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Introduction

Nowadays, the excessive water production is known
as one of the common and challenging problems for oil
and gas industry. According to the studies conducted
in the world, on average, 3 to 5 barrels of water are
produced for 1 barrel of oil; So that in 2008, 250
million barrels of water were produced daily, which
increased to 300 million barrels in 2020 [1].

The excessive water production causes a decrease in
oil production flow rate, an increase in the corrosion of
the equipment due to the presence of hydrogen sulfide
gas and heavy metals dissolved in the water [2]. Due
to the environmental laws, separation, purification and
disposal of produced water imposes a lot of cost on the
oil producing companies. Also, the presence of water
in the well causes an increase in the weight of the fluid
column and the energy required for fluid extraction
increases [3].

In the first part of the review, we will explore the
mechanisms and sources of excessive water production.
The second part will cover the diagnostic methods of
the source and the mechanisms of water production to
gain a thorough understanding of this issue. The third
part will explain the mechanical and chemical methods
of controlling excessive water production.

Excessive Water Production Mechanisms and
Sources

The source of excess water production can be an aquifer
or an injection well. In reservoirs that have an active
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aquifer, with the continued production and reduction of
reservoir pressure and the pressure drop wave reaching
the water-oil contact, the aquifer is activated and
water enters the reservoir. This encroaching water is
ultimately produced alongside hydrocarbons through
the production well. In reservoirs where the aquifer
is not able to respond to the pressure drop caused by
draining the reservoir fluid, water is injected into the
reservoir for pressure maintenance [4].

Ten mechanisms of excessive water production have
been reported, which are: high permeable layer with
cross-flow, high permeable layer without cross flow,
gravity segregated layer, poor areal sweep, fracture
or fault between injectors and producers, fracture or
fault from water layer, water coning, moving oil-water
contact, channeling flow behind casing, and casing,
tubing or packer leaks [2].

Excessive water production mechanisms schematics is
shown in Fig. 1.

The most important mechanisms of water production are
the water coning and channeling water behind casing.
In the high permeable reservoir, if the force caused by
the pressure gradient of the production fluid overcomes
the gravity force, the water forms in the form of cones
and enters the well, and the water coning mechanism
occurs [5].

Channeling water behind casing usually happens
immediately after the completion of the well, and
the reason for that is the weak sealing of the cement
(cement - formation and cement - casing) [2].
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Fig. 1 Excessive water production mechanisms schematics.

Water oil contact rising is considered as a subset of
water coning, but there are differences between these
two mechanisms.

The mechanism of water coning usually occurs in
reservoirs with high vertical permeability, while
water oil contact rising is the dominant mechanism
in reservoirs with low permeability. Water coning is
rooted in the reservoir and occurs when the production
flow rate exceeds the critical flow rate [6].

Diagnosis Methods

In general, the identification methods of the source
and mechanism of excess water production in vertical
wells are divided into 3 categories: well-logging,
experiments, and analytical-experimental methods.
The basis of well-logging is to measure a physical
parameter and create a relationship between that
parameter with rock and fluid characteristics, and it is
used to monitor and evaluate the physical conditions
of the well, reservoir and fluid flow.

Production Logging Tools (PLT) play a crucial role
in identifying the production area and water entry
point into the wellbore. Additionally, High-Precision

Temperature-Spectral Noise Logging (HPT-SNL) can
be employed to detect channeling of water behind
the casing and identify leaks in the casing, tubing, or
packer [7].

Tests are another part of identification tools, the most
important of them is the total dissolved solid test. This
test is used to identify the source of produced water
(aquifer or injection well).

Experimental-analytical methods are based on
production history data, which can be referred to as
semi-log plots of water-oil ratio in terms of cumulative
production oil, decline curves, oil and water production
history plots, and Chan plots.

The first three methods determine the phenomenon of
excess water production but are not useful in diagnosing
the source and mechanism of water production [2].
Chan plots is one of the most widely used methods
for identifying the mechanism of water production. In
this method, according to the slope of the logarithmic
graphs of the water-oil ratio and its derivative for time,
the mechanisms of coning, channeling and the water-
oil contact rising can be identified, which are shown
in Fig. 2 [8].
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In addition to the stated methods, Stiff diagram and
heterogeneity index plot are known as side methods. In
the heterogeneity index plot, wells that produce a lot of
water and little oil are selected as candidate wells for
water production control operations, but this method is
not useful in determining the source of produced water
[9].

Stiff diagram is another widely used method in
determining the source of produced water, which
is shown in Fig. 3. After ion analysis of water and
using the concentration of cations and anions in
water, a diagram is drawn which is known as Stiff
diagram. This diagram is used to identify the source
of produced water (formation water, filteration water,
and Gachesaran formation water). Also, by comparing
Stiff graphs at the beginning and end of a period, it is
possible to determine whether the source of water is
constant or variable [10].

Water Control Methods

Identification of the water entry point to the well,
reservoir rock heterogeneity, and well schematics
are effective in designing water control operations,
but the most important point is to accurately identify
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the mechanism of water production. Therefore, to
increase the probability of success of the operation,
it is necessary to correctly identify the source and
mechanism of water production [11]. Water control
methods are classified into 2 general categories:
chemical and mechanical methods.

One of the conventional methods of controlling the
production of excess water in oil reservoirs is the
injection of chemicals, the use of which has grown
significantly in recent years [ 11]. Moreover, chemicals
are usually injected into the reservoir and near the
wellbore. In addition, depending on the nature of the
reservoir and the properties of the injected chemicals,
the material may take several months to several years
to produce results.

Chemicals that have been used to control water
production include: non-cross-linked linear polymers,
polymer gels, resins, solid materials and elastomers,
microorganisms, precipitating materials, and oil-
in-water emulsions. Moreover, the mechanisms of
reducing water production by chemicals include
blocking the path of water flow and reducing the
relative permeability of water which is demonstrated
in Fig. 4 [12].
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Mechanical methods prevent excess water from
entering the well, and their mechanism of action is
blocking. These methods are cheaper and simpler than
chemical methods and they achieve results in less time.
Moreover, these methods consist of plugs, packers,
intelligent completion, drilling horizontal wells and
multi-lateral wells, sidetracks, liners, downhole water-
oil separation, infill drilling, well pattern balancing,
and choke size optimization [13].

Conclusions

The production of excess water causes many problems
for oil companies, which can be mentioned as reducing
the amount of oil production, corrosion of equipment,
affecting the performance of wells, and reducing their
half-life. Moreover, many chemical and mechanical
methods have been used to control water, each of which
has advantages and limitations, which is a key point
for designing water control methods, and identifying
the source, mechanism, and location of water entering
the well. An accurate understanding of the mechanism
of excess water production increases the probability of
success of the water control operation significantly by
choosing the most optimal possible method for water
control.

Nomenclatures

PLT: Production Logging Tools

HPT-SNL: High Precision Temperature-Spectral
Noise Logging
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1. Reservoir Extrapolated Production
2. Reservoir Expected Production
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1. Stiff Diagram
2. Heterogeneity Index Plot



Olyen 9 oyl o (olol yluns!

N0 Ol s ' Sz gl JUS b Jlay oy S0 b AlBlS

|l et ; J
/‘%

ol ol
[ ] & o
\ aY wiz y0 o Al T s gy & b Alls
_/
|
|
obej

b 4y T Copud $ls

CdiA.gu,ﬂQ.,.m.i —

1) gads T pas AU 5 o (og i jarsis Sz olr slologes § S8

(o=S51) Bsbs jsilos (205 e (o) S S
oSS UL 53]
B N Jles -

.
Jolee 039 3 el 2 05 oo (SLD sk o
ool

P <5

O T S
‘,_m-'f_ﬂ.‘,
o [ e -

Olde ol i
)n) <

. - 1
o (8.5~ 4

e ST (55 Logl) 5 s (g (525 Sloee ]
Ry

DV sadys O Lae slulids ol ciuial Jloges ¥ S

g Lpdine] dod 4y (cgian (g 39,9 Lo 0jg sl
o=l Glysiee ok Cato pog—at g g lio
ool wl Gl o g C o GieSu 0 aied 08 5l
— 5o S 5 e el slwlis Ly o, S
prilSe Lanteis sl T eile (6 S0l ol

DAL asl sa 5SS 0y oo oy o

1. Machine Learning

5 gyl o, ls ol (6,5 ol ol o ol (g3l
L Oz o 09 0 oola sl ()]s w5l O
03 S Lyl 5 lail o ciwiasl (sl g dnulie

Dyl KL S NPY]



VFE-VFF axmio AF+F 15 g 310,5 YD oylaid ~u_)d",}
k4

Sl ) (SEe la g, 4 Camd Lot -
S o0 S oo Jo ) Ste Loty ol 45
I8 Ol e s i ale S0 SIS Lo,
9ol ai an (s ee Ledl clas 5l g aas oo
Sloml OBl Jds an (55 4 3,5 YL s
4 ol olg o [F] 5,50 sl wiilw yo o
A4z S 15 ool wlo j90 T 0 dgi ]S (sl
L parly J5 oo gl (as sl pardy s Jols
o pclS g, el pogi ¥l g ol oleo Loy,
s o ]y Ci e andgol § 00imO g sy ols s
b dlyo b g Ol wdg aals la )55l
Gl 5 Ol S o e (39,5 S0 Jol
g5 cizmen [TV el OT s (sl
2 el Cladg J,8 ¢l ol slagis,

il oo ool L A IS5

Lo ol lg ;S0 o pogiw¥l g sl olgs Ly,
0ALS S giune Jle ylaeds sdid gy Oy g
sl slppody 4 S Iy w800 Joe
s s=loly oasals Ol o cedi el gul 5 cois
oS Sgdne g9 3l W lgi oo Lo pordy 5 il oo
sty Al e sl e Sl Ly
Ly o)l o Losardy 5 55530 sla s,
oS (S50 9 () A 93 Ay Lo oy Lol
oS OslSeSl g Tl i e
a—eol STy 5 Tl STl 5 (s ek
syas slo oy (o St 95 Toad g0
S s JB g 50yl (e ghas slo el o
Ayl el oS slad] 3 9> O ,Sles g alwe
o 3 il e iy slmyardy Jlie 5o
ool (Sl B A Lo g 05 5 ed )8

AN gPR et

g 1 i

Ty J s slagis)
el ol g J,uS sla)lSel, (ole gl o
2 ol e Loy, plse Ly oy oz o
bas cloas ()55 Talekil S (55 ol
oleip BlsSise Lal joelivibse 5 consyo gl =]
St adga e sas ol o el L
S e gkl S esbows (oS0
ol a5 5l S5, Oy lee 4 e aS
9 0 egmat an 0 S ey o 1) 09l gody
DS (o8 S5 (S A (S 9,008 45 (5
JrS o PBlal Sl adg ], aie 50 pygho o
At 50 o,y Jhmw (loyz s S o (B IeSS
Joe ol N4 g1 0) o4t o ol 1) mluls
sz Sla 5 3o Ko (—Kadl ol (5349
Ty w50 O 25 Slles >k o
2l i p3lKe 3> (lwlid S s ot
Lapslse ois , S35 345 o bolan [V7]
392y (Lol ST o (sl hlie glalsie
Saliie sladol) sejls Ll 5l S o a5 5l
e ibge Jazo| Gi ol ol ol e
ady Liie g cle oS ol (5,55 woldos
JrS slagtg, 0] 05t gLl iwyoe o
SLebsy 5 sl slagss, S aws ¥ ag o

Rl gladhs)
Sl ol oy J S poye sl s, 5l (S
A Sl gl oly e 5,5 (8 3L 5o
Sl (g yeSemtizr 0y ol Sl ol 3 (sla Jls

o ‘...]” A &

1. Conformance Control

2. Reservoir Level

3. Xanthan

4. Scleroglucan

5. Polyacrylamide

6. Hydrolyzed Polyacrylamide
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1. In-situ Gels

2. Immature Gels

3. Performed Gels

4. Cross-linker

5. Bulk Gels

6. Colloidal Dispersion Microgel
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1. Microbial Enhanced oil Recovery (MEOR)

2. Midway Sunset
3. Well Pattern Balancing
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1. Bridge Plug
2. Casing Patch
3. Straddle Packer
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1. Radioactive Tracer Surveys
2. Borehole Tele-viewer

3. Ultrasonic Pulse-echo

4. Casing Image Testing

5. Scaling Water Trend

6. Squeezing Shutoff Fluids
7. Resin Patches

8. Gelant
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1. Original and Current State of Low Permeability Barriers
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1. Pulsed Neutron Spectroscopy (PSG) Log
2. Thermal Multigate Decay (TMD) log

3. Inflow Control Devices

4. Downhole Water Sink

5. Downhole Water Loop
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