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A Study on the Feld Development Planning through
Productivity Analysis of Onshore Shallow Gas

Young-Jun Moon

Department of Ocean Energy & Resources Engineering

Graduate School of Korea Maritime & Ocean University

Abstract

Shallow gas is a natural gas that is buried at a depth of less than 1,500m and
is widely distributed around the world. It has lower reservoir pressure and
smaller scale compared to conventional deep gas, and has been considered as a
risk factor in developing deep gas from the past. However, due to the recent
decrease in the discovery of new gas fields and increased demand for natural
gas, interests in shallow gas is increasing. Shallow gas fields are being developed
commercially in various regions such as North America, Europe, and Asia. Also,
as shallow gas was discovered in Daejam-dong, Pohang in March 2017, the
expectation for domestic development is increasing, and the necessity of
research has been highlighted. These gas fields are differ by the reservoir
properties and forms depending on the existent area, and there are fewer
development cases than deep gas fields. Therefore, there is a lack of research
on the uncertainty of the field development planning and reservoir

characteristics that affect the economic feasibility of gas field development.
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In this study, the original gas in place was evaluated with a reservoir model
that was developed reflecting the forms and properties of the shallow gas
reservoir. Also, productivity analysis and economic analysis were performed
according to production operating conditions. As a result, the application period
of the material balance method for the evaluation of the original gas in place in
shallow gas reservoir model was identified, and the development planning was
conducted through productivity and economic analysis according to production
operating conditions. In addition, the effects of reservoir characteristics on
productivity was analyzed and the minimum economic field size(MEFS), a reserve
of zero net present value, was determined due to the development plan. As a
result, the effects of porosity, permeability, and initial reservoir pressure on the
development of onshore shallow gas field were confirmed, and the development
plan was identified the reserves that could secure economic feasibility. The
results of this study could be used as fundamental data in selecting field
development plan for shallow gas. In addition, it can be used to confirm
development plan through productivity analysis with the additional information on

the properties of Pohang shallow gas reservoir.

KEY WORDS: Onshore shallow gas; Field development plan; Economic analysis;

Reservoir characteristics; Sensitivity analysis.
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(Norwegian Polar Research Institute, 1987; Davis, 1992; Yang et al., 2011;
Jongerius, 2016). FR7t2= A 71l wet G719 7F2(thermogenic gas)2}
=719 7k=(biogenic gas)= #7T 4 Ao, hRES &2 A=A mA
= Aol o3 BHEE AE7IY 7hEE o] FoAH thlaier et al, 1992
Sheng et al., 2003). IRFH 02 HREIl1~= AFTbzo Hlg) e AFST oH
I AL FEE VAL deH, dARE ARTEE AT Al 7574 FE(blowout)
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A7b2= a7t Frhgel wel HAEIh2 TRl ek #Alo]l Eobxal floH,
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o TAVY AT B, 2 A i Gk Soll tid A7 W
2ltHSheng et al.,, 2003; Ahmad et al., 2015; Setiawan et al., 2017). ©]2]e]
UEds, kg 59 F3 Aol HFEI7E2A Jigo] o] Foixl Abg 7}
gltkJorgensen et al., 1990; Jongerius, 2016). WA= A 20173 3¥€ =3
3Ee] Aste AFHAANA LR 7 FEE HAFILATF dAEY A
7FsAdel tigk 717y Srkskar o, s dFtol] tiek HeAo] FAHA
AFEFFE 5, 2018).
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AR 2= i A7 ARTE2C] vls) Aow, 7hxd TR ARd e A A
2 B3-S AASE 23 2420 /MEAE(ield development plan) <3 3}
A% EA(reservoir characteristics)®] &4 gt A7 F=53 Aol
H(Gunawan and Dyer, 1996; Alqgahtani et al., 2012; Ding et al., 2019). w24
o] AFollME S HAEI7t2 ME A A2 X 2 74, A4
T AFS SHEAR 2 A9 dFS Fotsto AP MEAYS F
stzl etk ol H& £ HFEIM: BE AYGY FH 2 A4S I
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2 AR 7E 00] == uldEe] MEFS(Minimum Economic Field Size)E
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AZFTh o] ATAME WAFF B AAY BAE 5T ABAY £l BA
FATFRE BASE S4 ARsle REAGY 542 s ARS AR
ool Hs) es) A8 = BASAWES Fd OGPE =shach
=3, AEE BAFAY ASAE Sels] 918 AsEE A AR

BAFANE ARFS shte] 9= /st 04U FPNOE 83
o fAl TR ABglel W FES AR £UR RS F2E AAY
AgREYHe] Jutste] BASANAANL GE, o]F T3 OGP B/
FYPHY AR 5, 2014). BAFAFHL L 7hae] B S 2A% E B

g9 9714 G OGIPE UEtlH, =2 S2U=ES AFde] s=2d=E
002 7HgRtHAE YR =, 2014).

n, =mn;—n; D
ny, + Number of moles at final point (Ib-mole)

n;  : Number of moles at initial point (Ib-mole)

n, © Number of moles at produced point (Ib-mole)
G,B,,=G(B,—B,)+5.615(W.— B,W,) 2)
B, : Gas formation volume factor at abandonment condition (ft*/SCF)
B, : Gas formation volume factor at initial reservoir condition (ft*/SCF)
B, : Water formation volume factor (bbl/STB)

Original gas in place (SCF)
Cumulative gas production (SCF)
Water influx (bbl)

Cumulative water production (STB)
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o] ATA AMEF HFEII~ ARFT REL E EEY AxHoE 174 F3
H(depletion drive)ell oJ3f 7t zAo] WEHCH) 100%%] HF7t27} 3|45+
Roz 7HAgstd o, old wal 4 F 4 D ol HYsATh =EFL 4
@eoll 7k &AJA Bok B, BeE thdste] 4 D}k o] AYston, o
g °]&3t9 OGP H7IE Sttt olwl, OGIP Al4tel o] &5 & 7F2et5A
“~(gas compressibility factor):= Fig. 22] g7t x JlAatEx 4 Qg =E 3
A 25 2 4E d tagSAF ARE o] &ste] 9ot $tHCHECALC,
2019).

G,By; = G(Bgf _Bgi) 3
B,;, : Gas formation volume factor at abandonment condition (ft*/SCF)
B, Gas formation volume factor at initial reservoir condition (ft*/SCF)
G Original gas in place (SCF)

Cumulative gas production (SCF)

Q

L ()G, 4)

G : Original gas in place (BSCF)

G, : Cumulative gas production (BSCF)

p : Reservoir pressure (psia)

D; :Initial reservoir pressure (psia)

Gas compressibility factor (fraction)

Gas compressibility factor at initial reservoir condition (fraction)
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gurr o g 7l sut EJ] A= A F= HrHreservoir evaluation), #5%= &)
[e]

(reservoir management) 5= 13l A @(well testing)s F3hstH, FAAE 2
HE &3 =FEX(nodal analysis)S F3| 4G 24 L A FEHS AH
gok(Nnadi and Onyekonwu, 2004; #wd 5 2014; W59, 2016). ©] AFolA= A
75 249 HF TE AN YAE AP & T AEHNHAES T3 AT
< FAsIF o, FBAY AAE BHES =EEA S T8 A AR 74

2 AN fFe APk

HJ

o

FAANRS dEuiTE A4 Fds 2Tl wet sk ARS oY HsE &
k= Zo g ART 27|d9, BAYY 5= A8k At fAY AES Ao
Aol EAS ¢ < AtiNnadi and Onyekonwu, 2004, B 5 2014). 712=H9] /4
Foll+= flow after flow A3} isochronal Algolgh= 5 714 718421 WhHol #-&
=tk Flow after flow AlgS 473 Alg(four point tesHEtalse &g 71~E AY4kshx

= ZJEIQ] shut-in BEjollA AL o] AiPde] &F(choke)E Akl A7)
Mste] - 34K bottom-hole pressure)o] SHEE ] 71X wehslA] ko, Jd
3] 11 AR 89shs o] AL BHE ARTY AFHEC wEt ZAEckNnad
and Onyekonwu, 2004; Kabir et al., 2011). GREZo = @A o = 15& o) o4 wst
7} §l& A5 7Aool PgEAT A Ak, P8 AEjol =23 A9 fE 34
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flow A@-& BT isochronal A @LS A&l A7S o] HF FH Al
ARS AEsEs Aofsiaion, nEEMS Fst] g 74 B ARk fe A
gkt

= == BHP =——Gas production rate

LPS‘E Q4‘

———

| owl QS

b
Q1 ~

Bottom-hole pressure (bar)
o
g
[o*]
Gas production rate (MSCF/d)

Time (hours)

(a) Flow after flow test

== == BHP == Gas production rate

Bottom-hole pressure (bar)
Gas production rate (MSCF/d)

—|Ql ow4

Time (hours)

(b) Isochronal test
Fig. 6 Bottom-hole pressure and flow rate history of well testing(Nnadi and

Onyekonwu, 2004)
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232 =254

AR WollA FAle] 242 7 A9 b3 250 o& Wsjstez 7k At
A zHloA FAl] f5& AR flsiAde WieA] Al2EE 7 2491 =E(node)
elelioF FekHg 7). olAY she] B4 oA AL fi Ees AAs
ofix] £ WY ARE d3shs WHS =gEolglal $iBrown and Beggs,
1984; M9, 2013, A-Y T 2014). =24 7+ 840 fsddt tEdske
HAE Hofsr] HsllMe 54 =9 FdwdH vlEsidol Lk, shte 9
o] EARth= 7Hdol Hasity Az "l U B k] A FYEe oF-F
2 Uehd fd-5-5=4(nflow Performance Relationship, [PR)# =% o9-f3F
S el 5-E7534(Tubing Performance Relationship, TPR).2 w}ets 4= Qlc}
(Fetkovich, 1973; W<, 2016; Basfar et al., 2018). T3}, AAAAHo= AFE
TAE I wiEtEolge 7 FFY dEo] SAs, 2R Al AR B4 =t
=2 Fig 83 Zo] F WA F& & Ut o, F
EAd wToae] 9™ (operating point)S oJmshy, 71&F Rt qu\_}/\]ieg Y =
o7t 2 5 Yot dukFor FA wES AT =B Hol A Al

Beggs, 1984; Beggs, 2003; #<=Y 5 2014).

m9m

AFsoA Ao r fuEe e dEAste] WAse ARs e
(reservoir deliverability)S 2Jr]shH, o]2 dZsh= AL g 7k AYakA 2o T)gh
A AHAQ1 Aol o s AMAZEIA Fa3dt 84 F shuolth o]df wet

7k AN 2R R T2 FARTE VIHoE FUFEIAE B3 AR
W 7k2ob A =2 & w ek o EAS A , kR o7 JlAs AFE
o= 4 (59 Vogel equation, 4] (6)¢] Linear equation, 4] (7)¢] Back pressure

equationS ©o]8-3 (M54, 2016).

et

P>
QL
a:)
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P P
q _ . wfy wf \2
pra 02(55)-08(57) ®)
P, : Reservoir pressure (psi)
P, : Bottom-hole pressure (psi)
q Gas production rate (MMSCF/d)

g™ : Maximum gas production rate (MMSCF/d)

by _ 000708k}
- (P.—P,) T, 6
( ) B In(0.472—) ©®
Tw
B, : Qil formation volume factor
h : Reservoir thickness (ft)
k, : Permeability (md)
PI : Productivity Index (STB/psi)
P : Reservoir pressure (psi)
P, : Bottom-hole pressure (psi)
q, : Oil production rate (STB/d)
T, . Drainage area (ft)
r, . Borehole radius (ft)
q, = C(P!—PZ;) (7
C  : Back pressure curve coefficient (MMSCF/d/psi?)
P : Reservoir pressure (psi)
P, Bottom-hole pressure (psi)
q, : Gas production rate (MMSCF/d)
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o

=1}

3

al.,

WA HUE F AN Bl5slE Thel e HTUY B

rf
O_u 0-L4

Aol 54
o ks Hk=r} A4EY Ad%s(wellbore performance) £44-8 AI4HY 44, A
3AAE, FAe A, AL FF 1o WAIE AYshs o=, fEFsIAlSs
7k27b 3AED FUE F A Wl dshs of E4S AKEITHGuo et
2007). A3AHY W freelAe] oy &de 24 Q)9 #Zo] a=THl(elevation

A%
A3

Okﬂ At ol

gradient), whz-rel(friction gradient), 7K5% ull(acceleration gradient)e] oz &
o<, 2016).

Ap _dpy (P (P

oz~ Cap e G+ (g Jace ®)
Ap. Pressure gradient (psi)

L g P

jﬁ) . Acceleration gradient (psi)

dp . . . ]

dL) el : Elevation gradient (psi)

dp , . ) :

77 )f  : Fraction gradient (psi)

o] A= AR B HF FH A HAA FH3 FEAE AAE wids)

o FA koA LEEAMS FIEth REEAS 48 AlEEoHY
SchulumbergerA+¢] Pipesime o] &3t 2H, ol& &3l A4 2 e 3948
< FYsKA

o

AESATE EF 2 FAE 29 oISk AL A ZHIA AEeoA
pZS

o, ik 717t mE FATALES Hlalsle] ARt gakegx
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b= APy = (Pyp = Pyog) —1

Gas
— Sales line

Stock tank

A

Loss in reservoir

APy = Py - Posy Loss across completion

Loss in tubing
= Loss in flowline

= Total pressure loss

|
AL

APy = (P, - Pos) ~I

AP; = [Py - Pug)

Fig. 7 Pressure losses in production system(Universiti Teknologi Petronas, 2015)

— inflow
-=-=-outflow

Operating point

I
-

e
-
o ———
-
-
b - -

Pressure at node (bar)

Gas production rate (MSCF/d)

Fig. 8 Determination of nodal analysis
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24 3A4Q B7t

AR W7 AFEe] AR 2 AFES Selshe AEoE Ho)/mlE HIE(BIC
ratio), =554 (cash flow analysis) 59 WHS o]83th theket HA8 H7t W
W T AeEsdANS 7P diaz]l o BxAbEe] 71383 FAAbE 9] A
S AFER 7Ixste] BARKADE, 2003). AN AE=E e dw 7t
o] dlLS AL3II] A Fh/IXE vH= ARl £dA7EX|(Net Present
Value, NPV)7} 714 de] 2RI LR 5, 2014). NPVE o]&3t] BAES B7te
745 NPV Zro] 0ETH & ] AFge] BFdAS S o= Add 4 gtk o] ATrlA

Boks ARE mlel o) AT AALFEA HAH S-S slotst
[e)

%

rr o

2 o
rN'

o=

2 ox

%
1m

VE AlLtetslen, ol S8l NP7 71 & xS /idAge
. OlFA AT ANEAG N R B BrE Hese] Y v
A B7F Aese] RIAES BAseH, ARs trRe] EgdAS aEst

ted Aol e <= 4k

do0 R X
::'.r>,
o o
ol
2
o

[e)

N

do
ol

NPV = 9
v tX:}O (1 +7”)t @

CF : Cash flow ($

NPV : Net Present Value ($)
r . Discount rate (%)

t . Production time (year)

CF= Revenue — CA PEX— OPEX (10)

CF . Cash flow ($)

CAPEX : Capital expenditure ($)

OPEX . Operating expenditure ($)

Revenue : Cumulative gas production (MMSCF) X Gas price ($/MMSCF)
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NPVE 2] (9%} o] dasE5d IRIES o83ty Alsiaon, d53582] 45
2)(revenue), AH2H]-&{(Capital Expenditure, CAPEX), -$-%gH] Q{Operatm Expenditure,
OPEX)-g ©]&3F 2] (10)& Z3l 4F=3Ftilgbokwe and Hossain, 2017). ouj, AF=H]
B2 AFHE A HEREE ST

TR MEFS 4H=S flal 7/1EAIE H NPVZE 00] 2 Zo2 dlidss F27k2g4t
2 Meldlal NPVE Axkslgon, o7A Aedt a7tk o4y Zola
71geldn). oleldt B 08T AT 0BT & NPV7F 212F St o4y 4k o
7HA] HEEEld om, Fg, 99} 7o) A= NPV ZhEol tidh 39X (regression line)S 1
# MEFSE 4H&s1th

150 i BN N Ol T
A Case A
,.f
l’,
v 50 “IVIEFS v
2 1 X CaseC
= s Reserves (MMSCF)
S 00 50 .~ 100 150 200
— rs
2 »
= A
0 ,A' Case B
rd
4
rs
e
-100 /’
- 150

Fig. 9 Graphical method of MEFS estimation(Singh et al., 2016)
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Daejam-dong
shallow gas

—~ll

(b) Gas leaking site

Fig. 10 Location map and gas leaking site in Pohang(Z%4Z -5, 2018)
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32 ARItE AFS BE 75

AFS Zdo 3 iR/t FE A9 Ju B EA4S wIetr] f8) 3
A QAL AU (Korea Institute of Geoscience and Mineral Resources, KIGAM)®ll A
Fojs AEUbe BE ARG AE 9 5 ARE o] &5
< 3km’e] WAL JHR HARI A BEFO] AL 74-25Tm Ho 9]
, AEE BAENA HeEor Hx AoA= dHE HAtFig.
1D. FA= 4.2~12m=2 F5ZNA BEAE WFe 2 Hxp ghopA= fS Bl
o 35F, TAFHE, 2Vt EsES AA AFT 2do| #HEskA dAst
AW, AFZF 5= 429C/kme ZaA S = dHl(geothermal gradient)S ©]
|3tATHTable D. =3, A 73 7"l we HAFEI72~de EAHS wrgst
1A Z71948-& 0.0981bar/me] ¢+ u(pressure gradient)E o] &3Fe] A4HEH
#= dYstAthSteve et al, 2015). oldl AFF AlEw ol Tad 4
< default valueE &8st AP oM, AR A|~ES PetrelS o] &3t

60x60x10= F 36,0007 AXZ 43T

T
T
flo
|
ook

N

Reservair thickness (m)

X-axis(m)

Fig. 11 Description of reservoir model
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Table 1 Properties of reservoir model

Parameter Value
Gas initially in place 10.06 x 10’SCM (3.5BSCF)
Reservoir thickness 4.2~12m (13.8~39.3ft)
Reservoir area 3km?* (741.3ac)
Reservoir depth 74~257m (242.8~843.2ft)
Reservoir initial pressure at top of domain 8bar (116psi)
Reservoir temperature 26.9C (80.4°F)
Porosity 20%
Permeability 75md
Initial gas saturation 90%
22
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Ve sk
331 YAV REF Ho A3

A BHFAHE o] &3l AFS Zdo] tist OGP H7IE Fd3tH o,
EAFAH AEAVE gotetr] s ALH-hE Ase] 73t ©E OGIPE
Hl skt EdaAMel 2ad Ao A5 AFRT AlEHC :
st oM (Table 2), ol A4k AR{FST EHo FA *@’&@O
openflow AejolAl o] Fo]X&= Ao
FSATE gofatr] 98] vk~ BlEE WE 100%= 7}@‘8}0% 0.56(371=D&
AR o, 7tAdEAFE VT #3e 25 2 o4EH 8 JtagSA S A5

U3t Totetint.

gopgt TtAagSATE A @ st A" Az 77bel| wE
OGIPE A4tstth 1 A3, AlEdolAds Fall Foftst AFS Zde] OGP
Hlsl AA7E ZA A SEILoH, JJEH 3.4%° A7t A SR I, AR
Akt A9 7)o AojASFE eakgo] fashe Ae gl e (Fig.
12), 6714 o]%e] AAk-¢ e X}Lg AT A9 AFg o] 1% ol3tE A3
th ol OGIP oS Al ARERE 742 BlF 9 7habSXA] o] Gkl Ao g2 A}

2HM, ol BAFS T S5 TR AEVIE HE A9 OGP Bt
[e3]
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Table 2 Reservoir properties and production data

Parameter Value
Production period
2 4 6 8 10 12
(month)
Reservoir temperature
26.9
(C)
Reservoir initial pressure .
8 (at top of domain)
(bar)
Average reservoir pressure
8.60 8.54 8.47 8.41 8.35 8.28
(bar)
Cumulative gas production
30.04 57.92 84.78 | 111.38 | 137.03 | 162.22
(MMSCF)
Original gas in place
gimat gas 1 p 3549.32
(MMSCF)
Gas specific gravity 0.56 (methane 100%)
4 4
OGIP(MBE) @ Error
o OGIP(Reservoir simulation)
3.5 "‘.‘ ““““““““““““““““““ 3.5
w
O 3 3
vy
«Q
Y25 2.5
1} —_—
= B
£ 2 2 5
4 &
45 ° 15
£
o0
0.5 O 0.5
[ )
[ ]
0 0
2 4 6 8 10 12

Appliacion period of material balance equation {months)

Fig. 12 Result of OGIP estimation according to the application period of
material balance equation
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7F 270Q1 Ao 1AE AT B e I W, 1A A

A U7 A 7 e 40074 A9 FARAGAAANES st AL
o

Al 10709 X F9AdADe et
&} tHFig. 14, Table 3). 2dAIoN = F27k2=AbFo]l =0d 107 G2 Al
sty T =N FARIERAYAF ] LAIIMMSCE=Z 718 A Ated F
T FE AR YA 2,534m, Y: 1,029mE AA s8R THEIg. 15). A48 7
270 A5, 1AM = A 2707 f1A1E = = 1207HA) 99 F37F
2SS Blaste] 3R FA0HADSs AAsAtHFg. 16). 29A A= 1

F9QCHADE st tHFig. 17). vlx| gk 3tkA o
FACHAS AESIst F 62571 -5 il

HE $HRAGAst well: X =2,083m, Y =527m / 2nd

TARIEAY A S Bl &S
well: X =2,735m, Y =1,882m)& A A3} th(Fig. 18, Table 4).
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E
5 1500
1000
500
0 11
0 500 1000 1500 2000 2500 3000
X[m]
Fig. 13 Productivity map of reservoir model
[BSCF]
3000 i |
;*
2500
2000
->—E_1500 ;
[ 1]
mmE
1000 1
[ T
500 1
0 -
0 500 1000 1500 2000 2500 3000
X[m]

Fig. 14 The 1st stage global solution for single well placement
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Table 3 The 1st stage cumulative gas production depending on single well

location
Rank well location Cumulative gas production

X(m) Y(m) (BSCF)
1 2,534 1,029 1.411
2 2,685 1,029 1.408
3 2,534 878 1.407
4 2,685 1,179 1.407
5 2,534 1,179 1.407
6 2,383 878 1.402
7 2,383 1,029 1.401
8 2,685 878 1.400
9 2,685 1,330 1.399
10 2,534 1,330 1.396
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[BSCF]
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- 1.0
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Fig. 15 Final global solution for single well placement
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[BSCF]

3000 15

2500

2000 10
E
= 1500 -

1000 - 05

500
b
0 0

0 500 1000 1500 2000 2500
X[m]

Fig. 16 The 1st stage global solution for double wells placement

[BSCF]

15

05

0 0

0 500 1000 1500 2000 2500
X[m]

Fig. 17 The 2nd stage global solution for double wells placement
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[BSCF]

3000

2500

2000
°
X:2735 m

Y:1882 m

1500 -
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1000 -

0 500 1000 1500 2000 2500 3000
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Fig. 18 Final global solution for double wells placement
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Table 4 The 3rd stage cumulative gas production depending on double
wells location

Ist well location | 2nd well location Cumulative gas production
T x| v | x| va (BSCE)
1 2,083 527 2,735 1,882 1.9738
2 2,133 527 24 A0 1,882 1.9736
3 2,133 527 2,735 1,932 1.9735
4 2,083 527 2,735 1,932 1.9735
5 2,083 527 2,735 1,831 1.9734
6 2,083 527 2,785 1,882 1.9732
7 2,133 527 2,735 1,831 1.9731
8 2,083 477 2,735 1,882 1.9731
9 2,083 527 2,685 1,882 1.9730
10 2,133 527 2,785 1,882 1.9730
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S A ol 2 HF TR AYNA F o diste AlEHIAE T3
AAES FHATE A o QD A9 A 92 A S sk gher
HU 7t AHE(L18IMSCE/d)-& 183t f& SAE F3%S A
(Fig. 19, A2 57 27090 Aol Ak E2 /pEEed fF3AdS 39
sled Zbzbe] Az A&(Ist well - 1,134MSCF/d, 2nd well : 1,129MSCF/d)<
1HE 5 GAE FEFs AASATHFEE 20). oW, & AL AR
T ARSI e, 5 DA 4GAZA AYsiATh FEAR A, 3
X2 HAF FE AHE A A FAY W3t AR YEldeE AS Fket
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Fig. 19 Well testing results of single well

32

Collection @ kmou



10
o= om e BHP ssmeee (Gas production rate

2 i H v _1
- 7.5 ~3 1 i i 1
@ i ]
- e
w f
e
g 5 N
K} \
° o
< h,
£ ‘1‘\
o 25 Se
ﬁ — -
Q
(s3]

0

0 30 60 a0 120 150
Time (hours)
(a) 1st well
10 "
o o om BHP o Gas production rate

] 1 : " I 7
et : 1 [ |
2 ! =~
7] ~
2 ;
o 5 \
K \
=} = A
£ \
£ LR
S 25 S
o] -
Q
(+3]

0

0 30 60 90 120 150

Time (hours)
(b) 2nd well

Fig. 20 Well testing results of double wells
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AN A £I98 S Hotstr] fls ANA ol mE HFE FE AYNA
AA AN FAAND AHAE WGt FA oA =2 EAS TS
o5 flal Fig. 213} #Zo] HF R A4A HAAE Y mdS 7R
o, F8AEY FAY L AFFT 4y AFAE Pipesim AlEHCIH AHEA
o =284 A outlet pressure= AJ4HE W oY S4AES 385t 34bar®E A
Ao, HAA FAL AFF F4S 185 1.04%n, 1.610in, 2.441in=

SEEA A, HF FE AR AXE AN 44 & IPR¥A TPRE
TEotoH(Fig. 22, Fig. 23), ©ol& %3 2 X mE Audfis
(Absolute Open Flow, AOP)3} A4kg 7o) wE 93-S o34 tiTable
5).

Fig. 21 Description of well completion
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---outflow(1.610in)
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Gas production rate (MSCF/d)

Fig. 22 Nodal analysis result of single well
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— inflow
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(a) 1st well
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(b) 2nd well

Fig. 23 Nodal analysis result of double wells
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Table 5 Operating point depending on well location

Gas production rate Bottom-hole pressure
(MSCF/d (bar)
1.049in | 1.610in | 2.441lin | 1.049in | 1.610in | 2.441lin
Single well 313 635 836 7.3 5.5 4.0
1st well 336 650 818 7.1 5.3 3.9
Double
well
2nd well 310 622 810 7.2 5.5 4.0
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333 A4 4 9 WEZF ¥t A4
AFE mdo A3 NRANE 937 s A A3 Table 62 A4+
_]

J2AL WPste] FHANAYLF D AAPNRS ASFAT P
x

)

reFe
) G2Fo] 10~100%82 AASFgon, 4% Tt A g oty &ae
3ta] 34bar®2 YLE3AT 1 A3, A £ 8 AN FAI A S
of met A4 fF FAVIRE B FR TP AT Aol vdEueE AS &
AetATE A FF FAZIES AAT AL fFRFo] FoldaE Fopxon,
A 53 A ol w27 E%‘f?‘i}o% A4

B AN HFE FASA ZaE AL westarkFig 24, Fig. 25 % 4%
! F

of
2
2
s
r°*‘

o2 s 4 ¥ AL FF x1o] SUNEFE FAIIAAEY Zolv) 2
23
Table 6 Parameter of production operating conditions
Well Well Tubing inside Operating point
€
number location diameter 5 = ; Flowine BEP
@ (inch) as production rate owing
(MSCF/d) (bar)
1.049 313 7.3
Single well | - 2 1610 635 5.5
mn g .
gV y 1029
2.441 836 4.0
1.049 336 7.1
1 X : 2,083
ot 1.610 649 53
well | 'Y : 527
Double 2.441 818 3.9
well 1.049 310 72
2nd | X : 2,083
1.610 622 55
well | 'Y : 1,882
2.441 810 4.0
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depending on operating conditions of single well
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Table 7 Parameter of economic analysis (EIA, 2016; Ychart, 2019)

Parameter Value
Drilling cost ($/ft) 150
Completion cost ($million) 1
Gas price ($/MSCF) 11.9
Operating cost ($/MSCF) 2
Discount rate (%) 10
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Fig. 30 NPV depending on operating condition at production maintain period
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34
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