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BACKGROUND

FRAC operations in Exploration wells

Post
CBL PreFRAC FRAC Milling
Integrity test CT C/O & C/O
Perforating FRAC PostFRAC Comingle
(DF&MF) test Test

GR Log

Isolation Plug and Test

Each FRAC stage can go up-tbdays
Wells can have several stages
FRAC fleet charges more expensive than drilling Rigs MENAPS 167
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CHALLENGE

A Optimize activities- LEAN (i.e. perforating)
A Perforations are needed to connect the formation to initiate and propagate the FRAC
A Deep penetration charges{me) have been historically unsuccessful

A Abrasive Jet (AJ) perforations have been used to reduce the perforating skin to be able to break
down

A Accuracy on depth for perforations to avoid fracture barrier (formations)
A AJis a complex and lengthy operation (88 hrs/stage) that requires Coil Tubing, Sand

Management System (SMS), specialized perforator BHA, correlating devices, pumping and mixing
equipment and a substantial quantity of fluids and sand per interval.
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SOLUTION

Reactive Liner Charge AJperforation
Reactive liner is an innovative (e-line) perforating technology that delivers cleaned tunnels and

enhanced perforations removing the skin and facilitating fracturing and stimulation applications by
reducing the break down pressures.
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CASE 1

. ToolOD Tool 1D Tool Diagram  Length Description Connection (Make-Up Torgue)
Exploration Well _A m m
R
288 138 050 Eﬂe”ﬁ';gg.g”; ‘é‘:.'l”e“mr 2.3/8" PAC Pin Dn (2,300 FiiLbs)
WELL ATwo FRAC stages, 4. 3 |
A St\?-ggdrl s 10 — 2 10 | 043 Dual Back Pressure Valve lfﬁgfﬁgcﬁﬁ[éﬁ%iﬁ}f
meters to be perforated.
V' 48 AJ stations at 3.3BPM, B T
V' 40# gel with 1.0 Ib/gal 100 mesh Silica 1] | 8" PAC Bax Up (2, x
Vv 8ming/5ta’[i0n g 208 0&6D 3 (164 Hydraulic Disconnect Efa%s'PﬁchSin%i[é?a%%?tﬁ}}
V 6.4hours pumping AJ fluid — T
A Stage 2 s 100 [ 0w | @Al | 23T PACPN I @R
\/ 44 meters to be perforated. N " T
V' 72 AJ stations at 3.3BPM, J
: . L Y
V 40# gel Wlth 10 lb/gal 100 meSh S|I|Ca 2488 050 016 Ball Seat Wash Mozzle 2-38" PAC Box Up (2,300 FtLbs)
V' 8min/station or Y

V 9.6 hours pumping AJ fluid

AJ perforator
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RESULTS
Exploration Well A

WELL AT wo FRAC stages, 4.5” monobore, ~5200mt s

A Stage 1
V 18mts (of 24m AJ) perforated in two runs
V 9.5 mts per run
va2 7/8", 6SPF, Reactive | iner Charges
V 9 hours (RIH, Perforate and POOH)
V Formation successfully broke down and Fractured

A Stage 2
V 25mts (of 44m AJ) perforated in 4 runs
V 2x9.5mts perrun & 2 x 3 mts
v2 7/8", 6SPF, Reactive |Iiner Charges
V' 18 hours (RIH, Perforate and POOH)
V' Formation successfully broke down and Fractured
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RESULTS

Annulus Pre sure
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RESULTS

Exploration
Well A Stage 2

A Break down at 45000Kpa
A Max Pressure 70000Kpa
A Completion tested to 95000Kp.

Stage Yolume m3

Treating Pressure Kpa

Treating Pressure
Annulus Pressure
Slurry Rate
Stage Volume
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CASE 2

. ToolOD Tool 1D Tool Diagram  Length Description Connection (Make-Up Torgue)
Exploration Well B m m
A
288 138 050 Eﬂe”ﬁ';gg.g”; ‘é‘:.'l”e“mr 2.3/8" PAC Pin Dn (2,300 FiiLbs)
WELL BTwo FRAC stages, 4. 3 |
A St\?‘ggll s 10 — 2 10 | 043 Dual Back Pressure Valve lfﬁgfﬁgcﬁﬁ[éﬁ%iﬁ}f
meters to be perforated.
V 62 AJ stations at 3.3BPM, B T
V' 40# gel with 1.0 Ib/gal 100 mesh Silica 1] | 8" PAC Bax Up (2, x
v 8min%station 9 0w [ 0% | rowcosmes | 0PACaLp(U0FILy)
V 8.3hours pumping AJ fluid — T
A Stage 2 s 100 [ 0w | @Al | 23T PACPN I @R
\/ 28 meters to be perforated. N " T
VV 56 AJ stations at 3.3BPM, J
: . 1 Y
V 40# gel Wlth 10 lb/gal 100 meSh S|I|Ca 2488 050 016 Ball Seat Wash Mozzle 2-38" PAC Box Up (2,300 FtLbs)
V' 8min/station s Y

V' 7.4hours pumping AJ fluid

AJ perforator BH
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RESULTS
Exploration Well B

WELL BTwo FRAC stages, 4.5 monobore, ~5200mts

A Stage 1

26mts (of 31m AJ) perforated in 3 runs

2X 9.5 mts & 1x7 mts runs

2 7/ 8", O6SPF, Reactive |Iiner Charges
13 hours (RIH, Perforate and POOH)

Formation did NOT break down

31m perforated with AJ as program

Formation did NOT break down and skip FRAC

< <K<K <LK <LKLK KL

A Stage 2

V 23.5mts (of 28m AJ) perforated in 3 runs

V 2Xx7.5mts & 1x8 mts runs

va2 7/18", 6SPF, Reactive |Iiner Charges
V 12 hours (RIH, Perforate and POOH)
\/ Formation successfully broke down and Fractured e
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RESULTS

Exploration
Well B Stage 1

Treating Pres=ure
Annulus Pressure
Slurry Rate

Stage Volume
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RESULTS
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RESULTS

Exploration
Well B Stage 2

Treating Pressiure
Annulus Pressure
Slurry Rate
Stage Volume
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CONCLUSIONS

A Reactive liner technology has been successfully proved to replace Abrasive Jet perforations which ha
been the preferred perforating technique, how
case by case

A Efficiency has been substantially improved from4®Hours (AJ) to 125 hours on dine
perforations

A Actual perforating savings costs of 40% have been seen in the stages successfully fractured

A HSE exposure is reduced from complex AJ operations (CTU, SMS, pumplitg tperations.

A Depth accuracy is 100% achieved dine perforations while AJ is still 3mts off average in best cases

A Shot density is limited on AJ (depending on pumping program) wiiihe @erforations can go to
20SPM (6SPF)

A Opportunity to execute perforations ahead of frac move minimizing cost impact
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