56 64 72 = .
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EZ Essentials — Basic.sentials

AL

» Gas/Oil/Water PVT and Relative Permeability Curve Generation (exports simulator PVT files)
» Basic Equation of State (EOS) Model for Oil (exports equivalent black oil simulator PVT file)
* Monte Carlo Simulation for Oil and Gas In-Place and Recoverable Volumes

) . b
Exit Program | | Load PE Tools PUTModel | | Oil RelPerm | GasRelPerm | | Export Tablesto CSV | | Save to PE Tools dBase | | Info Reservoir/Fluid Parameters
0il C ibility Correlati Table
PEE Tools Examples Database.PEEdD
EETrs Eesbypesilial| 2003 Gl (®) Vasquez & Beggs - 1980 Maximum Pressure (psia) Minimum Pressure (psia
Oilfield ~ Open PEdB Info: Reservoir Temperature (F) | 220 Separator Gas Gravity O Petrosky & Farshad - 1993
[ PVT Well Ol | Update PVT Properties Solution GOR (scf/bbl) | 768 Bubble Point Pressure (psia) Correlation Values====5 < Tuned Values=
Dead Oil Viscosity Correlation Pressue GOR @0 B W 0 B u
Generate Oil PVT Tables s < - - < - -
Reservoir Parameters Gas Parameters Update PVT Properties O Beal - 1970 4000 768 1424 142 0378 1424 142 0378
Generate Gas PVT Tables Reservoir Pressure (psia) | 2965 o — ® Beggs & Robinson -1975 e sl o ool
Generate Water/Rock PVT Tables Reservoir Temperature (F) | 220 O Gleso - 1980 3056 768 184 14416 032 184 1M16 0342
Water Saturation (dec) 02 %H:S II| bbls/mmscd Solution GOR Bo 2782 768 2077 14505 0332 2077 14505 0332
ater Saturation (dec .
T I . R B B o " e 302 TIEs 14260 0332 14260 0342
Generate Pseudo Gas Composition Oil Saturation (dec) 05 0= lIl II' l ] ol ive Oil Viscosity Comrelation 2443 669.6 14035 0354 14035 0354
uss . = %z 0 | CoR info =i ] 8 O Chew & Connally - 1959 202 @13 13804 0366 1380 0366
Generate Pseudo Oil Composition 3s Saturation (dec) @ 4 1 @® Beggs & Robinson - 1575 2124 5735 13576 0378 13576 0379
- 1 =y 1994 5264 13351 0393 13351 033
mf ] e
Gas Properties Ol Properties o sof ] 1zl 85 4799 13129 0409 13129 0409
il Parameters i
Gas Pc 6624 peia Reservair Pressure 2965 psia BN 1 s ER/Eolons sty 1696 4341 12911 0427 12911 0427
Gas T 4367 R Bubble Point Pressure 77 psia OE! ] e S O O B N O Standing - 1947 1546 3891 12696 0.447 12606 0.7
z 0817 o Solution GOR @ PR 768 scf/bbl © 0 S0 10 600 200 2400 56 A 0 400 ) Glase - 1980 o e sl s
Gas € bil 28991 107 0il bil 1921 10%, 7 7
Giiviﬂi@s‘ ility B (pps\ O:\V\Z:;i\rteyss' ity I (pps\ Solution GOR | 768 ® Vasquez & Beggs - 1980 1008 2501 12075 0525 12075 0525
Gas Expansion (1/8g) 1887 ehft 8o 148 bbl/<bbl Bubble Paint Pressure Oil Properties O Al-Marhoun - 1988 948 2178 11878 0559 11878 0.559
Inial SR () 0 e Reservoir Pressure 2965 psia ) Dokla & Osman - 1952 79 fread 11685 06 11685 06
nitial J s/mmsc as Bubble Point Pressure 27417 psia 649 1389 11501 0649 11501 0648
Water Properties Rock Properties =L Solution GOR 768 scibbl | O Macary &El-Batanoney - 1992 500 1018 11324 0708 11324 0708
k/Water Parameters ol 0il Compressibility . A0%psi | O Omar & Todd - 1993
Water Density 10213 glec Reservoir Pressure 2965 psia = OilVieoriy 0330 g SRt e T
Selution RSW 138 scf/bbl Rock Compressibility 0.361 X10%psi ol 8o Vi bbb rosky & Farshad -
Water Compressibility 0334 x10%psi | | Total Compressibility 10085 x10psi Salinity (apm NaCl) asf- i Free Gas G Pt . O Kartoatmodjo & Schmidt - 1954 Tune Ol Properties
Water Viscosity 0.289 o Estimated Oil Perm 100 md “al O Almehaideb - 1997
10221 bblsbbl | | Estimated Gas Perm 10 md Porosity (dec) =l | | O Al-Shammasi - 2001
G/W Interfacial Tension 454 Dynesicm e e P e | Solid Line = Tuned ) A TS e —
O/W Interfacial Tension 232 Dynesfem T ave Simulator Ded
= ) d d 4 ! 3 3
Exit Program | | Load PE Tools Model | Load PE Tools Components | Import BIC's | | Recombination | | Export CCEData | ExportDLEData | Export AdPVTData | EOSPVTRepott | | SavetoPETools dBase | | Info Ecit Program | | Load PE Tools Model || Export Simulationto CSv | Export Deterministic Resuts to CSV | | Save Modelto PE Tools &8 || Info
) PEE Tooks Examples Database.PFEdb  Monte Carlo Gas Volumetric Results
Info:
® Gas Model N
O Opca b [ £0S Well Tuned McCain | | Export to Biack 0 PVTOINC File PEE Tools Examples Database.PEEdb Oifield Run M-C Simulation Open PE 4B o e P30 ] P10
C ie:[ 203 | a2 | emse
Fiuid Components Constant Composition Expansion Differential Liberation Expanzion s T RGHP:[ 3682 | 30117 | 70903 | s
Probal Parameters ¥ Save Grap
€02 - mol% fm PREOS ) ks R — Presswe | GOR[1l | Bo@2l | OilGraviy | GesZfactor | GasGravity
- - 2634 766.7 1493 0701 - -
2= mele Run SRICEOS e 03575 138665 ) a0s i oo sa o797 Cummulative Probability Plot - GIIP and RGIIP (Bscf)
C1-mol% 4458 0.9618 1675 ' y - 0. 703 Reservoir Area, A o T T T T T
@ o Pn| 202 o @ B 1o ook s e 53 o6 o7 T "
3036 09711 1.865¢-5 1644 1792 1349 073 08396 0793 ;
3 - mol% 3670 09762 1.977e5 1404 4189 1318 0753 08493 0798 e =
ic4 - mol% MetcnPoa| 2z |psi 3404 ose17 21035 1164 W12 128 0763 08515 081 L ™
nC4 - mol% 3138 99876 2285 524 3054, 1.259 0774 05761 083 Initial Water Saturation, Sw
2672 0.9939 2401e3 6at 306 | 1220 0785 08933 0867 st =
Initil Reservair Pressure, Pi
iC5 - mol% 2664 09892 25505 a1 1905 1198 0797 09132 0842 =
- ol 2640 09996 26395 201 1287 1157 0812 035 1135 ‘Absndanment Pressure, Pab
p— Factar[_ 1022319 e o 265 15 0 105 0822 03874 1899 Reservoi Temperature, TR “
2604 1.0038 s -
C7+ - mol% Tune EOS S5 10338 Gravity of residual o APl Condensste-Gas atio, CGR »
Comps. 2124 1.0874 -
Zcomp: 1884 11516 - [1] Volume of gas at standard pressure and standard temperature per residual volume of ol at standard “
7+ MW Thermal Expansion Factor 1644 1.2406 N temperature (scf/bbl or scm/m’) (Gas Expansion Factor, 1/Bg | 202 2232 2381 seffft® A7) 0 w0 250 020 =0 [T} 100 140 1270 1400
s 1404 13683 - [2] Volume of o a indicated pressre and temperature per volume of residual oil st standard temperature Recovery Facton BE | 711 | | ™0 || #75 %
1164 1.5606 - N =
Probabilty  GIP
- s Max Pressurefor CCE Table 924 18713 - . Reservolr Anea Distribution " Beel
s Temperature [ 2326 - Separator Fluid Stoek Tank Fluid Seed (Random=-1) | 123255 s » nis
oy 36784 - o e
D 204 51332 Component |_Oil (mole%) | Gas (mole%) Component | Ol (mole%) | Gas (mole%) o Infa = o e
o. 02 159 0.: 162 = .
0
Separator Tests N2 001 031 N2 0 005 - som s
Pe a 325 69.56 c 0.2 2449 Deterministic Models oo ,5;
T T T T T c 334 15.98 =3 055 23 Pay NG Pera =3 RF o PeD
sswe | Tempgature | GORL__QIAPL_| o2l | <] 562 828 [ 241 2739 31 08 18s 14 %2 o 70
i 18 108 ica 127 7] us o 16 s %2 o P20
147 & 721 203 13939 1.332 nC4 564 223 nC4 481 12.58 ar 066 176 127 Ll oo P20
[1] Volume of gas at standard pressure and standard temperature per stock tank volume of ol at ics 249 039 ics. 249 249 a5 o& B by 58 o L
Run Sep Test standard temperature (scf/bbl or sem/m?) ncs 254 028 n<s 265 182 = o3 1 134 ™3 . (2]
[2] Volume of saturated oil at bubble point pressure (tuned) and reservoir temperature per volume (Ci ;ﬁ!‘ DD} (Cf’ 79;54} ! ? 300 08 168 % preey 15 08 e e S P: P10
of stock tank oilat standard temperature Area 265548 | 300383 || 2082
Reservoir Avea v 55 Save Graph
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@/ﬁ@i_ PE? Essentials — Bas

* PE Graph

File Info
Graph Settings
Limits
y Axis
Maximurm;
Minimum: 100
Log Scale: []
Lock Axis: (]

Reset ¥

General Settings.

@ Show Plot Frame

@ show Plot Background
Backkground Color

@ Show Grid

() Show Minor Grid
Grid Color

@ show Legend

x Axis

100000 10000

1

a
O

Reset X

IEI Background Color

Plot Frame Color EI

[ —
Grid Color @
(—

Legend Location pottom left -~

PE Graph WSpace PDA-Anal.dvxWS

Text
Title Qil Rate
x Label Days

y Label bopd

TextFont  Aral ~

Text Color

tials

‘Open PEdB

Load PE dB Data

Load CSV/RSM Data

#Plots 2

Auxis Label Size ]
Tick Label Size ]

Title Size ]
Legend Text Size ]

Series Settings (Select Series First)

EI Series Color
solid w  Line Style
[ ] LineWidth 1
none «  Marker Style
] Marker Size L
(I Solid Marker [ Stem

@ Plot Data as Points

P Basentials Tools db - General Data Export Bagle Ford Bxssple Rav.csv
FE Easentials Tools db General Data Export o oursela
Eagle Ford Zxample

Tise  of1 mate
Ooys

water Bate  Liquid Rate
owpd
Al

3
N
s
6
8
10
n
1
o.ese164 13
o.033562 14
os0959 15 o
o.ea38356 16 ° ® o o
0.046575: 7 e ° e e

0.049315:

1
s

Drag and Drop CSV File to View. ‘Import Data’ to Load into PE Graph

Version 2024

Import Time Format
Start: @ 1900's () 2000's  Format: © dd/mm/yyy O mm/dd/yyy
PE Graph WSpace PDA-Anal.dvx WS
Plot Data
Select x-Axis Clear X Select y-Axis Clear Y Select Data Set Select 25 Wells (Check first well) Clear Plot > CSV
[JTime (Years) (I Time {Years) @ NO 15/9-F-1 C Oilfield Save selected
B Time (Days} (Time (Days) © NO 15/9-F-5 AH Oilfield plot data to
[LJ0il Rate (bopd) B0il Rate (bopd) a2 CSV file
[[)Gas Rate (mscf/d) (C)Gas Rate (mscf/d) a
[JWater Rate (bwpd) (CJWater Rate (bwpd) ]
[JLiquid Rate (bwpd) [CILiquid Rate (bwpd) -] Save CSV
[C)Cum Qil (mbbls) (CJJCum Qil (mbbls) @ NO 15/9-F-4 AH Oilfield WI
[CJCum Gas (mmscf) (CJCum Gas (mmscf) @ NO 15/9-F-5 AH OilfieldW!
[CJCum Water (mbbls) (CJCum Water (mbbls)
[JJCum Liquid (mbbls) [JCum Liquid (mbbls) Clear All
[JTHP (psi) (CITHP (psi)
[JCHP (psi) JCHP (psi)
[CIRHP (nsil [CIRHP fnsit

bopd

100000 ¢

10000

1000

100

Oll

Rate

Cum Oil

1000000

A
fint

NO 15/8-F-1 C Qilfield: Oil Rate

NO 15/9-F-5 AH Oilfield: Oil Rate
NO 15/8-F-11 H Qilfield: Oil Rate
NO 15/9-F-12 H Oilfield: Oil Rate
NO 15/8-F-14 H Oilfield: Oil Rate
NO 15/9-F-15 D Oilfield: Oil Rate
NO 15/9-F-4 AH Oilfield W Oil Rate
NO 15/9-F-5 AH QilfieldVVl: Oil Rate

100000

10000

H 1000

mbbls

10

100 1000

Days

TTTTTH

NO 15/8-F-1 C Oilfield: Cum Oil

NO 15/9-F-11 H Qilfield: Cum Oil
NO 15/8-F-12 H Dilfigld: Cum Oil

NO 15/8-F-15 D Oilfield: Cum Oil
NO 15/8-F-4 AH Dilfield WI: Cum Oil
NO 15/9-F-5 AH QilfieldWI Cum Oil

NO 15/9-F-5 AH Oilfield: Cum0il —

NO 15/9-F-14 H Qilfield: CumQil —

1000

10

100
Days

1000

10000

Slide 12




ntials —

» Basic THP-BHP Tubing Pressure Drop Calculations for a Gas Well with IPR
* Hydraulic Fracture Design
* Quick Log Analysis — Includes GIIP/OOIP Estimate and Pressure-Depth analysis

e | s | v || e | senotmismiec | seesessrenn || € = 2
A Eetn § [t P BAREGH oI B o Lol o ExitProgram | | Load PE Tools Model | | Save Modelto PETools dB | | Info
PEE Tooks Examples Database.PEED . ) PEE Tools Examples Database.PEEdb
Open PEB Calculate Pipe Data Oilfield Capture Screen Open PEdB .
Model Name: . i Model Name: Hydraulic Fracture Gas Well
Lo R THP GasWel

Analysis Results

Well Options
Optimized FCD 1.6 <dec> Optimized Xf 613 ft

Optimized Ix 0.163 <dec> Optimized W 0.016 in

Total Well D 0345 <dec>
Stabilized Well Pl 0.117 mmscfpd/psi®
Stabilized Potential @ 500psi 1710.3 mscf/d
Equivalent Skin Factor for Well 48 <>

™ WGR Min Qg (water) Min Qg (sand)
psi bbl/mmscf d msc/d psi msc/d mscl/d
500 0 [ o 6159 60 804
500 o o 500 6202 632 807 x
500 0 o 1000 631 638 a4 ki
500 [ 0 2000 o 659 82 sl
50 0 0 3000 751 o 834 w
500 0 0 4000 8147 B 934
500 0 0 5000 1 ™ %0
500 0 0 70 1657 %6 136
500 0 0 0000 14473 %4 1219 Stage Specing
500 [ o 1250 782 1032 110
500 10 0 0 6159 60 o4
50 0 0 500 &7 a3
500 10 [) 1000 6405 43 21
THP=500; WGR= 98435, BHP= 14287 i
9 = 10; Sand=0: = 3
THP=1000; WGR=0: E
g 17802 g
ng Point: THP= 1500, WGR=0; §
g 2000; WGR0;
Lo sl Viel| Spacing
Q 3 [ 3 o
ExtProgram || Losd PE Tooks Model | | Pressure Gradient | | Save Modelto PE Tools & || Info
s~ OpenPi dB Run Quick Log Anslysis P Openrran PEE Took Examples Databise PEEdt

Gasndicsor?
OOIP (mbbis)
Average Vsh  0.005 Average Sw 0212 Total GIIP 1496335 mmsci GIP (mmsch)

TotalNetPay 181 AveragePhi 0.134  TotalOOIP 959386  mbbls
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@/ﬁ@i_ EZ Essentials — Wel-tials

« Artificial Lift Design: Rod Pump, Plunger Lift, Jet Pump, ESP

3 3 3
Exit Program ‘ Load PE Tools Model ‘ Save Model to PE Tools dB ‘ ‘ Info Exit Program ‘ ‘ Load PE Tools Model ‘ Save Model to PE Tools dB ‘ ‘ Info
Gt v OpenPEdB PEE Tools Examples Database.PEEdb Gitid v OpenPEB PEE Tools Examples Database.PEEdb
Rod Pump Plunger Lift Jet Pump ESP Rod Pump Plunger Lift Jet Pump ESP
General Design General Design
Mo Artificial Lift . Mote Artifcial Lift Con
Neme: Sucker Rod Pump Design Parameters Neme: Plunger Lift Design Parameters
Resenvoir Pressure (psi) 4350 Reservoir Pressure (psi) 4350 % : Silted farmration
ResevoirTemp (F) 200 % Tubing OD (in) 3.5 Pump Setting Depth (ftMD) 3500 ReservoirTemp (P 200 | % e 0 |
OilAPI 32 % Tubing ID (in) 2992 Annulus Liquid Depth (ftMD) 3500 oilrel 32 - Tubing ID (in)  1.995 Selected Plunger Weight (Ibs) 10
—— ) X = —— Tubing OD (in) 2375 Plunger Fall Velocity in Gas (ft/min) 750
Bubble Pt Pressure (psi) 500 % Plunger Diameter (in) 225 : , OvYes Bubble Pt Pressure (psi) 1500 | % — ——
L e Tubing Anchored? ONo S Casing D (in) 4 Plunger Fall Velocity in liquid (ft/min) 150
GasGravity 06 | % Rod Diameter (in) 675 GasGravity 06 % e w0 | |
— . — iaximum Avail i lunger Rising Velocity (ft/min)
Salinity (ppmNaCl) 35000 | % Crank-to-Pitman Ratio. 3246 e Salinity (ppmNaCl) 35000 | x L g —_—
Py ing Si 18
. APIPump DimensionA(in) 111 o _ e
Solution GOR (scf/bbl) 545 - Dinoimendbnceicd o Solution GOR (scf/bbl)  200.7 esul
T ump Dimension C (in) 9. — e . .
GilBo  1.089 === SafetyFactorfor Prime Power 1.5 OilBo 1457 Plunger Lift Will Operate with Slugs Between  n/a and  n/a _bbls
— API Pump Dimension R (in) 37 — —_—
e e Max Allowable Accel Factor 256 of Pump B Conventional ~ B 102 SugVol CHP-min CHP-max N-max Qlig-max GLR-min N Fall Time
— TypectPump = /Banced A (bbi) (psi) ) (oydlefd)  (obld)  (schfbbl)  (cycled)  (min)
L 0.1 127 186 87 87 37688 10
Surface Producing Conditions 1 Surface Producing Conditions 0.25 138 201 85 211 16297 - 10
) Resiatz - i 05 155 27 8 403 9163 - 1
Producing GLR (scf/bbl) 87 Producing GLR (scf/bbl) 200 % 1 190 78 75 742 5580 50 12
. . 2 260 380 65 1282 379 2 15
25 it iquic i 95
Producing Water Cut (%) Pumping Liquid Rate (bipd) 648.4 Maximum Speed (spm) 18 Producing Water Cut (%) 5 5 s o & G =S i
Design Liquid Rate (bbl/d) 10 Resulting Hydraulic Power (hp)  16.5 Maximum PRL (Ibs) 15391 Design Liquid Rate (bbl/d) 50 % 4 400 585 51 014 2859 3 2
e— oo s Facoru] ——— 5 470 687 46 214 2661 10 2
Flowing Pressure (psi) 25 Resulting Friction Power (hp) 7 Minimum PRL (Ibs) 4503 Flowing Pressure (psi) 100 % 6 540 789 2 2488 2521 9 28
. Required Prime Mover Power (hp)  31.8 Counterweights (Ibs) 9947 - 8 679 993 36 819 238 7 %)
Flowing Temperature (F) 100 = el Flowing Temperature (F) 100 % - s S 7 9 o B %
* Required data for selected pump * Required data for selected pump

3 3 3
Exit Program ‘ Load PE Tools Model ‘ Save Model to PE Tools dB ‘ ‘ Info Exit Program ‘ Load PE Tools Model ‘ Save Model to PE Tools dB ‘ ‘ Info
PEE Tools Exar Database.PEEdb [ Capture Screen | PEE Tools Exar Database.PEEdb
Oiffield v Open PEdB ple U3 Oiffield v Open PEdB Coptice Scréen nphs e
Rod Pump Plunger Lift JetPump ESP Rod Pump Plunger Lift Jet Pump ESP
General Design = General Design
e Artificial Lift . e Artificial Lift .
Neme: Jet Pump Design Parameters Neme: ESP Design Parameters
Reservoir Pressure (psi) 4350 | % o L Reservoir Pressure (psi) 4350 | %
B0 ) p B0 )
ReservoirTemp (F) 200 % Reservoir Depth (ftMD) 10000 ResevoirTemp (F) 200 %
—_ " Selected Pump Area Ratio, R-value 0.262 —_ Reservoir Depth (ftMD) 10000 Min Pump Suction Pressure (psi) 200
GilAPl 32 % Pump Setting Depth (ftMD) 9700 e GilAPl 32 % —_ —_
— """ Selected Pump Jet Nozzle Area (in?) — Pump Setting Depth (D) 9800 Min Capacity of Pump (bbl/d) 10000
Bubble PtPressure (psi) 1500 % Max Rate for Vogel PR (stb/d) 8000 e Bubble Pt Pressure (psi) 1500 e "
— el Selected Pump Peak Efficiency  0.255 — Max Rate for Vogel PR (stb/d) 15000 Pumping Head per Stage (ft/stage) 60
GasGravity 0.6 * Tubing ID (in)  1.992 o, . mvem GasGravity 0.6 * : =1 =1
» — """ Dimensionless Rate at Peak Efficiency 0.9 » — Tubing D (in)  2.992 Power perStage (hp) 6
Salinity (ppm NaCl) 35000 | % Tubing OD (in) 2375 IR ——— Salinity (ppm NaCl) 35000 | — =
— L Power Fluid Specific Gravity 0.6 —
CasingID(in) 5 =
Solution GOR (scf/bbl) 2007 e Solution GOR (scf/bbl) 2007
OilBo 1157 OilBo 1157
WaterBw  1.032 LTS WaterBw  1.032 LTS
o el Based on CHP. 2993 - .
. 5 e 1 . 5 Required Pump Discharge Pressure Based on THP (psi) 4775
Surface Producing Conditions Required Pressure at Pump Inlet Pressure (psi) 4091 ‘Surface Producing Conditions Eles
Producing GLR (scf/bbl) 200 % Producing GLR (scf/bbl) 200 %
Flowing Bottom Hole Pressur 2823 Required Pump AP 2040
Producing Water Cut (%) 10 % Flowing Bottom Hole Pressure (psi) 4197 Pump Outlet Pressure (psi) 4084 Producing Water Cut (%) 90 % e 5= | =
— —— ion R: 8358 Requir i 4111
Design Liquid Rate (bbl/d) 500 * - B 05 Design Liquid Rate (bbl/d) 2000  * i g — p
e — Power Fd Rate (bbl/d) 676 Pumping Flowing CHP (psi) 719 e — Minimum Pump Setting Depth (f) 3997 Required Number of Stages 79
ing Pressure (psi) i — ing Pressure (psi) 2 =
e Fotal Retun Rate (U 1208 Surface Operating THP (psi) 909 e Pump Suction Pressure (psi) 2735 Total Motor Power (hp) 471.1
Flowing Temperature (F) 100 % —— s Flowing Temperature (F) 100 %
* Required data for selected pump * Required data for selected pump
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* Pressure Transient Analysis and Analytical Well Test Simulator
* Volumetric Surveillance and Material Balance Analysis

3 3 =] 3
Exit Program Load PE Tooks Model | PVT Parameters | Import Data Test Simulation Save Model to PE Tools dB Info
~ " . Import Buildup Analysis Run Simulation Model
Capture Screen R Simulated Test 9
§ . Analytical Model
Fluid (Onen FE &5 5300 — T T T T T 7T _ .
= oAl 0 o e e - Homer Data 2000k ] Initial Pressure (psi) 53405 o
Semi-Log Build-up Analysis Hormer Time 1: 2700 a Perm (md) 18 L (O Parallel: Fault/Cons Pressure
Pressure, P* (psi)  5340.5 1400 T T T T T T T r 1 werage Perm (mi . .
tpsi) 04369 4400 ] O Faulted Reservoir O Linear Net Pay Variation
Wl Pacameters L il »
AvesgePay () 160 S v - Homer Time 2: 5 4toor 1 Shutlme by 76738 | Ol s O Radial Reservoir
i Skin Factor  19.09 zZ20r y i S 3800 8 () Perpendicular Faults
‘Wellbore radius (in) 35 AP - Skin (psi) 18859 z 3500 1 ’ Ol Composte
G- £ mar 0 1 | BuTimen: = ] Mumber of Rates (max=4) 1 O Constant P Boundary
Test Radius (f1)  16046.1 = B
£ 10s0f i) 1 2 2900 1
Model o Tt £ el S B Time 2: 2600 4 Time (hrs) Rate Skin Model Parameters
Name: £ — 2300 ————1 T L 120002 29000 19.09 T
s L Il ” 0 1600821 S 00EE000 _— = =
51 Time HomerTme  PseudoP  Derivative g = . > eqivip 120002
0 959602 £ mp - S Time Rate 29000
00072 1666605+ 7 - 1301
00144 833347306 680 U 4
0012 MI27%8  6250105e+6 Hormer Slape: 2% Save Graph
00312 3512 LBAG210er6 e . Il 649 Test Results
0002 IWOTT  27TTESert P P L T
00552 IMET2 LITINS0e6 L=y 100 1000 10000 100000 1000000 1.000000+7 10000008 Hours SIHours  Pressure
0072 IO 151517Bers " i " f .
’ Hamer Time Simulated Build-u Simulated Build-u 1200.02 26213
Ve s £ Save Graph P = P 2400.04 - 25845
0184 2078 = 5 e i awﬂ.g; - 22535735
0.2424 428081 =2 N Im X - g
v » Log-Log Build-up Analysis Detthe 5 = E W | et L s
e 1000 o St = F i ) !
osn 45 3 anw 1 e £ £ L i 720012 - 25258
0564 4587055 £ r 1 01 8 2 e 840014 - 25176
1 s = - z 2 100 b 9600.16 - 25104
14T s é r g 5 i 1080013 - 25041
5 1 I Maximum 3 = r i 12000.2 - 24984
1 & . V-Scale & & r i 13200.22 - 22032
20887.03 S 100¢ E 1000 2 - il 14400.24 - 24885
et i i 1 ® T T H LU L 0TI (T T, | 1se0zs - 2442
7 £ r ta il & 0 R
458552 H . Fomper of Homer Time ©  Wootoo1 01 1 10 100 1o001000m00oog %02 24802
Bt ] Il ¥-Auis Log 180003 - 24765
913023 H Cysles sannan iy
120 ) : Black Curve is Simulation Results 2% Save Graph 2% SaveGraph  pport Simulated Build-up Pressures
- .001 001 1 10 1 1000 10000 100000
o san o Red Points are actual data (when available) Export Test Simulation Resaits
: quivalent Time -
2EE2 MEER 169903 F) Save Graph
3 o 3 o 3 3
Exit Program Import Prod/Inj/Pressure Data PVT/Reservoir Model Load PE Tools dB MB Model Save Graph Export Data to CSV Save to DVXv File Info.
Water Drive Open PEdB
Model
Water Drive Name: ‘Water Drive
‘OOIP in mmbls
Plotting Data
O Cumulative O T EegEm
O F/E: Depletion Drive
([ Cumulative Gas.
() Cumulative Water OFEE=ED 0
O Cumulative Gas nj OiEeEnare [E2 ) I
() Cumulative Water Inj O Drive Indices: LN o |
[ Reservoir Pressure [JPlot MB Model
Graph Settings.
_ Axis Settings Limit Settings
Fl
E x Axis ¥ Axis Title Water Drive
E s [ w0 xLabel F (mmrbb)
g e 0 yLabel F/Et (mmstbbl)
Increment: 2.6 26 Axis Label Size '
e o (8] Tick Label Size ]
Tite Size:
AutoFit X-Axis '
Legend Text Size []
General Settings
@ show Box Frame {8 Show Grid () shew Legend
8 Show Box () Show Minor Grid
1 | | | I \ | I I I
o 26 52 78 04 13 e 182 208 24 26 | 55 SaveGraph
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» Hydrate Analysis — includes inhibitor volume forecast

EZ Essentials — Well-ntials

,;. o
F i = 4
Exit Program ‘ Load PE Tools Hydrate Model ‘ Composition-Based Analysis | Inhibitor Volume ‘ Save to PE Tools dBase ‘ Info
Capture Screen Compositional Hydrate Temperature - Pressure
PEE Tools Examples Database PEEAD e
Oilfield Open PEdB Generate Hydrate Curves et
Hydrate Inhibitor Type T Hydrate Models Generate Hydrate Curves
(Ltel Complete Hydrate Example & Based Anal © Methanol E— 18 Poettmann (1989) Table Parameters
Name: Gravity-Based Analysis - Salinity (pprm) 35000 Test Pressure (psia) 500
o O Ethanal Inhibitor Model 18 Berge (1936) L —————  MaxPressure (psia) 2000
FECAREEIIEED Hydrate Models () Ethylene Glycol (MEG) © Carroll (2003) Inhibitor Weight % 10 Average Th (F) 50 S—
Gas Gravity o7 8 Katz (1944) O Diethylene Glycol (DEG) O Nielsen-Bucklin (1983) Min Pressure (psia) 100
—— Test P 500 - E—
e — =) U B 5alufu (2013) O Tiethylene Glycol (TEG) O Pederson (1983) o) ¢ | i PSS R
e | AversgeThyd (F) 455 8 Towler (2005) CoZ-mol% 3 Y e Press.. Posttmann  Berge
— 8 Makogan (1987) Table Parameters ——— | | | | | | | 2000 598 615
B Motiee (1991) . 200 Minp 0 - | ol | 1900 509 61.1
8 5un (2003) (Sour Gas) s L (e ) S Cl-mol% 70 180 509 §0.7
Hydrate Pressure-Temperature 1700 50.8 60.3
w | 1 ] | | | | . Pressure  Salufu  Towler Makogan Motiee  Katz Sun g v 1600 506 399
L | Test Points 2000 & 641 622 60.1 609 647 C3-mol% 5 1500 59.3 594
1900 624 6. 61.6 0.5 605 641 1400 59 589
el S 1800 617 626 61 59 ) 634 iC4-mol% 0 = 1300 589 583
sor 1 1700 61 618 603 584 595 62.7 = g .
# [Pressure (psi)|_Temp (F) | 1600 602 09 jood 7 ps - nCd4-mol% 0 = 1200 587 57.7
=) 1 1305500 §§ 100 595 50 8.8 57 S84 611 C5-molm 0 i 1100 582 57
o = 140 586 59 579 563 517 503 z 1000 576 36.2
< sr 120 578 58 57 335 7 503 nCi-mol% 0 £ 900 56.8 35.3
E 1200 568 569 56 546 563 583 = 800 557 512
B eor 1100 557 556 549 536 554 572 C6-mel% 0 700 543 528
< 1000 546 543 3.8 526 544 559 o7 1% 0 500 520 512
g wr o 900 533 2.8 524 514 533 5456 *omo g :
Axis Settings 200 519 512 509 50.1 519 53 500 508 49
Ea s Salfy —— yAxis  xAxis 700 502 2032 92 485 504 513 / Posth 400 481 462
Towler — o 20 100 600 484 a7 412 468 485 493 SIomEE —1 00 ==/ o g‘:,";a — 300 441 422
w0 Mabogan REEBUE 500 462 46 248 45 46,1 469 TestPont @ 200 378 362
etz —— Maximum: 70 2000 400 25 N4 e 419 431 439 - | | | | | | | . . P R ———
F Sun 300 A0 374 378 384 39 402 Import Components 100 280 480 870 860 1050 1240 1430 1620 1810 2000 J
TestPon: @ Reset Scales 200 351 37 21 313 329 S 500 50.9 4
= L L L L L L L 100 26.7 219 216 242 25 262 Pressure (psi)
%00 2% 480 ©om se0  wse ize0 1430 120 1810 2000
Pressure  Salufu  Towler Makogan Motiee  Katz Sun N
P B S Graph Exit
LEEERER) 2% Save Graph Export Table 500 462 446 M8 46 461 469 59| Save Grap
.
Hydrate Inhibitor Volumes Calculate Inhibitor Volume
Plot Hydrate Volume
8 Methanol Inhibitor Volume Terms Table Limits
B ethanol Olb/mmsef  Obbliday  Olb/day O gal/hour Max Rate 20 MinRate 1 (mmscf/d)
B Ethylene Glycol (MEG)
B Dicthylene Glycol (DEG) GasRate Methanol Ethanol MEG ~ DEG  TEG
@ Tricthylene Glycel (TEG) Inhibitor Requirements 20 279.1 356 3903 4278 4821
1800 T T T T T T T T 19 2809 3585 3931 431 4855
Methanol 18 2828 3614 3962 4344 4804
Initial Pressure (psia) 1050 1840 - e || 7 285 3645 3007 4382 4936
— \ .. 16 287.5 3681 4036 4425 4985
Initial Temperature (F) 195 1480 .'ég —H 15 280.3 3721 408 473 5039
Operating Pressure (psa) 950 - M @5 e awoams s
Operating Temperature (F) 38 = 12 3015 3883 4257 4667 5258
g meo 1 306.5 3956 4337 4735 5357
Free Water Rate (bbls/d) 5 = 1 Te a4 mga a1 3476
Free Water Salinity (ppm) 35000 = 1000 9 3201 4152 4552 4991 5622
s 8 3294 4286 4699 5152 5804
T ) L 7 W4 M53 489 5% 6039
Condensate’APl 40 = 6 357.3 489 5142 5837 6351
— 30 5 3797 5013 5496 6026 6788
4 4132 5197 6027 6608 7444
Hydrate Temperature (F) 65 3 269.1 6304 6912 7578 8537
- 2 580.8 7918 8682 9518 10722
Safety Fact 0
SElE=l L 260 1 9161 12761 13991 15339 1728
1 1 I I I I 1 I .
(ECRIEbeEVE Y (bb\/mmscﬂl mn" 29 4.8 87 28 105 124 142 16.2 18.1 20 E(pOI’tTﬂblE
Gas Rate (mmscfld)
% Save Graph
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@/ﬁ@i- E? Essentials — Forec

Horizontal Hydraulically Fractured Well Forecasting (includes a History Matching tool)
Basic Reservoir Simulator — General Purpose Reservoir Simulator (exports simulator data file)
Streamline WaterFlood Simulator (Leighton and Higgins streamline simulator)
Miscible/Immiscible CO,, WAG and Waterflood Streamline Simulator (DOE Model)

entials

1 é ® L ) 3 F) 3
Exit Program ‘ Load PE Tools Mode! ‘ T ‘ Reservoir | Frac | Wellbore ‘ Plot | Econemics ‘ Export Resufts to CSV | | Save Forecast to PETools dB. | Save Model to PETools dB | | Info 3 | e = ] 7% 3 3 3 bd
Exit Program Load PE Tools Model Grid PVT | RelPerm Reservoir | Wellbore | Schedule Basic Plot Export Results to CSV Save Forecastto PE Tools dB | Save Model to PE Tools dB Export to Sim Info
Oiffeld Model Name: Unconventional Gas Generate Forecast PEE Tools Examples Database.PEEdD e PEE Tools Examples Database. PEEdD
Oilfield ~ ~ Dy Gas Model ~ Open PEdB Run Simulator ———
. Table Update Frequency (secs) Simulator Options
Open PE dB GasModel v Analytical Model Perform History Match
Run Parameters Days. Sales Gas CumG Cond Water Well PR Puf THP RF Iters. max AP Well Sw Well Sg WellSo mbe_gas FieldPR
#Fracs Spacing  Interference 20y EUR  20yrRF SOTEUR  SOyrRF Model doys  msc/d  mmsct  bepd  bwpd psi psi psi % < < < < % psi
Run Parameters # # days Bscf % Bsck % EUR (Bscf) vs #fracs Name: Gas,Horizontal 00723685 14286 01126374 954 0 32682 500 378 00063 2 02 08 0 0 3825
5 200 | 32 253 49 04 © 01791249 11439 02438148 768 0 3 50 305 00M 3 02 08 0 0 38175
Marimum Gas Rate (mscf/d) 10000 5 posss Tt o 351 P 06 : Minimurn Gas Rate (mscf) 50 03877823 845 04518031 557 0 202 500 M2 0025 H 02 08 0 0 38053
@ - 09934593 508 08357568 339 0 17427 500 3885 0.0471 4 02 08 0 0 37877
O @sERiedy) EEN ; ‘;&J 322‘5 zé :5; ;z ; ‘5 v Eatehsdpnes sl ¢ 4559834 37 217592 225 0 14219 500 308 0227 6 02 08 0 0001 37533
Flowing Wellhead Temperature (F) 50 6 800 1823 63 521 79 65.4 ? Minimum Wellbore Pressure (psi) 500 59.38277 2996 19.10954 20 0 1360.7 300 3912 10772 8 02 08 0 0.005 36757
— N 2301158 2741 67.78711 183 0 13185 300 3915 3.8212 16 02 08 0 0.004 35347
Flowing Tubing Head Pressure (ps) 00 7 635 1339 67 551 82 67.7 L e S412925 2515 1493024 163 0 12747 500 916 84lR 37 02 08 0 0056 33488
e 8 600 1025 7 586 84 693 A
b e nan s P e . 1051.293 2241 2700816 15 0 12194 300 3919 15.2246 34 02 08 0 0033 31043
Enter Simuation Time (yrs) 1836295 1983 393347 133 0 11637 500 32 217 29 02 08 0 0,061 28828
Days Rate Com ResPress e Month Well P 10 2251263 178 sm8ETiz 119 0 11138 500 32 286818 2 02 08 0 0051 2685
v msci/d imscf i o Tracs Cum Forecast (Bscf) 3196293 1583 G64T0R 102 0 10494 500 3923 37469 2 02 08 0 0.067 24364
2Fracs P P 1 month 3318 msch/d " (Jsave Simulation Run Data 3650 147 731.7598 95 0 10201 300 3923 41,2495 8 02 08 0 0015 23370
[} 10000 0 3850 21903 Imonth 1913 msctid fallp o wip
ol 10000 02 3850 2049.1 month 1299 msct/d s 177 o 0314
02 10000 19 38496 18447 Imonth 1040 msct/d i
03 10000 29 38491 17283 12month 900 mscF/d .
04 10000 39 38487 16395 24month 666 mscf/d
05 10000 42 38482 15578 3Fracs
06 10000 59 30477 14792 Imonth 4788 mscf/d A Cum Forecast (mmscf)
07 10000 69 38473 13996 Imonth 2788 msctid =
08 10000 79 38468 13176 Gmonth 1886 msct/d g
02 10000 89 38464 1235 9month 1502 msct/d 2 &
1 10000 92 38459 11472 12month 1204 msct/d i}
11 10000 109 38454 10538 24month 940 mscf/d . e
12 10000 n9 3845 9547 4Fracs i o » » ® @
13 10000 129 38445 a4 Tmonth 6106 msct/d
3 3 E) 3 Q 3 3 3 3 (7]
Exit Program || Load PE Tools Model | | Export Resuts to CSV | Save Forecastto PE Toools dB | Save Model to PE Tools €8 | | Info ExitProgram | | Losd PE Took: Model | | ExportResultsto CSV | Save Forecastto PE Toools dB | Save Modelto PE Toks d8 | | Info
Wedcd - PEE Took Examples Database PiEdb
Giffield Openpigs  Mame: Viatedood (Copture Sereen ] L= e Ofield Open PEdB Run Pattern s €02 Waterfiood
WaterFlood Pattern Pattern Waler CO/WAG Flood Parameters
Relative Permeability Parameters O Reiative Perm Run Pattern WaterFlood Relative Permeability Parameters info
T T ©s5pot O Relative Perm 25p0t m—— e
o7 oy B & i ) Line Dive (11 s icia 4 ™ 4 Spot v 7Spot) bl T QL
n o - Period
0 o H H ol Staggered Line Drive (1) WaterFlood Parameters Sorw Keo(Sw) B O55pet " o 3 . .
o - ul O Seven Spat Distance From Injector to Producer 552 Tt e KegiSwi) " Y spe " 2 0 1 0 02
i hod Irve 0 0 02
T Kig near | T Injector - Produces Pressure Drop 500 B3I Sorg. Kntma) 02 |2 et Spmt 3 - 1 as o2
o o al Constant njection Rate BWPD = o O Line Drive (1x1) 4 %0 ) 1 04
= 5 Constant Rate WaterFlood Mazimum WataCut % % Sorm 0. o Pattem
e 1| Info L Area a info
R es B4 aE o6 a7 0% e Lois) PR T A S
Years il Rate Odl Cum Water Cut Inj Rate. s AT N Years
Reservoir Parameters bbk/d mbbls % bbls/d 3 0
104 o o 85 Totol Nek iy Thi w B Dykstra-Parson: Coefficient 2
o 104 0 o 1029 it 07 Info -t
NetPay Thickness Layes ) 250 0 Addiionsl Layes (mas=4) 0 s i : 2 I AvesagePemesbilty 1 md o
Permeabil 0 m md 55 03 o %08 Average Porosity 02 frac D-P Layer Perms. 0249
Formation Porosity fLayes 1) 002 frac ol " o o el = A St
: 14 2 a Curent ResenvoirPressune. 2000 pi [l EN E e
RevckProre. 100 p i 2 ; ReervorTempeatie| 105 F N R o
Reservoir Temperature 160 'F e} A H Minienum Miscibiity Pressure. 1200 3 2 § o A
4 2 0334 747
—" i 81 54 0 5 el
b o ps H oilsel 0 s 2 o -
; Bubble Point Pressure 2000
T 326 & o O o 099%
Bubble Point Pressure 3000 pai Vit Sty O i GusViscosity 00181 p =
) = L Of Rate (bopd) vs Year \Wwater Cut (%) vs Year ey gt OllViscesy 241 &p
Gas Gty 0. CilViscosity 03 cp Current Gas Ssturation, 3 0 frac WaterViscosity 078 ¢p
Water Viscosity 044 ol = " T
Current Gas Saturation, Sgc. rm— i ol Current Water Saturation, Sw 03 frac Gas/Oil Ratio 40483 sci/bbl
Cument Water Saturation, Swe 03 frac e = Paameter DegreefMaing 0667 | info Bo 1209 bblth
102 wf Option: Miscible PhaseRelPern 0 Info Bw 1007 bblsth
sl =
af 2000 psi nj 5054 bblv/d
i nject 6 383  mmscl/d
Pattern Area (Acres) = 13.99 Recovery @ 100% WCut (mbbis) = 597.5 ] f::
OOIP Per Pattem (mbbls) - 1158379 Forecast WF Recovery (mbbls) = 468.6 TR S s W e W EEEEEEEE] Tt e Vet 30 Poracant o vy Pl bt = 17418 T I TR SN
Farecast WF Recovery Factor (%) = 40.5 T ——— OOIP Per Pattern (mbbls) - 3593.4 Forecast Recovery Factor (%) = 48.6 mere ‘SavaGeoph || Wotar Gt 5 Save Graph
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2 Essentials — Fore

» Multi-Tank Gas Material Balance and Gas/Aquifer Material Balance Analysis/Simulator
* Oil Material Balance Analysis/Simulator — 3 aquifer models
» Monte Carlo Decline Curve Production Forecasting (Probabilistic Forecast)

tials

Version 2024

: 3 : | 3 | * 4 | @
g || vore et vt ot || o xkropar || Lo e ol e | imprHotor P T | mpor ooy o CVce | Hegtvs o || Soveto e o i || i
PEE Took Databsse Book Examples PEEdD
PEE Tools Examples Database PEEdb
Openptas | Primary Tank Parametars Rock Compressibility Model Name: MG Taok Gas M8 Example e Rock Compressibil
Oifheld - 4 Oifield pressibility Model Name: Ol Reservo: - Smith et ol page
PEdb Forecasts Reserveir Pressure (=) 4000 OMHall(1953) O Newman (1973) O i O e Run Material Balance = 9e
B3 “Aquiter Parameters Open PEdB PE dB Models _____Reservolr Parformance e
Initial Gs n Place (Bsch) 3 | Oil Reser Aquif CumGas  CumWat  AquiferWe  Inc GOR Inc WCut
n2 — " "
- A ) "I Depletion Drive ol OiIn Phace fmbbls) 25500 i mbbls  mbbls schbbl %
- ‘Schilthus (Steady State Aquifer) 0 0 0 0 0
L R Sgrfor Water Drvve (dec) P Y Water i 02 O Fetkovich (Finite. 0157 0 0123 7109 0
COp-mol%s 05 R M P Convmiaicmonficee Porm Propertiss ik o3 0 0358 n33 0
Po-mol% 0544 S— Intialleo @ Sw 0. T . LW Erioi v jue 0473 0 0624 7149 0
a 8 Depletion/Vokmetric Drive Useintormal Sor Corretation o 5 % 7 Y
L " . Average Porosity (dec) 0.2 Transmission constant 062 0 0897 763 0
Residual O Saturation, Sorw 0.4 0433 Est Consts s
Minimumn Tank Pressure (psi) 2000 (Vace), mbblpsi. om 0 1174 777 0
DY PR Waterinvaded, knw® Sow 03 P - 095 0 1451 ne2 0
8 clude Wed Forecast Pressure (psi) Gas (Bscf) i = i y Aquier Produciy (UL 5, m 0 1729 7208 0
. e 03 Cop Bacion oy IMNERS ez 127 0001 2000 7224 003
ke 15 krog 143 0.002 2289 242 009
) o — 1591 0004 257 2% 019
Average Porosity (dec) 002 e Oil Material Balance Plot 1753 0.007 285 7344 03
B = 1917 oo ) s 043
enar s 2084 0017 343 %12 057
Messured Depth to Top Perforstion (f) 12000 PVT Properties e 4 2255 0023 3724 7745 o7
True Verticle Depth to Top Perforation i) 12700 - 248 003 022 19 09
RS ey 00 ol 1 2604 0039 432 8011 109
w9 ReservoieTemp (F) 200 2783 0049 1683 8143 128
- 2966 0.06 A8 ars 149
GosGravity 05 . 3151 007 5257 807 7
- e 3339 0.087 ssm 8538 154
OilAPl 4 S = 158 0.104 5902 869 218
| — - 373 0122 6232 830 244
Bubble Pt Pressure (psi) 3000 £ i o1 668 o931 2n
a2 0.165 6908 915 3
= Wstes Sty (ppm NeCl) 35000 o 2326 019 7257 5439 3
- 4 4539 0217 7614 7.7 363
= s 0248 738 981 3%
== St Solution GOR (sct/bbl) 705 il 4 4982 0281 8356 1023 4%
e atbox e bk o cfactor 026785 T 1 A s 0319 8741 10465 an
=1 for 100% tsbulence S Yooz S ERL S 546 036 9.1% 106856 513
wlidlps’ ooy @ B (bbUstb) 1034 ccoc ane ngas nons fee
Tubing Conlatin  fverege 7 Y HE S S e T [ishow e =
T 7]
Material Balance Production Forecast Exit Pragram | | Load PE Took Model | Losd DCA dBase | | Save Prx Resuts to PE Taoks dB | Save Histary/Forecast to PE Tools dB | Save Forecastto PE Tools d8 | | Save Madelto PE Tools dBase | | Info
Month  Res Pressure BHP THP Gas Rate Cum Gas
N PEE Tools Examples Database PEED
MatBal Production Forecast (mscf/d vs Years) L i Ty
0 4000 16044 1000 3506.2 0 Gas M = oy -
0 30271 15053 1000 26086 925 " O PIORed  POO:Blue
20 20754 14763 1000 22632 16592 G =Ty = M-CDecline Total EUR:  85.401 119482 172969 125558  P5ouBlack EV-Green il M et DS Slraaason
i 30 2836.6 14623 1000 2068.1 2316
P ms3 14523 1000 15241 20224 Probabiliete Parsssters
50 26511 14443 1000 12027 8 onte Caro oracast - Deterministic Mode! scfid Initial Rate
0 25752 14377 1000 16346 40205 M : Pe - : Ih M "I("' ; ""I"’) ——— - —
] 70 2508.3 14318 1000 15955 45206 Low Mid High 0 1 wl
4 80 24454 14269 1000 15036 49918 Initial Daity Flow Rate, Qi 120 100 100 mscd :- 1 ul
) 2856 14223 1000 14176 54358 — r
0 pross Byt 1000 13371 oy Annusl Nominsl Dechine Factor, Di 05 04 03 <decs =8 ] o
110 22806 14149 1000 12615 62498 Hyperbolic Biponent. b ¢ 03 07 <dec> - 1 Ll
] 120 2321 1411.8 1000 11902 £622.5 Minimurm Annual B Decline, Diim .05 005 005 <dec> - | sl
130 2187 14089 1000 11236 69743 5 :
15 2 £ mahe af
140 21444 14065 1000 10608 T306.4 Minemm Bolly Rote Cf g | | ol
£ E 150 21037 14042 1000 10013 76199 e o ® 3
F ] 160 20655 14023 1000 52 79159 i I
Deterministic EUR 82.05 11928 215458
r 1 0 203 14005 1000 8028 81853 L ote | ] 6l
| | | , I , | | 120 19961 1399 1000 2434 84593
¢ *® 7 = - = = = 190 19641 13076 1000 7969 87087 Forecast Starting Rate 145 344 mscf/d BE WL mEOmSOam s me s
200 19335 1396.3 1000 7526 89443
210 19046 13952 1000 7108 91668 Seed (Random=-1) 12 \ntial Rate " P Save Graph
220 18775 1394.2 1000 6716 93769 #M-C Simulations 10000 Infe: Lh = + o + = + = o s -
Save Forecast to PE Tools db Save Forecast to CSV File % Save Graph 230 1852 13934 1000 6347 95755 -
240 18278 13926 1000 600.1 9763.3 EV Foracast
250 18049 13919 1000 5675 29408 24 SaveGraph | Yesr incVesr PO PI-Cum PO PSO-Cum PO PW-Cum  EV-Q  EV-Cum Probabity st Ultimate Recovery
. . i - 260 1783.1 13913 1000 5365 101087 0. o 100 0 100 0 100 0 100 0 e
'
D oMU Snate i chisved) 270 17623 13207 1000 5072 102673 Dheterunistic Models ooss oo 97 3 a7 3 9% 3 o7 3 Pl 24195
260 17427 13902 1000 4704 104173 Prob EUR  Quintill D-ntisl Dponent Ddimit  Qfinal || 0167 0167 95 6 e 5 a1 6 % 6 10 7257
o= 200 17241 13807 1000 4531 10559.1 Pl 41854 100 025 o 005 118 05 025 a @ o0 @ o @ 9 s P20 151.25
Capture Screen 300 17064 1389, 1000 4284 106931 PO 28 0 031 083 005 121 0333 033 a1 1”2 L] n “ n & n 0 13794
P50 119.482 100 041 059 008 138 o417 o7 L) u 85 u L u s " Pao 12786
P A0 10 055 055 005 145 05 05 % ” ® 7 bl 1 = 7 P50 11848
P g0 100 05 006 008 124 0583 0% 64 2 0 1 H 1 2 ] pe0 11167
0sT 087 @ ® 2 7 21 n 2 n 21 70 10417
B 15558 100 04 047 008 " 075 075 8 25 75 2 ) 23 7% 2 P30 95.38
0s3  om3 ™ a7 n ) & = n % ps0 B4
PO PSO PiD 0817 oe7 T E: n % o 7 bl ] 9 75
. 1 B k] 2 E » & 2 L » [ 12535
Q-lnitial 100 1% 10 1083, 1083 74 EL ) A7 32 A el A7 2

Slide 18




AL

EZ Essentials — Foreca.ssentials

* Decline Curve Analysis and Production Forecast — Includes Diagnostic Plots
* Normalized Decline Curve Analysis and Production Forecast

Normalized

Exit Program | | Load DCA DataBase

DCA Well: Mexico Well

Import Data  Diagnostic Plots  eDCA

Dca

3
Export eDCA Results to CSV

DCA  DCA(Arps) Forecast

3
Save Current Hist/Fore to PE Tools db

Save Current Forecastto PE Tools db | | Save DCA DatsBase

‘ Info

DCA: PE_Essentials DCA_DataBase_Mexico East Texas Wells_Final.dvx

Mexico Well

eDCA Model

Estimate DCA Model

Run Model

LeBlanc-Okouma Power Law Results

Transfer Params to DCA / Forecast

Note: Rate in mscf/d, Volumes in mmscf
Note: Except where noted, results are daily parameters

Arps Equivalent Model

g 30758 @ 0396138 G 517444 D; 47384 fyr
= ———— Completed
O Arps Hyperbolic Decline £ 0.0000485 Dimi) 005 fyr b 1642
() Stretched Exponential R e
() Duong Method EUR 0 Clear Model FUR A
(O Logistic Growth Model
O Power Law
© LeBlanc-Okouma Power Law
Log(Gas Rate) vs Time (years) Cum Gas vs Time (Years)
Fit All Wells to Model T T T T T T T e | | | | | | |
History History
LopL || LOPL 1
Forecast Parameters. i
o B
Minimum Rate:  Maximum Time: 7]
111 44.13699 | = 1
] - il
Regression Regress Basis ] o 1
Start Time (yrs) ORate n 1
0 ) Cum . £ 4
L .
End Time (yrs) e an B
4413699 Sxaiiing - O
N O Mid - = ] 0 4
L High [l
Iterations OLow O Hig - 1 w 1
.
w L L . L L . | | M . . . .
o T % w =’ % = u s s w v w  ® % x  u ®
R % Save Graph

0.967978

YScale Min 0

Reset Scale

VScaleMax 0

Grvst e £ save Graph

3
‘ Export NormDCA Results to CSV.

3
Save Hist/Forecast to PE Tools db

‘ Info

Exit NormDCA Save Forecast to PE Tools db
Norm Well: Tutorial-1 NormDCA “ Oilfield Units GasWell PEE Tools Examples Database.PEEdb.
Open PEdB Import Well Data  Delete NormDCA Well Forecast Tutorial-1 NormDCA Equiv Arps
2 "
Load Norm DCA Wells Save/Update Well in dBase . Manual Analysis
Normalized Rate versus Cum Gas Starting Point
Normalization Parameters NormDCA Analysis 100 T T T T T T T T T

Use THP
() Use CHP
_ 0 QuseBHP

AP ==>

4435

Pressure >

Forecast Parameters
MinRate 100
Min Pressure 150

Forecast Years 10

Initial Qnorm

Norm Slope -0.0014926

31.62

Initial BHP
BHP Slope

300.01
-0.5546

Total EUR:  2687.9
Remaining EUR: 1535.2

Remaining Time: 9.9

() Show History () Monthly Forecast  © Vearly Forecast

Vears Og  CumGss  THP CHP BHP
0 1496 0 ] 1508 1514
1 8829 4234 0 ] 150
2 5993 683 0 0 150
3 453 8704 0 0 150
4 364 1017 o o 150
5 3041 1374 o o 150
6 2611 12395 o o 150
7 2288 13282 o o 150
2 2035 1406.6 o o 150
9 183.3 767 0 0 150

Note: Rate in mscf/d, Volumes in mmscf, Pressure in psi

13
o
g

ing Point

Intercept
8 Slope

Clear Interp

¥-Axis
4 () GasRate
O aay
1 O q/ap

X-Axis
(O Time (Years)

"o

480 600 720 840

Cumulative Gas (mmscf)

120 240 360

260

1080 1200

© Cum Gas
) Time (Days)

YScale Max

0

% Save Graph

Version 2024

Load DA Detallece | | Hommakeed DA

regram
DA Well: Mesico Wt

Impert Data  Disgnostic Plots  eDCA  DCA

3 s s 3 )
gt s0CA Rl 10.CSV || SeveCurs it For o PE Bk | Save Cust Fecat o PE Tk | | Sav DCA Do || Info

[ Capture Sereen | DCA: PE ssentlls DCA Dataiiace Mexkcn st Texas Well Fnaldux

DCAlArps) Farecast

DA Well Hote: Ratein mactfd

og{a) v Time-years

Linear Flow: 11qvs sar(t-years) S

OTime CMET

Liness Anslysis
Sope:
0003825

0000029

Fxport Data ta (W
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E2 Essentials — Fore

Forecast Essentials
 Retrograde Condensate tool: Includes: Oil/Gas Recombination, Fluid Propertiesfrom CVD and Correlatiosn,

Separator Tests

tials

4 4 4 ¢ = 1
o || e i | e i o e
PEE Tools
Model Name: Retrograde Condensate Comps_Cor_SepTest Separator Fluids
Oilfield Open PEdB Run Depletion A Run Forecast H i
plésion Aaetyote = Recombined Fluid
) Save Forecast to P Tools db ": Liquid Gas MNZ2-mol% 0
Gas Gravity 0.6221 O Conelation o =
HiS-motk 0 Oc Lo 20 N2 - mol% 0 0 Co2-mol% 0
2653 m —_—
e 24 Save Graph 2386 €02 - mol% [1] [1] OilRate 100 bopd C1-mol% 76.460
N; - mol% 0 2039  ——  —— [
e Cl-mol% 0113 24,331 GasRate 1000 mscf/d C2-mol% 7421
Wellbore Parameters e e —
- mol% ; 3 -
R — Gas (Black) and CGR (Green) Forecast vs Years ] 0443 8139 C3-mol% 3857
AveragePay () 20 e C3-mol%e  2.698 3.976 iC4-mol% 2616
AveragePorosity (%) 5 He'
 m Production Forecast ) 104 - mel®% 64128 2.223 T nC4 - mol%
: Time  Res Press Seles Gos. GesRate BHP  THP  CGR Recombine Flui
Skinfactor 0. Months.pdl 2 A ncC4 - mol% 0 0 iC5 - mol%
S 0 3100 12468 10092 1072 —— ——
Measured Depthto Top Perforation (1) 7500 - g .
DipthioRe & 1 w1 wmer 72 iC5-mol% 12.424 0918 G5 - mol%
True Verticle Depth to Top Perforation (ft) 7500 2 2760 66 500 1039  —  —
= 3 26094 625 500 100.7
TubingID (i) 291 4 25104 a4 w0 98 nC5 - mol% 0 0 C6 - mol%
Depth of Tubing () 7500 g 5 2355 6243 500 952 e
S L — 6 62 6238 0 28 CB-mol%  19.769 0.382 Transf Se CT+ - mol%
Casig e ——— 7 293 6236 500 %05 il Bl ransfer to Separator maol
, —_— 8 238 6236 500 EJ
Maximum Gas Rate (mict/d) 1000 — s am 2 W 74 C7+-mol% 58132 0.03
0 2289 629 %0 859 IS CT7+ MW
n 20749 627 500 M5
12 069 625 S0 81 2 Comps 100 100
1B 18 623 50 819 C7+ 56
1 19411 623 500 807
PI(P): n-expenent (05<n<10) 1 15 1908 6222 500 98
16 18621 622 500 76
Sandface AOF 11957 cfactor 0124421 7 1825 24 %0 76 C7e MW 14 4 Screen Capture
T elidlpst 1B a2 62 500 %7 .
e o s @s s B 0755 Q0755
20 1724 621 500 51
achieved! 2 s Qs s 3 Cancel
YScale Min: 1 ¥ XScale Max: -1 ¥rs Plot History? ©No () Ves 2 12‘{5 fi‘b 5‘3 B
© il . . A Screen
[ Captore Sercen | Save Comps to PE Tools dB
Capare Sevcen = Retrograde Condensate Fluid Analysis = Reservoir Parameters Run Separator Tests o
Load PE 4B Recombined Fluid Reservoir Pressure 3100
o= Estimated Fluid Properties Reservoir Temperature 195
_ o o Average COR (bbVmmsch)  168.7 o Retrograde Diffild N2-mel% 0 —_— Information: Separator Testing
Calieation _—
L) Estimeted C7- (tmol] 763 CO2-mol% 0
Estimated GesSpecifc Gravity 1119563 Save Results to CSV File 2% Save Geaph B
wei N o Cllmel®) 76459 | Separator Press 1500 Separator Press 1000 SeparstorPress 500 SeparstorPress 100
Matropraler OB = Average De Point Presure (ps] 0265,3 *  GuRde  Condate  COR Dewbt ERla) 74 | Separator Temp 75 Separator Temp 75 Separator Temp 75 Separator Temp 75
] C3-mol% 3457 — —r—
] —_— Comps | SepGas | Cond Comps | SepGas | Cond Comps | Sep Gas | Cond Comps | SepGas | Cond
oy C4 - 1% 2.616
s S %2 [] [] %N2 0 0 N2 0 0 N2 0 [}
Fluid Analysis (Dew Point Pressure) e peael) 0 | %oz | 0 ) wcoz | 0 0 wco2 | 0 0 %02 | 0 0
3 e ) 1922 %C1 | 86664 | 07 %C | 8399 | 015 %l | 8552 | 0126 %C1 | 843 0162
A ot nC5-mol% 0 %C2 | 7383 041 %C2 | 7579 | 0438 %C2 | 7835 | 0467 %C2 798 0534
5249 C6-mol% 2192 %C3 | 3081 | 1765 %3 | 3189 | 2119 %3 | 3493 | 2516 %3 | 3o | 104
13938 T
102 C7+-mol% 5453 wCd | 162 | 39 %ic4 | 1668 | 470 %CA | 1880 | 5614 %iC4 | 2506 | 362
z‘rg,s %enC4 0 0 %6nC4 0 0 %nC4 0 0 FenC4 0 0
e Sumaston| 100 | %ics | 0774 | 9332 %iCs | 0748 | 10524 %ics | 0842 | 11319 %S | 147 | 7912
Y
et e %nCs |0 [} %nCs | 0 0 %ncs | 0 0 %ncs |0 0
wnr —_— %C6 | 0441 | 18866 %C6 | 0378 | 19415 %C6 | 0388 | 19569 %6 | 0844 | 17792
o8 CTPlusSG 0755
46608 — %CT+ 0.057 65.512 %CT+ 0.039 62.564 %CT+ 0.032 60388 FCT+ 0.069 68.038
52909
s Reservoir Fluid: Results SepCGR:  93.9 SepCGR: 984 SepCGR:  101.8 SepCGR: 905
servoir Fluid: Resul —_— —_— _—
e SepGasSG:  0.6703 SepGasSG:  0.6706 Sep GasSG:  0.6798 SepGasSG:  0.7187
Dew Pt Pressure 32847 _— _— —_—
86026 -
‘”'Yi rvoir CGR 70 Cond API: 645 Cond API: 65.6 ‘Cond API: 66.4 Cond API: 63.7
0T Reservoir SG  0.762
|n—n-——-n OFd (IR Ocr- (56 MR :z:’: Condensate APl 58.7 Note: Pressures in psi, Temperatures in °F and CGR in bbl/mmscf Continue
Return
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» Type Curve Generation tool includes average and P90/P50/P10 type curve using historical data (1)

Load PE Tools Model

-

Exit Program

‘ Info

Name: Type Curve Generation TG Wells | PEE Tools TypeCurve Database PEEdDb

Data Import Data Plot Well History Type Curve Arp’s Parameter-based Type Curves Type Curve Based Project Forecast

‘ Export Type Curve / Forecast to C5V ‘ ‘ Save Type Curve/ Forecast to PETools dB | Save Model to PE Tools dB

Generate Average Well

P90/P50/P10 Wells 1 0

LN | Smooth Type Curve

[EX] 3

| = top right w

B
By o

Update Plot Update Plot/Axes

TG-21416079186
TG-21517080186
TG-30133080186
TG-30427078196
TG-30933080186
TG-31120080186
TG-31517080186
TG-40133080186
TG-40709079196
TG-40933080186
TG-30709079196
TG-51629080186
TG-71629080186
TG-81629080186
TG-91629080186
TG-y1629080186
Averaged Type Curve - 50 wells
P90 Type Curve - 50 wells
P50 Type Curve - 50 wells
P10 Type Curve - 50 wells

-
-
-

-

4
PoRUEsEESEHELSEEBEEYE G
0000000000000 0E

N

Gas Rate “ % Save Graph Select 25 Wells (Check first well) Unselect All Wells
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@ﬁ@i\ 2 E? Essentials — Foreca.ssentials

* Type Curve Generation tool includes type curve generation using Arps parameters (2)

3 4 3 4 3 3 E P
Exit Program | | Load PE Tools Model ‘ Export Type Curve / Forecast ta €SV | | Save Type Curve / Forecast to PE Tools dB | Save Model to PE Tools dB ‘ Info Exit Program | | Load PE Tools Model ‘ Export Type Curve / Forecast to CSV | | Save Type Curve f Forecast to PE Tools dB | Save Model to PE Tools dB | | Info
Model Type Curve ion TG Wells PEE Tools TypeCurve Database.PEEdD Capture Screen Model Type Curve fon TG Wells PEE Tools TypeCurve Database.PEEdD
Datalmport  DataPlot  Well History Type Curve  Arp's Parameter-based Type Curves  Type Curve Based Project Forecast Datalmport  DataPlot  Well History Type Curve  Arp’s Parameter-based Type Curves  Type Curve Based Project Forecast
Fluid Type Fluid Type
Excel Input ol O Gas Excel Input 00l ©Gas
Link to Excel ) . Link to Excel . .
100000 — — — Axis Settings 10000 ; : ; : ; ; : ; : 5 Axis Settings
N ] E 3 yAds  xAxis
+ 1 0 ] Minimum;  0.01 0
i ] 1 Maximums 10000 170
r 1 1000 s e e
E| LogScale: @
I 1 Import Params ResetFloy - 8 Import Params Reset Flat
Show Legend  top right 101 E| [Jshow Legend | top right
Type Curve Basis o ER Qi o z F E Type Curve Basis WR G 5 B
O Vary Qi 2 16271 76126 2898 B r 1 O Vary 16271 76126 2898 2323
) Vary Di 39 130021 5012 0845 £ I Cvar 130021 5012 0.845 1592
o v 59 125032 69243 1.9062 = B 125032 60243 10062 1.6976
2 toooop OVary b 78 119661 66345 2.2663 3 3 CVary b 119661 66345 22663 1.826
[ Manual Entry 98 14852 68388 2243 P ] [ Manual Entry 114852 68388 2243 1716
118 110572 515833 359576 & r ] 110572 51583.3 350576 14163
) 137 10469 48051 0.3 . 104969 48051 0.3 1307
ol 157 104853 7832 1422 E LRl 104853 7238 1482 1A79
QiPS0: 54293 176 102304 64636 9.3071 3 QiPSO: 54293 102304 64636 93071 26278
) — 196 100955 61852 3232 ] I 100955 61852 3232 1936
. 2% 206 91219 374658 240814 L ] L 91219 374658 240814 13435
_ 235 00997 6137 36147 90997 621327 36147 13613
ConsDi: 54804 255 90093 11378 626136 01 E Cons Di: 54204 9009.3 11378 626136 26639
Comsh: 17727 275 f8a45 70388 14896 E Consb: 17727 82245 70388 14806 11209
— 294 E7ee 61982 78212 E . — 87098 61982 7.8218 23061
314 wde45 57336 22757 84245 57336 22757 15636
Generate TC 333 84842 45602 2282 | | | | | | | | | Generate TC 84842 43692 2282 1876
0.01
353 82036 56747 10704 5 = = = & e 82036 56747 10704 10375
1009, ! L S S S S S L L Save TC 373 81032 216123 464846 Save TC 21082 216183 464846 13305
1 P5 P10 P20 P30 P40 P50 P60 P70 P20 P30 P95 P99 302 55448 50597  2.0551 Time (years) 02 70581 55448 50507  2.0551
TC EUR Results TC EUR Results
Y-Axis EUR Probability - P10: 119781  P50: 67472 ~ PO0: 38006 % SaveGraph  Save Pxxto CSV P10: 9635  P50: 5331  POO: 3571 Y-Axis Rate ~ P P50: P90: 2% SaveGraph  Save Pxx to CSV P10: 0686  P50: 5831  P90: 3571
. ) @ s . . )
Lond PE T M pe CuveForsct 83 || Seesypa i | Sove Motz PE Ttz || e ExProgram || Loud P ook Model ||t e Cuve / Forcactn C5 || Sar Typ o/ Fewcnt b PE Tk | e Mol P Tl || e Load PE Toi M || Expart e CurveFormct b C3 || See ype o S M P el & | | e
[Capturs Sreem e e Corve Ganaration 16 e e === oie Typs Curve Generation 10 Well 1t Tk ypeCare D ek [Caphur Sereem liee e Corve Ganaration 16 e [T SRS———
Ostaimport  DatmPlot  Well istory Typs Curve  Arp's Parameter-based Type Curves  Type Curue Based Project Farecast Duta import  Data Plot  Well istory Type Curve  Arp Type Curves  Type € forecast Ostaimport  Bata Plot Mistory Type Curve  Arp's Parameter-based Typs Curves  Type Curue Based Project Forecast
Excel Inpat T Excel Input Vot Excel Inpat T
Uikt brce s Link o el s Uikt brce s
Reset Plot =
: Type Curve Basis Type Curve Basis. . Type Curve Basis
O vury @i Owryai O vury @i
Vary D Yary B 5 ~ Vary D
s iy b ey i vary b
Manal Endry. Mama Entry a Manal Endry.
arin @ arin
s PS0: s
p ape p
Coms Dk ComDit ComsDi_33800
e Gt 177 e 17
Genarate TC ¥ T Genarate TC Genarate TC
Sava T oy Save TC . Sava T
1 PE PI0 P20 F3) PAOFSOPED FTD FE0 PBD FOS Pon FS PI0 P20 P30 F4Q PED PS0 FTO PEO PO0 FAS o ki FS P FI0 P30 F40PEO PS0 FTO PAD PR RS Pon
Yo 4 Frobabitty L L e 093 . 2567 Save Graph  Save Pxx to CSV Vehai (4 Probabisty F’“l P 4 Save Graph Save Pux te CSV. Wekain b Probabibty L) e s . 13 Save Graph  Save Pxx to CSV
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* Type Curve Generation tool includes multi-well project forecasts generated using the type curves (3)

Q L 2
Exit Program ‘ Load PE Tools Model Export Type Curve / Forecast to CSV Save Type Curve / Forecast to PE Tools dB | Save Model to PE Tools dB Info
Name: Type Curve Generation TG Wells PEE Tools TypeCurve Database.PEEdb
Data Import Data Plot Well History Type Curve Arp's Parameter-based Type Curves Type Curve Based Project Forecast
Type Curve Forecast TG Wells
Generate Forecast
Save Forecast
3
100 0
100000 4 N\ NS
1058 | 3 0 N o~
2 57 1 6 Reset Axes /
3 33 1 g
0.083 12632.8 384.2 ‘
0.167 10644 708 \
0.25 9043 983.2 | &
03313 7839 | 1217 ~——
.47 7030.7 14355
0.5 64751 1632.5
0.583 125541 20143
0.667 115316 | 23651
0.75 10283.7 | 26779
0.833 121124 | 30463
0.917 110781 33832
51 Averaged Type Curve - 50 wells 1 101991 3693.5
52| P90 Type Curve - 30 wells 1.083 96434 3986.8
53 | P30 Type Curve - 50 wells 1.167 01944 | 42664
541 P10 Type Curve - 50 wells 1.25 87934 4533.9
55| P90 Type Curve - 50 wells (Smoat... 1333 8408.2 4789.7
56 | P30 Type Curve - 50 wells (Smoot... 147 2017.4 5033.5
571 P10 Type Curve - 50 wells (Smoot... 1.5 7616.2 5265.2
58| P30 Type Curve - 50 wells (Smoot... 1.583 72525 5485.8
59 | Arps P10 Type Curve - (Qi based) 1.667 | 68983 | 36956
&0 | Arps P50 Type Curve - (Qi based) 1.75 6568.4 5895.4 Rate > |W| Save Graph
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* IOR/EOR Screening Tool (screens 18 different processes)
* IOR/EOR/Heavy Oil Tools (MMP, Thermal Properties, Hot/Cold Injection, Pump Rates)

EZ Essentials — IOR/EO.EssentiaIs

Load PE Tools Screening Model

Save Screening Model to PE Tools dB

Close Screening Tool Info
Oilfield Open PEdB Model Name: PEE Tools Examples Database.PEEdb
IO _ EOR Screening Screening Results
Fluid Properties IOR/EOR Screening Criteria IOR/EOR Process Yes/No Failed Criteria
il APl 30 Reservoir Press (psi) 3000 Horizontal Wells . Horizontal Wells YES
Gas Gravity 0.8 Current Press (psi) 2000 Waterflood YES
- 1)
NACL 200000 Reservoir Temp (F) 150 Depthif] -
(ppm) — T ST - Hot Water Inj No (1) 4) (10) (1€)
Bubble Pt Pressure (psi) py - Steam Inj No [ () @@©noae
Water Hardness (ppm) 3000 Permeability [md]  kv>1 4 Huff & Puff No (1) (4) (10) (16)
Acid number 0 i T Immiscble Gas Inj No @) (10)
T Dykstra-Parsons Coef - (6) .
55 or Carb Formation ~ @ In-Situ Combustion No (3) (4) (10) (16}
Reservoir Parameters Shaley Formation [Yes/Nol No  18) Hydrocarbon Miscible Inj No (4)(10) (12)
WOR (bbI/bbi) - ) CO;, Miscible Inj No @002
Average Perm (md) 10 - == Nitrogen Miscible Inj No @) (10) (12) (15)
Average Pay (7t 2 Temperature [F] (11 =
— Min Miscibility Pressure [psi] B (12) Polymer Inj No (4)(5) (16) (18) (19)
Average Porosity (%) 5 il saturation (& B 13} Alkaline Inj No (4) (6) (9) (18) (19) (20|
AverageSw (%) 20 Residual O, 5.. (4] -y SurffPoly Inj No (3) (4) (6) (18) (19)
Residual Qil Saturation (%) 20 il ARt = (13) ASP Inj No (3) (4) (6) (18) (19) (20)
Viscosity [ep] - (16
Current WOR (bbl/bbI) 71 WiImdfesl - (17 Micellar Inj No (3) (4) () (18) (19)
S Etiliy 7000 Water salinity (ppm) - High Pressure air Inj No (4) (10) (15)
kefkhRatio 0.2 Water Hardness [ppm] ] Surface Mining No (16
Dykstra-Parsons Coeficient sl Horizontal SAGD No (1) 2 3) @)
Min Miscible Pressure (psi) 2000
0il Properties
Initial Reservoir Pressure 3000 piz
Initial Saturation Pressure 3000 psiz
© sandstane Initial Solution GOR 6541 scf/bbl
() Shaly Sandstone Initial Gl Viscosity 0.855 p
) Carbonste Current Reservoir Pressure 2000 psia
Current Bubble Pt Pressure 2000 psia
Current Solution GOR 4358 sci/bbl
Current Oil Viscosity 1.246 o

Save EOR/Heavy Oil Model to PE Tools dB

‘ Info

Exit Program Load PE Tools EOR/Heavy Oil Medel
Model Name: IOR/EOR Screening Tool
Qiffield  ~ Open PE dB
= EOR Toals PEE Tools Examples Database.PEEdb
Minimum Miscibility Pressure Reservoir Thermal Properties Hot/Cold Water Injection
oilAPI 20
il Analysis Injectant Correlation Water Temperature (F) 212
Porosity (%) 25 Water Injection Rate (bwpd) 3145
H2S-mol% 0 N2 - mol%s  0.29 Gas Injection Oil Saturation (%) 50
Glasg (1985) [1 —
N2-mol% 012 CO2-mel% 076 gMa:T( (]231]0) o Water Saturation (%) 50 Reservoir Temperature (F) 956
: aklavani — —_—
CO2-mol% 044 HRLEls) 7305 Res Temperature (F) 122 Formation Thickness (ft)  19.7
ey 4392 2y 1595 100% N Injection Shale Content (%) 0 Res Heat Capacity (BTU/E-F) 35586.6
C2-mol% 1071 €3-mol% 217 T
mel me @G ({0 Matrix Density (g/cc) 265
C3-mol% 2.81 C4-mol% 266 (O Firoozabdi (1986) [3] njection Time (day9) 100
iCa-mol 13 C5-mol% 062 () Sebastion (1992) [4] 0il S6 at Res Temperature  0.908 P DO —
nC4-mol% 395 C6-mol% 05 AT e Water SG at Res Temperature  D.9898 —
iC5-mol% 136 3 Compsiny 100 ) Glasg (1985) [1] e et et EIE LS Water S6 at Injection Temperature 0.9588
nC5-mol% 1.83 (O Zang (2015) [5] Water Specific Heat (BTU/Ib-"F) Water Specific Heat (ETL/IB-F) 1,003
C6-mol% 2.5 Res Temperate 150 (O Chen (2013) [6] Reck Specific Heat (BTU/Ib-F)  0.198
CP+ -mol% 2491 SR EIT)E Temperature at ‘Distance’ (F) 208.7
— O Cronquist (1978) [8] Res Heat Capacity (BTU/ft-'F) 336866 -
2 Comps| 100 Thermal Conductivity (BTU/h-ft-F) 156
= (Courskation]Limiis = Reservoir Temperature Distribution
C7+ MW 231 A . References. °F vs distance from well (ft)
Miscibility 4734.681 psi e
C7+ Specific Gravity 0855 Pressure

Oil viscosity at Res Temp (cp) 18000

PCP Pump Rates

Eccentricity of Rotor/Stator (in) 1958
N
1.575

Rotations per Minute

Rotor Diameter (in)

Stator Pitch, Ps(in)  1.375

Volumetric Efficiency (%) 100

PCP Pump Flow Rate (bbls/d)  43.3

‘Sucker Rod Pump Rates

Pump Speed, Strokes per Min 5
Plunger Area (in®) 50

Effective Plunger Stroke (ft) 1
Volumetric Efficiency (%) 100

Sucker Rod Pump Flow Rate (bbls/d) 445.2

(A 399

S.. after SteamFlood (%) 8.2

F Sor F Sor F Sor
200 | 194 | 340
220 | 183 | 360
240 | 17.2 | 380 | 93 | 520 i 14

260 | 16 | 400 | 82 | 540 | 03
280 | 149 | 420 | 7.1 | 560 i 0
300 | 138 | 440 | 59 | 580 i 0
320 | 127 | 460 | 48 | 600 | 0
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EERESsentials — Field Devell:)ment E=sentials

* Field Development Planning (Multi-well Project Scheduling, Planning and Forecasting)

$ ‘ ik ' E 4
Exit Program ‘ Load PE Tools Model | Type Curve ‘ Well Date | PYTData ‘ QuickPlot | | Export Forecast te CSV ‘ Save Forecast to PE Tools dB | Save Model to PE Tools dB | | Infe
PEE Tools Examples Database.PEEb
Oilfield ~ Open PEdB Forecast Data Input
Run Development Plan View Well Parameters () DCA Database Production Type Curve
OIS PE db Forecasts )
/Of odel ) ) Output Frequency O PE Tools Database Import Data a3 =
Model Name: FDP Example Oil Current Forecast Day: 1669 O Monthly () Daily B s =y 1
Well Drilling and Completion Plan Production Parameters Statistical Parameters Forecast Results O PEE CSV File Save to PEE CSV File ’-‘é asl ]
E uf ]
Measured Well Depth (ft) 8000 Minimum Well Oil Rate (bopd) 100 18 Productivity Total OOIP (mbbls) 7180 Max Well Count 16 2 af 1
Drilling Rate of Penetration (ft/day) 100 Maximum Well Water Cut (%) 99 18 Rig Availability Final EUR (mbbls) 2439 Final Prod Wells 1 :i: ]
—_— S L &= —— T N S e
Time to Completes/Tie-in Well (days) 10 Minimum FBHP (psi) 500 FacihtyUp‘ﬁme Peak Rate (bopd) 4246 Peak Sl (bopd) 251 90 a1 w2 03 o4 a5 05 07 oa a8 i
18 Pad Drilling: #Wells/Pad 6 18 Forecast Pressure Set Statistical Parameters Peak Water (bwpd) 676 Forecast Years 46 Max Rate 400  bopd Base GOR 368 Norm Cum
EUR 404 mbbls Cum@WBT
Timeto Drill Pad (days) 420 Year Month Oil Rate Gas Rate Wat Rate il Cum Gas Cum Wat Cum #Wells S| Rate [LJExtend to Nerm Cum=1
Timete Pad On Line (days) 340 bopd mscf/d bwpd mbbls mmscf mbbls # bbls/d
— 2018 May 2040.1 750.8 2 £3.243 233 0.063 & 13
2018 Jun 18457 679.2 1.8 118615 87 0.113 6 102
Rig Count / Well Count 018 Jul 1684.2 519.8 1447 170.827 62.9 4503 & 93 WOR Type Curv GOR Type Curve
Rig Availability (days) 2018 Aug 1545.8 568.8 2815 218746 80.5 13328 6 85 10 11— -
Initial 2Pads 1 e 2018 Sep 14294 526 2836 261628 9.3 21835 6 79 _ o .
——— 2018 Oct 13287 439 2854 302.819 114 30682 6 7 = 2= ]
MEEEEE 0 Rig#l 0 | 10000 2018 Nov 12408 43656 287 240043 1251 30201 6 68 = 2 ]
Drilling Learning Rate  Rig2 100 | 10000 2018 Dec 1163.4 4281 2824 376,108 1224 48229 & 64 S wf | & m .
e 2019 Jan 10936 4025 2296 410011 1509 57.207 & &0 14 x = 5
0 % Rig#3 0 0 2 g m 8
;] 2019 Feb 1024.3 3206 2906 438,971 1615 65,344 & 57 z @ m ]
i s Rig#d 0 0 2018 Mar 80.8 364 2915 469.376 1728 7438 & 54 e e N T I A
. - - 2019 Apr 927.1 3533 2911 497.188 1834 83113 & 33 °®13, a1 02 03 ar 05 06 a7 0a 03 4 P07 w2 o3 04 @5 08 o7 95 @ 1
2 Rig#s 0 0 2019 May 3821 3474 2918 524,532 194.2 92,158 & 53
an1n Lom o1 aa1a a0 canTen anaa EEEY.EY c en Morm Cum MNorm Cum
Facility Parameters
. Qil Rate vs Time (yrs} Qil Cum vs Time (yrs) ] Enter WOR Parameter [J Model Constant GOR
ERERE AR 1000000 R 10000 F——T—T——T——— 3 2500 —T—T—T——T——
Maximum Gas Capacity mscf/d F 3 %%gg r ] Continue
= ]
= L 4 5 1750 8
Minimum Capacity 100 bopd §_ 1000 E El é 1500 | 4
e E E E o 1esor 8
Start-upMenth 5 Uan=1 14 1000 - ]
g > B = E 3 750F 1
Start-up Year 2018 = E 3 500 F .
D S S Y S S S S BT ] I Production / Well P
Average Facility Uptime = 100 % 05 1 15 2 25 3 35 4 45 5 0 05 1 15 2 25 3 35 4 45 5
el = EUR (mbbl) | Perm (ma) Pay ()
1 a0
2 &
55 Save Graph 58] Save Groph : ol
3 ‘
Well Options ;
- _ Import PVT Properties 10
(O Vertical el (JAnnularFlow | |mpore Well Model 1
12
Herizontal Well
orizontal We Oil/Cond APl 40 4
i 15 Export to (SV File
Separator Gas Gravity 0.8 Reservaoir Pressure (psi) 4800 :E
Mbiopoplierlily 8000 ) B Separator Pressure (psi)  114.7 Reservoir Temp (F) 160 1
TVD to Top Perf (ft) 8000 —
2 WellDrainageAcres 25 Separator Temperature (F) 60

Version 2024

Continue

Tubing OD (in)

Casing ID (in)

Tubing ID (in) 2441

3.5

Depth of Tubing (ft) 8000
6

Tubing Correlation Hagedom-Brown

Permeability .2
NetPay (f) 300

Skin <> -5

Lateral

H:S5 - mol% 0
Nz-mol% 047

CO;-mol%  1.81

Bubble Paint Pressure (psi) 1442
GOR (scf/bbl) 368
Water Salinity (pprn NaCl) 30000

Corrected Gas G 0.7839
Gas Pc (psi)
GasTc (R) 4172

672.2

Continue

Capture Screen |

Cancel
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* Nodal Analysis (1)

ntials

o o
Exit Program ‘ ‘ Load PE Tools Model Gas Lift Analysis Export VFP Table Export Wellhead Results to CSV Export Surface Results to CSV ‘ ‘ Save Model to PE Tools dB ‘ Info
Model Name:
Change PE dB Node Based Analysis - Gas Well PEE Tools Examples Database.PEEdb
Oilfield System Parameters PVT Wellbore Reservoir Wellhead Results  Artificial Lift Surface Surface Results Flow Tables

Wellhead Analysis

Surface Analysis

Wellhead
Tubing
Casing

‘Generate Flow Tables

THP/BHP/Gradient

Pressure Table Conversion

Tubing Data

Pipe Data

\ Mode Based Analysis - Ol Well

System Parameters  PVT Reservois  Wellbore

PEE Tools Database PEEdL

EEEEEEEEEEEEE!
SHEEEEDAEEEELE
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* Nodal Analysis (2)

— Fiel

ntials

Generate Flow Tables

Gas Lift Analysis | | ExportVFP Table | Export

Nl £ ] £
toCsY

Model Hame:
Node Based Analysis - Gas Well

| s | | : - 2 | s |
BxitProgram | | Load PE Tools Model | | G: Lift Analysis | | Export WFP Table | Expert to C5V Tooks dB || Info ExitProgram | Load PE Tools Madel
Model Name:
Change PE dB Node Based Analyss - Gas Well PEE Took Examples Database. PEEdD. Change PE dB
Oiffeld System Parameters PVT  Wellbore Reservoir Wellhead Results  Artificial Lift Surface Surface Results  Flow Tables Oiffeld
Wellhead Analysis Wellhead Analysis
Surface Analysis Surface Analysis

Generate Flow Tables

Wellbore Reservoir Wellhead Results  Artificial Lift

System Parameters  PVT

[
Tools o8 | | Info.

PEE Toaks Examples Database PEED

Surface  Surface Results  Flow Tables

¢

nl 3
Export VFP Table | Export

Gas Lift Analysis

Model Hame:
Node Based Analysis _ Gas Well VLP

System Parameters  PVT

Wellbore  Reservoir Wellhead Results  Artificial Lift Surface Surface Results Flow Tables

PEE Toaks Examples Database PEED

THP/BHP/Gradient THP/BHP/Gradient
Pressure Table Conversion Pressure Table Conversion
“Tubing Data “Tubing Data
_ CusingData _ _ CusingData _
Fipe Data Fipe Data
| o [ v ‘ Y ——r- | o
Exit Progam || Load PE Tools Model || o: Lift Aralysis | | ExportVFP Table | Export to €SV Tools o8 | | Info Exit Progam | | Load PE Tools Model
Model Hame:
Change PE dB Node Based Analysis - Gas Well With Pipeline PEE Toak Examples Database.PEEdD Change PE dB
[citfield System Parameters PVT  Wellbore Reservoir Wellhead Results  Artificial Lift Surface Surface Results Flow Tables Oiffield
Wellhead Analysis Wellhead Analysis
Surface Analysis Surface Analysis
Generate Flow Tables Generate Flow Tables.
THP/BHP/Gradient
Pressure Table Conversion Pressure Table Conversion
“Tubing Data “Tubing Data
_ CusingData _ _ CusingData _
Fipe Data Fipe Data
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* Interference Analysis

@/ﬁ@i,-?Ez Essentials - Field Dev-ent Essentials

Interference Plot Settings

Plot Group #1- Forward

Plot Group #1- Reverse

Title PE Interference - Forward Title PE Interference - Reverse
y Label BHP & Norm-WI Rate y Label Wl Rate & Norm-BHP
Interfering Well:  Interfering Well: Interfering Well:  Interfering Well:
V-5caling Factor ¥-Shift ¥-Scaling Factor Y-Shift
1 0 1 0
y Axis x Axis y Axis x Axis
Maximum: 10000 1000 Maximurn: 29000 2200
Minimurm: 0 0 Minimum: 0 0
Reset 'Y Reset X Reset ¥ Reset X

Plot Group #2- Forward

Title PE Interference - Forward

Plot Group #2- Reverse

Title PE Interference - Reverse

yLabel  Liquid Prod & Morm-WI Rat

yLabel Wi Rate & Norm-Liquid Pro

Interfering Well:  Interfering Well: Interfering Well:  Interfering Welk:
¥Y-Scaling Factor ¥-Shift ¥-Scaling Factor ¥-Shift
0.5 11000 1 0
y Axis x Axis y Axis x Axis
Maximum: 40000 2200 Maximum: 29000 2200
Minimurm: 0 0 Minimurm: 0 0
Reset ¥ Reset X Reset ¥ Reset X
General Settings
@ show Grid (] Show Minor Grid [(JShowlLegend  topright
Text Series Settings (Select Series First)
Text Font  System - B Serics Color
Axis Label Size ] solid +  LineStyle
Line Width 1
Tick Label Size ] L L
e «  Marker Style
Title Size ]
] Marker Size 7
Legend Text Size ] [T) Selid Marker

Import Time Format
Start: ©1900's (02000  Format: @ dd/mm/yyyy O mm/ddfyyyy PE Interference WSpace Test.dvxIWS
Open PEdB
Well-to-Well Interference Data ANALYSIS
Base Well Prod Start Date (mm/dd/yyyy): 1 1 1900
Import dB Well Data _— i
mpol el Select Base Data Select Interference Data | Winj4-Smooth_7 Time tﬂ(:::;;fﬂe“ﬂ
. . [ Gil Prod [ Oil Prod B Prod3-Smooth_7
Deriv Smoothing () Gas Prod () Gas Prod 55
Select Plot First () Water Prod [ Water Prod
Qe Qe Porosity(d 0.24
ONone () Mid O cHp O cHp Emivided) 0.
i EBHP BHP iscosi
Ol 0 8 Liquid Prod 8 Liquid Prod [y O o Start Darte famn/eklfyyypl) 1 )L T )1 1900 | |
0 GoR 0 GOR @ Winj4-Smooth_7 Comp(10™/ps) 15
#G 7 . O woR O wor [ Prod3-Smeoth_7 _—
- 0 Wt 0 weut Distance(ft) 5500
[ oCut (] oCut
Clear Data 0 WGR 0 WoR Estimated
O cor 0 car Permeability _ 140-T78
Prod3-Smoth_T: Liquid Prod - X-Data = 113 / ¥-Data = 20041.13
PE Interference - Forward PE Interference - Reverse
10000 T . . . : . 20000 T : T : T T
26100 1
2 oz
o o 20300 N
2 E 1mo .
g g 14500 1
= = 11600 1
E 2 LA
o = gm0 I .
= =
& £ o J
2900 1
0 100 200 300 400 500 600 700 800 90D 1000 ®0 20 a0 e s 100 1320 1540 1760 1980 2200
Time (Days) Time (Days)
PE Interference - Forward PE Interference - Reverse
2 — 5 200 1
& 8 & 23200 1
2 - S 2000 1
3 s
< ﬂ g 5100 1
= ol Ry | E |
3 i 1 3 14500 m
B i - 5 6o 1
o e § 2 870 1
2 &
El 8 = 5300 1
: = | | ’
N I , , . , , , , , 9 , I , I , ,
0 20 440 660 830 1100 1320 1540 1760 1980 2200 0 20 440 660 830 1100 1320 1540 1760 1980 2200
Time (Days) Time (Days)
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* Recovery Factor Analysis — Oil, Monte Carlo Oil, Gas, Unconventional, Reservoir Complexity and Artificial
Neural Network (World Oil, March 2019)

2 A 3
Exit Program | | Load PE Tools Model | | Meural Network | | Export MC Resultsto CSV File | | Save Modelto PETools dB | | Info
Oiffield [ Capture Screen |  OpenPEdB ,'."' del Recovery Factor

© Sandstone ANN Model

O Limestone/Dolomite O Model 1 ) Model 2

Run ANN Model

I
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@ﬁ@i E E? Essentials — Asset E\/.ation Essentials

* Includes scoping economics analysis
* Includes basic corporate economics tool

Corporate Economic Results - After Tax
Run Corporate Economics Oil Reserves  389.4 NPV10 85 Total Cap Costs 6.1 PIR (disc) (3/5) 1.4
Gas Reserves 7284 Econ Life (yrs) 25 Max Exposure 6.1 Break EvenYear 2
After Tax - IRR (%) 121.3 Vears  OilRate  GasRate Ol Cum  GasCum  GrossRevenue  Royalties  EscOpCosts  Es
2295 23877 0 0 0 0 0
Corporate NPV @ 0% 18 1 2295 3877 838 16015 N7 0 2936
e 2 16 21918 126.1 24015 3246 0 1734
(e T | T 3 88 16468 1582 30026 3278 0 1436
Corporate NPV @ 10% 8.5 4 79 13411 1845 3492.1 2898 0 1268
3 'l 3 3 o . 5 609 1326 2067 39054 2665 0 1154
ExitProgram || Load PE Tools Model | Production Profile | Oil/Gas Price Profile || Corporate Economics | | Export Project Results to CSV. Save to PE Tools dBase | | Info Eeste N LI ) 6 531 9856 2261 4265.2 251 [ 1.074
Corporste NPV @ 15% 6.4 7 469 870 2433 45828 2366 0 101
8 4.7 TI26 2585 4854.8 223 0 0957
PEE Tools Examples Database.PEEdb Corporate NPV @ 20% 4.9 9 377 698.1 22 51196 214 0 0916
Open PEdB Run Project Economics 10 341 630.8 2847 5349.8 2008 0 0879
Gilfield Modei Name: Unconventional Gas Well 11 311 5748 2% 55596 187 0 0849
=T 12 285 527.2 306.4 5752 1717 0 0823
casts Economics” Run Year to Start Discounting (Full Cycle Economics) 1 Taxes and Royalties Parameters 12 261 425 316 59282 1572 0 0798
. _ i . — 4 241 445.8 3248 6000.9 1433 0 0.778
_ _ Al Cash in $MM / Oil and Water in bbis/d and mbbls / Gas in mscf/d and mmscf Cost Recovery Uplift (Smm) 0 15 23 24 3329 62414 1384 0 076
Oil/Gas Prices Annual Discount Rate (%) 10 Economic Results Working Interest Before /0 (%) 100
0il Price (/b il " e
P B Project - IRR (%) 121.3 Oil Reserves  393.3 NPVIO 85 Total Cap Costs 6.1 PIR (dis<) ($/$) 0 Working Interest After P/0 (%) 100
Gas Price ($/mscf) _ e GasReserves 7356 Econlife (yrs) 26 Max Exposure  -6.1 Break Even Year 2 Gver-Riding Royalty (%) Company Oil Rate (bopd) Company AT Cum DCF (SMM)
Info PriceEse Cap 1.2 Operating Costs WOE—T——T 1T T T T ST T T T T T T T
T Head Office Overhead (Smm/yr) 0.5 Years #Wells  Oil Rate GasRate  WaterRate  Oil Cum GasCum  Water Cum  Water Cut Gl Corporate Income Tax Rate (%) F
22 | 0 1 2295 23877 12 0 0 0 05 191 F ]
5 Fixed Well Op Costs u Time to Depreciste CapEx (yrs) 1
Escalation Factors peilietouCes o) > | | | 2295 877 12 08 18015 05 05 191 F 1
Oil Price (%/yr) 0 Variable Well Costs - Gas ($/msef)  0.25 2 1 16 21918 06 1261 24015 07 05 128 Royalty Rate Before P/O (%) 0 ]
Gas Price (%/yr) 0 Variable Well Costs -Gil ($/bbl) 0 3 1 a8 1646.2 03 1582 3002.6 09 06 187 Royalty Rate After P/O (%) 0
- 4 1 719 13411 04 1845 3492.1 1 06 186 S
7
CapEx (/) 0 Gas Transportation Fee ($/msef)  0.75 M | e Tazs 0 oo Ss05a e os 185
OpEx (3a/yr) 0 Qil Transportation Fee ($/bbl) 0 [ 1 0.3 2261 42652 12 06 185 4
Qil/Gas Trans (%/yr) 0 Gas Processing Fee ($/msef) 05 7 1 03 2433 45828 13 0.6 185 7
. X N —— 3 1 02 258.5 48648 14 05 185 8
Oil/Gas Processing (%/yr) 0 Oil Processing Fee (3/bbl) 0 9 i 02 prtgy 1106 15 05 185 Lot T N O O R O
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» Comprehensive Asset Economics Evaluation (1)
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Asset Economic Sensitivities

Version 2024

NPVT 8704 All Cash in US$SMM
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» Comprehensive Asset Economics Evaluation (2)
* In-depth annual economic input parameters
* Three fiscal regimes: Taxes and Royalties; PSC; and Service Contract
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» Comprehensive Asset Economics Evaluation (3)
 Excel export of results including graphical summaries
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» Comprehensive Asset Economics Evaluation (4)
* Option for evaluation of acquisition economics

on Essentials
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