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SPE-196299-MS

Infill Well Placement Optimization Using Integrated Asset

Modeling Technique

Taeyeob Lee, Korea Gas Corporation; Daein Jeong, Schlumberger Information Solutions;
Sangyup Jang,Junggyun Kim, and Cheolhoon Mo, Korea Gas Corporation; Hoonyoung Jeong and

Jonggeun Choe, Seoul National University
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Set the control variables:
X-direction shift. Y-direction shift
Set the constraint: 2nd Optimization using ES:
-~ . ~ . — - .
Safety distance from previous wells 200 simulation cases
1t Optimization using ES: Production forecast using IAM:
200 simulation cases IAM construction for the best 5 cases
Variables reduction: - Optimal well location selection
Locations of converged wells are fixed Considering reservoir and network effects

- SRR G T
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SPE-196523-MS

Novel Condensate Removal with in-Situ Pressure Generation Via

Thermochemical Fluids in Different Sandstone Formations

Ayman Al-Nakhli, Saudi Aramco; Amjed Hassan and Mohamed Mahmoud, King Fahd University
of Petroleum &Minerals; Mohammed BaTaweel, Saudi Aramco; Abdulaziz Al-Majed, King Fahd

University of Petroleum & Minerals
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SPE-196236-MS

NSO-AFieldRevaluation Using IPM Suites: A Case Study of Mature

Production Data History Match

Gandhi Hetami, Sony Cahyono, Edhu Mario Purwadiadji, and Andri Rizky Fanani, PT.
Pertamina Hulu Energi NSO
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NSO P-1 Well Monthly Field Production NSO P-1 Well Monthly Field Production

Gas Rate, MMSCFD

Wster Rate,

&N~ FHE S A SR (DM R EHAERNCT)

SPE-196373-MS

Challenges of the Fluid Modeling and Initialization of a
Non-Equilibrium Oil Reservoir: Case Study for Field S in

Malaysia

Alireza Hajizadeh Mobaraki, Kokulananda AL Mudaliar, Nor Hajjar Salleh, and Raj Deo

Tewari, Petronas

IRIEE 757 85 [ EEAY 52 25 1B 5 (compositional  grading)FR &2 & RN E E#EE 2> )i
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F= - SHEAER

DST ref

Depth (TVDSS)

Oil Rate (stb/d)

Gas Rate (MMscf/d)
Water Rate (stb/d)
GOR

API

CO2 (%)
Specific gravity

DST#1 DST#1 (2 sands) production

1487 — 1495 1493 — 1522 m RKB 1477

1496.5 — 1502.5

1334 2311 1607

0.250 0.569 0.79

0 0 20.20

187.4 245 492
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99 F) F) =119F)

37 37 35

(37-38) (349-35.1)

26 45 60

0.846 0.980 0.903

(0.829 — 0.855) (0.850 — 0.980) (0.840 —

0.903)

Sand_1 Pb vs Depth sand_2 Pb vs Depth
Pb Pb
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E- 1475 /// e Mlin E~ 1480 = /// e MiNY
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{5 AR TR SR BT p)aa(t - 5740 T ATl

LB 2 LI R 7 H ATIRRE 52 2 (Common Equation of State)
2R AR E B HSHHRE
3ETRAERERE TSR = H BRI S

4 NEISHAMRE N 2 By EE BT

5.5 E HAHIEAIAA b PSR R ~ SN ZK A

6.1 AR K BR VT AT RUH /K S E MY R 7]

7 ¥ SRR Y S i S Ry S H L BRI
8.{58 FH NEICH ettt as Ay Tt 46 bR i ) A6 bR s 15 ik
O FMFEEITHE - e Bliftas 2 fR e 1t

PR T EAUTE > S5 EEMEAREA PVT lEihs s —(E R MR A
RNz IO AR R - BE 5 ABRELE BIR RS A RE T CO ANl AR £
[EAG R SRR 2 A E) - $HET A BRBE AT A AP AEHEA(API tracking)5#
fii » LUK R A UDQ (User Defined Quantity) J575%F CO: il HETTIE SR © SCE GRS
TR AR IR R e BT 2 R - ARy S (R R AL
EEE

=ity

SPE-196451-MS

Utilizing Petrophysical Facies Model in Multi-Layer Pressure

TransientAnalysis: A Novel Approach

Arvind Kumar, Schlumberger; Keka Ojha, Indian Institute of Technology, ISM, Dhanbad;
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Tety Benedicta Wydiabhakti and Siddhartha Nahar, Schlumberger

ETHE R (petrophysical facies modeling) ZJZENL > 1 (R g i 21073 /5 2 o 7y
- B A KRR SR O SR YR M A A S i T s L
R AT —20 OB TR TR » SRR EDH R o EAEA B 2L
TFEP R EEEEEETT

BEE TR T LT R R MUK TR IE R T ESIAR -
BEAT - HEEEAL ST A BES -

s R FEREG R TR EEN - R B e R E - EEEIR
R R T > NS RN EFRIETE Y - NI eSS E 7R E
e T - ATRE S RGBS MGt g P2 R - AR AT IR E M 2
FEBRTTEFRE ST A P B T 22 e SR (multi-layen) AT - BRI T Al 4R R B —5
GER

rpE TR SRR A MR Tk BRGIRR AT TR B X e SR SR AR A E B

RE T ZER - WAEA FEA R R a B E AR 2 el
IIMTEE AR THIEE - S RBUR S R R A o] B N EE IR E R
T EHAUKFBIER - g % E R R e 2B R T [ Z R ITIEE -

A E MR 2 57 > oy Bl e — Al A —FrR o B R
Stratigraphic Modified Lorentz Plot 7577 > [& —+— FfRrHaS g pgk o B —+ = AT
ot Z s BB 2 B - R o 2 EE T 455 2 iR i R
Tl ot w7 RS S i 2 g 2 BRI AR e P - (8 T = VU531 R
PRAENZ e h R AR G R SRR B R E RS S Bl 2
ARG T WM BB AR A S S A m B S - DASHEHERE 2 ) (FEER

HEL TR I (5 5 g i e
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SMLP APPROACH
= Storage Capacity (% B.h)

Flow Capacity ( % k.h)
e k N w & @ @& N ®

012 0.35 0.52 0.65 0.72 0.83 0.95

& —-F - Stratigraphic Modified Lorentz Plot 217 = AHEAY

Water
Saturation

[ ~ SRR e A A

&~ FREE R S
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Log-Log plot: p-p@dt=0 and derivative [psi] vs dt [min]

Well & Wellbore parameters (Tested well)

C 0.00311| bbl/psi
Skin -15 -
Geometrical Skin 5.02 -
hw 9 m
w 10 m
Reservoir & Boundary parameters
h 195 m
Pi 4809.5 psia
kh 750 | md.m
k 385 md
kz/kr 0.11 -
S - No flow 25 m
E - No flow 33 m
N - No flow 55 m
W - None N/A m
_ —_ ede A R
= EERE R
1000
/ /_\ =
100 p Bk

.

H 45m X 1 1000

: Time [min]

Log-Log plot: p-p@dt=0 and derivative [psi] vs dt [min]

Layer details K K.7K,
Layer | 45 022

Boundary distances

| 28 m South, 30 m East, 60 m North (all No flow boundaries)

& 40U ~ SR E % R H S
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SPE-196476-MS

A Case Study of Miscible CO: Flooding in a Giant Middle East

Carbonate Reservoir

Shuhong Wu, Tianyi Fan, Lisha Zhao, Hui Peng, Min Tong, Ke Wang, and Cong Wang, RIPED,
PetroChina

LLCOHEF IR FE(miscible flooding ) 22— ARG FHBREE ST -
B ERT A EF 22 IR & PRUCR - LT ARE A RO R AR IR M AGHS - (Kt 2
SUAGHRETE - JHPRHSRE ZRE RS » SCELI T R E KBRS (2~5md) ~ {K&S
[&(0.3cp) » BB ST COHRRR - /48 T3 E 20 4 90 UL
ARAE E ZREEE ~ 7K ~ &SR (hydrocarbon gas) ik /KRG FE AL (Water
Alternating Gas)ZFJ5H ZHFRHERE  HE— P42 S A HBRUCR AR ) = FAs FE

K - &G LA COMEFT = 2R 2 & T -

A E BRI LA B A (five spot) m AL KH 2 RS CO: 5
ARG - GFEEERT)  ERCEAKTRIER R - AR S T3 Bl
DUEEE I (hydrocarbon gas)F1 CO: WfEHHETT /A 2 B RS BE /1 (Minimum
Miscible Pressure, MMP) ~ [FUHIAMETE ~ JEAME ~ FEER M AR E (gas
breakthrough) ° Ff&fEH CO BUKZEFE AR ORI B LIEEREA » FHEES
A2 FERE STRIBRUR -

T AGTE RS o] DUS B W TR B 55— R S T 2 T R A -
CO. B U Z RS e —(E PR S AR - AR EI R A T JFUHEL CO Bl oy
2 IR FORR S B NESEETT(MWP) 2 E R Z - [FUfH CH4
FIN2 & > COHY MMP (Bl > W —+ A o
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Well A MMP for CO2, Hydrocarbon Well B MMP for CO2 and Hydrocarbon

100 100
3 3730 i
i psi i%
] 5
% %0
é A _.2 = 2970 psi 4525 psi
[ 4300psi 4
- 80 7 80
H ]
t 75 BT
H ¢
in _— in
3 65 4 36
£ ¥ Hydrocarbon H
60
2000 2500 3000 3500 4000 4500 5000 5500 6000 6500 7000 2000 2500 3000 3500 4000 4500  S000 5500
Presurelpsd L Pressurels psig)
Comparison of Fluid Composition Comparison of Pb. Rs & MMP
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[ -7~ AR B MMP B (%

BRI R ASAHEE - EY MMP B - CO B S BEAUHVEYS - 7E R JHEH - A
FHHI B H CO.-4MEERE(s1im tube)HY MMP 73515 2970 psia A1 3730 psia » WYL
FRAIE S MMP 5371 By 4525 psia F14300 psia o FEHERHHEES > CO R FHT MMP
7350 %5 3800 psia Al 4500 psia > FEHFSMEHGRIIERTNE © fEE COHLEA
JEAFES A RS M R T8 SRR - CO NEHRECHH FES R 5y - /RS TR
HFERWHE AR EEH - B CO. RREE AR K » 7 AT HAHAE i
KRAERE - AP HORSH -

Fo T HEE—BAL CO. WAG BEERUR » ¥ WAG JF ATEEREST TH5T « BAREN
& 6 flE H Y WAG JEATEER - BII COEA 6 HIRBERLI/K 6 (8 - thoh - Bl
BRE T 3:9 WAG JEATMEER ~ 9:3 WAG JE ATEERAMISEN WAG( taper WAG) £ AJEER -
ST WAG 7 =CRIER FH BN E AR B RAG - WEIR BRI -

WAG ‘E BRI E IS —E 2 & PR - TR R A

PR oML A B B - & DL O 3 31T WAG TR ATEERI » SR EL AR BTt -
PRILEE - ST WAG JE AfEERARR TSR0 EE_ BT - TEBH S ¢ iR R A R IE B
T RGRARERCE T RAR AR - TR LE R Z e kA B PR
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{ECHY GOR °

Bt% 0 FIF CO. WAG HHIH#EFT 1 100 FEHAMERE - MBS 3200 » £F BIT
BIIIU ~ BIIIL &Y B2 T3ER T » C0. WAG B[R n] 2 70%0L F - 48
[EUS A 60% » 41720 -

RV ~ BRI Z PRUCR B e E A&

Sector Model Recovery @2068 (%) Recovery @2118 (%) HCPYV for CO2 WAG

BII 549 68.3 1.6
BIIIU 56.2 70.1 1.3
BIIIL 54.6 71.6 1.3
BIVU 47.2 63.4 1.4
BIVL 26.5 37.9 1.1

BV 354 46.9 0.7
Total ' 494 64.0 12

ASLEEFAE R > B5Ee N B REHEE R R (T el ] F 0 » (R & RIS
e HHYEZHE CO B NI F Z nIT T - (B B TRA LIS B HE s i 8E 5
T A RE LA B AR TP AT A R - Lt SR VR TR B UCR -

SPE-196440-MS

Giving a Boost to Low Pressure Gas Well by Installing Gas

Ejector

Wei Ping and Macdonald Brian, KUFPEC INC.

A EE MRS SR 2 A BR A RS DA (B 1 BE DB T 7 - AR SCE S 4
DR R PR E R e - BISRASE 7R (gas ejector) » Hy—fE(K
AT ZE o BT > ERE BANE LAETS - RIRATEEEENR
P TAERS (T - BT DUET TR AR - SRARME S SR EE IR AR E R ) > WREEED
R - HAERRFI R Z BT T » ek e RE B s — T TR UG RE & & &)
TIACIE - HEfdaA RAE R RS - B 7S R B A AR G 28 2 S -

-
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Converging and diverging

supersonic nozzle

Output
pressure

| | I |

| - : ] Constant area |

ozzle section | i Diff cti
L 2 y M rsecton_+ “SG’SH .
\
Mixing Chamber
TN BUASRASIE S IR 2 St T
RO FRE R TP R KBRS 2 BB SRR H AT E

2014 FESRBGESTIR 2 AT THEETTRHASEL AT - 2015 SR LISRAHETT T8
Mt > 2016 R AR - R EIEE LR - BRI RRREAR - R
C1ERSI4E 100 psi F&E% 50 psi > AIMGH0 6.4 Bef ZA[HRE - RIFEIEEFIEE
AT LA T 2 I RRA R W - HERA V-5 L2 s il = B RAS AR A B
et LT o

SREE SR IR B A A FERE R FR PSR ARSI H R
MR AR REFIE IEA R H I > fR IR E St ER T] - HURRERE A T S7KSREE (Water
Gas Ratio) ZfEEEH: - (HSEFFRRUCHRE AL - B £ R mASE SR A S A4
FEST RS Z AEFEE - RILHEE TR A Sk TAERAGHEE -
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Water and
hydrocarbon

g dew point —b-— —d
control ’

B~ RASTES IR R AR s 2 AR AR

R~ EETIERAA K TAERAGHE

eDesign parameters for the secondary inlet gas
eWorking pressure,50 psi
eWorking temp, 120°C
eGas rate, 10 mmscfpd
© Design parameters for the primary inlet gas
eWorking pressure,1200 psi
eWorking temp, 43°C
eGas rate, 17 mmscfpd
ePressure Range, from 1100 to 1500 Psi

eDesign output Working pressure, 100 psi

SPE-196487-MS

Reservoir Recovery Estimation Using Data Analytics and Neural

Network Based Analogue Study
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Yajing Chen and Zhouyuan Zhu, China University of Petroleum, Beijing; Yangxiao Lu, The
University of Texasat Dallas; Changhao Hu, Fei Gao, Wei Li, Nian Sun, and Tian Feng,

E&D Research Institute of Liaohe Oilfield Company of CNPC

LU AL 7 72 At JH 7 FH 4l el B2 bR U - A [RI A o R R B2 TS
% AR > LA AR RS E AR e AR AT AR SR ALR 2
R RE Z SR « SCETR A TIEMAE - LB R I RIS 5 B B LA
Y NS RIER Z FHEET ST

TEE P ERBE RS =4 m &R E S (Tertiary Oil Recovery Information
System, TORIS)UEE 1,381 (EEEHHMEEREIE - FESBARE S RUCEEE
Tk o S EE MG B R TR Z VB RHEE - W HEE f2 B ICR i Y
R o D ] B B RO S B IR R BRI RE S 2 8 R (% - LUK
P A 4 A AL T PRI TR -

PRCH E SRR 19 (8 E BB - LLIFAK TORTS o 70 SIESBOR DTS -
SEE OO FE PR T A BB BRIt raining set) o Y
e 1O ER L E(FHRICERTEOH - BLBRPRUCKE AT L - BR80T AT TN
PERISETENE -

7N Ry R AR T YRR 4R et S A PRI U774 2 PR [ 1+ /Ry TORTS At
M T REEB R ~ R EEFREE - FREORIZE e & RIRICRAT R 2 B} - SUPE
Je A TORIS B 1,381 EERER A - BAEE R T - EEREE 506
FHEIT o < LB ER > S RO TEC R ER R AR - Rt R E g TAZE T 2
BILLAZRERAE -
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Categories Methods Principles Advantages Disadvantages
Large number of mput
Solving the multi-phase multi- | parameters is needed. Large
Solving the material balance | component porous media flow | uncertainty exists for properties

Fhud flow physics based

teservoir modeling

Numerical reservoir
simulation

and Darcy's law for discrete
feservolr simulation grids.

problem discretely on complex
reservoir geological models
accurately.

far from the well location. The
history match and prediction
process needs large amount of
human work.

Material balance
calculations

Volume conservations.

Solving the reservoir recovery
problem 1n a quick and easy
way.

The model 1s simple. Tt 1s only
suitable for reservoirs with
relatively uniform average
pressure. which is measureable
periodically. Multi-tank
material balance may be used
to solve recovery problems in
geologically complex reservoir.

Reservoir engineering

Solving the material balance

Solving reservoir recovery
problems in a quick and easy

It is only suitable for reservoir
problems with simple
geology, geometry and well

analytical solutions and Darcy's law analytically. | way, with strong physical configurations. Too difficult
mtuitions. for reservoirs with complex
geological models.
The methed 1s only applicable
to the stable decline period
in production with minimal
.. . . . changes to the operatin
. Empirical observations, Making the reservoir &e €
Classical dechine curve 3 B . X conditions. And human
experience and some simple | predictions in a quick and easy .
analysis . experience 1s important in its
flow physics. way.
applications. It requires large
amount of production data in
order to summarize the decline
behavior and predict the future
Experience-based
predictions The method 1s based on the
.. . . analysis of large amount
Predictions made based The analysis is simple, which YE15 £ .
. of existing dataset. which
on human knowledge. can make predictions in the
. . . . takes large amount of human
experience and fuzzy logic. | initial stage of exploration and .
- 3 ) work for data collection and
It is based on experience appraisal to guide decision- P
Reservoir analogue study . . . | examination The method
and knowledge from various | making, based on a set of basic | . .
N 5 . . is subjective and inaccurate
disciplines such as geology, | reservoir properties. And it can
- - sometimes due to lack of
geophysics. reservoir and also be used for screening of
. - experience. It usually mandates
production engineering. reservorr development methods. . .
a long training period for
engineers.
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Lithology type Well spacing Net pay Gross pay Porosity
Initial oil saturation (Soi) | Initial water saturation (Swi) e o Total Vertical Depth (TVD) F tion t tur
nitial oil saturation (Soi nitial water saturation (Swi Volume Factor (FVF) otal Vertical Depth ormation temperature
Permeability API gravity Viscosity Initial gas oil ratio (GOR) Initial pressure
S\.vept zone L Dyll(.(ma-Pa.rsgns Depositional Environment Geologic trap type
oil saturation (Sor) permeability variation (Vpp) =

NEREEERE 2 > RS EEAESE T SR AT
LRt 2 Sl OREE > ST ARy

A KRR Z 19 (ERfsizR N R

B RIS R EE IR bR A JTVATIRIE ~ #IAaBE S IRIAIAG /KB E

C. AN 16 EZEFINZE - RNERIFEERE - Pk 7att - JIEREM
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HEPNA S AR RS AT ISR 4 Z TR > s A stk o Ryfa
EPRERLL 19 B TIEsVENZRME T o0MT > (FERIEREHRZRR S > FER
2 Z & T EARITERNZREWA - ElE REtE A5 ENREE LS -

SPE-196363-MS

Case Study of Underground Gas Storage in a Lean Gas Condensate

Reservoir with Strong Water-Drive
Chihming Tien, Hsiaowei Lin, Jinfa Chen, and Weijr Wu, CPC Corporation
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