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Abstract

This thesis presents a comprehensive study

techniques for i mproved understanding and pr e
on theM&ianifri € d and utilizesi smrcocasbeédsat awsbl
maps, check shot dat a, and production histor)

static and dynamic modadalasgatalhn dwyghcomrntoomdssesog

seismic interpretcaet iiomt,erhporreitzaotni oannd fsawrlfta i nt
convepsopamd petrophysical model i ng. Addi ti on
definition, and rock physics functions are e
performed wusing simulation cases, and machi ni

cd eaning, dynamic ti met emramn pmenngo r(yDT(MD) ST M)o,n ga nsch ¢
are applied. The results obtained ths®ugh Pe
depletion strategy, history matching, and c¢omj
machine | earning techniques, specifically DTW
oi |l prdhectsitandy concluded that machine | earni
of fer distinct advantages. They require signi
By | everagi hganhhepodwecaurrodtneg predi cti omnhsencan b
l i mitedauwaitlaaddirfeer i ng a more streamlined and

reservoir simul ation met hods.



Acknowledgements

Il would Ii ke to express my deepest gratitude

compl et itohne soifs .t hi s

First and foremost, | warul dArmea kredm.ocor $tyyebdo Kl My as
their guidance, support, and invaluable insig
and encouragement have been instrument al i n s
| would also |ike to extend my sincere apprec.i
Applied Science department at Memor i al Uni ve
expertise, and encouragement . Thei beeommi cmoar

source of motivation.
I am grhrt.efAlIdhrtaof EI f erj aniAraanbd alhr .GuAdfedQ®i Bl zOn

providing access to the necessary data and re

invaluable in conducting this research.

|l would |ike to thank my family and friends fc
this journey. Their encouragement and belief

Finally, | would Iike to express my heartfelt

their ti mewiamduax peretiirsecontri butions, this re



Table of Contents

N T T A - Y o TP PPPPPPPRTN ]
ACKNOWI € 0 g .8 e Nl St e e rneer e e e e e e e e eees Lo
Tabl e 0f O e S e Loii
Li st od. . T ab.l e S N
Li St Of  FlG U B Saeeee e Mo
List of Abbrevi.at.i.ons..and. . Sy.mb.aol.s............ X.
U T 0 T o o O o o A o 0 o DO PP PR PP PPPIA 1
R R O 3 o T U = 0 o A T A= T 2
2. Liter at il .. . ReMIi B W 6
2.1 Reservaoaid....Si.mul gt i 00 ... 6
2.2 Machi ne. .. . Le.alf i g eeeen 15
3. 1Y A 1o T o o T o o USSP 23
3. 1l CasS. i S U Y ——————— 24
3.2 SMaiim Fetr o.p.hy.si.c.s..Dat.a..... 27
3.2. 1 Sei.smi.C..Clb.e. s 29
3. 2.2 Wel l.Logs..Dal. 8 e 30
3. 2. 3 Bl M 34
3.2.4 Check. .. Shotl..Dal. 8 ... 35
3.2.5 Produc.t.l.on. . HL. .S 0.l Y 36
3 3 P 0 B U L B 38
3.3.1 Static and..Dynami.c..Model.......... 38
3.3.1.1 Quali..t.y..Cont. ol ., 40
3.3.1.2 Log..l.nt.er.pr.et.at. .0 ... 40
3.3.1.3 Sei smi.c..l.nt.er.pr.et.at.i.Qn......... 47



W W W W W W W w W W w

W W W W wWw W W w W W w

w W w w

Si

'_\
'_\

1.

1.

1.

1.

w W w w

4
5

7
8
.9
1
1
1
1
1
Hi

1
.2
.3

|l nterpreti.ng..Hour.i.z.ons..and.S48f aces

Faul.t..l.nt.er.pr.et.at. .o ... 53

G T o R T o 1 o T 54

Do ma.i.n..Co.Nn. V. .Sl 0N 56
Stati c..o.r..St.ruuct.our.al..Madel...57
Proper.t.y..Mode.l.i.ng . 5 8
0 Petr ophys..cal..Madel.i.ng....... 59
1 Upscal ed..3.D...Dy.n.a.mi.c...Mad.el.i.60
2 Wel.l. ... .Comp.l. et l.0N i 6 2
3 Defi.ne..,A..El.uil.d. .. Model. ... 6 3
4 Define a..Rock..RPhy.s.i.cs..Eunc.6b
story Mat.c.hi.ng..and..Rr.edi.ct.i.oil
Hi s.t.o.r.y..Mat.chi.ng. ..o 1
CBRredd Gl O e ] 2

Defining..a..Si.mul.at.i.on..Cas.e..73

Ma c hi.n.e..L.ea Dl . N0 e 75

1
.2
.3
. 4

ts

mu |

De
Hi

Hi

Dat €1 éanhbh.eg.i.ng...and..................... 77
Dynami c Ti.me..Wa.r.p.i.ng...(.DTW)...82
-LToenm Médwo t.y..(.LL.ST.M) e, 8 4
Tr ansd.er. .. .Learlrni.nNg. ... 87
can.d. . Di.S.Col. S8l DMl 89
ation..Res.wul . t.s..wi.t.h..Ret.r.e.l......=89
Pl el i.an. . St.lal. 8.0 e 89
st or.y..Mat.chi.ung..Ca.S. . i 91

story Mat.c.hi.ng..wi.t.h..Comp.l.et.i.B8

on



5.

5.

5.

6 .

1.4 History Matching and..Rr.edi.c.t.i.o85with
2 Machine Le.ar.ni.ng..Res.Ul.L.So.. 97
. 2.1 Dynamic Ti me .Wa..p.i.ng..(.DTW).. . Resflts
. 2.2 LdegmSMembry (.LST.M)...Res.ul.t.s....200
. 2.3 Average Dynami.c..Ti.me..Wa..p..n.g..Re0s3ul t

. 2.4 Transfeur..lLear.ni.ng..Resul.t.s........1204

.3 Final Res.ul.t.s...Comp.a.r.i.S.0.N s 106
Concl usion..and...Eut.ur.e...War.Keo ... 111
I O o T I o O 0 Y o Y o PRSP 111
2 FUt UL  MWO. L K 112
ST = AU T o Y o = = PP UUPPPPPPPPPRPPPPPPN 113



List of Tables

Table 3.1 Main surface and s.ubs.wur.f.ace30nform
Tabl e 3.2 Shows different t.y.pe..of..l.ag3tlata a
Table 3.3 Check Shot .Dat.a..f.or..wel.l.s.._(EB&17 &
Table 3.4: Well .t.ops..of..t. he..s.t.udy..ar.eadb

Table 3.5 I nitial...c.andi.t.i.ans..of...t.he..r685ervoli
Tabl e 3.6 Oil & Gas gravity.,...water..sabbnity
Tabl e 3-0vi Wapetlt |l ar.y..pr.es.s.ur.e..dat.a...... 6 8

Table ®i8: rGaati v.e..per.meab.i.l. i .t .y ... 69

Tabl e ®a®Ber Or &l at i.v.e..per.me.ab.i.l. i . t.y............. 70

Table 3.10: Showing the head..0f..10..uni.¥8 for
Table 3.11: Showing the head..0f..10..uni.¥8 for
Table 3.12: Showi ng..t.he..s.hap.e..of..each.. w8l |
Table 3. 13: Hi st ograms showi ng..t.he..pr.ef@dminan
Table 3.14: Par mmd.e.b.r.s...af...t.he. . LSTM....... 8 6

Table 4. 1: RSMD results for all..wel.l.s..1ble0t we e n



List of Figures

Figure 1.1 FIl owc ha.r.t...of..t.he..t.hes.i.s..0outhl i ne
Figure 2. 1: - Mulwtd rcddlitinmerinegsei @ome..l.....ma.d.e.l..s.........8
Figure 2. 2: Devel opment..olf..a..r.es.er.v.o0ldl.r.18i mul a
Figure 2.3 A schematic description of histor
LT T G VA o T I PRSP 13
Figure 2. 4: Classification of net work archit
LT TV o A PP PP PP PP PP 16
Figure 2.5: Schematic di.agr.am.of...t.he..LSIM uni
Figure 2. 6: FIl ow chart of produ.c.t.i.on..peédicti
Figure 3.1: The | ocation .aof..t.he..s.t.udy..2bea of
Figurkor®&rtaben system..l.n..Si..t..bhas.i.No....... 26
Figure 3.3: Stratigr.aphi.c..col.umn..of..Savr tro
Figure 3.4: Seismic cub-ei ot ,ltilreeo sasrudl.yt..idrBee gl il ¢
Figure 3.5 Shows the-l resgelriCoveosamparti méhr sugab
I o T o T O o 1 PO 30
Figure 3.6 A set of .Lo.g..r.es.pans.es..f.r.am3well
Figure 3.7: A set of .Lo.g..r.es.pans.es..f.ramdwell
Figure 3.8 Base (maep sanfi ct Isar r preq/)...e&c.twed.r. 88 | oc at
Figure 3.9: Production .dat.a..f.or..C035.f88m 198
Figure 3. 10: Production..dat.a..f.or...C006..870m 20
Figure 3. 11: FI owchart for the st.eps..oB9build
Figure 3. 12: Porosity (Density)..l.ogs..1.L the
Figur &a3et3Saturation | og ..f.ar..t.he.wel.l.42 C073
Figure 3.ildde:nsNeuwt rcoomr r el .a.t.i..o.n....wi.t.h...wel.l43 ops
Figure 3.15: Correlation bas.ed..on..Shalhdéw and
Figure 3. 16: Faci es...0of...wel.l..Cl1l1l7..an0d..C292
Figure 3.17: Well Cl117: (1) Original soni c, (
Acoustic i mpedance, (6) Reflection..coefiBicien



Figu

Acou

oL
Q Q@ «
c Cc

mT M MM MM MM M M m M M M M M M M M M M M M M M M M M T M M
Q © Q©Q © Q © Q©Q © @ Q©Q @ Q@ © ©Q © @ © @ © @ @ © @ « o «
c € € £ € £ C £ C C C C C C CcC C Cc Cc Cc Cc Cc Cc Cc o oo o C

-

e 3.18: We | | cC292: (1) Original soni c, (2
tic i mpedance, (6) Reflection..coeffi9icien
e 3.19: Il nline 107.6.3..s.haows..t.he..f.oB80 pick
e 3.20: Member TGS..s.ur.f.ac.e..af.t.er...5Mmhoot hi
e 3.21: Member 5AB/ AC..su.r.f.ace..af.t.Bl s moo
e 3.22: Member 4/ 3..s.ur.f.a.c.e..af.t.er..8hoot hi
e 3. 23: Member 2 .s.ur.f.ac.e..af.t.er..smb8thing
e 3. 24: Distribution of .t.he..f.aul.t.583throu
€ 3. BEEI.BE.DMA. . . T 0. e 54

e 3.26: .Gr.i.d..Mi.d..s.ke.l.ef.oD. .. 55

e 3.27: .Gr.i.d..Bas.e..skel.et.Qn. ... 55
Ad¥ya28ed velocity mo.del..creat.i.ng.5ab in
e 3.29: The 3D stati.c..r.es.e.r.yv.0i.l..mbé8fel i n
e 3. 30: Porosi tuwy..and..per.meab.i.l..t.y68i stog
e 3.31: Porosity model is 3D dist6lbutio
e 3. 32: Permeabil ity model...const.r.6dted b
e 3. 33: Faci es...mo.del...af. . .t he..st.udyb6ar ea

e 3.34: Well compl et i.an..o.f.. . t.he.. webBs (CO
e 3. 35: Parameters us.ed..i.n.PRetrel.680 mak
e 3.36: Par amet.er.s...us.ed..f.or..s.and.66r mat i
e 3.37: Par amet ers..us.ed..far..s.hal.y6gand f
e 3. 38: Pl ot for sat.ur.at.i.on..f.unct.6dn of

e 3. 39: Pl ot for rock..compact.i.aon..68 cons
e 304D:captkelrar.y..pr.es.s.ur.e..CcuUur.\v.e.... 69

e Bi#hlrelGasi ve .per.meab.i.l.i.t.y..cur.v.e70

e -vadedr Oel ati ve..per.meabdi.l..t.y..curve

e 3. 43: Curve scheme il l.ust.r.at.e..t. A8 hi st
e 3. 44: |l nput par amet.er.s..f.or..def.i.fdng a
e 3.45: Res.ul.t...c.as.es..pane..i.n..pet.r.gf

e 3.46: FI owc har.t....a.f...Mac.hi.ne..l.eari@bng st
e 3.47 Scadt.t.er..pl.ot.. . flor...all..t.he7®el | s



Figure 3.48: Box..pl.o.t.. . .f.ar....al.l...t.he..wel.l.8O0
Figure 3.49: Temporal s.e.g.uenc.e..af..wel.l.88035 a
Figure 3.50: Pathing .bet.ween..wel.l..C0.0683and CO
Figure 3.5TermoMgm8hgr {LSTM,)....Ne.ur.al..NeB®&or ks
Figure 3.52: FIl owchart that demonstr.at.88the s
Figure 4. 1: Depl etion case..\X.sS....0bhserved98at a f
Figure 4. 2: Gas oi l ratio with water cut 1 n t
.......................................................................................................................................... 90
Figure Pressure in the..depl.eti.an..®8dse vs
Figure Hi st ory matching..c.as.e...v.s...ob8erved
Figure Gas oil ratio with water cut in t|
L T = 20 A o PRSP 92
Figure . 6 Pressure in the hist.oory..maf®8hing
Figure A Hi story case with well..comp#hetion
Figure . 8: Gas oil ratio and water cut in th
for th doudyfde 94
Figure 4.9 Pressure in the history..c.a98 with
Figure 4. 10: Hi story case with PRredi.ct®6n vs
Figure 4. 11: Pressure in the history..c86e wit
Figure 4.12: Oil producti on..bef.ore.and9@after
Figure 4.13: Oil producti on..bef.or.e..and98fter
Figure 4.14: Oil producti on..bef.or.e.and98a8fter
Figure 4.15: Oil producti on..bef.or.e.and98fter
Figure 4.16: Oil producti on..bhef.or.e..and98fter
Figure 4.17: Oil producti on..b.ef.or.e..andl Oalf t er
Figure 4. 18: LSTM resul.t.. . for..wel.l..C0.350alf t er
Figure 4.19: LSTM resul.t. .. .f.aor..wel.l..C19810alfter
Figure 4.20: LSTM resul.t. .. .f.aor..wel.l..C2.131 0alfter
Figure 4. 21: LSTM resul.t.. . .for..wel.l..C2491022ft er
Figure 4. 22: LSTM resul.t.. . for..wel.l..C25310a2f t er
Figure 4.23: LSTM resul.t. .. .f.ar..wel.l..C2551 0a2fter



Figure 4. 24: LSTM resul.t..f.or...av.er.ag.e..dlyOnda mi c
Figure 4.25: Transfer..l.ear.ni.ng..r.es.ul.t.1f0odr wel
Figure 4.26: Transfer..l.ear.ni.ng..r.es.ul.t.1f05r wel
Figure 4.27: Transfer..l.ear.ni.ng..r.es.ul.t.1f05r wel
Figure 4.28: Transfer..l.ear.ni.ng..r.es.ul.t.1f005r wel
Figure 4.29: Transfer..l.ear.ni.ng..r.es.ul.t.1f06r wel
Figure 4.30: Transfer..l.ear.ni.ng..r.es.ul.t.1f06r wel
Figure 4.31: Actwual oil production data and DI
@0 RO PEP R 107
Figure 4.32: Actwual oil production data and DI
O R T RSP EP R 108
Figure 4.33: Actwual oil production data and DI
O T R PPPPEP R 108
Figure 4.34: Actwual oil production data and DI
(O T RSP R 109
Figure 4.35: Actwual oil production data and DI
O T RO 1009
Figure 4.36: Actwual oil production data and D1
O T 110



List of Abbreviations and Symbols

Abbreviations

AGOCO Arabian Gulf Oil Company

Al Artificial I ntelligence

ANN Artificial Neur al Net wor k

API American Petroleum Institute Gravity
ARI MA Aut oregressive I ntegrated Moving Ave
BHP Bottom Hole Pressure

BOPD Barr el of Oi I Per Day

B WP D Barr el of Water Per Day

CAL Caliper Log

DAL Domain Adaptation Learning

DCA Decline Curve Analysis

DT Sonic Log

DTW Dynamic Time Warping

EBC Extended Boundary Constraints

EDA Exploratory Data Anal ysi s

EOR Enhanced Oi l Recovery

GOR Gas Oil Rati o

GP Gaussian Processes

GR Gamma Ray Log

HOT Hei nemann Oil Technology and Enginee
| LD Resistivity Log

LSTM Long -Baomt Memor y

MB E Mat er i al Bal ance Equation

MCMC Mar kov Chain Monte Carl o

MD Measured Depth

MSCF Million Standard Cubic Feet

NPHI Neutron | ogs

NPV Net Present Value

X 1



PCDTW PhysCiotnsst rai ned Dynamic Time Warping

PDEs Parti al Differenti al Equations
QAQC Quality -@Qesa&luirtaywc@ontr ol

RD Deep Resistivity

RHOB Density Log

RMSD Root Mean Square Deviation

RNN Recurrent Neur al Net wor Kk

RS MD Root Mean Square Deviation Error
SEDM Stretched Exponenti al Decline Model
SP Spontaneous Potenti al

STB Stock Tank Barrel

TCA Transfer Component Analysis
TDR Ti me Domain Refl ectometer

TGS Transgressive Sand

T Ms Transmissibility Multipliers
TWT Two Way Ti me

Symbols

A Bi ascafnodri date cell state

A Bias for the forget gate

A Bias foput hgat e

A Bias for the output gate

A Update cell state

A Candidate cell state

£ Forget gate

E Hi dden state

E |l nput gate

k Permeability

OQut put gate

v

Hydrocsarboati on
So Oishtur ati on

X1 1



Vsh

> N NN N

i

Watsat ur

ati

Vol unskabé

Wei ght
Wei ght
Wei ght
Wei ght
Sigmoi d

Porosit

ma t
ma t
ma t
ma t

ac

y

on

x f
x f
x f
x f
i vat

i on

candi date cel

forget gate
Il nput gate
out put gate
function

st

a



l.Int roducti on

Reservoir simulagtviessiighrtai hobol dyhamic rock 8
evaluation of past reservoir performance, res
reservoir behavioncfpdefdgturenpotdfoaotupbpa rese

basic role for reservoir simulation is to ge

(2]
o
—
—

ware representation of an actual reservoli

-

i vederbdsi negx | ocali zed <cor e arnas elrovgo i me aussui rneg

hnol ogi es such as geophysics, mi neral ogy,

o O

mo s t i mportant reservoir simulation acti

—
=

ol eum reservoi Hestier yHimdtoatyi nMatichi hge pr
ervoir geol ogi cal mo d e IMatt ¢ hraalt arto dteh es fair el d
ure reliable production forecasts and to i

reser vRkbeesrermmdel sproducti on performance g

O O u u

sibility of oil and gas recovery and al so

-~ = @ @ -
o ® - S5 o @ = @ oD

-

efficient reservoir management , a rnhorou

D
—
-

p ormance is required, and history matching
The main objective of this work is to establi
3D reservoir geological mod el and then simul a
dynamic model. This modelomwy | mat dhiusd ranae ft diree

target formation along with predicting the b

scenari os. This wil/ be an i mportant t ool i n
strategy, t he geplbogiteal amadeilntiegecat es al |
interpretdatfioes dame& most i mportant data nece

simulati on

Anot her i mportant tool that wil |l be used in t
rapidly evolving field at the intersection

intelligence (AIl). |t i's r evexl upriomliemsngand ec
systems to |l earn from data, i mprove perfor manc
explicitly programmed. The fundament al princi

model s or algoriehmsomh&howanegaemplabi to make



deci
| abe
ma X i
Ma c h
engi

pred

beha
spec
l ear
prod
and
vari
det e
obj e
l ear
pres

accu

The
9 T
c
-

c
t
a
t
d

sions on new, unseen dat a. This process i
|l ed exampl es, known as training dat a, and
mi ze perfor mance.

I ne l earning and reservoir simulation a
neering. Mac lirnewehearfmicuggess odatdda scover i

ictions, and can handl e compl ex rhalnat,i ard

t
on mat hematical-bmeddl prandi phgsi t® simul ate f
0

vior. Both techniques have their strength:

i fic objectivewsqgmpduaitaa i @awnwai | abeisloiutryc,e san dHc
ning 1itds | ess ti me ccohasruant trega tianadt @ rogoq eidri &
ction of a reservoir, therefore it is mo
reservoir simulation software and tool s.

us objectived,udehegedbbjeonjved assaificaea
on, optimizati on, recommemddéli ong. pahe

tives offer researchers and students a w

> O O O
—

ing studies, depending on t heThsep efcoicfuisc or
ent study is prediPcteidormtobnreseolVoes fdeo

rately forecast outcomes based on input d

Objectives

main objectives of this work is illustrat
o develop a comprehensive reservoir char

andi date reservoir usin@gndladabuvuensbétivar g

he first step involves creating a Static
nterpretation, fault anal ysi s, and domair
orrelation wil/ be emeplronyead tHdedafainea cwe Iwl
he reservoir. Seismic inter @mr &tDhateinovn rwinlme
iding in defining the reservoir's structu
o outline the boundaries of the study ar e
omain conversion wiljettahsbor mhehei met do|



domai n, facilitating a more accurate repr

Reservoir simulation model (Dynamic model)
and well data. This dynamic model swirlvioial I «
behavior, enabling a comprehensive analysi

deci-md kinng for effective reservoir manageme

Devel op a complete reservoir management st

history matching, production scenari o cr e,
objective is history matching, whetreed hbiyst o
adjusting various properties in the model
considering different well completion opti
productivity. Ti me series forecdlsed i mpgs gierc
production dat a, enabling a more accurate
integrating these approaches, the st-udy se
making, offering valuable insnghtbeidéwvel e

of effective strategies.

The focus o f t his s treuddgye imactho né eV ermaage n
speci ficaltleyr Mm oomegmosrhyor(tL ST M) ti me series a
War ping (DTW). The first aim is to wutiliz
produdcdtiaa.n By empl oying LSTM, the study wi
tempor al dependencies and patterns within
predictions of reservoir producti on behav
(DTW) wiégrbdeedninto the LSTM model to enhe
handl e missing proeduwdttiean fdat a.l i @MW nigs awmal |
data with varying tempor al scal es, maki ng
compéress of producti on records. Through
techniques, the study aims to offer a rol
production behavior and address data gaps
Lastl vy, t he itrnapnl sefasermit mg i shawds oufpradi at no
future reservoir production and per fBoyr man
|l everaging knowledge gained from existing

to adapt and generalize effectively to new

3



reliable predictions. The final contributi
scenari os obtained through the integratior
tr ankfaegmi ng, and the comprehensive history
compari son of these different approaches
respective strengths and | imitations, ulti

ss rategies for reservoir management .

FIl owchantn HFo)prut éi hes the thesis chapters and

wor k:



THESIS OUTLINE

Petrel Model

Creating Static

Model using well
logs, seismi
and field data

fluid properties
and PVT data

History matching
using both
models along
side production
data and using it
to predict or
forcast

Using the
transfer learning
model on
unedited
production data
from existing
wells to assess
its suitability for
predicting
production rates
of new wells in
the future

.

Machine
learning

Creating LSTM
model using
production data
to train the
model and
predict the next
few year

Using DTW to
improve L
model and fill in

missing
production data

Creating a
robust model
using transfer

learning that will

Fi gatEl owchart

of

t he

thesi

S

out

ne



2.Li terature Revi ew

I n this |iterature review, we explore into th
met huotdi | i zed in the oil and gas industry for
reservoir simulation heavily relied on techn

i mprove the fidelity of predictreed byetdl dbt :
ti me, ignificant advancements have occurred
science, |l eading to notable i-enpfriovieeneay s A®R

S

e
reservoir simul ati ons nteotnhpoldisc alt ®avde ke d omme nhed

0

adoption and wutilization. Recently, the emerg
new era of possibilities. Al technologies, suc
and ofnfiesri ngr ot oo | to enhance the traditional

advancements have paved the way for more effi
we aim to highlight the differencaesnhettweengh
comprehensive comparison. By examining the st
can assess the potenti al benefits that mac hi
|l earning techniqgues of tmen amaqudatea stggapf ododgaan
predictions, t hus redueainfgens hee raehdarexepensi
Addi tionally, a robust transfer | earning modce
knowl edge from piitorcaprabiei ng, gmakirmgi ng accu
new dat a iBsy isnhtorwocdausciendg +tlid eeftfiiveinesscy, acnast mp
gual ity offered by machine | earning techniqgue

optimize reservoir-ma&knage mperotc esrsde gldugsatirdyinen oi |

2.1 Reservoir Si mul ati on

Odeh imede®m 9y highlighting the historical <con

root s -eisnt awdlilshed reservoir engineering equat.i

reservoir simulation builds upont $ heapalkixliist i
the use of digital computers. The paper ackno
a new concept, advancements in computer techn



detail ed and accurate simulations. Thi s advar

i n

dustry, with reservoir simul ator s becoming

reservoir characterization andapenrfecremamaece &\

invol ves the representation of fluid behavior

by the materi al bal ance equation (MBE) -and Da
di mensi onal t a,n kt emod e-tl s me ens i oconnea | representat.
highlighting their applicability in capturing
al so touched on the challenges associated wit|
t he mat hemati cal expressions involved and the

t he author emphasi zed the need for engineers

probl ems, selecting appropriatei mudnpmuti odatre,s
Throughout the study he underlined the signi
i mportance of dividing the reservoir into cel

initial fluid di st roinbcuetpito nonié bltihsetreamrhyyv eées | ¢ 0o mprah

simulated results with actual field data to I
Odehdés insights contribute to the broader bod
a founaratfiwornt fer research and devel opment in t
The multiceldl reservoir simulation models hayv

being transferred from scientists and mat he

i mpl e me 1Bttt atgiso n& Her dies Eus(sledd7 1) he devel opment

considerations associ ated wi t h mul ticell re:
perspective. These models are regarded as pow
as they al lioowmm fodr at hree sdeirwioss r i nto cells, enab

operations and assess fluid propertiesd sensi

properties to each <cell, such astyl eaadi dn,u
saturations. Additionall vy, we l | dat a, incl udi
conditions, mu s t be incorporated into the mod
properties, as wel meadbidetgr mnni cg@llelsazievarp:
resul ts. Mul ticell model s empl oy mat hemati cal
Darcy's | aw, porous media principldhe &naittlee
di fcereret hod i s commonly wused to solve these



errors. The authors acknowledged the wide rar

reservoir (FeE gguipkee €r i ng,

HORIZONTAL VERTICAL TILTED RADIAL
3
R S — N
AREAL CROSS SECTION RADIAL
- Y -
- “f [od
74 = < /
o R = rgi ]
3 -
| -1
| /
1

Figat:Bul tice,l It wanddhienernesei on81 agnedé&l Herlpeck, 1971)

Har ri sd gsl®@r7isbhed reservoir simulation model s, i

the technological advancements that have enab
computer programs for simulati nge frhadadl s |toov. h
vertical variations in porosity, per meabil it:
heterogeneity of the rock framework in most |
expressed to incorpomatdel st acouoathbbkysi abhbdyg
conducting various geological activities thro
rock studies, framavwmdr K ystsu diide £,5, r eaqndar vimitre gr
i nvoelsvteabl i shing I ithology, determining the d
reservoir r1ecskr¥vYoom noaok. Framework studies f
style, continuity, and gr oss tihgiucaklnietsys sttruednidess
understand the variability of reservoir rock
properties. Il nt egrati orismnewndsii eosn ail n waaltw ee rdiesv eolf

8
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ume and fluid transmissibility. Geol ogi sts
gui dance for core analysis-pmeadsct ¢ maen ths s

ching to validate thwerphldysiexdlolromaidlel u satgraa

|l i cation of geol ogi cal pweesheondtse d na ac assi emusl tat
the Loudon field in cdartsrtalsiltlel itraits iwkcil aud
s, and rockidascihihpthagthth o gfha readatt he I mport a
depositional environment to understand th
h (rle®&®ajt eadlverview of the research and adva
hni ques used t o describe t he behawnor of
erstanding the flow equations, nonl inear.i:
cesses. Additionally, he highlighted the

estigation and outlined tthet fginwd iroinsad treoe|lte

these equations. Odeh chii qolgl iaghptreod rti lad ei Mm@
ed on the complexity of the reservoir syst
basic flow equations, he briefly describ
cesses suchias aehdmheat injection. These p

eservoir behavior and require specialized

-

emati cal model ing, sever al numeri cagl chal

n =

e issues are crucial for developing robus:H

her research and innovation to overcome t

~—+

|l ogic models and flow simulation studies p
behavior of reservairuse ienr ah@r tf &dD OB Idu @ lals e
o the i mpact of stratigraphy on flow si mul
the simulation have been conducted. First
erpreted, | eafdi nagr toest hengeomeraei ani ens an
statistical characteristic such as variogr
el s were constructed, representing both si
imopwWde !l ing techniqgues which resulted in vist
w simulation studies were performed in thr

onstrained flow conditi onss, bfacsleldo wend obbys esri\



Finally, a subset of models was modified to m

Some key findings were:

T Si mple and complex geologic models can pr o\
This suggests that overly complex model s
predictions.

T Geologic models that appear visually diffe
highlights the i mportance of considering p
on visual interpretations.

1T Reservoir volume is the most uncertain cha
of reservoir volume remains a challenge, i
performance.

T Unconstrained flow simulations which do n
predictors of future reservoir behavior. T
devel opment studies where historical dat a

By understanding the impact of stratigraphy o
engineers and geoscientists can make more acc
Petroleum reservoir simul attiiomes dfaatcae vtehre fcihcaaltl
inaccessibility of the reservoir. As a result
devel oping sophisticated amasg he matoivealc omed dlhg
(Mustafiz &THesldaeanel2d@Bent of a reservoir si mt

The formul ati on step establishes t he fundam
mat hemati cal ter ms, which are then applied tc
p airatl di fferenti al equations (PDEs) describincg
di scretized using numeri cal met hdoidfsf.e rTehnec emonsett
which converts the PDEs into &isetarofkzabhoohi he
employed to solve these equations, i ncorpor at
step ensures the accuracy and reliability of
stuiigxa)Bdvancements in reservoiMusi amuili ate&olns

as shown bel ow
T I'ntegr athi olnmagfi n@ and Reservoir-DMod@algs ng T

technol ogies with comprehensive resemeoir

10



reservoir monitoring systems. By using dri
enabl es accurate reservoir characterizatio
T Virtual Reservoir and Production Schemes:

data acquisition systems, and digital/ anal
for diverse production schemes.hiBry 1l ewvervwayg

model s, engineers can visualize and anal yze
to i nformalkbiecg spromcesses.

T I'ntelligent Reservoir Si mul ator s: Reservo
intelligent features that i ntegrate envir
technical and economic feasibility analysi
petroleum producti oA ebrym caanres ilndoenrgiprag ttsat h s

T Advanced Modeling Techniqgues: Advancement s
modeling, and fluid flow equations have co
in reservoir simulation. These technh ques
varyin formation and fluid properties.

The futur of petroleum reservoir simulation

of cweetdtgiengechnol ogies, suawhidmre Irleimog e Banst ng

>SS & O o O S o

revolutionize reservoir monitoring and data a

VALIDATION AND
( FORMULATION J (DISCRETIZATION) ( LINEARIZAT\ON) ( SOLUTION ) ( APPLICATION )

PRESSURE &
RECOVERY | Wl ineagppers || NONLNERR AceEsrac | W fLnerr aceraic L WL saruraron LY, :iﬁ&?&
PROCESS 4 4 EQUATIONS A EQUATIONS "l oisTRIBUTIONS 4 PROCESS
&WELL RATES

' WELL REPRESENTATION '

Figazbevel opment of a rese.r viMusrt asfiineu l& tlosrl,a nf,O d2e0ho,

Hossain etewdéal gR0t0O®Wg chall enges and compl exi
within the petroleum industry. They wunderl in
mystery and uncertainty anndaktihneg ri np rroefsoeurnvdo iirm

I n addition, highlighted the intricate nature

11



various sources of mysteries and wuncertainti e
Il imited data availability, i nherent subsurfac

and assumptions when char acdgentied ng ddmp areasteir

bet ween a newly developed model and an existi
former eliminates false assumptions. However,
are heavily contandepteapshnonhef quaput yand ou

mat chi ng(FpgbBg.@dsishe complexity arising from va
properties across time and space is also unde
are deemed crucial in tackling the c¢hHolslsean gne s

201r0gported the i mportance of properly addr es:s

nd reliability of simulation results. One of |
simulation is the geol ogic iamgd afnlduindo dmd d enlgs .
uncertainties are essential for accurate pred
|l aws related to reservoir behavior is critical
al so el i mi npattieo nfsalasned asnscuomn por ate new model s t
simul ations. The conventional approach to res
mat hemati cal model s and inherent assum@at inons,
emphasized the <challenges associated with <ca
reservoirs. Many researchers have attempted t
and advancements 1in mathematicad andompm@plidm
overview of the existing challenges and the n

Ssimultds Lai.n & iIlsfaond (€A 0ad new perspective by

di mension into reservoir simulation, and t he\y
embedded wvariability and multiple solutions
mat hemaol etall ons. It of fers solutions and dem

should be transparemakeasdraempewet hddéncecic iedthiom ¢
devel oped a new gover-hepighegnunaei anabadsedndhueh
fluid flow in porous media under different f1lc
of the fluid memory factor and presents mathe

without l i neari zatibeir ThAppr agaacehy tcoompar edn ttl

12



Si mul,anmbrrosvi ded

exampl es -bafs eldo va ptphhe akmo wixe eqea

solutions and offers a useful tool for predic
Geological and
Geophysical modeling
Rock Studies: < Seismic surveys
- Lithology
- Depositional origin
- Reservoir rock type
Framework Studies: Welllogging
- Btructure
- Continuity
- Gross thickness trends )
Core analysis
l Production data Real System
Eeservor
Characterization
Reservow quality studies: History matching
-Qua]itypruﬁ]es
: ;Zi ﬂs&iz??::dg Simulated data Fluid flow model
Integration studies: -
- Pore volume Geological framework
- Transmisibility Rock and flmd properties @
@ = @x) ko =k, (x)
k= k() Ky = Ky ()
5. — S.(x) fepy — le g (x)
. and x=(x.wv.z2)
Figa3A schematic description of history maté¢hshgmaetd ¢
al , Haese8in et al , 2009)
Reservoir history matching is an essenti al p I
observed reservoir behavi or is used to estinm
accurately represents the resieornvoofr. f dathurse pnm
performance and the optimizatiObmvef &e<Ladrwnoill
provided an overview of the advancements mad
decade. The aut hor s hi ghlighted sever al key
contributed to significant progr des iintr ehse @
computational power , which has allowed for th
can match | arge amounts of production data. Ac
and Monte Carl o met hloed si nh aismpprl cavyiendg ah icsrtuocriya | mar

13



paper discussed the advancements in reparamet
involves transforming these variables to mor
matching. Various approaches baye betenodevaka
i mprove the efficiency of the history matchi
coefficients, which quantify the relationship

al so seen signi fifciacnite nptrso garrees se. s sTehretsiea Ic ofedr ad

match observed data. An i mportant aspect of h
in reservoir properties and predictions. The
guat i fi cation methods, such as the combination

met hods provide a means to assess the range ¢
ri sks. They also compared reprgesamdai deat ipfry
l imitations. This comparative analysis helps
of di fferent techniqgues and choose the most
model ing and history maathengeseedmai Howawndr f |
to address t he compl edii me esi oonfal nanmlviemresaer i p 1y
incorporation of various types of data in the
Singh etprabdvi d&d Inaailguhatbsl ei nt o the chall enges

achieving accurate production forecasts in re
of dat a, i mproved understanding of geostati st
Thaut hors proposed practical approaches to entl
modeling. key findings and contributions of t
T Thrcdckiemensi onal reservoir i ndiemplreaettiadn ost udr

essenti al for accurate pr oedbuacsteido ne xfpd roercaatsit

production deci sions.
T Advances in computing power and software he
accuracy of 3D reservoir modeling. | mpr ove

CPU run times enable the srcadti orslkf voore m

T Sever al factors contribute to producti on
unrepresentative dat a, bi ased esti mates C
i nadequate static and dynamic model s, poor

ouncertainty workflows and tool s.

14
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tional model ing workfl ows have [ i mi
gues, insufficient integration betwe:
ivering uncertainty at eachi mderp tolet
igation of how static model wuncertai
proposed several practical solution:
and enhance production forecasts. F
i es, and tool s fl oompo dwedr ingu swod ikd d iop
ed to consider the 1 mpact of model i
Secondl vy, the i1 mportance of a bette
s, particultarsluggiestcompinesXx dree $ eargv oniu
oning against relying solely on poro

ficance of conducting a comprehensiwv

ng process i s essenquaalli.t yl netpéytrractie d
s are deemed necessary to identify
model i ng. The findingsoipnrge seefnftoerdt si ni
to improve production f ormakiisng aicrcu

on and production operations.

i gni ficant advancements in reservoir
Traditionally, reservoir simulations
model s and the jhuedrg mehhd weovfer e n gihree e

e model s feifd=ecitn vtemesisrs .spMadch darme coan

technology and computational power ,

guires Ueissmg danaer ttdiemteypoyamed dgener atin

me .

bs

This introduces a new dimension to

titute Iin situations where field dat

chine Learning

nt
i
d

S

years, machine |l earning has experie
ndustry, primarily due $hirnamgidi(ved]
the use of fast proxy models and net

i mul ators, offering a simpler and f ac
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or support vector regression, a proxy model [

with using the most recent opti mal point . T h e
contr ol point that maxi mizesspupbpduycbibnyatusin
rate as the controlling factor. The study foc
simple boundary considerations. The wutilizati

net wor k modeglns fprceasneentteednesiand cost savings co
without the uderofudpredrxeyplomotdeliOst.h)at hi story ma
empl oyed to minimize discrepancies between f
can b-eobswmming and costly. To address this <c¢h
is utilcaeartdextn dafhean I ranian fractured oil re
hi story matching results and the ANN data reve
guality. However, the ANN resul t smadecnmoenss twhaitle
requiring | egFsi gignku | Tah e roenf darieme t hi s study pr owv
serve as a viable alternative to computationa

accuracy and significantly faster execution t

Input Hidden Output
Layer Layers Layer

{_)%. AL A

Transfer
Function

Transfer Transfer Transfer
Function 1 Function 2 Function 3

Figag4 €l assification of netw architecture. (a) Singl
2

or k
al . ) 014
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Maschio & Sophieszert e(d2®1h0)ovel approach that ut

an artificial neur al net work (ANN), to repla
matching. The proposed methodol ogy combines M
traibniamg it demonstrates promising results wh
unknown features. The research methodol ogy i

sampling and ANN training for Bagéesiah hwst et

the sampling stage using MCMC and the trainin

sequentially, with the sampling stage precedi

concluded that this methoe cfofaits oa shmpl e ed

efforts. Additionally, they suggested expl ori

future research. Furthermore, alternative app!

tempered iMas kovshaehhlad be investigated to | ever

the exploration of complex subsequent distrid6b

would i mprove the method's capability anma hand

( Q. Cao edewatlopedliaptificial neur al net wor k

unconventional reservoirs, utilizing inputs s
maps. The neur al net work approach in macdamde |
adapting to new data as it becomes availabl e
forecast production for existing wells and | e
new wells by analyzing nehobyrbaqgeiobescal gwedat
i nputs compared to decline curve analysis, b
production forecasting. |t is important to nol
reservoir kBods] atabhemetit complements them b
confidence in the forecasting techniques.

J. Cao & rReopor(t2e0dl atphsaet steiinsemi ¢ anal ysi s 1 s a ¢
reservoir management, and reservoir model upc
cases, It becomes | ess reliable when  reostirmat i
property changes. To oedvreirvceonmeq uahnitsi tlaitmivtea t meot
|l everaging the inherent phystcaspskee trweeseer voe irs
changes. These methods utiktcamnei maohpoealeamni

17



attributes simultaneousl y. The study was con
extensive injection Thatde ipweorduapgpromadcdh sde@magnst
accuracy in predicting saturation, compaction
reservoir property changes closely mat ch t h
Consequent | yw,abtlhes haeudt htchrast eésnt egrating a subst

machine | earning prediction models significan
reservoir management . Thi s I ima &g nagt i boyn heanranbel
geophysical data in various ((tVYyaes otfii matle.soedrdbeldf
a novel approach for predicting decline curve
bet ween decline curve model parameters and wi

expensi veoasdmit nmer eser waiyr ustiinulzatso rpsr,o dtulce | <

generate decline curve model s, which can ther
wel | s The authors demonstrated that this met!
for new weltlas fbasre prenwidbas well s. Various typ
Arp' s, Stretched Exponenti al Decline Model (S
were employed in the study. Among these model

lerning exhibited the highest success rate i
highlighted additional factors that influence
tot al amount of support,faodotéseconotralbwteetsi
accuracy of production predictions.

The stubgngyet, ada. de@P2Lparning modeilTebamsed

Memory networks (LSTM) is proposedlFifogn& he pr
Transfer l earning iIs wutilized to extend the
production data and short prodeicg@ip@d Theesmodel
successfully incorporates the actual reservoi
gained from existing well patterdeyebhbpng wet
model with minimal data requirements. As a r es
outcomes while reducing the time required fo
application resulittds oon@imnp asri edu | tgaHiacno n& H&w otnh, e r 210
focused on the application of machine | earnin
reservo-dri vanddeap | earning model, along with

18



in the study. Gas production is predicted usir
as the independent variabl e, whil e other pro

parameters act as the dependemtd uarei aabplpelsi.c aTl

approach to other shale formations. Further mc
decline curve analysis (DCA) in recent years,
unconventional abDf€Acbagseptrooeral twebkesa valuab
future production with [ imited datra, |degpistteac

prediction.

[ _
| Input Gate Output Gate

[
-
He.7 Temporal o

Memory

Figas8chematic diagram of the LSTM wunit structu
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FigaeEl ow chart of production prediction based on
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propo

rdes ientradduced 22 )novel technique for max

uction over the estimated | ife of a reser
s are computational |l y -ceyxcpleen sd ovrer ea nadt i foani |
ction controls. The iuthinmsi ziant itohne oofi |t raannds
chall enging due to their hi gh processin
ing sampl es. I n response, the research i
fer | ear niwmgt ifoonr odpytnamizcat pooad chall enge:
wing steps: domain adaptation | earning (
fromytiwesintuerng extended boundary const

t wiet Hiemr ning samples during the DAL st af
ction optimization while reducing the ¢
nent analysis (TCA) method is apmgplaiteadntso
evel oped framewor k -kinso wnn ceovropl ourtaitoenda riyn taol
ated sorting gehlmjeadtci vad gparittihan e | s-wanrunh ta
tive evolutionary alwelrli tdsobd) exiemdgvieer ogpe ¢
icle swarm optimizati on) for NPV maxi mi

sed method is tested on dynamic be-nchmar
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annel reservoir model. The results indicate
mul ation calls required to reach ofpaismdl C (
olutionary algorithms. Furthetesrkighbe pNPV|
mputati onal time compared to their original
r n aMaljeiza etpragsen(t2dd® 339 met hod for evaluati ng
jection and oi l production wells in reseryv
termining wel. interference to enhance oil
chei fae assessing connectivity between inje
efficients, |inear regression models, and c
ese methods have | imitations aad tmaky ralry
sumptions about the data and subsurface con
oposed a new appr-o@amcst rcaailnleedd dtyhnea mp lty stiicnse

PCDTW). The PCDTW method asphaged DdW)t hé goyn

commonly wused for detecting similarities b
map the water injection signal onto the oi
me between i mpaectriesepoasesprdthust mapping all
servoir formation connectivity and heteroge
e proposed met hod i s gr-masned d mochelant heanth ain
nssradaont subsurface flow through porous medi
e method i mproves accuracy, -pahvyosiidcsali nrceosrulet
duces uncertainty. Furthermore, thedaP&DTW
asurement noise and relies on fewer assumpt|

oposed metihiodemnsapprd@aaa@ah that c¢ombi-hmesed oma

del i ng. It offers a valdabhestbehcéobyspbsu
to reservoir characterization and facilitat
sed on the |literature review conducted, S eve
servoir simulation and its evolution in the
avily relied on techni qgumepsr ovechprasi i soor)

|l i brating simulation models with field data

d computer science have |l ed to si-ghffccentyi
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maki n

i mpor
and f
inclu
capi l

g reservoir simulation methods more acce
tance of data preparation, including the
l uid properties t oa ecarcuhc icaell Ir.olGee oilno giecseelr
ding understanding the variability of re

| ary properties. Stratigraphy was identi"

and rhyy smmaot chi ng studies. The findings suggest

can provide similar predictions of flow perfo
measures over Vvisual I nterpretabhewmasi c dlesmo d e
and simulation techniques, chall enges such as
vol ume remain. Further research and innovat.i
devel op robust and r elmearbg een cree soefr varn tri fmocdiea |s
particularly machine | earning, has introduced
simul ation approaches. Machine | earning techn
and the abetatqguatioghy predictions wihther siswe

simul ator s. Additionally, machine | earning mi
through transfer | earning, enabling accurate

I n this research, we wil/ |l everage the power
reservoir management. Specifically, we wil!/ e
production data and fil/l e ano mili eitge vead L eand t
the dataset. Furthermbeem wemwi VY| (ULETM) zrel wao
the prediction of oil production, taking adval
and patterns d@md tthlee daagml.i cTaobielxitty of our mod
|l earning techniques. By-tusimgdpmode!l §nowlkedcan
predictive capabilities for new wells or well
comput onal resources and time but al so ensur ¢
' i mited or i ncomplete information. By combi ni
l earni ng, our research aims to priovi geodocteia
These advanced machine | earning techniques off
strategi es-makiidn gd ecri 3d eOo:ns e s i n the oil and ga
i mproved operational e fomi.ci ency and resource
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3.Met hodol

0gYy

This study explores into the syst emeaotdiedheand
candidate reservoir ubéeadi agcosmbi wateonoolf si al
l earning techniques. | n-byshiep Ehaogtesrs, awWleo pp reas
study' s objectives, encemparsdimgchihree ule®dmrii g
Petrel, a widely wutilized software platform i
reservoir cehfafroarcttse.r ilzeaveroangi ng Petrel's robusi
and reservoir simulation, we gained valuabl e i
and reservoir behavior. This enadérdessas oacmoe
representation of the candidate reservoir's g
Petrel, Eclipse, a reservoir simulation softw
a cruci al rol ecitrertilzeatd yoma mifc tchhearr eser voi r. E
fluid fIl ow, reservoir performance, and recove
behavior under various scenarios and operatio
To further augment our analysis and optimize
machine | earning as a power ful technique. Ma
patterns and relationships hiddesi gwwhté&i nntar g
behavior and aiding in predi-tcdrnmemeaenoarey i nlgSTM
series adyalaysneeaer andg (DTW) al ongside with tra
as cHetdtgiengnachi ne |I|,eaprrnoimmigs itnegc htnoi gdueelsi ver enhan
future production and effectively handling mi
By amal gamating the capabilities of Petrel, E
comprehensive reservoir management framewor Kk
hydrocarbon recovery, a nnda kfi anaiw oi rkait seisl i nd etr an
i mpl ementation of these techniques and their
subsequent analysis and results presented in
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3.1 Case Study

For this study, we have selected a specific o
more specifically, the Sarir "C" field |Iies or
Cyrenaica and is theodaurgesat otihe fs@utdhe amstLarb

Cret aCemtuisary Sirte basin or embayment that coc¢

t he most -pprroodluicfiincg obialsi n i n Nor tFh g usf)eli chhewhi
understahdi sgudfed area's geology relies on a
that I mpacted the Si(Ab®daisi ebfalnkEr s t306G& N cioe dc
these events, which are deHaarillye dCraest a cod d uoswsp e |
rifting, creating a esomplhexgrsaybdetcess tdoufe ntoor t é@:
Subsequentl vy, d uorusn,g ftuhret hLeart ee xGreentsaicoen and f a
subsidence. This all owed Late Cretaceous seas
and shall ow water carbonates. The conclusion
car bodneaptoesi t i on. Carbonates were present al on

influenced by water defrtig@n@emogrsaphkOradaemdr s
system i nThSel rcth obsaesni nr.eser voir possesses uniqu
fluid properties, anAdt haorha usgho reyx aomii mpa toidaurc ta fo nt

an ideal opportunity to showcase the efficacy
this study. The reservoir is also known as Nu
are thermaoim rods the field. They are far from

five members, threesofachtae¢ey by twaeghdiFsegamdsd od

3)8hows the stratigraphic column of Sarir trol
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