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4. Water Oil Ratio Economic Level
5. Bad Water

6. Excessive Water

dadde

M e 5 S0 lgeds 8Lol BT o g5 059,
9589y O b Cods Somio 45 (65 S0l le g g,
Syg—o Olalllas 3l 0 g0 Al b
SV gl an (Sile O joay Lds jo a8 S
4S5 9bas 0y B o adg Ol A O LS Y e s
oy Ol aSiy ygkie YO« aslyg, ¥ oA Jlw o
Yorao VoV Jlow o oo palasS crwlond
ol D el oo, Sty Gislil aSio 9o
Slg g ol gss Y an gl o0 b Jy
ST oo T IV 05 oo o "5 55,0
S o Lol as 0s b e 2 yan (Hloj Tos s
a5 ol

S oL?:- o)|5 Yo 5 §5°l 28] o> )"

4_34_?931_3;';‘_6.;4_3‘7;1;@_*“&9@;51;\).[\”]
ails Talaie ymolie aily o a L slo,giS
JUS Y IR TN N VSN NS B BRI R
»)9.;.»‘5& A.«Jy Jl_.sd od._j )‘ L.» u_j @)s_:)L_w g_JL».Lo.C
Al oy Be Cam e do 4SSl o 4 (69,0 ol
SEERC PSS P VRN INEET-S VIR WL SRS VDX SN OV
L] sp i o asli i cos o Jy slaplse
ol s ol o 5l i (o L ol a5 28y
bﬁ&ww@ywb‘owobéﬂgwm
i 48 oty golaz8l bl gu g cai )i
S psbas A sS oo BN Ol 1 Blgs 1ty o g
Gy ol g Jlsd ool Lae ¥ 51 Lol O adgs
sl 2l Olse Ly sdie Gy O3 4 Sk
9yt J=do an L lgl,5 4 ¥Sh oy a5 ol i o
Colz Ol 5 955 g ols 9)ly ;5395 2lS
Wi odg o Gieals el Lol Ol o Jg



VPE-1PF amino AFoY i g 01,5 D olas ‘.LJU“’;
<

23,5 o gadgiolz o)ly S L Bl 5o,k
T:THAS_’I_’oA_:T.\_)‘yTAU]Q_"LHA
Iv] aat G590
).)Lg.\_..lyj‘é_m)).aobu_ug)_ﬁjl_sdlg_m?
oz s Ly GBSt S 551 sls 5l
iy 2l S Joy oy oy an ) Ol g,
55 Silnatl clodija 1o linds e gL -V
Wl ogline Lo slsls Ly cilis glaagy oS
Ao ly o9 g 00,5 oS > YL (bl L sl e
Sl ‘5‘)_’05 6u44y o9 s).)l_.»JGA (_gd._»..]y ol_>
P il sasay ol Ay g ozl o pls 4y
Lv o v] sgm amlgsu Llasl o
?uu_s‘)f Sy y— J—:‘b A 6‘4_?}1 wa—"» -A
@ S 59 o an (3 ol sle augia
ol il g a8 (o0 S 3B e G Fomly
ol 1 Ygone s0d5e oLy g lgl5 a0y -3
S5l a¥gs o fgl, 5 4V S a8 (gla Yo
JLss oo S 5! ol sl 0dygazme Yo g el
18] o5 to adg olz o)ly (5 oz 5L
sloaisls o oy b,z ol e aslgl, A Y- -
Sgde lgl, SU sloaa¥ lawg a5 gla Yo
Ay ols AV 5l il ool 3P0 04 ol
Gy bz A lsl, 5 A VSG 5o yb 5l g 0pd ;K00
lal s la—s ol
L ol o slmpilse 5l Sy, Sles
el ool las ) Sl o sl
1. Water Drive Mechanism
2. Water Coning
3. Poor Areal Sweep
4. Anisotropic
5. Fingering

6. Gravity-segregated Layer
7. High Permeable Layer with Crossflow

g 1 i

Lol ST oy gl o5l Vo e alio o
bligs ;) T 4o S Sl o (1)1
a0 bl e 5 (e adg g la > ady) s o)
3 g 00l (LAl JLad (5065 b S
adgl (sadsr adgl po el S Wil S5
o=l 3l ol g easolul lo i ol e Ls g (6 los
S9=b adg gl j0 g ol s 4 1) 095 e
Iv]

e i)l adgl iy pa b a UK Y
ol sn sl ol S5 5l oy 4 Lolidl Yy ane
5 355 o) Gl s o Gl ede
Iv] el (5l g olou

il ol et 5 O ol gl asl YL Y
il il Ly adgi S 0 o0 Jld (e
el s e ] )0 0, S e Sye o ]
am g ol Yo e Bpiss g0 a e i-Ol

R Ko 15_\ legki W

e il ol
Sl Ol pad by Sl slasserman; Glye
9 o=l Ol (mlaoglds Jlo ol b ot (s
LV g0l o)l semg prsilSe

sl A (e ,0 sgamans Tpald (g s ¥
O3S 5l (=30 595 ST le (YL (so9—es
WS Al Bl g9 A oy Jl—w HLi8
oz 3)ly g oo LS5 labg e & jgon o]
28,5

L o3l po Voane O o (g s o5l
S b 3w e g 3l 09— (il
sl b e o et ol Gelad mhas s
O S35 D)5 ;S Ll oI o5 S (o S
5ol ol wbed g 4 oy slacSi—i
Bl cai- Ol el s oe VL o3l i
S Ay ol pad by me o ol Ly ol o
GOy (20 (h i L g 4l o5 Cals
LA 5V 0] 0,8 o &0 il oy (o
Gy oz am (a5l s L SIs -0

Sl ol prile ol joi((gomgd s by 5)



Olyen 9 oyl o (olol yluns!

b G 31 31 o 9959

Bl oT adgi (s o5l

sdiolz 4 gy elz 5 N\ Al

Wl ye 9 s ke Ay (5 la> Ay S

S ) Sy g W6

il o5 gl ol YU

s s SIS 315 51 o 39)9)
Sy oy 4ol 51

i poles jo Blol Ol adgr slaesulse Y S8

e Sl 5 Smle o] Lt L 5l Lol O
Wloab ganadb V oz 0 S sl b,

O Wdss a3 9 Liie pluliss slags)

J—=S Gl ) elie (g, Ol el l—
oy praile ol o, S b ol Ol oy
5 Gyl Lo )55 (sadg slwosls o3l
Ko uo|9_> ‘OL?:' J_MS) a4 .Jo9_aj.a oMb
ol 4 Ol 89,9 Jmo 4 agv Sledbl oyl LS
a iyl AR RGOV [PU- S S CHWIEL OV HY
Sl 5 bz slams, olg Shzm J—do
prile olwlid codnlcwodas slasols ;o
ol S lgeay a8l slaol> jo soJg Ol
A"J}’ f’)—"’&" 9 L““‘:’ o QS’L“’L"“ GL‘Z’U:’” <515 el »
(6 S Ioges Ao ¥ a (g3gos (slool> o Lol U

g o0 el (i o sl s 5 Laiales)]

1. Gellant

GLal O Wi glaprsile gandtus

Cz V5l plssie ) (Sl ol g slapsilse
JrS sl Bely (e (e g cmlo ol Lt
N DU EEW UK SPNCHNUIN P B
Wil (B ol L sl aSol an as oy
Bg—Bso Goudinb Lol Gl o Jg sLapiilse
o g ISt slsul cle 5 cale g 51 Y]
am byye wlyie (Ll gy o pilSe (]
Vel ol o SlSe e Ly e colsr JsaSS
sy S glelSely (25 e L300
G el awe ¥ as Ol uJg slap il ol
o d cadla o 5l b oo (sl O g
Sty Doy 58 slaby, (e Gl
po—m e SLB by, dm by pe il Al s 090 oo
il (Sl sla gy (T 0l S
eSS4 L S sl lap 5lSe Lol o aass
W 30,5 5 Sl Ol oy ) plesi e ey
L as el on

LG wd L_s—e.lﬂ’ﬁ}si&' -

0._:] A_JQ.’ L)‘?_’LSA sl wa_») )| 6LQJ) )| oolas_ul

O awd lee il glm o, S ], sLal
o slap il Y] s jlas oS 5 5l solasul



VPPAPF amiuo NPT 1 g 310,5 ATD o ko -u_}gl",}
k4

g 1 i

Dyl ol Of adg slapslSe samaiws V Jooa

g 5580 (gamaiws wlol
, Slol ol adg slap il @3,
o Ol Conle ol Lae
JAS sle b, ) '
— S Oz Sadgame Goo Ayl s o g 15 |
o ) olyr Cassama by Ao 5 sy
. Ol Casgae o o) Cuty s allls
ol> eSS : v
. Olyz Cysgame b sih=
all ol> oSS i g o led has (el YU ¥
o i (Samaw) gog0s ol -
! Sl ond by e ¥
< GLQ‘ aL?
o OM (sbg ) (Slg e SIS L SBIs 5ol vy
j (g ol> 4 ol 5l S I
Bl g el 45 LS L GBI s
= oS adad |,
s b Ll | b SEe Y
. Gl ¢ s all
st e @ ki olr i Jus | 7
Sl sy ol> a5 LS L Gl Goelgi ol
= a8 alad |,
.
o shr oR Cprds oo s > v
< OIS S Jodo 4 sy Galae A
. 2o bz osn lsls 4y A
& 2= by olyen a4 lgl 5 4y \-.

u_:| )‘ .O)j o)L.;”J AJs_l?m A_AL>- 019_9 L,L; L)M_’LA)T
Lg. oA_;‘) Lsd_».]}a A_AT i—:.m.uc ‘S’l_wl.«.w Ls‘)—’ Uw_»l.o)i

B SV oolax__wl ( >_Q.s)).: ol_?

slwosls lwl ;o o Ldos - o8 Lo jbs,
og—ed a lgS oo 4 wlosl Lty o Jgi 4z )15
oo Gy Cdl e il Ol oo
5 S oy Az 5 logod o tals sl fogad

2,5 o)l plz Hlag i 5 o

1. Production Logging Tools (PLT)
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1. Reservoir Extrapolated Production
2. Reservoir Expected Production
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1. Stiff Diagram
2. Heterogeneity Index Plot
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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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2. Casing Patch
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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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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

Accepted: March/13/2024

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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Fig. 2 Chan plots for water coning and channeling detection.



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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