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== History of Fracture Simulation
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The Elements of Frac Design

= Detailed petrophysical analysis of zone of interest

= Computation or estimation of elastic properties

= Determination of rock and fluid properties

= Interval averaging of log values for input into simulator

= Parameter testing to insure rock and fluid properties match
well test results

= Transfer of rock and fluid properties into simulator and run
simulation



== Petrophysical Evaluation
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== Determining Elastic Properties el with log data)

= Deterministic computations where compressional sonic, shear sonic, and
density curve are measured over the zone of interest

= Computation of synthetic acoustics when DTS (shear acoustic log) and/or

DTC (compressional acoustic log) are not acquired

— Estimated from other logs in the well (RHOB, NPHI, DTC, GR, etc.) (Synthetic Curve Generation)
— Generated using Deep Learning Models with Python Extensions (also using other curves)

— Determined from a detailed rock physics model constructed over zone of interest

= Empirical equations for estimation of elastic properties when minimal logs are
present



== Barnett Wells with Measured DTC and DTS
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== Generate Synthetic DTS from Nearby Wells
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== Deep Learning Model for Synthetic DTS
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== Rock Physics Models for Elastic Properties
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== Deterministic Elastic Properties (rock Physics Application)

Petrophysical and Elastic Properties Calculator

Revised: February 2018
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== Computing Elastic Properties (python script)
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== Empirical Estimation of Elastic Properties

Multiplier to match
known values when
available
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Bulk Moduli versus Vshale (Color Scale is Porosity)
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= Biot’s Coefficient (Required Input for Some Simulation Packages)
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Biot's = 1 — Kdry/Ko where Ko is KVRH, the bulk moduli of the rock framework (Mavko, Mukerji, and Dvorkin, The Rock Physics Handbook, 1998)
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== Frac Preparation Examples
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Mississippi tight gas sand example

— Cotton Valley formation, upper Jurassic age

— Low porosity clastic sandstones (very common case globally)
— Partially depleted after initial completion including frac

— Post frac tracer survey very useful

— Planned recompletion, never executed

West Texas Unconventional example

— Spraberry Wolfcamp formations, Permian age

— High Kerogen content

— Uranium salts associated with high Kerogen volume rocks
— Actual frac design did not use analysis results



Mechanicsburg Field, Mississippi

@ of Use | Report a map error




== Mississippi Tight Gas Sands

17

€ sLogpiot &_a2: steric 3152018 T-24:08 A
Fle ESt View Hep
PEFAZ0FA% AANA FEMH S » N2 T Bz L
I I

Coneion__ [Bepin ] Wiwaig
TR = T
2 ] : Ea—cTT

12000

12100

12200

VL8

12300

12400

12600

AP

2

12700

Depth T1328.73; | PW=1025"; SW=655"| Curve

o MECHBZ? : Historic

2018 7:2408 AN

Fle Egt View Hep
PHERZ 0 BA%AANAFIBH /L NNZ THA L
Corsiion [ Dol | theobg | wes i TR |
D
o

11950

12000

12050

12100

12150

12200

12250

12350

12400

W T T AT

12450

12500

12550

12600

VAL

Depth 1225305 ; | PW = 1025"; SW

| 20agpiat RW_9T Basies
Fle Edt Wiew Hep

vEFAZ QIR AAKA BEMH N2 TH2 L
|

lRroB ___erin Livenru|

lerigc Evwal
——
levwa ]
12000 2
(S 12050
i
t 12100 5
L 05 121
: 12200 &
THVL 06 12250
g 12300 =
5
12350 5
4 12400 ]
VLT 42450
i 2
l 12550 2
VL0 P B
12600
s 12550

Depth 12069.97; | PW= 1025 ; SW =655




== (Generate Modeled DTC and DT
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== Calculate Rock and Fluid Properties
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== Post Frac Tracer Surveys
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== Spraberry Wolfcamp Unconventional Example

21

The next section deals with design of a frac in an
unconventional reservoir with minimal log suite. No advanced
acoustic data is available in any of these wells. There is no
cartographic data associated with these wells, so no Google
Maps can be displayed.

FracRAT (a module of PowerLog) is used to generate the rock
and fluid properties for input into the fracture simulation software
package. In this case we are using Mfrac for simulation.



== Elements of PowerLog Frac - MFrac Workflow
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== PowerLogFrac Workflow

Load well data into PowerLog, edit curves, process curves, generate new curve data,
compute TVD, etc.

v
Select Curve data and run FracRAT

/\

Select Curves and run Create LogPlot with Selected
AutoZAC Curves and run ZAC

\/

.Gener_ate Reports — FracRat Exporter [——> Equrt file and
including net pay Preview

\ 4
Run MFrac
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== PowerLog: Petrophysical package

Load well data, edit curves, process curves, generate new curve data, compute TVD,

etc.
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== ZAC (Zone Average Calculator

25

File Edit View Help
vE gaZ 0PRSS IQAAKA|BEBH 7>\ Z TH 7ZAC
COR DT RES Quicklook NDS 7 |3 | Mode: Add Zones v [@ Cursor Tracking Create Curves | Exit
KGR DEPTH W2RY SWQ NPHI -
APl 2000 ft |02 ohmm 20007 dec 1045 0150 From De| To Dept| KGR | CALX | M2R9 | PERM | SWQ | PHIEQ | BVWQ | NPHI
CALX PERM PHIEQ ZDEN (1 [9239.25 9275.5 93.59068 $8.247123 132.56470 $0.009732 0.195720 :0.073574 $0.033928 '0.210113
in 16 0.001 100.25 dec 0|79 2.9 2 92755 9312 96.24244 8.248163 37.27632 0.024564 0.163730 0.082723 0.032304 0.221085
BVWQ PORD = 3 (9312 9361.5 85.73447 18.247256 :21.24107 $0.014508 '0.285577 :0.069657 $0.040748 :0.211266
z dec 0]0.5 dec 0 = 4 9361.5 9417.75 81.89840 18.525778 17.917517 10.024323 0.689646 0.061834 0.061370 :0.181482
_—— 5 (941775 944925 78.03748 8.247440 6.969598 (0.016698 0.776777 0.058335 0.058335 0.170242
BVWQ 6 9449.25 9481.25 $91.45054 '8.251279 :7.036922 $0.015643 '0.645372 :0.066958 $0.066725 :0.183926
7 9481.25 9500 89.44789 1 8.251802 $9.085565 $0.007378 0.551255 '0.066522 @0.062053 ' 0.184581
0 ~ |[8 9500 9532 9235658 8.286891 20.52030 0.014314 0.319571 0.070262 0.044334 0.199944
— 9 9532 9564 90.38511 :8.343077 :16.63558 $0.005662 $0.382799 :0.066324 $0.049566  0.178889
9000 10 9564 9575.5 94.25446 1 8.095808 :21.67476 :0.030110 0.258539 '0.079051 :0.041449 '0.223977
(11 |9575.5 9591.5 71.52246 8.015676 :51.27996 0.044090 0.139163 :0.088623 10.030133 '0.214711
12 95915 19613.5  70.10292 8.015415 58.64432 0.074310 0.146376 0.091698 0.030640 '0.212349
13 |9613.5 9635.25 79.45863 18.011284 $23.24289 :0.007860 :0.316555 $0.063080 :0.044575 '0.164131
- (14 [9635.25 9649.75 99.03932 8.020169 49.09854 '0.040015 0.122497 '0.088106 '0.027777 0.234960
= 15 |9649.75 968175 63.09116 8.009837 103.9402 0.028506 0.095665 0.077053 0.022374 0.196616
16 |9681.75 9712.25 53.68682 8.011357 63.82216 0.021076 0.145843 '0.064879 0.027932 0.169249
p= < 17 |9712.25 9719.5 37.02933 '8.011733 /107.143 0.01545 0.114417 '0.065478 $0.026105 '0.147889
= 18 [9719.5 074275 50.89531 8.018074 89.82740 0.075723 0.094523 0.085882 0.024626 0.201263
19 |9742.75 9763 58.66487 8.013609 84.03520 0.035168 0.135018 0.061822 '0.025916 0.162026
;= 20 9763 9774.75 ' 43.16666 8.005770 :86.04347 :0.004662  0.207311 '0.050723 '0.035142 :0.103597
21 |9774.75 9792.25 53.76450 8.007774 $79.32535 :0.007904 0.184445 '0.055557 :0.031726 0.137557
D550 | 122 [9792.25 9796.5  106.1088 8.013833 30.49188 0.020277 0.246204 0.071603 0.041355 0.177075
23 |9796.5 9812.5 70.82030 :8.010492 $73.23206 :0.037458 0.154663 :0.076694 :0.030787 :0.197558
24 98125 9818.25 36.67166 8.015916 130.4875 0.035191 '0.147381 '0.067184 0.033797 0.151711
S== [25 [9818.25 9832.75  78.97966 8.012610 42.23208 0.149684 0.131696 0.102126 0.031917 0.243511
26 |9832.75 9840.25 83.79612 8.013387 65.10116 0.099219 0.091106  0.093749 0.024533 0.229505
27 9840.25 9870.75 73.44130 8.012430 '52.17316 0.137343 0.192556 :0.082724 $0.035916 '0.192824
-3 28 [0870.75 9897.5  53.81518 8.050388 83.97175 0.034374 0.191571 0.062743 0.034536 0.146026
29 |9897.5 9942.5 72.80132 8.111138 43.24962 0.046584 0.328971 0.068526 10.047131 0.176511
30 [9942.5 9968.75 56.32981 :8.116226 $33.09848 '0.027893 '0.320209 :0.059511 :0.044229 '0.159047
31 [9968.75 9987.5 45.37736 :8.109539 1139.3513 0.030565 $0.233965 '0.065711 0.041915 $0.135760
32 [9987.5  10026.75 90.42962 8.113246 26.56040 0.095877 0.532524 0.072952 0.061858 0.214592
33 |10026.75 :110070.5 94.17659 :8.112795 :6.436875 0.040952 :0.723187 :0.063356 :0.062284 :0.204870
_— 34 [10070.5 110122.75 96.87142 18.112838 :7.464666 0.074176 '0.536833 '0.074261 0.060708 :0.243295
—— 35 (1012275 10165  101.0284 8.108605 5.254511 0.055701 0.730204 0.066496 0.066024 0.233925
36 [10165 10191 115.6464 :8.119857 :4.401257 :0.047926 :0.761679 :0.068673  0.067965 :0.253186
37 10191 10226 106.7234 :18.106886 :4.006680 0.026502 :0.816459 '0.065461 0.064669 $0.265194
< 11 »




== FracRAT Module Setup Tab (Tab 1)

26

@ L:FracRat: Pence #1

B |

Screens ~

Pence #1;

| Setup |Rock Properties | Fiuid Loss Properties [QC |

Required Curves
TVD (ft) DEPTH

Neutron Porosity (dec) BU_NPHI
Deep Resistivity (ohmm) BU_M2R9

4| Options

[ Hole Correction [] Input GRindex

Mesozoic c |
Timu's  ~|

Vsh Calculation

Permeability Methods

Tectonic Constant (psi/ft) 0851
GRdl Override (gAPI) 0
Ppore Gradient (psifft) 08892

Density Porosity of Shale (dec) 0.0868
258

[ Input Critical Stress

Calibration Factors
BHRP (psifft) 00

Delta (dec) 7
Clll - Leak-off (ftmin~1/2) 003

Gamma Ray (gAP))  BU_KGR
Density Porosity (dec) BU_PORD
Caliper (in) BU_CALX

Gas Effect? Automatic v |

[V] Use Permeability Index

[] Tectonic Shale Effects

GRsh Override (gAP) 130
Pob Gradient (psifft) 1
Neutron Porosity of Shale (dec) 0.2667

Depletion Cutoff (dec) 5
TD MW (Ibs/gal) 102

=

Interval Zone for
Start (ft) Stop (ft) Zone Parameters
1 Upper_Spra Wet_Lime

‘ Enter values and click Run -

el

Select the curve data for input and
set up parameters for determining
many of the essential parameters for
use in frac simulation

Has multiple options for computing
Vsh and calculating permeability
including allowing externally
generated curve data.



== FracRAT Module Rock Properties Tab (Tab 2)

@ 2FracRat Pence #1 IS o 1
Screens ™
= ‘.| Choose the methodologies for
“Setup | Rock Prop Fluid Loss Properties [QC | Tuning| . . y .
sl T e o computing Poisson’s Ratio and
Young's Cal 1 Dynamic Youngs Method Stress (psi) Stress y
e e o T Young’s Modulus and set a range for
Deraily it Poisson's Ratio (dec) PR
Bulk Density (g/cc) BU_ZDEN B en J/ce) 25015 Fracture Toughness (psi-sqri(in)) Frac_tough fractu re to u g h n ess
Critical Stress (psi) Stress_Ciit
Sanicinpa: = Lithology Lith

Critical Stress

T — Generates the rock properties

Fracture Toughness

Minimum (psi-sqrt(in)) 500 Maximum (psi-sqrt(in)) 1500
Interval Zone for
Start (ft) Stop (ft) Zone Parameters
1 |Upper_Spra Wet_Lime [7] Frac_Gross_Intervall
Sampling Grid
Helo

\ Enter values and click Run .

. I



== FracRAT Module Fluid Loss Properties (Tab 3)

@ 2FracRat Pence #1

e
" Screens
Pence #1; 2 B
+ Setup | Rock Properties | Fluid Loss Properties ‘QC IPavameter Tuning| I h h N I I . k
FFllL:AIi! Visc. Filtrate (cP) 1 Spurt Loss (galft*2) 0 Fl'l;::el;\?cs; ;[::seun(lzs(}radlenl (psifft) RPG n p Ut t e p yS I C a p aram ete rS I e
i Reservoir Viscosity (cP) 025 Reservoir Pressure (psi) ISIP 4 b H I H t d H -t f th
¥ Fluid Loss Total Compressibility (1/psi) TCOMP CO m p re S S I I I y an V I S C O S I y 0 r e
" Total Compressibility Oil Reservoir (1/psi) 0.0000835 Permeability (mD) PERM_FR ﬂ . d . h . d d
Compressibility of H20 Dominated Layers (1/psi) 0.000014364 Porosity (dec) POR_FR U I S I n t e rese rVOI r an m U .
Vshale Cut-off (dec) 7 Fluid Viscosity Reservoir (cP) FL_VIS_RES
Fluid Viscosity Filtrate (cP) FL_VIS_FILT G t th fl M d I t'
S = enerates tne 1iuia 10Ss properties
Spurt Loss (gal/ft*2) Spurt_Loss

Interval Zone for
Start (ft) Stop (ft) Zone Parameters
1 | Upper_Spra Wet_Lime [v| Frac_Gross_|ntervall
Sampling Grid
; \ Enter values and click Run
i

28 Q



== FracRAT Module QC Tab (Tab 4)

29

@ 2FracRat: Pence #1

Screens ~

Pence #1;

Setup | Rock Prop Fluid Loss Propetties| QC | Tuning

i|  Intermediate Properties

GRIndex (dec) GRI
Permability Index (dec) Pl

Caliper corrected GR (gAPl)  GRC
Corrected for Shale NPHI (dec) NPHLshc
Corrected for Shale DPHI (dec) PORD_shc
Bulk Volume Water (dec) BVW_FR
Bound Water Saturation (dec) SWB_FR

Vsh (dec) Vsh_FR
Total Porosity (dec) PHIT_FR
RHOB (dec) RHOB_FR
Append Curve Name
|| Prefix
| Apply
Suffix:
Interval Zone for
Start (ft) Stop (ft) Zone Parameters
1 [UpperSpa Wet_Lime [v] Frac_Gross_Intervall
Sampling Grid
I .
| Enter values and click Run -

Outputs the transient curves used in the
generation of the rock and fluid
properties.

Enables users to insure quality of results



== [FracRAT Module

@ 2FracRat Pence #1
Screens

Pence #1;

| Setup | Rock Properties | Fluid Loss Properties [ QC | Parameter Tuning |

Tuning Options
Settings
Number of lterations | 100
Select Target Parameter

Parameter Tuning Tab (Tab 5)

Important feature that will take known
data from Minifrac Tests and give the

30

[stress | Value 6600
e T m user the ability to determine the exact
oo == _ input parameters required to match
oo — N Minifrac results.
S Essential in assuring valid simulation
= models
e Start (ft) — Stop (ft) Parameters
((cose | [ Run ]




== FracRAT Exporter

31

|

@ 1:FracRAT Properties Exporter

Well to Export
Pence #1;

Output File i
FracRat_Sales Meeting

rt Options
Export Settings | Preview,

Settings
D Export With Column Headers Decimal Precision

Category Table Lithology Options

MFrac_Lithology v | @ Use Lithology () Calculate From VSh
Export Column Mappings

Format

M-Frac Rock Properties. v

Column Name Curve Data Type Units

1 |Lithology Symbol Lith Lithology Description |-

2 |Zone Name Lith Lithology Name ~

3 |TVD @ Bottom (ft) DEPTH Curve
4 |MD @ Bottom (ft) Curve
B [ sifft)  StressGR Curve
6 |Stress (psi) Stress Curve

7 |Young's Modulus (psi) YM Curve

8 |Poisson's Ratio PR Curve
9  |Fracture Toughness (psi- Frac_tough Curve

10 | Critical Stress (psi) Stress_Crit Curve

< | 1

Column Mapping Options

| save Mapping || Recall Mapping || Apply Mapping |

Interval
Start (ft) Stop (ft)
1 Upper_Spra Wet_Lime

Zone

Sat

[ J[ even ]

|Ready |,

@ 1:FracRAT Properties Exporter

Well to Export

Pence #1;

Output File
FracRat_Sales Meeling

Export Options
Preview

Copy Selection to ClipBoard

Data Preview
Lithology Sy | Zone Name | TVD @ Botto

MD @ Botto | Stress Gradi | Stress (psi) | Young's Mod| Poisson's Ra | Fracture Tou | Critical Stres|

3 167447031 shly-sand 93285 1.009747 9410.4249005 3324856.7482 |0.24237763 _ 838.08138118
3167447031 Shiy-sand 93845 1.00743432  9454.2674116 3610078.8056 023020446 858.6018467

3 167447031 Shiy-Sand 9406.75 1.00723951  9474.8502302 3635407.3246 0.22016112  872.31450974
|7 126159351 V-Sdy Shale 948875 1.00872446  9571.5341800 3447301.8541 02370431  940.75020397
© 9167445761 Sandy shale 95135 1.01136003  9621.5736633 3142766.7534 0.25064266  1022.8407776
10 |7 126159351 V-Sdy Shale 9533 1.00529803  9583.5061075 3901550.4067 0.21860691  947.46292235
21 |7 126150351 V-Sdy Shale 9546 1.01102133  9651.2095841 3170921.2016 0.24892216  961.78424873
12 |7 126159351 V-Sdy Shale 9550 101055725 9650.9167715 3231748.6125 0.24655195  901.49207624
13 [2167119351 V-Silty Sand 9576 1.01375275  9707.6963328 2895626.1153 0.26257589  748.88651012
2167119351 V-Silty Sand  9587.75 1.01202069  9703.0876881 3070936.4748 0.25402121  703.44235723
3167447031 Shiy-sand  9609.75 100521541 9650.8688278 39134051210 021815139  811.53605383

7 126159351 V-sdy Shale  9634.5 1.01462702  9775.4240066 2811642.8075 0.26684188  997.17123908

2167119351 V-Silty Sand  9650.25

1.00963206 9743.2018327 :3338340.6715 :0.24178174 722.20992278

1 8388863 16 Silty-Sand 9668.5

1.00926048  9758.0349144 3382413.3950 0.23984881  619.41457232

18388863 16 Silty-Sand 9684

1.00698552  9751.6477661 3668976.2161 0.22779664  627.65289888

|4 8421631 16 Clean Sand _ 9695.75

1.00688242  9762.4801964 3682677.2722 0.22724137  573.43720439

18388863 16 Silty-sand 9735

1.00470064  9780.8483548 3986972.3270 0.21535103  610.13749098

2 167119351 V-Silty Sand 9774

1.00498125  9822.6867181 3947252.6994 0.21685735  701.55885358

2167119351 V-Silty Sand 9800

1.01162323  9913.0076551 3114279.6939 025197418  734.95508215

3 16744703 1 Sh?y-sand 9844.25

1.01579694 9999.7589786 :2704182.8851 0.27247387 866.34568665

1 8388863 16 Silty-Sand 9852

1.00502503  |9901.5065848 '3940896.6177 0.21709961  667.32611567

48421631 16 Clean Sand  9883.25

100444317 9927.1629874 4026427.2169 021386756  595.52844619

'ﬁ‘lﬁ‘- LGN E[E 55 E|§ i~

3167447031 Shiy-Sand  9893.75

ccccscsccocsccococcocoocssscs oo

1.00700145 9963.0205705 3666865.2444 022788235  827.02923399

Start (ft)

Interval
Stop (ft) Zone
Wet_Lime (@]

Sampling Grid

|Ready |




== MFrac Rock Properties

|
- - ”~ =S
H& DRI A FEELHODEEEY «»
-
Lithology Zone Name -Br;/tDtoan: MD at Bottom Gsr:z—ﬁ:ﬁt Stress Young's Modulus Poissc_)n's T};LZC;;QZS Critical Stress Int“
Symbol (f0) (ft) (psi/ft) (psi) (psi) Ratio (psi-in~1a) (psi) G

D V-Sdy Shale 9253 9253 1.01851 9424.24 1.1181e+07 0.285189 973.157 0

V-Silty Sand 9304.75 9304.75 1.01087 9405.85 1.4303e+07 0.248129 778.457 0

D Shly-Sand 9344.5 9344.5 1.01249 9461.2 1.4235e+07 0.256317 840.621 0

V-Silty Sand 9367 9367 1.01088 9468.92 1.4799e+07 0.248205 796.742 0

D Shly-Sand 9385.75 9385.75 1.01139 9492.67 1.5555e+07 0.250804 835.053 0

V-Silty Sand 9430.75 9430.75 1.00847 9510.6 1.7469e+07 0.23569 760.046 ]

D V-Sdy Shale 9451.5 9451.5 1.01423 9585.98 1.3885e+07 0.264904 902.826 0

D Shly-Sand 9472.25 9472.25 1.01394 9604.32 1.3825e+07 0.263509 892.471 0

D V-Sdy Shale 9499.75 9499.75 1.01531 9645.17 1.2967e+07 0.270131 916.173 0

E V-Sdy Shale 9534.25 9534.25 1.01419 9669.58 1.3888e+07 0.264738 902.537 0

V-Silty Sand 9560.25 9560.25 1.01199 9674.88 1.3149e+07 0.253824 793.57 0

% Silty-Sand 9589.5 9589.5 1.00747 9661.12 1.5528e+07 0.230387 678.612 0

=) Shly-Sand 9619 9619 1.01335 9747.38 1.336e+07 0.260579 852.34 0

% Silty-Sand 9657 9657 1.005 9705.26 1.7225e+07 0.216949 612.756 o]

& Clean Sand 9688 9688 1.00171 9704.55 2.1513e+07 0.198314 541.481 0

|:| Clean Sand 9714 9714 1.00301 9743.26 1.8373e+07 0.205801 549.039 0

|:| Clean Sand 9750.25 9750.25 1.00213 9771.03 2.257e+07 0.200758 579.01 0

é Silty-Sand 9777.75 9777.75 1.00479 9824.58 1.8923e+07 0.215792 635.466 ]

V-Silty Sand 9821 9821 1.01087 9927.71 1.3182e+07 0.248155 752.263 0

]:I Clean Sand 9867.5 9867.5 1.00116 9878.91 2.3095e+07 0.195097 543.768 0

V-Silty Sand 9902 9902 1.00956 9996.67 1.5419e+07 0.241413 760.052 0

|:| Clean sand 9943.5 9943.5 1.00293 9972.61 2.0955e+07 0.205323 586.982 0

D Clean Sand 9967.75 9967.75 1.00063 9974 2.3625e+07 0.191987 526.393 0

@ Sandy Shale 9995.25 9995.25 1.02146 10209.8 1.0134e+07 0.298567 1028.74 0

D Shly-Sand 10054 10054 1.01531 10207.9 1.2552e+07 0.270163 895.872 0

E Sandy Shale 10117.8 10117.8 1.02077 10327.9 1.0367e+07 0.295468 1010.52 ]

E Silty-Shale 10166.3 10166.3 1.02878 10458.8 7.797e+06 0.329612 1145.14 0

E Silty-Shale 10223.3 10223.3 1.02878 10517.4 7.797e+06 0.329612 1145.14 0

g -

10 | »

32 q [ Insert from Database I [ Import Log ] [ Plot OK ] [ Cancel l [ Help




== [rac Simulation Results
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== Perforations, Frac Stages, and Production History

ANALYSIS DEPTH LITH ANALYSIS DEPTH [
BVW_SM PHIE_SM
0.5 0 0 1
8000
JUpper 4
Frac Stages =Tl ==
| > Stage 8 .
are colored oge 18500 % Perforations
intervals
= -
Bourne #3 f s000 Pence #1
Stage_6 .
22 Months Production ggyi\l/lé)‘lné%slsPéﬂducnon
18407 o fOII =58 e 2 51,518 mmcf gas
35857 mmetdas, g 5 56,012 bbls Water
Currently makin : Currently making.
624 bbls/month gil 2 485 bbls/month oil
310000 = =
Stage_4 E
S Stage 3
d10500f =
Mass_wc s“p_a e
—t e =)
) = e b Q




== Simulation to Stimulation Workfow

Generate a simulation model based on best available data

Mini-fracs are required to calibrate simulation models

FracRAT has parameter tuning to calibrate simulation models

Calibrated simulation models accurately predict frac
stimulation results

p
35 Q



Surface Pressure

— Surface Pressure (psi) —— Measured Surface Rate (bpm)
Measured Surface Pres. (psi) ——Measured Surface Conc. (Ibm/gal
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Conclusion

38

Perf and frac everything is still a common practice when completing unconventional
reservoirs

Frac simulations are often not run for lack of data and the time involved in
generating the models

Petrophysical parameters are important factors in frac stimulation (and simulation)
design

The elastic properties needed as inputs to frac simulation can be deterministically or
empirically derived.

Tools like FracRAT can reduce the time needed to generate frac simulations

Frac simulations should result in more effective fracs and improved commercial
results
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