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KANJANA RUKSUTJARITKUL : DEVELOPING COMPUTER
SOFTWARE FOR NATURAL GAS POTENTIAL ASSESSMENT IN
NORTHEASTERN THAILAND. THESIS ADVISOR : ASSOC. PROF.

KRIANGKRAI TRISARN, 133 PP.

DEVELOPING COMPUTER SOFTWARE/ NATURAL GAS POTENTIAL
ASSESSMENT/ GEOX PROGRAM/ FASPU PROGRAM/ ECONOMIC

EVALUATION

The objectives of this research are (1) to develop computer program called
PPA (Petroleum Potential Assessment) using Microsoft Visual Basic version 6.0 for
determining the undiscovered natural gas potential assessment, (2) to compare the
commercial petroleum potential assessment software, which are including FASPU
(Fast Appraisal System for Petroleum Universal Version), GeoX (Geometry
Experiments) and PPA (Petroleum Potential Assessment), (3) to evaluate economic
returns in term of Internal Rate of Return (IRR) and Profit to Investment Ration (PIR).

The undiscovered natural gas potential assessment of the Chonnabot prospect
is performed by PPA software and the results can be summarized as follows; (1) the
quantities of gas in place resource for the prospect are 147.49 Bcf at 90 percent,
405.71 Bcf at 50 percent and 926.71 Bcf at 10 percent of probability respectively. The
quantities of gas recoverable resource for prospect are 132.76 Bcf at 90 percent,
365.14 Bcf at 50 percent and 834.07 Bcf at 10 percent of probability respectively. The

comparison between PPA and FASPU software, PPA software had an error difference



from FASPU software approximately 26.7 percent because of PPA software had been
considered in addition of geological parameters, which is net to gross ratio and
geometric factor. The comparison between PPA and GeoX software, PPA software
had an error difference from GeoX software approximately 15.3 percent.

The economical evaluated result of the expectation case (resource size 365.14
Bcf) and gas price 4.4 US$/MMBtu, are as the Internal Rate of Return is equal to
20.03 percent and the Profit to Investment Ratio is 1.10 (discount factor rate is 10
percent) and the net present value is 85.96 MMUSS$. The result of sensitivity analysis
the profit will be made when the minimum resource size is 230.85 Bcf and the

minimum gas price is 3.41 US$/MMBtu.
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Petroleum Potential Assessment (PPA)

Technical Consideration

Engineering parameters:

- Area of cdoser [acre]

- Thickness [ft]

- Porosity [decimal]

- Gas saturation [decimal]

- Gas recovery factor [decimal]

- Gas formation volume factor [cf/scf]

Risk parameters: Geology

- Hydrocarbon source [decimal]

- Timing [decimal]

- Migration [decimal]

- Trap occurence [decimal]

- Effective porosity [decimal]

- Potential reservoir facies [decimal]

- Hydrocarbon accumulation [decimal]
- Net/Gross ratio [decimal]

- Geometric factor [decimal]

- Trap fill [decimal]

Gas Production Forecast

Parameters:

- Gas in place or recoverable resources

[Bdf]

- Time of constant rate [year]
- Field gas efficiency @ time of constant

rate [decimal]

- Production decline per year [decimal]

9 Y]

Parameters:

- Gas in place or recoverable resources
[Bcf]
- Schedule's gas production [fraction]
- Gas price [US$/MMBtu]
- Concession [MMUS$]
- Geological and geophysical
survey: 2D and 3D [MMUS$]

- Exploration and apprisal well [MMUS§]
- Number and cost of production well
[MMUSS/well]

- Intangible [fraction]

- Cost of pipeline and processing
production facilities [MMUS$]
- Operation cost [US$/MMcf]

- Discount factor [%]

Sensitivity analysis

4.1 vmanvedldsunsy PPA
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. Petroleum Polential Assessment: Technical Consideralion by Monte Cardo Simulation method

Volume Parameter [units] Type/Value Min Mean Max  Risk Factor [unit]

Area of Closure [acre] # Uniform - - Hydrocarbon Source [%]

# Triangular - - - Timing [%]

Thickness [ft] # Uniform - - Migration [%]
o Trenguor [N TN N

Trap Occurrence [%]

Porosity [%0] # uniform
_ - - Potential Reservoir Facies [%]
o Tronguor NN N T

Gas Saturation [%] # Uniform - -

Effective Porosity [%]

y ‘ i 0
# Triangular - - - Hydrocarbon Accumulation [%]

Gas Recovery Factor [%] # Uniform - - Net/G Ratio [%]
et/Gross Ratio [%
o Tranguior N N
*Geometric Factor [%]

Gas Formation Volume Factor # Uniform - -
cf/sct =T, ill [2
i sreanoien IR

Command button——m8 —————— Result

F90 F30 F10
In place resources
Ea = P (el | N I

e S——— ] ]

~ 9 A o 1o a
7U7 42 winsedlilsunsy PPA Usziliudnenmumaimasssuma
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. Petroleum Potential Assessment: Gas Production Forecast
2

Input Parameter

Gas in place or recoverable resources -
[Bcf]

Field gas production efficiency @ time of -
constant rate [decimal]

Time of constant rate [year] -
Production rate decline per year [decimal] -

Year Production rate Cumulative gas  Field gas efficiency
[MMscfiyear] production [Bcf] [decimal]

Command botton

In place resources

u
Recoverable resources m

m Graph diagram
=

P10
P10

Main page Technical

Check input Economic

~ 9 a a o a Y
E‘]J“I/I 4.3 111599 1U50050 PPA MsyUsiiiumsnamumMsnanmessssusIaa i
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. Petroleum Potential Assessment: Economic consideration

r Common button

Year Scheule Year | Concession| 2D seisimic - 3D seisimic | No. wel  Cost/wel Pipeline Facilty X
[MMUSS]| [MMUSS] | [MMUSS] [MMUSS] | [MMUSS] || [MMUSS]

—
—-—

[ ;
|

' | save print_|
—
-—
'

0 [

o —
l
—

— e
—-—
—-—
=
[
[
—

Result

Gross Revenue [MMU5$]- CAPEX [MMUS$]- IRR [%]-

Rovay  Twuss] [ OPOX Tvuss] SN 07 1
meome mx (Muss] I WPV s N PR

A Y a g J 1T a
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Rt Foyariudn wie | i
1 Huduiuiaveslalasn1sueu (Hydrocarbon source) $ovaz 1.00-100
2 DA ANYeINIINAYe9Y 1nsiaewy (Timing) Fouas 1.00-100

A Y a =1 [ 1Ty @ A =1
3 m3ndoudvesl) Tasdey lldwmasnnpuil Tasideu jouay 1.00-100
(Migration)
v =]
4 leTasmsveugniniu T3 luuvasdndy (Trap Fouas 1.00-100
occurrence)
@ Ty & A = A A @ 9
5 fingnnvodurasnmnull las@eniinasud gz ay G 1.00-100
AN (Potential reservoir facies)
6 U5z ANTNNAINMUNTUVOITUNY (Effective porosity) $ovaz 1.00-100
7 MIazauaveall Insaew (Hydrocarbon accumulation) Fouay 1.00-100
] 1 Qs/l ] = 4 1
8 dadruanunuvessusmnylalasasveuaeniw jouay 1.00-100
4
v o d
HUIUOIFUNNLNU (Net/Gross Ratio)
a =]
9 71N U3 VNIAAAVDUH AN (Geometric factor) Fouas 1.00-100
10 | myazauaivest lasmenlunvasdeauda (Trap fill) $ouvay 1.00-100
4 § a 4
11 WuNYsziu (Area of closure) 19IADT -
LY <
12 ANUNWTUVBNAINNIN (Porosity) $ouaz 1.00-100
=] .
13 ANUNUIVOILHAINNNY (Thickness) W -
14 ANNDUAIVDINFTTTUISA (Gas saturation) $ouay 1.00-100
[y [ a %) Aa g;’ [ <3 (=} ]
15 9981/51105v09MSFITNWIA TUFULAIN AN Taitiniqe -
(Gas Formation Volume Factor)
Y, [ Y a [} a 9
16 Pademsnunudsinanwsssuma (Recovery Factor) jouay 1.00-100
17 F2ELIAVDINITHAN NOATINTHANAIN (Time of 9l -
constant rate)
18 UYL ANTMNMITHAAMYTITUHA NOATINTHAAAIN jouay 1.00-100
(Field gas production efficiency at time constant rate)
19 dasimsnanluildalivzanainndasimnanluil $ouaz 1.00-100
AOUNT (Production rate decline per year)
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a1 Foyariuin wie | $iidmue
a () aAa A a () A o
1 YTnumasssumasuusnusolsmamesssumnan | gnuian -
4 v
ansonan 18395 UILs A (Gas in place or Yo
Recoverable resources)
2 UHUNISHAA (Schedule’s Gas/Oil production) jouny -
dy (23 a . =
3 FIIMFOVWNYTITUIA (Gas price) M3y -
ansy/an
a A
1y
" o A . ~
4 AAUUNIUNUN (Concession) MIgey -
ansg
1" o aAa Aana 4 . ~
5 M1 EIUIN WA 5IUNANE (Geological and M3y -
geophysical surveys) an wﬁ
6 AMMIIEauaITIaz1lsziiu (Exploration and N30Ty -
appraisal wells) an wﬂ
7 Snurqueaauaga1 1991eM01qy (Number and cost M38Y -
of production well) an wg
1 Aa ug// 1 a P Y a A =~
8 maadanenantazglnsainlyluniswanau o M3 01y -
(Cost of pipeline and processing production facilities) awn wg
9 A1PIANIIADINTINITHAA (Operation cost) M3 07y -
aAnIg
[ dy a Y
10 8913100 NLYRUATUIA1T (Discount factor) jouaY 1.00-100
U &% Lg’ A .
11 mginsalTagdulasd (Intangible) G 0.00-1.00
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2)  msteuidiga Ananuazmgegavesdoyauaazainlsuaziins
@onguun 1 a1 TasinuaTeueIdoyaogsz1ning 0.00-1.00
o [ @ ' I o
3)  dimsiendnyuzn1InIzatealvesveyainiunuudindue
. A = .
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o A U A o o 1
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INPUT SUMMARY

Play Attribute Probabilities

Prospect Attribute Probabilities

|

| -

| Trapping
i :

Hydrocarban Potential Effective Hydrocarban
Source Timing Migration Res. Facies Mechani=m Porosity Accumulation
1.000 1.000 1.000 0. 900 0. 500 1.000 1.000
Marginal Play Conditional Deposit Reservoir Hydrocarbon Prob. Recovery Factors %
Probability Probability Lithology Gas 01l 0il Free Gas
0. 500 0. 300 carbonate 0.950 0.050 10,00 S0.00
Genlogic Variahles F100 Fa5 F75 F50 F25 FO5 FO
Closure (thousand acres) 2.23700 2.74700 4,733800 7.34000 9.89100 11.9330 12,4430
Thickness (feet) 102,020 123.020 216. 000 242,000 268.000 320.870 329.960
Porosity (percent) 3. 00000 3.14000 3.71000 4., 61000 7.00000 13.1000 13. 0000
Trap Fill (percent) 30.0000 35.0000 40,0000 45. 0000 50.0000 70.0000 30,0000
Depth (thousand feet) 9.86500 10.1330 11.2130 12.5570 3.8010 14,9760 15.2450
HC Saturation (percent) 53.4230 55.0900 61,7500 70. 0600 700 35. 0300 56.65300
Number of Prospects 5 5 5 [ 8 g
GEQLOGIC VARIAELES and PROBAEILITIES OF OCCURRENCE
Mean Std. Dev "Dry Hole" Risk = 0.2800
Prob. ( Depth <= 27200 feet ) = 1.0000
Closure
Thickness  236.311  54.2472  e———meeee——e RESOURCE ------=-----—
Porosity_ a1 N& Gas AD Gas Gas
Trap Fi 47,3750 10.7323
Depth 12.5570 1.55185 Cond. Prob. Prospect has 0.0400 0.7600 0. 0400 0.38000
HC Saturation 70.0600 9. 60060 Cond. Play Prob. 0.2103 0.9995 0.2103 0.9933
Prospects 5. 80000 0.92736 Uncond. Play Prob. 0.1392 0.8396 0.1892 0.8998
Accumulations 4.64000 1.2158%9
Variable Functicon & B Difeet) A B D(feet) A B
Pe (P5I) i Linear 0.7166000 14.503300
T (Deg Rankine) Linear 0.0267000 533.00000 2300.0000 0.0063000 579.00000 5500.0000 0.0115000 537.00000
Rs (Thousand CuFt/BEL Linear 0.000 0.0056146
Bo {no units) Linesar 0.000 1. 0000000
Z (no units) Linear 0. 000 1.0000000
Depth Floor (feet) = 27200.00

ESTIMATED RESOURCES

QIL (Mi1lions of BBLs)

Number of Accumulations

Accumulation Size
Cond. Prospect Potential
Cond. (B) Play Potential
Cond. (&) Play Potential

Mean Std. Dev. Fa5 F75 F50 F25 FO5
0 [t} o o i
5.72550 12.4284 21.2987 36.4999 79.2305
0.0 0.0 .0 .0 0.0
6. 30858 13.6980 -4872 40,2693 B7.4721
72 0.0 0.0 .0 0.0 41,5763
6.11752 0.0 0.0 .0 0.0 38.9269

Uncond. Play Potentia

NON-ASSOCIATED GAS (Bi117ons of CuFt)

Number of Accumulations 4. 40800
Accumulation Size 635,414
Cond. Prospect Potential 523.955
Cond. (B) Play Potential 3040.32
Cond. (&) Play Potential 3038.94
Uncond. Play Potential 2735.04
ASSOCIATED-DISSOLVED GAS  (Billions of CuFt)
|
Number of Accumulations ' 0.23200
Accumulation Size 0.16450
Cond. Prospect Potential 0. 00658
Cond. (B) Play Potential 0.18150
Cond. (A) Play Potential 0.03816
Uncond. Play Potential 0.03435
GAS (Bil1lions of CuFt)
Number of Accumulations 4. 64000
Accumulation Size 654,952
Cond. Prospect Potential 523.961
Cond. (B) Play Potential 3039.52
Cond. (&) Play Potential 3035.98
Uncond. Play Potential 2735.08
YIELD FACTORS
QIL
(Thousand BBL / Acre-Ft) 0.35656
NON-ASSOCIATED GAS
(Mi1lion CuFt / Acre-Ft) 0.93223
DISSOLVED GAS
(Mi1Tion CuFt / Acre-Ft) 0. 00200

1.24686
B657.772
644.607

=T =]

0 0 o 0
0.03215 0.06978 0.11958 0.20493 0.
0.0 0.0 0.0 0.0
0.03541 0.07691 0.13187 0.22610 0.
0.0 0.0 0.0 0.0 0.
0.0 0.0 0.0 0.0 0.
3 4
116.796 262.843
0.0 128.056
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ECupdate thesis [Korat in Thailand.Permian Limestone. CHONNABOT-1] =10l x|
il pages Corberts of Inplace resources
Input =
L T Resource type Disttype | Mean | Std dev | F3O F50_ | Fio_ | 1
Setup 0l [1e6 STE]
e — coumulation size Const il 00 0.0 [il5] [T |
EZ?W" Cond, prospect patential Const 0.0 0.0 0.0 00 00
Cirrslation Uncand. praspect petential Const oo fiXi] oo oo 0o
i NaBas [129 scf]
R S Ascumulstion size MOZOOD) | 4523 | 3404 1242 3§18 @420
Cond. prospect potential MOZOOD] | 3E1E | 3545 00 7 | ares
Fiosoverable resources Uncand. prospect potential cizoo] | 2331 3432 00 1937 | Faas
Rock % olume and HC yield estimates Aslias [1e9 scf]
- Fiesources diagram Accurmulation size Const 0o fini oo oo 0o
W ariance disgram - recoverable resoues Cond. prospect patertial Const 0o fini oo oo 0o
Uncand. prospsct posritisl Const o nn nn nn na

wil

4
B L
| REF [mE[=516 [0 [ NaGas [oer [oss |

ﬁstartl (79 GeoxfoProspectR: updat... | (7 Geaplorer

|[39 update thesis [korat i.. & &.bmp - Faint

| @ W8 ShE 424 am
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B update thesis [Korat in Thailand.Permian Limestone.CHONNABOT-1] . =1 B
Al pages Contents of Recoverable rssources
Input =1
[#- Deseription FResource lype Disttype | Mean | Stddes | F30 Fs0_ [ Fi0_ | = |
Setup il [1e5 STE]
Wolume PR -
) Accumulation size above min valume Const 0.0 0.0 0.0 00 00
g.efw" Aceumulation size Const 00 0o 0o 0o 0o
E:rra\alinn Cond. praspect patential Const 0.0 0.0 0.0 00 00
. Uncond. prospect patential Const 0o 0.0 0o oo 0o
Fick S mmary NaGas [1e9 scf]
[ Accumulation size above min volume MC2000) | 407.0 | 3087 | 1118 368 | 8478
Accumulation size MC[2000) | 407.0 | 3067 118 368 | 8476
Rock v olume and HC vield estimates Cond. prospect potential MC2000) | 3256 | 3180 | 0O 2437 | 7854
Fe e e aaan Uncand. praspect patential MC[2000) | 263.8 | 3142 00 1744 | 7150
W ariance diagram - recoverable resources Asias [1e9 sef]
Accumulation size above min velume Const 00 0.0 0.0 0.0 00
Aceumulation size Const 0o 0.0 0o 0o 0o
Cond. prospect potential Const 0.0 0.0 0.0 0.0 00
Uncond. prospect patential Const 0o 0o 0o oo 0o
Cond [16 5TE]
Aceumulation size above min volume MC[Z000) | 0.0 0.0 0o 0o 0o
Acoumulation size MCiz000) | 0.0 0.0 fiXi] 0o 00
Cond. prospect potential MC[Z000) | 0.0 0o 0o oo 0o
Uncond. prospect patential MCiz000) | 0.0 0.0 fiXi] 0o 00

Total Resources above min volume [1e6 STB DE] | MC(2000) 725 546 133 56.4 151.0
Total Resources [1ef STB OE] tC(2000] 725 546 199 564 151.0

L o
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B Inplace acc.size naGas [1e9 scf] =10 ]

Type: MC[2000] 1.0
Mean 4523
Sid 408
F100 7.6

FoE B0 04
Fan 124.2
F75 2046
F50 1.9
F25 597.0
Fio 8420
FO5 11264
Fon 17113

0.a

o7

Min TE
Max 17113
Med 1.9
Mod WA 0.6
Finan 758

04

04

0.3

0z

0.1

oo
0.0 a00.0 1000.0 1500.0 2000.0f

Inplace acc.size naGas [1ed scf]
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Private Sub Text21 Change ()

End Sub

Private Sub check Click ()

Textl.Text = "Check input...please wait"

Dim Response As Variant

Label10.BackColor = &H8080FF

Label2.BackColor = &H8080FF

Label3.BackColor = &H8080FF

Label4.BackColor = &H8080FF

If gi.Text="" Or eg.Text="" Or tc.Text ="" Or d.Text ="" Then
Response = MsgBox ("Please enter number in text box", vbCritical + vbOKOnly, "Error !!")
Exit Sub

End If

Ifeg>1 Then

Label3.BackColor = &HFF&

Response = MsgBox ("Field Gas Efficiency [decimal] must be between 0.xxxx and 1", vbCritical +
vbOKOnly, "Check input!!")

End If

Ifd > 1 Then

Label10.BackColor = &HFF&

Response = MsgBox ("Production decline per year [decimal] must be between 0.xxxx and 1", vbCritical +
vbOKOnly, "Check input!!")

End If

Ifeg=1 Then

d=0

tl =tc

ql =Round (eg * gi * 1079 /tc/ 10" 6, 2)

gl=ql *10"6*t1/10"9

el =Round (g1 /gi, 4)

MsgBox "Successful design for 100% Field Gas Efficiency"

End If

Ifeg <1 Then

tl =tc

ql =Round (eg * gi * 1079 /tc/ 1076, 2)
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gl=ql *10"6*t1 /10”9

el =Round (gl / gi, 4)

Ifd=0 Then

Label4.BackColor = &HFF&
Response = MsgBox ("Production decline per year [decimal] must be between 0.xxxx and 1", vbCritical +
vbOKOnly, "Check input !!")
End If

End If

Ifd>0Andd<1 And eg <1 Then
Timerl.Enabled = False
design.Visible = True

MsgBox "Next to Design"
gi.Enabled = False

eg.Enabled = False

tc.Enabled = False

d.Enabled = False

End If

End Sub

Private Sub Command1_Click ()
Form1.Show

End Sub

Private Sub Command10_Click ()
Form?2.gi.Text = Form6.p90i.Text
End Sub

Private Sub Command11_Click ()
Form2.gi.Text = Form6.p50i.Text
End Sub

Private Sub Command12_Click ()
Form2.gi.Text = Form6.p10i.Text
End Sub

Private Sub Command13_Click ()
On Error Resume Next

Dim progress As Integer

Dim Test Array (15000) As String
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Textl.Text = "Progressing...please wait"

g2 =Round (((gl *1079)+(ql *1076*d))/10"9,2)
If g2 < gi Then

22=tl+1

g2 =Round (q1 *d, 2)

e2=Round (g2 / gi, 4)

g3 =Round (g2 *1079)+(q2 * 1076 *d))/10"9,2)
End If

If g2 > gi Then

g3=g2

2=0

e2=0

End If

If g3 < gi Then
t3=t2+1

g3 =Round (q2 * d, 2)
€3 =Round (g3 / gi, 4)
g4 =Round (g3 * 107 9) +(q3 * 10~ 6 *d)) /10" 9, 2)
End If

If g3 > gi Then

g4 =g3

q3=0

t3=0

g3=0

e3=0

End If

If g4 < gi Then
t4=t3+1

g4 =Round (q3 * d, 2)
e4 =Round (g4 / gi, 4)
g5=Round (g4 *1079)+(q4 * 1076 *d))/10"9,2)
End If
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If g4 > gi Then
g5=g4

q4=0

t4=0

g4=0

e4=0

End If

If g5 < gi Then
tS=t4+1

g5 =Round (¢4 * d, 2)
e5 =Round (g5/gi, 4)
g6 =Round (((g5*1079)+(q5*1076*d))/10"9,2)
End If

If g5 > gi Then
g6=g5

q5=0

e5=0

End If

If g6 < gi Then
t6=t5+1

g6 =Round (q5 * d, 2)
€6 = Round (g6 / gi, 4)
g7 =Round (((g6 * 102 9) + (g6 * 10~ 6 *d)) /10" 9, 2)
End If

If g6 > gi Then

g7 =gb

q6=0

t6=0

g6=0

e6=0

End If

If g7 < gi Then
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t7=1t6+1

q7 =Round (g6 * d, 2)
e7 =Round (g7 / gi, 4)
g8 =Round (((g7 * 107 9)+(q7 * 1076 *d)) /1019, 2)
End If

If g7 > gi Then
g8=g7

t7=0

q7=0

g7=0

e7=0

End If

If g8 < gi Then
t8=t7+1

g8 =Round (q7 * d, 2)
e8 = Round (g8 / gi, 4)
g9 =Round (((g8 * 107 9)+(q8 * 1076 *d)) /10" 9, 2)
End If

If g8 > gi Then
g9=1g8

q8=0

e8=0

End If

If g9 < gi Then
9=t8+1

q9 =Round (q8 * d, 2)
€9 =Round (g9 / gi, 4)
g10=Round (((g9 * 107 9)+(q9 * 1076 *d)) /10" 9, 2)
End If

If g9 > gi Then
gl0=g9

q9=0
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e9=0

End If

If g10 < gi Then
tl0=t9+ 1

q10 =Round (q9 * d, 2)
el0=Round (g10/ gi, 4)
gll1=Round ((gl0* 107 9)+(ql0* 1076 *d))/ 1079, 2)
End If

If g10 > gi Then
gll=gl0

t10=0

ql0=0

gl0=0

el0=0

End If

If g1l <gi Then
t11=t10+1
ql1=Round (q10 *d, 2)
ell =Round (gl1/gi, 4)
gl12=Round (((gl1 *1079)+(ql1 *10° 6 *d))/10"9,2)
End If

If g11 > gi Then
gl2=gll

tl1=0

qll=0

gll=0

ell=0

End If

If g2 < gi Then
t12=tl1+1
ql2=Round (ql1 *d, 2)
el2 =Round (gl2/gi, 4)
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gl13=Round (((gl2 * 107 9)+(q12* 1076 *d))/10"9,2)
End If

If g12 > gi Then
gl3=gl2

t12=0

ql2=0

gl2=0

el2=0

End If

If g13 < gi Then
t13=tl12+1

ql3 =Round (ql12 * d, 2)
el3 =Round (gl3/gi, 4)
gl4=Round (((g13*1079)+(q13*10°6*d))/10"9,2)
End If

If g13 > gi Then
gl4d=¢gl3

t13=0

ql3=0

gl3=0

el3=0

End If

If g14 < gi Then
tl4=t13+1

ql4 =Round (q13 * d, 2)
el4 =Round (gl4/ gi, 4)
gl5=Round (((gl4 *1079)+(ql4* 1076 *d))/10"9,2)
End If

If g14 > gi Then
gl5=¢gl4

tl4=0

ql4=0

gld=0

el4=0
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End If

If g15 < gi Then
t15=tl4+1
ql5=Round (ql14 * d, 2)
el5=Round (gl5/gi, 4)
gl16=Round (((g15* 1079 +(q15* 1076 *d)) /1079, 2)
End If

If g15 > gi Then
gl6=gl5

t15=0

q15=0

gl5=0

el5=0

End If

If g16 < gi Then
tlo=tI5+1

ql6 =Round (ql5 * d, 2)
el6=Round (gl6/ gi, 4)
g17=Round (((g16 * 107 9) +(ql6 * 102 6 *d)) /10 9, 2)
End If

If g6 > gi Then
gl7=gl6

t16=0

ql6=0

gl6=0

el6=0

End If

If g17 < gi Then
t17=tl6+1

ql7 =Round (q16 * d, 2)
el7 =Round (g17/ gi, 4)
18 =Round (217 * 102 9) + (q17 * 10~ 6 *d)) / 10~ 9, 2)
End If

If g17 > gi Then
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gl8=gl7

t17=0

ql7=0

gl7=0

el7=0

End If

If g18 < gi Then
t18=tl7+1

ql8 =Round (q17 * d, 2)
el8 =Round (g18/gi, 4)
g19=Round (((gl8 * 107 9) +(q18 * 1076 *d))/ 10" 9, 2)
End If

If g18 > gi Then
gl9=gl8

t18=0

ql8=0

gl8=0

el8=0

End If

If g19 < gi Then
t19=tI18+1

q19 =Round (q18 *d, 2)
el9=Round (g19/ gi, 4)
220 =Round (((g19 * 107 9)+(q19* 1076 *d)) /10" 9, 2)
End If

If g19 > gi Then
g20=¢gl9

t19=0

ql9=0

g19=0

el9=0

End If

If g20 < gi Then
t20=t19+1
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20 =Round (q19 * d, 2)

€20 = Round (g20 / gi, 4)

g21 =Round (((g20 * 107 9) +(q20 * 107 6 *d)) /10" 9, 2)
End If

If 220 > gi Then

g21 =g20

20=0

q20=0

g20=0

e20=0

End If

design.Visible = False

gi.Enabled = True

eg.Enabled = True

tc.Enabled = True

d.Enabled = True

End Sub

Private Sub Command14_Click ()

Dim Response As Variant

Dim xIsApp As New Excel.Application
Dim xIsBook As Excel. Workbook

Dim xIsSheet As Excel. Worksheet

Dim resp As Integer

On Error Resume Next

Dim progress As Integer

Dim TestArray(15000) As String
Textl.Text = "Graph diagram...please wait"
Set xIsBook = xIsApp.Workbooks.Open("C:/Data base/Book6.xl1s")
Set xIsSheet = xIsBook.Worksheets("Sheet1")
xIsSheet.Cells (1, 1) = t1.Text
xIsSheet.Cells (2, 1) = t2.Text
xIsSheet.Cells (3, 1) = t3.Text

xIsSheet.Cells (4, 1) = t4.Text

xIsSheet.Cells (5, 1) = t5.Text
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xIsSheet.Cells (6, 1) = t6.Text
xIsSheet.Cells (7, 1) = t7.Text
xIsSheet.Cells (8, 1) = t8.Text
xIsSheet.Cells (9, 1) = t9.Text
xIsSheet.Cells (10, 1) = t10.Text
xIsSheet.Cells (11, 1) = t11.Text
xIsSheet.Cells (12, 1) = t12.Text
xIsSheet.Cells (13, 1) = t13.Text
xIsSheet.Cells (14, 1) = t14.Text
xIsSheet.Cells (15, 1) = t15.Text
xIsSheet.Cells (16, 1) = t16.Text
xIsSheet.Cells (17, 1) = t17.Text
xIsSheet.Cells (18, 1) = t18.Text
xIsSheet.Cells (19, 1) = t19.Text
xIsSheet.Cells (20, 1) = t20.Text
xIsSheet.Cells (1, 2) = q1.Text
xIsSheet.Cells (2, 2) = g2.Text
xIsSheet.Cells (3, 2) = q3.Text
xlsSheet.Cells (4, 2) = g4.Text
xlsSheet.Cells (5, 2) = g5.Text
xIsSheet.Cells (6, 2) = q6.Text
xIsSheet.Cells (7, 2) = q7.Text
xIsSheet.Cells (8, 2) = g8.Text
xlsSheet.Cells (9, 2) = q9.Text
xlsSheet.Cells (10, 2) = q10.Text
xlsSheet.Cells (11, 2) = q11.Text
xIsSheet.Cells (12, 2) = q12.Text
xIsSheet.Cells (13, 2) = q13.Text
xlsSheet.Cells (14, 2) = q14.Text
xlsSheet.Cells (15, 2) = q15.Text
xIsSheet.Cells (16, 2) = q16.Text
xIsSheet.Cells (17, 2) = q17.Text
xIsSheet.Cells (18, 2) = q18.Text
xIsSheet.Cells (19, 2) = q19.Text
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xlsSheet.Cells (20, 2) = q20.Text
xIsApp.Visible = True

Response = MsgBox("Succesfully Evaluation", vbInformation + vbOKOnly, " Gas Production Forecast")
End Sub

Private Sub Command2_Click ()
Form5.Show

End Sub

Private Sub Command3_Click ()
Formé6.Show

Dim Response As Variant
Response = MsgBox("Please enter number in text box", vbInformation + vbOKOnly, "Hint !!")
End Sub

Private Sub Command4_Click ()
Form9.Show

Textl.Text = "Help...please wait"
Dim Response As Variant
Response = MsgBox("Please enter number in text box", vbInformation + vbOKOnly, "Hint !!")
End Sub

Private Sub Command5_Click ()
Textl.Text = "Clear"

gi.Text=""

tc.Text=""

d.Text=""

eg. Text=""

tl.Text=""

t2. Text=""

t3. Text=""

t4. Text=""

t5.Text=""

t6. Text=""

t7. Text=""

t8.Text=""

t9. Text=""

t10.Text=""
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tl1.Text=""
t12. Text=""
t13.Text=""
t14. Text=""
t15.Text=""
t16. Text=""
t17. Text=""
t18. Text=""
t19.Text=""
t20.Text =""
ql.Text=""
q2.Text=""
q3.Text=""
q4.Text=""
q5.Text=""
q6.Text=""
q7.Text=""
q8.Text=""
q9.Text=""
ql0.Text=""
qll.Text=""
ql2.Text=""
ql3.Text=""
ql4.Text=""
ql5.Text=""
ql6.Text=""
ql7.Text=""
ql8.Text=""
ql9.Text=""
q20.Text=""
gl.Text=""
g2.Text=""
g3. Text=""

g4. Text=""
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5. Text=""
g6.Text=""
g7. Text=""
g8. Text=""
9. Text=""
g10.Text=""
gll.Text=""
gl2.Text=""
gl3.Text=""
gl4. Text=""
g15. Text=""
gl6. Text=""
gl7.Text=""
gl8.Text=""
g19.Text=""
220.Text=""
el.Text=""
e2.Text=""
e3.Text=""
e4.Text=""
eS5.Text=""
e6.Text=""
e7.Text=""
e8.Text=""
€9.Text=""
el0.Text=""
ell.Text=""
el2.Text=""
el3.Text=""
el4. Text=""
elS5.Text=""
el6.Text=""
el7.Text=""

el8. Text=""
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el9.Text=""

€20.Text=""
Label10.BackColor = &HC0&
Label2.BackColor = &HC0&
Label3.BackColor = &HC0&
Label4.BackColor = &HC0&

Dim Response As Variant

Response = MsgBox("Please enter number in text box", vbInformation + vbOKOnly, "Hint !!")

End Sub
Private Sub Command6_Click ()
Textl.Text = "Example"

gi.Text="323.13"

tc.Text="5"
d.Text="0.8"
eg.Text="0.5"
End Sub

Private Sub Command7_Click ()
Form?2.gi.Text = Form6.p50r.Text
End Sub

Private Sub Command8_Click ()
Form2.gi.Text = Form6.p90r.Text
End Sub

Private Sub Command9_Click ()
Form2.gi.Text = Form6.p10r.Text
End Sub

Private Sub design_Click ()

On Error Resume Next

Dim progress As Integer

Dim TestArray(15000) As String

Textl.Text = "Progressing....please wait"

Response = MsgBox("Please wait", vbInformation + vbOKOnly, "Progressing !!")

g2 =Round (((g] * 107 9)+(q1 * 1076 *d)) /109, 2)

If g2 < gi Then

2=tl +1
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g2 =Round (q1 *d, 2)
e2 =Round (g2 / gi, 4)
g3 =Round (g2 *1079)+(q2 * 1076 *d))/10"9,2)
End If

If g2 > gi Then
g3=g2

2=0

q2=0

g2=0

e2=0

End If

If g3 < gi Then
t3=t2+1

g3 =Round (q2 * d, 2)
€3 =Round (g3 / gi, 4)
g4=Round (g3 *1079)+(q3*1076*d))/10"9,2)
End If

If g3 > gi Then
g4=g3

q3=0

t3=0

g3=0

e3=0

End If

If g4 < gi Then
t4=1t3+1

g4 =Round (q3 * d, 2)
e4 =Round (g4 / gi, 4)
g5=Round (g4 *1079)+(q4 * 1076 *d))/10"9,2)
End If

If g4 > gi Then
gS=g4

q4=0

t4=0
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g4=0

e4=0

End If

If g5 < gi Then
tS=t4+1

g5 =Round (¢4 * d, 2)
e5 =Round (g5 / gi, 4)
g6 =Round (g5 *1079)+(q5*10°6*d))/10"9,2)
End If

If g5 > gi Then

g6 =g5

q5=0

t5=0

g5=0

e5=0

End If

If g6 < gi Then
to=t5+1

g6 =Round (g5 * d, 2)
€6 = Round (g6 / gi, 4)
g7 =Round (((g6 * 107 9) +(q6 * 1076 *d)) /10" 9, 2)
End If

If g6 > gi Then

g7 =gb

q6=0

t6=0

g6=0

e6=0

End If

If g7 < gi Then
t7=1t6+1

q7 =Round (g6 * d, 2)
e7 =Round (g7 / gi, 4)
g8 =Round (((g7 * 107 9)+(q7 * 1076 *d)) /10" 9, 2)
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End If

If g7 > gi Then

g8 =1g7

t7=0

q7=0

g7=0

e7=0

End If

If g8 < gi Then
t8=t7+1

g8 =Round (q7 * d, 2)
e8 =Round (g8 / gi, 4)
g9 =Round (g8 *1079)+(q8 * 1076 *d))/10"9,2)
End If

If g8 > gi Then
g9=g8

q8=0

t8=0

g8=0

e8=0

End If

If g9 < gi Then
t9=t8+1

q9 =Round (g8 * d, 2)
€9 =Round (g9 / gi, 4)
g10=Round (((g9 * 107 9)+(q9 * 1076 *d)) /10" 9, 2)
End If

If g9 > gi Then
gl0=g9

q9=0

t9=0

g9=0

e9=0

End If
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If g10 < gi Then
t10=t9+ 1
q10=Round (q9 * d, 2)
el0=Round (g10/ gi, 4)
gl1=Round (((gl0 *1079)+(q10* 1076 *d)) /1079, 2)
End If

If g10 > gi Then
gll=gl0

t10=0

ql0=0

glo=0

el0=0

End If

If g1l <gi Then
tll=t10+1
ql1=Round (ql10 * d, 2)
ell =Round (gl1/gi, 4)
gl12=Round (((gl1 *1029)+(ql1 *10726*d))/10"9,2)
End If

If g11 > gi Then
gl2=¢ll

tl1=0

qll=0

gll=0

ell=0

End If

If g12 < gi Then
tl12=tl1+1
ql2=Round (ql1 *d, 2)
el2 =Round (gl2/gi, 4)
gl13=Round (((gl2 * 107 9)+(q12* 1076 *d))/10"9,2)
End If

If g12 > gi Then
gl3=gl2
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t12=0

ql2=0

gl2=0

el2=0

End If

If g3 < gi Then
t13=t12+1
ql3=Round (ql12 * d, 2)
el3 =Round (gl3/gi, 4)
gl4=Round (((g13 *1079)+(q13*1076*d))/10"9,2)
End If

If g13 > gi Then
gld=gl3

t13=0

ql3=0

gl3=0

el3=0

End If

If g14 < gi Then
tl4=t13+1

ql4 =Round (q13 *d, 2)
el4 =Round (gl4/ gi, 4)
gl5=Round (((gl4 *1079)+(q14* 1076 *d))/10"9,2)
End If

If g14 > gi Then
gl5=gl4

tl4=0

ql4=0

gld=0

el4=0

End If

If g15 < gi Then
tl15=tl4+1
ql5=Round (ql14 * d, 2)
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el5=Round (gl5/gi, 4)
gl6=Round (((gl5*1079)+(q15* 1076 *d))/10"9,2)
End If

If g15 > gi Then
gl6=gl5

t15=0

ql5=0

gl5=0

el5=0

End If

If gl6 < gi Then
tlo=t15+1

ql6 =Round (q15 * d, 2)
el6=Round (gl6/ gi, 4)
g17 =Round (((gl6 * 107 9) +(q16 * 107 6 *d)) /10" 9, 2)
End If

If g16 > gi Then
gl7=gl6

tl6=0

ql6=0

gl6=0

el6=0

End If

If g17 < gi Then
tl17=tl6+1

q17 =Round (ql16 * d, 2)
el7 =Round (g17/ gi, 4)
gl8=Round (((gl7 *1079)+(q17* 1076 *d))/ 1079, 2)
End If

If g17 > gi Then
gl8=gl7

t17=0

ql7=0

gl7=0
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el7=0

End If

If g18 < gi Then
t18=tl7+1
ql8=Round (q17 * d, 2)
el8 =Round (g18/ gi, 4)
¢19=Round (((g18 *1079) +(q18 * 107 6 *d)) /10" 9, 2)
End If

If g18 > gi Then
g19=gl18

t18=0

ql8=0

gl8=0

el8=0

End If

If g19 < gi Then
t19=t18+1

q19 =Round (q18 * d, 2)
el9=Round (g19/ gi, 4)
220 =Round (((g19 * 107 9)+(q19* 1026 *d)) /10" 9, 2)
End If

If g19 > gi Then
g20=g19

t19=0

ql9=0

gl9=0

el9=0

End If

If g20 < gi Then
t20=t19 + 1

20 =Round (q19 * d, 2)
€20 = Round (g20 / gi, 4)
g21 =Round (((g20 * 107 9) +(q20 * 107 6 *d)) /10" 9, 2)
End If




114

If g20 > gi Then
g21 =g20
t20=0

q20=0

g20=0

e20=0

End If

design.Visible = False

gi.Enabled = True

eg.Enabled = True

tc.Enabled = True

d.Enabled = True

MsgBox "Successful design for gas production forecast"

End Sub

Private Sub File Click ()

End Sub

Private Sub save Click ()

Textl.Text = "Save&print"

dlg.ShowPrinter

Printer.Print "Gas Production Forecast"

Printer.Print "Input parameter"

Printer.Print Printer.Print "1. Gas in place resources or recoverable resources [Bef] ="; 1If(gi. Text ="", "No
Data", gi.Text)

Printer.Print "2. Field gas production efficiency @time of constant rate [decimal] ="; IIf(eg.Text ="", "No
Data", eg.Text)

Printer.Print "3. Time of constant rate [year] = "; IIf(tc.Text ="", "No Data", tc.Text)

Printer.Print "4. Production rate decline per year [decimal] ="; IIf(d.Text = "", "No Data", d.Text)
Printer.Print Printer.Print " Output"

Printer.Print ; "Year@"; IIf(t1.Text ="", "No Data", t1.Text); "Production rate [MMscf]="; IIf(q1.Text ="",
"No Data", q1.Text); "Cumulatiive gas production [Bef]="; IIf(gl.Text ="", "No Data", gl.Text); " Field gas
efficiency [0-1]="; IIf(el.Text = "", "No Data", e1.Text)

Printer.Print ; "Year@"; IIf(t2. Text = "", "No Data", t2.Text); "Production rate [MMscf]="; IIf(q2.Text ="",
"No Data", q2.Text); " Cumulatiive gas production [Bcf]="; IIf(g2.Text ="", "No Data", g2.Text); "Field gas

efficiency [0-1]="; IIf(e2.Text = "", "No Data", e2.Text)
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Printer.Print ; "Year@"; IIf(t3.Text = "", "No Data", t3.Text); "Production rate [MMscf]="; IIf(q3.Text ="",
"No Data", q3.Text); "Cumulatiive gas production [Bef]="; IIf(g3.Text = "", "No Data", g3.Text); "Field gas
efficiency [0-1]="; IIf(e3.Text = "", "No Data", €3.Text)

Printer.Print ; "Year@"; I1f(t4. Text ="", "No Data", t4.Text); " Production rate [MMscf]="; IIf(q4.Text ="",
"No Data", q4.Text); "Cumulatiive gas production [Bef]="; IIf(g4.Text ="", "No Data", g4.Text); "Field gas
efficiency [0-1]="; IIf(e4.Text = "", "No Data", e4.Text)

Printer.Print ; "Year@"; IIf(t5.Text = "", "No Data", t5.Text); "Production rate [MMscf]="; IIf(q5.Text ="",
"No Data", q5.Text); "Cumulatiive gas production [Bcf]

="; IIf(g5.Text ="", "No Data", g5.Text); "Field gas efficiency [0-1]="; IIf(e5.Text ="", "No Data", e5.Text)
Printer.Print ; "Year@"; IIf(t6.Text = "", "No Data", t6.Text); " Production rate [MMscf]="; IIf(q6.Text ="",
"No Data", g6.Text); "Cumulatiive gas production [Bef]="; IIf(g6.Text = "", "No Data", g6.Text); "Field gas
efficiency [0-1]="; IIf(e6.Text = "", "No Data", €6.Text)

Printer.Print ; "Year@"; IIf(t7.Text ="", "No Data", t7.Text); "Production rate [MMscf]="; IIf(q7.Text ="",
"No Data", q7.Text); "Cumulatiive gas production [Bef]="; IIf(g7.Text ="", "No Data", g7.Text); "Field gas
efficiency [0-1]="; IIf(e7.Text ="", "No Data", e7.Text)

Printer.Print ; "Year@"; IIf(t8. Text = "", "No Data", t8.Text); "Production rate [MMscf]="; IIf(¢8.Text ="",
"No Data", q8.Text); "Cumulatiive gas production [Bef]="; IIf(g8.Text = "", "No Data", g8.Text); "Field gas
efficiency [0-1]="; IIf(e8.Text ="", "No Data", e8.Text)

Printer.Print ; "Year@"; IIf(t9.Text = "", "No Data", t9.Text); "Production rate [MMscf]="; IIf(q9.Text = "",
"No Data", q9.Text); "Cumulatiive gas production [Bef]="; IIf(g9.Text ="", "No Data", g9.Text); "Field gas
efficiency [0-1]="; IIf(e9.Text ="", "No Data", €9.Text)

Printer.Print ; "Year@"; IIf(t10.Text ="", "No Data", t10.Text); "Production rate [MMscf]="; [1f(q10.Text =
""" "No Data", q10.Text); "Cumulatiive gas production [Bcf]="; IIf(g10.Text ="", "No Data", g10.Text); "
Field gas efficiency [0-1]="; [If(e10.Text = "", "No Data", ¢10.Text)

Printer.Print ; "Year@"; IIf(t11.Text = "", "No Data", t11.Text); "Production rate [MMscf]="; IIf(q11.Text =

" "No Data", q11.Text); "Cumulatiive gas

production [Bef]="; IIf(gl 1.Text ="", "No Data", gl1.Text); " Field gas efficiency [0-1]="; IIf(el1.Text

=""""No Data", el 1.Text)

Printer.Print ; "Year@"; IIf(t12.Text = "", "No Data", t12.Text); "Production rate [MMscf]="; IIf(q12.Text =
" "No Data", q12.Text); "Cumulatiive gas production [Bcf]="; IIf(g12.Text ="", "No Data", g12.Text); "
Field gas efficiency [0-1]="; IIf(e12.Text = "", "No Data", e12.Text)

Printer.Print ; "Year@"; IIf(t13.Text ="", "No Data", t13.Text); " Production rate [MMscf]="; IIf(q13.Text =
""" "No Data", q13.Text); "Cumulatiive gas production [Bcf]="; I1f(g13.Text ="", "No Data", g13.Text); "

Field gas efficiency [0-1]="; IIf(e13.Text ="", "No Data", e13.Text)
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Printer.Print ; "Year@"; I1f(t14.Text ="", "No Data", t14.Text); "Production rate [MMscf]="; [If(q14.Text =
""" "No Data", q14.Text); "Cumulatiive gas production [Bcf]="; I1f(g14.Text ="", "No Data", g14.Text); "
Field gas efficiency [0-1]="; IIf(e14.Text ="", "No Data", e14.Text)

Printer.Print ; "Year@"; IIf(t15.Text ="", "No Data", t15.Text); "Production rate [MMscf]="; [1f(q15.Text =
" "No Data", q15.Text); "Cumulatiive gas production [Bcf]="; IIf(g15.Text ="", "No Data", g15.Text); "
Field gas efficiency [0-1]="; IIf(e15.Text = "", "No Data", e15.Text)

Printer.Print ; "Year@"; IIf(t16.Text ="", "No Data", t16.Text); "Production rate [MMscf]="; [1f(q16.Text =
""" "No Data", q16.Text); "Cumulatiive gas production [Bcf]="; I1f(g16.Text ="", "No Data", g16.Text); "
Field gas efficiency [0-1]="; IIf(e16.Text ="", "No Data", e16.Text)

Printer.Print ; "Year@"; IIf(t17.Text = "", "No Data", t17.Text); "Production rate [MMscf]="; IIf(q17.Text =
""" "No Data", q17.Text); "Cumulatiive gas

production [Bef]="; IIf(gl 7. Text ="", "No Data", gl17.Text); " Field gas efficiency [0-1]="; IIf(e17.Text
=""""No Data", el 7.Text)

Printer.Print ; "Year@"; IIf(t18.Text ="", "No Data", t18.Text); "Production rate [MMscf]="; [1f(q18.Text =
" "No Data", q18.Text); "Cumulatiive gas production [Bcf]="; I1f(g18.Text ="", "No Data", g18.Text); "
Field gas efficiency [0-1]="; IIf(e18.Text = "", "No Data", €18.Text)

Printer.Print ; "Year@"; IIf(t19.Text ="", "No Data", t19.Text); "Production rate [MMscf]="; [1f(q19.Text =
""" "No Data", q19.Text); "Cumulatiive gas production [Bcf]="; I1f(g19.Text ="", "No Data", g19.Text); "
Field gas efficiency [0-1]="; IIf(e19.Text = "", "No Data", e19.Text)

Printer.Print ; "Year@"; IIf(t20.Text = "", "No Data", t20.Text); "Production rate [MMscf]="; I[f(q20.Text =
""" "No Data", q20.Text); "Cumulatiive gas production [Bcf]="; I1f(g20.Text = "", "No Data", g20.Text); "
Field gas efficiency [0-1]="; IIf(e20.Text = "", "No Data", €20.Text)

Printer.EndDoc

End Sub

Private Sub Timerl Timer ()

design.Visible = False

End Sub
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Software Development for Natural Gas Potential Assessment
in Northeastern of Thailand

Kanjana Ruksutjaritkul'  Kriangkrai Trisarn' Akkhapun Wannakomol 2

School of Geotechnology Institute of Engineering Suranaree University of Technology

E-mail: Kanjana kulfhotmail.com

Abstract

The software has been developed for natural gas potential assessment in Northeastern of Thailand and
design support of input parameter under various geological and engineering parameters including
area of closure, porosity, thickness, gas saturation, gas formation volume factor and recovery factor.
The program hereafier is called PPA (Petroleum Potential Assessment), using Monte Carlo Simulation
and probability of success theory. The program is developed on Microsoft Visual Basic version 6.0
software and hence makes it interactive, user-friendly and revisable. The program including a main
page and 3 modules consist of Technical, Gas production forecast and Economic considerations. In
term of technical consideration, the quantities of gas in place resource for prospect are 147.49 Bef at
90 percent, 405.71 Bcf at 50 percent and 926.74 Bcf at 10 percent of probability respectively. The
quantities of gas recoverable resource for prospect are 132.74 Bcf at 90 percent, 365.14 Bef at 50
percent and 834.07 Bef at 10 percent of probability respectively. In term of economic consideration,
the IRR (Internal Rate of Return) and PIR (Profit to Investment Ratio) for natural gas field at
Chonnabot prospect are 20.03 % and 1.10..

Keywords: Natural gas, Potential assessment, Northeastern of Thailand

Introduction

The world has problem of economic due to petroleum prices. The energy is vital to both the
economic and population, it is one power to drive growth of economic and prosperity of people. The
energy consumption has expanded and developed in various functions such as industry, agriculture and
transportation. Thailand spends a large amount of money for importing oil. The reserves of petroleum
in Thailand are limited. Therefore, these should be researching for new petroleum fields and increasing
recovery from the existing petroleum fields. More than 40 years, it has been explored and produced
petroleum in Northeastern of Thailand. Today two natural gas fields, namely Nam Phong and
Sinphuhrom are on production. Several petroleum exploration wells and seismic are conducted. The
main reservoir rocks are the carbonate rock of the Saraburi group. It is expected that the anticlines
preceded the semi-garben basins. It has proved petroleum source rocks in the semi-graben basins with
petroleum migrating to accumulate in Chonnabot prospect. The development of method to do
petroleum potential assessment in Northeastern of Thailand and especially in Chonnabot prospect will
be very good challenge.

Theoretical analysis

The Monte Carlo Simulation and probability of success (POS) is applied to the resources
determination method. Monte Carlo Simulation is shown in Figure 1 is a powerful tool for obtaining

*School of Geotechnology, Institute of Engineering, Suranaree University of Technology, 111
University Avenue, Muang District, Nakhon Ratchasima, 30000 Thailand.

E-mail: Kanjana_kul@hotmail.com
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solutions by numerical methods using of random numbers and a function of the engineering (area of
closure, thickness, porosity, gas saturation, gas recovery factor and gas formation volume factor). The
process of making repeated solutions characterizes the groups of numerical methods. Random numbers
taken process of making repeated solutions characterizes the groups of numerical methods.

Random numbers taken from an appropriate range of values repeatedly selects values entering into the
calculations. From several hundred to several thousand trials are generally used to obtain suitable
results, which make the technique less suitable to hand calculations than to the electronic computer.
Essentially, the answers can be arranged in a form that gives the fractions of total results, which falls
within certain ranges in method. Thus it is readily adapted to solve probability problems and
constructing probability distribution. Some of the types of solutions that have been obtained by
simulation are giving in the follow list:

1. Estimate such as probability distributions of petroleum resources will give P90 (Proved), P50
(Proved + Probable) and P10 (Proved + Probable + Possible) reserves.

2. Estimate such as probability distributions of rates of return that might be obtained in the
business venture.

3. Probability distributions of the possible “state of nature “such as the probable ultimate
recovery from a petroleum reservoir.

4, Determine the most profitable number of parallel facilities.

5. Determine the probability diagram formed by combining quantities whose variation can be
expressed algebraically with those whose variations can be expressed only empirically or
graphically.

6. Illustrations of the validity of theorems.

7. Sensitivity analysis.

SIMULATION MODEL

L

0 AREA = i

e L g e
e B e
N\

0 HYDROCARBONS  _p

? %OILVSGAS —=
1]

§ RECOVERY ==

Figure 1. Monte Carlo Simulation Model (from Kjemperud, 2005)

The probability of success (POS) when using prospect evaluation tools, the proportion of oil and gas in
our prospect is usually one of the input parameters in the volumetric calculation. However, in some
cases we wish to evaluate different cases (oil case, oil case and combination case). In these situations,
we must assess the risk associated with each case. For any given prospect, the four possible outcome
(dry, oil, gas and oil & gas) are independent. The resources distribution or range of outcomes being
used in the evaluation, and is a function of the geological risk (including hydrocarbon resource, timing,
migration, trap occurrence, potential reservoir facies, effective porosity and hydrocarbon accumulation)
of the project.
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Software Development

The software development for Petroleum Potential assessment will be applied to Monte Carlo
Simulation and probability of success (POS) of theoretical analysis. In the term of economic evaluation
of the petroleum potential assessment will be performed to fine the best Internal Rate of Return and
Profit to Investment Ratio. The program hereafter is called PPA (Petroleum Potential Assessment). The
program is developed on Microsoft Visual Basic version 6.0 software that is enterprises edition with
source code and utility for natural gas potential assessment. The program includes necessary command
bottoms similar to the commercial software such as “Main page”, “Calculate”, “Check input, Clear”
and “Save & Print”. The program is substitute of common order such as input, output and help. The
PPA includes a main page and 3 modules (including Technical, Gas production forecast and Economic
consideration) are shown in Figure 2.

onstant rate [demical]

Sersitivily aralysis

Figure 2. The main page of PPA

Flow chart for software development used for identifying step, calculate and compile of software in
term of pictures or symbols. Compilation of software includes manual input, calculate, design and
output are shown example in Figure 3.




128

»
o

- w o i - o
mstszyudnmsiusindngnian 4 umrinerdomna Tuladagsun3 7 - 8 nangiau 2554

&
///L/

Engineering parameters: Risk parameters:

- Area of closer drocarbon

- Thickness - gi}:ning e

- Porosity - Migrat

- Gas saturation ) 1hf[|granon

- Gas Recovery Factor : Egmty

- Gas Formation Volume Factor - Hydrocarbon accumulation
- Net/Gross ratio
- Geometric factor
- Trap fill

Distribution
@fb
@
L, -
Calculate and compile |4

In place resources and
Recoverable resources
@ F90, F50 and F10

l

Figure 3. Flow chart for Technical consideration

Technical consideration

In term of technical consider for natural gas potential assessment in Northeastern of Thailand
is evaluated by PPA software. Estimation such as probability distributions of petroleum resources gives
F90, F50 and F10 reserves at 147.49 Bef, 405.71 Bef and 926.74 Bef respectively and the distribution
curve are shown in Figure 4. The input parameters are calculated as shown in Table 1. The comparison
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to commercial software including FASPU (FAST Appraisal System for Petroleum Universal Version)
and GeoX (Geometry experiments) are shown in Table 2.

Table 1. Input parameters of Technical consideration

Parameter: Engineering Units _— ‘;::: e
Area of closer acre 2020 = 12530
Thickness ft 107 240 374
Porosity % 3 - 18
Gas saturation % 53 = 86
Gas recovery factor % 90 - 90
Gas formation volume factor - 0.0032 = 0.0034
Table 1. Input parameters of Technical consideration (Con’t.)
Parameter: Geology Units Value
Hydrocarbon source % 100
Timing % 100
Migration % 100
Trap occurrence % 80
Potential reservoir facies % 920
Effective porosity % 100
Hydrocarbon accumulation % 100
Net/Gross ratio % 68
Geometry factor % 86
Trap fill % 48
Table 2. Result of Technical consideration for natural gas potential assessment.
In place resources/Recoverable resources (Bcf)
Software (P95*)/P90 P50 (P5*)/P10
FASPU (*) 139.78 /132.79 554.20 / 498.80 2,081.87/1,873.68
GeoX 124.20/111.80 351.90/316.80 942.00 / 847.80
PPA 147.49/132.74 405.71/365.14 926.74 / 834.07
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Figure 6: Natural gas potential assessment by PPA software

Economic consideration

In term of economic consideration, the determination of the Internal Rate of Return and Profit
to Investment Ratio are being ing and estimating in all study cases. The exploration and
production periods under the Petroleum Acts “Thailand IIT” is divided into 3 years of exploration
period and 20 years of production period. This study will be early production on the 4® year of
investment. The total exploration and production period is 23 years that are divided in this study. The
data production period by gas production forecast module. The work plan will be this following
schedule.
1¥ year @ 2010: Petroleum concession
2™ year @ 2010: Geological and geophysical survey
3" year @ 2010: Drill exploration, appraisal and production wells
4™ year @ 2010: Production
The petroleum economic study under the concession system and petroleum economic evaluation of
Thailand III (Department of Mineral Resource, 1999) has assumptions and details that are basic
assumptions and other assumption cost is shown in Table 3 and result of economic as shown in Table
4

Table 3. The basic and other assumption cost at the reserves 365.14 Bef

Type Number Unit
Gas price 44 US$/MMBtu
Operation expense 1000 MMUS$
Facility cost 145 MMUSS
Capital cost 276.41 MMUSS

- Geological and geophysical survey

- Drilling explorations well
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- Drilling appraisals well
- Drilling production well
- Pipe line
Income tax 50 %
Discount rate 10 %
Tangible cost 20 %
Intangible cost 80 %
Table 4. Result of Economic consideration
Gross revenue 1,423.46 MMUS$
Royalty 149.53 MMUSS$
Income tax 314.27 MMUS$
Operation cost 378.89 MMUSS
IRR 20.03 %
DIRR 9.12%
PIR 1.10

Conclusion and Recommendations

In term of technical consideration, the quantities of gas in place resource are 147.49 Bcf at 90
percent, 405.71 Bef at 50 percent and 926.74 Bcf at 10 percent of probability respectively. The
quantities of gas recoverable resources are 132.74 Bcf at 90 percent, 365.14 Bcf at 50 percent and

834.07 Bcf at 10 percent of probability respectively are shown in Table 5.

Table 5. Result of technical consideration for natural gas potential assessment.

In place resources/Recoverable resources (Bcf)
Software (P95*) / P90 P50 (P5%)/ P10
FASPU(*) 139.78/132.79 554.20 / 498.80 2,081.87/1,873.68
GeoX 12420/ 111.80 351.90/316.80 942.00 / 847.80
PPA 147.49 / 132.74 405.71 / 365.14 926.74 / 834.07

The comparison between PPA and FASPU software, PPA software had an error difference
from FASPU software approximately 26.7 percent because of PPA software had considered in
geological parameters, which are net to gross ratio and geometric factor. The comparison between PPA
and GeoX software, PPA software had an error difference from GeoX software approximately 15.3
percent. In term of economic consideration, the IRR (Internal Rate of Return) and PIR (Profit to

Investment Ratio) for natural gas in Northeastern of Thailand are 20.03 % and 1.10 respectively.
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Recommendation

The research studies for petroleum potential assessment depends on the accuracy of the input
parameters including geological and engineering parameters. The results of this assessment may
change, as new information is available from future exploration work and economic evaluation in the
other natural gas fields.
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