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Factors Affecting On
Eocene Carbonate Reservoir Productivity




Agenda

* Introduction:
— Eocene producing oll fields, Gulf of Suez.
— Stratigraphic Setting.
— Production History.

* Production Heterogeneity Factors:

— Subaerial Exposure.

— Structure Influence.

— Diagenetic Features & Matrix porosity.
— Eocene Subzonation.

— Acid Stimulation.
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Stratigraphic Setting

. . P il = PEF
o [ o mn
Gulf of Suez _'J aﬁ‘;} g : ‘:‘ i I 40 T |LsT Tanom, b, (|| 11782 - b/l 1l]lIII
Time Units z = E { WA & F BT & T, tatsbn, tm i, tan[ff— = -
Rock Units Lithology - 1og—e2 :—H,fm:" B [ [ ! ;’fné"ni"ﬂtl”;ﬁl'ﬁ\?éf:‘& RHOB
451 LT ; * W
Recent Zaafarana ?”'m- ! =l o chikie pra 28k Lo
Pliocene Wardan —= Bips IR AT 3 2 MU
5 ANAAANAANAAAAAAR [ 1 ) =T ol ]
Zeit A AN AN AA AN AA A 015 (@ 1511 L T||=ls Bk el E
Late 08 h e [ 53 1200E1310
South Gharib gg R R A 1 . L : 1:'3 ] 120
S SRAAA AN AN NAAAA A ! feodd 3
. Belayim =@ ABELA AN - I #:l ] ; Ei33p
Miocene | _S06008, e & g e (P e 12203 3
Middle Koraam g _.;%-’ [T 1 I £1340 K
L AT T , ik b, ] i,
ol - g EEEENN T E1350
Up. Rudeis| § 2 i3 = i T 1360
2 s L 1 e o v wh o L2 2 0
Early L. Rudeis |=© S e A i G 1 ﬂ\%.grushcu?_ve\:r_w[ F1370
.HHW‘WIHM o | A i % || Arong odar, OETHES 3 Theben 1
Nukhul |1y sppe13s0.17 50 1 RNl | W1 P 2P  puin
= £l = 3 _—
S Yolcanics) ] i T T 125{|_- .1 L
i = = < HERT (up o 30%): ]
Ollgocene Ahu:Zenima [ 1 ¥ ollass.Lénkgm.hral. [ 1400 I Trebes 2
i T b, sham edgas. 3 E=C
Late Tanka/Tayiba m i 'i- = 1410 = H
.......... 1t [ 1 e [FRETN) e 3
Eocene Middle Mokattam/Darat SR = 17575 S i o 1280%1420 0 :
y : e 1430 I
Early Thebes o — £ i Ilj:lm'n ki ntﬂar;rt: m, £ 0 :
= Iy tuln, 3 i 3 -
Paleocene sna Shale  [EEEEEE T o e et N1anod ]
Mam‘:-f hit Sudr Wil 1550 | bl iwh Fat e ot ] 1450 1
s::arr‘l;nuan LLE PRI = cazh et vel o, wisteng 3 i
Coniacian Matulla £ }RP wosssm | (T 2 . 1460 i
SPEL 16001500 . 3
i‘; Turonian Wata 1 :a : 1220F1470 :
Cretaceous|™ |cenomanian| Raha m:. 1636 n T it o A ; 1480 :
Albian - | Ram ST Tan b, |t b, d brr, 1430
= = I T ::F = qfcfnrnilt:n:n,sﬁ-rsrdnd, 1340 B
5 [Aptian S = ha%pisﬁﬁgsqu' W
w Neocomian- i I .L _;I__ —Tu @ pt, witlu wh fast stm
i lh [T il | W di I, perush eul, yalrr,
Barremian alha i:. ‘ i :1: L usuﬁ‘n?;u:do? valrr, 520 -
= T = 3
Jurassic ] 5 e $1530 ;
I T 1 1 ] —
- . = R — £1540 i
Triassic Qiseib — { j
Permian Volcanics & e ] RRD 3
AbuThora |, ST Tanbin, It bm, ety E1560
Carboniferous Abu Durba % N:_intl.lt:s IA o 1 ) .L“]Tﬁifﬁ w;n:n‘wgmg;ﬂ:!&@ 3 —
2 m = i B A 14004
Um Bogma s R - & il ple, oz DETH. E
5] 4 = & : 1580
Naqus S o= T T E F
Cambrian ] S [ E F
Araba é 1 {‘ L x Eznal
N i 1 1420 — T ——
Precambrian Basement i : .:x %‘fhl'.ﬁ’. 1800 5 =




Agenda

* Introduction:
— Eocene producing oll fields, Gulf of Suez.
— Stratigraphic Setting.
— Production History.

* Production Heterogeneity Factors:

— Subaerial Exposure.

— Structure Influence.

— Diagenetic Features & Matrix porosity.
— Eocene Subzonation.

— Acid Stimulation.




GPC Fields Production Contribution from Eocene

Total :Ji;in_Pl_ace exceeds Total Oil Produced
.2 Billion STB
— — +/-172 MMSTB

OOIP / Field

Sorco, 1.2 FF, NAO & HH, 1.6

YUSF, 10.9 0.5

Bakr - Amer; 42

B
o
o

2]
=
(%]
S
S
&
o
®)

FF NAO & HH AlL-Hamd Bakr-Amer  Sinai usr orco Sinai; 109







Agenda

* Introduction:
— Eocene producing oll fields, Gulf of Suez.
— Stratigraphic Setting.
— Production History.

* Production Heterogeneity Factors:

— Subaerial Exposure.

— Structure Influence.

— Diagenetic Features & Matrix porosity.
— Eocene Subzonation.

— Acid Stimulation.




Supaerial Exposure

Surface Outcrop @Benisweif, Egypt



Subaerial Exposure

Sud,
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Crystalline Dolomite Intraclast Crystalline Dolomite
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Karst Production History
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Karst Production Behavior

AHigh Initial production reached 25 MSTB and massive Cum.Prod

exceeds 100 MMTB
U Plateau production for 50 year +/- 1100 STB.
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Practical Experience During Karst Production

v Well Interference & direct
hydraulic communication
between Karst wells.

v’ Critical Drawdown (Choke size )
Vs Water Break-through & well
flowing.

ASL-31"Current Karst Producer"
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Structure Influence

General Structural Setting
Of Gharib-Amer Structural Ridge

00009LE

A Accommodation Zone
L Extensional Fault

|=— contractional Fault

= Transfer Fault

k Dip Regime of Fault

Basement Relief Map Generalized Structure Map, GOS Bakr-Amer Structure Map



Structure Influence(Case.1-N,Bakr)

Bubble Map IV
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Structure Influence(Case.1-N,Bakr)

N.Fractured Well Production Behavior
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Current Nov.. 2010
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Structure Influence(Case.2-IHH Field)
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Structure Effect (Case.2-HH Field)

Well test analysis

* well HH 2-B test interpretation confirmed Dual porosity Model.

Reservoir = Two porosity P55
Boundary = Intersecting faults - Pi/N

Pi = 1832 62 psia
lo.h = 14000 md ft
k =25.5md
Omega = 0.742
Lambda = 1.72E-6

100

L /s
107

1
1E-3

1l
0.01

10
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Diagenetic Features & Matrix Porosity
(Constructive Diagenesis
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Diagenetic Features & Matrix Porosity
(Constructive Diagenesis )

AlHamd-2
Facies Distribution &Quality

Facies Distribution

Dolostone/Micrite,
11%
Dolomitic Packestone, — \_/
33% )

The Well Cum Prod. Over 5 MMSTB

B INTERCRYSTALLINE(BC)

B PRIMARY-
INTERGRANULAR{PWP]

B SEC-INTRAGRANULAR(SBP)

B VUGGY(VG)

B FRACTURE(FR)

P ‘

B MOLDICIMO)

Intercrystalline Porosity=51%
of total pores




Balkr- N.Amer Facies( Destructive Diagenesis )

PACKSTONE Wackestone-  pACKSTONE
Packstone Facies
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Eocene Subzonationfcase.l)
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Eocene Subzonationfcase.l)

Eocene Zonation Unlocked Potential

= New logs helped in Eocene Sub-Zonation which was reflected on producing the by-passed potential of
lower zones below upper Karst that helped in rapidly increase on Field oil rate from 200 STB/D to around
4000 STB/D just from R.2 Zone.

Top Eocene Depth Structure

Eocene R.2 Matrix Production | \“\\ \\
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Eocene Subzonationfcase.2)
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Eocene Subzonationfcase.2)

(Afvecting OWC) N
(Due to heterogeneity & different rock

types encountered in Eocene , We ; e
can't relay on resistivity log to detect i
OWC level However NMR will i é
differentiate between interstitial L
water and free water. B
i

LINMR in NOW-2 well confirmed smaller i

pore size against low resistive zone.

Deeper OWC had a great impact on
OOIP calculation, drilling plan and
economics.
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Eocene Subzonation(case.2)
(Aftecting OWC)
* As We step down with dip or even Downthrown side, same log
character which proves the Low- resistive zone is due to facies

not Fluid effect that leads to deeper OWC & higher OOIP.
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Well HH 2DX (case.Z)

** Challenges

* Low solubility due to presence of Quartz in Eocene FM that leads to Low Solubility test results

Solubility &shallower wormholes.
" Sample | 15% HCL | 20% HeL

Perform Stimulation Job across the Sweet Spots in the open hole interval,

utilizing Self Positioning Tool (SPT)/ Pin Point technique in order to bypass 1 66.5 68

damaged Zone. > 55 56.5
Rate before SPT After SPT 3 55.5 56.42
+/- 100 STB “intermittent” 400 STB 4 72 73

* XRDRESULTS FOR BULKANALYSIS

Framework Other Minerals
Depth meter/ffeet Carbonate

Silicate Grourps

well fFormation

Plagioclase
K-feldspar
Total Clay
Dolomite
Dolomite (Fe/Ca)
Siderite
Total Pyrite %
(Mar+Pyr)

HHE3-2D/MNA 170200 m 1T50.00 m 32.68 0.0 0.0 2.5 59.0 2.7 0.2 0.7 1.0 0.7 0.6 100, 0D
HHE3-2D/MNA 175000 ATT5.00 m 51.6 0.0 0.0 3.0 39.2 3.6 0.3 0.4 0.7 0.7 0.5 L0 OO
HHE3-2D/MNA 1T75.00 m 1825.00 m 55.8 0.0 0.0 2.6 36.3 2.8 0.2 0.3 0.5 0.7 0.6 100 00D

HHE3-2D,/MNA 1825.00 m 1852.00 m 3r.7 0.0 0.0 4.1 51.7 4.2 0.4 0.3 0.3 0.8 0.6 L0 OO




South Ramadan (Case .2)
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Structure Map on top PreMiocene



South Ramadan (Case .2)

Tight Reservoir needed Acid break stage & WHP during Acid up to 2700 psi.

=  Deep well hence High Temp which affects Formation Solubility.

Perform a successful Stimulation Job across the intervals, utilizing SLB SXE

Recipe in order to overcome High Temp. Zone and Create Deeper

wormholes.

J Results After Acid.
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Sumimanry

J Many diagenetic features were detected in Eocene all over GPC
fields like :-
v’ Subaerial Exposure “Karst” in Sudr and Asl.
v" Fractures in Bakr, Amer and North Amer fields.
v Dolomitization in Al Hamd oil field.

d Each feature has its own impact on production and optimum
technique in completion and stimulation.






