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October 21, 1996

PETRO-TECH PERUANA, S.A.
Av. Los Incas 460. Lima 27-Per

Attention: Mr. John W. Mayers

Production Manager
Subject: Reservoir Fluid Study
Well: LOI16-14
Field: LOBITOS
File: RFL 96190

Gentlemen:

Separator gas and liquid samples from the subject well were collected by representatives of Core
Laboratories Venezuela, S.A. on July 24, 1996. The samples were delivered to our fluids laboratory

in Maracaibo for use in the performance of a reservoir fiuid study. The final report of this study
may be found on the following pages

It has been a pleasure to perform this reservoir fluid study for PETRO-TECH PERUANA, S.A.

Should any questions arise or if we may be of further service in any way, please do not hesitate to
contact us.

Sincerely,
CORE LABORATORIES VENEZUELA, S.A. CENTRAL FILE
fis 1. A GEOSCIENCES
James Fortner /
~ Manager
Reservoir Fluids Lab
JFsr.

Calle 25 (via a El Mojan) Km 3, al lado de ia Pepsi-Cola. Apartado 116, Maracaibo, Edo. Zulia
Telfs.: (061) 575484 - 572922 - 579423 - 579849 - 578715 - 578225, Fax: (061) 578684 - 910987
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LABORATORY PROCEDURES

PETRO-TECH PERUANA, S.A.
Reservoir Fluid Study
LO16-14 Well
Lobitos Field
RFL 96190

On July 24 of 1996, separator gas and separator liquid samples were collected by Core
Laboratories representatives and delivered to our Maracaibo laboratory. The quality
checks were performed at laboratory temperature, measuring the bubble point pressure of
the separator liquid samples, opening pressures and air content for the separator gases. A
summary of the samples received may be found on page four (4).

The composition of the separator gas was measured through C;;+ by routine, and
temperature programmed chromatography. The composition of the separator liquid was
measured through Cy. using the spikeflash/chromatography technique. The results of
these analyses are presented on pages five (5) and six (6), respectively .

After correcting the separator gas and stock tank liquid production rates for the factors
shown on page seven (7), the producing gas-liquid ratio was calculated to be 683 cubic
feet of separator gas at 14.7 psia and 60 °F per barrel of separator liquid at 40 psig and 62
°F. This gas/liquid ratio was used in conjunction with the measured hydrocarbon
compositions of the separator products to calculate the reservoir fluid composition. This
composition is presented on page eight (8). The gas and liquid samples were then
physically recombined at their producing gas/liquid ratio, and the resulting fluid was used
for the remainder of the study.

A portion of the recombined reservoir fluid was charged to a high pressure, windowed cell
and then heated to the reported original reservoir temperature of 129 °F. During the
constant composition expansion at this temperature, a bubble point was observed at 3580
psig. The results of the pressure-volume relations are presented on pages nine (9) through
twelve (12).

During the differential vaporization at the reservoir temperature, the fluid evolved a total
of 731 cubic feet of gas at 14.7 psia and 60 °F per barrel of residual oil at 60 °F. The
resulting relative oil volume factor was 1.350 barrels of saturated fluid per barrel of
residual oil at 60 °F. The oil density and the properties of the evolved gases were
measured at each point during the differential pressure depletion. The data are included in
the summary of the differential vaporization analysis on pages thirteen (13) through
eighteen (18).

CENTRAL FILE
GECOSCIENCES



PETRO-TECH PERUANA, S.A.
LO16-14 WELL
File: RFL 96190

The viscosity of the reservoir fluid was measured over a wide range of pressures at
reservoir temperature in a rolling-ball viscosimeter. The viscosity of the fluid was found
to vary from a minimum of 0.92 centipoises at the saturation pressure to a maximum of
3.72 centipoises at atmospheric pressure. The results of the viscosity measurements are
presented on pages nineteen (19) through twenty-one (21).

Small portions of the reservoir fluid were subjected to three separator tests to determine
the effects of separator pressure on gas/oil ratio, stock tank oil gravity and formation
volume factor. These data can be found on page twenty-two (22). The separator gases
from the separator tests were collected and chromatographically analyzed in the

laboratory. The results of the separator gas compositions are presented on pages twenty
three (23) through twenty-five (25).

The separator test data were then used to adjust the differential vaporization results. The
adjusted differential vaporization data are presented on pages twenty-six (26) through
thirty (30).

The report includes graphical representations with analytical expressions which model the
data sets as a function of pressure at the reported reservoir temperature. An appendix is
also provided which defines the nomenclature and extends the analytical relationships.

CENTRAL FILE

. GEQSCIENCES
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PETRO-TECH PERUANA S.A.

LO16-14
RFL 96190

SUMMARY OF PVT DATA

Reported Reservoir Conditions

Average Reservoir Pressure ................... 4216 psig
Average Reservoir Temperature ............. 129 °F

Pressure-Volume Relations

Saturation Pressure ............................... 3580 psig
Avg Single-Phase Compressibility .......... 8.85 E-6 v/vipsi ( 5000 to 3580 psig )
Thermal Exp @ 5000 psig .........c........... 1.03834 Vat129°F/Vat60°F

Differential Vaporization Data
( at 3580 psig and 129 °F )

Solution Gas/Oil Ratio
Relative Qil Volume

........................... 731 scf / bbl of residual oil at 60

...................... 0.7263 gm/cc

............................... 1.350 bbl / bbi of residual oil at 60 °F

°F

Reservoir Fluid Viscosity

0.920 cp at 3580 psig and 129 °F

Separator Test Results

Separator Conditions Formation Total Solution Tank Oil Gravity
Volume Factor Gas/Oil Ratio ( °API at 60 °F )
psig °F (A) (B)
135 70 1.317 681 33.8
90 70 1.319 685 33.7
40 70 1.329 702 33.6
E:: :a:rtlailst of dsat:rat:i ofil pter fbarrel of stock tank oil at 60 °F.. ce TR AL FILE
otal standard cubic feet of gas per barrel of stock tank oil at 60 °F. GEQSC‘mCES
Page 1 CORE LABORATORIES



PETRO-TECH PERUANA S.A.

LO16-14
RFL 96190
General Well Information
COMPANY.....ooviiiiiiicie e, PETRO-TECH PERUANA S.A.
Well Name............ccoooiii e, LO16-14
APl Well Number.............cccooeeiviiiiiccee. *
File Number........c.coooiiiiiii e RFL 96190
Date Sample Collected..............cc.ccoovvieennnn, 24-Jul-96
Sample TYPE.....ooviiiiiececc e Separator
Geographical Location.............c....ooovvieeiinn... Talara-Offshore
Field. ..o Lobitos
Well Description
Formation........cccoeeviiiinice e Basal Salina
PoO! (OF ZONE)......ociiioviiiiieciec e Lobitos Offoshore
Date Completed...............cocoevvveeneeni. eeeeeanens 13-Apr-96
Elevation..........cccccoiiiiiiiii e * ft
Producing Interval...............ccoocooiiiiiiiiie 9464-9460 MD - ft
Total Depth......cocoveiiiiiicee e, * ft
TUbING SIZE.....ocvieeoii e * in
Tubing Depth.......oooviiii e * ft
Casing SiZe.......cooviiiiiiiiiee e, 51/2" in
Casing Depth......ccccooiiiiiiiiiiiiieeee e Plug at 9750 MD ft
Pressure Survey Data
Data from Original Discovery Well
Date ... 12-Dec-95
Reservoir Pressure ............c..ccooooeeiieieieeieenennn 4216 psig
Data at Sample Collection
Date. .o 24-Jul-96
ReSErvoir PreSSUre.............cocvoeveveveverereeeennn, * psig
Reservoir Temperature.................coooeeeeeeeennnn.n. 129 °F
Pressure TOOl.....ccocoeiiiiieieiiccciicieeee e *
Flowing Bottom-Hole Pressure.............c........... 1360 psig
Flowing Tubing Pressure..................c....ccoevnn. 135 psig

* Data not forwarded to Core Laboratories.

C=ENTRAL FILE
GEQSCIENCES

Page 2 CORE LABORATORIES



PETRO-TECH PERUANA S.A.

LO16-14
RFL 96190
Production Data
Data from Original discovery Well
LOCRION. ..ottt Lobitos Offshore
Date......ooovii e 13-Apr-96
Oil Gravity @ STP.....ccoeiieiieeeeeeeeee e, * °API
Separator Pressure..........cocccceeeeeeeviveeeneeeeeeeeen, * psig
Separator Temperature...........c.......ooeeeieieenns * °F
Production Rates
GBS i 777 Mscf/D
LiqUid.....oooeeiie e 1120 STbbi/D
Gas/Liquid Ratio..............cccoevvvviiei. 694 scf/bbl
Separator Conditions
Primary Separator Pressure............................. 40 psig
Primary Separator Temperature....................... 62 °F
Secondary Separator Pressure........................ * psig
Secondary Separator Temperature................... * °F
Primary Separator Gas Production Rate........... 777 Mscf/D
Gas Factors -
Field Values: .
Pressure Base...............ccocovvoiinnenenen. 14.7 psia
Temperature Base...............cccoocvenne. 60 °F
Compressibility Factor (Fpv)................ 1.0029
Gas Gravity Factor (Fg)............ccouvee.. 1.2092
Laboratory Values: ..
Pressure Base.............ccocoevveviiiiviiiencne 14.7 psia
Temperature Base.....................ccceeeene. 60 °F
Compressibility Factor (Fpv)........cc.......... 1.0047
Gas Gravity Factor (Fg)........coceeveevvennenne. 1.1964
Adjusted Primary Separator Gas Prod Rate...... 770 Mscf/D
Primary Separator Liquid Rate.......................... 1128 bbl/D  at 62 °F
Stock Tank Liquid Rate..................ccoveeeveene . 1120 bbli/D  at 60 °F
Separator Gas / Separator Liquid Ratio............ 683 scf/bbl
Separator Gas / Stock Tank Liquid Ratio.......... 688 scf/bbl
Stock Tank Liquid / Separator Gas Ratio.......... * bbi/Mscf
Separator Liquid / Stock Tank Liquid Ratio....... 1.007 bbi/bbl  at 60 °F
* Data not forwarded to Core Laboratories.
CENTRAL FILE
Page 3 GEQSCIENCES  CORE LABORATORIES
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PETRO-TECH PERUANA S.A.
LO16-14

RFL 96190

PRELIMINARY CHECKS OF SAMPLE QUALITY

AND SUMMARY OF SAMPLES RECEIVED

Separator Gas

Sampling Conditions

Laboratory Opening Conditions

Cylinder Number Air
psig °F psig °F Content
(mol %)
A-9233 40 62 38 70 0.33
A-10989* 40 62 38 70 0.61
Separator Liquid
Sampling Conditions Laboratory Bubblepoint
Cylinder Number Water
psig °F psig °F Recovered
(cc)
CVv-03-0003 40 62 40 70 0
464213D* 40 62 40 72 0

* These samples selected for recombination and further analysis.

Page 4
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PETRO-TECH PERUANA S.A.

LO16-14
RFL 96190

COMPOSITION OF PRIMARY STAGE SEPARATOR GAS

(by Programmed-Temperature, Capillary Chromatography)

Plant Liquid
Component Mol % | Products | Density MW
(GPM) | (gm/cc)
SAMPLING CONDITIONS
Hydrogen Sulfide 0.00
Carbon Dioxide 0.1 08172 44,010 40 psig
Nitrogen 0.25 0.8086 28.013 62 °F
Methane 84.72 0.2997 16.043
Ethane 6.69 1.784 0.3562 30.070
Propane 4,16 1.143 0.5070 44,097
iso-Butane 1.06 0346 05629 58.123
n-Butane 1.62 0.509 0.5840 58.123 Gas Cylinder
iso-Pentane 0.51 0.186 0.6244 72.150 A-10989
n-Pentane 0.34 0.123 0.6311 72.150
Hexanes 0.24 0.093 0.6850 84.0 Average Sample Properties
Heptanes 0.18 0076 0.7220 96.0
Octanes 0.10 0.045 07450 107 Critical Pressure, psia .......ccccccoeevveveevicenns 660.9
Nonanes 0.02 0.010 07640 121 Critical Temperature, °R .......ccocoovreecreenenes 388.3
Average Molecular Weight .............cccccc.c... 20.23
Calculated Gas Gravity (air = 1.000) ......... 0.699
Totals ........... | 100.00| 4.315 |
at 14.7 psia and 60 °F
Heating Value, Btu/scf dry gas*
Properties of Pius Fractions GrOSS cooiieieirieie ittt 1228
Liquid Liquid
Component Mol % Density API MW
{am/cc) | Gravity
Heptanes plus 0.30 0.7332 61.3 101.3
Note: Component properties assigned from literature. ;
* ref: Gas Producers & Suppliers Association (GPSA) Engineering Data Book CENTRAL _FI LE
GEQSCIERCES
Page 5 CORE LABORATORIES



PETRO-TECH PERUANA S.A.

LO16-14
RFL 96190

COMPOSITION OF PRIMARY STAGE SEPARATOR LIQUID

(by Flash/Extended Chromatography)

Liguid
Component Mol % Wt % Density Mw
(gm/cc)
Hydrogen Sulfide 0.00 0.00 SAMPLING CONDITIONS
Carbon Dioxide 0.00 0.00
Nitrogen 0.01 0.00 0.8086 28.013 40 psig
Methane 0.87 0.07 0.2997 16.043 62 °F
Ethane 0.55 0.08 0.3562 30.070
Propane 1.54 0.33 0.5070 44.097
iso-Butane 2.61 0.73 0.5629 58.123
n-Butane 3.26 091  0.5840 58.123
iso-Pentane 2.47 085 0.6244 72.150 Liquid Cylinder
n-Pentane 1.81 0.63 0.6311 72.150 464213D
Hexanes 4.06 163 0.6850 84.0
Heptanes 8.32 3.83 0.7220 96.0
Octanes 1224 6.27 07450 107 Average Sample Properties
Nonanes 8.51 493 07640 121
Decanes 6.51 418 07780 134 Average Molecular Weight .......................... 208.73
Undecanes 5.19 366 0.7800 147 Calculated Density at O psig and 60 °F ....... 0.8541
Dodecanes 418 3.22 08000 161
Tridecanes 4.72 3.96 08110 175
Tetradecanes 4.01 3.65 0.8220 190
Pentadecanes 3.74 369 08320 206
Hexadecanes 259 275 08390 222
Heptadecanes 252 286 08470 237 Properties of Plus Fractions
Octadecanes 2.60 313 0.8520 251
Nonadecanes 1.57 198 0.8570 263 Liquid Liquid
Eicosanes plus 16.12 4666 09764 604 Pius Fraction Mol% Wit% Density API MwW
(gm/cc) | Gravity
Heptanes plus 82.82 94.77 0.8743 30.2 239
Undecanes plus 47 .24 75.56 0.9120 235 334
Pentadecanes plus 29.14 61.07 09416 18.6 438
Eicosanes plus 16.12 46.66 0.9764 133 604
Totals ........... | 100.00] 100.00 ]
CENTRAL FILE
Page 6 GEOSCIENCES  (oRe LABORATORIES




PETRO-TECH PERUANA S.A.

LO16-14
RFL 96190

WELLSTREAM RECOMBINATION CALCULATION

(based on field production data)

Conditions for Recombination Calculations

Primary Stage at 40 psig and 62 °F
Stock Tank at O psig and 60 °F

Field Gas Rate Correction Factors - Field Measured Rates and Ratios -
Gas Gravity (ir=1.000) ..o 0.684  Primary Stage Gas Fiow Rate, Mscf/D ...................... 777.00
Gas Gravity Factor, Fg .....cccocvvvivrriireneresereneeenns 1.2092  Stock Tank Liguid Flow Rate, bbl/D .........c.ccoeriinne 1120
Field Gas / Oil Ratio, scf/STbbl ..o 693.75
Gas Deviation Factor, Z .........cocccoevveevvinnvncnenesenne 0.994
Super Compressibility Factor, Fpv ...........ccoveveevinennene 1.0029
Pressure Base, psia ......c.cocoeeiieciiiiiiinteniecaneien 147 Recombination Rates and Ratios -
Primary Stage Gas Flow Rate, Mscf/D ... .. 77020
Laboratory Gas Rate Correction Factors - Primary Stage Liquid Flow Rate, bbi/D ...... 1128
Primary Stage Gas / Oil Ratio, scf/S*bbl ..................... 682.90
Gas Gravity (air=1.000) ....ccooviiiiiarecee e, 0.689
Gas Gravity Factor, Fg Stock Tank Liquid Flow Rate, bbl/D ...........cccovnnein. 1120
Corrected Gas / Oil Ratio, scf/STbbl .........ccccocereenee 687.68
Gas Deviation Factor”, Z ..........c.cocccvvvevrnerenennerecenne. 0.991
Supercompressibility Factor, Fpv .......c...cconviiveniinnnn. 1.0047
Pressure Base, PSial .....cccoovvvccerimnriernenrnesiene e 147

Laboratory Liquid Rate Correction Factors -

Liquid Volume Factor, S'bbl/SThbi @ 60 °F ............... 1.0070
Bitumen, Sediment & Water (BS&W) Factor .............. 1.000

Wellstream Recombination Ratio
MON/MOL ....cvvvverecrsoassrevae 1.2560

* From: Standing, M.B., "Volumetric and Phase Behavior of Oil Field
Hydrocarbon Systems”, SPE (Dallas), 1977, 8th Edition, Appendix il

** Data not supplied to Core Laboratories

CENTRAL FILE
GECSCIERICES
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PETRO-TECH PERUANA S.A.

LO16-14
RFL 96190

COMPOSITION OF RECOMBINED WELLSTREAM

(from calculated recombination of separator products)

Liquid
Component Mol % Wit% Density Mw
(gm/ce)
Hydrogen Sulfide 0.00 0.00 RECOMBINATION CONDITIONS
Carbon Dioxide 0.06 003 08172 44.010
Nitrogen 0.14 0.04 0.8086 28.013 40 psig
Methane 47.54 735 0.2997 16.043 62 °F
Ethane 3.97 115 0.3562 30.070
Propane 3.00 1.27 05070 44097
iso-Butane 1.75 0.8 0.5629 58.123
n-Butane 235 132 0.5840 68.123 Recombination Parameters
iso-Pentane 1.38 096 06244 72.150
n-Pentane 0.99 069 06311 72.150 Primary Stage Gas / Oil Ratio, scf/S*bbl
Hexanes 1.93 156 0.6850 84.0 at recombination conditions .............c.c....... 682.90
Heptanes 3.79 350 07220 96.0 Wellstream Recombination Ratio
Octanes 5.48 5§65 07450 107 moles gas / mole liquid ........ccccceeerevennnnen. 1.2560
Nonanes 378 441 07640 121
Decanes 289 3.73 07780 134
Undecanes 2.30 3.26 07890 147 Average Wellstream Properties
Dodecanes 1.85 287 08000 161
Tridecanes 2.09 352 08110 175 Average Molecular Weight ......................... 103.8
Tetradecanes 1.78 326 08220 190 Calculated Density at O psig and 60 °F ........ 0.7348
Pentadecanes 1.66 329 0.8320 206
Hexadecanes 1.15 246 08380 222
Heptadecanes 1.12 256 0.8470 237 Properties of Plus Fractions
Octadecanes 1.15 278 0.8520 251
Nonadecanes 0.70 1.77 08570 263 Liquid Liquid
Eicosanes plus 715 4159 09764 604 Plus Fraction Mol% Wit% Density AP! MW
(am/cc) | Gravity

Heptanes plus 36.89 84.65 0.8740 30.2 238

Undecanes plus 20.95 67.36 0.9120 235 334

Pentadecanes plus 1283 5445 0.9416 18.6 438

Eicosanes plus 745 4159 0.9764 133 604
Totals .......... | 100.00] 100.00]

CENTRAL FILE
GEOQSCIENCES
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PETRO-TECH PERUANA S.A.

LO16-14
RFL 96190

VOLUMETRIC DATA

(at 129 °F)
Saturation Pressure (Psat) .........ccooeoiiiiiens 3580 psig
Density at Psat ........c....oooviiiiiin e 0.7283 gm/cc
Thermal Exp @ 5000 psig ......ccccvvevereeeiieennee 1.03834 Vat 129 °F /V at 60 °F

AVERAGE SINGLE-PHASE COMPRESSIBILITIES

Single-Phase
Pressure Range Compressibility
psig vivipsi
5000 to 4500 8.46 E -6
4500 to 4216 868E-6
4216 to 4000 9.00E-6
4000 to 3900 9.26 E-6
3900 to 3800 9.44E -6
3800 to 3700 9.65E -6
3700 to 3600 9.87E-6
3600 to 3580 10.01E-6

CENTRAL FILE
GEQSCIEMCES
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PETRO-TECH PERUANA S.A.

LO16-14

RFL 96190
PRESSURE-VOLUME RELATIONS

(at 129 °F)

Pressure Relative Y-Function Density
psig Volume (A) (B) gm/cc
5000 0.9874 0.7356
4500 0.9916 0.7325

4216 0.9941 0.7307
4000 0.9960 0.7293
3900 0.9969 0.7286
3800 0.9979 0.7279
3700 0.9988 0.7272
3600 0.9998 0.7265

b»3580 1.0000 0.7263
3535 1.0022
3510 1.0035
3480 1.0046
3480 1.0051
3420 1.0084
3075 1.0320 5.107
2640 1.0769 4.603
2215 1.1479 4.139
1860 1.2431 3.775
1580 1.3580 3.504
1345 1.4999 3.288
1160 1.6589 3.126
1000 1.8495 2.993

940 1.9391 2.944
720 2.4031 2.774
610 2.7647 2.694
530 3.1227 2.638
370 4.2966 2.531

(A) Relative Volume: V/Vsat or volume at indicated pressure per volume at saturation pressure.
{B) Where: Y-Function = (Psat - P)
(Fate) " (viveat-1) CENTRAL FILE
Page 10 GEQSCIENCES CORE LABORATORIES
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LO16-14
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Y-Function

PETRO-TECH PERUANA S.A.

LO16-14
RFL 96190

Y-FUNCTION

(at 129 °F)
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Y-Function Expression:
y= a+b (Xd)"i + ¢ (Xd)"j

LEGEND

where:
a= 2.29585e+ 00
b= 4.87540e- 01 =
¢c= 2.94200e+ 00

Note: Xd (dimensionless 'X’) = Pi/ Psat,

0.614
1.431

o Laboratory Data
............ Confidence Limits
_— Analytical Expression

Saturation Pressure: 3580 psig

Current Reservoir Pressure: 4216 psig

Confidence level:
Confidence interval:
'r squared’:

89 %
+/- 0.0185
.999498

Pressure-Volume Relations
Figure A-2
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PETRO-TECH PERUANA S.A.
LO16-14
RFL 96190

DIFFERENTIAL VAPORIZATION

(at 129 °F)
Gas
Solution Relative Relative Oil Deviation Formation | incremental
Pressure Gas/Oil Oil Total Density Factor Volume Gas
psig Ratio Volume Volume gm/cc Z Factor Gravity
Rsd (A) Bod (B) Btd (C) (D) (Air=1.000)
b»3580 731 1.350 1.350 0.7263
3200 657 1.319 1.377 0.7345 0.841 0.00436 0.689
2800 580 1.288 1.424 0.7431 0.849 0.00502 0676
2400 504 1.259 1.498 0.7518 0.859 0.00592 0.665
2000 430 1.230 1.616 0.7606 0.869 0.00718 0.655
1600 356 1.202 1.809 0.7697 0.881 0.00908 0.649
1200 283 1.175 2.155 0.7790 0.895 0.01227 0.650
800 207 1.147 2.888 0.7888 0.913 0.01866 0.662
400 126 1.116 5.184 0.7997 0.939 0.03771 0.706
150 62 1.089 12.754 0.8087 0.968 0.09783 0.798
0 0 1.033 0.8296 1.728

@60°F =1.000

Gravity of Residual Oil =
Density of Residual Oil =

33.4 °API at 60 °F
0.8573 gm/cc at 60 °F

(A) Cubic Feet of gas at 14.7 psia and 60 °F per Barre! of residual oil at 60 °F.

(B) Barrel of oil at indicated pressure and temperature per Barrel of residual oil at 60 °F.

(C) Barrels of oil plus liberated gas at indicated pressure and temperature per Barrel of residual oil at 60 °F.
(D) Cubic Feet of gas at indicated pressure and temperature per Cubic Feet at 14.7 psia and 60 °F.

Czin
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Relative Oil Volume, bbl / bbl

PETRO-TECH PERUANA S.A.

LO16-14
RFL 96190
RELATIVE OIL VOLUME
(at 129 °F)
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! > 1.350 = I =
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Famn ] = 21.345 S = ]
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' fSamNSEE A SSS Ry ST 21.340 S H
N O it 03 o == =
e 1 =
1.050 : : : 21598 =
s , 1.330 i
— : 3500 4000 4500 5000 [
- R —— Pressure, psig T
1.000 : 1 L 1 1 !
0 500 1000 1500 2000 2500 3000 3500 4000
Pressure, psig
Relative Oll Volume Expression:
. LEGEND
y= a+b (Xi)"i +c Xi)
where:
a= 1.03312e+ 00 i= 0.371 ° Laboratory Data
b= 8.51102e- 03 j= 1630 | = T Confidence Limits
c= 2.24533e- 07 Analytical Expression
Saturation Pressure: 3580 psig
Note: Xi (incremental "X’} = pressure, psig
Confidence level: 99 % . . ]
Confidence interval: +/- 0.00059 Differential Vaporization
'r squared': .999962 Figure B-1
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Solution Gas/Qil Ratio

PETRO-TECH PERUANA S.A.

LO16-14
RFL 96190
SOLUTION GAS/OIL RATIO
( scf/bbl at 129 °F)
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£ e : ——
0 {4
0 500 1000 1500 2000 2500 3000 3500 4000
Pressure, psig
Solution Gas/Oll Ratio Expresslon:
_ LEGEND
y= a+b (X} + ¢ Xi)*] + d (Xi)*k
where:
a= -7.62491e- 04 i= 0.492 ° Laboratory Data
b= 7.49502e+ 00 j= 1452 | T Confidence Limits
c= 2.40293e- 03 k= 0.061 - O 2 I
d= -2.19470e+ 01 Saturation Pressure: 3580 psig
Note: Xi (incremental 'X’) = pressurs, psig
(el S LU 99 % Differential Vaporization
Confidence interval: +/- 2.14 scf/bbl Fiqure B-2
'r squared': 999917 9
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Oil Density

PETRO-TECH PERUANA S.A.

LO16-14
RFL 96190

OIL DENSITY
(gm/cc at 129 °F)
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Pressure, psig
Oll Den: ression (below bubblepoint):
sty B b e LEGEND
y= a+b (Xd)*i + ¢ (Xd)*j + d (Xd)*k
where:
a= B8.29561e- 01 i= 0.551 © Laboratory Datg
b= 5.18514e- 02 j= 0307 | @ T Confidence Limits
c= -6.85093e- 02 k= 0.969 Analytical Expression
d= -8.65717e-02 Saturation Pressure: 3580 psig
Note: Xd (dimensionless 'X) = Pi/Psat
Confidence level: 99 % . ial V. . .
Confidence interval: +/- 0.00025 gm/ce Differential Vaporization
't squared': .999934 Figure B-3
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Incremental Gas Gravity

PETRO-TECH PERUANA S.A.

LO16-14
RFL 96190

GAS GRAVITY
(at129 °F)
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m
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I
i
) 117 1 I
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Pressure, psig
G fon:
as Gravity Expression LEGEND
y= a+b (Xd)"i + ¢ (Xd)"j
where:
a= 1.72789e+ 00 i= 0.476 e ‘éb%:jam’y DL?“"?
b= 1.09423e+ 00 j= 0.187 - ie S J=I LG
c= -2.12070e+ 00 Analytical Expression
Saturation Pressure: 3580 psig
Note: Xd (dimensionless X') = Pi/ Psat,
Confidence level: 99 %
Confidence interval: +/- 0.0055 Differential Vaporization
't squared": 999742 Figure B-4
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Analytical Expression

Confidence Limits
Saturation Pressure: 3580 psig

|
]
|
l
|
|
|
I
3000
Laboratory Data

|
|
|
{
|
|
[0 T A

|
|
i O
LEGEND

-mll- EICEEE R = =iE B W-lﬁh-.- HHHHH

|

il I

|

T
]
|
|
|

| |

| |

| |

L
|
|
|

2500

|

|

!

|
i

Dlifferential Vaporization
Figure B-5
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PETRO-TECH PERUANA S.A.

LO16-14
RFL 96190

RESERVOIR FLUID VISCOSITY

(at 129 °F)
Qil Gas Oil/Gas
Pressure Viscosity Viscosity Viscosity
psig cp cp ratio
5000 1.06
4500 1.01
4000 0.962
3800 0.942
b»3580 0.920
3200 0.959 0.0229 41.9
2800 1.01 0.0203 49.9
2400 1.09 0.0182 59.5
2000 1.18 0.0166 71.3
1600 1.31 0.0152 86.0
1200 1.48 0.0141 105
800 1.73 0.0131 132
400 2.13 0.0122 175
150 2.61 0.0114 229
0 3.72

* Gas Viscosity data calculated from correiation of Lee A.L., Gonzalez M.H., and Eakin B.E., "The
Viscosity of Natural Gases®, Journal of Petroleum Technology, August, 1966, pp. 997-1000.
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Ol Viscosity

4.00

PETRO-TECH PERUANA S.A.

LO16-14
RFL 96190

RESERVOIR FLUID VISCOSITY
(cpat129 °F)
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Ol Viscosity Expression:

y= a+b (Xd)"1 + ¢ (Xd)*j + d (Xd)"k

LEGEND

where:

a= 3.72318e+ 00
b= 1.36498e+ 01
c= -1.72721e+ 01
d= 8.19205e- 01

Note: Xd (dimensionless 'X)) = Pi/ Psat,

i= 0.550 o
j= 0.500
= 1.000

Laboratory Data
Confidence Limits
Analytical Expression

Saturation Pressure: 3580 psig

Confidence level:
Confidence interval:
'r squared’:

99 %
+/- 0.0259 cp
.999186

Rolling-Ball Viscosity

Figure C-1
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PETRO-TECH PERUANA S.A.

LO16-14
RFL 96180
SEPARATOR FLASH ANALYSIS
Flash Gas/Oill Gas/Qil Stock Tank | Formation | Separator Specific Oil Phase
Conditions Ratio Ratio Oil Gravity | Volume Volume Gravity of Density
( scf/bbl ) (scf/STbbl ) at 60 °F Factor Factor | Flashed Gas (gmicc )
psig | °F A (B) (°API) Bofb (C) (D) ( Air=1.000)
3580 129 0.7265
135 70 612 630 1.029 0.650 * 0.8435
0 70 51 51 33.8 1.317 1.005 1.109 0.8512
Rsfb= 681
3580 129 0.7266
80 70 638 650 1.018 0.667 * 0.8475
0 70 35 35 33.7 1.319 1.005 1.093 0.8514
Rsfb= 685
3580 129 0.7266
40 70 682 690 1.012 0.710* 0.8489
0 70 12 12 33.6 1.329 1.005 1.010 0.8522
Rsfb= 702

* Collected and analyzed in the laboratory by gas chromatography.
(A) Cubic Feet of gas at 14.7 psia and 60 °F per Barrel of oil at indicated pressure and temperature.
(B) Cubic Feet of gas at 14.7 psia and 60 °F per Barrel of Stock Tank Oil at 60 °F.
(C) Barrels of saturated oil at 3580 psig and 129 °F per Barrel of Stock Tank Oil at 60 °F.
(D) Barrels of oil at indicated pressure and temperature per Barrel of Stock Tank Oil at 60 °F.
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PETROTECH PERUNA, S.A.

LO16-14
RFL 96190

Composition of Separator Test Gas
{ From Chromatographic Technique )

Lig
Component Mol % GPM MW Dens
(gm/cc)
Sampling Conditions
Hydrogen Sulfide 0.00
Carbon Dioxide 0.10 44010 8172 135 psig
Nitrogen 0.34 28.013 .8086 70 °F
Methane 88.57 16.043 2997
Ethane 598 1596 30.070 .3558
Propane 2.89 795 44,097 .5065
iso-Butane 0.61 199 58.123 .5623
n-Butane 0.84 264 58123 5834 Sample Characteristics
iso-Pentane 0.23 .084 72150 .6241
n-Pentane 0.15 .054 72150 .6305
Hexanes 0.1 043 84.000 .6850 Critical Pressure (pSia) .....c.coooevveereieeanens 663.8
Heptanes 0.08 .034 96.000 .7220 Critical Temperature (°R) ....cccooeienniiiniens 374.4
Octanes 0.06 027 107.00 .7450
Nonanes 0.02 010 121.00 .7640 Average Molecular Weight .............c.cooene 18.82
Decanes 0.01 005 134.00 .7780
Undecanes 0.01 006 147.00 .7890 Calculated Gas Gravity (air = 1.000) ......... 0.650
Dodecanes plus Trace
Gas Gravity
Factor, FQ .cooveveeir e erasenene 1.2404
Super Compressibility Factor, Fpv
at sampling conditions ..........ccccovccienes 1.0117
Totals ........... | 10000 | 3.117 | | Gas Z-Factor
at sampling conditions * ... 0.977
at 14.7 psia and 60 °F
Properties of Plus Fractions
Gross Heating Value
Lig (BTU/scf dry gas) ....cc.eeeverieerrninennisiccncs 1151
Component Mol % MW Dens API
(am/ce) | Gravity
Test Conditions
Heptanes plus 0.18 1074 0743 58.8
Decanes plus 0.02 1405 0.786 48.3 135 Psig 0 Psig
Undecanes plus 0.01 147.0 0.794 46.5 70 °F 70 °F

* From: Standing, M.B., "Volumetric and Phase Behavior of Qil Field
Hydrocarbon Systems", SPE (Dallas),1977, 8th Edition, Appendix II.

CENTRAL FiLE
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PETROTECH PERUANA, S.A.

LO16-14
RFL 96190

Composition of Separator Test Gas
( From Chromatographic Technique )

Ligq
Component Mol % GPM MW Dens
{gmicc)
Hydrogen Sulfide 0.00
Carbon Dioxide 0.11 44010 .8172
Nitrogen 0.31 28.013 .8086
Methane 87.19 16.043  .2997
Ethane 6.28 1.676 30.070 .3558
Propane 3.37 927 44097 .5065
iso-Butane 0.76 .248 58.123 5623
n-Butane 1.09 .343 58.123 5834
iso-Pentane 0.31 113 72150 6241
n-Pentane 0.20 .072 72150 6305
Hexanes 0.14 .054 84.000 .6850
Heptanes 0.1 .046 96.000 .7220
Octanes 0.07 .032 107.00 .7450
Nonanes 0.03 015 121.00 7640
Decanes 0.02 .011  134.00 .7780
Undecanes 0.01 .006 147.00 .7890
Dodecanes pius Trace
Totals ........... | 100.00 | 3543 |
Properties of Plus Fractions
Lig
Component Mol % MW Dens API
(am/cc) | Gravity

Heptanes plus 0.24 1076 0742 59.0
Decanes plus 0.03 1383 0.784 488
Undecanes pius 0.01 1470 0.783 46.8

* From: Standing, M.B., "Volumetric and Phase Behavior of Qil Field

Hydrocarbon Systems”, SPE (Dallas),1977, 8th Edition, Appendix Il.

Page 24

Sampling Conditions

90 psig
70 °F

Sample Characteristics

Critical Pressure (psia) .......c.coovnieveiiniincns 662.9
Critical Temperature (°R) 379.5
Average Molecular Weight ........................ 19.32
Calcutated Gas Gravity (air = 1.000) ......... 0.667
Gas Gravity

Factor, Fg w.ooceececeinesnnenicecens 1.2245
Super Compressibility Factor, Fpv

at sampling conditions ..........ccceeveeeiininneas 1.0083
Gas Z-Factor

at sampling conditions * ..., 0.984

at 14.7 psia and 60 °F

Gross Heating Value

(BTU/scf dry gas) ......ccocovvvveinenininnennn 1178

Test Conditions

90 Psig 0 Psig

70 °F 70°F
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PETROTECH PERUANA, S.A.

LO16-14
RFL 96190

Composition of Separator Test Gas
( From Chromatographic Technique )

Lig
Component Mol % GPM MW Dens
(gm/cc)
Sampling Conditions
Hydrogen Sulfide 0.00
Carbon Dioxide 0.1 44010 8172 40 psig
Nitrogen 0.34 28.013 .8086 70 °F
Methane 83.94 16.043 .2997
Ethane 685 1.828 30.070 .3558
Propane 432 1.188 44097 .5065
iso-Butane 1.10 .359 58.123 6623
n-Butane 1.70 535 58123 5834 Sample Characteristics
iso-Pentane 0.54 197 72150 6241
n-Pentane 0.37 134 72150 6305
Hexanes 0.28 108 84.000 .6850 Critical Pressure (psia) ........ccccoeveeeeieeeennn. 659.8
Heptanes 0.23 .097 96.000 .7220 Critical Temperature (°R) 391.7
Octanes 0.15 .068 107.00 .7450
Nonanes 0.03 .015  121.00 .7640 Average Molecular Weight ............c.cc.c.c..... 20.57
Decanes 0.02 011 134.00 7780
Undecanes 0.01 .006 147.00 .7890 Calculated Gas Gravity (air = 1.000) ......... 0.710
Dodecanes plus 0.01 .007 168.00 .8060
Gas Gravity
Factor, FG .o 1.1866
Super Compressibility Factor, Fpv
at sampling conditions .........ccccveeeeriennnne. 1.0046
Totals ........... | 100.00 [ 4553 | Gas Z-Factor
at sampling conditions * ............ccoceieiiinn. 0.991
at 14.7 psia and 60 °F
Properties of Plus Fractions
Gross Heating Value
Lig (BTU/scl dry gas) ......oconnvviccencnnnnccnn 1245
Component Mol % Mw Dens API
(amice) | Gravity

Test Conditions

Heptanes plus 0.45 1058 0.739 59.8
Decanes pius 0.04 1458 0.787 481 40 Psig 0 Psig
Undecanes plus 0.02 1575 0797 459 70 °F 70 °F

* From: Standing, M.B., "Volumetric and Phase Behavior of Oil Field
Hydrocarbon Systems”, SPE (Dallas),1977, 8th Edition, Appendix Il
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PETRO-TECH PERUANA S.A.

LO16-14
RFL 96190

DIFFERENTIAL VAPORIZATION

ADJUSTED TO SEPARATOR CONDITIONS*

Gas
Solution Formation | Formation Oil Oil/Gas
Pressure Gas/Oil Volume Volume Density Viscosity
psig Ratio Factor Factor gm/cc Ratio
Rs (A) Bo (B) (€)
5000 681 1.300 0.7356
4500 681 1.306 0.7325
4216 681 1.309 0.7307
4000 681 1.312 0.7293
3900 681 1.313 0.7286
3800 681 1.314 0.7279
3700 681 1.315 0.7272
3600 681 1.317 0.7265
b» 3580 681 1.317 0.7263
3200 608 1.287 0.00436 0.7345 42.2
2800 533 1.2567 0.00502 0.7431 49.9
2400 459 1.228 0.00592 0.7518 59.3
2000 387 1.200 0.00718 0.7606 70.9
1600 315 1.173 0.00908 0.7697 85.7
1200 243 1.146 0.01227 0.7790 105
800 170 1.119 0.01866 0.7888 132
400 90 1.089 0.03771 0.7997 176
150 28 1.062 0.09783 0.8087 229
0 1.008 0.8296
*Separator Conditions
First Stage 135 psig at 70 °F
Stock Tank 0 psig at 70 °F

(A) Cubic Feet of gas at 14.7 psia and 60 °F per Barrel of Stock Tank Oil at 60 °F.
(B) Barrel of oil at indicated pressure and temperature per Barrel of Stock Tank Oil at 60 °F.

(C) Cubic Feet of gas at indicated pressure and temperature per Cubic Feet at 14.7 psia and 60 °F.
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PETRO-TECH PERUANA S.A.

LO16-14
RFL 86190

DIFFERENTIAL VAPORIZATION

ADJUSTED TO SEPARATOR CONDITIONS*

Gas
Solution Formation | Formation Oil Qil/Gas
Pressure Gas/Qil Volume Volume Density Viscosity
psig Ratio Factor Factor gm/ce Ratio
Rs (A) Bo (B) (C)
5000 685 1.302 0.7356
4500 685 1.308 0.7325
4216 685 1.311 0.7307
4000 685 1.313 0.7293
3900 685 1.315 0.7286
3800 685 1.316 0.7279
3700 685 1.317 0.7272
3600 685 1.318 0.7265
b» 3580 685 1.319 0.7263
3200 612 1.289 0.00436 0.7345 419
2800 537 1.259 0.00502 0.7431 49.9
2400 463 1.230 0.00592 0.7518 59.5
2000 390 1.202 0.00718 0.7606 713
1600 318 1.174 0.00908 0.7697 86.0
1200 247 1.148 0.01227 0.7790 105
800 173 1.121 0.01866 0.7888 132
400 93 1.090 0.03771 0.7997 175
150 31 1.064 0.09783 0.8087 229
0 1.009 0.8296
*Separator Conditions
First Stage 90 psig at 70 °F
Stock Tank 0 psig at 70 °F

(A) Cubic Feet of gas at 14.7 psia and 60 °F per Barrel of Stock Tank Oil at 60 °F.

(B) Barre! of oil at indicated pressure and temperature per Barrel of Stock Tank Oil at 60 °F.

(C) Cubic Feet of gas at indicated pressure and temperature per Cubic Feet at 14.7 psia and 60 °F.
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PETRO-TECH PERUANA S.A.

LO16-14
RFL 96190

DIFFERENTIAL VAPORIZATION

ADJUSTED TO SEPARATOR CONDITIONS*

Gas
Solution Formation | Formation Qil Qil/Gas
Pressure Gas/Oil Volume Volume Density Viscosity
psig Ratio Factor Factor gm/ce Ratio
Rs (A) Bo (B) (©)
5000 702 1.312 0.7356
4500 702 1.318 0.7325
4216 702 1.321 0.7307
4000 702 1.324 0.7293
3900 702 1.325 0.7286
3800 702 1.326 0.7279
3700 702 1.327 0.7272
3600 702 1.329 0.7265
b» 3580 702 1.329 0.7263
3200 629 1.299 0.00436 0.7345 41.9
2800 553 1.268 0.00502 0.7431 49.9
2400 479 1.239 0.00592 0.7518 59.5
2000 405 1.211 0.00718 0.7606 71.3
1600 333 1.184 0.00908 0.7697 86.0
1200 261 1.157 0.01227 0.7790 105
800 187 1.129 0.01866 0.7888 132
400 106 1.098 0.03771 0.7997 175
150 43 1.072 0.09783 0.8087 229
0 1.017 0.8296
*Separator Conditions
First Stage 40 psig at 70 °F
Stock Tank 0 psig at 70 °F

(A) Cubic Feet of gas at 14.7 psia and 60 °F per Barrel of Stock Tank Oil at 60 °F.

(B) Barrel of oil at indicated pressure and temperature per Barrel of Stock Tank Oif at 60 °F.

(C) Cubic Feet of gas at indicated pressure and temperature per Cubic Feet at 14.7 psia and 60 °F.
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Appendix
Nomenclature and Equations
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Pb
Xd
dP
¥f
RV

Csp

® &

PRESSURE-VOLUME RELATIONS
Nomenclature and Equations

= Bubblepoint Pressure

= Dimensionless Pressure (Pi/Pb)

= Pressure Difference (Pi/Pb)

= Y-Function (dimensionless compressibility)

= PV Relative Volume

= Average Single-Phase Compressibility of Reservoir Fluid

For Relative Volume below bubblepoint pressure:

RVi = ( (Pb - Pi)/Pi) | Yf

For Average Single-Phase Compressibility above bubblepoint pressure:

Csp = ( RVi - Rvi-1)/[RVi(Pi-1 - Pi)]
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DIFFERENTIAL VAPORIZATION

Nomenclature and Equations

Pb = Bubblepoint Pressure
Pbase = Base Pressure
Thase = DBuse Temperature
Tres = Reservoir Temperature
Xd = Dimensionless Pressure (Pi/Pb)
dP = Pressure Difference (Pi-Pb)
RV = Relative Volume from Pressure-Volume Relations
Dens = Single-Phase Oil Density
Densb = Qil Density at Bubblepoint Pressure
ROV = Relative Oil Volume
ROVD = Relative Oil Volume at Bubblepoint Pressure
Bg = Gas Formation Volume Factor

For Oil Density above bubblepoint pressure:

Densi = Densb/RVi

For Relative Oil Volume above bubblepoint pressure:

ROVi =ROVbD *RVi

For Gus Formation Factor below bubblepoint pressure:

Bg = Pbuse *Zi* Tres/(Pi* Tbuse)



DIFFERENTIAL VAPORIZATION
ADJUSTED TO SURFACE CONDITIONS

Nomenclature and Equations

Pb = Bubblepoint Pressure
Bo = Oil Formation Volume Factor
Bofb = Formation Volume Factor from field conditions or optimum

separator flash test

Bod = Relative Oil Volume from differential vaporization test
Bodb = Value of Bod at bubblepoint pressure
RV = Relative Volume from Pressure-Volume Relations

For Bo above bubblepoint pressure:

Bo = RV * Bofb

For Bo below bubblepoint pressure:

Bo = (Bod) * (Bofb/Bodb)

Pb = Gas in solution
Bo = Sum of separator gas and the stock tank gas from field conditions (or
optimum) separator flash test
Rsd = Gas in solution from the differential vaporization test
Rsdb = Rsd at bubblepoint pressure

Rs = Rsfb - [(Rsdb - Rsd) * (Bofb/Bodb)]
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