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Introduction

» Granite Wash

» Texas Panhandle play
extending into west
Oklahoma

* Multiple zones

» Late 80’s, early 90’s saw
large vertical
development

e Currently—multilateral
horizontal wells

* Project Scope
* 200+ horizontal wells

*Aporoaimate
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Standard Operating Process

» Well is prepared 2-3 weeks prior to stimulation operations.

» The well is evaluated for level of Chemical Frac Tracer involvement.

» During operations CFT is pumped in scheduled stages.

» During drillout and flowback operations fluid’s are sampled on a
scheduled basis.

» Long term sample schedule is determined by wells response and
nearby offset activity.
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Tracer Overview

 Fluid tracing involves pumping
unique water-based tracers in the
pad and proppant-laden fluid of
a stimulated stage.

» After fracture operations are
completed, water samples from
the flowback stream are then
caught and analyzed with gas
chromatography.

 Tracers are referred to as
Chemical Fluid Tracers (CFT)
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ample We

Chemical Frac Tracer Concentration, ppb
Traced Segment 12 11 10 9 8 7 6 5 4 3 2 1
Stim Date 10/7/11 | 107111 | 10/7/11 | 10/7/11 | 10/7/11 | 10/7/11 | 10/7/11 | 10/7/11 | 10/7/11 | 10/7/11 | 10/7/11 | 10/7/11 Totals
Traced Fluid vl (Gal) 286,902 | 390,654 | 403,293 | 386,406 | 404,179 | 368,424 | 400,680 | 401,268 | 402,108 | 408,602 | 415,002 | 420,336 |[4,687.854
CFT Injected (g) 1134 1134 1,134 698 1,068 1,134 1112 1,134 1,134 1,003 785 1,003 12,470
% Injected 9.1% 9.1% 9.1% 5.6% 8.6% 9.1% 8.9% 9.1% 9.1% 8.0% 6.3% 8.0%
CumvVol*|  Sample Date Sample Type CFT 1300 | CFT 1000 | CFT 1100 | CFT 1200 | CFT 2000 | CFT 2200 | CFT 1600 | CFT 2400 | CFT 1500 | CFT 2100 | CFT 1900 | CFT 1700 C"-"H;’J‘"‘"
10/8/11333 Water (Pre-Frac) 00 00 00 00 0.0 0.0 00 | 00 | 00 | o0 0.0 12
10/10/1112:00 Water (Pre-Frac) 0.0 00 0.0 00 00 00 00 | 00 | 00 | o0 00 12
599 | 10/13/111:00 Water (Produced) 0.0 0.0 0.0 00 | 00 | 00 | 0o | 00 00 | 2311
1319 | 10/13/115:00 Water (Produced) 352 | 672 | 156 | 293 | 203 9 0z =D
5783 | 10/14/119:00 Water (Produced) 529 | o15 419 | 482 | 366 M) 0 0 0 502.9
9533 | 10/14/1113:00 Water (Produced) 742 | 386 | s85 | 127 | 337 | 409 | 348 1.1 99 | 381 | 3024
15705 | 10/15/119:00 Water (Produced) 67 | 435 | 626 | 155 | 403 | 395 | 365 | 144 | 265 126 | 286 | 4080
22949 | 10/22/119:00 Water (Produced) 316 | 322 | 281 0.0 00 | 255 | 00 | 349 | 00 | oo | 289 | 1815
24872 | 10/23/119:00 Water (Produced) 303 | 316 | 274 255 308 | 333 169 | 274 | 299
8t012 26721 | 10/24/119:00 Water (Produced) 278 | 368 | 303 23 309 | 326 150 2948
29363 | 10/25/1121:00 Water (Produced) 86 | 461 | 331 | 95 314 | 22 138 2908
3105 32661 | 10/27/1121:00 Water (Produced) - 348 | 206 | 109 161 272 129 252.2
03 35728 | 10/29/1121:00 Water (Produced) 155 | 305 | 289 | 126 | 163 | 128 186 | 97 | 136 | 2172
38587_| 10/31/1121:00 Water (Produced) 151 | 209 | 276 | 124 | 157 | 121 B8 | 92 | 15 | 3
005101 42529 | 11/3/1121:00 Water (Produced) £ 282 123 B2 | 93 | 1a | 2131
45098 | 11/6/110:00 Water (Produced) 15 | 161 124 | 90 | 130 | 182
49498 | 11/10/110:00 Water (Produced) 11 | 159 10 | 83 | u7 | 127
80848 | 11/11/1121:00 Water (Produced) 92 | 124 | 159 | 153 | 106 91 | 1457
59305 | 11/21/110:00 Water (Produced) 9.4 93 | 183 | 145 | 82 125.0
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Monitoring Program

Over 50% of wells monitored
use multiple CFT’s

Toe only logic

Recycled water
* Flowback water is piped
to pits and treated
» Use 60-80% recycled
water each frac

Number of Wells Per Number of Injected Tracers

"1 w24 w5+
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Fracturing Fluid Recycling

Small amounts of tracer in the
recycled frac fluid are accounted
for in pre-frac sampling

Traced Segment 1 5 1
Stim Date 4120114 | 420014 | 4120114 Totals
‘Traced Fluid ol (Gal) 546,756 | 565320 | 440496 [ 1552572
CFT Injected (g) 1563 | 1610 | 1255 | 4428
% Injected 353% 364% 283%
CumVol*|  Sample Date Sample Type CFT2400 | CFT2000 | CFT1500 C”“I)"""
1 4/20/146:00 Water (Pre-Frac) 0 4 59
2] 4/20/146:01 Water (Pre-Frac) 56
3 31 | 4/23/1421:00 Water (Produced) 95.1 6 1192
4 3517 | 4/24/149:00 Water (Produced) 24 94 1214
5| 7281 | 4/24/1421:00 Water (Produced) 04 300 107.8
6| 15361 | 4/25/1421:00 Water (Produced) 63.1 80.1
T[notgiven| 4/26/1421:00 Water (Produced) 0 8.2 08 110
8[notgiven| 4/27/1421:00 Water (Produced) 280 0 324
9|not given| 4/29/1421:00 Water (Produced) 2.7
i 5/1/1421:00 Water (Produced) 317
11[not given| 5/3/1421:00 Water (Produced) 82 399
12|not given| 5/5/1421:00 Water (Produced) 93 4.1
13[not given| 5/7/1421:00 Water (Produced) 9.9 39.6
14[not given| 5/10/1422:30 Water (Produced) 119 05
i 5/14/1410:15 Water (Produced) 107 386
5/18/1422:30 Water (Produced) 105 14 365
Time Weighted Avg, ppb 10.12 17.36 1435 4.8
Avg BPD % total pph from Stage 20.2% 41.5% 34.3% | 100.0%
% total ppb @ last sample 288% | 311% | 40.1%
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Z5H Example —Diagnostics

11/12/1312:00 | Water (Produced)

Water (Produced)

. . Chemical Frac Tracer, ppb
9
» Three CFT’s injected equally Tramisamn | war | oz | s
H Stim Date 11/8/13 11/6/13 11/4/13 Totals
across three sections of the T TET i e e o
CFT Injected (g) 1788 5,709 92318 16,815
lateral T T T BT T
Key 3:;1‘ Sample Date Sample Type CFT1100 | CFT1200 | CFT 1000 Cnp;"'a'
+ Stimulation treatment tested for 1 1743700 | Water(preraq | 100 | a5 4
2| 11/8/1310:00 Water (Pre-Frac) X X 0.0
even load recovery across the { o 0| Wter Produced)
7010100 | 4 3065 Water (Produced)
|atera| 50070 | 5| 4075 Water (Produced)
351050 | 6 5750 | 11/10/1312:00 |  Water (Produced)
251035 | 7| 8105 | 11/11/130:01 Water (Produced)
8]
9)

» Overall load fluid recovery was | 2e

8to12 | 10 13720 Water (Produced)
fairly even across the lateral S | W | Watrpodced
H 3| 31625 W; Produced]
* With other wells, early ol et | waer okl
1 1 H 15| 42365 i Water (Produced|
heel domination is seen i e 1

17| 51465 Water (Produced) 97.1 186.4

18| 64091 Water (Produced) 50.1 94.6

19| 77663 1/17/14 0:00 Water (Produced) 372 70.5

20| 96455 | 2/22/140: Water (Produced) 31.8 61.9

918 Avg ppb 64.79 12673 | 127.27 | 31879

|Avg BP %total ppbfromStage | 203% | 39.8% | 39.9% | 100.0%
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T1IH
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* Project Scope: Evaluating e ) | e
. . — Seviso! avaga] o nege e [
barriers between horizontal crtajenaiy o [ un [ o [or [0 Tuue
beddmg planes and target SmeDue | SemmeTe craum | crrasan | crraano | rronen | rrame | 7T
- 4/13/11 20:00 ‘Water [Pre-Fra
formations. e s
4/19/11 15:00 Water [Produced)
4/19/11 1500 Water [Produced|
4/20/11 11:00 Water [Produced]
11/118:00 ‘Water [Pre-Frad
» Both wells traced, and sampled e
- 5/21/11 14:00
/2211 224
» Offset verticals Pt
: Sovniises
considered and sampled e
5/28/115:12
as well R
Offiet Chemical Frac Tracer
T 10K
e T S T T -1+
Traced Fluid wl (Gal) 1628596 | 1614500 | L4S31066 | 1642569
CFT Injecred ig) 4351 4352
= = =
e | — s || e | e || e || e
9/30/11000 Water [Produced) 151 0.0 15 39 42 00
Time ppb| 151 00 15 39 az 00
% total ppb from Stage. 123% =3 13 33 s oo
13 total ppb @ |ast sample] 123 [T L1z 3% 32% 0%
= a7 R
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xample — Tracer
Intervention Benefits

Open hole completion

« Standard for this
particular formation I
Originally no seats were milled
+ Decision was made to
mill seats based on low | ¢ —e
tracer recovery from toe
stages
Post intervention increase in @
production of oil and gas )
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ew VWells to EXIstIn

Chensical Frac Tracer Co oo, ppb
']!{medSsn_ut 16 =] 9 5
Stim Date §1913 | 51913 | 51813 | 51813 | 81813 Totals
Traced Flnid vol {Gal) |83 | MW 73,736 23280 72151 313319
CET Injected (z) 213 213 213 53 ns 947
e K1H is stimulated 6 months e e B e B I
CFT Total
- Sanple Date Sample Type CFT 1000 | CFT 1100 | CFT 1200 | CFT 1300 | CFT 1700
prior to the T3H m
0.0
0.0

e The offset well communication 75?1:31;“
5/23(13 500
level was unknown for the area |z
5/26/13 1700
5/27/13 1700
[ sr28/31700 | waer [Produced)
« Recovered tracer from the K1H |reumioe | waerjprouces

6/1/131700 water |Produced)

well does not show traced [ o370 |

6/6/1317 00 water [Produce d}

communication from the T3H  |semuo [ waerferosuces)
. M 611/ 13 500 water [Produced)
stimulation treatment sivBso0

L0/17/13 10:00 water [Produced]
10/21/13 B0
L1/14/13 13:00
12/15/13 11:00

% total ppb from Stage |
% totd & last sa 22.5% 7A% 16.2% 8.5% 44.5%
Mass Balance Recov'd (g)| 38,3 333 J1E 1B.5 334 242.4
% of Totd Re covel 245% 245% 29.6% 7.6% 13.8% 100.0%

170923+ Granite Wash Optimization « Crawford

Crawford
7



170923+ Granite Wash Optimization « Crawford

Fracced using three stimulation fleets simultaneously across three sections.

Communication Test: 10 Well Project

Wells stimulated first receive less communication from the latter wells.

Table below grades into tiers of exposure.

Average PPB Communication

sampled Wells

Summary 10w ell Tracing Project =20 ppb
#Wells
receiving
Traced
Segment| Stim Date| CFT R10H R13H R11H R1ZH HTH HEH H3H M10H M11H MH2ZH CFT
Traced Well
RIH 1 8232012 | 1400 26 [ Tier2 | 10-20ppb
1 22712012 1700 28.0 0 Tier 3 1-10 ppb
- 2 |mzvomz | 2w 300 [
[ 8292012 | 1900 19.0 [
0| mawzoiz | 1200 56.0 [
1 302012 | 2500 50 480 13 - 3
i 4 92012 | 2000 360 04 1
f] am2012 [ 1500 350 03 1
10 92012 | 1300 25 820 18 2
1 |1mem2| 1000 400 [ Traced well
- 3 [1iM4zeiz] 1700 580 [
6 [11Msz0i2] 2100 43 B0 1
10 [11meeo2| 2200 Dol 2
HTH 1 92012 | 1600 [ 202 | £5.0 40 2
H3H 1 am2012 | 2400 126 330 1
HIH 1 952012 | 2100 [ 40 75 70 3
Wi0H 3 am2012 | 2000 87 110 33 37 3
W11H 1 am2012 | 1500 82 310 82 2
1 g2012 | 1400 82 9.0 120 2
mi2H 3 smzmz [ 1700 35 100 23.0 2
7 a0z [ 100 20 10 20 2
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Overall Communication: 10 Well Project

3D Animation of early communication matrix
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Conclusions

» Recycled water can be utilized, as background tracer data can be
confirmed prior to use.

* New completion techniques can be tested for well response and even
flow regimes.

* Interwell communication can be evaluated with mature wells and fresh
offset infill wells.

» Boundary formation efficacy can be tested with stacked laterals

« Initial flowback can give guidance on the next step required for the
health of the well.

» Non-productive portions of the lateral can be quickly identified and
remediation can be performed to maintain healthy production.
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