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Abstract - In recent years, payability of shale gas production has worsened due to oil and gas price declines
resulting from sharply increasing shale gas production. Reliable economic evaluation in shale gas development
has become important. In this study, Monte Carlo simulation of probabilistic analysis technique was applied to
analyze the economic feasibility considering the uncertainty involved in shale gas development. For this, the
range of major variables is set and a random number is generated to derive the probability distribution of Net
Present Value(NPV) and Internal Rate of Return(IRR). Consequently, we estimated the probability that the
feasibility of the project is evaluated to be positive when developing shale gas in the study area. In addition,
sensitivity analysis of major parameters affecting economic efficiency in shale gas development was carried
out, and the effect of major variables in economic evaluation for commercial production was identified. In the
future, this study could be used to make decision for shale gas production by presenting the range of variation
of economic index and probability value.
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Fig. 1. Process of cash flow analysis[6].
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Fig. 2. Monte Carlo simulation[11].

- 23 -

71 & ol &3 A A3 Hot

24, NZE 24

VA= 242 A48 g7t AHed 24 34
28] eAE Hstr] flste] Fo Wert Mgt
of whe} A kel miA = &l sl doth=
FAoltH3]. F& W7t U= 4 Aol v
© ¥FY9 Zr|& EU|°]E X} E(tornado chart)
£ o]&sto] Yehd = glown, ol EFZR] W
B2 & 7hssHl shar oA 2 A T BEE
AlE-ghck

l. 2EFIE2 Al=E0ld XS

EEHZIEE A& BAAE ool 2a%t
dEdrEe HAE FEREE , 2|
Foll Bz 729 e FEshe] oY BEeet
&S A4FstE W2lelth Fig. 2+ EEHIIIEE Al
EHo]de] Izl FYPAFo g A7 54
e FEEXFHE 24T 5 o, dutHe s
279 N7t B A9v AR E(normal dis-
tribution) =¥ 2147 &2Z(lognormal distribu-
tion)E AH&staL A7 JNFrt A2 I
¥ (uniform distribution) E& AHZHE¥ (triangu-
lar distribution)& =2 AH-ETE 3 SEEELY
B AL 4

B

5

B4 Aol & 9F& vXnE 7+ »
do] AY o] HAS FEEEXIHE A
GFE BAYA|AHORSTHI. P A o] &, Z}
FEEIE 5l BRE I o SER
£ gofsta, ol Ed THIEEREYEE =E3)
ZAA Hrkel BEAAgS A EEsiAl Fo10].

o] AFdA= MY7tx Mg g HA4 3
7} A oA NPV IRRE FA3L7] 98] =E|7t
EE2 A EHoIAS FE3ATh WA AF A Y
= AAsta, I A9 A ARE 8 &
A717F Foke] At o =2 Y3 NPV}
IRRE 4F&E317] 9t |4E F43819a, o |

ot 15 S
2

S
o

83 A #2237 A25 2018 42



Iv. A7chet X|99| Axd Eot
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@ He F

21 22 4 3)& &3] NPV} IRR 4HES 9%
WEES FA3H3 01, Table 17} o] AHEH]-E(Ca-
pital expenditure, CAPEX), 2% H|-8-(Operating ex-
pense, OPEX), %] (royalty), A= (federal income
tax) = AASFATH15]. 7+ 7H (gas price)] -9
Henry Hub natural gas®] 2013~2017d A5E A}
BatatH1e] d TS JAekA] Fe 1A/S
2l severance taxi= 5% 2 4143} oH[15], A&
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Table 1. Input values and probabilistic distribution for each variable

Variable Unit Distribution Min Mean Max ]i::/ Description
CAPEX $MM Triangular 3.50 5.25 7.00 - Include Drilling cost, Completion cost
OPEX $/MMBtu Triangular 0.50 0.75 1.00 - Operating costs are taken as being variable
Gas price $/MMBtu Normal - 2.87 - 0.23  Henry Hub natural gas spot price (EIA)
Royalty % Triangular 12.50 1875 250 ) Rf)yahles a}‘e 12.§ to 25% onshore, negotiated
with the mineral interest owner.
Income taxes are 35% applied at the federal
' Federal % Triangular 35.00 36.63 3825 ) level, p1.u§ generally 5% 'apphed at the State
income tax level, giving an overall income tax level of
38.25% applied to net earnings.
Cumulat.lve Mof Log-normal ) 15.36 ) 025 Estimated gas production for 15 years in eagle
production ford
Severance tax varies from State to State, and
Severance . .
% - - 5.00 - - is payable against revenue regardless of any
tax (gas)
profits made
Discount Commonly used in the industry to evaluate
% - - 5.00 - - . .
rate projects, fixed value

KIGAS Vol. 22, No. 2, April, 2018

24 -



Fig. 3.

0.035

o
o
@

e
<)
I~
@

=4
o
R

0.015

Relative frequency
o
2

0.005

0

(a) Gas price
0.025
0.02
oy
o
]
°_0.015
2
‘o
2 o001
ks
&
- |||| ||| |||
. .||I|||||||||| | ||||||||||..
3.65 4.44 5.22 6.00 6.78
CAEPX($MM)
(c) CAPEX
0.025
0.02
z
<
3
l3.0.015
o
&
g 0.01
E=]
K]
&
- ||| | |||I|
, Ll i
0.35 0.36 0.37 0.38
Federal income tax
(e) Federal income tax
Fig. 5. Probability distribution of variables.

Eagle ford shale play[14].

0.60 1.04 1.49 1.93 2.38 2.83 3.27 3.72 4.17 4.61 5.6 5.51
Gas price($/MMBtu)

- 25 -

Gas production(MMcf)

Production time(year)

Fig. 4. Estimated gas production for 15years.

0.045
0.04
0.035
>
2 0.03
o
3
g 0.025
&
'g 0.02
E 0.015
&
0.01
| ||||II|
° __,..|||||| |I|||||I ............ - .
1,800 5,167 8,627 12,000
Cumulative production(MMcf)
(b) Cumulative gas production
0.025
0.02
>
*}
f =1
3
2 0.015
[
&
(]
2 001
=]
8
&
- || || |i||
. il .
0.50 0.62 0.71 0.80 0.88 0.97
OPEX($/MMBtu)
(d) OPEX
0.025
0.02
g
c
g 0.015
o
&
@
.2 0.01
]
=
&
- |||I| | |||
: il i,
0.10 014 0.15 0.17 0.18 019 020 0.21 0.22 0.23 024
Royalty
(f) Royalty
_ = - N [e)
Sk 7k 83 2] #2279 A25 2018 42



Mo
FN
Mo
o

3) e A
ZF WAgEol tislte 10,000702] W TAE 9
3 2t sl ek X & Ak A
Ho g 25 o] M7t B2 7k 74, 73 Ak
(cumulative production)®| 7-¢- AEEE 283}
Row, Aze| Tt AL AHEHE, G, Al
=, 2EYE Y Ae AHdEEE 483t tHFig. 5).
Zh g e AR A EEAAEE Haslel] fleke]
ArEae] Ao, HaghelA 10% Hele] g Al
]35S TH18].

—~

N

Table 2. Results of probabilistic NPV & IRR

A Al

RNER -

@) <347 4 WiFels 4 437

EHIEZ A EH oS o] &3ty =&3F NPV
o} IRR®| SE&E, FA&EEEE Fig. 6, Fig. 7%
Zow, zt FASEEEZ O P10, P50, PO ZHS Table
29} 2t} NPVl A$ H4 -1.72 $MM, i 1533
$MM HYolA FEEZE o|RE AL 3IE Y
om, Fig. 6(b)9} o] NPVZEo] 0014 &0
99.8%%1 2= vt 4= AATh =9, IRRQ| 4%
= A -16%, A 47%2] E3olA SFEEEE o]
F= AS FAstAom, Fig 7(b)¢t Zo] NPVE

£33 o) ALS3 821 8(5%) R} RRO| 2 SEE

P10 P50 P90
NPV[SMM] 2.42 4.65 7.41
IRR[%] -8.00 4.00 13.00
0$MM i =
0.04 0.045 Discount rate = 5%
0.035 0.04
> 0.03 0.035
v
g g 0.03
$ 0.025 § "
o
= oo | || (i
& o
" I | 3 I |
> 2 0.02
£ 0015 5
= & o015
& 001
0.01
0.005
0.005
o |||||| " "llllm.. Vet e | |||||
0 ! ! ol il [/
172 018 207 397 58 775 9.65 1154 13.44 1533 6% 0% 4% 1% 7% 13% 18% 20% 30% 3% 41% 47%
NPV($MM) IRR(%)
(a) NPV probability distribution (a) IRR probability distribution
0$MM 1
1.0 99.8% W 405%
0.9 09
0.8 0.8
£ 2
£ o7 £ 07
3 2
o 06 S 06
e [4
e 0.5 & 0.5
& 04 5 o4
2 g
g 03 fos
0.2 02
01 01
0.0

-1.72 -0.01 169 3.40 510 6.81 851 1022 11.92 13.63 1533

NPV($MM)
(b) NPV cumulative probability distribution

Fig. 6. NPV distribution.

KIGAS Vol. 22, No. 2, April, 2018

-2% 5% 12% 19%

IRR(%)

26% 33% 40% 47%

(b) IRR cumulative probability distribution

Fig. 7. IRR distribution.

- 26 -



40.5%%1 A& Tt 4 ATt o] & F3l Table 1

3} Zro] MSEo] WS 243}t Eagle ford A9

Oﬂﬂ A7 RS WS A9 AAHe] gr
T gES F4T F AT

A g ﬂ%iﬁ B0 Azn|m
=9 He Wl HHE
EH%}S]-O':] Deterrrumstlc NPVE 3}
£ &3l NPV 2= Hlwshith Fig. 8
eterministic NPVE 4.84 $MMZE 2+&5
EE24 £49 P50 gtoll s =A e
AT F AU

A<
rn\;
i\

~
w
o
H1

rlo AI

\.Jl

—

_,_

247
=1
=
LS

v

o] ¥+ Base NPVE 7 W

o] &3ty AAsHor, —rﬁ
+10% &2 W3A|AH NPVE

< £10%0F WSHAA n‘L?&
NPVe] Ao]& o]83te] Hl
235 EYolx AEZ YE}

4
1z

o ﬂ:l_z
g
ofL

M F

o)

flo

o &
3@ > (g
1o
0.‘?‘1
e
2y
o

Buaii
i)

b

=

<

o

N

) QN

o Lo

e
-l>

il
r
x
tlo

F
4
it

RL

i
02‘;,‘4
S

£y
32
£

10 Deterministic NPV = 4.845MM

0.9
0.8
0.7
0.6
0.5
0.4

0.3

Cumulative Probability

0.2

0.1

0.0
-1.72 -0.01 169 3.40 510 6.81 851 10.22 11.92 13.63 1533

NPV($MM)

Fig. 8. NPV of deterministic and probabilistic an-
alysis.

Base NPV = 4.84SMM
T
4.273 — 5.529
i
H
4.290 I 5387
i
4652 NN s.025
i
H
4710 I 4.967
H
1
H
4.717 [ 2.560
|
i
H
4.795 - 4.881
h

4.600

Cumulative production

Gas price

OPEX

Royalty

CAPEX

Federal income tax

4.000 4.900

NPV(SMM)

5.200

Fig. 9. Sensitivities analysis of NPV.

- 27 -

Base NPVE o] §3to] $8@ M7= $41¢] 2
F Fig 99 2ol Uehtor], 1 2w T4 A
o, s 714, eQul g, RUE), AR S, AT %
°8 Mgt e RS AABNG 0|8 B A
A7k Ak A AR Bk Aol FA A
g1iet.

o] Adgfo] sl Z Ao A 2
V.EE
o] A= Monte Carlo simulationS ©]-83}<]

BUge 1P A4 BhE FPs, ol

Bl Ak e 1T 4 A BET

A ARE ASSAT =G AFEH B4
3} zﬂg%a R CEEE FEREC E
A= B4 Fal A7tz A A ZA Aol

& st

H-& 0|83t Eagle ford~A|
0 ol’FY gEol 9.8%
o]tk IRR®] NPVE %l—J o] AR & 5%
Bty 2 52 405%< Z1& 53l Eagle ford A%
o] A7t el ek A8 BrPEAAE
Ho g FAY & AU

(2 A4EH &4 7He] A3yt §EEH B4
71 A#e] P50 grol Hlsl A Jebson, s
el wAYgtEo] 3.68%US FAHAL & UAUTH

(3) Base NPVE 7|02 HA st 21y 71zt
= BN 7A Ak, 7k 7HE, 9018,
2UE], ARG, g o2 dFHo]
gRlstg om, A7k A Al AAAS Jﬂﬂ é%
of YFE VA E T HMFEY TS FoT 5
)\}\})\T:lL

Flﬂ

0 3 qEAo2 £ BAL W1 7]
4 88 Byt A9 AR A o
Rol, £ Avk= AU7EE A Yol 2
A AN AT 4 9l Ao A
sEt w3, N4 24 AnE T Aol F
£ RS aEse] AUl A A LB
W w7} bt ol A AUt A

ol BT 5 e olk
#HAlel =2
o] ATE AYFAAAR AN WS TS}
Apele] AQE wot FsTom, olol AAEY
e,

a7} 83 %) A|22 A2E 20184 4Y
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CAPEX : Capital expenditures($MM)
CF : Cash flow($MM)

CFmr - Cash flow after federal income
tax($MM)

CFppr : Cash flow before tax($MM)

DA : Depletion Allowance

n : Production time(year)

OPEX : Operating expenditures($/ MMBtu)

r : Discount rate(%)

Sev.tax :Severance tax

t : Production time(year)
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