Jean Laherrere 24 July 2012
Production of crude less extra-heavy oil in Venezuela

Extra-heavy oil (Orinoco) was discovered between 1936 and 1939 with 4 fields (in fact they
are called not field, but area being a continuous-type accumulation) for a total of 215 Gb.
Their names were changed from Hamaca, Zuata, Cerro Negro and Machete to now Ayacucho,
Junin, Carabobo and Boyaca.

The creaming curve (cumulative discovery versus cumulative number of fields) at end 2010
for crude oil less extra-heavy can be modeled with 4 cycles towards an ultimate of 110 Gb.
Figure 1: Venezuela oil excluding extra-heavy and natural gas creaming curve 1883-2010
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The cumulative discovery of oil excluding extra-heavy versus time is compared to the
cumulative production of oil excluding extra-heavy (60 Gb at end 2010), but also the extra-
heavy, which looks negligible (0.27 Gb at end 2010). The past production seems difficult to
extrapolate towards the ultimate of 110 Gb from reported discovery past discovery.

Figure 2: Venezuela crude excluding extra-heavy oil cumulative discovery “ & cumulative
production, with also extra-heavy curve
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Chavez’s nationalization has disturbed the production of extra-heavy oil and the forecast from
PDVSA (Voigt) are quite different from EIA/IEO & IEA/WEO:

Figure 3: Venezuela Orinoco extra-heavy oil production & forecasts from PDVSA, EIA/IEO
& IEA/WEO
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The Hubbert linearization of the past production for crude oil excluding extra-heavy displays
several trends: the first from 1952 to 1987 trends towards 45 Gb and the second from 1997 to
2011 trends towards 65 Gb. Oil production Hubbert linearization is not much reliable, but
OPEC reserves are not either.

Figure 4: Venezuela oil excluding extra-heavy production: Hubbert linearization 1917-2011
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The first problem is the lack of reliable data: PDVSA reports only the production and reserves
of their main fields on annual reports (informe de gestion) since 2000.

The second problem is that the main part of past production is from the Maracaibo basin (63
Gb discovery and 42 Gb produced) with in particular the supergiant Bolivar Coastal gathering
3 fields: Lagunillas discovered in 1926 U= 10 Gb, Tia Juana discovered in 1928 U= 18 Gb
and Bachaquero discovered in 1930 U = 11 Gb.

Trapping is stratigraphic involving unconformities and tar plugging. Few millions year from
now and Maracaibo will be like Orinoco!

The following map from the Petroleum Economist Atlas for Maracaibo shows that the fields
are connected, leading to confusion with data by field.

Figure 5: Maracaibo oil fields location map
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These 3 fields, which the 2P reserves are 39 Gb, have already produced 28 Gb, but the
production is on still decline from the known data (1991-2010). These fields were operated by
Maraven (backed by Shell people), subsidiary of PDVSA which ceased to exit in 1997.
In AAPG study in geology #25 1984 Roadifer reported giants listed by oil in place and
Bolivar Coastal Lagunillas was third with 160 Gb behind Greater Burgan and Ghawar both
with 190 Gb.
In 1994 Bolivar Coastal (Laherrere, Perrodon, Demaison 1994) was reported the third largest
field with 34.5 Gb ultimate and 25 Gb for cumulative production.
In AAPG 2005 (Horn) the Bolivar Coastal Complex was reported with ultimate of 28.8 Gb
with Tia Juana 13.4 Gb, Bachaquero 9 Gb and Lagunillas 6.4 Gb.
But production data from other sources (Maraven, OGJ) could report chaotic values because
confusion between the complex and the connected fields (Cabimas 1917, Lama 1957, Ceuta
1957, even Mene Grande 1914). The density of the fields also varies, but Bolivar Coastal is
heavy (Tia Juna 17.9°API OGJ 1990 and 25°API OGJ 2001, Bachaquero & Lagunillas
22°API).
The Bolivar Coastal complex oil production data is only complete since 1991 but with
cumulative production, which allows to plot the oil decline versus cumulative production.
The decline since 1997 (peak at 322 Mb) is very sharp, too sharp to be due only to below
ground constraints. 1997 is the end of the previous operator Maraven and the fight between
Chavez and PDVSA staff must be one reason for sharp decline.
The production from Tertiary sandstones is heavy, at fairly shallow depth (1000 m), needing
steam injection, expensive investments and competent engineers.



Figure 6: Bolivar Coastal Complex (Lagunillas +Tia Juana + Bachaquero) oil decline
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A straight extrapolation could lead to an ultimate of 30 Gb or 8 Gb less than estimated, but
the decline of production could come from above ground constraints with PDVSA.

The first concession in Venezuela was in 1865 and 14 companies were operating when in
1976 the nationalization reduced the number to four companies associated with the
Venezuelan national company CVP and PDVSA backed by international companies: Lagoven
(Exxon) Maraven (Shell), Meneven (Gulf) & Corpoven. In 1997 all these subsidiaries were
taken over by PDVSA, but with different departments.
The Maracaibo operations is run by PDVSA/Zulia

One of the early above ground problems was subsidence of the surface because of production.
The large production has caused a subsidence of the surface of several meters since the start
of production: “Subsidence Due to Fluid Withdrawal” G.V. Chilingar et al editors 1995

http://books.google.fr/books?id=q3hBXavOfYwC&pg=PA347&Ipg=PA347&dq=Bachaquero+Bolivar+Lagunill
as+Tia+Juana+oil+production&source=bl&ots=hvKTQqdpvB &sig=rzoHf-DP4Tjk_wV-jRumDKY UaR8&hl=fr
Figure 7: Bolivar Coastal Complex surface subsidence for Bachaquero & Lagunillas
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Fig. 7-6. Subsidence history and prediction along the Bachaquero dike.
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Fig. 7-7. Subsidence history along the Lagunillas dike.

Figure 8: Bolivar Coastal Complex surface subsidence map
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Fig. 7-8. Main levelling network and subsidence contours, 1986.

The 1991 USGS report 39 http://pubs.usgs.gov/cp/39/report.pdf has a map showing the connection
between fields
Figure 9: Bolivar Coastal Complex map from USGS 1991
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and also the cumulative production and ultimates:
Figure 10: South America: Giant fields ultimates and cumulative production from USGS 1991



Table 10.—Giant oil and gas fields (estimated ultimate recovery of more than 500 MMB and (or) 3 TCF)
Tabla 10.—Campos gigante de petréleo y gas (recuperacién final estimada mayor de 500 millones de barriles y (o)
3 trillones de pies cibicos de gas)

[ MMB, million barrels; TCF, trillion cubic feet; -, no data. See figures 3 and 4 for location of selected basing and fields]

North Flnk Argentina  San Jorge 1907 OWT Sandstone 2000 Fault block 568 - 842 P
1
mg_&)hm Argentina  Neuquen 1977 omm Limestone  5200-7200 Stratigraphic, 30 - 00 -
pper, structural
Laum)-un Argentina  Neuquen 1977 Jurassic  Sandstone  6200-8200 Stratigraphic, - 06 - 12
Punta Bardas/ Argentina Cuyo 1961 Trissic/  Sandstone  7200-8000  Anticline 38 - 500 -
Vacas Muerta Crotaceous
LaCira-Infantas  Colombia  Middle 1925  Crecoous/  Sandstone 3250 Anticline 59 - 520 -
Magdalcna Tertiary
Cadlo Limdn Colombia  Arsuca 1983 MMV Sandstone  7500-8200  Fault block 108~ 1000
Shushufindi Beuador Oriente 1969 Crotacoous Sandstone  7500-8900  Anticline 495 - 1350 -
Sacha Heundor Oriente 199 Qretaccous  Sendstone 78009300  Anticline Kk R LK I
Amistad Heuador Pngo 1970 Tertiry(?)  Sandstone - Anticline - - - 3
La Broa - Purines ~~ Poru T 1869 Tertiary Sandstone 5500  Pauk blocks 5% - 92 -
San Martin Peru Ucayali 1984 Cretacoous wsm 12,800 Anticline - - - 3
Cashirinr Poru ngl.l‘h 1986 Cretacoous  Sandstone 8800 Anticline - - - b
Fyzabad Group  Trinided  South 1913 Totiry  Sendstone  3000-8000 Stratigraphic, 630  ~- 850 -
Soldado Trinided  South Basin 1954 Totiry  Sandstone  4000-8000 Statigraphic, 463 00
East Coast Trinided  S.E Coast 1961 Totiwy  Sandstone mw WM 555 - 700 -
11,
Guloota Growp ~ Trinided  Galecta 1968 Totiwy  Sandstone m Stratigraphic, - 50 - 7
1 0 .ud
Nc&lh“C«n Trinided W, Tobago 1971 Tertiary S andstone 11,000 w v il .- 3
P structur
Tia Juana Venezuels  Mancaibo 1928 Tertiary Sandstone 3500 mzru 10360 ~- 15050 -
Bachagero Venezucla  Maracaibo 1930 Tortiary  Sandstone 3450 Slm.rie 6264 9367 -
fml
Lagunillas Venezuels  Manscaibo 1926 Tertiary Sandstone 3000 ml-l 362 - 520 -
Larma Venezucla  Marscaibo 1957 O‘lw Sandstone 10,000 klhbrln 2140 - 2850 -
Couta Venemsela Marscaibo 1956 WTM Swdacoe - Susigaghc - 129 -
Cabirnas Vencruels  Marcaibo 17 Tertiary Sandstone 2200 h-'zrth 4489 - 515 -
Boscén Venezucla  Maracaibo 1946 Totiry  Sandstone 8800 Anticline, 729 - UM -
Urdancta Venezuela  Marscaibo 1956  Crowcoons/ Sandstone 10,000 m 122 - 2058 -
cre - ooy
Venczuela  Mamcaibo 1957  Cretacoous/ Sandstone 10,000 m - 1702 -
- ooy
Lamar Venczuela  Mamcaibo 1958  Crotscoous/ Sandstone 12,500 1095 - 1594 -
Tertiary stratigraphic
LaPu Venczucla  Mamcaibo 1925 Cretaceous/  Sandstone 11,400 Faulted 857 -~ 142
Tertiary anticline
Mene Grande Venezuela  Maracaibo 1914 Teortiry  Sandstone 8000 ukhm 637 - 686 -
Santa Rosa Venczuela  Oriental 1941 Tertiry  Sandstone 10,600 Paulied 3% - @7 -
mnticline
Mata Venczucla  Oriental 1954 Totiwy  Sandstone 9500 Faulied @6 648 -
monocline
Guara Venczucla  Oriental 1946 Totiwy  Sandstone 7800 Fauhed 24 - 606 -
monocline
W.N \‘m Oriental :g}; Tertiry  Sandstone 6900  Fault block Jg - % -
Cerro enczucla  Orinoco T Sandstone - - 11 -
San ba.:m Venczuela  Orinoco — ':" - - s"’;';"“‘ - - PLTy -
Iguana Venezuela  Orinoco - - - —_ - — - 4176 —
Jobo Venczuela  Orinoco 1956 -— .- - - 267 - 1453 -
Morichal Venczucla  Orinoco 1958 .- .- 3300 - 169 - M6
Santa Clara Venezuela  Orinoco - - . - - S — 913 -
Quiriquire Venezucla  Oriental 1928 QWT Sandstone 7000  Stratigraphic 760 - 885 -
Uverito Venezuela  Orinoco 1981 Tmmhy Sandstone — - | 854 -
Bare Venezucla  Orinoco - — Sandstone - .- | S 763 -
Sur Venezuela  Orinoco - Q‘Fhu“.’ Sandstone 14,000  Stratigraphic — 6002 -
Melones Venezuels  Orinoco 1934 Tertiary Sandstone 5200 Mm 14 - @00
Arecuna Venezucla  Orinoco - — Sandstone - - - 67 -
Furrial Venezucla  Oriental 1985 Toatiwy  Sandstone - Pault block 8 - 529 -
Placer Venezuela _ Orintal 1984 Tetiwy  Sandstone —~ _ Sumignphic - 03 -

Lagunillas cumulative production (end 19907?) is only 3.4 Gb when it is 11.2 Gb for OGJ

1991 (obviously wrong by 5 Gb) and 2.1 Gb from Maraven 1997
http://www .worldenergy .org/documents/congresspapers/P001165.pdf



Maraven ultimate at 2.9 Gb is wrong!
Figure 11: Maracaibo fields reserves & cumulative production from Maraven 1997

Table 3 Cases Of Emblematic Fields In The Maracaibo Basin (Western Region
Of The Country) That Have Produced More Than 50% Of Their Recoverable Reserves
(Mb)

FIELD RECOVERABLE CUMULATIVE %

RESERVES PRODUCTION | PRODUCED | REMAINING

RESERVES

Bachaquero (1930) 2,172.476 1,691.712 77.8 480.764
Cabimas
(La Rosa 1817) 391.844 364.783 93.1 27.061
La Concepcion
(1925) 188.927 146.194 774 42.733
La Paz (1923) 1,045.132 | 885.713 84.7 | 159.419
Lagunillas (1926) 2.918.529 2.108.065 72.2 810.464
Mene Grande (1914) 755.135 657.660 87.1 97.475
Tia Juana (1928) 2,392.787 1,775.431 74.2 617.356
Totals 9,864.830 7,629.558 77.3 2,235.272

Scurce: Maraven S.A. Reserves Annual Report, 1997 & Author calculations

Figure 12: Lagunillas oil decline from different sources (incomplete data)
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Another check on the field oil reserves data is with the El Furrial field discovered in 1986
with ultimate reported at 3.7 Gb with fairly production data (except for OGJ 1997) with a
cumulative production at 2.8 Gb at end 2010. The present production (run by
PDVSA/Monogas) is on a plateau since 1998 and the ultimate looks reasonable. The oil
decline is yet-to-come and the comparison with the Bolivar Coastal Complex shows that
decline is not only due to PDVSA staff decline!

Figure 13: El Furrial oil decline 1986-2011
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The Venezuela crude excluding extra-heavy oil discovery leads to a 110 Gb ultimate, being
too high compared to the present cumulative production, but future production depends also
on the investments, the economy and the policy of the country.

Figure 14: Venezuela crude excluding extra-heavy oil cumulative discovery & production
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The discrepancy between the extrapolation of discovery and production is hard to solve. The
comparison of the reserves estimates by different sources does not help.

The remaining reserves are reported as proved by OGJ (recopied by USDOE/EIA) after an
enquiry upon the national agencies, by World Oil magazine (stopped in 2009) and BP
(reporting Orinoco separately) and they differ completely with the 2P from scout database.
There is a first political rise in 1986 with the OPEC fight on quotas (based on oil reserves)
started by Kuwait large reserves increase.
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It is strange to see that Venezuela proved reserves increases sharply when oil production

decreases sharply! But maybe not if it is political!
Figure 15: Venezuela remaining oil reserves from different sources
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Venezuela proved reserves increases sharply in 2010 by including extra-heavy oil is late

compared to Canada increase in 2002, when before OGJ was reporting only conventional oil.
Figure 16: OPEC & Canada oil proved reserves from OGJ
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To conclude, it is hard to choose an ultimate for Venezuela crude oil excluding extra-heavy,
so the best is to use 70 Gb, 90 Gb and 110 Gb

Figure 17: Venezuela crude excluding extra-heavy oil annual production & forecasts, with

also extra-heavy production
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The 110 Gb ultimate seems too high, needing a huge effort to improve the recovery on the
heavy oil fields. The 90 Gb ultimate seems the most likely.

The potential of Venezuela crude excluding extra-heavy oil production, which is on a steep
decline since 1997, is such that the decline can be slowed down or even reversed if PDVSA
recovers competence, investment and international partners.

Better transparency in the data is also necessary.
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