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Abstract

Excess water production is one of the main problems of oil companies, Received: 25 January 2022
which reduce the longevity wells, increases corrosion and destruction of Accepted: 11 June 2022
facilities. Also, the cost of separation, refining and disposal is a high cost Page Number: 18-38

for oil companies. Therefore, water shut-off operations are essential.
There are various mechanical and chemical methods to solve the problem
that this article reviews and examines these methods. Chemical methods
as opposed to mechanical methods instead of clogging the water above or
below a plug, packer or patch of the brain tube, it completely eliminates
the problem of excess water production. The application of packers to
direct the flow of chemicals injected into the desired layers and prevent
fluid from entering the production formation, is more than the use mode
independently. Polymer flooding is much more common among oil
companies than other chemical methods. Polymer systems rely on
chemical modification and adsorption on pores to achieve flow control.
Adsorption of the polymer layer to reduce the pore radius is the main
source of chemical water shut off mechanism. Synthetic polymers such as
polyacrylamide and hydrolyzed polyacrylamide can reduce permeability
due to their lower cost, easier access, and better performance in low
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water salinity conditions. Biopolymers should be used for high water Keywords:
salinity conditions. These polymers are not sensitive to mechanical Water Shut-Off,
degradation but are more expensive than synthetic polymers. The types of Mechanical Methods,
polymers used for this purpose have been compared. Finally, based on Chemical Methods,
the characteristics of the reservoir and the economics of the operation, Polymer

the appropriate polymer is selected.
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Figure 1. Distribution of water oil ratio worldwide [3].
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Figure 2. Water control to increase well productivity [5].
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Figure 3: Production time periods from oil wells [6].
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Figure 4. Good and bad water [5].
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Figure 6 Flow behind the pipe [12].

1. Barrier Breakdowns
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Figure 7. Water coning in horizontal and vertical wells [15].
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Figure 8. A production well both with and without coning [3].
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Figure 10: Channeling from a nearby injection well [16].
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Figure 11. Fractures or faults from a water layer surrounding a (a) vertical well or a (b) horizontal well [3].
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Figure 12. Fractures or faults between an injector and a producer [5].
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Table 1. Common methods of identifying reservoir problems [2].

Obtain real time water

Injection Measure water . L Only for vertical for conformance
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profile log injection profile — heterogeneity control
Monitor pressure .
. p . A fast method to It cannot tell The most important
Single well change with time . .
. . determine average the formation method to screen
testing after shutting off or - . .
. permeability heterogeneity well candidates
turning on a well
A fast method, called
Multiple well  The flow rate in one . . Affect the dail PI decision-makin
p_ and identify fractures . y -
testing well production plan method, has been
widely used
is changed and Describe reservoir . Mainly used to
. . Data collection is . .
Inter-well the pressure horizontal anisotropy, . investigate
. . tedious and takes .
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Potentiometric S
in adjacent wells

there are super high

Only for shallow

formation with low  between wells but not

method permeability salinity formation too often
water
Crosswell . Commonly used for
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seismic . . important
. from an injector and  channels between wells Expensive
tomographic : conformance control
. . monitored .
imaging pilot tests
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3. Pressure Index (PI)
4. Comprehensive (RS)

1. Dynamic Production Data
2. Pay Zones
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Figure 13. Using a plug to shut off the production of water from the bottom [1].
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Figure 14. Two packers above and below a blank pipe to shut off the production of water from the middle and upper intervals [1].

1. Multi-Lateral Wells

2. Pre-Perforated Liners
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Figure 15. Two packers above and below a blank pipe to avoid injecting the water in open features or high permeability layers [1].
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Table 2. Common-used packers characteristics and sealing mechanisms [22].

Appearance

Cement plug

Inflatable
packer

Bridge plug

Straddle
packer

Appearance

No

Yes

Yes

Yes

Retrievability Sealing mechanisms

Cement fully plugs the annulus by

N
0 forming a rigid block

The inflation of inflatable packers is
achieved by expansion of rubber
Yes bladder. Inflatable elements fully
occupy the annulus to
provide isolation

The expansion of bridge plugs is
achieved by mechanic expansion.

Yes
Inflatable elements fully occupy
the annulus to provide isolation
The inflation of straddle packer is
similar to the inflatable packer.
Yes

Inflatable elements fully occupy the
annulus to provide isolation
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Appearance

Swell packer

Cement
retainer

Expandable
tubular

External
casing packer
(ECP)

Appearance

Yes

Yes

Yes

Yes

Retrievability

Sealing mechanisms

The swelling of swell packers is
caused by contact with fluids in well.
Inflatable elements fully occupy
the annulus to provide isolation

Yes

The inflation achieved by expansion
Yes of rubber bladder. The cement is
injected after the expansion.

The pressure between the base of
No the cone and the shoe of the clad will
expand the tubular to provide sealing

The inflation is achieved by
expansion of rub- ber bladder.
Inflatable elements fully occupy
the annulus to provide isolation

No
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5. Telemetry

1. Tubing Patch

2. Patches

3. Inflow Control Valves (ICV)
4. Interval Control Valves
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1. Water Swelling Polymer (WSP)
2. Preformed Particle Gels (PPG)
3. Micro Matrix Cement

4. Plugging Agent

5. EthyLenemethacrylate

6. Alkyl Bromine

7. Acrylamide
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Figure 16. Schematic of the performance of polymer gel after injection (preventing water from entering the production well) [28].
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Table 3. Advantages and disadvantages of chemical water shutoff [19, 22, 30].

Methods

Advantage

Disvantage

Polymer Flooding

Water swelling polymer
(WSP)

Micro matrix cement

Plugging agent

In-situ gels

facile method

Good performance at low salinity
Absorb 5 to 400 times of its own weight

Able to penetrate into openings as small as 0.05

Selective plugging agent

facile method
Cheap
Compatible with the formation and
the environment

Low polymer stiffness
PAM resistance to 75 °C
Use in low salinity reservoirs

Expensive

Need water to harden

Expensive
Resistance to 95 °C

High risk
Difficult mechanism
controlling
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1. Synthetic Polymers

2. Xanthan

3. Hydroxyethyl Cellulose
4. Glucan

5. Guar Gum
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Table 4. Comparison of advantages and disadvantages of different polymers to water shutoff [20].

Types of polymers

Advantage Disvantage

(Partially hydrolyzed)

[2] PAA: Polyacrylamide [1] high yield in normal water

0, sensitivity
[3] pH sensitivity
[5] Hydroxyethylcellulose [4] well soluble Fe+3 sensitivity
YHEC( resistance salt low temperature resistance
no structure viscosity
[7]1 high yield in salt water [6] problem of injection
[8] Biopolysaccharide shear stable bacteria sensitivity
(Xanthan, Scleroglucan) temperature stable O, sensitivity
low adsorption value high cost
[10] well soluble
salt resistance [9] O, sensitivity
[11] Co-and Terpolymers temperature stable high cost
shear stable

not salt resistance

high injectivity shear sensitivity

U g (Soiibg, e Jd 5l (550 4 bayye Jlse
JUL slom!l ablite b2 o900 5 boads ol &Y (o
e Sl YL mlel 5 L el S dlgan
slools o (SuSs g adhis 5l 2l sl Sl
R BT 33

JUI slw! § ablite b osis o &Y 5530 Jalge oy ;!
AWl o)lge nlo 5l i Yo alsli b al S dlewgay
-w‘ksa

aS el ol (SlSo sl Slidos 4y s ploonds
YU o ol 10,5 dgdmee s | olile o oy JSCine
Syl SelS 5500 gl Aoy b S5 oS S 5 L
S e

01535 laasd Sye Sz Colan (sl Sy )15
JBoa Jlw 39,5 5l s pTolz 5 5 5550 sl 4
Jiio &y god oolawl b 5l is (sody sl
e il 3Vl Lol 0 51 5 o b a5, o
slgo aS 05l Jol> liebl (I L5 asS o ol

Y o lee yo Hls G,y 5l eolall b Gm%fl Jys

ol 6,98 r—’l—’ Co (Soiae Gl Sy bl
ool (SlSe 55 4 S iz 5 S e B
5 obly il (oyian sla )l 5l 505 el s
51 oolial oot Al Ll g5 9 | o155 IS
5 okl (s (352 Sl e & (e stae sla )l
< 5 ol ST G ol Sl 08 5p9d Ll o g o Shae
Dt (Egian Ly £95 90 Tous sdgyoes sl o ST
=loly aals jo il oo sl (JsSUse (459 LIl Ojae )0
< @olaidl 5 (3% sla iy (wlol p Coled jo ol andls s
ot slo by, 09 oo Dbl canslin Hlws Slles o
5 omelr 3 das, 5l el wiile ool JyuS 6l 6,50

D st o cs)le o po Gl el a5 o)1 252 laps

< G S Al g Gaze> O
Olalllae (g, Faoet g gz 4o (IS jsbay Gizu (ol )0
i Jold oz ay by e ol ST adsi Jslse <
i@lye sl SonSs wly) ety (s laardly)
5 el bty o5 5 (s oy cody sla JULS

< 1. Mechanical Degradations
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