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Abstract

This project was funded and supported by SUT budget, laboratories, and personnel with
the assistant from DMF and concessionaire’s personnel for data. The objective of the research is
to study Northeastern petroleum potential and risk assessment using computer program, including
Chonnabot field, Namphong field and Permian formation. The objectives of this research are to
1) compile petroleum field developments in Thailand, 2) compile guide line for petroleum
potential and risk assessment, 3) determine the reserve and production of small petroleum fields
using reservoir simulation, 4) evaluate economic returns and sensitivity values of petroleum
fields, 5) determine the knowhow to develop marginal petroleum field commercially. There are
11 petroleum field were modeled using Eclipse program, There are 4 oil fields in the central
Thailand with oil in place of 300,000 , 400,000 , 1,000,000 and 10,000,000 barrels and recovery
(reserve) of 45,000 , 80,000 , 160,000 and 1,500,000 barrels respectively. There are 2 gas fields in
the Northeastern Thailand with gas in place of 250 and 450 MMMSCF (billion cu.ft.) and
recovery (reserve) of 200 and 300 MMMSCEF respectively. There are 3 oil fields and 2 gas fields
in the Gulf of Thailand with oil in place of 10,000,000 , 10,000,000 and 10,000,000 and gas in
place of 375 and 740 MMMSCF and oil recovery of 1,400,000 , 2,000,000 and 2,000,000
barrels and gas recovery of 300 and 570 MMMSCEF respectively.

The study is based on 80 $/barrel of oil and 6 $/MMBTU of natural gas prices. The fields
become marginal petroleum fields when the IRR is less than 10%. The reserve of marginal oil
fields is 80,000 and 2,000,000 barrels and gas fields is 200 and 300 billion cubic feet for onshore
and offshore respectively. The sensitivities were done, the marginal petroleum fields can be
developed commercially (IRR=15-20%) when either reserve or petroleum price increases by
20%. When the reserve of a marginal field is established, if the investment and operation cost can
cut down by 20% the field become profitable. The innovation of new technology and incentive
royalty and taxes relaxation should promote the petroleum activities and increase the indigenous

petroleum supply for Thailand development in the future.
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P General scale Analogue or theoretical model Proven geological P
models
Condition is virtually to [Only possible model applicable for |Identical geological
1 |absolutely certain. Data |the concerned area. Unfavorable factor to those found in 1
quality and control is models are impossible. fields and discoveries in
excellent. - - immediate vicinity.
Hemodeliswenlikelio Conditions are verified
0.9 absolutely certain. Unfavorable by unambiguous well 0.9
models are not impossible. o
and seismic control.
Condition is most The model is very likely. Only minor |Similar geological factor
0.8 |probable Data control  |chance that unfavorable models can  [successfully tested by 0.8
and quality is good. be applied. wells in the trend.
Most likely — - Lateral continuity is
interpretation. [ hkel)./ 3 probable as indicate by
0.7 Unfavorable models can be applied. convincing well and 0.7
seismic control.
Condition is probable or [The model is more likely than all Similar geological factor
0.6 |data control and quality |other unfavorable models. is know to exist within 0.6
is fair. Favorable the trend. Lateral
interpretation. Likely model, however. Unfavorable [continuity is probable as
0.5 are also likely. indicate by limited well | 5
and seismic data.
Condition is possible or [Unfavorable models are more likely [Similar geological factor
0.4 [data control and quality |than applied model. may exist within the 0.4
is poor to fair. Less trend. Valid concepts,
Favorable interpretation [The model is questionable and but unconvincing data
0.3 |possible. unfavorable models are likely to very |Only hints at possible 0.3
likely. presence of the feature.
Condition is virtually to [The model is unlikely and very The geological factor is
0.2 |absolutely impossible.  |questionable. Unfavorable models known to exist within 0.2
Data control and quality |are very likely. the trend. Conditions are
is excellent. The model is unlikely and highly verified by
0 questionable. Unfavorable models ~|unambiguous well and 0
are very likely to certain. seismic control.
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g . .
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Data Direct data, Direct, but less Limited data, Indirect data
Res. reliability| proximal deposit | data, more distal uncertain
Depth, deposit correlation
(pressure, temp)
g [Homogeneous, 09-1.0 0.8-0.9 0.7-0.38 0.6-0.7
= |clean reservoir
[
-, |[Mixed, unclean 0.8-1.0 0.7-0.8 0.6-0.7 0.4-0.6
reservoir
g [Homogencous, 0.8-0.9 0.7-0.8 0.5-0.7 0.4-0.5
= [clean reservoir
o
e [ Lixed, unclean 0.7-09 0.6-0.7 05-0.6 03-05
reservoir.
g |Flomogeneous, 0.7-0.9 0.5-0.7 0.4-0.6 0.3-0.5
£ |clean reservoir
- .
A [Mixed, unclean 0.6-09 03-0.5 0.2-04 0.1-03
reservoir
Late uplift Take maximum burial into consideration
Calcite cementation ~ Consider regional studies
Lllitisation Regional studies, clay content
Dolomitisation Consider regional studies
Early migration May preserve reservoir porosity
Secondary porosity ~ Pressure/ solution studies, etc.
ADJUST DEPYH BOUNDARIES ABOVE TO FIT BASIN PROPERTIES
ADJUST MINIMUM POROSITY VALUE IN VOLUME CALCULATIONS
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Data l'eliability 2D-seismic
Seismic 3D-seismic
correlation and mapping Dense grid size | Open grid size | Very grid size
Lo Low structure complexity 09-1.0 09-1.0 08-1.0 0.7-0.9
)
E i High structure complexity 0.7-1.0 0.6-09 0.5-0.8 04-0.7
T2
- . .
ES § Low rel!ef, uncertain depth 0.6-009 05-08 04-07 03-06
conversion
= Low structure complexity 09-1.0 08-1.0 0.7-09 05-0.8
=
- %
£ 2 £ |High structure complexity 0.7-09 06-09 04-0.8 03-07
0T ¢
g -~ 2
2 . .
5 £ Low rel!ef, uncertain depth 05-08 04-07 03-06 0205
= conversion
. g Low structure complexity 09-1.0 0.7-1.0 06-09 0.4-0.7
- L
E é E High structure complexity 0.4-0.7 0.3-06 0.2-05 0.1-04
E =g . .
5 = Low rel!ef, uncertain depth 03-07 0206 0.1-05 0.1-04
= conversion

Interpretation of top surface not base on seismic reflector:
Parallel reflector In general, middle to high end of range

Non- Parallel reflector Low end of range

Area of closure/grid size:

> 5 times Dense grid size
2 -5 times Open grid size
<2 times Very grid size
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Seal quality

Seal mechanism Verygood | Good | Acceptable |  Poor

Top surface | Bottom side Structure style
ig Conform  [N/A. f;sfogsl‘:‘:t’s“ed highs, build- 109 10 | 08-10 | 06-08 | 04-06
5 UnConform  |N/A. Fault structure 08-09 0.7-0.8 0.5-0.7 03-05
73 Conform Uncon form  |Onlap, low stand wedge 05-07 0.4-05 03-04 0.1-03
'5 Conform Fault Down faulted structure 0.6-08 0.5-0.6 0.3-05 0.1-03
.'E Conform Facies shift ~ “Shale out” 0.6-038 0.5-0.7 04-06 0.1-03
S UnConform  [Conform Suberop structure 0.4-05 0.3-05 02-04 0.1-03
Salt, anhydrite, carbonate Very good sealing properties
Thick, shale Good sealing properties
Thin, shale Poor to acceptable sealing properties
Basalt Acceptable to good sealing properties
Fault cutting top surface Poor to acceptable sealing properties
Juxtaposition; fault plane Depends on sand/shale or sand/sand contact
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C. Rotated fault block (normal)
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E. Trap formed by truncation
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G. Fault block (reverse)
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L. Stratigraphic trap (“shale-out™)
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B. Horst

D. Traps formed by salt diapirism
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F. Downthrown fault block
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H. Combined trap mechanism
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J. Stratigraphic trap
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Depositional Restricted marine or Mixed marine or Deltaic environment
environment lacustrine environment |lacustrine environment | with mostly humic
with conc. sapropelic with dispersed organic matter
organic matter sapropelic organic  |(terrestrial; mainly gas)
Data reliability matter
p Sufficient volume 09-1.0 0.8-1.0 0.8-1.0
roven
source |Marginal volume 05-0.8 0.4-0.7 0.4-0.7
rock
Marginal mature 03-0.6 02-0.5 02-0.5
Quality |Sufficient volume 0.7-0.9 0.6-0.8 0.6-0.8
reduced -
Marginal volume 0.4-0.6 0.3-0.6 0.3-0.6
source
rock  [Marginal mature 02-0.5 0.1-04 0.1-04
Hypo- |Sufficient volume 0.5-0.8 0.4-0.7 0.4-0.7
thetical
1A IMarginal volume 03-0.7 0.3-0.6 0.3-0.6
source
rock  |Marginal mature 0.1-0.4 0.1-0.4 0.1-0.4
Specu- |Sufficient volume 0.4-0.7 03-0.7 03-0.7
lative :
Marginal volume 02-0.6 0.2-0.5 0.2-0.5
source
rock  [Marginal mature 0.1-0.4 0.1-03 0.1-03
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BASIN/CYCLE IDENTIFICATION KEY — BASIN FORMING TECTONICS

IDENTIFICATION UNKNOWN CYCLE OR BASIN
PARAMETERS
[ |
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| | | | | |
2. PLATE MOVEMENT DIVERGENT "ONVERGE! DIVERGENT
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CONVERGENT)
DIVERGENT CONVERGENT CONVERGENT DIVERGENT
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Z 0
PRIMARY STRUCTURAL | | A E
MOVEMENT INVOLVED /\ /\ Z E
. |
IN BASIN ORIGINATION Y \
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PRACTICAL MODEL | | | | | ] |
BASINTYPES [ 1s | [ ] [ms] [w] [m] [rt] [os] 0s
POLYHISTORY BASING COMBINE FOR POLYHISTORY BASINS
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SOURCE ROCK LOCATION

BASIN TYPE SOURCE ROCK
(IRCULAR - LINEAR - DEEP WATER
GOOD
IS RESTRICTED PALEOZOIC
ISPO (POSTOROGENIC) VERY GOOD
EARLY VOLCANIC RIFT STAGE
SMALL BASINS POOR
POST OROGENIC (NEWARK)
IF
MATURE STAGE
LARGER BASINS VERY POOR
MARINE - NM
MSMS - THIN PLATFORM -POOR-GOOD
\S MSDA -DELTA - POOR - GAS PRONE
. MSOS - OCEAN CLINOFORMS - MOSTLY POOR
MSIS - FORELAND BASIN -VERY GOOD
LARGE BASINS
- VERY GOOD
CONTINENTAL CRUST
LL
SMALL PROTOCONT'T - OCEANIC CRUST
-POOR
VOLCANIC ASSOC.
TA RESTRICTED MARINE -POOR
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Number of prospect x success ratio x Field size.

Success ratio = No. of economical successes/ No. of wildcats.
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volume volume gas expansion influx expansion
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Setting G(Bg)i = mN(Bo)i
Rp = Gp/Np
Gp = (Gp)e +(Gp)s we can write
F = N(Eo+ mEg + (1+m)Efw + (We + WinjBw + GinjBg — WpBw)
Or
F = NE, + We'
Where :
F = Np(Bo +(Rp - Rs )Bg)

&y
Il

(Bo —(Boi))+ ((Rsi)— Rs)Bg

Ef,w =(1+ m)(B()i)AP[

CwSwi + Cf']
1—Swi
E, = Eo+mEg + Ef ,w

F/Er

{We + WiBw + GiBg — WpBw}
E,

. ) . N
310 4.7 maTeunslaums Material Balance THitluiduasuiionfSunadTasidon ()

(Archer, 1996)
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AnAuEluiugIU (Dolton and Crovelli, 1997) A

Gas volume (ft3 ) =43,560 x A x F x H x Por x (1-Sw) x (Pr/Tr) x (1/Z) x (Tsc/Psc)

JEY

A = area of closure (acres) F = trap fill (decimal fraction)

H = reservoir thickness (feet) Por = porosity (decimal fraction)
Sw = water saturation (decimal fraction) Pr = original reservoir pressure
(psi)

Tr = reservoir temperature (degree Rankine) Z = gas compressibility factor
Psc = pressure, standard conditions (psi) Tsc = temperature (degree Rankine)
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amsume; G 43,560 x A x h x @ x (1-Swi) x (1/Bgi)

v

MHSVINNU ; N

7,758 x A x h x @ x (1-Swi) x (1/Boi)

SIMULATION MODEL
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(PROBABILITY) x 1,000
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0 % OIL VS GAS =3
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>

0 RECOVERY =3

317 4.8 31u1UYBI Monte Carlo Simulation Model (Kjemperud,2005)
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Cumulative oil production 61,743 STB
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Reservoir flowing pressure
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Gas, oil and water production
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REVENUE (MM$) 1249.30
INVESTMENT (MMUSS$) 346.92
ROYALTY (MMUSS) 87.82
INCOME TAX (MMUSS) 245.09
IRR (%) 9.84
NPV 10% DISCOUNT(MMS) 45.21
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Summary Thailand III
REVENUE (MM$) 1924.16
INVESTMENT (MMUSS$) 377.29
ROYALTY (MMUSS) 160.9
INCOME TAX (MMUSS) 477.45
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NPV 10% DISCOUNT(MMS$) 45.87
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Summary Thailand IIT
REVENUE (MM$) 112.74
INVESTMENT (MMUSS$) 46.28
ROYALTY (MMUSS) 5.64
INCOME TAX (MMUSS) 11.35
IRR (%) 7.79
NPV 10% DISCOUNT(MMS) -1.94
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REVENUE (MM$) 163.52
INVESTMENT (MMUSS$) 49.28
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NPV 10% DISCOUNT(MMS) 8.33
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Summary Thailand III
REVENUE (MM$) 165.09
INVESTMENT (MMUSS$) 49.9
ROYALTY (MMUSS) 8.25
INCOME TAX (MMUSS) 26.08
IRR (%) 6.65
NPV 10% DISCOUNT(MMS) 2.75
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Summary Thailand III
REVENUE (MM$) 1854.9
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Summary Thailand III
REVENUE (MM$) 3420.3
INVESTMENT (MMUS$) 515.82
ROYALTY (MMUSS) 381.74
INCOME TAX (MMUSS) 717.62
IRR (%) 21.89
NPV 10% DISCOUNT(MMS) 183.09
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L AITUNTU (Porosity) UBIFUNI Y 19 -26 %
9
2. ANUFUNY (Permeability) Iav0IFUNTIY 9.20 - 586.00 md
A ' v g o v
AauUALYIaINNINY VIHIU Hue
: ¥ ¥ o o & ¥ .
1. 52AUI0UADVBITUUINUNUTUU (Oil-Water Contact) 3,915 W
v A 9 U S i
2. mwmmimuimmmﬂﬂmu (initial pressure) @ 3,850 ‘1/}!@1 3,500 ps1
o o 2]
3. ANAU IUMITLENAIVDIN 1% (bubble point pressure) 1,800 psi
a =]
4. Qi lunyaannA (formation temperature) @ 3,850 W@ 203 °F
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{ oA 1 o =] y o
ﬂ']ﬁNﬁ 8.2 %@Eﬁﬂﬂ!ﬁuﬂﬂﬂﬁ € VDUV DIUNAINNNUUINU SUT MC 4 SIESTRE!

¢ ¢ A 4
10,000,000 V3L5Q VIILTA U WuﬂﬂWﬂﬂa’Nﬂl@\iﬂiglﬂﬁqﬂﬂ

YUY

paanifvedlva NUIU
1 o 50’ v a
1. AU NIV UAY 33 °API
1 o %) { %’ Y @ 1
2. ANy NI NIzUeIMsnazate luiuy 0.8 dagiu
' 3 7 7
3. ANURUUUUDIUN 62.43 ouanagnindye
4. Water compressibility @ 3500 psi 3.08x10" psi_l
4
5. anuriavei 0.304 cp
Y
6. A)szneufsmasuesiniu (B,) 1.053 - 1.253 bbl/STB
@ 1 %) %’ o
7. 0aT1a UM Tuaiu 0.001 - 0.389 MSCF/STB
Y
8. ANUMHATD I 0.6-5.8 cp
(2]
9. ANUNIIAVDINY 0.013 - 0.025 cp
o 1 9] 4 4
10. dadrumamsveu lasen laq 0.05 wWesigua
poanDAtUAN U (et
7
1. ANUNFY (Porosity) YBIFUNIY 21-23 %
Vv
2. ANVUFUIIY (Permeability) TAVDITUNTIY 72.36-207.62 md
AaNUALHAINNINY NI (QTet)
1. 32AUIDIADUDIFUUNUANUFUUT (Oil-Water Contact) 3,915 |9
v A 9 ] .. .
2. mwmmimuimmmﬂﬂmu (initial pressure) @ 3,850 V;IG] 3,500 pst
[ @ (24
3. ANuAU UM IHENAIUDINY (bubble point pressure) 1,800 psi
a =]
4. QmWQMGlHLLWaQﬂﬂLﬂU (formation temperature) @ 3,850 Vﬁ@] 203 °F
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{ oA 1 o = a
ﬂ']ﬁNﬁ 8.3 %@Eﬁﬂﬂ!ﬁuﬂﬂﬂﬁ € VBDLUUIIADUNHAINNNUNIETITNBIS SUT MNE 1 Ly

s Y 1
SUT MNE 2 431181 250,000,000,000 Hag 450,000,000,000 gRLANNA a1 Wil

[ = =}
mﬂ@muaamﬂmmuammﬂizmﬂ%ﬂ

aaautiAvedlva MU (et
. ANNDNTUNIZVDIM Y 0.83 dadiu
! ¥ 2 s
ANUAUUUUYDIUN 62.43 Youanagnudie
. Water compressibility @ 3500 psi 3.14x10° psi’
Y
. ANUMiavei 0.25 cp
@ (2]
-dlszrouiliinasvesmy (B) 0.61 —239.41 bbl/SCF
(2
. ANUNTaveINY 0.01 —0.04 cp
AauAtUANY U (et
7
. ANUWIU (Porosity) VOIFUNI Y 3-18 %
9
. ANUTFUBIY (Permeability) 1avoa¥unse 0.3 - 868 md
v ' o < o v
paaNUANraInNY UM 1
o 1 g’.; 94 @ g’.} %‘
. I2AUIDINDYDIFUNMYAVYUU (Gas-Water Contact) 10,315 W
o A Y 1 v 3 rF 7 .
Canuausuduluuvasnmny (initial pressure) @10,250 1/!(51 6,500 psi
a =]
. QmWQMGlHLLWaQﬂﬂLﬂU (formation temperature) @10,2501&@] 240 °F
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{ oA 1 o =] y o
ﬂ']ﬁNﬁ 8.4 %@Eﬁﬂﬂ!ﬁuﬂﬂﬂﬁ € VDUV NHAINNNUUINU SUT MGT 1 Usum

14 Ay A
10,000,000 115150 & NuNe1 Inevesdlszmalne

YUY

E} U

paanifvedlva NUIU
1 o 50’ v a
ANV NTUMIZYDNNNUAY 31 °API
1 o %) { %’ Y @ 1
. ANNDRIUWMIZYRIMFNazae luiiu 0.7 dadu
' 3 7 7
AMUARUIUUYDIUN 62.43 Youaaognindia
. Water compressibility @ 3500 psi 2.92x10" psi_l
4
_anunilaveah 0.29 cp
Y
-anlszneuafsmasvesingu (B,) 1.06 - 1.17 bbl/STB
@ 1 %) %’ o
. oas1aIuveIma Ty 0.001 - 0.25 MSCF/STB
Y
- ANUHHATE Y 0.82—18.5 cp
(2]
_ANuraveInw 0.01-0.03 cp
AaauAtUANHY U (et
7
. ANUNTU (Porosity) VOITUNIY 19-26 %
9
. ANUFBIY (Permeability) 1avoa¥unsg 9.20 - 586.00 md
v ' v o '
paENUAUMAININY MUY K
. 7T 3 o o T 7
. 32AUIDIADUDITUNNUA VUL (Oil-Water Contact) 16,050 W
o A Y 1 v 3 oy 8, .
- ANUAUENAU I ULWAINNIAY (initial pressure)@15,000 1A 6,500 psi
o o (2
. ANuAUluMsIHenAIve9N 1w (bubble point pressure) 1,500 psi
a (=]
- gaun i luunanniny (formation temperature)@15,000 W 212 °F
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{ oA 1 o =] y o
ﬂ']ﬁNﬁ 8.5 %@Eﬁﬂﬂ!ﬁuﬂﬂﬂﬁ € VDUV HAINUNUUINU SUT MGT 2
¥

4 {1
1a SUT MGT 3 133791 10,000,000 1ag 10,000,000 115158 2 Wune1d Ineves

Uszmnealne
wa o |l
paaniAvedlva UM Hie
1 o 50’ o a
. AMUD NI UNIZYD I UAL 39.4 °API
1 o %) { %’ Y [ 1
. ANNDRIUWIzYRIMFNazae luuiu 0.8 dadu
' ¥ 2 7
CANUHUUUYDIU 62.43 Youaaognindia
. Water compressibility @ 3500 psi 3.08x10" psi_l
v
_anunilaveah 0.3 cp
Y
-anlszneuafsmasvesingu (B,) 1.05 - 1.31 bbl/STB
@ 1 %) %’ Y
. oas1aIuveIma Tyl 0.002 - 0.482 MSCF/STB
Y
- ANUrHATE I 0.47-6.7 cp
(2]
_ANuraveInw 0.01 - 0.02 cp
AoauAtUANHY U (et
7
. ANUNFU (Porosity) YBIFUNIY 21-23 %
9
. ANUFUHY (Permeability) TAuee¥unIe 72 - 208 md
A ' o < o '
AMaNANvaININY UM Hie
. SZAUT0IADVDITUUNUN UYL (Oil-Water Contact) 16,915 {9
o A =]
. mmwﬁuﬁ’ﬂmmmﬂﬂmu (initial pressure)@15,850 V;IG] 6,500 psi
o o (2
- anuaulumsuend1ueana (bubble point pressure) 1,800 psi
a (=]
. NI TunaInnINY (formation temperature)@15,850 o 203 °F




{ oA 1 o = a
ﬂ']ﬁNﬁ 8.6 %@Eﬁﬂﬂ!ﬁuﬂﬂﬂﬁ € VDUV DUUAINNUNUNIETIINEIE SUT MGT 4,

SUT MGT 5 Y5118 375,000,000,000 L8 740,000,000,000 ﬁ’uﬁmgﬂmﬁf‘fﬂﬂ

9 v
a1 Nune1 Insvsalszime ne

paaniAvedlva U QIet
1 ) 9 % 1
1. AVONIVNIZUVOINIE 0.8 aadIu
1 ¥ S o
2. ANUHUUUYD U 62.43 ouanagnindye
3. Water compressibility @ 3500 psi 3.35x10" psi
Y
4. ANUHHAYDN 0.25 cp
% [
5. Alsznevfsinasvesnas (B) 0.62 — 238.66 bbl/MSCF
(4]
6. ANNKAVDIN1Y 0.01 —0.04 cp
WA A U < o ]
paENUARUNNINDY NUIU Y28
z
1. AUWFU (Porosity) YBIFUNIY 1517 %
9
2. ANUFNYIY (Permeability) IAVDITUNI Y 72 - 207 md
A T o [ o |
paENUAUMAININY NUIU Y28
] 1 g’.z 9 @ g’.: %‘
1. 52AUT0UADVDIFUMBNUTUU (Gas-Water contact) 10,150 o
v A " v d
2. ANueUEuAU luLMAIR AN (Initial pressure) @10,000 Y 3,500 psi
a " v d
3. Qmwgﬂmmmﬂﬂmu (Formation temperature) @10,000 ‘IQIGI 234 oF
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A o a 4 1 v & A =)
AT NN 8.7 LL“]J“IJmafNﬂfJiJW’JLGI’é]ﬁl@ﬂlmaﬂﬂﬂlﬂ‘uﬂiﬂimﬂw

sUuuy duiidnmves | Wanedlas@en | Wanadlasiden | dodems
Uszmelne Tunnasnmfu #1504 AUND (%)
SUT MC 1 MANA 300,000 V13150 45,000 115158 15
SUT MC 2 400,000 L15158 80,000 113150 20
SUT MC 3 1,000,000 V15158 | 160,000 U15i5@ 16
SUT MC 4 10,000,000 115158 | 1,500,000 V15t5@ 15
SUTMNE ! | niaaziueen 250,000,000,000 | 200,000,000,000 80
Rounile anudna anuAnye
SUT MNE 2 450,000,000,000 | 320,000,000,000 71
anudAnye anuAnye
SUT MGT 1 811 1ny 10,000,000 V15158 | 1,400,000 115150 14
SUT MGT 2 10,000,000 LN515a | 2,000,000 113150 20
SUT MGT 3 10,000,000 1N515@ | 2,000,000 113150 2
SUT MGT 4 375,000,000,000 | 300,000,000,000 80
amndAnie amndAnye
SUT MGT 5 740,000,000,000 | 570,000,000,000 77
anudnya anudna




A o a 4 1 v 3 A = 1
AT NN 8.7 LL“]J“lJﬂTﬁfNﬂE)lJW?L@]@ﬁﬂl@ﬁllﬁaﬁﬂﬂmﬂﬂiﬂﬁ!ﬁﬂu (919)
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siuuy Sanmswan | vems | Sou | i Aaaasly
wan () | viqw Fanua | msad i
(101n03)
SUT MC 1 65 STB/day 3 1 1964 | 6364 | 6.1-6.14
SUT MC 2 150 STB/day 4 2 48.27
SUT MC 3 150 STB/day 4 3 196.41
SUTMC4 | 600 STB/day 20 5 196.41
SUTMNE 1 | 50 MMSCF/day 20 10 | 581095 6.5 6.15 - 6.18
SUTMNE 2 | 75 MMSCF/day 20 12| 10,330.58
SUTMGT 1 | 2,000 STB/day 8 4 21552 | 6.6-68 | 6.19-6.34
SUTMGT2 | 600 STB/day 20 6 273.24
SUTMGT3 | 600 STB/day 20 6 273.24
SUTMGT 4 | 200 MMSCF/day | 20 50 | 16,141.53
SUTMGT 5 | 200 MMSCF/day | 20 60 | 16,141.53
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{ v J a J ° Y '
ﬂ']ﬁW\Tﬁ 8.8 ﬁ?llwaaW‘ﬁﬂ'lﬁW‘ﬂ15ﬂ!'l‘l’]'l\‘]@%ﬂlﬁﬁ‘blﬂﬁ'lﬁﬂﬁﬂl@%yﬂﬂ%'lﬁf)\‘]ﬂWﬁWiﬂllﬂllﬁa\?

a 2 <
Vlas@envnaan
siuuy Y3 Y3 5%0UEY | Escalation | Discount
Wasidenly Masiaaw Masiaew (%) rate
uHaInnIAY #1309 (%)
SUT MC 1 300,000 45,000 80 1M BRYANTY 3 10
J J ' J
113150 113150 AD113150
SUT MC 2 400,000 80,000 80 IH38YaNTY 3 10
4 4 1 4
115150 115150 AD115150
SUT MC 3 1,000,000 160,000 80 IH38YaNTY 3 10
4 4 1 4
115150 115150 AD115150
SUTMC4 | 10,000,000 1,500,000 | 80 1W3BRYaNSY 3 10
4 4 1 4
115150 115150 AD115150
SUT MNE | 250,000,000,000 | 200,000,000,000 | 6 1M3eayatiiy 3 10
1 amnAnya anunAn¥a Anauililg
SUT MNE | 450,000,000,000 | 320,000,000,000 | 6 1M3enyatiiy 3 10
2 annAnya annAnya Aoauiiiiy
SUT MGT 1,400,000 1,400,000 | 80 1H3ORYANIY 3 10
4 J ' J
1 115150 115150 AD113150
SUT MGT 2,000,000 2,000,000 | 80 M3BRYANTY 3 10
4 4 1 4
2 115150 115150 AD115150
SUTMGT | 2,000,000 2,000,000 | 80 W3sayansy 3 10
4 4 1 4
3 115150 115150 AD115150
SUT MGT | 375,000,000,000 | 300,000,000,000 | 6 1MIeRyatiig 3 10
4 annAnya annAnya Anauiliig
SUT MGT | 740,000,000,000 | 570,000,000,000 | 6 1MIeRyatiig 3 10
J 4 1 9 A
5 2nFNYa 2nFNYa ApAIUINY




{ v J a J ° Y '
ﬂ']ﬁW\Tﬁ 8.8 ﬁ?llwaaW‘ﬁﬂ'lﬁW‘ﬂ15fl!'l‘l’]'l\‘]@%ﬂlﬁﬁ‘blﬂﬁ']ﬁﬂﬁﬂl@%yﬂﬂ%']ﬁfNﬂWﬁWﬁllunlﬁa\i

a <3 1
W Tas@euvuiam@n (as)
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= < ' Y
gﬂgmu 2 HUNYDI INUAINIAUANIDYDS 20

siluuy Auamy | maavads | mEAWIE | danaunu ) | vsEndls
(MMUS) (MMUS) (MMUS) | NoDC DC (MMUS)
SUTMC 1 2.63 0.18 0.34 -0.53 -9.57 -0.4
SUTMC2 | 593 0.32 0.73 764 | 214 -0.13
SUTMES 1y 7 0.65 251 | 1997 | 906 0.83
SUTMC 4 34.43 6.01 25.39 26.45 15.33 11.11
SUT NE 1 346.92 87.82 245.09 9.84 241 45.21
SUT NE 2 377.29 160.9 477.45 14.6 7.01 182.59
SUT MGT 1 46.28 5.64 11.35 7.76 -2.01 -1.94
SUT MGT 2 49.28 8.18 20.39 16.87 6.25 8.33
SUT MGT 3 49.9 8.25 33.23 6.65 0.9 2.75
SUT MGT 4 433.54 159.51 239.4 9.31 1.52 28.33
SUT MGT 5 515.82 381.74 717.62 21.89 12.02 183.09
IR iy 1 vineds ivuAnInraledesay 100
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1 U %l o o
8.1 Lmuﬁmmgmmﬂmﬁuumu SUT MC 1, SUT MC 2 uag SUT MC 3 319013119

w04 1U51n51 Eclipse office 100

Office 2009.2

FIPOIl (stb)

{ o =] y o o
gﬂﬁ 8.2 HUUDILIAINILNUUINU SUT MC 4 fl]']ﬂﬂ']iﬂ']uflmsllﬂQIﬂjuﬂijJ

Eclipse office 100
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FIPGas (Msch)

{ o =] a o
gﬂﬁ 8.3 L!,‘]_I‘Llﬁﬂﬁ’tNL!,ﬁaQﬂﬂLﬂ‘]_lfc]vF]f‘ﬁiiiJ"]f’m SUT MNE 1 itag SUT MNE 2 21001314

w04 1151053 Eclipse office 100

{ o =] ? o o
Eﬂﬁ 8.4 LUV UNAINNINUUINY SUT MGT 1 ﬂTﬂﬂWﬁﬂ]u’Jmﬂl@QTﬂillﬂiu

Eclipse office 100
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qfl;‘llﬁ 8.5 LUV AINNNUUINU SUT MGT 2 iag SUT MGT 3 310013ATUIUUDI

Talsunsu Eclipse office 100

{ o = a °
qi"l]ﬁ 8.6 LUVADILHAINAUNUNIFDTITUEIA SUT MGT 4 1ag SUT MGT 5 910N15ATUIU

w04 1U51n53 Eclipse office 100
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-- Office Grid Header (GRIDGHDR) Data Section Version 2004A 1 Sep 3 2004

-- File: Project2_ghdr.INC
-- Created on: 03-Mar-2005 at: 14:58:22

oo stk ok ok skosk sksk sk kR otoR ok ok kol sk sk stttk stttk sk sk sksk stk kst sttof sk sk sk sksk stk stttk skokokok ko ok Rk K

- ¥ WARNING -
- ¥ THIS FILE HAS BEEN AUTOMATICALLY GENERATED. *

- * ANY ATTEMPT TO EDIT MANUALLY MAY RESULT IN INVALID DATA. *

= sfeskeskosk s sk sk sk sk sk sk sk sk skt sk sk sk sk skt sk sk kol sk skl sk stk sk i sk skokoskoskok sk sk sk sk skosk sk ksl sk kol sk skok sk skok skosk kol skokokosk skokokokokskokok sk

-- Off GRIDGHDR GRID Module GridType: "Cartesian"

-- Off GRIDGHDR GRID Module NX: 25

-- Off GRIDGHDR GRID Module NY: 25

-- Off GRIDGHDR GRID Module NZ: 8

-- Off GRIDGHDR GRID Module Grid Transformation: 6 3

-- Off GRIDGHDR 0.0000000000000e+000 0.0000000000000e+000 1.0000000000000e+000
-- Off GRIDGHDR 0.0000000000000e+000 0.0000000000000e+000 1.0000000000000e+000
-- Off GRIDGHDR GRID Module Number of Layers: 1

-- Off GRIDGHDR GRID Module Grid Item Status: 1

-- Office INIT (INIT) Data Section Version 2004A 1 Sep 3 2004

-- File: Project2_init.INC

-- Created on: 07-Mar-2005 at: 15:57:24



-3

skt sk stk sk sk ksl sk ksl sk skl s sk sk sk sk sk sk skl sk skl sk sk sk sk sk sk sk ksl sk kol sk skl sk skokoskoskokosiosk kol skokolk sk kol sk skok skoskokoskoskokokoskokokskok

- ¥ WARNING *

- ¥ THIS FILE HAS BEEN AUTOMATICALLY GENERATED. *
- ¥ ANY ATTEMPT TO EDIT MANUALLY MAY RESULT IN INVALID DATA. *

= sieskeskeosk sk sk sk sk sk sk sk sk sk sk skl sk sk sk sk skt sk sk kol sk ksl sk stk sk skt sk sk ks sk sk siosk stk sk skosiosk kol sk sk sk sk skokosk sk skokoskokok sk skoloskoskokskosk skokskok

-- OFFICE-INIT-HEADER-DATA

-- Office INIT Keywords

ECHO

PBVD

-- Bubble Point v Depth
3850 1800
3900 1800

EQUIL

-- Equilibration Data Specification

3850 3500 3875 1* 1* 1% 1% 5 1* I%*

-- Office PVTN (PVTN) Data Section Version 2003A 1 Oct 10 2003

-- File: Project2_pvt.INC



n-4

-- Created on: 05-Jan-2005 at: 10:22:38

3k sk st sfe sk sfe sk st sie st sk skeske sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk st ste st stesie skt sk sk sk ske sk sk sk sk sk sk sk sk sk sk ste sk st sk stk sieskeosieosk sk sk sk sk sk sk skoskoskoskeoskokoskokokorsk

- * WARNING *

- ¥ THIS FILE HAS BEEN AUTOMATICALLY GENERATED. *

- ¥ ANY ATTEMPT TO EDIT MANUALLY MAY RESULT IN INVALID DATA. *

—— seoskeskeosk sk stk sk sk skesk s sk sl sk skl sk sk sk sk sk sk sk skl sk skl sk stk sk skokosk sk ksl sk kol sk skl sk skokoskoskokosiosk skl skokolk sk kol skoskok skoskokoskoskokokoskokokskok

-- OFFICE-PVIN-HEADER-DATA

-- Off PVTN PVT Tables: 1 1

- Off PVIN "PVT 1"

-- Off PVTN Correlation Data: 34 1

-- Off PVTN "PVT 1"

-- Off PVIN "SET VALUE FOR STANDARD TEMPERATURE TO 59.9999999999999 IN F;"
-- Off PVTN "SET VALUE FOR STANDARD PRESSURE TO 14.7 IN psia;"
-- Off PVIN "SET VALUE FOR POROSITY TO 0.2 IN dimensionless;"

-- Off PVIN "SET VALUE FOR REF_PRESSURE TO 3500 IN psia;"

-- Off PVTN "SET VALUE FOR ROCK_TYPE TO CONSOLIDATED_SANDSTONE;"
-- Off PVIN "SET VALUE FOR GAS_GRAVITY TO 0.8 IN sg_Air _1;"

-- Off PVTN "SET VALUE FOR OIL_GRAVITY TO 39.4 IN APloil;"

-- Off PVTN "SET VALUE FOR BUBBLE POINT TO 1800 IN psia;"

-- Off PVIN "SET VALUE FOR SALINITY TO 0 IN fraction;"

-- Off PVTN "SET VALUE FOR TEMPERATURE TO 203 IN F;"

-- Off PVIN "SET VALUE FOR N2 TO 0 IN fraction;"

-- Off PVIN "SET VALUE FOR H2S TO 0 IN fraction;"

-- Off PVTN "SET VALUE FOR CO2 TO 0 IN fraction;"

-- Off PVTN "SET CORRELATION FOR ROCK TO NEWMAN;"

-- Off PVTN "SET CORRELATION FOR OIL_RS TO STANDING;"

-- Off PVTN "SET CORRELATION FOR OIL_PB TO STANDING;"

-- Off PVTN "SET CORRELATION FOR OIL_VISCOSITY TO BEGGS;"

-- Off PVTN "SET CORRELATION FOR OIL_COMPRESSIBILITY TO VASQUEZ;"



- Off PVIN

-- Off PVIN

- Off PVIN

-- Off PVIN

- Off PVIN

- Off PVIN

-- Off PVIN

- Off PVIN

-- Off PVIN

-- Off PVIN

-- Off PVTN

-- Off PVIN

-- Off PVTN

-- Off PVTN

-- Off PVTN

ECHO

ROCK

"--SET CORRELATION FOR NONE TO UNSET;"

"SET CORRELATION FOR OIL_FVF TO STANDING;"

"SET CORRELATION FOR GAS_CRIT_PROPS TO THOMAS;"
"SET CORRELATION FOR GAS_ZFACTOR TO HALL;"

"SET CORRELATION FOR GAS_FVF TO IDEAL_GAS;"

"SET CORRELATION FOR GAS_VISCOSITY TO LEE;"

"SET CORRELATION FOR WATER_VISCOSITY TO MEEHAN;"
"SET CORRELATION FOR WATER_COMPRESSIBILITY TO MEEHAN;"
"SET CORRELATION FOR WATER_FVF TO MEEHAN;"

"SET CORRELATION FOR WATER_DENSITY TO FVF_RATIO;"
"SET VALUE FOR MIN_PRESSURE TO 14.7 IN psia;"

"SET VALUE FOR MAX_ PRESSURE TO 3500 IN psia;"

"SET VALUE FOR TABLE_LENGTH TO 20;"

"EXECUTE;"

-- Rock Properties

3500 1.52989636834116e-006

DENSITY

-- Fluid Densities at Surface Conditions

51.637497914955 62.4279737253144 0.0499423789802515

PVTO

-5



-6

-- Live Oil PVT Properties (Dissolved Gas)

0.00147205112581786  14.7 1.07094615599284 1.25848346413148
198.136842105263 1.05501561257018 1.3038177153504
381.573684210526 1.05440666219081 1.38372584732077
565.01052631579 1.0541931998537 1.48667837998657
748.447368421053 1.05408438904723 1.61025577303765
931.884210526316 1.05401842145847 1.75411476018192
1115.32105263158 1.0539741555618 1.91880374064859
1298.75789473684 1.05394239506001 2.10536523322858
1482.19473684211 1.05391849656674 2.31516238841532
1665.63157894737 1.0538998623556 2.54978958659544

1800 1.0538886228226 2.73842958839219
2032.50526315789 1.05387268512769 3.10076938931455
2215.94210526316 1.05386247131256 3.42107176626802
2399.37894736842 1.05385381930399 3.77405497264536
2582.81578947368 1.05384639631861 4.16192125041297
2766.25263157895 1.05383995784747 4.58692696017295
2949.68947368421 1.05383432020671 5.05136217135048
3133.12631578947 1.05382934273102 5.55752948125245
3316.56315789474 1.05382491587664 6.10772185218606

3500 1.05382095306558 6.70419940403551 /

0.0338004658811244 198.136842105263 1.08559044619935 1.07513530259565
381.573684210526 1.07633778747796 1.09586117821181
565.01052631579 1.07311212656189 1.12783740702549
748.447368421053 1.07147134137325 1.16859531716169
931.884210526316 1.07047773914954 1.21695351597322
1115.32105263158 1.06981148908963 1.27227962546931
1298.75789473684 1.0693336971526 1.33422755467932
1482.19473684211 1.06897430925074 1.40261801495495

1665.63157894737 1.06869416429983 1.47737565665525



1800 1.06852522333731 1.53616969776512

2032.50526315789 1.06828570719049 1.64600484258066

2215.94210526316 1.06813223743878 1.73997802673378

2399.37894736842 1.06800225101355 1.84049536007637

2582.81578947368 1.067890740998 1.9476501118115

2766.25263157895 1.06779402940426 2.06153922749712

2949.68947368421 1.0677093537058 2.18225829262578

3133.12631578947 1.06763459869663 2.30989735789734

3316.56315789474 1.06756811738193 2.44453739130503

3500 1.06750860822023 2.58624720552392 /

0.0744431331929582 381.573684210526 1.10440565503535 0.92433609156112

565.01052631579 1.09731510183045 0.941057648486343

748.447368421053 1.09371839834052 0.964231461385351

931.884210526316 1.09154342504262 0.99280675249815

1115.32105263158 1.09008631302418 1.02616924751581

1298.75789473684 1.08904200531496 1.06393635885233

1482.19473684211 1.08825684494613 1.10586203257845

1665.63157894737 1.08764501758787 1.15178624474863

1800 1.08727614487864 1.1879017509217

2032.50526315789 1.08675328988076 1.25525431896529

2215.94210526316 1.08641834160348 1.31269297049578

2399.37894736842 1.08613468888948 1.37389892216226

2582.81578947368 1.0858913863906 1.43886067213729

2766.25263157895 1.08568039597439 1.50757312641268

2949.68947368421 1.08549568158912 1.58003403519652

3133.12631578947 1.08533262247251 1.65624117416835

3316.56315789474 1.08518762131239 1.73619006705951

3500 1.08505783575934 1.81987211425515/

0.119458398169324 565.01052631579 1.12571964628256 0.811102421165531

748.447368421053 1.11964094082633 0.825534978202987

931.884210526316 1.11597235104802 0.844244160884639
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1115.32105263158 1.11351724927728 0.866672062966726

1298.75789473684 1.11175899445108 0.892454505545347

1482.19473684211 1.11043777465921 0.921344125528037

1665.63157894737 1.10940865763004 0.953167944911663

1800 1.1087883810487 0.978268106749355

2032.50526315789 1.10790940997659 1.02515803437255

2215.94210526316 1.10734647286797 1.06516843760715

2399.37894736842 1.10686983465001 1.10778375309304

2582.81578947368 1.10646106358863 1.15296518349499

2766.25263157895 1.10610662796348 1.20068124904734

2949.68947368421 1.10579636923147 1.25090489381918

3133.12631578947 1.10552251260953 1.30361123848087

3316.56315789474 1.10527900661687 1.35877580223414

3500 1.10506107067593 1.41637307466493 /

0.167621013326928 748.447368421053 1.14902175378657 0.724619582703326

931.884210526316 1.14349314238829 0.737447406125316

1115.32105263158 1.13979936516897 0.75334218384874

1298.75789473684 1.13715636208487 0.771968600951975

1482.19473684211 1.13517159836041 0.79309066242474

1665.63157894737 1.13362640465508 0.816538234334821

1800 1.13269539940708 0.835115268507325

2032.50526315789 1.13137652455243 0.869936919865351

2215.94210526316 1.13053210879566 0.89971900728087

2399.37894736842 1.12981730032653 0.931473253795315

2582.81578947368 1.12920438639643 0.965152064218167

2766.25263157895 1.12867302933331 1.00071537971708

2949.68947368421 1.12820796622067 1.0381281921847

3133.12631578947 1.12779751899657 1.07735863009294

3316.56315789474 1.12743260034456 1.11837645887933

3500 1.12710603301017 1.16115188964231 /

0.218286184706848 931.884210526316 1.17403799656816 0.65677122360588



1115.32105263158 1.16882854325667 0.668375873514854

1298.75789473684 1.16510659073741 0.682294946335412

1482.19473684211 1.16231371470753 0.698309979627909

1665.63157894737 1.16014064646906 0.716257896156909

1800 1.15883187063197 0.730559089322606

2032.50526315789 1.15697852908458 0.7574886327354

2215.94210526316 1.15579234252777 0.780601577369886

2399.37894736842 1.15478847963996 0.805294027630094

2582.81578947368 1.15392790448511 0.831515831763349

2766.25263157895 1.15318198232789 0.859224317973829

2949.68947368421 1.15252923173162 0.888382091571828

3133.12631578947 1.15195322214768 0.918955345467068

3316.56315789474 1.15144117183296 0.950912543075325

3500 1.15098298824676 0.984223377833587 /

0.271048100630639 1115.32105263158 1.20058956581603 0.602184517842895

1298.75789473684 1.19556709908651 0.612811384927293

1482.19473684211 1.19180371258223 0.625248635319894

1665.63157894737 1.18887747503253 0.639345659477908

1800 1.18711591634536 0.650655522106379

2032.50526315789 1.18462246194367 0.672071674079195

2215.94210526316 1.18302724385706 0.690534457523233

2399.37894736842 1.18167762103202 0.710312271373124

2582.81578947368 1.18052093135938 0.731354855840467

2766.25263157895 1.17951856440052 0.753619261790686

2949.68947368421 1.17864156781057 0.777067858653771

3133.12631578947 1.17786780522943 0.801666809469318

3316.56315789474 1.17718006200511 0.827384884993588

3500 1.17656474938903 0.85419252950785 /

0.325625003131189 1298.75789473684 1.2285467687823 0.557302750331101

1482.19473684211 1.22362826086027 0.567122633774736

1665.63157894737 1.21980923431412 0.578396919927612



N-10

1800 1.21751145797023 0.587515000041096

2032.50526315789 1.21426058012743 0.604894874348917

2215.94210526316 1.21218176536839 0.619957633785149

2399.37894736842 1.21042359339223 0.636146795397837

2582.81578947368 1.20891719194645 0.653413011125593

2766.25263157895 1.20761209504778 0.671714030621283

2949.68947368421 1.2064704792759 0.691012873865779

3133.12631578947 1.20546343819687 0.711276433331332

3316.56315789474 1.20456850089247 0.732474388150174

3500 1.20376793546036 0.754578349885712 /

0.381808536604516 1482.19473684211 1.25780921003333 0.519715318667757

1665.63157894737 1.25293876091118 0.528853398797363

1800 1.25001232447098 0.536308538941779

2032.50526315789 1.24587428882882 0.550627464393302

2215.94210526316 1.2432295639578 0.563113914311516

2399.37894736842 1.24099361969235 0.576586379386172

2582.81578947368 1.23907848343455 0.590996838977351

2766.25263157895 1.23741973541837 0.606304144913076

2949.68947368421 1.23596912114696 0.622472327202475

3133.12631578947 1.23468978024891 0.639469298116112

3316.56315789474 1.23355307094426 0.657265845864419

3500 1.23253640044393 0.675834843297642 /

0.439437669807576 1665.63157894737 1.28829572499393 0.487742637420914

1800 1.28463437624679 0.493907200311433

2032.50526315789 1.27946612596833 0.505839806141356

2215.94210526316 1.2761649029514 0.51631878761004

2399.37894736842 1.27337511337032 0.527675783220916

2582.81578947368 1.27098645816388 0.539864241772053

2766.25263157895 1.26891822692989 0.552844261508997

2949.68947368421 1.26711000008228 0.566581006136718

3133.12631578947 1.26551564965327 0.581043492888998



3316.56315789474 1.26409934967649 0.596203651314897
3500 1.26283285234466 0.612035583154452 /
0.482493295524609 1800 1.31136445387697 0.467177119813708

2032.50526315789 1.30533805766939 0.477683300744782
2215.94210526316 1.30149336238667 0.486957214974548
2399.37894736842 1.29824539536766 0.49704482128453

2582.81578947368 1.29546524387367 0.507900657711094
2766.25263157895 1.29305863142719 0.519485753797645
2949.68947368421 1.29095501792213 0.531766116316441
3133.12631578947 1.28910057202604 0.544711570230512
3316.56315789474 1.28745350069868 0.558294858313906

3500 1.28598086232416 0.572490932980008 /

PVDG

-- Dry Gas PVT Properties (No Vapourised Oil)

14.7 226.69880035671 0.0128289868560291
198.136842105263 16.4360965914141 0.0129663805541276
381.573684210526 8.3419890991909 0.0131826268061308
565.01052631579 5.50870826342156 0.0134594120764409
748.447368421053 4.06897823920194 0.0137936498287593
931.884210526316 3.20063275493201 0.0141855366293504
1115.32105263158 2.62245633297271 0.0146362262569707
1298.75789473684 2.2121421010817 0.0151467250374998
1482.19473684211 1.90792783083886 0.015717108679342
1665.63157894737 1.67521922438042 0.0163459055927018

1800 1.53770262476984 0.0168416659894185
2032.50526315789 1.34800984394005 0.0177629395026292
2215.94210526316 1.23088918277813 0.0185383277480704

2399.37894736842 1.1352563898209 0.0193472351677578



N-12

2582.81578947368 1.05639180302892 0.02018052860348
2766.25263157895 0.990755760647481 0.0210293138444393
2949.68947368421 0.935645072318795 0.021885538641849
3133.12631578947 0.888970092963002 0.0227423603671591
3316.56315789474 0.84910226444975 0.0235942810973661

3500 0.814764869713595 0.0244371055738661

PVTW

-- Water PVT Properties

3500 1.0220300723725 3.080178583e-006 0.296407629534231 3.82721871239781e-006

-- File: Project2_scal.INC

-- Created on: 07-Mar-2005 at: 11:51:38

oo sessskskotok ok ok skosk sksk stk Rk Rk stk sk sk sk sk ki stttk stk stk sk s sk skesk sttt sttt sk sk sk sksk stk stttk ok skokskok ko kR R kK

- ¥ WARNING *
- * THIS FILE HAS BEEN AUTOMATICALLY GENERATED. *

- ¥ ANY ATTEMPT TO EDIT MANUALLY MAY RESULT IN INVALID DATA. *

= seskeskosk sk skeok sk sk sk sk sk skl sk skl s sk sk sk skt sk sk skl sk skl sk skok sk skok sk sk skt sk sk st sk kol skoskoskoskoskok ok skokoskokoikoskoskokoskokok skokokskokokoskokokokskok

-- OFFICE-SCAL-HEADER-DATA
-- Off SCAL Saturation Tables: 1 1
-- Off SCAL "Saturation 1"

-- Off SCAL End Point Tables: 1 1



-- Off SCAL "End Points 1"

-- Off SCAL Petro Elastic Tables: 1

-- Off SCAL "Petro-elastic 1"

ECHO

- 03 0.0 05

- 04 00 03

- 048 0.0 1*

- 0.5 0.218 0.16

- 0.6 0.352 0.1

-- Water Saturation Functions

-- Water Saturation Functions

0.25 0 1

0.3 0 0.5

0.4 0.04 0.2

0.5 0.11 0.1

0.6 0.2 0.05

0.7 0.3 0.03

0.75 0.44 0.01

0.8 0.68 0

-- SIMILARLY FOR GAS

-- SGAS KRG PCOG

-- Gas Saturation Functions



n-14

SGFN

-- Gas Saturation Functions

0.04 0 0.015
0.15 0.022  0.036
0.2 0.05  0.086
03 0113  0.167
0.4 0.21 0.276
0.5 0.4 0.4
0.6 0.45 0.5
0.7 0.55 0.6

0.75 0.6 0.65

-- OIL RELATIVE PERMEABILITY IS TABULATED AGAINST OIL SATURATION

-- FOR OIL-WATER AND OIL-GAS-CONNATE WATER CASES

-- SOIL KROW KROG

-- Oil Saturation Functions

-- Oil Saturation Functions
0 0 0
0.2 0 0
0.3 0.01 0.03
0.4 0.03 0.04

0.45 0.05 0.07



0.5

0.55

0.6

0.65

0.7

0.75

0.1

0.15

0.2

0.6

0.8

0.12

0.17

0.25

0.62

0.82

f-15
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Fax

U

0 Suranaree University of Technology
Dept. of Geological Technology
(Fax#044-224220)
AN Lect. Kriengkrai Tri-sarn
cc
FROM Mana R,
DATE- - 18/10/2002 Rer  HRM/13-18/10/02
pace lof6
SUBECT  Lan Krabu Formation Petrophysical Data

Dear Lect. Kriengkral Tri-sarn
Ref. your letter #5117/492

Sorry for late reply, it is mainly due to my current workload.

1) LKU-K sands k-phi relationships
2) LKU-L sands k-phi refationships
3) LKU-M sands k-phi relationships

4) LKU-K sands oil saturation based on Hg/Air cap. curves

Urgent Fax

Thai Shell Exploration & Production Co. Ltd.
0 Seonthomkesa Road, Klang Teey

Bengkek 10110, Thailand

Tel, #6062 2490483

Fax, +66 2 2450489

Herewith please find attached a provisional of petrophysical data of LKU fm. for your reservoir simulation

study.

5) LKU-L/M sands oil saturation based on Hg/Air cap. curves

Best Regards,

Mana Rojpibulstit

Resarvoir Engineer - New Business Opportunities
Thal Shell Exploration and Production Ca., Ltd,

10 Soonthornkosa Rd., Klongteoy, Bangkok 10110
Phane’+66 (2) 249-0483 ext 5148

+66 (2),249-0489

Email : mana.rojpibulstti@shell.com

If you need more information or have any query of data that were given please do not hesitate to contact me.
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4.3 Fluid Properties-
A total of three fluid samples, all from well AO02, have been
analysed so far by CORE LABORATORIES. A summary of the fesults is
given in the table below:

DST1 PT2
bottomhole  recombination
sample sample '
Pb- -(psig) 1710 2355 -2630
Rsij 1(scf/stb) 373 637 575
. (rb/stb)  1.255 1.405 1.339
ot & grav ty;m (°APT) 42.3  39.4 39.2.
gas graw - (air=l)  0.848 ~0.798 0.739
Mob (cP) 0.864 . 0.765 a»ee‘l
,.;lzsep {psig) 100 100 100
Py ser ( F) 95 95 95

.As~the measured GOR of the bottomhole sample compares very weil
with~gke GQR during production test PT2 in well A0 .the’ results of
that”afalysis have been used for the interpretation of the
pro&ﬁ!tlon tests and for the reservoir engineering calculatlons
(chapter 4. 5) :

A graph showing the various PV?Y parameters vs. pressure is given in
fig. 4.17. 3

4.4 Drive Mechanisms

The Lan Krabu field consists of a large number of thin sand layers
alternated by shales. During geological times there has been some .
communication between the sand layers resulting in a common gas/oil
contact (GOC) and oil/water contact (OWC) for a number of sands as
indicated by RFT data (see chapter 4.1). However, it is expected
that the shales will act as barriers during the, relatively,'short
producing life of the field (see also chapters 2.5 and 2.6).
Furthermore, the field is intersected by numerous smaller and
larger faults which hamper the horizontal communication across the

- field.

In view of the above it is expected that wells in different parts
of the field will operate under various drive mechanisms, e.g. gas
cap expansion supported by some water-drive in the relatlvely open
north-eastern flank of the field, solution gas drive 1n low
permeable reservoirs in fault blocks without a gascap or ‘aquifer,
etc.

4.5 Numerical Simulation SEudy

4.5.1 Description of Model

In order to investigate the sensitivity of well performance and of
recovery efficiency on the various drive mechanisms a numerical two
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TABLE 4.3

RESERVOIR AND FLUID PROPERTIES USED

~ IN THE NUMERICAL MODEL STUDY

Original oil/water contact

Original gas/oil contact

Datum level

Reservoir dip

Reservoir thickness

Porosity

Connate water saturation

Residual oil saturation to water

" Residual oil saturation to gas
Relative oil permeability at S
Relative water permeability at
Relative gas permeability at (5 °F§ )
Vertical-to-horizontal permeablfltyorg
Capillary pressure

0il gravity (stock tank conditions)
Gas gravity (separator conditions),
Initial reservoir pressure at DL
Initial reservoir temperature
Bubblepoint pressure - -
0il formation-volume factor at P
Gas formation-volume factor at p.
Initial solution gas/oil ratio
Water formation-volume factor .
Density of stock-tank oil

Density of separator gas

. Density of water at 14.7 psig and 203 °F -

Viscosity of oil at initial reservoir

~condition -

- Viscosity of water at reservoir cond.
Viscosity of gas at initial reservoir o
condition

Water compressibility

Rock compressibility

0il compressibility

0OWC = 5380 ft.ss.
0GOC 5100 ft.ss.
DL 5200 ft.ss.
o 5.4 degrees
h 15 £t
$ 0.20 -
S e 0.35 -
s 0.25 -
OtV 0.25 -
KO8 1.000 -
KV 0,25 0 -
K ond 0.60 -
I;Z?Eh glo - psi
Yo - 39.4 °APT
Yo . 0.80 air =1
P; 2384 psig
t 203 °F
Py 2355 7 psig
B, -~ Ll.405  1b/stb
B b . 1.29 rb/Mscf
. Rgi" 637 scf/sthb
5 1.0 rb/stb
& - 51.6 1bs/cu.ft
&° 61.2 1bs/MscE
& 64,9 1bs/cu.ft
T 0,765  cPoise.
-t \
Ny 0.40 cPoise
Mgl 0.019  cPoise
c 0.000003 psi >
cq. 0.000003 psi_
o 0.000013 psi
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MMSTE, b 53 Rl Rde 0 -
Mode) OO% odl 1O} o+ ngqw A
L g1 Y Kz 10 180 50 M A0
Tantawat CONV RATIO $/BAHT $0.040 CORPORATE TAX % 50.0% m N |
FOUR Platform Case334 WORKING INTEREST % 46.30% GOVNT ROYALTY % 9.9%
FPSO & Offload Sys! @lm PRIVATE ROYALTY % 0.0%
2-Pit Drl & Cmpl 10 Wiiplt @ $3mm/ea NET REVENUE INT % 46.30% M FACTOR (SRB) 205,200 Undisc
2-Pit Drl & Cmpl 12 Wiiplt @ $2.6mm/ea W KFACTOR (SRB) 150,000 10.0%
Platform Cost $11.6mmlea OIL PRICE $/BBL $18.00 K+M 355,200 12.0%
Pipelines $3mm per Platform OIL PROCESS $/8BL $2.00 (SRB) UPLIFI’ % 0.0% 15.0%
OIL SALES $/8BL $16.00 SUNK CST (DEPR $M) $0.0 20.0%
OIL PRICE ESC % 2.0% 25.0%
COND YIELD B/MMCF 0.0 GAS PRICE $/MMBTU $2.25
HEAT MMBTU/MCF 1.000 _RO.R.
Chg CPI 6.0 YEAR INITIAL ESC 1995 GAS SALES $/MCF $2.25
1991 CPI 1057  CAPITAL EXP ESC % 2.0% GAS PRICE ESC % 2.0%
YEAR 1991 OPER EXP ESC % 2.0% FUEL USAGE % 4.0%
YR OPER EXP SM/WL $120 TRANS FEE $/MCF $0.00
YR OPER FPSO $M/YR $3,000 TRANS FEE ESC % 0.0%
PRODUCTION & REVENUE _PRODUCT REVENUES ROYALTY CALCU! :
NET ANNUAL SALES PRODUCT PRICES NET GROSS REVENUE
GROSS DAILY RATES OIL GAS COND LIQUID GAS LIQUID GAS REVN EQUIY. GOV RQY POSTRQY
YEAR | Active Wells (Mmefpd) | (MMBb)  (Bef) GBD)  (SMG) | (SMM) - (SMM) o (SMM) | (MDbd) (SMM) - (SMM)
1994 0 0.00 0.00 0.00 0.00 0.00 15.69 221 0.00 0.00 0.00 0.00 0.00 0.00
1995 0 0.00 0.00 0.00 0.00 0.00 16.00 225 0.00 0.00 0.00 0.00 0.00 0.00
1996 0 0.15 7.00 0.03 1.14 0.00 16.32 230 0.41 261 3.02 0.82 0.15 2.87
1997 20 1.52 76.03 0.26 12.34 0.00 16.65 234 4.28 28.88 33.15 8.82 252 30.64
1998 Il 30 14.91 86.31 252 14.00 0.00 16.98 239 4278 33.43 76.21 23.19 8.27 67.95
1999 40 10.38 12275 1.75 19.91 0.00 17.32 244 30.37 48.50 78.87 22.16 8.41 70.47
2000 40 10.14 144.18 1.71 23.39 0.00 17.67 2.48 30.27 58.11 88.38 23.98 9.71 78.67
2001 40 6.50 | 111.88 1.10 18.15 0.00 18.02 2.53 19.78 4599 65.77 17.24 6.46 59.31
2002 20 306 | 6323 0.52 10.26 0.00 18.38 258 9.51 26.51 36.02 9.13 276 33.26
2003 10 201 11.36 0.34 1.84 0.00 18.75 264 6.38 4.86 11.24 3.10 061 10.63
2004 0 0.00 0.00 0.00 0.00 0.00 19.12 269 0.00 0.00 0.00 0.00 0.00 0.00
2005 0 0.00 0.00 0.00 0.00 0.00 19.50 274 0.00 0.00 0.00 0.00 0.00 0.00
2006 0 0.00 0.00 0.00 0.00 0.00 19.89 2.80 0.00 0.00 0.00 0.00 0.00 0.00
2007 0 0.00 0.00 0.00 0.00 0.00 20.29 2.85 0.00 0.00 0.00 0.00 0.00 0.00
2008 0 0.00 0.00 0.00 0.00 0.00 20.70 291 0.00 0.00 0.00 0.00 0.00 0.00
2009 0 000 _0 _000.  _000 _000] 2111 _297] _000 000  _000] _000  _000  _00
TOTALS 17,764 227.300| 8.22 101.03 0.00] 17.48 2.46| 14378 248.89 392.67] 108.45 38.88 353.7B|
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CAPITAL REQUIREMENTS
GAS NET OPER EXPLORATION DEVELOPMENT FACILITY TOTALCAPITAL  PRE-TAX
OPREXP TRANS TOTEXP REVENUE | GROSS ESCNET GROSS ESCNET GROSS ESCNET GROSS ESCNEI| NETCE
(SMM) (SMM)  (SMM) (SMM) ($MM) (SMM) | (SMM)  (SMM) (SMM) ($MM) ($MM) ($MM) ($MM)

1994 0.00 0.00 0.00 0.00( 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

1995 0.00 0.00 0.00 0.00 2.30 1.06 24.00 11.11] - 5592 25.89 82.22 38.07 -38.07

1996 0.00 0.00 0.00 2.87 0.00 0.00 32,00 15.11 65.59 30.97 97.59 46.09 4322

1997 255 0.00 2.55 28.09 2.30 111 34,00 16.38 16.89 8.14 53.19 25,62 247

1998 3.16 0.00 3.16 64.79 2.30 113 30.70 15.08 8.01 3.94 41.01 20.15 44.64

1999 379 0.00 379 66.67 0.00 0.00 2.00 1.00 0.00 0.00 2.00 1.00 65.67

2000 3.84 0.00 3.84 74.83 0.00 0.00 2.00 1.02 0.00 0.00 2.00 1.02 7381

2001 3.89 0.00 3.89 55.42 0.00 0.00 2.00 1.04 0.00 0.00 2,00 1.04 54.38

2002 267 0.00 267 30.59 0.00 0.00 2.00 1.06 0.00 0.00 2.00 1.06 2053

2003 2.04 0.00 2.04 8.59 0.00 0.00 2.00 1.08 0.00 0.00 2.00 1.08 7.50

2004 0.00 0.00 0.00 0.00 0.00 0.00 1.20 0.66 2.00 111 320 177 77

2005 0.00 0.00 0.00 0.00 0.00 0.00 0.60 0.34 1.00 0.56 1.60 0.90 -0.90

2006 0.00 0.00 0.00 0.00 0.00 0.00 0.60 0.35 1.00 0.58 1.60 0.92 -0.92

2007 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2008 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2009 000  _000  _000 000 ..000  _000] _000  _000] _000  _000] _000  _000] -.0.00]
TOTALS 21.94 0.00 21.94 331.85| 6.90 330] 13310 64.25|  150.41 71.18| 29041 138.74| 193.11|

AUy 296 Eiz]
CORPORATE TAX CALCULATION i
CUM  ADJ(SRB) POST SRB  CAPITAL POST DEPRECIATION PRE-CT POST TAX
WUPLIET. W/UPLIFT BAHT/M (SRB)TAX NETCE | DEPR REVN ~ CUML NETCF ROY/SRB OPRCST PROFIT CORPTAX NEICE
(SMM) (SMM)  (BAHT) (SMM) (3MM) (SMM) (SMM)  (SMM) ($MM) ($MM) ($MM)  (SMM) (SMM) (SMM)

1994 0. 0.00 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

1995 -38.07 -38.07 0 0.00 -38.07 7.61 761 -7.61 0.00 0.00 0.00 0.00 0.00 -38.07

1996 -43.22 -81.29 0 0.00 -43.22 16.83 -13.81 21.42 0.00 0.15 0.00 -0.15 0.00 4322

1997 2.47 -78.82 0 0.00 2.47 21.96 11.20 -10.23 0.00 2.52 2.55 -5.06 0.00 2.47

1998 44.64 -34.18 0 0.00 4464 25.99 50.23 40.00 40.00 8.27 3.16 28.58 14.29 30.35

1999 65.67 31.49 10118 14.55 51.12 26.19 52,69 92.69 52.69 22.96 379 25.94 12,97 38.15

2000 73.81 105.30 11164 19.57 54.24 18.78 69.60 16229 69.60 29.28 3.84 36.48 18.24 35.99

2001 5438 15968 8188 7.68 46.70 9.77 56.00  218.30 56.00 14.13 3.89 37.98 10.99 27.71

2002 2953 189.20 4423 0.00 29.53 4.86 3116 249.46 31.16 2.76 2,67 25.73 12.87 16.66

2003 750  196.70 1362 0.00 1.04 1019 259.65 10.19 0.61 2.04 7.54 377 373

2004 194.93 0 0.00 1.20 120 25846 -1.20 0.00 0.00 -1.20 0.00 .77

2005 -0.90  194.03 0 0.00 117 117 257.28 -1.17 0.00 0.00 117 0.00 -0.90

2006 092  193.11 0 0.00 1.15 115 256.13 -1.15 0.00 0.00 -1.15 0.00 -0.92

2007 0.00 0.00 0 0.00 0.94 094 25520 -0.94 0.00 0.00 0.94 0.00 0.00

2008 0.00 0.00 0 0.00 0.72 072 25448 -0.72 0.00 0.00 0.72 0.00 0.00

2009 0.00 0.00 0 0.00 0.36 036 254.11 -0.36 _0.00 0.00 036 _000 _0.00]
TOTALY 193.11 41.80 151.31] 13855  254.11 254.11 80.68 2194 15150 81.12 70.19|
DRB
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1%
Iantawan 455 Bef 8 35.5 Mmb CONV RATIO $/BAHT $0.040 CORPORATE TAX % 50.0%
EIGHT Platform Case 668 Bcfe WORKING INTEREST % 46.30% GOVNT ROYALTY % 11.1%
FPSO & Offload System $78mm PRIVATE ROYALTY % 0.0% ProTax  PostTax
2-PIt Drl & Cmpl 10 WipIt @ $3mmlea NET REVENUE INT % 46.30% M FACTOR (SRB) 387,600 Undisc  $426.7 $169.0
6-Plt Drl & Cmpl 12 Wiplt @ $2.6mmlea K FACTOR (SRB) 150,000 10.0% $180.4 $51.8
Platform Cost $11.6mm/ea OIL PRICE $/BBL $18.00 K+M . 537,600 12.0% $150.8 $38.0
Pipelines $3mm to $7.5mm per Platform  OIL PROCESS $/B8L $2.00 (SRB) UPLIFT % 0.0% 15.0%  $114.1 $21.0
e 0 OIL SALES $/BBL $16.00 SUNK CST (DEPR $M) $0.0 20.0%  $68.8 $0.4
FPSC Yoo b OIL PRICE ESC % 2.0% 250%  $376 $21.0
COND YIELD B/MMCF 0.0 GAS PRICE $/MMBTU $225
HEAT MMBTU/MCF 1.000 RO.R. 383% 21.1%
Chg CPI 6.0  YEARINITIALESC 1995 GAS SALES $/MCF $2.25 2L Uf e s
1991CPI 1057  CAPITALEXP ESC % 2.0% GAS PRICE ESC % 2.0% $89.7| 37
YEAR 1991  OPER EXP ESC % 2.0% FUEL USAGE % 4.0% $735/ 1uly
YR OPER EXP $SMWL $120 TRANS FEE $/MCF $0.00 __CorpTax:__$184.1 3¢
YR OPER FPSO $M/YR $3,000 TRANS FEE ESC % 0.0% Thaliand: $347.4-
2.0}
5 JCT REVENUES ROYALTY CALCULATION 29
NET ANNUAL SALES PRODUCT PRICES NET GROSS REVENUE
GROSS DAILY RATES ~ OIL GAS COND  LIQUID GAS LIQUID GAS REVN EQUIV. GOV ROY
YEAR |Active Wells (Mbopd)  (Mmcfpd) | (MMBbI) (Bef) (MMBbI)  ($/Bbl) ($/Mch (SMM) (SMM) (SMM) | (MBbipd) ($MM) (SMM)
1994 0 0.00 0.00 0.00 0.00 0.00 15.69 221 0.00 0.00 0.00 0.00 0.00 0.00
1995 0 0.00 0.00 0.00 0.00 0.00 16.00 225 0.00 0.00 0.00 0.00 0.00 0.00
1996 0 0.15 7.00 0.03 1.14 0.00 16.32 2.30 0.41 261 3.02 0.82 0.15 2.87
1997 20 1.52 76.03 0.26 1234 0.00 16.65 234 428 28.88 33.15 8.82 252 30.64
1998 30 14.91 86.31 252 14,00 0.00 16.98 239 4278 3343 76.21 23.19 827 67.05
1999 ¢ 40 1038 | 12275 175 19.91 0.00 17.32 244 30.37 48.50 78.87 22.16 8.41 70.47
2000 50 10.90 | 18220 1.84 29.56 0.00 17.67 2.48 32.54 7343 105.97 28.39 1230 9367
2001 70 1509 212,06 2.55 34.40 0.00 18.02 253 45.95 87.17  133.13 3545 16.35 116.77
2002 60 1924 |179.83 3.25 2018 0.00 18.38 2.58 59.76 7540 13517 36.51 18.71 118.46
2003 50 1268 |147.96 2.14 24.00 0,00 18,75 264 40.16 6328 10345 26.00 11.01 01.03|
2004 40 523 [13839 0.88 22.45 0.00 19.12 269 16.90 60.37 77.27 18.52 60.54
2005 30 522 81.58 0.88 13.24 0.00 19.50 2.74 17.22 36.30 53.52 13.06 4873
2006 10 2.01 11.36 0.34 1.84 0.00 19.89 2.80 6.77 5.15 11.92 3.10 11.28
2007 0 0.00 0.00 0.00 0.00 0.00 20.29 2.85 0.00 0.00 0.00 0.00 0.00
2008 0 0.00 0.00 0.00 0.00 0.00 20.70 291 0.00 0.00 0.00 0.00 0.00
2009 0 _000 0.00] 000 ..000. 000] 2111 _297] _000  _000 000 000/
TOTALY 35,527 454,601 16.45 202.06 0.00| 18.07 255 297.15 514.54 811.69| 216.90 721.99|
i ’ L4201V o 7 49 | E8©
7190 1
|
|
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AL REQUIREMENTS
GAS NET OPER EXPLORATION DEVELOPMENT FACILITY TOTALCAPITAL  PRE-TAX
OPREXP TRANS TOTEXP REVENUE | GROSS GROSS ESC NET GROSS ESCNET | NETCF
YEAR  (SMM) (SMM) (EMM) (SMM) ($MM) ($MM) ($MM) ($MM) ($MM) (3MM) ($MM) ($MM) (EMM)
1994 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1995 0.00 0.00 0.00 0.00 230 1.06 24.00 1.1 55.92 25.89 82.22 38.07 -38.07
1996 0.00 0.00 0.00 2.87 0.00 0.00 32,00 15.11 65.59 30.97 97.59 46.09 -43.22
1997 2.55 0.00 255 28.09 230 1.1 34.00 16.38 16.89 8.14 53.19 25,62 247
1998 3.16 0.00 3.16 64.79 2.30 1.13 30.70 15.08 18.23 8. 51.23 2517 39.61
1999 379 0.00 3.79 66.67 0.00 0.00 31.20 15.64 32.49 16.28 63.69 31.92 34.75
2000 4.46 0.00 4.46 89.21 0.00 0.00 60.90 31.13 34.34 17.56 95.24 48.69 40.53
2001 577 0.00 577 111.00 0.00 0.00 3270 17.05 12.07 6.29 4477 2334 87.66
2002 522 0.00 522 113.24 0.00 0.00 4.00 213 0.00 0.00 4.00 213 1111
2003 464 0.00 464 86.99 0.00 0.00 4.00 247 0.00 0.00 4.00 247 84.82
2004 4,04 0.00 4,04 65.50 0.00 0.00 4.40 2.43 2.00 1.11 6.40 3.54 61.96
2005 3.42 0.00 3.42 45.31 0.00 0.00 3.10 1.75 1.00 0.56 4.10 2.31 42.09
2006 2.08 0.00 2.08 9.20 0.00 0.00 2,60 1.50 1.00 0.58 3.60 2.07 7.12
2007 0.00 0.00 0.00 0.00 0.00 0.00 2.10 1.23 1.00 0.59 3.10 1.82 -1.82
2008 0.00 0.00 0.00 0.00 0.00 0.00 1.70 1.02 2.00 1.20 370 222 222
2009 000 _000  _000 --0.00] 000 _000] _060  _037] _100  _061] _160  _098] 0.98)
TOTALS 39.13 0.00 39.13 682.86 | 6.90 330| 26800  134.10| 24354  118.74| 51844  256.14| 426.72|
(SRB) TAX CALCULATION ALCULATION
CUM  ADJ(SRB) POST SRB  CAPITAL POST DEPRECIATION PRE-CT POST TAX
WAPLIFT BAHT/M (SRB).TAX NETCF DEPR REVN CUML  NETCE ROY/SRB OPRCSI PROEIT CORPTAX NET.CE
(i}‘ﬂM) (BAHT) (SMM) (SMM) (SMM) (SMM) (SMM) (SMM) (SMM)
1994 0.00 0.00 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1995 -38,07 -38.07 0 0.00 -38.07 7.61 -7.61 7.61 0.00 0.00 0.00 0.00 0.00 -38,07
1996 -43.22 -81.29 0 0.00 -43.22 16.83 -13.81 21.42 0.00 0.15 0.00 -0.15 0.00 -43.22
1997 2.47 -78.82 0 0.00 2.47 21.96 11.20 -10.23 0.00 252 255 -5.06 0.00 2.47
1998 39.61 -39.20 0 0.00 39.61 26.99 49.22 39.00 39,00 8.27 3.16 27.57 13.79 2583
1999 3475 -4.45 0 0.00 34.75 33.37 45.50 84.50 45.50 8.41 379 33.30 16.65 18.10
2000 40.53 36.08 8844 6.83 33.70 35.50 7047 154.97 70.47 19.13 4.46 46.89 23.44 10.25
2001 87.66 12373 10950 22.46 65.20 3095 10218 257.15  102.18 38.82 577 57.59 28.80 36.40
2002 11111 234.84 10967 28.55 82.56 2625 10892  366.06  108.92 4526 522 58.44 29.22 53.34
2003 8482 31966 8285 12.32 72.50 21.65 81.80  447.86 81.80 2413 464 53.02 26.51 4599
2004 61.96  381.62 6113 3.39 58.57 15.97 6130  509.16 61.30 1.12 404 46.13 23.07 35.50
2005 4299 42461 4186 0.00 42.99 6.70 46.82 55598 46.82 479 342 38.61 19.30 2369
2006 742 43174 922 0.00 7.12 2.45 948 56546 9.48 0.65 2.08 6.75 3.38 375
2007 -1.82 42992 0 0.00 -1.82 238 238  563.08 238 0.00 0.00 -2.38 0.00 -1.82
2008 427.70 0 0.00 222 239 239 56068 239 0.00 0.00 239 0.00 222
2009 42672 0 0.00 -0.98 1.88 -1.88 558.80_ -1.88 _000 000 -1.88 _0.00 -0.98
TOTALS 426.72 73.55 353.17| 25289  558.80 55880  163.24 3913 356.43 184.15 169.03|
DRB Page2o0f2 03/30/05
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~ DRILLSTEMTESTS — I
Tantawan -1, -2, -3, -4, -5, -7,-8 .
Tantawan-1 (*196' Pay)
Sand Flow DST Interval Tested Gas Rate Oil/Condensate Choke Pressure
Corr Time _ No. MMCF/D B/D WHP
M-1A 14.50 1 8,656-8,674" 411 2,212 40/64 1,089
M-4A 17.00 2. 8,076'-8,104" 0.22 490 20/64 454
M-5A 2275 3. 7,848'-7,875" 9.60 210 28/64 2,135
M-7A 14.50 4 7,272-7,293' 9.60 133 28/64 2,077
M-8A,C  14.50 5 7,062'-7,078' and 2.22 3,215 36/64 1,070
7,126-7,170"
25.75 6,260
Tantawan-2  (208' Pay)
Sand Flow DST Interval Tested Gas Rate Oil/Condensate Choke Pressure
Corr Time _ No. MMCF/D B/D WHP
0-2C 8.17 1 9,896'-9,922' 6.00 249 24/64 2463
M-5A 6.50 2. 8,007"-8,050' 12.20 354 40/64 1,811
M-7ABC  8.00 3. 7,493-7,584' 14.70 362 48/64 1,478
M-8A 19.75 4. 7,256-7,363' 15.70 364 48/64 1,448
M-9B 8.75 5. 6,838-6,850" 9.80 220 28/64 1,830
M-10A 533 6. 6,224'-6,237" 11.90 171 40/64 1,442
70.30 1,720
Tantawan-3  (*119' Pay)
Sand Flow DST Interval Tested Gas Rate Oil/Condensate Choke Pressure
Corr Time _ No. MMCF/D B/D WHP
M-1C 7.00 1 9,652'-9,683' 12.38 151 40/64 1,589
M-1A 10.00 2. 9,511-9,569' 235 3,949 48/64 778
M-2A 7.00 3. 9,355%-9,387" 12.60 447 48/64 1,338
M-3B 6.75 4. 9,251-9,271" 11.40 164 48/64 1,063
M-4C 7.50 5. 8,942'-8,968' 1.93 3,973 48/64 698
40.66 8,684
Tantawan-4 (*189' Pay)
Sand Flow DST Interval Tested Gas Rate Oil/Condensate Choke Pressure
Corr Time _ No. MMCF/D B/D WHP
0-2A 9.50 1. 12,298'-12,350" 13.70 504 48/64 1,351
M-1D 8.50 2. 11,925-11,950" 11.80 325 48/64 1,109
M-8C 9.50 9. 9,606'-9,618' 6.70 599 40/64 1,223
32.00 1,428
Tantawan-5 (*100' Pay)
Sand Flow DST Interval Tested Gas Rate Oil/Condensate Choke Pressure
Corr Time _ No. MMCF/D B/D WHP
0-3D 8.95 ) 11,228'-11,266" 9.23 450 40/64 1,229
0-3A 450 2 10,977-10,999' 0.24 405 24/64 144
M-1D 6.75 3 9,824'-9,850' 0.24 375 24/64 254
M-7B 7.75 4. 7,943'-7,968" 14.80 317 48/64 1325
24.51 1,547
Tantawan-7  (*186' Pay)
Sand Flow DST Interval Tested Gas Rate Oil/Condensate Choke Pressure
Corr Time _ No. MMCF/D B/D WHP
M-1A 23.75 1 8,466'-8,496' 15.10 420 48/64 1,460
M-5 28.00 2 7,483-7,518' 15.60 610 48/64 1,460
M-6A 11.75 3. 7,247-7,269' 14.60 470 48/64 1,363
45.30 1,500
Tantawan-8 (*125' Pay)
Sand  Flow DST Interval Tested Gas Rate Oil/Condensate Choke Pressure
Corr Time _ No. MMCF/D B/D WHP
M-1C 8.00 1 9,124-9,181" - 59 0il/536 wir 28/64 113
M-5A 22.00 2. 8,139-8,219" 15.80 290 48/64 1412
03/27/85 Page 1
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DST Calculation Summary

Interval Investigation
Reservoir Gross Ft Dst (Acres) Perm
M-1 31 58 124
M-2/4 27 34 146
M-5 35 82 243
M-6/10 44 47 392
O Sands 35 24 77
Interval Investigation
Well Test Reservoir Type Gross Ft Dst (Acres) Perm
TANT-3 Dst #2 M-1A OIL 58 41 130
TANT-7 Dst #1 M-1A GAS 30 142 120
TANT-1 Dst #1 M-1A OlL 18 75 140
TANT-3 Dst #1 M-1C GAS 31 18 260
TANT-5 Dst #3 M-1D OIL 26 1 4.8
TANT-4 Dst #2 M-1D GAS 25 72 90
TANT-3 Dst #3 M-2A GAS 32 18 50
TANT-3 Dst #4 M-3B OIL 20 21 55
TANT-1 Dst #2 M-4A OIL 30 19 20
TANT-3 Dst #5 M-4C GAS 26 T 460
TANT-7 Dst #2 M-5 GAS 35 161 250
TANT-1 Dst #3 M-5A GAS 27 41 110
TANT-2 Dst #2 M-5A GAS 43 44 370
TANT-7 Dst #2 M-6A GAS 22 6 104
TANT-8 Dst #2 M-6A GAS 80 139 170
TANT-2 Dst #3 M-7A GAS 91 39 550
TANT-1 Dst #4 M-7A GAS 21 20 380
TANT-5 Dst #4 M-7B GAS 25 78 640
TANT-2 Dst #4 M-8A GAS 107 39 370
TANT-1 Dst #5 M-8A OIL 60 - 64
TANT-2 Dst #5 M-9B GAS 12 42 800
TANT-4 Dst #3 M-9C G/W 12 92 134
TANT-2 Dst #6 M-10A GAS 13 10 710
TANT-4 Dst #1 O-2A GAS 52 74 290
TANT-2 Dst #1 0-2C GAS 26 5 8
TANT-5 Dst #2 O-3A OlL 22 2 2
TANT-5 Dst #1 0-3D GAS 38 13 6.2

03/30/95
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Tantawan MDT/DST Permeability Data

fn-15

WELL
TANT-2 Dst #4
TANT-2 Dst #3
TANT-1 Dst #4
TANT-7 Dst #3
TANT-8 Dst #2
TANT-2 Dst #2
TANT-1 Dst #3
TANT-7 Dst #2
TANT-3 Dst #5
TANT-3 Dst #3
TANT-4 Dst #2
TANT-3 Dst #1
TANT-7 Dst #1
TANT-3 Dst #2
TANT-4 Dst #1

SAND
M-8A
M-7A

. M-7A

M-6A
M-5A
M-5A
M-5A
M-5
M-4C
M-2A
M-1D
M-1C
M-1A
M-1A
0-2A

DST Perm
Kmd
370
550
380
480
170
370
110
220
460
50
150
260
100
130
290

RFT Perm
Avg K md
386
335
90
69
182
215
109
94
127
47
76
254
123
45
75
Avg Dev:

Std Dev md
8.1
107.4
1451
205.6
59
115
0.7
62.8
166.7
1.7
37.2
3.2
11.4
42.3
107.4
65.5

Std Dev %

2.2%
19.5%
38.2%
42.8%
3.5%
20.9%
0.6%
28.6%
36.2%
3.4%
24.8%

1.2%
11.4%
32.5%
37.0%
20.2%

TANTAWAN FIELD

DST vs RFT Perm

500

400

w

o

o
T

200

RFT Perm (md)

100 +

0
0

LRFT is less or equal to DST. |

200
DST Perm (md)

600

Note: The standard deviation is 20% with avg RFT data establishing a minimum permeability.

03/29/95
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— TANTAWAN FIELD

GULF OF THAILAND

RESERVE SUMMARY
(AS OF 1-1-95)

PROVED
Tantawan #1
Tantawan #2
Tantawan #3
Tantawan #4
Tantawan #5
Tantawan #6
Tantawan #7
Tantawan #8

TOTAL PROVED

PROBABLE

Tantawan #1
Tantawan #2
Tantawan #3
Tantawan #4
Tantawan #5

P-50 Structures

TOTAL PROBABLE

POSSIBLE PROSPECTS

FIELD TOTAL
(ALL CATEGORIES)

MMCE

MBBLS
49,433 14,400
59,126 1,311
8,021 2,745
23,729 568
6,002 1,887
4,505 139
34,422 4,353
19,637 1,754
204,875 27,157
MMCE MBBLS
6,738 316
17,749 393
3,032 450
6,091 1,185
4,140 690
429,669 34,987
467,419 38,021
MMCE MBBLS
633,365 51,573
1,305,659 116,751
MMCF MBBLS



fn-17

(PE WEL TE PR FILE

SAND FLUID  NET(ft)" ' Mmcf Mbbl IP Rate  Months Prod

M-8 OlL 5 33 66 600 Bopd 4
M-6/10 GAS . 33 1,876 38 7,200 Mcfpd 9
M-5 GAS 18 888 18 3,750 Mcfpd 14
M-2/4 GAS 17 737 15 3,650 Mcfpd 10
M-3/4 OolL 9 33 94 800 Bopd 6
M-1 GAS 12 539 11 2,950 Mcfpd 10
M-1 OlL 16 93 176 780 Bopd 10
O sands GAS 26 1,237 25 4,250 Mcfpd 16
‘Yz‘? 3.0 LS \
"~ Single Well Profle «O H
Year Mcfpd Bopd =
1 3,802 76 /
2 241524 ¢ 707 -
3 3:030 4, 127 |26 (o
4 4487 < Q0
5 1,836 216
Mmcf MBbI
Total 5,683 444
Four Platform Case Eight Platform Case
Year Mcfpd Bopd Year Mcfpd Bopd
1 76,033 1,521 1 76,033 1,521
2 86,311 14,909 2 86,311 14,909
3 122,754 10,377 3 122,754 10,377
4 144,183 10,140 4 182,199 10,900
5 111,878 6,496 5 212,058 15,091
6 63,227 3,061 6 179,832 19,241
7 18,356 2,164 7 147,964 12,677
8 8 138,392 5,230
9 9 81,583 5,225
10 ' 10 18,356 2,164
Mmcf MBbI Mmcf MBbI
Total 227,300 17,764 Total 454,601 35 527 /
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FUTURE PROJECTED GAS SUPPLY VS CAPACITY

THAILAND FIELD DEVELOPMENT STUDY

Mmcfpd
2,500
2,000
L M Tantawan
1,000  Pailin
500 | M Jakrawan
o Uil MR ML | I Bongkot
1995 1996 1997. 1998 1999 2000 2001
DEE il unocAL
Tantawan 0 50 75 85 120 150 200
Pailin 0 0 0 150 300 | 300 300

Jakrawan 0 200 200 200 200 200 200
Bongkot 200 350 400 450 500 500 500
UNOCAL | 850 900 900 900 900 900 900

1996 Pipeline Capacity 34"-850; 36"-900; 24"-150; Total 1,900 Mmcfpd.
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Study on Marginal Petroleum Field in Thailand
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ABSTRACT

The objectives of this research are to 1) compile petroleum field developments in Thailand, 2) determine the
reserve and production of small petroleum fields using reservoir simulation, 3) evaluate economic returns on small
petroleum fields, 4) determine the knowhow to develop marginal petroleum field commercially. The study is based on 80
$/barrel of oil and 6 $/MMBTU of natural gas prices. The fields become marginal petroleum fields when the IRR is less
than 10%. The reserve of marginal oil fields is 80,000 and 2,000,000 barrels and gas fields is 200 and 300 billion cubic feet
for onshore and offshore respectively. The marginal petroleum fields can be developed commercially (IRR=15-20%) when
either reserve or petroleum price increases by 20%. When the reserve of a marginal field is established, if the investment
and operation cost can cut down by 20% the field become profitable. The innovation of new technology and incentive
royalty and taxes relaxation should promote the petroleum activities and increase the indigenous petroleum supply.

Keywords: Field Development, Reservoir Simulation, Marginal Petroleum Fields, Economics, Sensitivity Analysis

1. INTRODUCTION

Petroleum is the most important energy source for social
and economic development in Thailand. The petroleum
is consumed in many sectors such as, communications,
industries, agriculture, and power generation, etc.
Thailand petroleum supply increased 8.3% to 1,825
MBOED in 2010 from the previous year while the GDP
growth was about 7%. In a breakdown of the total
petroleum supply volume, 44.3% came from indigenous
sources and 55.7% from imports. The total petroleum
import was worth about 900 billion baht, of which 82%
of it was spent for crude oil. The GDP growth for the
next few years is estimates to be about 4-5% while the
petroleum demand is expected increasing at 5-6% per
annum. In order to add up the indigenous petroleum
supply, Department of mineral Fuels (DMF) is
approaching to the 21% petroleum concession-bidding
round. Nowadays, the oil price is increasing which
stimulates the oil companies to explore for new fields as
well as marginal ones. Marginal petroleum fields refer to
petroleum fields that contain reserves that are not
economic when produced by majors using conventional
techniques but might be profitable if explored by small
company or indigenous entrepreneur due to their low
overhead and operating cost.

“Marginal fields have nothing to do with their size,
there are 100 million- barrel marginal fields” said Jeff
Aldrich, chief geologist with Forest Oil International in
Houston. “It’s all about economic”. He presented the
paper, “Are Marginal Fields worth the Effort?” in the last
AAPG international conference in Bali.

Reservoir simulation is a powerful and inexpensive
tool, which can predict what is going on in the reservoir
and the amount of production from alternative
operations. Reservoir simulation is necessary to find the

most efficient how to develop a marginal petroleum field
with the minimum cost.

The objectives of this study are to, 1) compile
petroleum fields developments in Thailand, 2) determine
the reserve and production of small petroleum fields
using reservoir simulation, 3) evaluate economic returns
on small petroleum fields 4) determine the knowhow to
develop marginal petroleum field commercially.

2. METHODOLOGY

2.1 Compiling Petroleum Exploration
and Development Information

More than 10 petroleum explorations and
developments were compiled as the database for this
study. Nam Phong and Sinphuhorm gas fields are on
production in the Khorat Basin northeastern Thailand,
The Khorat Basin Chronostratigraphy is shown in Figure
1. Wichian Buri and Na Sanun oil fields used to be small
oil fields but now become medium size oil fields due to
new volcanic play discovery. Many small to medium size
oil fields in Sirikit oil field and nearby have been
discovered and developed since 1978. Some small oil
fields have developed and put on production. Some
marginal oil fields are waiting for suitable condition to be
developed such as MAE NAM NAN ect. The Phitsanulok
Basin Chronostratigraphy is as in Figure 2. There are
many small to medium sizes of oil and gas fields are
developed in the gulf of Thailand. Small oil field is being
developed in Songkhla field, which is someone may
consider as a marginal one. The Schematic of Songkhla
Basin is as in Figure 3. Many small oil fields have been
developed in Fang Basin.
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Figure 1: Khorat Basin Chronostratigraphy (After
Sunton and Nared, DMF 2005)
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Figure 2: Phitsanulok Basin Chronostratigraphy
(After Nuchanart Garawek, PTTEP 2005)
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2.2 Reservoir Simulation Model

Development

Four sizes oil reservoir models of 0.4, 1, 6 and 10
MMSTB oil in place and four sizes of gas reservoir
model of 250, 375, 450, and 740 billion cubic feet gas in
place simulations were developed by utilizing the
software namely “Eclipse Office-100”. All eight models
contain 8 layers, 625 cells/layer, up to a total of 5,000
cells (Grid Blocks). The layers are separated by different
porosity and permeability ranging 19 — 26% and 9.2 —
586 md from the bottom to the top of the reservoir. The
thickness and drainage area of each model will depend
on the petroleum inplace. The number of producing wells
in each model is also depended upon the size of
petroleum inplace, more petroleum inplace more
production wells. Some example models are shown in
Figure 4 -7.

Figure 4: SUT MC1 Model

Figure 5: SUT MC3 Model

Figure 6: SUT MNE1 Model
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Figure 7: SUT MGT1 Model

Two reserve-size models named SUTMNE]1, and
SUTMNE2 are represented the gas reservoir in the
northeastern Thailand. Four reserve-size models named
SUTMC1, SUTMC2, SUTMC3 and SUTMC4 are
represented the oil reservoirs in the central Thailand.
Five reserve-size models named SUTMGT1, SUTMGT2,
SUTMGT3, SUTMGT4 and SUTMGTS5 are represented
the oil and gas reservoirs in the Gulf of Thailand. Some
other details of each model are shown in Table 1 as
follows.

2.3 Reservoir Simulation Input Data
The input data for each model were collected
and obtained from literature reviewing, concessionaire
results, and from assumptions. Many sets of input data
were input into the models, however only two set of data
for SUT MC1 and SUT MNE1 models will be illustrated
in this paper as follows.
For SUT MC1 model;
(@) Fluid properties
°API oil gravity = 39.4°API
e Solution gas gravity =0.8
o Water density = 62.428 Ib/cu.ft. Water compressibility
@ 3500 psi = 3.081x10° psi’!
e Water viscosity = 0.296 cp
¢ Qil formation volume factor =1.055-1.286 bbl/STB
¢ Solution gas oil ratio =0.001-0.482 MSCF/STB
¢ Oil viscosity = 2.1-6.7 cp
o Gas viscosity =0.013-0.024 cp
o And other calculated fluid properties were obtained
from built in software of Eclipse Office.
(b) Rock properties
e  Porosity =19 — 26%
e  Permeability = 140 — 280 md
o k,=k; for bottom

(c) Reservoir properties

e Depth Oil-Water contact = 3,915 ft

e Initial reservoir pressure@3,850 ft = 3,500 psia
e  Bubble point pressure = 1800 psia

e  Reservoir temperature = 203°F

For SUTMNEL1
(a)Fluid properties

31365

Gas gravity = 0.83
Water density = 62.428 Ib/cu.ft. Water compressibility
@ 3500 psi = 3.081x10° psi’*

Water viscosity = 0.296 cp

Gas formation volume factor By =0.62-239bbl/MSCF

Gas viscosity =0.01-0.04 cp

o And other calculated fluid properties were obtained
from built in software of Eclipse Office.

(b) Rock properties

e Porosity =3 -18%

e  Permeability = 0.3 — 868 md

(c) Reservoir properties

e Depth Gas-Water contact = 10,315 ft

o Initial reservoir pressure@10,000 ft = 6,500 psia

e Reservoir temperature = 240°F

The relative permeability is generated by Eclipse
office-100 depends upon the fluid saturation.

3. RESULTS
3.1 Simulation Results

The reservoir simulations were run by using the soft ware
called ECLIPSE-100, which is Schlumberger’s license.
The results of some pattern simulations are listed in the
Table 1, and all pattern simulation results are reported in
the author’s full research report. The brief discussions are
as follows.

(1) The reserves and recoveries of SUTMNE1, and
SUTMNE2 models are 200, 320 MMMSCEF(billion
cubic feet), and 80%, 71% respectively.

(2) The reserves and recoveries of SUTMCL,
SUTMC2, SUTMC3 and SUTMC4 models are 45,000,
80,000, 160,000, and 1,500,000 STB(stock tank barrel)
and 15, 16, 20 , and 15% respectively.

(3) The reserves and recoveries of , SUTMGT1,
SUTMGT2, SUTMGT3, SUTMGT4 and SUTMGT5
models are 1,400,000STB, 2,000,000STB,
2,000,000STB, 300 MMMSCF, and 570 MMMSCF and
14, 20, 20, 80 and 77% respectively.

Three model sets of production rate and pressure
vs. time plot are illustrated here namely SUTMCL,
SUTMNEL, and SUTMGT1 in Figure 8-11.

Oil production rate started a

Gas production Msefiday
|
T

O, water production STBday

K CHEY

Figure 8: Model SUTMC1 Oil and Gas Production
Rate vs. Time from Eclipse office 100
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Figure 9: Model SUTMC1 Flowing Bottom Hole
Pressure vs. Time
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The Excel program was developed to do
economic analysis based on the following regulations
and assumption.

- Qil price 80 US$/STB
- Gas price 6 US$/1000SCF
- Capital investment

1. Concession application

e Medium size reservoir 1 MM$

e  Small size 0.1-0.2 MM$
2. Geological & Geophysical Exploration

e Mediumsize 2-5MM$

e Small size 0.2-1 MM$
3. Exploratory and Appraisal wells

Northeast 20 MM$
Central and Gulf of Thailand 1 MM$
4. Production wells
Northeast 22-25 MM$
Central and Gulf of Thailand 1.2-1.5MM$
5. Production Facilities
Qil field
o Medium size 20 MM$
o Small size 1-2 MM$
Gas field 100-200 MM$
6. Production Cost (Lifting Cost)
Qil field
o  Medium size 20 $/STB
o Small size 10-15$/STB

Gas field 1.5-2 $/1000SCF

7. Discounted Rate (Interest Rate) 10%

10000000

8000000

4000000

FOIRFOFT STB

2000000

=

D

1600

1400

FOPR  ST8,/Dav

o  Escalation 2%
10. Sliding Scale Royalty

(Production Level)  (Rate)(%)
0-2000 BPD 5.00
2000-5000 BPD 6.25
5000-10000 BPD 10.00
10000-20000 BPD 12.50
> 20000 BPD 15.00

|
s
A

Figure 11: Model SUTMGT1 Oil Inplace, Reserve,
Production Rate and Pressure vs. Time

3.2 Economic Analysis

The objective of economic analysis is to study the
commerciality of each pattern, which is the result from
reservoir simulation. The analysis includes
1. Cash flow in-out
2. Internal rate of return (IRR) and net present value
(NPV) of each project
3. Return on investment period(Pay out period)

4. Royalty, Net profit, Taxes
5. Net present profit per investment comparison

11. Income Tax 50%

Many different sized models were analyzed for a
comparison of economic expectations. The IRR (Internal
Rate of Return) of the SUTMC1, SUTMC2, SUTMC3,
SUTMC4, SUTMNE1, SUTMNE4, SUTMGT],
SUTMGT2, SUTMGT3, and SUTMGT4 are -0.1, 8.7,
20, 23, 9.4, 15, 8, 8.4, 9, and 22.5% respectively. The
small reserve-size models have IRR less than 10%. These
cases are shown in Table 2. Four set of sensitivity
analysis were done to identify what fields should be
considered as marginal ones. The sensible factors are
percent change of reserve, petroleum price, and CAPEX
(capital investment) varied with IRR (internal rate of
return). The models include SUTMC1l, SUTMC2,
SUTMNEZL, and SUTMGTS3 as follows.



Model Region Petroleum inplace Number Initial Number Cumulative Recovery
of Production Of years Petroleum (%)
producing rate On Production
wells production (Reserve)
SUTMC1 Central 300,000STB 1 65 STB/D 3 45,000STB 15
Thailand
SUTMC2 Central 400,000STB 1 150 STB/D 4 80,000STB 20
SUTMC3 1,000,000STB 2 150 STB/D 160,000STB 16
SUTMC4 10,000,000STB 4 600 STB/D 20 1,500,000STB 15
SUTMNE1 Northeastern 250 MMMSCF 8 50 MMSCF/D 20 200 MMMSCF 80
(Billion cubic ft.) (Million cu.ft (billion cu.ft.)
per day)
SUTMNE2 450MMMSCF 75MMMSCF/D 20 320MMMSCF 71
SUTMGT1 Gulf of 10,000,000 STB 2000STB/D 8 1,400,000 STB 14
Thailand
SUTMGT?2 Gulf of 10,000,000 STB 4 600STB/D 20 2,000,000 STB 20
Thailand
SUTMGT3 10,000,000 STB 600STB/D 20 2,000,000STB 20
SUTMGT4 375 MMMSCF 200MMSCF/D 20 300 MMMSCF 80
SUTMGTS 740MMMSCF 16 200MMSCF/D 20 570MMMSCF 7
Table 1: Simulation Result Summary
Model Cumulative CAPEX OPEX Revenue ROYALTY | INCOME NPV IRR
Petroleum Investment Operation (MMS$) (MM$) TAX (Net present Internal
Production Cost Cost (MM$) Valuel0% Rate of
(Reserve) (MM$) (MMS$) Discount Return(%)
MM$)
SUTMC1 45,000STB 2.64 0.51 3.63 0.18 0.36 -0.39 -0.1
SUTMC2 80,000STB 2.90 18 6.8 0.3 0.8 -0.06 8.7
SUTMC3 160,000STB 471 2.77 13.12 0.66 2.6 0.86 20.0
SUTMC4 1,500,000STB 34 30 120 6 25 10 23.0
SUTMNE1 | 200MMMSCF 347 344 1200 89 220 32 9.4
SUTMNE2 | 320MMMSCF 376 449 1950 170 490 50 15.0
SUTMGT1 | 1,400,000STB 46 40 113 6 12 -2 8.0
SUTMGT2 | 2,000,000STB 50 42 165 8 35 8 8.4
SUTMGT3 | 300MMMSCF 432 808 1860 167 236 28 9.0
SUTMGT4 | 570MMMSCF 520 1120 3440 380 720 180 225

Table 2: Economic Analysis Result Summary
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Figure 12: Model SUTMC1 Sensitivity Analysis
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Reserve(STB) QOil Price($/STB)

80,000 | 96,000 80 96
Revenue MM$ 6.4 7.7 6.4 7.7
CAPEX, MM$ 2.9 2.9 2.9 2.9
OPEX, MM$ 1.8 2.2 1.8 1.8
ROYALTY MM$ 0.3 0.4 0.3 0.4
INC. TAX, MM$ 0.8 1.2 0.8 14
NPV10%DCMM$ -0.06 0.23 -0.06 0.35
IRR(%) 8.68 14.62 8.68 17.04
DIRR(10%DC)(%) | -1.20 | 420 | -120 | 6.40
DPIR -0.02 0.08 -0.02 0.12

Table 4: Sensitivity Analysis of SUTMC?2

RESERSE QOil Price P
(MMSTB) (US$/STB) o IRR
0045 | 0.0585 | 80 104 14:00% /
Revenue MM$ 3.63 472 3.63 472 12.00% s
CAPEX, MM$ 2.64 2.64 2.64 2.64 10007 _(//
OPEX, MM$ 0507 | 0.659 | 0507 | 0507 o—RESERVE
ROYALTY,MM$ | 0.181 | 0.236 | 0.181 | 0.236
fatal) —fli—GAS PRICE
INC. TAX, MM$ 0.360 | 0.801 | 0.360 | 0.877 /-w 6
NPV/(10%DC), 400% CAPEX
MMUS$ -0.393 | -0.074 | -0.393 | -0.021
DIRR(10%DC) -0.102 | -0.019 | -0.102 | -0.005 2:00%
DPIR(10%DC) -0.149 | -0.028 | -0.149 | -0.008 . 0-00%
IRR(%) 0.1 0.7 0.1 0.94 -40 20 0 20 40
PIR -0.022 | 0.146 [ -0.022 | 0.175 % Change
Figure 14: Model SUTMNEL Sensitivity Analysis
Table 3: Sensitivity Analysis of SUTMC1
+8:00% A Reserve (MMMSCF) | Gas Price
16:00%— "R (US$/1,000
o 14.00% SCF)
12'9956 200 240 6 7.2
v:u ;o —#—RESERVE Revenue, MM$ 1200 1440 1200 | 1440
—m-—0ll PRICE CAPEX, MM$ 347 347 347 347
s 4:60% A CAPEX OPEX, MM$ 344 413 344 344
/ 2:00% ROYALTY, MM$ 89 120 89 106
' - 0:00% ' ' INC.TAX, MM$ 220 290 220 331
30 =20 -168200% 0102030
NPV(10%DC)MM$ 32 76 32 100
%CHANGE
IRR(%) 9.37 12.40 937 | 14.03
DIRR(10%DC) 1.87 4.30 1.87 5.70
DPIR(10%DC) 0.092 0.218 0.092 | 0.217

Figure 13: Model SUTMC?2 Sensitivity Analysis

Table 5: Sensitivity Analysis of SUTMNE1
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Figure 15: Model SUTMGT?2 Sensitivity Analysis

Qil
Reserve Price
(MMSTB) ($/STB)
2 2.4 80 96

Revenue, MM$ 165 198 165 198
CAPEX, MM$ 50 50 50 50
OPEX,
MM$ 43 51 43 43
ROYALTY MM$ 8 10 8 10
INC. TAX, MM$ 35 47 35 51
NPV(10%D)
MM$ 7.74 15.43 7.74 18.34
IRR(%) 8.37 11.30 8.37 12.20
DIRR(10%DC)(%) | 243 | 4.77 2.43 5.56
DPIR(10%DC.) 0.160 | 0.310 0.160 | 0.310

Table 6: Sensitivity analysis of SUTMGT?2

3.3 How to Develop Marginal Fields

The sensivity analysis in the previous section for
some marginal field shown that either petroleum reserve
or price increases by 20% will make IRR greater than
10%. When the oil or gas price is 80 $/barrel and
6$/MSCF respectively, if we cut the CAPEX down by
20% the IRR is also greater than 10%. | would like to
define IRR less than 10% is non-profitable for oil and
gas field development and these will call marginal fields.
We can see that the gas fields become marginal in the
northeastern and The Gulf of Thailand have the reserves
of 200 and 300 MMMSCEF respectively. The oil fields in
the central and The Gulf of Thailand have the reserves of
80,000 and 2,000,000 barrels will define as marginal
field. If the reserves are established, the method how to
develop the marginal fields is to lower the investment
cost down at least 20%. The methodology to reduce

capital and operation cost includes Rapid Oil
Development (ROD), Innovative Facilities, Mobile
Facilities(sharing), Novel wells for increased Production
Rates, Improved Recovery, and Reduced Cost etc.
NuCoastal in Thailand applies DWA (Development
while Appraisal) method to develop Songkhla oil field
instead of conventional one makes the field profitable.
PTTEP plans to use Mobile Production Facility (MPF as
in Fig 16) to develop marginal oil fields in the SIRIKIT
FIELD.

Simplify Process Scheme i

Loaing arm

g ing part

Loadng Gantry

Loading pump

Figure 16: Schematic Process of MPF (after Prapoj,
K. PTTEP Technical Forum 2007)

Marginal field legislation and incentives is a wide
spectrum of styles and methods, including tax holidays,
reinvestment incentives, cost recovery uplift and sliding
scale royalty. Carefully crafted marginal field legislation
can create a win-win situation where both the royalty and
tax to the government and the cash flow to the producer
can both rise. For Thailand 11, sliding scale royalty rate
for marginal fields are variable to output, in the range of
5-15%. Two things that a country can do to increase
indigenous petroleum production are to 1) improve the
fiscal structure and 2) open previously unavailable
acreage. The favor condition for marginal field can
consider on ON and OFF basis depending upon the IRR
cumulative

4. CONCLUSION AND DISCUSSION

Thailand petroleum supply is about 1,825 MBOED
in 2010 with 44.3% came from indigenous sources and
55.7% from imports. The indigenous gas production now
is about 3,000 MMSCFD, and condensate and crude oil
is together about 255,000 bpd.  The petroleum demand
is expected to rise at 5-6% per annum in the next few
years. In order to add up the indigenous petroleum
production, DMF is approaching to the 21% petroleum
concession-bidding round and improvement of the fiscal
structure for marginal fields should be considered.
Marginal petroleum fields are the fields that earn IRR
less than 10% which are not economic when produce by
using conventional techniques but might be profitable if
using innovative method and facilities. Lower CAPEX
and operation cost down will make the marginal fields



developments profitable. Reservoir simulation is a
powerful tool to predict the reservoir performance in
many operational options. In this study, two reserve-size
represented the gas reservoir in the northeastern, four
reserve-size represented the oil reservoirs in the central
and five reserve-size represented the oil and gas
reservoirs in the Gulf of Thailand were modeled and
using ECLIPSE-100 to run the simulations. The oil and
gas productions last from 3 to 20 years with the recover
ranging from 15-84%. The economic evaluation
indicated the smaller reserve-size yield less IRR, which is
in the range of 8-35%. The sensitivity analysis of the
small fields shown petroleum either reserve or price
increases by 20% will make IRR greater than 10%. When
the oil or gas price is 80 $/barrel and 6$/MSCF
respectively, if the CAPEX and operation cost lowered
by 20% the IRR is also greater than 10%. The gas fields
become marginal in the northeastern and The Gulf of
Thailand has the reserves of 200 and 300 MMMSCF
respectively. The marginal oil fields in the central and
The Gulf of Thailand have the reserves of 80,000 and
2,000,000 barrels. The methodology to reduce capital
and operation cost includes Rapid Oil Development
(ROD), Innovative Facilities, Mobile Facilities(sharing),
Novel wells for increased Production Rates, Improved
Recovery, and Reduced Cost etc.

Marginal field legislation and incentives include tax
holidays, reinvestment incentives, cost recovery uplift
and sliding scale royalty. The favor condition for
marginal field can consider on ON and OFF basis
depending upon the IRR cumulative
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