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Abstract

The Cerro Fortunoso field is an east-verging anticline located in the Malargiie fold and thrust belt (central-west Argentina). The anticline
geometry varies along strike, affected by low and high angle east-verging inverse faults generating a sub-vertical flank (up to 80°) dissected by
igneous intrusions. The reservoir consists of 500m thick Upper Cretaceous siliciclastic continental sediments (Neuquén group). This includes
prograding alluvial fan deposits (Rio Limay Formation) and aggrading-prograding channel and flood-plain deposits (Rio Neuquén and Rio
Colorado Formations) separated by a 1st order maximum flooding surface. Stratigraphically these units could be separated into higher order
cycles correlatable across the field. A 3D static model representing the structural complexity and the high order cycle correlation was needed to
justify the expansion of the current 15 well secondary recovery pilot to a 200 well full field development. RFT data demonstrated that flow in
the reservoir was controlled by multiple thin sandstones (~ 2m) that are isolated from each other. To determine the secondary recovery
potential of the field it was critical to understand the areal extent and connectivity of these highly heterogeneous bodies. This was challenging,
as these sandstones, due to their heterogeneity, do not show consistent log responses between wells. Additionally the very high angle of dip
meant that a sandstone body could plausibly connect with a number of different sandstones on a neighboring well. To determine which ones
correlated to each other, multiple correlation scenarios were constructed and subsequently evaluated by dynamic testing against production and
pressure data. To capture the vertical distribution of the sandstones, modelling had to be completed on a fine scale in a reservoir with a
thickness of 500 meters; therefore cell size needed to be optimized and sector models used to ensure realistic simulation times.

The geological understanding developed showed that sandstone throughout the field had similar connectivity and petrophysical characteristics
to those in the waterflood pilot area. It was also seen that if the sandstones were to be more discontinuous or to have a lower net-to-gross than
modeled (potential risks to waterflooding), historical production could not be matched in dynamic simulation. This methodology has
demonstrated the potential to recover significant incremental hydrocarbons by waterflooding the whole field.
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* The Cerro Fortunoso field is located in the Malargue Fold and Thrust Belt region (Andean Range) Neuquén Basin, Argentina

FIELD SUMMARY

STRATIGRAPHY STRUCTURE FIELD HISTORY PRODUCTION

= Neuquén Group (Upper & Middle section) = East-vergent, sligthly asymetric anticline = Discovery 1984 - Oil production 750m?d

" Thickness ~ 500 m = Strike N15°E = Cumulative production 6.39 Mm?3 (primary)
" Trap Type: four-dip closure anticline * Highly-dipping Eastern flank (central part ~ 80°) = Water injection since 1999 - Water cut 50%
= Seal: shales (top Neuquén Group & Loncoche Fm) = Complex structure: backthrust, high-angle reverse = 230 producers + 5 injectors in the NE

faults & strike-slip faults = CO?%gascap
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OPPORTUNITIES

CHALLENGES

= Complex structure: Fold & Thrust Belt

= 8% Recovery Factor (OOIP ~68Mm3 full field)

= \ery poor 2D-Seismic: low signal/noise ratio (basalts on surface)

= High uncertainties within well trajectories = 1.2 Mm?3 by water injection optimization (NE sector)
= Highly heterogeneous fluvial system with intrusives = 4 Mm3 by pilot expansion to full field

= Viscous oil : low recovery factor

= CO? Gas Cap (volcanic activity) and variable WOC
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STRUCTURAL MODEL BASED ON NINE 2D-BALANCED STRUCTURAL SECTIONS

KINEMATIC EVOLUTION
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= Stage 1 - Development of east-dipping
low angle faults (backthrust) in the central
and southern portions of the structure.
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= Stage 2 —=> Fault-associated folding of
possibly occurring through tectonic
inversion. Backthrusts formed in the
previous stage are folded together with
the sedimentary sequence
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STRATIGRAPHIC INTERPRETATION
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CORRELATION SCHEME: CONNECTIVITY
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3D STRUCTURAL MODEL

2D Move Complex Structure captured

in Static Model

" Thickness preservation within correlated

cycles

= Complex thrust faults & stratygraphic

repetitions

* High dipping flanks (15 to 80°)

Balanced cross-sections

= \/ariable OW contacts along fault system
& markers 5 y

The 2011-2012 drilling campaign

(8 wells) validated the proposed model
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Thrusted Reservoir (Malargue Fold and Thrust Belt, Argentina)”

Griselda Vocaturo, Vanesa Consoli, Abel Garriz, Pablo Giampaoli, Gaston Manestar,
Anthony Thompson and José Luis Massaferro

INITIAL CORRELATION - 17 ZONES History match Field pressure data Pressure mismatch
+CF-159 d[MD ;
MO |900ER Der 15000 ool [ ] 0.00 WCL_Edit 1.00—" @ @ FOFRH vs. DATE [CASE_CF) W W FGFRH vs=. DATE (CASE_CF) o A ) ® ® RFT MEASURED CF-158
1:2602 S0HMRS 20.00|0.300FHIE_Edit4 0.0100 ——FOPR vs. DATE (CASE_CF) FGPR vs. DATE (CASE_CF) . 5 O° 8 3 ™ W CASO CF-158
250 — % '1 S0HMRAS  20.00 . 500 7 160000 = . — e e ~100 . .
: Eﬂe . 14 GO —: 150.00 {%—ﬁ c§ ° Y g‘?ﬁ - 2 - " O.cgo B -
e —Z 126000 — 4 e? & %O %;&? ogo _
| B Arcillitazone _ : =] ] o500 = 8 L g § ¥ 1 %3-6 5 ] N « Pressure
| o 300 = o - B ; §,n§ > P@DATUM (bar) (DATUM=0) | ¢ ‘ simulated
L — 5 . & —= 100.00 - > 20 C%’B * RFT prom — ¢ %
= xﬁ_ - :_; SO0G5 — &0%8
. L= .o - % o E F : ./
Q 60 zone -~ E T ] T _E ; g i % ? LT 100 — A
g- 1 - %100 _: o :ZEZZ = 50.00 [ o i of % _ "“.:l
i : —: P ] - [ ] "0 *
% * - = ° = . “u %
80 zone 572 ’ 11786 0 1/10ee | 1/1/98 0 1/1704 | 1/1/10 ’ 1/1/86 0 1/1792 | 1/1/e8 | 1/1/404  1/1/10 S 200 — 5 X ‘ ":"
i DATE DATE - ]
g- E 0.001984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 : RFT measures
2 ] T} | T W FWFRH '.= DATE jC.&.SE:CF} FRRO .'.'5. I:-.!-.T_E [Cj&uSE_rCF;:H . n
2 155&_: :L 400__ FWPR ws. DATE {CASE_CF) 150** FPR_DATUM ws. DATE (P@G0OC) OBS 00 ?I:II | | IBII:II | | Igll}l | | |1 I:IIDI | | Iq 1II:I| | !‘IEIDI
o ] __—= . 160 s PRESSURE PRESSURE  BARSA
i — o4 1§ *
=8 Namd zone —r 1 |% r0p ] . :;‘2 S Cha"enge;
“Bhsoo - ] $ e v . N_140 = a— 5
2 — & - 3 b
= [ 1. - fall s = How to correlate o :
i ﬁzm— ¢ PP E*I*ID ::q,* 60
] 7 ] WATER
o 2 L L these sandstones? = :
— . ] f - 1243
g 3;3 % 100 o L Q.I 1 _L ,FJ % a0 /I . Shale L - ®
§ 2001zone E ¢ E 7o Q:', — ;
P ; — I 107.0 0 L g T T T T 60 T T T T T T T T Qo -a-u_;
LIS : T 1/1/86  1/1/92 1/1/98 1/1/04 | 1/110 1/1/86 171792 1/1/38 1/1/048 ' 1/1/10 N — E?
AT DATE CTE . ——
el m— 8 100 Shale ) 1028 .;cr?
g:——;:—:_? -~ Shale == _ 73 = ;
Azul zone O ! — ° ° ° o : '“ -_ : . oo ] %
=E = Matched production but inadequate cell thickness (5m) to = - S L]
° o o ° ® 110 1 E — ¢
: } reproduce pressure history mp connectivity issues SRl
g f 120 i ]
mk_Azul) o
i = ARt
Static Pressure Data Cumulative production Transit fluid log
e T
awckltin F Haarciiin F :xgg.:ci = ;::::\m:g WOPRH.CF-3 vs. DATE (NNESZ) C F | = WIWIR.CF-123 vs. DATE (NNE3Z_BASE)
s % Der ™| Ao ICEUEI rrme—ie| GR_Der fPressureg EHEIC e H]Em?m_rll rc—=| OR_Der jPressureg 10| 5P Der I{WW'rnL_umCIVUL_rI rrer—{1E GR_Dér fPressuref oo ko s Der ™| Reoer o P H' GR_Der jgPressurey 120
f1 [sntomion E:w-rrm e 0000 MBATR0200 Sﬂm;ﬁsl-mrmg 152 [s000my 1000 tmm et DO0OOMAME0N0] 00 gAPIHSD.00 500 pr 1500 1589 [sno0m 000 E:w-m ot 00000 mBmE0.2000 M;ﬁm,-mmg = — 300000 ezt [s0o0m 00 sosrmn il (s (D000 mAmR0E00]  BO00GARTISLON|S00 A 40,
HETT. P T Cafl | _[e ] G o ea] Vgl Colorfl | [Ge ] wdﬁnli Gs ] i Colorfil G o5 .
L] e T ze [ : D * . L 4] ] 8.% .
SOl JMOT SRR R i =~ il : | L - ||
{ U [[ ] | g | T | -
L . = ] 5.%
sl ‘? == il . - E; - —}; | - 4 184 | o ST e B || b e P
‘ ﬁL f;{‘ - i ] e. ‘ ‘ 48 ‘_.UI I f%_ . g - 'L % . 2: \‘ ’ W 171704 ' 1 e ' 171708 ' 14110
I I = : 85| 3 i!,_ !-3 \ ‘]% :‘1—?_‘- % + ﬁ -i\ 1.% —
] =9 —L L T I | = o - &““_H_
m : ? [ . * !‘FJ} 2 "9_? ,,/ R = = % N 0 i | ﬁ L = - 4 0./‘54/01 01/04  10/06  07/09  04/12 30.%
™ : 69 v } = [Fuen r_’]z i - ‘ N - /|
. il ] : ] B 2 9
a '-_5_ ‘ ‘ ‘ E’ % f_:% '87 _ L :E; a 135 ¥ - M I _ : : 20% /
L A | @ &
: }‘ 5! I = T2 . :% -1l n ‘ | Lily7 / /
é u 78 B 3 73 = — ;:’ e o i I I 1 T 1 T _ Al e | LT
" { :g ' % ( i ' P Lﬂ M‘ ‘ ‘ ‘ ‘ Bc;t/h we/II/s ha\///e beDg/[r; on |c/)/roduét/ion f(/)/r ove/r/25 y/e/ars, ) | é ' — <—] . o o \LR
b T | ) = I CF-008 is the first well in the | U= 1 % 1 w
. . ° ° ° ° ] L A - Shale 9
w %l =3 e 60 E | H block, original pressure Production & injection response | o / &* o o
| e 0 ] 2 [ # 3 z
B || : ‘_Eh ) i ' 93 i ] §; : . fSm  1e 194 1998 199 N0 2002 204 205 M3 W0 202 ] |_{ @ ! - f
E ‘__: R :CF-123 ther inject@on rate Injectioq Histpry .""Iﬂ. - ™ ] | ; 10.%
# ™ e Py ' # I -=ﬂ | 11 " ‘ o ; Eijggggﬁaf;?m;ﬂt{gﬁ;?ﬁﬁ;fgtﬁtﬁgow N \ T b [‘\ ﬂ'g _ d ~_ E /
.|| CF-123 shows depletion CF-153 also shows depletion 9 L-J} 3 . AM’T“ Thi W\ y : el 1
I TS SN =] A I e - AR i S : i pe .
o l,ll hql ' { I ' w_ﬁ e o= 04/01 01/04 10/06 07/09 04/12 70.%
5
EW-J, ! ' 'l-° — \ 60.%
° ° ° Ev' I [* = _.'. 50.%
= The dynamic data helped us identify key sands 3 ?‘ o j&
[ ] [ ] [ ) ] " L e 30.%
= Numerous iterations & re-correlations to reach — - \\
. . . 122 T 105
confident interpretation
1 EIBE- 1 BIBB 1 EIE] 1 5‘52 1 5‘54 1 BIBE- 1 5‘53 EDIDD EDIDZ 23‘54 EDI[I‘E- ZDIDB 29‘1 ] ZDI12 04/01 01/04 10/06 07/09 04/12
FINAL CORRELATION - 35 ZONES
MD | = -emﬂ] .?:ul?:a;ﬂsmm¢mn.:_u P e e mk_150; 2 %} = 50 7 é )
1:2000] & Fome {0 Q0VCL EoR 1.0 [0 eCIl0 50 5;? >
P— 0. 7FE0FL 2020 A ~ % J
2010 A P21 2 T - -~ mk_160_acE : - o
- ] -] E 1344
= NEW ECONOMIC WATERFLOOD SCENARIOS Base Avcita [— % “ul- vl i ; ;
e - — i - - CE RS
~ |"_».|_2[] BFAIE tHitet o I:ﬁ = ) l mk_1 & {' %
* FULL-FIELD INCREMENTAL EXPANSION ~4Mm?3 wao | zene o L B, RFT points -
oo | . - e 2 D\[TS
S N_60 =3 é 1 -160 1 Arena mk_20048 d (kI s
g_ mk_80 [——=" = —— & & — S
o mk_80_a |60 L%J l% »I-:;__E = 2| o é 1104 o
= mk_80_b : = . >
N_85 3%11‘ i Bl = l
N_BD — . é, :‘:_ —— 4 :FOPR vs. DATE (PV7000_NTG_085_K1) *® FOPRH vs. DATE (PV7000_NTG_085_K1)
Q N_EU_E . 3 E — 2 < O 1 G FWPR vs. DATE (PV7000_NTG_085_K1) ®® FWPRH vs. DATE (PVT000_NTG_085_K1)
= mk_100 = — =) i — 400 ]
o N_105 SRIEF- =10 -
O N0 [ B4 = WB — |
\5 Mghid TEJ‘ ; = NChAd | OIL
> : e i
g‘ Nalld_a qu\:/|d -f i = = NGMa 3 300 —
Q MNghd_b _EOE_Q ...-:- = i . .. \
m Static-Dvnamic integration v [ — — = 18- e i 2750 g | il ke s [T : Wi ) |
y g H:g = =t - = Py @ History match in VT vy r ']&
m " = e .
mk_150_a | _ | ressure & ' I-,-" ‘ $ ‘ }
° ° ° ° 2 mk_150_b | 150 j { p . ’ .:‘ .-’o . Il
= New stratigraphic correlation at flow units level o i 150_c | pojee | production RERY
o mm - 1 e L o = " v
2 EE= = | Ml=adl OB e ey
- mk_200 |-8——< - s - : Vertical varigtions Z 100 , YN
= Accurate understanding of the complex structure me g0 P T 100 - 2 , |
: % : — O , - @ ] ‘ | SEN O PART "
mk_Azul_c | & ] ; = - = ! . N I R . \ Al .
EE—EE:—Z _ é; = l_"= ; sdara o —1/1186 1189 1192 11105 11108 11701 111104 11107 1110
S H K DATE




