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(1) Assessing the Accuracy of a Production Forecast: West Africa Field

Case History

i?%%%&%6%1%$%ﬁ’ﬁiéﬁﬁiﬁ,igﬁé
Lower Miocene channel » & * # & % 90,000 BOPD > ¥ & # # #-i7 100

Waterflood
MMBbIS }fi_' 1\5'7 o A ?%?F Initial Depletion plan: Area #1
= Crestal gas flood o e
« Peripheral line-drive waterflood ""-l‘,\ i ] /| DrainageArea
Bt - B H bt T 5
LR 1' &
SRR N
1 = B g1 [ Y O g, \
g ’%—,‘\ F]F ﬁ] “‘;‘? F] 17 : E&
ST Waterflood
i 0N Area#2
MR EZBESRFEE A | .
Area coP E, E,., RF EUR ; | Underdeveloped
L= LB = L }— 2, —m— . . e : Ll & o Y =
RGBT H SR | W 5w ) W
'Waterflood 2 65 90% 50% 45% 29 ;_j‘—u 5 J_d
. Underdeveloped 70 9%  20% 8% 13 3 9*&
/F'J ﬁ;J?\‘ IIE_ f:r ’}’ﬁ Zﬁa—t’ia l@ s TOTAL 300 . . 104 [ ;
BHE L ’l‘#r‘é OOIP % EUR & iz & %

AT F T FPSO kit (7
BaA A AM W & B -
Water Bhiegi* 3D RRIFAHLE - v
Injectors (2)

3 Producers (4) *’;‘?;Hﬁ + F’ﬁ 7}'1‘ ji 3@‘ f—? }g‘z tﬁ‘ ’ ?J-:

mots 2 F R F kA AR

BT AD BBl AFHFS JI* AT AD RRIER R (FEH
#OoFHok g AL F 2 A Y
AABFIER L Flt - HEFAE L mITRB BT orE2 L

B RS AR A

_
o
i
1%
i
e
\ ~
1$)¢ <l

i
T
>4
s}

e
e



AETRRET B FRHASRE KNSR EENT R
AEFUHPBE ARFLLARERES 3 R 23 % A
B{BLAFAE -

Middle Base
Depth Structure

T G A R R A B
120
lateau I||||||l|
= 100 - Dfe“"d 1= "'-:
; T pEE=
% Gas breakthrough to OP-2 o2
% s0 [ T I B .
B t._\JCompressor failure /,ff'
e ’J
g \\ DDGH1 g%
5 60 \" | pad
= ~ Ly
S T\ BpéI-2
£ / -l\h‘_ JIMachanicaI Failure of OP-1
_E 40 & > - A ! !
: A ﬁ"-.._ | | I
z a4 1~ lOP-1ST1 Started
5 2. / \ h'_-_ﬂ’\ﬂ |
W s
W M|

0 1
0 Q o S W
Ss(é '\é‘g? \s‘d. \“‘& \s(d,ﬁ ‘f\‘é"p \3.9 \é‘,@ \S‘& \"'\.& \s'@ \4‘{\ \“}:\ \é‘:» ‘:‘5\-0

Actual Production = ==-Project Basis

Cum Production ====Cum Project Basis

FERAFELAIG vs FFRFRZ A G

10



(2) Meeting the Challenge of Reservoir Simulation in the World’ s

Largest Clastic Oil Field—The Greater Burgan Field Complex, Kuwait
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(3) Design and Execution of a Polymer Injection Pilot in Argentina
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(4) Standards for Characterization of Rock Properties in Unconventional

Reservoirs: Fluid Flow Mechanism, Quality Control, and

Uncertainties
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round robin

R N

Table 2—Summa

of the Round Robin results

Laboratory Sample 16 Sample 23 Sample 17 Sample 12 Synthetic
2250psi
2230psi 2250psi Unconfined
55 =0.0061md
PD = 10nd PD = 20nd MI = 829nd
— - — PD =0.0075md
=37 #=6.07% $=10. e
Lab1
Z250psi'dried
2250psi
2250ips: 55 =0.0065md
55 = 20nd
S5=31nd PD =0.0078md
=E61%
$=34.33%
2250psi 2250ps 2250psi
55=24nd 55=T7nd 55=40nd
T 87 =101 b0 Z250psifdried
Lab2 ) 5§ =0.0113md
2250psi Dried 2250psi Dried 2250psi Dried 2280psi dried §=343%
55=20nd 55=20nd 55=T7nd S5=51nd -
§ =04 [ ] $ =101 p=0
2250psi 2260psi
Lab3 PD=28nd FD=17Tnd
4=45 $=5.8
2250psi 400psi 2250psi 400psi
PD=605 | PD=378 PD=642 | PD=2258
nd nd nd nd
$=B.03 $=0.38 §=6.6 $=78
Lab4 2250psi 400psi 2250psi 400psi
dried dnied dried dried
PO=581 PD=154 PD=5i0 | PD=2045
nd nd nd nd
$=075 $=10 =667 | $=6.26
2230psi 2250ps
Lab5 S5-supercritical fluid S5-supercritical fluid
= 20 48nd =33 nd
Unconfined Unconfined Unconfined
Labf LB= 202nd LE= B44nd LB=_140 md
$=6.8 $=04 $=274
2250psi 2250psi
Lab7 PD=1T8nd PD=222nd
$=5 §=8

PD stands for Pulse-Decay (fransient methods). 55 stands for Steady-State methods. LB stands for Lattice-Boltzmann (FIB-

SEM) methods. MI stands for Mercwrv Injection.
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(5) Production Analysis _in _the Barnett Shale — Field Example for

Reservoir Characterization Using Public Data
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(6) Fracture Characterization in Unconventional Reservoirs Using Active

and Passive Seismic Data With Uncertainty Analysis Through

Geostatistical Simulation

AT R E AR (MR Z 3D # & RB)IT & D RTHL (B

ﬁ’ﬁfﬂ@i%%ﬁ

30

o

S$2 MM A gy it 2 g AP AT Y
AR F AL - BERFRPTRELATREE 2R

Passive

seismic seismic
| |
‘ Data Data |
I |
- Dip steered Auto-
filtering picking
T

‘Well to Phase
seismic ties detection

Seismic
attribute
|na|vsls

Evem
locatio

ANN =

classification

algorithm Reservoir
—  property
estimates.

BB g i1
F1% 3D B A BB B AR

i 2 -
PIE 2T RIFR

4

& 3D Zp| FALE ANN ¥ &
R A A
RRVRETA S AFmg 21
R £
g%%&

e in AR e 7

<» Stations <
MEQ
— — Areaof Interest

Zerocoverage: .
noise and bias

Scale (miles)

0 1
——

FE R B A RRIE EE S B & Arrk(station) B

23



rMEF A F T Ao @ jE ANN (a)
AR SR CE A o S A L
I AEE R R AN ¥

Ty b AR A R A

DEPTH (m)

AN B AR
TRBEEAR AR RS
oot R k2 LB GEEA
WL e =L )

flria 0 2 4 g # Fpd =2 (a)B A& ()
¢ (c)pa R 5 (d) 24t 5 (ANN) & % [§]

INLINE

DEPTH (m)
DEPTH (m)
88848

)

AELSEAML R RAR LT BT A S A0k
ﬁ’iﬁ%'2%ﬁlﬁﬁﬁ,?%dﬁﬁﬁﬁ%ﬁiﬁﬁﬁ%%4
Wik - FET2ET SR RET 0 17 B FRP D BEY T MR A
BRI RZ BRITHE » » ke 2@ npkk 2 iy -

24



3.2 31 \FH
T =l A J“ﬁ

EJ‘ RIETRREE! Room

SPE 166268
1 | An Unconventional Approach to a Conventional Field. How the Room E2
Slickwater has Changed the Game in the Cardium

SPE 166101
2 Room E2
Factors Affecting Early Well Productivity in Six Shale Plays
SPE 166505
Defining Three Regions Of Hydraulic Fracture Connectivity, In
3 Room E2

Unconventional Reservoirs, Help Designing Completions With
Improved Long-Term Productivity

SPE 166146

4 Room 243
Environmental Regulation of Hydraulic Fracturing in Queensland
SPE 166482

5 Room E2

FreezeFrac Improves the Productivity of Gas Shales

25



(1) An_Unconventional Approach to a Conventional Field. How the

Slickwater has Changed the Game in the Cardium

Pembina ¢ v =34 £ X i g2 ¢ 30> - Ba fFARE 70
-‘-J—_\«-——J_/

FEWZ @9 o B &b § e % & Upper Cretaceous Cardium

F , R i F !
é‘? ?‘ﬁ_f’ ﬁ] ‘:J ’ Cardlum élj ?‘ﬁ_f" R14 R13 R12 R11 R10WS
, R 5 . :: ‘,L [N | ) _EL TmcardunNelPayCcnmur%’-v,
}é] :-L ‘% “tEI‘é‘ - /4 #BP/ # > LL‘ =1 ‘nanthmuur —‘K = __\_‘__, '-_ ~ i
."\ /:1 ;| L;.:\,
AR EF R Z B \3‘*— ' A
'1_ i
’Fﬁ’;‘}i #H o K 1950 & B 4y o e | » s
‘\ T }m_
Cardium ¥ & © 2 2 7 #-3T Ny =M
fral ANRE:
= T4 ko i :F'[ g T49
i 2 s f R - U E K ¢ ||
= 224 l : S F y .
15 12Tcf 2 % R JORE R | s
T48 : "_./( 1 ) |_"__ t T48
- el =S G 2 oy & = : 3m Net Pay Contour \\ e '_'_ -
el i’f‘—l}?ﬁ e 7 80 ',@,’ﬁ N F ’ |—1 o T
Cardium f[g ’Fﬁ'f"v }é.’ 17 I«""{ Sﬁ,»ﬁ R14 R13 R12 R1 RIOWS
4 o L , Cardium 45 7 & £ 7) % & & BI(#) # 1* 4. 5 >6% Neutron
VAARESTE G A

density 3¢ 14 &)

Halo Play

Reservoir Facies | Conventional Play
* Med to thickly bedded SS (F5)

+ Med to thickly bedded 55 (F5)
* Interbedded S5 & Mdst (F4) * Interbedded S5 & Mdst (F4)

* Bioturbated S5 & Mdst (F3)

West Pembina % &% 2. Halo #£3:% %] i &7 i@ ﬁ,?"ﬁr‘é A #& 2. 44 4p (FACIES)

26




BERARLEE D MBS FE M

A AUk o L FP R oA H

%

Bal
BrE B2 Al kS E bR B
= & * 7oK (slickwater) 2 251 suin

L AURERAE 9
B B3RP FFRILEFLAEL o

AN SN L A

WELL A: FOAMED WATER

.
. | '_ >
’ WELL B: SLICKWATER

—
200 M

—~

1% i i -k (slickwater) 2 & i% -k (foamed water) /i34 £ 2. B iRl ¥ 2 U 5% 1
5,000
so T B
g - —
3 . -
= 85300 o= ——
B LT
-% 0,000 — Vil e
P -
3 e West Pembina 2012 Normalized Production Da
0,000 . - — —West Fembina 2011 Normalized Producti
'/' Pembina 2010 Normalized Production Da
5,000 P
1" -~
o0 o
¥
5000 i
d“,
Month

West Pembina 2010~2012 2_ ¥ # % f kb &2 £

27




(2) Factors Affecting Early Well Productivity in Six Shale Plays
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(3) Defining Three Regions Of Hydraulic Fracture Connectivity, In

Unconventional Reservoirs, Help Designing Completions With

Improved Long-Term Productivity

o BB <) 5 3x3x35ft VIR AAPE X T2 E P Ak
I 4 3,500 psi 2 Rl 4 1,500 psi ok E T A e

High Siress Conlrast No Stress Contrast

Rocks with weak interfaces

Oh

G,

Rocks with no interfaces

BEHGHARSPUNEHES AFLBE | : .
= PR rammesrsu e

AFTHEZ BRSRERPEA2AFLE 2 BREBE 52
BN R R R S W RRE R T2 A
PR Ay RERT O XIVEAN AAR BT RA AN A 0 B

BT AT > BRE ST RY M AT L AR

B2 A o B A RFI AR B EEEG R 2 MR
A AR A RBANHRZERL AT I A AT S ETRE
eI RARTZ LI L AR B B BEAIFHLZ 7204

wBE- RBEREDEFER

30



i X

e
=N

AR S 2R A R R s )

Wellbore
Wellbore connector

Near-wellbore fracture region

Far-wellbore fracture region

Y IR R NI EE SN PEE P NN ERCER Y [N E =D

31



(4) Environmental Regulation of Hydraulic Fracturing in Queensland
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(5) FreezeFrac Improves the Productivity of Gas Shales
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(1) Inducing Earthquake By Injecting Water In A Gas Field:

Water-Weakening Effect

2009 # 11 7 26 P » j=fF & 3 2R2 Friesland 3 # 7 LH-2.8 2

=0 i N r ) A= ROz, ohT N WY, [ v
2 BRIER TG 222 0F 0 4 N RIBIFREEN > FIH ARG F 2
?;;P\' Fi: ’—"'1"}%‘ i —7\ id"' % ’ *ﬁ De Hoeve - Magnitude 2.8 Induced Seismic Event (26'" November 2009)
FE o AETPY A gEEE
S0 Weue",
sass0 ] —- a-€ Surfac
t:lTi% é‘ ’ ﬁi:rs 1% ]J\ ﬁi_ - 528000 == . i
i f - e € Nogrdwpide|Bottomhole :—;\j"::ﬂwﬂve
ot —~ !
. 2— H - e Km
Weststellingwerf § 9 &  §o |8 Eﬁcefitef:w e
g--:x -~ : n [ 2 i
4 oo i \ %
Tooor oo v ER Y e
DHV-01 2 & -k # ==
-VVL: ""':ZEI:IE':ZJ::-’Z.\.;_""R'J'DI'E»'“Z%.%‘.BESZIDZEIZLEEJ:::'JJ:;Z'EL:5’:'_.‘;‘:-55::::‘5'_3_'

WSF-01 > #]* » % DHV-01 JEW T & 3% Friesland 2. » 22 &

B RUBRRLI A EFFTF LRGN ATE ROFY o

2

kA L FEr RE P RRKDER - FRAZ ML I ES 7 (a)
BRI R (b)3 TS 4 (o) B B S (d)s v 2 2 e
fﬁﬁ@u&@%@*ﬁﬁﬁfﬁiﬁﬁ%aéiZDE?@Jﬁ
Fa %J o =
B RN

Initial pressures on 01-02-1998 (start of Pressures on 01-01-2008 (Just before Pressures on 01-12-2009 (at time of
gas production from WSF-01) water injection in WSF-01) seismic event)

Weststellingwerf § o 2_ /& 4 % i (1998~2009 + &% 4 )

37




:
u Z 13 f232% ; (b)
oo L | ) I ' SRR

“3}3—

Inirial Warer Saturation Profile (1 Feb 1998) Warer Samuration Profile (Ar the Time of Seismic Event)

A ke iR 25 (1998 4742 A 2 2009 ¥ B 1) ‘ 4 42+ o (c) F) i ok 4

Wiz AL ZHERD(A)FL Lk rERZFBRS 1455 ()7
ArAEKEERCERITS > HETR TR 2LB GG o

FISsEm P RIFIDAFINES 2R BT
Bor OFEER B Aok B G T2 550 3 Mo 2 BORE S
SRS P NS AR L R BESE- P TS E 2 - F

¥

N WEATSTELUNGWERS ¢ WOORTWOLDE | SE ]
o 008 ToMMIm
o0 Tm e

Activated fault

FH a2 e 22 Weststellingwerf %7k 444 = %

Yo ik 6 2 R HRE

38



(2) A Day in the Life of a Barrel of Water: Evaluating Total Life Cycle

Costs of Hydraulic Fracturing Fluids
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(3) Modeling Viscosity Responses of Fracturing Fluids Formulated from

Flowback and Produced Water Using Advanced Cooperative

Optimization Algorithms
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(1) Development and Field Testing of Advanced Ceramic Proppants
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Advanced Ceramic Proppant ISP ceramic Resin-coated Sand
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(2) Environmental __ Stewardship:  Global _ Applications of A

Non-Radioactive Method to Identify Proppant Placement and

Propped Fracture Height
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(3) Transport_and Distribution of Proppants in Multistage Fractured

Horizontal Wells—A CFD Simulation Approach
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Fig. 4—Linear gel + 100-mesh sand.
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(4) Hydraulic Fracture Design Flaws—Proppant Selection

AR S AP R 5 A PR o A ) 2 LR
Roior 2 kEF RSP T UE Y BB T HRIEURE NPV REF R
T g AIFADER AN A B X REERE IR L AR
2% < %] R4 520/40% 30/504 P (mesh)@ f& > A7 5 &% 2 L 4F

AR > ROFRT o URE X IR A ik 2 &7 EF B3 2 EURZ NPV e

AEELENTREIERGHABISZR A AT AHFRIE
¥ AR RE A2 ?’—?‘ AMAEL S EHYREE AN F ARA
e ict » FRALF 23y ikpopEEREL - KT o

6,500,000 optim \i desgin
6,400,000 $ < —

w

& 6,300,000

Ef

3 6,200,000 ——Sand

=

2 6,100,000 = Ceramics

o

§ 6,000,000 - .—\ |

Z
5,900,000 \.\.
5,300,000 :

. T T : : )
50 70 90 110 130 150 170 190
Proppant Amount, Thousand Ibs

Case 1: NPV 5T B 4 #7(20/40 P 2. = X F 3 #) vs.20/40 P 2_ 14 337 8)

188,700
188,650 /—.—.7
188,600

—t—Sand
188,550

== Ceramics
188,500 /
188,450 J

188,400 T : T - T \
50 70 90 110 130 150 170 190
Proppant Amount, Thousand |bs

10 Years' EUR, bbl

Case 1: EUR AT & 4 17(20/40 P 2. X 2R 7 % F) vs. 20/40 P 2_ 14 Z 35 4)

49



500
450 >
400 A m
= rd
2 350
a 4
€ 300 — -
= / g Sand
2250 -
g 200 — =" =M= Ceramics
> Py
g0 g
100
50
0 T T T T T T d
50 70 90 110 130 150 170 190
Proppant Amount, Thousand Ibs

Case 1: ZIM L £ B2 AT B A 17(20/40 P 2. X 2R & F) vs. 20/40 P 2_ M Z3E4)
12 -

e Mesh size P

T 11

Z 105 /i'

% 1 !/ ./’

S

3 e A =t

g 0.9 oA

% 0.85 A

g 0.8 / y

E o075 =—=20/40 Mesh

e 5

o / —m—30/50 Mesh
50,000 100,000 150,000 200,000 250,000
Amount of Proppant, Ib
Case2: & £ 81 & HADTIA iz M ‘
Case 1: NPV ‘g7 4748 B it ) 22 4 |1 425 (£ % & A 45 ‘

Natrual Sand Scenario
Fracturing Fluid Cost | 0.15 | $/gal ‘ Proppant ‘ 0.15 l S/1b
Ceramics Scenario
Fracturing Fluid Cost | 0.2 | $/gal ‘ Proppant ‘ 0.6 [ S/b
Common Parameters
Opex 20 %
Mob&Demobd&Cleanup 100,000 S Tax 30 | %
Pumping Charge 30,000 S Oil Price 90 $/bbl
Rovyalties 15 % Discount Rate 10 %

50



T = A Jﬁ

BIKAPPAfTRE > A A = (¥ )%
R X S ENENEE R

O % KAPPA L & PR 7 4p B

51



AT gRR BT CMG I K HHR I
WMo pPoRLRY ARIFHRELDH
Bt ¢ 7 BRZ B AR T2 R
B Ao B TR F E 0 Rp
IRBLEL RS SR CR RS
RELREF F RS LR TS .

WHE EE B A
ROXAR 2 @ 2. RMS= M et
S RN R ST TR T e —
ZAF e FHCAl > Pow T A
B ATabER R g

[t}

AR FHAEL R F S
FHEfer o

52



AT RREFHEATIE R AL

Core Lab 2 7 & {7 PVT:E%% ©

Schlumberger 28 & — 3 ™ kK Z# &
Ao b NP R B A
Ak B R F T R RL e

53



54



- HRIVE

1 ATCE B3t < Al 2 B 7 A734 € FIot € 3 — PR 2 & 407 3
FARE P o EA R EAT FAY(Hal)® 7 A o ER A
EPEL I RAET L BMAHRR Pl F B I LR
Fir? - o EHL 3 - > - RBRAHIF A gHEERNEA
PEOERN- A BFAEEAREY

2.SPE 2 ATCE 2 ¢ H A M 2B A - A EG REE BT 5 82
T AEAPBE 2 B ATHOA MR A > B A RV R 4R 122 W1
F22 ficwm At AR AR ETA K b o P g 2 B
€7 nE e o

3.ATCE 5 #ib B % 247 Bypig ~ A REAT33 ¢ - A0 F 8¢ 225
FR5 A EHRFWMBEZ X RPN F 0 FAEHFR AL DN
PRI R GE RE R 2 AR MR B Y 4 A R PR
AERAF AR F R Ak T Y PN RiE S BV AKT
G2 Poiien AR T N F ERBFARE gy 2

55



BRET e FEARSPFLERVAMEEA ALY o

ST
(D FEBEBFRTL24p2 ~ 22 2 RA 12 il BRFF G

FAMFRERLH=Y 2 R A1 Beekodd AR IRr 2 9
A EEPAS AR 1 fe ek e B desy AT R0 A
ACE R hEd > L pRr R EIRER W1 R

(2) r?i—-uli" $—»lnﬁ"ﬁ?4 é_##pi_l

HERERE AGAFHN T AR F B RGF BR ST
o BT AR FVREREN G BRL O BRSNS
2 EARANEE BRI TR T M F o v T 2T
o FzimtTied A4 AN L ERPEFEERF
Z W REEEARR

(3) i B n AR 21 4 R R

N
L

(4) "3k 178 LB AR AL 47

1 AR Ty MREAT AW § B AR S FIE - ko
%ﬂ@%%ﬂﬁﬂﬁ FARLEoma gt BT HAEM
FARD 2 o HOR AT R 2 TR L 2

56



SRR S AR

PP AKERDT S0 SRR APMATT 2 AR
PR FEL BRI AR KT EME ENF BEL
S ERE o) RN A EETRRRYE AN a5
G Emar FEET RS TR AN S BAT S e A
kAR SE

\\\?’;r

(1) ¥ k&4 g2y

(2) RAHES SR

(B8) kT # Ryl & H
g Gy

® %’gr} R AP SRS o e i g R
AR A#HFTT 0 7 fE
LRI A A 1AM X ok
o RBAIHAKZBESF > REH
BRBF &2 AR o

(5) % H AR FZ L

® JEd ITFILT F I ARPFIER*
B ® &1

(6) 46+ ~ 2 2 R IEH
® L R T R RIT IR AR IR

3
(7) % B % it 7 3




