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1. 4% o & Ayrt A A= A th(Ashayeri and Jha 2021). AeolgtFE T3 A o F A7l DCAVI

Mol o= AR ¢ ve 945 B o (Alolayan et al., 2021), YA A o2 AakS FThEl=
1. A3 Qe AR (shut-in) 7174 HHAEE 7}%3]-04 DCAZIMEY ¥ dF ds& EAthLee et al,
W A7 WA B Hed 2019). AW 71E A= Akl H BAR AxE Aol melHA Geka, 250 ARl o
oo e @A Adzks Aitel Busl AW Folth AUAATel ddo} WY NEe 3 T AE AR
A 29} ThaA 4tk ol V2ol AEANLS Telotd A HAE EslisiEEo] Ed A B AT s AgEE 7IHe me FH e ol e DCAZIRS B&44S Al 9
Aol AN ZTMo BT FLA Ao sl A w HAEAGA AArtrE wETA W 3, 371 Aitely diolHE #&dte] HeYdS vIvtem I Md7bs v AAFSE oFee
& NG BEame Agel AUZts PEZS Enss WAL WY 96 FHANEE JlEs Akkstadt g
Feg £a, AL7kals 540 0001 mdv BoR WS vt} AFEe A4 F F R4
& Fol F¢ugsINe] ol 8 53], £4v A stage #F Hel AL Foshse o ok
G755 7] W o] AL E =
FHAZY HASGRAE Fo ko] oUW AA2E Y5y AGBAT, a9 F —ouongt
Aol AGES ARGl Qo] AuEE H§ £ nelsiord Aol FAHoR MAAE _ g
A7) gEAE LA ARA e Aol o W] Qo] Fae uld) AMFL o= e
s Aol Fash :
FA0 A S JYolE ARFS AlEdolAY 7HE 7] ¥ (decline curve analysis, DCA) =
ol Atk AFE ABHIAL EEHA AMAYS FYstE ol ALHE ol AT, Y
oo ANE 9] A8 e s dHARs} B, A Ee g Fdgeay)
&2l A% H(Alolayan et al., 2021). A2to]gnts JYA R AFEstE DCA= 9 ) LE0S
o A A4 B0 AnE wgom ¢ AYAID GHAT biol det A A o T e
A

o
e
_E

(% 1), 4=8A87F o] HEo] 71t F53 dF deoz ] dglA

)
;§ A]_,&g] o]}, [-29 1] Uncertainty of DCA(Mishra, 2012).
= o o

- : A @ AF %4
L3 1] Three types of Am's equation B AT FARR BA Asdeld dolHE e A4 na AAFE o Foh
Case b equation N Adstnd s, A% 71ee B3 712 DCAZIME Hg @A 2 ele) sl wet
Exponential | b=0 a=aexp(-D) 2 A3 WA 2 9 ned 5 A dow ot B8 DCAZIYE HEHE 9FAn
Hyperbolic | 0<b<1 | qeqy(14bD " o FH7F ARH ol f2 ANY LGN HAAA o} FH Feje] At BEH A
of EshE AW et 4 vk oled DCAZIMS @AE AAe7] e B AT AE
Harmonic | b=1 a:=9/(1+D) AR AR ofU e AAMAIZET e AR $dAAE o] el vz YRFE o=
sag st
AY ARES] A4S T54el u$ v, FHAF L OuASGSAt 2o SAH A £, At BEU AASdel 444 FEE AT BAd A AW F, g4A4 F
oz 8 712 ABAAN e YA vehdth B 7] AAFS B F, wE) F2 oY) YWY o5 Aste] AARE FYARA Bk AXE AP wdY A A%
argpel pasta A Aol LA FAHE AUk YAHPY WRe] 71Fe] DCAY] s d ad ABew, AAE AAe] AWR elFeiNA Fnrd Ao ST daa
We AQrbzel A gshs Ae AEsHA @rh(Yang and Lim, 2013). DCAZIY 4§89 @442 Zlde7) ofe. & dTAMT BEY AdIdclg daem N R FESY AHAENS 4
ZE57] 98 ALY AFEA WHE o YSo] ALHT YA, Y 1o e Al & AR 7 2EAEA 2 =ve %2 (domain knowledge)S £3 A7 Az HAL
Fol, BAT HA A7k Ao Holw sdr SR vl AT ol FHolsk =) TR A vARE AR A A4S FRSC AR T 29 AHN=E FLATE
e (Mishra, 2012). 0 gl Fad WAtk 28F st AnwAst A ysA @t A8F Ax EmE B
Hito oA AT ARZ A B oA AN A DCAZIWE HIAMS M7 94 23k %%&]b JAE 7 A, IAEES AFsted dol =REAAE Eole &4t
AAREE Agatele Awst ol #olA 1 Ak 4954 FneFel ahhel locality preserving 2 F A B dyelde 7 A ke AAd 248 59 ulau A A5e 97 a9l
projections 83 ¥ k-nearest neighbor &iz|HS T8 AAFS dFdh= 77 AR e FEstat E}E]‘ FEd AYAA4E vigom et of 15% ool AHE =& A%
s mEstas @k

3(Zhang and Hu, 2020), A% s S8 8) W4 3 Ho| g (transfer learning) S &3 T4



SR A Ay FEL Aok Abok(shoreface sandstones), M $-¢H2 3 2F ¢k (coquinas), sHE A
1. EEY AU o] AbARA okl A E<(lower shoreface siltstones) o2 F+A ¥, A %2 storm dominated silt rock, # €
Abehel 2} haARe 2 BE AKow TRAG RS fEt 3 Loz 59 dEd S Aol s AR vehdel meh el Ay, Al shwd Ao ded
oot At A%e & e, BEY, FY 59 Eelolzh AATh Al 948 5 oS BEUSS 38 24 A9 B850 45%), FAF 6~15%(Fit 129%)& noln
Ug gdoz waed dudEe o4 ANY A2 A7 29 v Arklee et al, A9 AR Az ebdeh B3 e 8~42%(R 7t 15%), FAN-SAN- NI FEE 3~
2019). ¥ AF A BEY AAZgol= Fujue AdRe gxshy, Adze o] wam 9% (Ht 5%)5 Btk w3 FA A FELS 11~4% (T 26%)E Holv WA wAE
A ERJAE AU Adoe] AR A A7y F2 APt A 9ltH(Vishkai et al., A3 o]d 718 (Muddy Matrix)e] 98-S &3 24 FAE BELS 7]d9 988 ) 434
2010, 27 A9l A, BEY AQTaols] 44 L REEH BAL FU5] A4 = o# HED Me dEger 7SN s34 HED Augelt ARd elghn vehd. o
A2 R 9E swo Sgsux sk A 5 A= Bl FEstal £HAE 52 THA dEA=E Rt K3 vt
(1) A=A BAY 7} = A YErYU Y total organic carbon(TOC)E 0.18~1.32%(H 1 0.68%) % LFEFFT}
D Qs AR BEUZ 3B 24 M9 20~62%(BT 49%), FAF 9~19%(A T 14%), FAA -5
BEE Ad2o a7 29 o] At HeEAd @ olE BEN A duEE ARix B A EA 2~ 11% (B 3%), WA 8~33%(H T 19%), T8 1A BE 4~50% (B 15%)
E3hw gon WA of 140000 k2 FHE WA oF 64%e] PEHE wWe Wslolth HA 2 olFold Atk s BEUZW 4L vk, Avkesl shiel us) Base obgEd
dZow Ry BELUZS AL JFor AR SRz pREC 4N REUZ2S X Ed oA AEgo R FAE o9tk TOC %3 0.06~1.28%(F i 0.26%) % SHA veERdch
o 2Ry HA5AAY 2800~3500melH FAE Hit zoomi 5$o1/\1 ARg 252 A" S @ #H#37A ]
Atk YHA7E FAW Edtelobs] 27 W Flola FA @ Bulwme] Hvxw AR s} BEHTE HAEAS a9 3 2ol tEes tEAN 2 anw fxAga A4 A
e HARt BEYES vBY giFRrds 4590, Ax3 ALF JFL o= WA THYoon and Jo, 2019). Qa2 Z4E A on HAEo] wAE U e] kol
we Aoz ey Webelue Azt 4 AY ol HAHL % BEUZe fsldA HAH ek
Su BEUze o) #7 EL U ERoA, 4N BEoUze g dcaz wi ooy oNA UEhbe tme] EA(AE) ol UeA fEth A5 £d g 22 Agd 54
oM 77 HAHATHAY 2). AA AR FE SARE A% 9@ 3wl ek sjsfel A Hxol dold FAME HE R frlwel Fpel A bt
ol¢} Ntz AN ZEUSZAAME WafelA H2HE 54 AeiAl vehdrh Ul dAst
T el od Ay Wy 9 AE o YA Aud 2go] vEbdrh of¥ AL
T at Waks Wk W, A% BAR F AR BN dene ad S asAzte] §7)
coLumBIA | ALBERTA 7h dojd AL & F dvk WE] AdFAAAME dme £F Fol o3 o|gte] HAH £ o
w, o] W Breel 2F T dFoR A HHF I} vERdT WZe] AF BEUZS ek
A4 AEQom FAFHITH AAA] BREYZLS o Ao A sl WEoR <l
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[729 2] The location of the Montney formation in Canada(Modified from Yoon and Jo, 2019).
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[3 2] Sedimentary facies of Lower Montney formation and Upper Montney formation(Modified
from Yoon and Jo, 2019)
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HM)E tehdeh 4% 2EUFe Auge 24e aish s F24 54004 Aol
itk Aoz wa #7A HAsel kg GFo] vhehdn] o) wheh hepe WA
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[Z1®¥ 4] Summarized borehole plots of stratigraphy and sedimentary facies(Modified from Yoon and
Jo, 2019).
$EAom 7 et HMel 0t $~30 em ol4o® etk m@ 45 St
BAWe] vhg Flsy %011 EAsE HMolAE RRAoR Yuetgol teheh ol e e
HM =5g0] g45e@ g8 540 dojifof shul, 1 A1 4o werst AP
Aeiol olste] wwe] ®A o] oBatth WA stergrobr] A4ATh BA GFY olge
oA L G 4e =) g3zt vehbn AL oF 1 mm o8z vedth g3ee g
g AR 18 A F 2] (hummocky lamination)7} WebUH f7]=3 FA QA7 AR 258k
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(@ FESH 24 4% £ 58 W@ WAEAANe] A9 BPARYH o} AuEFo N FHH = TRRe) 2

O dwrs s 7} 271 Tcf, 178 TefZ & AolE HolA &= vl 3FA W NGLs9F HAE dxde Fd o]
EEU= 19509 58 2R ghALe] iado]l = 7] A&k ZEU S ARkl wlg-qhel| A z}d-& 7} Atk NGLse 25 B ElA A g@u]olFol A A== TRRE 12,647 MMbo] A ¥, AW ERF =

st G A v, AEQ ] Qe B AL 2005@ 7] o]l A okl 7]Ee] dEAY 1,874 MMb2 E | A gdn]o}Fol A o @& o] NGLs7F FAEHE v v A5 dxde

e g vEEAde AE A F5 el EAsk, ket A dbzo] {FA RISl BE|gA A7 H]olFo A 29 MBO, AW EFFIA] 1,096 MBOZE AWEFFINA o @ o] 4

27} 0.1 md, 0.001 md —’Fﬁfui w9 wtol xS st ofgr] wie] thE FUHA 1% A

of aHrh HAEAAE AFAdd vd \We FEE JHA 71Ee] FAAFI obd FHAF RS A el ek B ElA Aol AMELFS] 5 ES 1'73“_ Z:‘ﬂ} Ak oz i

= A&t B, FAFIE] g v S nEste] A{FIo AFAQ) dES BAA EbFe] A9l FFgo] o] A2 o uvrhed, o dHEFA FAHE AL diitE

T ARTY FAFHES wo] AMAS FIATIE BH FdTA vl ALEE AT V£ o] Egaxdo] & shallower areasell <7#13}7] o] t}(National Fnergy Board et al., 2013).

FRAF, FAAA7IET deAFaRArIES FA HAEFoRA QdFPHo] AAHJL BE BlEA Ay u|o}Fol nle] AWEFF2] NGLs 2 vdE5dAY Hr7t A #E#2 TRRe &3

ye] AEQy e njzlEabdel uidt o] o] FAXA HAL REYZF whEFaxtd el Ax 3FEE F5S & F Atk

A AEel weEl thdEtA vEhvEd, ARV e AFoR A5E Adrtert T2 AAE

W, %08 445 Adede] AiAtH(d 5). [3# 3] Ultimate potential for Montney unconventional petroleum in British Columbia and

Alberta(Modified from National Energy Board. et al, 2013)

, BC | Alberta Ty In-Place TRR
— Fiorzontal Well. Hydrocarbon Type R y
I Low Expected High Low Expected High
Natural Gas - billion m* 90,559 121,080 153,103 8,952 12,719 18,257 10.5%
.5%
(trillion cubic feet) (3,197) (4,274) (5,405) (316) (449) (645)
NGLs - million m* 13,884 20,173 28,096 1,540 2,308 3,344 11.49
(million barrels) (87,360) (126,931) (176,783) (9,689) (14,521) (21,040) e
0il - million m* 12,865 22,484 36,113 72 179 386 0.8%
(million barrels) (80,949) (141,469) (227,221) (452) (1,125) (2,430) o

[3 4] Ultimate potential for Montney unconventional petroleum in British Columbia(Modified

from National Energy Board. et al, 2013)

In-Place TRR
Hydrocarbon Type R y
Low Expected High Low Expected High
Natural Gas - billion m*® 42,4326 55,664 69,630 5,666 7,677 10,311 13.8%
(trillion cubic feet) (1,498) (1,965) (2,458) (200) (271) (364)
NGLs - million m? 11,974 15,310 19,172 1,418 2,010 2,760 13.1%
(million barrels) (75,340) (96,332) (120,633) (8,920) (12,647) (17,366)
0il - million m 211 439 739 1 5 11 Lo%
(million barrels) (1,328) (2,763) (4,652) (8) (29) (70)

A= ay fairway, straddli ie : THE D = . . . . L .
[Z2®¥ 5] Montney play fairway, straddling the British Columbia/Alberta border( THEWAYAHEAD, [£ 5] Ultimate potential for Montney, including lowermost Doig siltstone, unconventional

2018). petroleum in Alberta(Modified from National Energy Board. et al, 2013)

@ HFE=%F Hydrocarbon Type In-Place TRR R y

BEUe WAEAsGAE DA A Aol AWEEe ws HEHoel Ak Ao Low Expected High Low Expected High

wE A& 7keAb 2 e (R roll g Natural Gas - billion m® 48,124 65,415 83,474 3,286 5,082 7,946 770
7leH o2 34 7153k A (technically recoverable resource, TRR)S] %2 oF 49 Tcf2 % (trillion cubic feet) (1,699) (2,309) (2,947) (116) (178) (281) i
Hell &abx] FANH F v @ E 7=kl e] TRRE oF 449 TefZ 2012 et HA7bs ALE & NGLs - million m* 1910 4,863 8,924 122 298 584 1%
o] ok 160uo] s)LSTHE 3). (million barrels) (12,020) (30,599) (56,150) (769) (1,874) (3,674) -

" e 3
EEUE B AETARY Wk olle v AEQ AR NGLAY ] =45 TRR 3 z}z Oil - million m 12,654 22,045 35,373 71 174 375 8%
1= nAEI 2 Peh -7 413} }9lo] FA4: £% 74 {million barrels) (79621) | (133706) | (222569) | (444 ame | exo |

1,125 MBO, 14,521 MBOZ %2 ol sld3ch(E 3). #EYS] HASALES FHE F23 &

_7_ _8_
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WA wEVS Batrade F Ao EE AS Aol 54 gt gdeln, ast od)
Z7] AAEe 747y 3~4 MMcfd, 575 BOPDO]E}. A7z "gAF 2 Ade] HAE WA

sweet spot HAM7]%Eeo] L& E L thaA A tlAple] HHslE o] HTo| AlFE FAHAF
2 oldo] AFH ARG o U2 A HAZTAAE BAH(ZY 6). 20050 AFE FAHE
A% Hyt 0.9 MMcfde] AtES Bolxwk 201730 AlFd FAES Hi 4 MMcfdz <F 44
Z7bskd

Ao ANFE FALFEE FF7bA v d 2k (estimated ultimate recovery, EUR) 3 Z7}al=
25 Beld 20050 A" F42 1.8 Bef, 2016130 A|FH #4272 Bef2 EUR©] ¢F 4
Wl S7hekda, obukd A9 stage 4 TE Bt 870l 3070 ol oz FrlEHTHH 7).
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[Z2¥ 6] Montney Formation Gas Well Performance by Year(Canada Energy Regulator, 2018).
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[71¥ 7] Average well EUR and number of fracture stages(Canada Energy Regulator, 2018).

2. AHg dlelH
(1) ®lelg =4

B Aol ARgE diolHE NonEolE LEZUF JRE Holde AU 2EY AY
b Az A Agolth siE dHolEE EEY 540870 fA49 7EHd ARE E3so],
el @ Ar L 7 FAE A= FAY TR FA Aatelel vehgdt Aikx)
2 72 ARA N AAM F 540879 A dHolEelA AT HAH RFstE FHS AEsE
#}4& APt
O AEE Aol e §4 M

% 54087 fr7gel 26656470 dlolEldl A gkl EAEA FE 5407/ AZSAE AAT H,
540870 A< 26115770 dlolEHE wEoew ATE AFPsUth. N2 G FAHA AMNEE
FA TH OE AL, 4 5 oy 2AER A FA AiAF Aolzp B S Qi
Z, g7k BAdE s §8Y A7t Adede] ANHE §A4S HusH, Y THe
SALA S E A gE A 717 2 A YEhg § gtk B Ao s AUrtas Bo] A
FAoR FA9 THE A3, 54087 FAHNAM A Artaet Fo]l AAlEE 4830719
Al EZE Abe = 372470 8-S A9l 110670 78S At

olF A AL AX 11067 A9 581707 dHolHE dido R X i §4& A}
Atk 1106709 4 F A2 o2 BAd slgshe 4o % 27 Alberta Synclined 2571,
Athabasca Oil Sand Zone 07, Peace River Embayment 1,007/, Northern Alberta
Sub-basine 7472 FRIFHAT Adrtae ZF 4 e A9 1k AAEH o] Aol QL
ATl EA YEE F Jerng B AFdAE o #A4E /Hg Be 1,0000e FA el
F 7|8} Peace River Embayment® & &} 91t}

@ AFdaa F74 A9

A9k 7k (refracturing) = AAF 27] bl E 7 & Ajghe] Ao weEl 7hasteE A
23S Al S EAI7]7] 9l ARE Sk ZWolth AlFEguaAlE FAE Al 2R8Y dde] &4
Av MZE dde] wrEolozn fHe] Aol 3213] Z7tetAl "o Q). 1¥ 82
1,00770e] £ F AFgaAE FAS ojHo] A= 2/ KA ANATE vERH g zelr)
Mol FA BF 27 AAE ARG & fA0 Aol AR T Al qhakA (e A 34D
gk o] F Aol FEe AS deE —}F AUtk ol g AlFEguta Fo] 5 A Aol
23 dolel2 7Hd = AR 100771 §48 F AFdHdAE F 42 F 22 s
7 l ol B A= —ra}"’ getsle] A s
99 4 A B8-S AA, 100671 FA e 55031709 tlolEl & 2 Aol &kt
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[2¥ 8] Effects of refracturing.

ha [e]
(1) 7125 AES
SR A FAZS AR 1,067 RS udew 72AQ EARNAS Sk AdstaA
e A AEE 2006~2018K 07 E}%E%}D% FAE FAAANY, A7 D Fgu ZR
2 32Ea¥e B3 24adt a9 9ax 48 FHAAMNFOR 34~266212 E3m’e WS
AW, B3t FE AakEke 70,280 E3mloltt. AAEAIZE

: At
9ol e, yEe 54 AFZ Az UIReA Ao 142199 4
Aol 4 Aeldsl Aol

o

2 ol7k 100714 o]

AR=2, Hat

stage

Hm
e
mlm
>+
o

WY 9be] xFHE AYsto]
S 7hA Y, HE Aol d
ARz 318 EXE Holn Asto]d 9]
Pl §A4E Atk 27 9= A T AR F stage Mol oiE 4
= 2002 oAt vl ol R AR, AR stagee] F7F A, F, @

ol

rl

il
o~
-

S FAE EAFT

(a) Cumulative production

(c) Stage count

(b) Production length

== =y ==

=

Count | Mean Std Min 25% 50% 75% Max el
Cumulativeprod | 1005 | 70279.9 | 40858.4 34 41635.3 | 64410.8 | 90917.1 | 266211.7 | E3m’
Prod length 1005 54.7 27.8 1 32 53 79 142 Month
Stage count 1005 19.8 13.4 1 11 15 25 94 74

[z 9] Statistical Analysis of 1,005 wells in Peace River Embayment basin: (a) Cumulative

production, (b) Production length and (c) Stage count.
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[Z29) 10] Scatter plot of stimulated length and stage count by year.
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[Z2¥ 11] Histogram of well count of completion date by year.
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2016~2018 307 210.1 108 20.5 139.3 1935 247.3 550.4 | E3m3/d

[719 12] Analysis of Peak Avg Gas production for the three sections: (a) 2010~2012, (b)
2013~2015 and (c) 2016~2018.
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[Z29) 13] Workflow of data preprocessing.
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[Z1% 14] Scatter plot of stage count by year.
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[Z2¥ 16] Histogram of monthly gas using 51,171 data from 942 wells.
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[Z28 17] Removal of shut-in period and concept of dense production.

E ERERRSEEEE

Arpe] ZHE =AY F4e 2714

N

Rl gE 01‘“74] AAstrtel wEl o Fakaal sk A
Aol A qrF A 28E £ JHE 1. F, vt ES dEged o] o= AHS A
shako] ZHEEY] AlFshE AR o® B A9 X]7]' w§- Fasteh Adrke Aike ]—vg By A
HA Lol 7} =2 Avg Dly Gas¥g Holv FAE AAw tFEy f4L& 3
o 75 AR F 7M=& Avg Dly Gas¥S YERWTEH

%7] Avg Dly Gas7} S7Feh= 73F2 f49 dAZQl #ZEAES stsA g glo] EHas

1= = = o
SFATH L 18a). Monthly Gas®l -9 AibAzre]l dmplzlel] wha} Wgo] A7] wiol (1™
18b), Avg Dly GasE 7|22 IFa(HF24 HA)E AAs A 54 4% = Avg Dly Gas
7} 744 =S W2, Avg Dly Gas®t Monthly Gase] ¥ a7} 2= AL vl 3 A9 #
I TR ”‘3"}013‘01 AAE ] F 2223709 BAARETF A A A
HEHoFE 7]1E 100570 Aol gk 56035709 ool A 9o HAT HAFS A F, 941
AN el tek 45915709 dlelEl7t Heldrd dt5S 98 Fvl = Ak

FRolgla weralo], Avg Dly Gas7F 7F8 =& A %9 Peak Avg Gas ©] @ o] Aato]& & A1)

_’|6_



(a) Average gas production rate by month
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(b) Production hours and monthly gas production by month
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[Z19 18] Determination of peak production for each well: (a) Average gas production rate by

month, and (b) Production hours and monthly gas production by month.
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[Z2¥ 19] Heatmap(correlation map) for the seven features.
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[Z1% 20] Pairplot for the seven features.
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o2 EAHAY] WEolth(LY 19).
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E3m3] Monthly Gas prod.total [E3m3] hr
Avg Dly Gas [ ] = —

d Monthly prod.time [hr] d

[Z2¥ 21] Equation of Avg Dly Gas.
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[Z2® 22] Example of usage of time-series data for the seven input features in case of the

12-month history case.
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(b) 6-month sequence data
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(c) 12-month sequence data
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[z 23] Correlation between future Monthly Gas and the seven factors: (a) 3-month sequence data,

(b) 6-month sequence data, and (c) 12-month sequence data.
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[z 24] Changes in correlation of accumulated factors for time: (a) Cum Prd Gas-Monthly Gas,

(b) Cum Prd Hours-Monthly Gas.
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[z 25] Cell structure of RNN(Ki et al., 2019).
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[z 26] Cell structure of LSTM(Ki et al., 2019).
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[3 6] Variation in the number of available wells

train(well) test(well) total(well)
3-month 736 185 921
6-month 717 182 899
12-month 667 166 833
[3 7] Variation in the number of available data
train(data) test(data) total(data)
3-month 34563 8550 43113
6-month 32371 7995 40366
12-month 28214 6941 35155
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(a) Future production forecast in a month
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(b) Production forecast for the far future with 3-month production history
100/14-05-078-17W6/0 200/C-071-A/093-P-09/0
3500 4500 T
—— original $ —— original
- Prediction 4000 H ~—- Prediction
3000 —— 3-month used H —— 3-month used
3500
2500
= = 3000
£ £
g 2000 -2‘. 2500
8 8
£ 1500 Fyz000
é g 1500
1000
1000
500 500
0 0
1 20 40 60 80 1 20 40 60 80
Month Month

[Z2® 28] Using Monthly Gas as input feature.
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(a) Future production forecast in a month [3 9] Case in which operating factors are used as Cum Prd Hours

Input features
Case Y
Ak QIxt A 2FIxt
= A Monthly Gas, Avg Dly Gas Cum Prd Hours
B Monthly Gas, Cum Prd Gas Cum Prd Hours
g™ C Avg Dly Gas Cum Prd Hours
E D Monthly Gas, Avg Dly Gas, Cum Prd Gas [Cum Prd Hours
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(b) Production forecast for the far future with 3-month production history 292)BTF 027 2 A o] EEE AL ol & gk W e S =3 An w
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[Z2¥ 29] Using Monthly Gas and Prd Hours as input feature.

[3 8] Metric values for Prd Hours

Input features MSE R? relative error
AR IXp | MARY 2Felxt
Monthly Gas Not used 0.0977 0.9087 18.6%
Monthly Gas Prd Hours 0.0349 0.9673 11.3%
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Pred(E3m3)

g

Pred(E3m3)

g
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. C— w0 onen o 200 C— o
Case C CaseD
g
0 e w0 o0 o 00 CI— o o0
Case MSE R? relative error
A 0.0768 0.9282 16.3%
B 0.0958 0.9104 19.8%
C 0.1019 0.9048 22.0%
D 0.0493 0.9538 13.0%

[Z19 30] Future production forecast in a month of Case A~Case D.
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Case A Case B
4500 4500 -
—— original —— original
4000 -~ Prediction 4000 ~~- Pprediction
—— 3-month used —— 3-month used
3500 3500
= 3000 = 3000
£ £
= m
% 2500 % 2500
8 8
2 2000 > 2000
£ £
g :
£ 1500 £ 1500
1000 1000
500 i 500
0 0
1 20 40 60 80 1 20 40 60 80
Month Month
Case C Case D
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Case MSE relative error
A 0.1721 37.8%
B 0.0132 8.4%
C 0.1028 27.8%
D 0.0315 16.1%

[Z1¥ 31] Production forecast for the far future of Case A~Case D.
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[3% 10] Input features used for each case A G e, g ggxes il S ERE BEEdS uw, F3ML 671€, 34
- putfentures A2 BT Aol & 11& 7 AelzdA Z3E MSE 2 R g %93 5 9
= g ot AN 2EAR wo B BAF A AHEE AAD o7t AFF oA gol Frbehs Ao FAE
L |MonthlyGas prdHours 9 33). ol 12hd wHE ARE TSRS wuch 349 @Az YRR W Aeted
2 Avg Dly Gas Prd Hours iy . ey - - - o o . -

3 Monthly Gas, Avg Dly Gas Prd Hours 9 AR F7E 7] wEeltE 7). 5, AAD el wE As £ ek 2
4 Monthly Gas, Cum Prd Gas Prd Hours 7F 70 NAG G99z AgE FAS 7RG, oyt B#e AAE R A& Be AR8E
5 Monthly Gas Prd Hours, Shut-in Hours, Shut-in Months Eg],%:, Z‘io] oﬂ_%_ z_,_];ﬂ}gl (\_]%]E% o] _}': 9}
6 Monthly Gas, Avg Dly Gas, Cum Prd Gas Prd Hours, Cum Prd Hours
7 Monthly Gas, Avg Dly Gas, Cum Prd Gas Prd Hours, Cum Prd Hours, Shut-in Hours, Shut-in Months
8 Monthly Gas, Cum Prd Gas Prd Hours, Cum Prd Hours
9 Monthly Gas, Avg Dly Gas Prd Hours, Cum Prd Hours, Shut-in Hours, Shut-in Months Error Comparison for a“ cases
004 .
(4) LSTM/Random forest o= Z 3} H|1l f\\\ 2)MSE 0.0401
AARE AolxES atg o g A3 v 40 oA, daelE b odF Ao Aolg el 6(6)MSE 0.0353 / \ /\
Hite) ¥ \
R otrk LSTM ¢aue]&3 e 719 waleid daie]sel Random forestE #-8-3H51om, T 6(3)MSE 0.0317 "4 \ T
FodugFe d3 Al zels A 4 vk ™ 32). 2™ 32 LSTM3 Random oo
forest] A#E wag 2Pz xFL2 FugES A8 Aol yHF2 MSE #S et
o
T

Bareld Zel® 1248E B Aol At AW Aolst vpehbA @AW, gAHoR
LSTME 4§ s Ase] 2k 8 A 401 9E e dAdg. el dols

N, 6712 Feg Aolx2e F dauElFe fFolug Atol7k yepyth s 3kl ZE Al
2ol A LSTME] 2 27F o Al SA o] 9o, Random forest®} HluslR e wf & o=z 7 0.032
23 AL geod & gtk £3], Case 4(6)3 Case 8(6) ¢F 23%, 25%9] 93 7HA&S Bt 003
& @ W B E @
LSTM/Random forest Case

—a—3-month G-month  ——ee=12-manth

[2® 33] Comparison of error trends in cases.

[® 11] Comparing MSE and R? of the entire cases

MSE R’
Case
3-month 6-month 12-month 3-month 6-month 12-month
1 0.0350 0.0377 0.0424 0.9674 0.9658 0.9609
5 SB) 68) 88 6) 46 s 6B 86 102 4aY saY stz snz 2 0.0378 0.0381 0.0456 0.9647 0.9654 0.9579
Case 3 0.0348 0.0359 0.0411 0.9675 0.9674 0.9621
4 0.0343 0.0365 0.0435 0.9680 0.9668 0.9599
LSTM  =—e=Random forest 5 0.0372 0.0388 0.0414 0.9653 0.9648 0.9618
[29 32] MSE comparison of LSTM and Random forest. 6 0.0318 0.0354 0.0401 0.9703 0.9679 0.9630
7 0.0333 0.0356 0.0408 0.9689 0.9676 0.9624
(B) Aol Azt vja B 4 8 0.0335 0.0360 0.0418 0.9687 0.9673 0.9615
N AAW Ao~ Fa md &% AL AW F, 7 AR} n]‘,ﬂ o= At mH= o 9 0.0340 0.0363 0.0418 0.9682 0.9670 0.9614
s dolny] 93 v BA4E st 17 339 HE A" 277 Alej~e MSE #&
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Case MSE relative error
Case 4(3) 0.0157 22.6%
Case 8(3) 0.0075 18.0%

[Z1¥ 34] Production forecast for the far future of Case 4(3) and Case 8(3).
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Case 5(3) Case 5(3)

100/14-05-078-17W6/0 200/C-071-A/093-P-09/0
3500 - 4500 -
f —— original 3 —— original
-~ Prediction 4000 : ~—~ Prediction
000 — 3-month used — 3-month used
3500 3
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& = 3000
& £
@ 2000 %i 2500
8 &
E 1500 E’ 2000
é é 1500
1000
1000
500
500
o T T T T o T T T T
1 20 40 60 80 1 20 40 60 80
Month Month
c 100/14-05-078-17W6/0 200/C-071-A/093-P-09/0
ase
MSE relative error MSE relative error
Case 1(3) 0.0321 26.1% 0.1431 36.1%
Case 5(3) 0.0578 40.1% 0.1778 39.8%
[2® 35] Production forecast for the far future of Case 5(3).
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Case 6(3)
wo  MSE: 0.0318
R 0.9703
Relative error: 10.5%
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[Z2% 36] Future production forecast in a month of Case 6(3).
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Month Month
c 100/14-05-078-17W6/0 200/C-071-A/093-P-09/0
ase
MSE R? relative error MSE R? relative error
Case 6(3) 0.0054 0.9172 15.4% 0.0173 0.8851 11.1%

[Z19 37] Production forecast for the far future of Case 6(3).
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Case
Case 3-month | 6-month | 12-month
1 14.5% 3.4% 1.2%
3 6.9% 7.1% 0.1%
6 13.7% 1.1% 0.2%
7 4.8% 2.4% 0.8%
8 7.2% 3.3% 0.2%

[71¥ 38] Effects of production history removal before peak.
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Variation of error reduction rate with time-series

MSE reduction(%)
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[Z1% 39] Variation of error reduction rate with time-series.
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[Z2¥] 40] Comparison of the prediction results of Case 6(3) and DCA.
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[Z19 41] Wells location of Muskwa in British Columbia, Canada.
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[72¥ 42] Future production forecast in a month of Muskwa using Case 6(3).
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