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Project

Actively waterflooded carbonate reservoir

> 6% average net porosity

\ (3 . > 2.3 mD average net permeability
: = ([ ° » X > Discovered in 1955
o \‘/.;\ .J > Waterflood in 1982
A' o AT AT - Nl " {\ - | < Two ~6,500 horizontal producers
) e e > Well1
* ’ * y ‘ o, > Well 2
|—. 2 I ® \. > e o © *  Four vertical injectors

> Convert to injection x 2
> Return to injection x 1

> New drill injector x 1
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Completion Design
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Risk of tying into water inflows

> Production / injection

history
> Reservoir complexities

> Qut of zone frac

propagation
Modeled frac length ~250’
Low rates
Low sand volumes
Cross linked gel

Resin coated sand




Completion Design

Casing-Installed MultiCycle Frac Sleeve

Outer barrel Sliding Inner barrel Adva ntages Of M u |tiCYC|e® Sleeves:

* NCS MultiCycle® sleeves allow re-isolation of

L) specific zones along the wellbore to eliminate

Frac ports Locator profile

water breakthrough

Downbhole Frac-Isolation Assembly on Coiled Tubing

W . |ndividua| zone Stimu|ation a”ows for proper

Coiled tubing Gauges Abrasive Multi-set Sleeve
perforator bridge plug locator

Gauges

frac spacing and consistent placement

> Design and execute fracs for optimum frac

height and length

> Ensure breakdown in carbonate formation

Locate the Open sleeve Close sleeve, let Open sleeves, e Screen out mitigation via coil circulation
sleeve & frac frac heal produce well
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Initial Production

Results
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Well 2 Flowback

Fluid Rate (BWPD & BOPD)
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=
o

Well 2 Flowback Data
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Flowback Days

(il Rate =—\\ater Rate ===Pressure
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Well 2 and Well 1 Flowback Comparison

Flowback Data

10 000 Similar initial Well 2 frac Well 1 frac 2 000
’ water rates volume volume !
« recovered / recovered 1,800
h T T T = = < _ _ _ _¥ ~2000 BWPD
o difference 1,600 .
% o 1,400 g
@ Similar initial ) =
3 pressure N/ A 1200 =
E ~ / ~700 BOPD ! @
% 100 : ~ < difference 1,000 £
- N o
2 / N 800 &
< ~ £
B 600 o
E ? _14 1 > 400 =
Ss o 1160 psi
First Oil 3 = - - d pressure 5.
days later - difference
1 .

0o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Flowback Days

= ==\Nell 1 Pressure = =\Ne|l1l Water Rate= =\Nell 1 Qil Rate

Well 2 Oil Rate Well 2 Water Rate ==—\Nell 2 Pressure
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Data Gathering
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Initial Tracer Data

Tracer Recovery from  Frac Fluid Indicator (FFI™) tracer pumped during the
9 days of flowback completion

> FFI™ is pumped as a liquid with the frac fluid to

determine where the most fluid is coming from

» Majority of tracer recovery from the heel (stages 16-20)

> Stage 18 shows largest recovery
» Low tracer recovery from the Toe
I I I I I I I I While the full lateral is contributing fluid, there is
20 19 18 17 18 15 14 13 12 1 10 9 8 - - ! — ! ! .

more fluid coming from the heel than is typically

[T N ——

o

seen in heel dominated flow during flowback
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GR |coLC| Dephh | Z | PFCT | PRC2 DEVI VD WTEP SPIN SCUL WPRE
5 in

)

| $ —— < r = E Temperature
[=ESIEE > Spinner » Ran Production Log while flowing back
e ‘: - Down pass station below sleeve 18 indicates
? e : 3‘ f no/minimal inflow
: B [ Sleeye 21 ] I L N .
=17 » Temperature indicates significant inflow from sleeve 18
(¢ WZIE,Q =SSk = « Tool issues / foreign debris issues resulted in being
unable to log the entire lateral
= {7400 Sjeave
- = - — @ 5 Production Log supports tracer data in that a
= Sle@e 19 : majority of the fluid is coming from the heel
L === section of the lateral.
= - | = Temperature
- SEm ) response from
: sleeve 18 inflow
g - ; Down pass station indicates ndlVl
- — E no flow beyond sleeve 18 g,




Geological Interpretation

o @ | 1000’ |

* Field primary fracture azimuth is +/- 15° S of E propagating longitudinally along the

wellbore
* Injector intersects sleeve 18 at 11° S of E

* Injector has been on injection since 1982 and has injected cumulatively ~4.8 MMBBL

Geologic interpretation gives a potential explanation for significant tracer recovery in the heel section,

¢

specifically at sleeve 18. o
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Remediation Plan
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|dentifled Problem

Production Log Data

*No inflow past sleeve 18

*Temperature response from
sleeve 18 inflow

Tracer Data

*Highest recovery in
heel from sleeve 18

Inflow
From
Sleeve
18

MULTISTAGE

(€1=Te][o]o][e
Interpretation

+Offset injector

intersects sleeve 18
near primary fracture
azimuth angle




Remediation Plan

Goal: Shutoff water from heel dominant stage(s) and get meaningful contribution from the rest of

the well. Lower water production and increase oil cut.

«  Utilize MultiCycle® sleeves to close and re-isolate zones

« Evaluated USIT log to determine cement integrity near identified water producing stage.

Elected to close all heel sleeves based on poor cement quality toward the heel (Stages 17-21)

UL B RU > Avoid the water breakthrough channeling to an offset sleeve
Orientation:
Top of Hole

j8 3

— Poorer Cement
Explicit
Normalizatio
n

USIT - Solid
Liquid Gas
Sorted Color
Map (USLP)
USIT-E[1]

-
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Post Job Results
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Sleeve Rig up for ESP First ESP
closure ESP install start up test speed up

10,000 \ \ // / 2,000

1,800
~

———— i 1,600
1,000

/\ ——\_;/\——\__ 1,400
1,200
100 1,000
800
600

Fluid Rate (BWPD & BOPD)
Wellhead Pressure (psi)
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5 10 15 20 25 30 35 40 45 50 55 60 65 70 75

Days Post Completion

——Qil Rate =—Water Rate ===Pressure

Post — Sleeve
Closure

*Day 23

Pre — Sleeve
Closure

*Day 16




FFI Tracer

Before Sleeve Closure «  Frac Fluid Identifier (FFI™) tracer results showed

an immediate drop in FFI™ recovery from Stages
18-20 and minimal recovery from Stage 17
I I I I I I > Good indication that sleeve closure shut off
m . ! wowow e - - ! ! . - . - - production

. FFI™ results showed much more even distribution

AwaiNormaitzed Traces Recovery (pebl)
e
=S
S

of production across the rest of the lateral

After Sleeve Closure : :
- « The FFI™ results immediately after sleeve closure

showed large increases in concentration.

150

. I I l . > The stages hadn’t been adequately drawn-down
‘ T - . . 14 ! ! ! - - - - - 5 4 3 2 1.

AvalNarmalieed Tracer Recavery (sibl)

T T prior to closing sleeves 17-21
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OST Tracer

Before Sleeve Closure
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After Sleeve Closure
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. Oil Soluble Tracer (OST™) was pumped alongside

the FFI ™ during the completion

> OST™ s a particulate oil tracer pumped with the
proppant that is used to determine where the most

hydrocarbon is coming from
. Samples analyzed after sleeves 17-21 were closed

indicated a more consistent OST™ contribution

throughout the lateral.

>  Cumulative OST™ recovery increased in-line with
increased oil production, indicating the second half of

the lateral was not adequately drawn down




Summary

Water Shutoff

+  MultiCycle® sleeves were used to close a portion of the lateral and successfully reduced production from water

producing stages while improving overall oil production and reducing water cut.
« Diagnostics (chemical tracers and production log) were key in identifying the location of water breakthrough

» Post-job tracer results showed positive increases in production across the remaining producing lateral

Project Significance

« Use of MultiCycle® sleeves has de-risked new horizontal producers in existing waterfloods where water breakthrough is

a common technical concern

* Pinpoint completions is necessary to design and execute a frac that controls fracture height within the target reservoir,

specifically limiting growth into higher water saturated zones
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