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The “Mixed Company”

Under Venezuelan OIl Industry Nationalization,
Petrocedeno is incepted on May 1st, 2007

v "
PDVSA o’ StatoilHydro
ToTAL
Venezuela France Norway
60% 30,3% 9,7%
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Extra Heavy Oil, Orinoco Basin
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Orinoco Belt Facts
Size: 54,000 km?
Proven Reserves, 295 Billion Barrels (Certified by Ryder Scott)
Extra heavy oil (8 - 10° API) with high sulfur content (4.2 wt %)
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General Location
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Mission
Through its participation in the development of the Orinoco Basin,
Petrocedeiio mission is to maximize shareholder value throu gh
continuous improvement in the performance of their operati ons,

while generating benefits for Venezuela and enhances the
development of the local communities where Petrocedeno is
present.

Petrocedefio PDVSA is an oil operator which seamlessly manag es
the production, upgrading and marketing of heavy oil from th e
Orinoco Oil Basin. Mixed Company is a subsidiary of PDVSA (60 %

stake), Total (French company, with 30.3%) and StatoilHydr o
(Norwegian company, with 9.7%).
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VIsIion

= Petrocedefio will be recognized as the leader in the productio n and
upgrading of heavy oil, and will outperform other companies (and
associations) heavy oil comparable indicators.

= Petrocedefio will have an efficient business-oriented orga nization,
which will be able to maximize value for its shareholders and s ociety.

= Petrocedefio will be a continuous improvement company, whic h will
provide Iits employees with a challenging environment and within a
learning organization.

= Petrocedefio will develop its activities with a great sense o0 f
responsibility for the environment and safety.

= Petrocedeno will promote high ethical.
= Petrocedeno will be committed to the development of all empl oyees.
= All employees will be committed to fulfilling the vision of P etrocedenio.
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Value Chain

Production Upgrader Marketing

210 MBPD of Extra Heavy Oil (8.5°API) 180 MBPD synthetic crude oil @ 32°API

280 MBPD of Diluted Crude Oil (17°API) 6000 TONPD Coke
900 TONPD Sulphur
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PRODUCTION
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% PDVSA Subsurface

* Field Overview
» Subsurface organisation and tasks
 Development studies
— Geophysics
— Geology
— Reservoir
* Main activities :
— Wells preparation and follow-up
— Field optimisation

— Wells stimulations
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Block : 400 km2
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Sediment type
Sediment origin
Porosity

Swi

OOIP :

unconsolidated sand
deltaic and fluvial
~30 %

~15%

~ 40 MMMbbls

Field Board

Petroxcedefo: Historia de Produccion
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Fluid Gravity
Fluid viscosity :
Fluid Rs :
Depth :

Production (current)

~ 8.5 API
~4000 cP

~ 50 scf/bbl

~ 1500 feet TVD
130 kbopd

Reserves 783 MMbbls
11 Q) sgrazén




Y PDVSA Regional Framework
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Petrocedefo: Late Foreland deformation (Peripheral bulge)
Structural inheritage and smooth Fault reactivation
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Fluvial

I Braided river systems
leo hannelfills with longitudinal bars)

Main Depositional Systems Fluvial & Deltaic

D/E/F Units

Deltaic
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Up to 5 km
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Channel barcphannel Fl
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y Widespread
sand sheet
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Mouth bar

. . CHANNEL (Isolated sand bodies)
Alluvial plain

........

MEANDERING RIVER SYSTEM :

- medium to large-scale Channels
(100m — 3km)

- lateral migration of points-bars
create sand -sheet = channel belt

- shaly flood-plain background

- distributaries (singel chl.) in
distal part of the delta

- Incl. overbank & mouth bars

ﬁ Transitional l
= facies belts

BRAIDED RIVER SYSTEM :

- stacked sand, coarse grained
(>10m thick)

- widespread sand sheets (1-5km)

- interbedded shales (interfleuves)
(potential perm. barriers)

- proximal position

13 corazon
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¥ PDVSA Subsurface Organization

PETROCEDENO

D FOULON

Gerente de Petréleo

Beatriz Gonzalez

Asistente administrativa
Geociencias

Zorelia Montenegro
Asistente administrativa Yacimiento

I
William Rodriguez (A)

Superintendente de Geociencias

Jan Hegner
Asesor geologia

2 Cluster team : identification of wells

3 operational

follow-up by targets and preparation of wells SORs

wellssite

geologists : , : :
1 Specialty section : integration of data,

associated studies, actualisation of seismic

interpretation, sedimentology, petrophysics,

geomodelling, databases

GObiernO BOIivarianO Ministerio del Poder Popular
de Venezuela de Petréleo y Mineria 14

Omar Toledo
Superintendente de Yacimientos

David Coulon
Asesor Yacimientos

1 Field monitoring and

metering

2 Fluvial Unit : reservoir

follow-up and studies unit

3 Deltaic Unit : reservoir

follow-up and studies unit

corazon
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»>X<4 PDVSA Chain of Value Subsurface

PETROCEDENO

Delineation and Geological

production Operations
studies

Production
optimisation

RESERVOIR

Ministerio del Poder Popular
de Petréleo y Mineria 15
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Development Studies
(EEIN)
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X PDVSA Geophysics Workflow

PETROCEDENO
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PETROCEDENO

Geophysics Database and

Historical Review

Seismic data for Sincor98 (Main Area)
e 395 Km2
» 53.000 shots
* Bin size 15*15
* Fold 23
* Dominant frequency = 40Hz
 Vertical resolution + 36’,
» Seismic-well calibration : 84 wells
(VSP/CheckShot 100%)
300 stratigraphic wells

Seismic data for El Lindero (South Area)
« 3D3C
* 92 Km2
» 26.000 shots
* Bin size 10*10m
* Fold 66
e Dominant Frecuency. = 65Hz
 Vertical Resolution + 25feet
» Seismic-well calibration : 12 wells with
VSP/CheckShot 100%
«104 stratigraphic wells

2011-2012: Reprocessing

2011: Acquisition
2012: Processing

2012/2013 : Merge, and Interpretation

Gobierno Bolivariano | ;...
de Venezuela

Vinisterio del Poder Popular
de Petréleo y Mineria
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CLLAET N | i area Time Slice — Amplitud (Deltaic Unit
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R b Main Area, South-North Structural Section
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South Area Corridor Stack From VSP Calibration
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CORRIDOR STACK FROM VSP CALIBRATION
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%< PDVSA South Area Time Slices — Variance (Deltaic Unit)

PETROCEDENO
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'>X<‘ PDVSA Main Area East West Section
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K PDVSA

PETROCEDENO Geology: Petrocedefo Stratigraphic Column
STRATIGRAPHY SDZ-2X
1 -soott ‘
A
MFS
. B
(35%) MFS
C1l
MFS
< C2
L_) TS/IMFS
1300 ft {5 <
D1D2
(65%) D3
E1l
| | E2F
-1600 ft
Unconformity

Cambrian/Cretaceous sedimentary rocks
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% Geology Database:

Core Data, a Primary Asset in Petrocedefo

LEYENDA

SDZ.9TX 4 PoOZOSs conNUCLEOS
¢ 77, DELIMITACION PROYECTO EOR

MACOLLAS CON NOCLEOS NUEVDS (2011) |
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Geology Database:
Typical Well logs and Interpretation
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¥ PDVSA Geology : Typical x Section (NS South Area)

PETROCEDENO
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PDVSA

PETROCEDENO
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PETROCEDENO

Wells Preparation and
Follow-Up
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Lkl Context: Petrocedefio  Field Map

North zone : 6 water injectors

North Area : First oil 2013 ‘




X PDVSA Description of Well and Surface
Equipments

Vista 3D Pozos en la Macolla

DCO + Agua
Al Multiple

Desviados de

<
Gas del Anular Apreciacion

Verticales
Observadores

Hoyo Vertical 16” MD@ 400ft
Revestidor de 13 3/8”

\

\

Ho@ontal gds
Productores

[ —

ARENA

PRODUCTORA aic ]y ; ]
4600 ft, liner ranurado de PF @ 7500

7"
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PDVSA

PETROCEDENO

R

Wells Preparation and Follow-

P —. ..
- 1 - Well trajectory definition

el |

- -

Up: Process

=+ 2-—Landing control

[

-

;

L | - —

i KB-04 Int )
— - KB03
—— ——— — — M2B1875 74m. — “3%6
TVDSS _ Jid LR ABI (deg - L —— . - £ S— i
R e — 916647 03m, = ege
Slpsig | T == j— | e — m— —-658
o T i — 155 10937 Mfeet e 2= :ggg
revsece Y o o MID:2687 23feet —— <1
: _ =
e L Fen:19 09 12023409 — ~ggg
- -l@8a
-1858
—-l1@88a
-115@
3 -1zpa
e 1538
o iin R S — -1350
—_— - -14088
i —— — -1458
- -1588
i
st - - — 1658
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PDVSA

PETROCEDENO

R

Wells Preparation and Follow-Up:
Milestones

KOM (1 year before drilling):
— Presentation of the drain catalog and all previous studies
— Officialize dataset for field study.

Studies and wells propositions :
— Based on KOM results and recommandations
— Integrated static and dynamic presentation
— Wells propositions before ultimate revision.

Ranking :
— Presentation of all trajectories and selection of the definitives ones.

MENPET report : (60-90 days before drilling)

— EXxcept in emergency cases, 45 days required for approval
— Approval valid for 6 months

GObiernO BOIivarianO Ministerio del Poder Popular () 5
de Venezuela de Petréleo y Mineria 35 k corazén




K PDVSA

PETROCEDENO

Dynamic Studies

GOb|ern0 BOIlVananO Ministerio del Poder I?opular corazén
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X PDVSA Fluvial Model Characteristics

PETROCEDENO

Type: BlackQOil (IMEX — CMG)

Beginning date | 01Enero2000
Matched untl: | Mayo2011
Modelsize: 1.857.024 celdas (208x248x36) (Activas 663.081)
Cells size: 150x150m
Number of wells: __ 490:490 (Prod) + 6 (iny) + 59 (slans, verticales) |
other: Dos zonas de PVT, Acuifero explicito, Modelo Rotado

FeAPAS

Exdraccidn del modslo de facies ol Tope 02 Saturacidn de agua inicisl - Carte Sur-Norte i

3
44 D1 Arena
440
11416
1647
1822

2324
530

Falla principal
Ete Deste

3.

Eje dela malla comespondiente alos ejes de canales.

B Auills = Aena

GOb|ernO BOIlVananO Ministerio del Poder I?opular corazén
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Full Field Model Characteristics
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K PDVSA

PETROCEDENO

Monitoring and Field
Optimization

GOb|ern0 BOIlVananO Ministerio del Poder I?opular corazén
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Type Well and Associated Real

% PDVSA
Time Monitoring

Three- phase Production

Diluent ﬂ wz) (EHO, diluent, gas, water)
injection = NG
B i -
[} . Well testing
=) Gas production through Three phase flow

Rotameter/
z@ casing (~50%)
_ Sampling
API - %BS&W

MPP

coriolis
Rate, P, T

<~

Surface sensors
P,T diluent- casing - Tubing

Permanent
regular

Bottomhole sensors
P,T inlet - P, T outlet

Vibration

‘\) corazon
VENEZO LANO

40
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& PDVSA Field Optimizacién
Through Well Monitoring and Metering

JB09: IP=3,35(Pi= 483,91855]Dsp= 4,35 (20.40-2100 - 43%)/Inj.= WH|Pul.= 4 RPhlmx= 320 P Int - Pmin =648

+ Through Multiphase Meter
or through dummies tests T
e 400 tests a month (90% of : ; 1
field production) B e

« Welltest validation s oo [

P Int - Pesy = 6,34 Wat.=1BLS ‘ Dil =2 0%)

PRIORIDAD: #NA# | Potencial: 620/1/38 Soliciug

Pruebas

| w5 (1,

. . . . g §o "o L . .'§ w it ‘ ‘ e [0 i

« BHP and diluent injection o | I O PP I S RS IS S S o |

optimisation according to the s ; ; ; ; ; — = 10|
type of well F i e, ‘ ‘

 Follow up by well, and =

regular update on optimum = e

BHP based on well [T i i 1 ":: :
i ) [ T I

behaVIor and avallable 8 110-05-12 31-0‘5-12 20-0;-12 1040712 30-0‘7-12 18-0‘8-12 06-0‘8-12 “ 26-0‘9-12 16-1‘0-12 07-11-:2

pump.
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X PDVSA Wells Startup Requirements and

PETROCEDENO

Monitoring

«Specific procedures for wells kicks-off per type of wells :

esand production risk
swater production behavior

«Specific procedures for wells kicks-off per status of well :

spost-stimulation
*new wells in in cleanup

Tipo de Criterios Rampeo Observaciones
Rampeo
50 RPM ca?zl-:oll2Q Erl\s/,l r?gsfg/l zlarllcanzar su Garantizar [a estabilidad de la

1 Pozos Arena/Surfactante/Agua RPM Operacional Presion de fongio (BHP).’ para nio

. — generar dafos/perdida de

Tiempo de Optimizacion= A juicio del .
. Produccion
Custodio
0-50 RPM en 3min

Estabilizando a 50 RPM por 20 Min . ,

2 Pozos < 100 RPM Operacional | Cada 20 Min llevar de 50 RPM a su RPM Sin problema de Arena/ Agua y sin
: tratamiento con surfactante
operacional
Tiempo de Optimizacion= 43 Min
0-50 RPM en 3min
Estabilizando a 50 RPM por 20 Min . .
. . I A A
3 Pozos > 100 RPM Operacional | Cada 20 Min llevar de 50 RPM a su RPM Sin prob ema de Arena/ Agua y sin
. tratamiento con surfactante
operacional
Tiempo de Optimizacion= 120 Min

Gobierno Bolivariano | ;... o
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N PDVSA

PETROCEDENO

Flush/water - zone isopach

=> Inferred entrance

FAN A4 —g
\/ -
4
A+
s
2
8.

CFos

spz179

~
Dz;180 V
x01
T
>

et

SDZ43X
¥

uxo3
b4

Example: Water Management Plan

-
Water Priority

Siempre mantener abierto - En caso de necesidad
se puede ajustar RPM

En caso de alta necesidad de limitar la produccién de
agua se puede cerrar

@ P
3
4

4] - Mantener abierto si posible
@ VC14 |perar segon necesidades de manejo de agua

VC26 g o 2011 YB25
28% Ve B ';‘ YAz0 VD22 III s8] 20,
L e kil 52% st 03-2011
7 B o g1 [04-2011 os 2008 el
k vedh v Azo _20“09
\;ﬂ: 15, D 04- 2011 / YA1G =
vCis vnzs (EZ] 0
vcz b2
032010 99% a1

O6-2005
il 0.2009
SD16 |g,
SDA.%
——04-2011 VBIH

sD17 02-2011
38%
021 | Kmes
I Doe

I:I pozos cerrados
S——

a su RPM p

w.'

VC23 ves %01
04 2011

o3
— Y

+
+

’

03-2011

4%

VB

89%

/ 03-2011
|

,,\

5

02 201 1
VOIS
C st1

{0

VD32
60%

C
e ' W08
VDZG

vo13 i

vD2§
TT%
02-2011

Yico4
30

5% o
04-2011 o
6%
3 \
Al SR ]
B 3 2 -
Fi

>

03-2011

¥Ccz22
T%
12-2010

¥
unsg
03 N N :

YA1E

T%
03-2010

11—

YA

i

Actualization of the Water Management Plan 2012

Integrating subsurface understanding, PCP limitations and MPP limitations torque and vibration

Prioridad

3

Descripcion

En caso de alta necesidad de limitar la produccion de aqua se puede cerrar

Gobierno Bolivariano |
de Venezuela

Ministerio del Poder Popular
de Petréleo y Mineria
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K PDVSA

PETROCEDENO

Stimulations

GOb|ern0 BOIlVananO Ministerio del Poder I?opular corazén
de Venezu ela de Petrdleo y Mineria 44 VENEZOLANO




PDVSA

PETROCEDENO

R

* Principle :

— Regular workover operations injecting
a mixture of products to remove the
damage at liner and near-wellbore
levels

 Work process :

— ldentification of candidates based on
detailed well behavior analysis (Ficha
Estudio)

— Definition of the stimulation sequence
optimising between stimulation
candidates, workover units operational
sequence, and pump replacement
programs.

— Analyses of the stimulation results in
the 3 months after the treatment

GObiernO BOIivarianO Ministerio del Poder Popular
de Venezuela de Petréleo y Mineria

Stimulations Methodology

N°wells : 53 in 2011 + 72 in Oct 2012
Average gain + 60% Oil production
Average cost 250 000 US$

Ganancia 2011 - 2012

25000

20000 4

15000

EHO[BFDO)

5000 4

10000 -

201
Ano

m 201 m 2t

45
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>V S Stimulation Results 2011 and 2012

PETROCEDENO

Ganancial Acumulado EV-03/CCT/Troil-05

25000 — —e— Ganancial Acumulado 2012 —a— Ganancial Acumulado 2011
v wb o gauwN 2Rl ANRAAB B DB TE N QDB B D
88888 gygpg 0000088000000 0 880888 0 0

Estimulaciones

Promedio Ganancia por Arena. Método 1

1000
300 4
00 4
OO 4
GO0 4
500 4

EHD (BEFD)

400 -
00 4
200 4

100 4

& E c oDz

Arena

m 2011 @ 2012

Dz E

vallattQ I vinisterio del Poder Popular
de Venezuela de Petréleo y Mineria 46
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PDVSA

PETROCEDENO

R

Subsurface: Conclusions

 Petrocedefo = High potential area :
— 40 Gbbl Oil in Place on 400 km2 : large oil density
— Low-intensity structural scheme : no field compartmentalisation
— Reservoir Depth ~ 1500 ft TVD : easy access, low-cost wells

« Data intensive development philosophy:
— From 3D seismic coverage on the whole field to regular cores and
extensive log acquisition to automated wells monitoring
— Objective : guarantee enough information to optimise field
development

 Extra Heavy Oil < High operational activity
— More than 1000 wells (producers + stratigraphic) drilled in 12 years

— 130 stimulations planned in 2013 ...

) del Poder Popular
de Petréleo y Mineria 47 Q7 venezorano
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K PDVSA

PETROCEDENO

Well Technical
Operations

GOb|ern0 BOIlVananO Ministerio del Poder I?opular corazén
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N PDVSA

PETROCEDENO

Contents

e Drilling activity in PDVSA Petrocedeno
e Organization

* Type of wells design

o Completion design

e FUture

GObiernO BOIivarianO Ministerio del Poder Po r
t Popular P
de Venezuela e Petroleo y Mineria 49 Q corazén




Kerovsa g

g e Petrocedefio
= = O @
r(’i; :". I' t‘é}
gﬁ G g i_ ” E\
i . {:F @_’.‘ %
o N .’T—J tua, o,
PETROCEDENO
* Mainstation with daily production of 130.000 Bls
EHO/day

 Upgrader in Jose

e 8drilling rigs, 4 currently in operation

* 4 workover and completion rigs

« 1 FBU and 1 Concentric Coiled Tubing unit
« Plans to produce with steam in the future

Gobierno Bolivariano |

Ministerio del Poder Popular P
de Venezuela Q corazén

de Petroleo y Mineria 50 VENEZOLANO




N PDVSA GTOP

PETROCEDENO o
Drilling:

» Horizontal producers: 10 - 25 days.

* To help well planning, drilling
observation and estratografic wells.

« Drilling water producers and water
Injectors

e 10— 30 horizontal wells / rig / year.
Completion / Well Services:
New completions: 1.5 days operation.

Well Service operations: 2 - 4 days.
Total 25 — 35 / month.

— Change BCP
— Leak in production tubing
Optimizing production:
— Stimulation with surfactant, 7 - 12
days
— Sand clean out, 7-10 days

Gobierno Bolivariano
de Venezuela de Petréleo y Mineria 51 Q Cgl;g)ZL?ng
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K PDVSA

PETROCEDENO

Tore W Sand
Drilling Manager

Francis Fernandez

Auridelis Patino
Asistente Administrativa

Analista Control y Gestion

Jose Pereira (5x2)
Operations manager
SAN DIEGO CABRUTICA

Rodolfo Rodriguez
Lead drilling engineer

Andres Da Costa
Lead Completion Engineer

Gustavo Hernandez
Superintendent
Logistics and
Procurement

PARIAGUAN
6 drilling engineers

PARIAGUAN
6 completion/intervention
engineers

3 Procurmentin PLC

3 Logistics SDC

Gobierno Bolivariano
de Venezuela

Ministerio del Poder Popular
de Petréleo y Mineria

52

Luis Ramirez
Drilling Superintendent|

Henry Gonzalez
Intervention
Superintendent

Jesus Anciano
Drilling Superintendent|

Ali Nazuddeen
Intervention
Superintendente

4 drilling rigs
8 Supervisors

4 workover rigs
8 Supervisores
1CCT
1 Supervisores
1FBU
1 Supervisores

O corazén

VENEZOLANO



X PDVSA

PETROCEDENO

Drilling

Responsible for the planning of wells to be drilled and the drilling operation. Preparing drilling
schedules, implementing new technology and optimizing the drilling operation in terms of HSE, time
and cost. At present operating/preparing 8 drilling rigs : Nabor 669, Elinca-02, EDV36, PDV-25, PDV-
99, PDV-102, PDV-109 y PDV-113.

TALADRO

NABORS 659

NABORS 872

EDV-36

TALADRO 1 1500
HP

TALADRO 2 1000
HP

LEYENDA

Sobiemo Bolivariano
de Yenezuela

Ministario del Podear

para la Energia y Petréleo

Fapular

2010 2011
Diciembre Enero Febrero Marzo Abril Mayo Junio Julio Agosto Septiernbre Ootubre Moviembre = Diciembre
S PR B — . R S R . T REe S . South Area (hot well design)
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PDVSA

PETROCEDENO

Completion and Workover

Responsible for the planning and operations of the completion and workover rigs. Operating different
rigs and operations as completion, RA/RC, stimulation, sand cleanout, change og BCP, replacing
leaking tubing, etc.
At the moment, there are 4 workover rigs in operation (Evertson-3, Evertson-5, Global 103 y Troll-05),
one FBU and one Concentric Coiled Tubing unit.

=

Estimulcion, 2C
Preparacion CT/NCCT

9

Limpieza yv Estimulacion c/gquimico {20C)
Post CTHCCT

Servicio a Pozo

[14 |rARC

Completacion
Estimulacion con SAP {1C})

TALADROD

Ago-11

UHIDA D

1 ]

EWVERTSOM 5

2 T 3T al 5T 6 7] &89 [40] 4142434445146 [AT [18 [19 [0 [ 21 [ 27 [ 23 [ 24 [ 25 [ 26 [ 2T [ 28 [ 29 [ 30 | 31
2] |

3]

a

CCT Bl

5]

5]

7] I

CCT #2

MILITARER 117

AMERE 251

EVERTSOM 5

|
FR [

PRE]

Y

PE]

11

o]
PR [

FR]

13

CLOBAL 103
* TALADRD RARC

COMPL:

13

TALADRD

Sep-11

UHIDAD

2 1 3T alsTs ]

T ] &

9

26 |27 [ 28 | 29 [ 30

EWVERTSOM 5

1]
[

10

10 (11 [12 13 [ 1245 16 [17 [18 [ 19 [ 20 [ 21 [ 22 [T 23 [ 24 ] 25 |
[

11 |

1=

CCT BJd

13

14 ]

15] [

CCT #2

15]

MILITARER 117

PH— I

AMERE 231

EWVERTSOM S

FLoBAL 103

PR ]

17]
PR I

Y

FR]

15]
PR

TALADRD RARC

| PR ]

COMPL:

i)

TALADRO

Oct-11

UMD A D

1]

2 1 3] afls 6] 7] & 9 (4041427431415 [16 [ 147 [ 18

28 | 29 [ 30 | 31

EVERTSOM 3

19]

20

21

CCT B

Z5]

=4

25] |

CCT #2

MILITARER 117

ARERE 251

EVERTSOM 5

GLOBAL 1035

TALADRD RARC

29

[ PR]
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%% PDVSA Drilling

» The reservoir correspond to depositions from fluvial / deltaic
» Well clusters with up to 40 wells
* 6 different type of wells
»Stratigraphic Vertical
»Stratigraphic deviated / Slant
»Observers
»Water Injectors
»Re-Entry
»Horizontal producers
»TVD between 1100 feet to 2000 feet.
» Horizontal reach of 4600 feet.

Gobierno Bolivariano | ..o oo
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Cluster Well Design and Anti Collision
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- PDVSA

Cluster We | DeS|gn and Anti Collision

k L ’
1 5 -:. ..r r I
i Ve T

“ATE =180 =128 ~%63 ™ =5 -25 4 F-1g E2 T8 h[==] 128 153 17= 230 228 L | ITE 33
West-)/East(s)
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PDVSA

PETROCEDENO

Y
23

Stratigraphic Wells

Pozo: RX-05S Pozo: SC13_sIN

Coordenadas de Superficie: Coordenadas de Superficie:  Coordenadas de Fondo:

Revesfidor de 13-3/8" 54,5 [ppe
i@ 450 pies PM Inclinacién maxima: 80°
Tangente: 1700 pies

Revestidor de 7" 23 pp
| @400 pies PM

. ! o :
i | Abandono con tapones de cemento incremento de angulo de 7 57100 ples

: " Hoyo de b-1/8"
| Hoyo vertical de 6-1/8
f /'/ _ i Abandono con tapones de cemento

i
 PF: 4500 OICHA HTERIoR PF: 544501
PV 2240 Py 2197
- Inc: 0° Inc: 20°
L3¢ 4 CREATACED
Gobierno Bolivariano Ministerio del Poder Popular corazon

de Venezuela de Petréleo y Mineria 58 VENEZOLANO



PDVSA

PETROCEDENO

Y
23

Observer

Hoyo de 12 114" * Sensores detras del Revestidor
Revestidor de 9 5/18 " N-80 40 Ippc @ 400 ft

£ap 4 Ty - Lo B R T
. OFICIMNG INFERIDR

OFICIMNA, INFERIOR

Hoyo de 8 1/2"
Revestidor de 5 1/2" P-110 17 Ipp¢ hasta superficie @ 1939 ft

-l
Profundidad Final del pozo @ 1838 ft CREATACEQ

GOb'erno Bo"va" ano Ministeri,o del Poder Popular corazén
de Venezuela de Petréleo y Mineria 59 VENEZOLANO




PDVSA

PETROCEDENO

D Horizontal Producer

"Typical Well”

Pozo: MODELO
Coordenadas de Superficie: Inicio de Pert
Fin de Pert
Indcio de Complet
Completaciorc Tipo Il Fin de Completacin:
- FREMES
Hoyo de 167 X
== 338754 5LPF @ 400 PM
OFICINAS UPERI OR
Purdn de Inicio de Desvio: 430 - 700 pies PM
— Bomba de cavidad progresiva o Bomba eleclrosum ergible OFICHAMENA
_~|Tasa de incremento de dngula: 4 - B*100 pies AT R R

; .Iapata Guia 2
4 GIING N DR
' s S e _|@ 5000 -7300°PM §-- -
Hoyo de 12 154" 1500 - 1900 TVD
R evwestidor de 9 55" 40LPP | 890* Inc. &G N4 F ERIGE
\ \ : i@ 2100 - 2600 pies PM 30° Inc |
A II
N /&—_—l I
o ik e o -1

QFEIRA iWFERDE

B
Hoyo de §-12% Ofcina Inferior
Gobierno Bolivariano | ;... _ _
Ministerio del Poder Popular 2
de Venezuela de Petrdleo y Mineria 60 Q corazén




PDVSA

PETROCEDENO

R

Re-Entry

ﬂ{ 13-3/8 Casing J-55, 54 .5

Ibdft, Btts @ 413 VD

Junta de Trancisian

@ 1833,01 TMD Zapata Guia
~l@6598' TMD
| 1677 TYD
R =ER
S e e }//
Hayo de 8-1/2" TD: 6618' MD
Colgador 7" 1678,2' TVD
@ 2111 ' MD 4’9-5;&" Casing J-55, 40 I0/t, BTTS ‘ 89° Inc.
-  |Zapata @ 2239' TMD, 1628' TVD, 89,5° Inc.
TD: 7101' MD
— T T T T 1683 TvD
. E—:—:—:—:—:—:—:—:—:—:—: ey B eyt B Sy ) 79° Inc.
Zapnata Guia

Gobierno Bolivariano | ;... del poder ool ;
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PDVSA

PETROCEDENO

Y
23

Water Injector

Pozo: OX-01D

Coordenadas de Superficie:

Hoywao 18"
Fewvestidor de 13-3/8" 24 5 lppc
i 450 pies P

Hoyo 12 1/4"
Fewvestidor de 3-52/8" 40 lppc hasta el tope de la arena

Fevestidor ranurado de 7" en |a arena de inyeccion

OFICIMNA INFERIOR

PF: 2500"
wertical

CREATACED

GOblernO BOIlvarl ano Ministerip del Poder E’opular corazén
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N PDVSA

PETROCEDENO

Drilling Challenges

Flan: Plan # [ ¥E-27iUnzmnal Hole)

30 to 40 feet thick sand reservoirs. A e

o /,-’ﬂ-u : T
TVD between 1100 feet to 2000 feet. A s ‘““H;___H;f“ e
. oy | ' e | e, | -
Horizontal reach of 4600 feet. yd é/,f-'/ : 1 I, “"m,__ha“j
Unconsolidated sand. ff_/" P 7 S e s
Sand channels not connected. pd A A K / - E“aa - ;'F -{;
¢ VA s S W A
AN AT =
s v : et f
SN X / P vy, e
. ( Y -y o Ry,
(000 \1 p 1 /f._ _/. - - o,
X . <K Vo
(;d'} '.(/ _. '“a .. _ M zé{, o A
SN S K
Sy e e o, i
& ‘“\“‘x,_ xh_.hk A . .)./f ‘%{}

Anti-collision with the other the wells drilled

Maintain a clean well and a low ECD, given the high inclination and extended reach.
Directional Control limited by weight available at bit.

Weight available at bit is a limiting well design factor.

Gobierno Bolivariano
de Venezuela
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PDVSA

PETROCEDENO

Drilling Challenges — New Equipment

High Catwalk

Well cluster design - Petrocedefio

h

Mower
N
f

Pr(?blema con 42° con tres filas
45m 35m
16m 15 s mim i This is the lowest
& Sle N separation between
rows. Some rows
have 17m
A . N ———
O il
O Q <«
/-y
S .0
38
= (P Well heads
O 23 50m >
S |
. $ 53m 4t This is the lowest
_e— separation between
wells -Same wells
hav@separamn

Problema si no tiene mesa flotada -
> s (tuberia dentro pozos)
m

— Problemd con rotacion 45 grados

L4 TEE
(tuberia dentro pozos)

Gobierno Bolivariano

Ministerio del Poder Popular
de Venezuela de Petréleo y Mineria
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N PDVSA : -
ssaamw Completion and Workover Operations

. CUENTA DE COST|EHO [P A i
A Very dynam|c Work as you can — 1123456789 10[11][12][13]14]15]16[17[18][19]20]21]22]23]24]25]26]27]28]29]30
H H VB-18  Tratamiento con surfac foraneo 2 corridas M3442VB18 | N/A NIA
never plan for when a well will fail. o IR o
. . LA-05 Limpieza de arena M34532LA05 N/A  N/IA LA-05
I k h HC-13 Tratamiento con diesel 2 corridas M344HC13 N/A - N/IA HC-13
t IS I m p o rtant to e e p t e VC-12 _ Tratamiento con surfac foraneo 1 corrida M3442VC12  NIA NIA VC-12
H 1A T HC-03 Tratamiento con surfac nacional 2 corridas M344HC04 N/A - N/IA
O p e ratl 0 nS aS effl C I e nt aS p OSS I b I e VC-02  Tratamiento con surfac nacional 1 corrida M3442VC02 | NIA NIA
. YA-20 Tratamiento con surf nac 2 corridas (mud carretera nac  M3442YA20  N/A - N/A
k h I d d HC-04 Tratamiento con surfac foraneo 2 corridas M344HC03 | N/A  N/IA
to keep the lost proauction due to noos Tratan |
H H KA-11  BCP dafiada M3452110 605
We I IS S h ut I n aS IOW as pOSSI b I e at KA-10 Completar pozo post estimulacién con CCTU-BJ M3442KA10 | N/A - NIA KA-10
. SC-04  Hueco en tuberia M3452110 300 - SC-04
I I HC-16 Hueco en tuberia M3a52110 1215 - HC-16
a tl m eS . VB-18 Completar pozo post estimulacion con CCTU-BJ M3442VB18 | N/A - N/A VB-18
VB-06 Hueco en tuberia M3452110 500 5 VB-06
VB-20 BCP dafiada M3452110 173 @ - VB-20
SC-10 BCP Dafiada (no logré despegar rotor con FBU) M3452110 171 - SC-10
. HC-13  Preparar para esti ion con CCTU-BJ M3442HC13  N/A  N/A HC-13 |
. HC-13 Completar pozo post estimulacién con CCTU-BJ M3442HC13 | N/A - N/A HC-13
M al n C h al I e n g es . VB-23  Tratamiento con surfac foraneo 2 corridas M3452110 N/A  N/A VB
HC-03 Completar pozo post estimulacién con CCTU-BJ M3442HC03 | N/A - N/A
MILITAREK 117
H XA-05 BCP dafiada (mud carretera nac) M3452110 860
o M ake S u re th at m ate r I al S are XA-22  BCP dafiada (mud carretera nac) M3452110 450 XA-22
. . RD-02 BCP dafiada M3452110 190 1 RD-02
I I I h h I RD-17_ BCP dafiada N3452110 124 RD-17
aval ab e to CO m p y Wlt t e p anS RD-10 BCP dafiada (POZO CON CABILLA CONTINUA) M3452110 870 RD-10
SE-12  BCP dafiada o hueco en tuberia M3452110 51 2 SE-12
LA-04 Completar pozo post limpieza de arena con CCTU-BJ | M34532LA04 | N/A ' N/A LA-04
M M LA-05 Completar pozo post limpieza de arena con CCTU-BJ | M34532LA05 | N/A ' N/A LA-05
* Verify and make sure the high
. . SB-09  Rotor partido M3452110 498 5 SB-09
d d d | f WB-14 Hueco en tuberia (mud carretera nac) M3452110 231 2 WB-14
Sta‘n ar an q u a Ity 0 rl gS’ WB-04 Hueco en tuberia (mud carretera nac) M3452110 144 1 \WB-04
H WB-15 Hueco en tuberia (mud carretera nac) M3452110 368 5 WB-15
CO ntraCtS and eq u I pment. YA-13  Hueco en tuberia (mud carretera nac) M3452110 d . = YA-13
EVERTSON 5§
VD-19  Optimizacion de BCP (mud carretera nac) M3452110 328 @ -
. . . YC-15 | Completar pozo nuevo (mud carretera nac) M334123YC15 N/A NIA  |YC-15
[ ] M k h g YC-17 Completar pozo nuevo (mud carretera nac) M334123YC17 | N/A ' N/IA YC-17
a e S u re t e 0 r an Isatl O n I S YC-16 Completar pozo nuevo (mud carretera nac) M334123YC16  N/A  N/A YC-16
H YC-19 Completar pozo nuevo (mud carretera nac) M334123YC19 ' N/A  N/IA YC-19
p re pare d fo r th e req U I red YC-20  Completar pozo nuevo (mud carretera nac) M334123YC20 N/A  N/IA YC-20
. . . YC-22 Completar pozo nuevo (mud carretera nac) M334123YC22  N/A ~ N/A YC-22
kl d | d YC-25 Completar pozo nuevo (mud carretera nac) M334123YC25 N/A - N/IA YC-25
Wo r Oa 1 I n C u I n g p rOJ e Cts " YC-26  Completar pozo nuevo (mud carretera nac) M334123YC26 ' N/A ~ N/IA YC-26
YB-15 Completar pozo nuevo (mud carretera nac) M334123YB15 N/A  N/A YB-15
M ake Su re th at th e n ecessary YB-20  Completar pozo nuevo (mud carretera nac) M334123YB14 N/A  N/A 'YB-20
. YB-16  Completar pozo nuevo (mud carretera nac) M334123YB16 | N/A - N/A YB-16 ‘
YB-18 Completar pozo nuevo (mud carretera nac) M334123YB18 | N/A - N/A YB-18
contracts are available to perform e Smeeemecni iy S W s
. . YB-25 Completar pozo nuevo (mud carretera nac) M334123YB25 | N/A - N/A YB-25
th e req uire d WO rk tog eth er Wlth YA29  Completar pozo nuevo (mud carretera nac) M334123YA29  N/A | NIA YA29 |
. YA-36  Completar pozo nuevo (mud carretera nac) M334123YA36 - N/A - N/IA YA—[36
YA-34 Completar pozo nuevo (mud carretera nac) M334123YA34 < N/A  N/A YA-34
P DVSA S e rVI Ces . YA-37 Completar pozo nuevo (mud carretera nac) M334123YA37 | NIA - NIA YA-37
YA-33 Completar pozo nuevo (mud carretera nac) M334123YA33 | N/A  N/A ‘YA—BB
YA-32 Completar pozo nuevo (mud carretera nac) M334123YA32 N/A ' N/A ‘YA—SZ

Gobierno Bolivariano | ;..o ael poder Popuiar
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Completion with
Artifitial Lift

Type | {Diluent Injection in wellhead)

—EHO potencial < 400 bpd (can vary)
—Mafta Injection rate 15 - 20%
—22% of the wells are completed Type |

Type Il {Diluent Injection at the bottom hole)
—EHD potential - 400 to 3500 bod

— Mafta Injection rate 15%

—78% of the wells are completed Tipo [l

Coupling 1" 1 18"

Hexagonal 2 x28" x 1"

Clamps retenedor de la Barra Hexagonal

Polea Cabeza

GGrampa Retenedor de Barra Pulida

Protector de Poleas

Polea del Motor

S [ | | [ [ P | =

Conexion Cables Electricos

L=

Filtro de aceite

—
=

Cabezal de Rotacion "KUDU" VH-100

11

Maotor Electrico ABB 100 HP 460 Voltios

12

Barra Pulidade 112"x36 ft

13

Stufing Box { Empacaduras }

14

Valvula 2" LP

15

Valvula de 4" LP

16

Ranes 112" BOP'S para Barra pulida

17

T de Fujo

18

Entrada Diluente

19

Adaptador linea de diluente

20

Cable del Sensor Phoenix

21

Lockdown Ring

22

Protector Cap

23

Dual Tubing Hanger

24

Tubing Head

23

01 Pup Joint de 1.66" UN

26

Xoover 1.315" x 166"

27

Cross.over ded 12"EUE pin x5 12" Pin BTC

28

+- 80 Cabillas de 1 14" x 1" Pin x 25 ft Grado 75,4.17 hsft

29

Revestidor de 13 58" BTC 54,5 Ihs ft

30

Cudlo de 1"

A

Zapata del Revestidor de 13 58"

iz

Clamps parasujetar lasarta de 1.315" con lade 5 12" en caia cuello

a3

+- 80 Juntas de 5 12" x 30 FT BTC 17 lhsft

M

Coupling Tenaris (poliuretano) sequn simulacion de desgaste

35

Sensor Phoenix (Presion, Temperatura y Vibracion)

36

Protector del Sensor (gauge carrier)

T

01 Pup Joint ded 12" 10 FT 17 Ibs/ft

a8

Estator (BCP)

39

Rotor (BCP)

40

+/- 80 Juntas de Inyeccion 1.315" NU 1.7 s ft

4

Niple de paro

12

Ancla de Torque de 9 58" con ranura para tuberia de 1.315"

13

01 Tubo ded 172" x 30 FT EUE 12.75 lbs/pie Perforado

T

Blank Sub de 4 172" EUE { Tapon Ciego)

45

Injector Sub ded 172" EUE x 1.66 UN

46

X-over 166" x 1315

17

Cross-overd4 12" EUE Box x2 38" EUE Pin

48

+- 135 Juntas de 2 38" EUE x30 FT 4.7 Ihs/ft

19

Colgador del Liner Ranurado de 7"

a0

Zapata del Revestidor de 958"

]

Liner de 7" BTC x30 FT 23 lbs/ft con ranuras de 020"

32

Jetting Nozzle 2 38" EUE

a3

Zapata quia del revestidor de 77




PDVSA

PETROCEDENO

R

The Future...

RNSTRE

e S e~}

AREAEOR | AREA SUR
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PDVSA

PETROCEDENO

R

1) Radial Wells

ot e YCUZ - Naln e
h::ﬂqs Vool [ \ V?“ wCi3l” [T
) | /co3_Maln stz

v e 2 Laters

4) EOR (Steam injection)

— 15" CT for T conveyed monitoring
J ‘ | ; I
S1 ! }
5 4, 16" ¢sg

s " CT for gas lift
shoe ~ 120m TVD

N
|

s - 2-3/8” Guide: tubing + P bubble tube
with-methane injection

*

CH4 i
blanket B i [T 47 Long production thg (Flush-Jt)

gas |° o
1" GL concentric coiled thg

A ;’\

i | 2-3/8" guide thg shoe
it ! @ ~ 10 mof liner shoe

i ©
4" thg Shoe @~ 50 m

o Ak e 4" thg shoe
p \\\\§ @ ~ 10m before liner head
E QW B before liner shoe
\\«f\“ i
: L »
Taroet Sand isore e

(~400 or 500m TVD) -
1 11-314" csg (@) every-s0m (P
Shoe 650-900m MD 8-5/8” Slotted Liner
~1350 MD (550m HZ drilled)

Gobierno Bolivariano |
de Venezuela

Increased Production

3) Well stimulations

2) New well cluster and south area

Tratamiento con Surfactantes - BHA Lnfundu de Pozo

B'.lﬁj'lgaﬂ‘%miwg :m ; LEGEND:

RO |8 2] 10D

%:1.’2 Dowihok llob?s Titsaniiz:d @ Bt LiveT 65, 23 AL BTC
| SRl

S0 Sabllz i
JU0 oWl ok et scee i Stk INeT”, 155, T BTC
aiachedt Dedled inc d Bt SO 113-3% ope kg

2 Hok

Ministerio del Poder Popular
de Petréleo y Mineria 68

6) QAQC

- Drilling Procedures
- Drill-in Fluids
- Completion design

- Failure investigation

- Well clean-up procedures
- Moving procedures

- Experience transfer

(© corazén
VENEZOLANO



PDVSA

PETROCEDENO

R

COLD WELLHEAD
(2011)

Area Sur & Cabezales

HOT WELLHEAD (2017)

Final XMT and completion design depend on
technical solutions available in 3 — 5 years.

Tubing hanger

< Diluents line
G Flanged connection (hot) =——————————

Initial installation with Ball
valve or Gate valve

depending on total cost. B
s 9 5/8"" hanger (hot)
Material EE
BV BV
A .
anger wi
| 4= 13 3/8” hanger with
exchangeable
BY BV sliding seals
Material DD
|
N
N
16™
13 3/8%, 54.5#, K55, BTC 13 3/87, 54.5# K55, BTC
9 5/8", 40#, L80, Premium (TE)

- 9 5/8", 40#, L80, Premium (TB)
51/2”, 17#, J55 R2, BTC 51/2”, 17#, L80, Premium ™

Gobierno Bolivariano |

Ministerio del Poder Popular N 2
de Venezuela © corazén

de Petroleo y Mineria 69 VENEZOLANO




K PDVSA

PETROCEDENO

Steam Assisted Horizontal Alternate
Gravity Drainage Steam Drive

teEm bgector

Proclun

HASD T4/p
Steam Drive

— Inj

-

Tuberia de Proguccon ¥ de inyaccion
—_— Pfﬂd - _E_ - _:-'Ix,
o

SAGD 3-p
Shen 2 b

SAGEN 1

SAGED 3

GOb|ernO BOIlVananO Ministerio del Poder I?opular corazén
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K PDVSA

PETROCEDENO

Sulface Facilities

GOb|ern0 BOIlVananO Ministerio del Poder I?opular corazén
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Petrocedeno Operation Overview

= Petrocedeino Overview Process
= Wells and Clusters

= Main Station

= Production Process

= Water Treatment Plant

= Petrocedeno Pipeline-ZPS

= Zuata Pump Station

= Pipeline-ZPS-JOSE

= Metering Sistem

Gobierno Bolivariano | ..o oo

) del Poder Popular < 2
de Venezuela de Petrdleo y Mineria 72 () corazén




PDVSA

PETROCEDENO

N Petrocedeno Overview Process

= Upgrader: Production of a high quality
synthetic light sweet crude (32°API)

= Zuataducto 210 km:

Transport of diluted crude
and diluent

UPSTREAM
MANSSTATION

= Main Station:

EHO treatment and production
of a diluted crude oil

= Zuata Field:
Cold Production of EHO 8 - 8.5°API

| GOb'erno Bo"va" ano Ministeri,o del Poder I?opular corazén
de Venezuela de Petréleo y Mineria 73 VENEZOLANO




K PDVSA

PETROCEDENO

Wells and Clusters

22°39

e = -

PIW
NA /___i Py

NXOID Rx025

—=Q
N\
)
YB
\
|
|
|
|
|
|
\\\ i
\\\ ||
\ 36 Macollas (10 wells average)
300 Km DCO pipeline network
””” ROAD @ Pozoinyector TRUNKLINE —— FLOWLINE = pospuesto | 300 Km Diluent pipeline network
115 Km gas gathering network
500 Km internal routs
GObiernO BOIivarianO Ministerio del Poder Popular
de Venezuela de Petréleo y Mineria
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PDVSA

PETROCEDENO

Gobierno Bolivariano
de Venezuela

Ministerio del Poder Popular
de Petréleo y Mineria

Wells and Clusters

- MULTIPHASE PUMPS

75

corazon
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K PDVSA

PETROCEDENO

Wells and Clusters

Diluent injection according to the type of completi on

Completion Type Il Completion Type |

WellHead
Injection

Bottom hole
injection

Diluent Injection point

Diluent Injection point

Gobierno Bolivariano "
de Venezuela de Petréleo y Mineria 76 ng';ﬁ,zm?{g
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>>"<< PDVSA .
i Pt Production Process

1. Oil + Water + Gas Produced to the MPP
1.1. Gas collection from wellheads directly to the g as gathering system

Gobierno Bolivariano I R ’ "
de Venezuela de Petroleo y Mineria 77 Q Sgl;g)ZLAONI‘g




% PDVSA Production Process

2. Oil + Water + Gas Produced to the MPP
2.1. Gas collection from wellheads directly to the g as gathering system

Gobierno Bolivariano |
de Venezuela

do Petroleoy Mineria 78 Q) corazén
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X PDVSA

PETROCEDENO M al n Statl O n

Maximum Desgm Cordiitmmns
= 210.000 BPD EHO
= 286.000 BPD DCO
= 76.000 BPD DILUENT
= 100.000 BWPD =

Gobierno Bolivariano |

Ministerio del Poder Popular .
de Venezuela corazén
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N PDVSA

Main Station

PETROCEDENO

Gobierno Bolivariano
de Venezuela

Ministerio del Poder Popular
de Petroleo y Mineria

Zone 1: Turbogenerators

Zone 2: Fire Protection System

Zone 3. Management Areas

Zone 4: Dining and Hotel

Zone 5: Water and General Services
Zone 6: Compression of Gas and diesel
Zone 7: Train A

Zone 8: Train B

Zone 9: Low Flare

Zone 10: Water Plant

Zone 11: Diluent Storage

Area 12: Reprocessing, Export, Injection
Area 13: Out of specification tank

Area 15: Low-Low Pressure Flare

Zone 18: Collection of Gas System

V) corazon
80 Q Sorazon



X PDVSA

PETROCEDENO M a.i n Statl O n

Pumping of diluent from the T-310810dofrom
_— the station to each Cluster/ Well

Operating Conditions:
Volume: 113.000 BBL
Diam.: 39.56 m o
H:14.73 m N
Pressure: 5/(-2.5) BARG
Temp.: 30-50° C

P3101 A/B/C/D/EIS
Operating Conditions:
Pressure: 35-40 BARG
Temp.: 30-50° C

Gobierno Bolivariano

Ministerio del Poder Popular P
de Venezuela de Petréleo y Mineria 81 corazon
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K PDVSA Production Process

PETROCEDENO
TI111A Fl PI113A

Hacia cabezal

: de alivio
3T — -
TIs26 00 %
Hacia cabezal
de alivio
TI102A PI100A FI101A LI182
— Hacia D-3201A L [755 > 181368: -
354% < e — — — >
L1002 H-3001A Lz196
PT007 E-3003 A/B/C/D
Desde cabezal szu
de produccién T 157
TI472
FI039
P-3005 A/B/C
<€ @ De D3202 /8
P-3001 A/B/E
@ Sistema de
Agua Fresca ot e
Sistema de
Agua Disposicién
K >(_) Hacia T-3002
pr3s7 TI521 prs23 AT405 DI399A
<161> [290 1[ 150 AN B
NG (., ) DCO Exportacién
7
P-3002 A/B/S
TI960
TTieeA BiED)
o7 A-3005A e 4809
[1230> ‘
TI880 TI880
[1213> [1213> - S : Hacia cabezal
: de alivio
< T ,
>< TI528 00 %
PICO21 B
. ; @> Hacia cabezal
00 % de alivio
TI139A PI137A FI138A LI210
Hacia D-32018 \ 187664 -
-~ ~
H-3001B Lr224
Sesde cabesal )F £-3003 E/F/G/H
de produccién ( E‘”‘EE ¥ )
TI1002 W
TI475
A
u ~
S
P-3001 C/D/F
Sistema de TI101 TI301
» Agua Fresca Sistema de
156 % @ Agua Disposicién
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¥ PDVSA Water Treatment Plant

PETROCEDENO

Venteo a la
30,06 20 stmosfera Venteo a la Venteoala
. p @ > atmosfera atmosfera
Desde sistema de [ E
gas combustible h
PIC169 | y ¥
(1134 N 0
[0,7 FIc263-264 iy !
H L1242
H 54,0
H [T i PoI246 PDI243
R | o
,,,,, 4189 —>402,6 1, 53,3
i U Frzs | 60,0 % U
x 41
e ramas Ceio=
deshidratadores Venteo a la i
€> 20 atmosfera :
Desde sistema de @ e :
" PpI247 PDI244 FI248 i
gas combustible PDIZ04 FI363 H
78.98 <550 >
r---< 13643 >, = 4192 =
L1223 : : ~ < = 26,0 %
[ 308 : : > 2163
[305 PDI205 B PDI219 FI370 :
oo 0,85 >---o . 180.0
- B L3 1
P-3950 A »la
PsVi40 0,0 9
PDI207 PDI114
HC'sa |
D-3001"s
@ P-3950 B
F280 Fr281 Fri22 Fr2s2 Venteo a la :
xm xm xm § : g 197 atmosfera ¥ prcias FI325

A

3
y

>

gas combustible

) Pr170
Q10— {485 >
S | -X JUS— .X N .X R .X > Venteoala 200 P1170 '{

3 3 3 3 ¥, atmosfera
: 1 : ! Desde sistema de @ > ) i
: : : : gas combustible :
PDI160 : poIe0 | PDI160 : PDI160 : '{
694,62
; ; : ! w27
i | F-3900A i |F-39008 i | F-3900C i | F-3900 D (503

P-3920 Aprzg;
"""""""""""""""""""""" » ] < Hacia

ﬁ a ﬁ ﬁ 39-kv-253 drenaje
Ca i > o

39-KV-258 39-KV-259 9-KV-262 39-KV-265 " )

39-Kkv-250 39-kV-274

IXzs-Kv-zsa IX 39-KV-256 -X 39-Kv-261 IX 39-kV-264

39-SDV-351 <216 >

cl
O
gt
o

PDI301
P-3930 A P-3%40C
Venteo ala @(_ﬁ_ esvasr : U_ :
atmosfera ?
39-KV-251 PICOO7 B —_—
[
X r\‘ . PDI30L P_3340 B
ire 39-SDV-350 H H
A 4 ﬂH ’— :-m_ ! e
K-3900 A b S P-3960 A P-3930 8 : ; Q
PI324 PSV288
0,03 P-3940 A
ire r\‘ | —U
(=390 P-3960 8
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PDVSA

PETROCEDENO

R

Petrocedeino Hinediness -5

26” DCO

16” Diluent

8” Gas

25 km (pipelines underground)

San Diego de
Cabrutica

Zuata Pump Station
(ZPS)

Main Station
PETROCEDENO

GObiernO BOIivarianO Ministerio del Poder Po r
t Popular P
de Venezuela e Petroleo y Mineria 34 Q corazén




PDVSA

PETROCEDENO

R

Zuata Pump Station

u’.uf-. S Xl ] |
they e e S
e - ki
. e : i ! C::D‘
“Ui"*ﬂ@ib. ;
ZUATADUCTO TO JOSE Y o e
20"Dluent . T ) o ' - '
36" Diluted Crude ‘ l_' . e é o .(1
To/From Petrocedefio . roce noplpellne'zp aagas o 40
8“53a§ % " ' = g '
igggfl--"""""""'----. DCO PUMP STATION (TO JOSE) ; y
. Tag -
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PDVSA

PETROCEDENO

R

Pipeline ZPS-Jhxse

210 km

19 Valve Station
36” DCO

20” Diluent

-Pipeline._ (underground)

lntaura
I Tigre

San Diego
De Cabrutica
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& PDVSA Metering System

PETROCEDENO

Diluted Crude Measurement

A Skid double leg measurement of 10 ", with a total capacity of 1495 m3/ h (225,600 B / D) and 112,800 B / D each
branch. 603-MET-601.

A Skid double leg measurement of 12 ", with a total capacity of 2289 m3 / h (345,600 B / D) and 172,600 B / D each
branch. 603-MET-602.

*A measurement Skid 12 "with a capacity of 1145 m3/ h (172.800B / D) 603-MET-606.

*A known volume tester (23.69584 Bls according last calibration), to calibration of the measurement skids. 603-MET-
607.

NOTE: Each measurement Skid is equipped with a positive displacement meter to measure flow rate, suction filter,
block valves for manual and motorized valves alignment tests and a quality system.

Diluted Crude meters ( positive displacement)

SISTEMA DE SISTEMA DE
MEDICION CALIDAD

MEASURING
CHAMBER
INNER
- UMIT
HOUSING

BLADE

Medicién

Medicidn de volurmen L Lazo de calidad

BEARING

| Laitd T ROTOR

|| PROBADOR

Factar de correcidn B

PLAN VIEW
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% PDVSA Metering System

PETROCEDENO

Diluent Measurement
*A pig (tool) receiver 623-PR-651

Three metering skid s( diameter 6 “), with a capacity of 636 m3/ h (96,000 B/ D) ¢/ u, 603-MET-651, 603-
MET-652, 603-MET-656.

A known volume tester (23.88298 Bls as last calibration), calibration of the meters. 603-MET-657.

NOTE: Each measurement Skid is equipped with a turbine to measure flow rate, suction filter, block valves
for manual and motorized valves alignment tests and a quality system.

Meter
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P-1007

Bombas
Principales
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% PDVSA Metering System
Quality System

In this system the values of API gravity and % BSW are shown online.

Automatic sampler

Gobierno Bolivariano |
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& PDVSA Metering System
Flow Computer

It is a microprocessor-based computer that has all the formulas and
algorithms needed to calculate volume compensation for temperature and
pressure. Takes data from the meter and flow tester, besides the signs of the
temperature and pressure transmitters in the line, calculates the correction
amount for standard values.

Controls the bypass valves to test the meters, takes samples, loops pumps
quality, flow control valves, emission test reports and batch order, etc.

/
Flujo ey ) FCv
Presion medidor I mmm) Toma muestra
Temperatura medidar
H - - Bomba lazo calidad
Densidad  EE—_p mp Control Y — 4 Vias
% Agua & sed -
o "l Qd y W icta 420 maFCY
ello valvula de 4 vias ey
Start calibracian
Presion probador s - calibracion
Switches detectores I —p SCADA
Temperatura Probador - /
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K PDVSA

PETROCEDENO

Upgrader
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%8 PDVSA Pipeline System

MAR CARIBE
210 Km
MONAGAS
State
20"
GUARICO Pariaguan
State
San Diego
26" de Cabrutica
ANZOATEGUI
16" PDVSA State
PFTROANZOATEGUI
PDVSA
PETROCEDENO

oR\\‘\
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PDVSA

PETROCEDENO

N
25 José Antonio Anzoategul

Industrial Complex

Solid
Terminal
.
:

i Petrochemicals CRYOGENIC
\ BECLAEN COMPLEX
HF‘-!

LIQUID
TERMINAL

Industrial Area 3000 ha

Petroler
Sinovensa

o
i Future facilities g E
_ 3 s
g 5 AREA
- Petrocedeno Are e h PDVSA
164 of 214 ha ol B
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Ministerio del Poder Popular corazon
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PDVSA

PETROCEDENO

R

PDVSA PDVSA PDVSA PDVSA
Petrocedefo Petromonagas Petroanzoategui Petropiar

Main Processing Units  Coker
HDT, MHC
Production Volume 180 MBPD

Upgraded Crude 30°-32° API
Specification Light Crude
Low Sulfur

Refinery modifications No

Reference Crude Cusiana or Forcados
//,//\\
\ - \ B ///

Gobierno Bolivariano | ;...

io de

de Venezuela G PotsleoiMinertia.

Extra Heavy OIl Upgraders

INn Venezuela

Coker Coker Coker
HDT, HCK
108 MBPD 102 MBPD 180 MBPD
16° API 20° API 26° API
Heavy Crude Heavy Crude Med Crude.
High Sulfur High Sulfur Med.Sulfur
Yes Yes Yes
Maya Maya WTI to

be compared

V) corazon
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" POVSA Upgrader in

North Anzoategui

GOb'erno Bo"va" ano Ministeri,o del Poder I?opular corazén
de Venezuela de Petréleo y Mineria VENEZOLANO




PDVSA

PETROCEDENO

Y
23

Upgrader In
North Anzoategui
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»>V<< PDVSA

PETROCEDENO

Solids Handling Facillities

—— .‘ -'.'?- f
L = s
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%K PDVSA Plant Area

Hydrogen
production

Sulphur
recovery

Atmospherlc/
vacuum
distillation

el Poder Popu
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PDVSA

PETROCEDENO

Y
23

Process Scheme

H2
| NG :rl \
4 N
v
% Nabhta g ZUATA
— p L om) SWEET
SRGO Ty
h @
> S TR
LVGO !
L
HVGO
SULFUR
—= LCGO ! / 2 \
DCO HCGO
Amine
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X PDVSA

PETROCEDENO

Upgrader Facts — Installed Capacities

After Major Turnaround 2004

UNITS

« EHO Crude gravity: 8.5°API

e DCO Crude: 17°API

« CDU: 284,000 B/D
e VDU: 180,000 B/D
« COKER: 106.400 B/D
e NDHT: 110,000 B/D
e MHC: 75,000 B/D
PRODUCTS

e Crude gravity: 32 API

e Crude: 180,000 B/D

e Coke: 6,000 T/D

o Sulfur: 900 T/D

GObiernO Bolivariano Ministerio del Poder Popular
de Venezuela de Petréleo y Mineria 102
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- Ay Upgrader

Process Units of Upgrader - Licenses

* Atmospheric/Vacuum Distillation *C ommon Technology

* Delayed Coker * Foster Wheeler

* Hidroprocessing Units (NDHT/MHC) * Frenc h Institute of Petroleum, IFP
* Sulphur/Amines/Sour Water/Tail Gas * TPA-Kv  aerner

* Hydrogen Manufacturing * KRUPP-UHDE

* Industrial Services * Common Technology

Gobierno Bolivariano | ;. ..c.io se poser po
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K PDVSA

PETROCEDENO Z uata SWe et

£

* First light and low sulphur crude
from Venezuela

 Compatible with environmental
conditions

* High technical / High Refining value
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K PDVSA

PETROCEDENO LOW S u I p h ur

Upgraded Crude Quality

LSSC METHOD
API Gravity 60°F ASTM D1298-90
Sulfur, wt % ASTM D5453-93
Metals, ppm wt IFP 9422
Viscosity CTS @ 50°C
Inflammation, °C ASTM D 93
Composition, wt % (Estimated) ASTM D2887-97

— Liquefied Gas

— Nafta (C5 - 165°C)
— Medium Distillates (165 - 385°C)
— Vacuum gas Oil (385°C +)
Production, millions barrels per year
- Low sulfur synthetic crude (LSSC)
- Med sulfur synthetic crude (MSSC)

(*) Estimated Quality: 17 API, 3.3 % Sulfur

Ministe

Gobierno BoIivarianol
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de Venezuela

30-32
<0.13

4.7
19-23

10
58
31
62
<90%
<10 %
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PDVSA

PETROCEDENO
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Piritu Lagoon
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epovsa 4

Sulface Facilities
Back up slide
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»>V<< PDVSA

PETROCEDENO

PRODUCTION PROCESS

3. Oil + Water + Gas Produced tothe D-3001A/B
3.1. Free Gas collected in D-3213 separator

E-3001 C/D

17.3 barg

Operating Conditions:

Primary Separation e s e
e Free gas is separated into the Gas System "
e Qil + Water is pumped through P-3001 A/B/C/D/E/F

G0b|ern0 BOllvaI'I ano Ministeri,o del Poder f?opular corazén
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PDVSA

PETROCEDENO

Y
23

PRODUCTION PROCESS

4. Oil + Water + Gas Produced tothe D-3001A/B
4.1. Free Gas collected in D-3213 separator

Hacia D-3201A

E-3001 C/D

17.3 barg

Operating Conditions

Primary Separation PGl DR
e Free gas is separated into the Gas System "
e Qil + Water is pumped through P-3001 A/B/C/D/E/F

Gobierno Bolivariano | ;..c.c.. el poder popuiar e
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PDVSA

PETROCEDENO

Y
23

PRODUCTION PROCESS

5. Oil + Water + Gas Produced tothe D-3001A/B
5.1. Free Gas collected in D-3213 separator
Slug Catcher drum D-3213

Operating Conditions
Pressure: 2-4 BARG
Temp.:35° C

17.3 barg

e Free gas is separated
. Condensates into Water
Plant

| GOb'erno Bo"va" ano Ministeri,o del Poder I?opular COI‘326I1
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PDVSA

PETROCEDENO

Y
23

PRODUCTION PROCESS

6. Exchangers E-3001 C/D/E/F

17.5 i.JalQ

Operating Conditions _:
Heating stage 40->50° C

First step Pre-heat Stage Cooling water 100->75 = C
e Improves oil viscosity at 50C
e Cooling of produced water at 75C

Ministerio del Poder Popular ¥
de Petréleo y Mineria 111 53225?3
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PDVSA

PETROCEDENO

PRODUCTION PROCESS

7. Exchangers E-3003 A/B/C/D/E/FIG/H

" Second step Pre-heat Stage
Improves oil viscosity at 50C
Cooling of diluted crude oil to export at 100C

Gobierno Bolivariano
de Venezuela

Ministerio del Poder Popular
de Petréleo y Mineria

Operating Conditions:
Heating stage of crude:
50->65° C

Cooling stage of crude:
120->100° C

corazon

VENEZOLANO



PDVSA

PETROCEDENO
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PRODUCTION PROCESS

8. Heating furnace H-3001A /B

17.3 barg

"Heating Process

 Improved oil viscosity at 120C

It favors the separation of gas in solution
« It favors emulsified water separation

Ministerio del Poder Popular

Gobierno Bolivariano |
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Operating Conditions:

Pressure: 7-10 BARG
Inlet Temp. : 50-65° C
Outlet Temp: 95-120° C

corazon
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PDVSA

PETROCEDENO
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PRODUCTION PROCESS

9. High Temperature Separator D-3007A/B (HTS)

s A
i 4R ¥ 3

"High Temperature Separation

e  Separation of solution gas

. Improvement the Crude stabilization to be sent to
the dehydration process through P-3005A/B/C/D/E/F

GObierno Bolivari ano | Ministerio del Poder Popular
de Venezuela de Petréleo y Mineria 114

Operating Conditions:
Pressure: 4-5 BARG
Temp.: 95-120° C
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PETROCEDENO
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PRODUCTION PROCESS

10. High Temperature Separator D-3007A/B (HTS)

Operating Conditions:

"High Temperature Separation e e
e«  Separation of solution gas
. Improvement the Crude stabilization to be sent to the
dehydration process through P-3005A/B/C/D/E/F
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PDVSA

PETROCEDENO

PRODUCTION PROCESS

11. Electrostatic Dehydrators D-3004A/B/C/D

"Dehydration
Separation of free and emulsified water

Coalescence by applying an electrostatic potential
and chemical demulsifier

Gobierno Bolivariano
de Venezuela

Ministerio del Poder Popular
de Petréleo y Mineria

Operating Conditions:
Pressure: 9-11 BARG
Temp.: 95-120° C

Voltage: 15 mv-18mV
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»>V<< PDVSA

PETROCEDENO

PRODUCTION PROCESS

12. Export / Storage of DCO through the P-3002A/B/ S

Operating Conditions :
Pressure: 18-21 BARG

Export and Storage Temp.:90-103° C
Diluted crude pumping through the P-3002 to the
Zuata Pump Station (ZPS)
Possibility of storage in the T-3002 when the product is
out of specification or any operational requirement .

Gobierno Bolivariano |
de Venezuela
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>V<< PDVSA

PETROCEDENO

PRODUCTION PROCESS

13. Export / Storage of DCO through the P-3002A/B/ S

Condiciones de

Operacion:
Volumen: 110.000 BBL

Didmetro 36.58 Mts.
Export and Storage Altura: 17.08 Mits.

Diluted crude pumping through the P-3002 to the B a0t 5) Bara.
Zuata Pump Station (ZPS)
Possibility of storage in the T-3002 when the product is

out of specification or any operational requirement .

GOb'erno Bo"va" ano | Ministerio del Poder Popular
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>V<< PDVSA

PETROCEDENO

PRODUCTION PROCESS

14. Water produced in to the T-3900A/B

1.6 mbarg

Operating Conditions

~ «  Crude oil separation by overflow which is sent to export Volume: 13.000 BBL
. . . Diam. 17.5 Mts.
Solids settling for removal by drainage H: 9.1Mts.
_* Water separated through the P-3900A / B o 0g0" e

to Wemco X-3900 unit

Ministerio del Poder Popular

de Petréleo y Mineria 119 corazon
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PETROCEDENO
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PRODUCTION PROCESS

15. Water produced in to the Wemco unit (X-3900)

T S0 [rTaee el ]
i A o ey TN

I -0.1 m-hal_rgl |

Operating Conditions
. . . . Pressure: 0.043 BARG
Crude oil separation induced by gas which Temp.: 70-80° C

IS recovered by the decantation unit T-3930
Solids settling for removal by drainage
e Water separated through the P-3913A/ B to F-3900ABCD (Filtration)
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PDVSA

PETROCEDENO
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16. Produced water in the Filtration System F-3900A

EE

54.1 °C

PRODUCTION PROCESS

4 {10.0 m3sh | m3th B 0.0 m3h §f 4.0 m3m ot

& Sistem _I ¢ 0.3 mbarg

/B/C/D

Gobierno Bolivariano
de Venezuela

Ministerio del Poder Popular
de Petréleo y Mineria

« Removal of oil and solids traces
« Water is send to the injection tank

121

Operating Conditions
Pressure: 7.42 BARG
Temp.:70-80° C

corazon
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PDVSA

PETROCEDENO

PRODUCTION PROCESS

17. Produced water Tank T-3920 ( injection)

_‘-_I -0.1 mbarg

de Sisten _I " 0.3 mbarg

Water Storage Tank ( in specification),
to be injected into the OX01/FX01/FX02/FX04 wells

Gobierno Bolivariano
de Venezuela

Ministerio del Poder Popular
de Petréleo y Mineria

Operating Conditions
Volume: 35.000 BBL
Diam. 22.5 Mts.

H: 14 Mts.

Pressure: 0.015 BARG
Temp.:70-80° C

O corazén
VENEZOLANO
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PETROCEDENO
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PRODUCTION PROCESS

18. Oil / Water recovered from Wemco unit for final separation process

I 100.3 %]

I I | -0.1 mhal_rg

e Unit with high residence time to break oil-water e
emulsions, recovering the water and oil, to be Pressure: 0.015 BARG

T ..70-80° C
send to water treatment plant or export o

Ministerio del Poder Popular .
de Petréleo y Mineria 123 S&Eza‘.)ZL?NI‘g

Gobierno Bolivariano |
de Venezuela




