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Received Abstract

14 December 2020 In this study, the technical characteristics and mechanisms of matrix acidizing treatments in carbonate
reservoirs using emulsified acid were analyzed, and field applications were investigated. As the
results, stable W/O (water-in-oil) emulsified acid, which is stable at room temperatures for 24 hours

Final version Received

18 January 2021 ; . L

and at high temperatures for 4 hours, should be prepared, also the optimum injection rate through a
Accepted rotating disk apparatus test and core-flood test would be designed to conduct a successful acid
27 April 2021 treatment. In the field cases of multi-layered or heterogeneous carbonate reservoirs, the emulsified

acid generated effective wormholes retarding the reaction between the acid and rock, and improved
the overall permeability of the reservoir in comparison with HCI. Therefore, the proposed results can
be utilized as a basic guideline for the design of matrix acidizing using emulsified acid in carbonate
reservoirs.
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A AFSolA fFEhkE o83t

N OB

A ARZolle A AIA 29 60% o)/do] F&
H Zeg d4HA AT FFEL FHE ExrEdd
(heterogeneity)©] 311 22} F-=7-Z(secondary porosity)
o= o138 35 EAJ o] E5IcK Schlumberger, 2020).
whahA] Zkh AYAto] 42 ARQE A TS H T 12 3l 4=go]
A FA e, Af0d @ ol A= ol 27t T4k
A AT TS skl A& S5 Y8l
A AbA] 2] s H(matrix acidizing)2 52 4~3¥3HH(Yousufi
etal.,2018; Sidaoui et al., 2018; Jafarpour et al., 2019). &
A A 2] 32 Fig. 13} Zo] X|&5-2] 2hafH(fracture pres-
sure) o} W2 12 © 2 A 730l ANacid) S FYUst]
A o] A 9S8kl HE(wormhole) o2t &
2= 1B B2 E FA51= Y 2= (well stimulation)
2 3lubo|ti(Lund et al., 1973; Sokhanvarian ez al., 2019).
ofu), gAe] T Ta}7] Sl ATl ook
A 9] F=}}E(injection rate)& WA A= Aol T2
3}tH(Zakaria and Nasr-El-Din, 2016).

BAHHC)Z 71 o] A kL J-al4(calcite) i} w24
(dolomite) O = o] 0|7 BhAkQtTte] uh-g-AJo] Fol oF
Al Ak 2] Friol de] ARG} shA] Rk HAR: Hg =7t
ol 73l U Al Bt & A Fe 2 32
o] FEAQ] 4 )& obA| Bl A752] AAH &
H=E W8] o2 T o] QlthNasr-El-Din e al.,
1999; Daeffler et al., 2018). 3L, Fig. 29} ZHo| e F2]
EollA= FAMY] Zet W3] wiitell A Y] YRR oF
Ao g3l =)= FH-83l(face dissolution) EA}o] Lojit
Al =, Ao k= Ao Tk FLA] A o] - ot
o)1= R 5 5}7| 93] a7}2] FA1HA] A(corrosion inhibitor)
£ tj5Fo g ARg3fof 5= £A47 ltk(Sayed and Nasr-
El-Din, 2013; Carins et al., 2016; Sidaoui et al., 2018).

GARE o83t 7129 oAl 4bA E] T FAHE B
2sl7] 218l Aol A =E = A -3 F A E(volumetric
sweep efficiency) 7RA8FaL A1} ¢FA] o] 9E-5-2 A] A A

Fig. 1. Conceptual diagram of matrix acidizing (BJ Services, 2012).
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7 E-E&4 2 9ES PAJd= A =3 acid divergent) 7%
5] A= o] Fth(Nasr-El-Din ef al., 2001; Carins et al.,
2016). Z2|v(polymer) S 7|4+ 2 3} As}K gelled acid)
& 41e] AAES F7MAA A ele) AN EEEES
tro] 1 TR S} Aol g A o] % A8 A1l
A E] 3Ol 882 =9lti(Zakaria and Nasr-El-Din,
2016). SFA|RF AS}ARS 2D 3 ehik QH(tight carbonate)
ARl =Y Al Fatat 2w 7t 22w, Fig. 39 (a)
o Zro| oA YR Y B g s 2 IE-A Y
(filter-cake)S PAATCE FHo| Aufsi= EAFo] 9
tH(Gomaa and Nasr-El-Din, 2010; Zakaria and Nasr-El-
Din, 2016). =3t E9H43%F Z2]H Z¢H(polymerization)
© & Qlaf Aol 5] -§al = 2] 92 &2 w7} Fig. 39
(b)2} Zro] Aegl(gelatin) Fej 2 5-H A AF3-of 141
FRJo] E71s3H ®lthMark and Kroschwitz, 1985;
Wang et al., 2020).
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Fig. 2. Wormhole morphologies as a function of injection rate
(Daeffler et al., 2018).
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Fig. 3. Limitations of polymer-based acid, (a) Polymer
filter-cake at core inlet part (Zakaria and Nasr-El-Din, 2016),
(b) Inhomogeneous polymerization problem (Mark and
Kroschwitz, 1985).
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SsHHemulsified acid)-2 G4t @ A3} -G-5kA|(emulsifier)
= EFete] A HAEE STHIX A e R AR
of $10] 9191 & WA §Alzkeh. S5, frapit ] o
o] ARt} o4 o] wh-g-& A A 7= A o] Jlom, At
Q) o] FA1-S uk|8l7| & $ttiKasza et al., 2006; Mad-
yanova et al., 2012; Sarma et al., 2012). 0|83t EX] o7
Q15) F511] EhIelel Aol 4 SEHAIA 2] B
of thgt o] Al F7FskaL 3ot obAl Aol A= o]
o] i3t A7} A sk AFslo | th(Sidaoui and Sultan, 2016).
whahA] 2 Atol| A B S A TS0l A -3k AR 2
B0 71 B4 9 AU ZES 2t A S 2
Agko mm B SEAE ALY FHE 487 40 A
A A Z2AE HAAE I3t 7| 27 E AA kLAt

ot
L

A

Fepit A2 g

OH

=

Jm

of| ' H(emulsion)< Fig. 42} ZHo] ~AK(water phase)©]
<24} continuous phase)2 ©| 2= O/W(oil-in-water) o]
HAT}-8AN 0il phase) 0] HLEASS ©|F=W/O (water-in-oil)
o HAH O & }¥ItkSidaoui and Sultan, 2016). EFAFASF
A7 AA AbA 7] F ol A AFE-Sk= REkkE HAlo]
2 Yol H&(droplet) & 2 FATE]0] 9= W/O o HH S
2, o|uff AME-Sh= @YU Fata) gt oo] mE A v
3= AL = g (diffusion barrier) 282 3t
(Al-Anazi et al., 1998; Sayed and Nasr-El-Din, 2013;
Carins et al., 2016; Sokhanvarian et al., 2019). 5-3}419]
Shibe] o 2 Qlal Aba oFA o Bh-g- &&=t A AR o] A]
72 Wl 42 EE3 A 4= A =, Fato] BArA
e} 2%] HelA] kot Adule] alo] HafEo] 24]
Bz A o] H71E 243} & 4= QJtKSidaoui and Sultan,
2016). F3HAl= zl5=/d(hydrophilic)?] ™ &|(head)2} %1
Fr/d(hydrophobic) ¢l H1Z|(tail) = -/ %]o] Qlom, 44
Q1 FARL 541 2. Atol o] Ao S&ksto] AlHAE
(interfacial tension)S WY1l 3RS FAISH] o= &
[ A7HA o] chFig. 4).
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Fig. 4. O/W emulsion and W/O emulsion.

Z4A3- 213 Wl A(hydrophile-lipophile balance, HLB)
e Ao Mg 9 H/AE AeE Ustdl= E42
2,00 7hErE AR, 2000 ke S A E
t} o] & &3 G-3H4ke] FEf(W/O emulsion, O/W emulsion)
£ AAEEE W/O F3H4E Al Z2517] $1841= HLB gk
< JLEsto] duk2 R3A|E A stoof gt Table 12>
HLB 3} 9ol w2 i #4] R34 9] T7e =5 |
ERH A o]t Setiati et al., 2018).

AR Ao W2 A EE Hedsr] ffsl Aol
LT} [FIAE H7Iste] =S = AR AFSol
FYsks FAY FUES RE 5= At o2t A2 4
I} A Abol ] AP EZ R ES SV B et B4t
AT A A F oA BT 2 A SR EaLF
AbA 8] S 438 4= 9JA| $tcHJafarpour e al., 2019).
SHARE A =7 ST e A o] X159 TSt o)t
© 2 Aot AR o] IAlse], fatake] HAdwof o
3t o|3l|7} & Q 8ltK Daeffler ef al., 2018). -§-3HAHS At
-2-2(shear stress) I} A TH< = (shear rate) 2] A 7} LA 5}H
Z] 9k-2 H]):=E-8 H|(non-Newtonian fluid)o|t}. AghsE
7} 7V & A ot st At Ax(shear thinning)
Aol ek, o= A (1) Zro] yehd 4= Itk Sayed
and Nasr-El-Din, 2013). w}2bA], §3}4te] AR 7] A=
(apparent viscosity)= T =0} A A A] =] ofof B},
Qb om $oMke AR} 1052l o) ] A
T 0k 100 cp, ATHEE7FI000s" A o) AR 7] A =S
©F10 cpE 2F=tK(Sayed et al., 2013; Cairns et al., 2016).

Table 1. Required HLB value for multiple applications (Setiati et al., 2018)

Application Range HLB Emulsifier
Anti-Foaming 1~3 Sorbitan Esters, Acetylated Monoglycerides
W/O emulsification 3~6 Sorbitan Esters, Glycerly Stearate
Wetting 7~9 Sorbitan Esters
O/W emulsification 8 ~ 20 Polyglycerol Esters, Polyethylene glycol
Solubilization 11 ~ 18 Polyglycerol Esters, Polysorbate
Detergency and Cleaning 12 ~ 15 Polyglycerol Esters, Polysorbate
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A AFFOIA fBMEE ol
p=tnf Y ()

u = apparent fluid viscosity, poise
k = power-law consistency factor, g/cm~s(2'")
v = shear rate, s

n = power-law index

E, T AT SO S A fEre] ey
B ARQHA -2 B2 0 = mefsof gk, et Eg
20l YES G SISAE BE ARF 2
Bhabe A£3hT FEME 4] 2 A AU S
B451 Zlo] Basiek

Fefitel M= R oFgd Eot

SEME HIE
EES AR 3 417 T 4 Y= ARS TS
a4 9lo] 0] Ao} A7} 1St AN 0.2 W/O

3R Gate] o4, F3HA, A-Aloj A, FALAAS
2515} A 23K Carins et al., 2016). A /;_Px{a] ]
ol A ARE = Ak B 15%9] 55 ARE-51H, o]uf
SR Aloh 2L A7 S Hojo) SRS welakct
(Al-Mutairi et al., 2009; Hong et al., 2018). 3} A7 -8-3M4k
& AFESHE 4H12] BHe TRl ate] 7 ke
AL H35H ol ol o) AJAM | Q) HAIGS v 4= Q)
ol Wl Q028 P A8 2 o
(Al-Mutairi et al., 2009; Jafarpour et al., 2019). GAS] w
2 WA AN 98 Shrglew qg(chesel)
& Qurom Argalel, BN A A48 Bl
o] AAA Q] A| 2% 71531 tHKasza et al., 2006). AF-9.Y
H]%acid oil ratio)-& 70:300] F& AFR-EH, o] AL9

H] L8 o2 S-X|51H A S-8kAke] b Alo] @ ElEol )
5= Ao vlER dEA qlok olu, e JojHlEo] =
obi4E fahate] BT wolx| 3 o4 2] k2t
O} x]+= A gFo| It Xiong et al., 2010; Zakaria and Nasr-
El-Din, 2016).

FEhhE Azt Slol M F 2.3k 7= frEkA o
o g 8habe] o4 2i7]0h Hel, SHAA 52 e 24
AL {39 FF, HLB 3, 71l whet 44 €k
$5}R19) E7E Hl=e] o] 24of ujel Al A2 e,
oFol A GV T AR PR AlZto] T2 §3H41o)
PPAE Sol= BA0] 900, ol 2% T et
o]| Z2to] Ao §3HAk A 0] A5 AR FITH(Nasr-El-Din
et al., 2001). E3t 255 Yol 4 ERIARb0] H2He 0.9l
2 SRR 0B 21990 B4 Fo] S wettability)

@ A B Vle B4 9 AP

A 133

AT

£ A o2 M7= A Eo] Stk sRARE GFol 24
F2HAl= ti7 HLB glo] 0t O/W o8 3& 3 4d517] uf
o HLB gko] -2 H|o]- 24 {312} 2 %LOP@] AR5t
7)% gt Fol2Ad f3Al= BArE o ARSoll S2et
= A4 i Fof ol H= AR A RSl —ri AHE-E|
u, BF ol F3HAIL vlo] /g f3kAeF E3tste]
Alg-EtiJarrahian et al., 2012). H]o]| 4] §-3HA|= A4
B A2 FEl 2 HLB 219 He)7h | of thefet FE o
o dH-& Aokt de] ARG-EH 2204 o E 2 ¢F
AL Z7HA 7= A& o] it Alabdulmohsen, 2015).
7, AR T2 55 o] 40| $:5142 HLB Zho] 3-69]
HEs Eakstol AH83 u W/O f8Hto] BAE I A7k
of mhe Qo] olA|A] Fm Eak gaAle] ARgol
gt 47} E 23} tH Yeon ef al., 2014; Mohamed et al.,
2017; Choi and Jin, 2019). T3} 8-3}A| o] A 7}=Fo] =7}k
5 ek A= SISl A A7 AotAl=
75‘6301 ol fEht Az T QHg/d H7Kstability test) &
ol FEHAe TR AT HAUEE =Esfof gt
(Al-Mutari et al., 2007; Sidaoui and Sultan, 2016).

AR E] F o] ARE-E]= AR AN | E FAA 7=
o] Slo] FARALL A-A oA 7t detA ez 7}
) P e e B I B R o E s L P R B s
otz A2 o HAYR|A| e A-A| o)A 9] M7} &4
S}t =AY A 718 A] 7] = SFci(Nasr-El-Din et al., 1999).

oMM Ty}

[ 3RS A 23 5 2] A (droplet test) T} AHE-E] A
3 (separation test)2 Adslo] G-5lAl] QAL Hrlst
ot WA f3hike] FEE Eelshs A AIFS st
et %* * EéOﬂ Zé%"é}ﬂ A3 W/O §-3k4ito] P4
ol 9o|E=gE u, Fig. 5

(@ (b)

Fig. 5. Droplet test, (a) W/O emulsion, (b) O/W emulsion
(Mohamed et al., 2017).
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9 ()2} o] Eoll A Fo|=A] PaL HA mekS IR F
A o} W/O {F3tito] FA4H Ao g wiitl(Sidaoui
and Sultan, 2016; Mohamed et al., 2017; Sokhanvarian et
al.,2019). HIt £ (b)e} Zo] F3p4t A o] Fofl EolAH
O/W M| FATE Ao R, o]tz H3A A 2] BHol
ki) o,

W/O f3H4ke] 3 Ado] BRlE|H, A=e] A& 35l
L9} A 7be]| wE At EH(relative volume)E =435}
63}ako] or4 A4S mhelstti(Sidaoui and Sultan, 2016).
AR ol 9lo] WAk} 2olo] Hals wHlal] 91 §
shake] Lo} A|7tof gt QYA Tloke ulg- Fasich
(Nast-El-Din ef al., 1999). Atjis]= A7) gA0] Hu)
(total volume)©]] Tt QF4 3t -G-3H4Hphase volume) 2] -
o] ]2 Lhehil 0.2, 4] (2)9} o] Lpehd 4 9.
fohre Az Qe LUk Slak ALLR50)0lA 24
AZE A5 23S 913 TLE70°C o] AHolA] 441 ok
A HT7195% o) o2 [-A1d off b Et f-3fitoltar
FetsttMohamed et al., 2017; Sidaoui et al., 2018).

phase volume

relative volume =
total volume

% 100% 2)

Fig. 6 AJ7boll T2 §8kake] Althio) 2 243t Ao
o, 7% () ML) A% Holm, (b), (0)9H ()] &
A QA AZES] el a2 §BHAE] B S Lhebwict,
ol ()} (b)= ATh¥] 7k 95% o)A fAI=lo] ePger
ReMEoE B7hE 4 9lov], (99} (@) NBAL P
27} dojut Aol me Belat Etole} wekac,
wetA] Alzko] Aol mek T o] © 2lat @Ato]
S, AP 0.2 W/O oA Ahsl 7t 7hash
ZEDER

(2) (b)

[e)
S0} 9180 9J3)] AAE T, o] 2 E&5}7] 93
Gtk Eakele Abo] o) Bl T ol gk HAL Sxe)
ghe}. Ehakdoro] & Ad @ Ade BRA(COs )0, Zhgs
o] (Ca’") WU ol 2(Mg™) 53 AT AR &
Aghey, Aata} ehabedore] uhg-A1e 4] (3)3} 4] (4)9} 2
o] Urebd 4= gk,

CaCO, +2HA— C** +2a" + CO, + H,0 3)

CaMy(CO,), +AHA— C* ™ + Mg* ™ +4A~ +2C0, +2H,0
“

A= AR AR ARl ke S 0=, oA
b ] AR AL A1) A A x20e A=
AREE= Fae2]Ql QIAtoltk BMAlGE AFESH] sl
txA o2 3|4 4] t]AF(rotating disk apparatus, RDA)
A& a5, Fig. 79 ()= RDA A3 3| &) BA =
o]ti(Taylor et al., 2004; Taylor and Nasr-El-Din, 2007,
Reyath et al., 2015; Yoo et al., 2019). RDA A 32 A|3tE]
=4 o5 JHiE BAlste] 59 o]F £ iAol
e &3l 9 S-S S5ke AR es, a7l
R R B e e R A R ISR R ESE = g
A AA BRS feshe Yotk 4 AR A o
QrA T} W3R AL S S U o] EA(Ca”,
Mg*)& 53l oH4 0] 8l et eHaAl=5 Pt Fig. 7

(d)

Fig. 6. Relative volume of W/O emulsions with time (Mohamed et al., 2017).
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Fig. 7. (a) Schematic diagram of rotating disk apparatus (Reyath et al., 2015), (b) Ca and Mg ions concentration (Yoo et al., 2018).

o] (b)2} 2] RDA A& 53] 4k A|hol| w2 245 o]
e}kl 01—3 FEE IR BN F 712712
AbgRte oju) o] 7]127)8 b4 v ame) EwiA
OR o] §HES T 4 Glom, oY vame E
2.2 4 (5)9 o] Lhepd 4= gtk

A=—— (&)

A = the initial surface area of the disk, cm’
A, = the disk cross-sectional area, cm’
¢ = the initial porosity of the disk

2 AHE2E RDA A3-2 oH FH A ¥-3-=9
ghito] W HheEEETE W9 AlghE B o] dH
(mass transfer limited regime) Y W] o]0 x|, 3=

21 (6)7 2o Vet 4= glek.
Tae = hni(G=C) ©)

Ju+ = the mass transfer rate of H' from the bulk to the
disk, moles/cm®-s

km = the mass transfer coefficient, cm/s

C» = the concentration of H' in the solution, mole/cm’

C, =the concentration of H' in the core surface,

3
mole/cm

o714 B4 o] A=< kw= de Rozieres er al.(1994)0]
Al A (7)ol 1,}5}%4 = Lo, vl e A o] 24k
A DR EHo] 7hssit) olw, g HEeA|e

(power-law consistency factor) 2} 2= X]4x(power-law

index) n-& H| 7€

% gle.

A2 HAY=E o= A (Dol A 7+

—1 1-n 1

k =¢(n)DZ/3(%)3(]+n>a3(l+n)w(l+n) 7

mt

@(n) = an empirical function

D = diffusion coefficient, cm’/s

p = the fluid density, g/cm3

a = disk radius, cm

o = the disk rotational speed, rad/s

HE 5ol 42 88t 4 (1)
ALE /&%@# o, A H 494
S-A| 0] EAJT} AlA A-ohA] Hl-S A ATLE 2-8510] A
=7}t v =K Yoo et al., 2018).
AR AHHE] TRl HA B BE
< A=t WQ Dt Alo] oo 2| E
o), ojufj FH L] m-go| Sttt F, 5
ARS F2918 79 2|2 U E 2 A YEo) 7} 71
A9 5 k. A0 YBS AP Jahie A
F&ol thgh A7t Rl =|ojof shu, =2 4bA 2] 2
o

lo
*
2
o
=

=
oo o
Az o
X
ok
e
flo

H

432 B9 ol otk Fig. 8] (a)= ALY
AR o] mAEO|, A2 S0l 5E ATe
o] ol dATE HEE AR F2¢5to] Abo] Q] E|= A
5] A7io] ke il vl o] ofel A1 B 2

o] Y| Zulbreakthrough)7} 0‘01‘4 AHE ST 9
o] AL AT} AFe] 914525 o} Bato] Abe] B 73]
ZF& A4bsial, sio] %’—E,L-‘i'—rq(pore volume) & Upo] 4k
2] B 582 Lrehhis A9 £ B (pore
volume to breakthrough, PVBT)& AF&51c) o|g] A H&
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Fig. 8. (a) Schematic diagram of matrix acidizing system (Yoo and Lee, 2019), (b) Pore volume to breakthrough by the injection rate

with various stimulation fluids at 22°C (Fredd and Fogler, 1998).

o 2= gl o oA A FYUEE DElste] o e At
dlo] Tol 5 AFS WYk, AHETE PVBTS (b)oh 2+
o] L& T AEt] 7 W2 PVBTE Uehd U
A FUERZ AA S (Fredd and Fogler, 1998; Al-Harthy
et al.,2009; Yoo and Lee, 2019).
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0|

HEAR =4

Sungai Kenawang 7}A T

Sungai Kenawang -3-4-& Fig. 99} Zro] Ql=y|AJo}<)
Gt E e} Jambi Merang 22| 2] 5Zo] §JA|slaL 9o
), = AYAF A FZL 4] 5]0](lime-mudstone), 2}A| 2~
E(wackestone), 413 AR} (lime-grainstone)©] F& 9|
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2019).
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Table 2. Well performance of SKN-A and SKN-B before and after stimulation (Madyanova et al., 2012)

Pwh ow o
Well (psi) (psi) (mn?sifd) (bgpd) “API
before SKN-A 3,100 3,922 7.98 206 45
stimulation SKN-B 3,305 3,920 7.96 137 49
after SKN-A 2,580 3,877 18.59 386 47
stimulation SKN-B 3221 3,901 22.15 440 49

SKN A Overall PLT Result

Lower Zone

Upper Zone

0 20 40 60 80 100

W Production (%)

SKN B Overall PLT Result

80 100

Lower Zone

Upper Zone

0 20 40 60

W Production (%)

(@

(b)

Fig. 10. Production comparison between SKN-A and SKN-B after stimulation (Madyanova et al., 2012).
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Table 3. Production performance of BMB oil wells before and after stimulation (Kasza et al., 2006)

Before stimulation

After stimulation

Well no. Q Ap Q Ap PI
[bopd] [psi] [bopd/psi] [bopd] [psi] [bopd/psi]
BA-5 628 1450 0.43 880 986 0.89
Bu-9 471 1015 0.46 691 113 6.11
Bu-17 522 1711 0.30 628 696 0.90

HAF 15%0] AR A5 101 Bl&= E9shal 2%
FoHA|2F0.2% 9] FAYAAIE H7ste] ek Al
s, A7So A 31QF 2ol 3AIZE o) ¢
S Halok @ 280l $bA BMB 719 sojek Rkt
= ARE-5Ee] 120°Cof| 4 RDA A3} AkA| 2] Soff-5 4
= skt Ad 23, FAF15% T Fakt AR Al
A HEe dojok FHPE H ke Elsktt

%m[

(Kasza et al., 2006). BMB -5-%12] ¢ ¢! 54 2] Ba-5, Bu-9,
Bu-179] fr3MF4FA 2] 58 2-8 A 3= Table 33} 2t
(Kasza et al., 2006). S-3HAF AFA 2] FH 4238 A, 3 H| 1L
21}, 299 F5HQ)2 oF 1.2~1.4u[2) 7|AE HGo
o], AAMA] A 4(productivity index, PI)=28jo] A 2|t 13
H|7EA] S71eke Btk Eeh Table 304 Api= 475
o2t 4] ¢+ (bottom-hole pressure) 2] 1= LFERH,
SeHbAAE) B 5 RS Ul 47t dashe AS 1
of EI}E FjAlo] ETHO o] RolNL 1T 4 Y.
S5, By 4 B BE $H0IA] 20| §ELT AL
Zlax(productivity index, PI)7} QA 02 Z7lsi o0
2 32 0 ARSo FAEAE sk Sl = o
Ak} obM| EARS 35t} ARS-ShE AR T Ak 9FA €]
WS A AA7 e BE 7 fraike AMg sk Ao
agZolch

Mumbai High 7%
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= AgAld| o]t Sarma et al., 2012). 1974 d o] WA =] o]
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Fig. 12. Location of Mumbai High field, India (Moitra et al.,
2007).
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Fig. 13. Production status of wells A2 and A16 (Sarma ef al.,
2012).
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