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Geological Characteristics of Extra Heavy Oil Reservoirs in Venezuela
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Extra heavy oil reservoirs are distributed over the world but most of them is deposited in the northern part of the
Orinoco River in Venezuela, in the area of 5,500 km®. This region, which has been commonly called “the Orinoco
Oil Belt”, contains estimated 1.3 wrillion barrels of original oil-in-place and 250 billion barrels of established
reserves. The Venezuela extra heavy oil has an API gravity of less than 10 degree and in situ viscosity of 5,000 cP
at reservoir condition. Although the presence of extra heavy oil in the Orinoco Oil Belt has been initially reported
in the 1930%, the commercial development using in situ cold production started in the 1990’s. The Orinoco heavy
oil deposits are clustered into 4 development areas, Boyaco, Junin, Ayachoco, and Carabobo respectively, and they
are subdivided into totally 31 production blocks. Nowadays, PDVSA (Petrdleos de Venzuela, S.A.) makes a devel-
opment of each production block with the international oil companies from more than 20 countries forming a inter-
national joint-venture company. The Eastern Venezuela Basin, the Orinoco Oil Belt is included in, is one of the
major oil-bearing sedimentary basins in Venezuela and is first formed as a passive margin basin by the Jurassic tec-
tonic plate motion. The major source rock of heavy oil is the late Cretaceous calcareous shale in the central East-
ern Venezuela Basin. Hydrocarbon materials migrated an average of 150 km up dip to the southern margin of the
basin. During the migration, lighter fractions in the hydrocarbon were removed by biodegradation and the oil
changed into heavy and/or extra heavy oil. Miocene Oficina Formation, the main extra heavy oil reservoir, is the
unconsolidated sand and shale alternation formed in fluvial-estuarine environment and also has irregularly a large
number of the Cenozoic faults induced by basin subsidence and tectonics. Because Oficina Formation has not only
complex lithology distribution but also irregular geology structure, geological evolution and characteristics of the
reservoirs have to be determined for economical production well design and effective oil recovery. This study intro-
duces geological formation and evolution of the Venezuela extra heavy oil reservoirs and suggest their significant
geological characteristics which are (1) thickness and geometry of reservoir pay sands, (2) continuity and thickness
of mud beds, (3) geometry of faults, (4) depth and geothermal character of reservoir, (5) in-situ stress field of reser-
voir, and (6) chemical composition of extra heavy oil. Newly developed exploration techniques, such as 3-D seis-
mic survey and LWD (logging while drilling), can be expected as powerful methods to recognize the geological
reservoir characteristics in the Orinoco Oil Belt.

Key words : Venezuela, Orinoco Oil Belt, extra heavy oil, eastern Venezuela Basin, Oficina Formation
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Fig. 1. Geological overview in Venezuela and the location
of the Orinoco Qil Belt.
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Fig. 2. Distribution of major sedimentary basins and oil/gas fields in Venezuela (modified after James, 2000).
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Fig. 10. Extra heavy oil recovery techniques for increase of production rate by cold production; (a) different types of
multilateral production well used to improve extra heavy oil recovery (modified after Cutis er al., 2002) and (b) Schematic of
a PCP bottom-drive installation for horizontal well (modified after Ramos et al., 2007).
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AS7A gy AL4HE QIHe 224G
e 10% 32 o7k &8 We ot J
29 R E (98 402 AUt Y=
ARG ol bsle 2EFSEY U 2agE
o Aol gk H84 ot olFeiAm rh
FHE Al s 2EFUATEN S 883 35T HE
AL AL 2025%9] F52A% 482 e A
ofgt ZItiskal o}, ol 7kA]l HA A4 Al
gt Aks 23 bt glo sk Alucl oA
= Ao ARFAFEE 2o Aol AjiHe=
AE3taL gloH, uladel 25234 Ml B 5
Tol 71e8e 2 e A=A rigel EadsiAl #
o3l 317] wWiel) AFiEY AR elxsl
soMES] Fad WAgel H8E RAo0T qatg),

6. 223 QUYWE XFS X|AEM

)l Fdel euxs 2UWES] 23 AF= vlFol
5 FAol & daAel7] Wi Ao A,
A, 959 AN 7R HfET 5 7|&E
3 n)go] gHELh ojE T olFE xR A9
2FA47F AL A" 19353 ol FFE 19900
olE7|7A] FEE wiet Ak AnEo] FYd o]
ARdoltt, siIgk At 10d o FF FHAFF o
FLUAG o238 A AAY 3T ik HEvh
Zd5o) AAH oz Ay T B Ade] F4
200 wB/elM SA 100 F7HE 2,000 MIERIE 5
742tk (Ramos ef al, 2007). & =Y93 3=
ZRFASEY S 22 ARG B o] @l A
FRow AL 232G QML Tg SE
Rew 7lguh

xR edWE] 2FEF AL ol tiE 7]
=3 BAEL AP R A=, dA o
U3 A At 7o) de FYA FEHIL 9
th. olol| wisle] HAstE HAAS ¢8) LT ARKS
o] NAREE sk AL U AFZFol At
of Axstx, P PRI B E¥s] e
o A7AE JiH ez B oHE-g 7K ik
A3t AREel A2 BAS 7] e AR
o] AW BAjo] miHo] thekst EjgAl sa o
AMARE sjao] ofFoiRol s, FHHORE olEF
nigto g JuUst AFE 1 gdo] wEojxo} gt

27K FHE e QU9HE W ALY
29| PSS FEE W, 2FER9 HEFA
A zEEolor & B AR XA B A
2 AFS 7 ¥ BE B4, o H¥FY] EX 4
A, e ey 1x, ARS i AE 2 A
B4, ARE A 8, 2528 sey 24

o]

WA, eEled QUdWE W AR AFEolM A
2pale 5 fdo] 7hsdk A4 Foe S F
=& 2 2483 94 X3 5ol o) 15-130 m9]
H9E /Y, 2 FeExE 50 m AEolth AR
A gAA 0] RS A olFd FH 3 3
A7) R FAL A ARES B W
S Zka B¥ERe A9 gk uEiA SRS
23 QA B d31EE A8 9 A
AFZe] WL S Ao] das] Fasirh

F8 AFEY SYAES UUE e 9
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SF AAA e, FFE AAMEOE JHEA g
o}Rt} (Fig. 8). o3¢ 84L& FAzog oy
o] eIAe] EHzEd] o3 HAHZFOE 143}
Al B glevt, HAge FEgE 2350 AE 2
A 9 FheEdel dEx Fasil ALsid Ao
E B3¥c}t (Diaz de Gamero, 1996). Foloh} ¢
HAZEE BE Wdor e Ak &8
IARE RYYE Y] HAES ASFHOE FF
Ren, LIAUSdAM RGHeg Wi Wges
e AEES el 93 F4EAL Ao
2 #ggn (Fig 5. HEHLZ oz @lvih
AY Ameriven =9 AFE EA438 dlde 37
@ 99 BALE B EEoE Ad HEde &
AR, F 36 km 9 Ad FH g A1y
FHA7t GE9Egos EEIN JSE Busgy
(Tankersley and Waite, 2002). 422 23x3 Y
HE ARZe BEX 54 7 98 3449 g4
Al v B UM Ao oddn).

AFE i E¥3le ol BFde e B44e
Z7] & AFESe] IFH 2 AL 45 welEt
o 2F3E/9 AL 588 Al UBH AF
F Polvh. B3 2EFUFTHYE B Ago] o
Fold ¢ 2EFYAT IR Akl BRG] o]
Z 5AZL 2800y 43 HTE Welskd A7
T AAE S48 RS F ATk (Kwon, 2008).
A UZIM g BHFES JUEidd B ¢
AFARARE et gk F4Ut Bon, olEe
73gol wizh Ade) HFLd) o3 d¥t THEY)
= g} (Labourdette er al, 2008). wEbr A4k A
g £ 9N AFEY HAT € #3547 47
E 59 old HEEe B Y voto] Pasi)

A4 BAA¢ v R AFSl EXsle @
e ARKF 99E Asske AFFRT. 294
WSS Adehe A 952 72 oddEs] 3
o @o] B¥ain, 2 7oz <l FA uiX
TEE UEe] HdEo] 38 0|20} (sea, 1987). ©
3 o3 ARFS FHeE FEIE F glon,
ZF vt} A AFE AE, S, e, F
T& % I35 Fo| EAsE getM 232 H A
% AHEAE 2dE v sleidE ApE gais
g 959 3398 vxot ARk 3, ole
23+ WA 33k e ERARiES] sid g BEly
e 4 3k

2FA5Y A AFHom Jgg F= YL

At A A} Bod F58L Atk HM
938 B4olt). Wiledel 23489 AL B
HoZ 1,000-5000 cPelH, ol F2 Adte] Wi
Axsl 256 osle) AR 28 AR H
# AL 324°ChkmE AE7 HARAFE Y
o] FolA §8Aol Stk AFe] AUk AT A
5 A7) 1,300 m oPdel HH g 2389
2712 Aol @AA wolxd, WA A 7t
3 U AFE AEE HFH0E 600 m R
gk, AREY A5V 2R et A% $Ex 3
FHo2 96 kPym Z715P, A8 500 melx] AR
Z9] ¢}8e 56 MPa A=y 9t} (Forillo, 1987).
=2 AF $8e M= A2 (sand productiomyd 4
A A FFgE F 4 doH, dHeE 4
A} $940] F A 2E fEeith

nREte R 23AHE 255 & 4RL EEER
Egetz glon, ol 3t 2P AN ©A
(upstream) Bt olji} Jid 2 AFIAA ST
BFHE (downstreampl ©|=27VA] F8T ABE F
Feir), dutEow 2Eagr FHA4EE 500 ppm
Az vhiES Udo] thEAoln, AR zg o
3 B B 34% AE TR Sk

A ANE 2F3HAH AFEY A BHEL F
AEE ) ARIATES EY8l 2% 2o A
59 ME 2 BAY ASFE AN qH3Y
NZE AR dTg S8 & F Ak eRT £ A
oA AT XNABAHEL FEEQ R S
AFEY) HFA Wiolr) wEel g vz
Hgaprlole o Fert ok mepa Y
2ojre] A3 AFE AE 2dS wEY] YN
Zyzke) AR BAEC) ¥A B A A dAGA
HIEA] AEA 2 Holer gt oleidt Ad B4
& gl BAEAE B deld 4 glen, 53
T £YF 339 s gL R AR AR e
52 A7k} HlE EholA B} a&Fo|x Fud
AA A5E AFY Ao 7€t

7.d B

whlFde}l eelxd eddEdE 1= 339 N
o] 232871 =] JeH, 232F B Ve
o] A&HQ FFe= Ul 2 TS 7 F
Aol sick. 84 3% HE 2 BEey AR 7les
HIRE AFASEHYA 22 G35 led U
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