HERE (HEHEAN :He)
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- JE A G A TR T A4S LB SR BT

MRBE AR ¢ P & R AT
HEBE 2R/ oHHAKIRN
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HE#RE 1004098298210 48
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%-Jm SPE £ 2013 4 ATCE A3t & --JE 11 4 sE R

5 B2 BA 4R H4T
B 2

WF R AR R R AT RR R - BB TBIER > HEUE R
&R R E T HER BRI RARGRFGA AT - A MRIFBE 6 EH - LR
FARAG-—HEHETE -BREBAMAL ERMENEBRSE TS+ - TH -
R Ao E ARG 0 AR oA ok B 842 c (BB RTT R HN A A8 F
BEMEAEBOVE - HOERBMNELZELSOBART R T AREL ) Rk
R EB)EAEATHIBERMEDIR ? HLILFE AL RME R 4
&) B ¥E & % o sboh s B (Stimulation) &9 4 & 77k 91 A T B 4% % 4 (Artificial Lift
Systems) 7R & ob FE 6 BE G F ) o BN AT AL ~ 4B H 04 iE 0L JB Au LA
B RBFEATHAEEN — KA TOBEEIRART ke Z % - 54 ATCE
2013 £45& 372 Baw X 0 # B AR F) 6y LR85 Ak 52 18 section o A3t ER K RIFE
bR FEERFTREBYMABMETRELSQ) RS AE LT ELLR
(SPE 166365 » SPE166377) ~ (2) 5t 9+ /& 32 5 1£ 1L (SPE 164807) » (3) & i g a4t
(SPE 166439) > $1(4) LSW ;4 £.3% & (SPE166435 » SPE 166447 » SPE166523)
(5)Surfactant Flooding (SPE166129)% > #A¥ i 2 M BIIR 3k & » 28 mm
IR F S AETRIFAE LB SR BT X A M R KA R SR - BB T S R M ey 5 5] i
RG] E—HRIARN M 0 BAFA B & A E B ZARIE -

B 4233 © Artificial Lift Systems » LSW 5t £.3% &



%-jm SPE £ 2013 4 ATCE A3t € --JE R 4L sE R

6 2 B 3R Bl
B X
B Bt I
B Koevrrerererereereseentssesentseetesesesbesete sttt esesens i
B BBttt ettt sttt ettt 1
B S A vttt ettt ettt ettt 2
B OBttt ettt sttt b e 53
BE v BBttt ettt ettt 55



% B4

A B 3T E 44 102 S5 2o IR 1E SRt R AR B Bkt st @ (5 32 JR) AT de 7l ik
BHBE - RBANE O LARRGROK G 28 AR AR
PR BAMTZ AR R RER - BT RRMMST ERANE] > E—F R
AN E T EEA BB A EME AR c EERLH AT RZZ IS 0 JF
BhmABRCH BB ERLEFEEETHE - HNTLHEERAZIIFE 4
RERM T » 44+ - ©H - MBEAL ZE LT @SR LM E T EAN BT IEAR
AZBABRGEMRZHFE B FRAIF R LB AT RZARM AL AERN
WHEEZRJFEREXIAGEM - BB RARZAZMF TREUN BB RAER
ZFBRE DR FRERE T BMA R > AR AARRAA RN
R AER G S LB e MG AEB LR AMERERIN - AR
TRANRN G R GHREREE A EHE -



AR BAT R 40 T AR ¢
09H298 : Eif2 4 3b— 4 R R (New Orleans)
09A3308~10A028 : % 4eSPE-2013-ATCE#} 3t & &4 -
(A) %hoB2a % - So We Frac'd the Well, Now What? iZ/E3% & %35 T AR A
AR RR KRR @@timA M B AT RS R e AL & X1k mEke i
AR o ReE R RATRA RS BRIk
Bk
1. Tom Blasingame, Professor of Texas A&M University
2. John Patterson, Production and Operations, ConocoPhillips

3. Joe Cardenas, Health Safety and Environment, XTO Energy (now is part of

ExxonMobil)
HAb sk -

4. George King, Drilling and Completions, Apache
5. Lwanga Yonke, Management and Information, Area Energy
(B) %Ak @ A FATCE 20134825 23728 3 X > 4 BB R ) 89 X A8 4 .52
fElsection o A3t ER KRR IF R4 ARG F T AL B ARETER R
# 6, 45(1) B £ AE #3745 F 7% © SPE 166365 & SPE166377 (Session 41) ~ (2)
% #F & 3 % 4£ 1t © SPE 164807(Session 17) » (3)i& % 74 2244t © SPE 166439
(Session 48) > (4) LSW:h #&.3% # : SPE166435 (Session 30) » SPE 166447 (Session
20) > SPE166523 (Session 21) - (5) Surfactant Flooding : SPE166129 (Session 30) -
(C) mph &3k -
1. Abrief meeting with Dr. Chen (KAPPA)--KURC
2. Abrief meeting with Dr. Meng (iReservoir)—Reservoir characterization

3. A brief meeting with Dr. Grader (INGRAIN)—CT & shale&logging



10A03~048 ' ;242 R — 451t
AT Rt bR 4 po sb FA 3T & X B A2 4k w0 T

(A) % 4w 283 % (Panel Talks: So We Frac'd the Well, Now What?)

Tom Blasingame & Texas A&M University #49#£3% > 75 /& Reservoir Description
and Dynamics 48 3k &9 £ % > 4,32 % &4 Balsingame Plot £ 4 # 4-# (Production
Analysis) 89 A 3% T4k ¥ R & 24 A - Blasingame 4 &2 2| @B KA £ L2 %
B ERHMRALBEREEZ PN 01IMD | 2FERXMREANEIL(BERZRE
NEEHE)  HEHBEITEENEBRBEBEEPVT) S ARGLEERLFEH S
MENENAEZRL BRI FA I HEMBEE FHBBAILEEBA
45 j5.(Base Reserves on Analogs) ;4% 1% 4 T A% % 8% i &, % 7 (Prospect Driven by

Drilling)  $2 %48 4 # BHZ A K EABE T R(EERADER) M -

Blasingame F] 8542 2| B 5 &R E 2 1% > &4 £ 8% TR A8k A& (Flow
Regime) & kg el ei s - B 1 A Z SRR SIbay S HE o TUBERA A
T 48 & 4 b2 4 M 7R (Formation Linear Flow) iz 4 4z 4 5k (Bilinear Flow) i #& 74

K&

-
((r@

LR BMRABRE A ER R REA R & L8 A Z AR
FARAEL B AR HE LT AR R FE A V2 AR mERMER
BEFLSRIAT RS KGR Ay @ e i g R mAE RS A A& L
BAE TR UL RFTRRELL - JLEF A8 S EE LT E B — R4 E 5 U4
89 B4 o 12 2 4 F-BR Y R RE N E K H7 04445 2 ik (Pseudo-Steady State) &4 i&
> F — i@ % (Transition Regime) - &7 B # 8% % £ 4%1%(<0.001mD) » & 1A
@ ] T AR SR BF 2 3+ o 4 KAPPA(201L) BBty & R VBT » THEE 2R
% 8000 F 2 Loy 4 & Brf) 0 B 1 69 1% 3% A & 2] 35 R g1 A\ SRV(Stimulated
Reservoir Volume) &y /i & (o B 2 Fiow) © 2 6) 3530 AR BT/ A& EEMHT >
BAVTRRAF R T ENRP BB ERGER TP RMT AR EXF 2B
R HL o BRAR BRI ANBAE R REKE IR R S AR R A AET



1& %k 0 1R 48 Arp’s F ik d 42 7% (Decline Curve Analysis)f# R:E A o
Flow Regimes — Multi-Fracture Horizontal Well

1 L
1:2 Slope (high F.p) Fogzsvﬂg;;m:ar

u u U H Compound Linear
Flow Regime
1:4 Slope (low Fp) [ i j I
I ’ Al )} =  Eliptical
qBLp(i‘)EaBm[lxﬂfT‘] = 3 Flow Regime

Bilinear Flow i - ’ S
- \ A
Regime ‘-‘ Transition \ |

”“ = Creame @ — | || -
ALl Pe

Early-Time Regimes are HYPERBOLIC? “ SIDPEX
Q(t) = 4j /[(l + bDIf)(I/ b) ] D;!spél‘eft‘;?n

qrr)=agp [

Logarithm of Production Rate

Logarithm of Production Time
For Shales: | days | weeks| months| years | decades | ... |

1: K3 % EH R ¥ ARSI & & B (Blasingame, ATCE 2013)

PV=L,"L,"h"¢

|

>8°000 years

50 days 27 years

L

PV=2'X"L.°h*}

I'TTHT!! I'TITTTII I'Tl"ﬂ1 I‘HﬂT1 TTHTTI!I TTTTIm

Resources (Draft project document) 7th
February 2011 (www.kappaeng.com)

From: KAPPA Consortium on Unconventional

=

JlHI.I.I.I.| IRV

b. Typical transient response where PSS is seen in the SRV (Note times for
different regimes, this is a relatively high permeability shale analog case).

20 AR R B ) dh & 21 ] 4 B4 (KAPPA, 2011)



Blasingame 7542 8| H #& 15 £ A &4 & % 1% ] B 14 (Rate-Time Analysis) & 3 4%
Fik o F—RABRSAGRRGENSV L > Wl 3P o £ &2 SREFFHEILE
¥ H$E bR A A F B R R AR EATIRAE o ) 3P T E MR LA
85T LA 4 i, - 27 6 42 #h 42 A (Hyperbolic) 3% 78 92 8% 27 64 45 & (Exponential) 3
W% o B P A —{E 325 2E(Switch Point) - N E B FE AL E 0 £ 2 FRTHEL
ab 7 AR B Fa] BE(Q=Cliimit) ° ™ Fx 47T £k = (Estimated Ultimate Recovery) Bp 2 ¢ 4¢ F
EAE e H—RAGENIERD RS RE(E 4) HAREAHARRIZX(F
ARLI)BRARRLECHEREFDO)EASGELLE ZRBOBREIN > BELI
A (Exponential) 3% ek gy 45 M6 B 78R Z se(F £2 K, 2) -

1d . .
D= ——ﬁz D, +nDt *" K 1
q

q(t) = g el >0 FiER 2

Schematic Production Performance Plot

[ ] = Estimated Ultimate Recovery (EUR)
[The areaunder the hybrid (hyperbolic-
exponential rate curves]

L]

© "Switch Point"

o from Hyperbolic

E / to Exponential Economic Limit (in rate — qj;,,;)

£

g Hyperbolic Rate

O |00 e ™ =t mn m am o e

- Exponential Rate
(el 4—m——————---—-—-—-—-—- - ——————— = F—

Economic Limit (in time— 1;;,;) e—>

Production Time (Timic)

B 3: AR ERGEHETER (Blasingame, ATCE 2013)



Modern Decline Analysis — Power-Law Exponential Rate

Example 5 — Hybrid Waterfrac Well (SPE 114347)
Dand b —t 1

PLE Rate Relation:
q(t) = §j exp[ Dyt — Djt" |

Data Logen: b-paramater
mmﬂ‘ ¢ frien rate,

pesmeer o o Decline Function: D(1)
%fx: panential 1 dg
= Powar Law Exponential {0, = 0} D(I) =__ 1
: Reate Funetions g df

@ g, Dats Fumction (Raw]

2 qy Data Function (Edited) . 1 )
Modisl Lagend: Rate Funciions —( —H
memenn Pt Law Expangetial peat ! ) -1 ! ).

-==--= Powar Law Exponential (01, = 0} Ry T EI
=== Hyperbolic

Y
Hyperbolic Definitions:
D-paramater {110}
b-parametor (dimensionless)

Gas Flowrate, g, MSCFID

Hyperbolic Function: b(1)

=== a0 1
=i D) =—| ——|
B dt| D(1)

10° 10" 10° 10’ 10’ 10° . -

Production Tima, ¢, days
® Notes: ~ ”Df(l B ”) 2‘_”
B H(f) and D(f) are evaluated continuously. .-‘13 D (1-mn)42
B D(f) trend indicates "power-law" behavior. [7 i D51 ]

4 &R a4 B Rk 425~ BB (Blasingame, ATCE 2013)

F£48 BE 4T & (Phase Behavior) g2 AR L B 2L AR L OB E
# (Nano-scale) B BF 2 R B2 - F o9 AR £ B R KRB 5 A7or) e sb b Ry R e
B TR B FLIE K M & A& %4 4b - Zarragoicoecha and Kuz (2002, 2004) % 3, » & 7
FUME KN AR, 89 49 4] (Suppression) » #4445 43 7 B2 &4 B8 70 B & 4 1 #% - Pedersen
etal, (1989) i £ LA EM el B & R ARBGILRER T H e BB %
b » & 2 7R %5 34 761 25 (Bubble Point Pressure) & $4 {8 5 L4 85 /) M 5 B 3 41 (4
) T AR R P R EAF(RAEE) S E TSN (B 6 A7) BRIR T
ARG R TR A A RE GYRAEZ b LR KD TR REBER F - F] o KA A
1R %09 iR AT PG AR IEF RSB FI(REER B A R4 B 2 56y & EUF R
# £.8%) - Blasingame 7r32 2| B AT 5t THEPT B EG AT IR K 9B A 52 5 R B B A}
EERE o NI R(FI A BT EREMN - RARBRARE B EAL
MATRRE) BRTABESHETRRBOBRA I RAFRZAETHEE
ATEREE o A R R dh SR AT SPGB AR 55 1847 B — STAT 0936 7 vk » BASFRE A M7
ERE R BB B AT BT &K F A P AAE B X R4 F 2 10,000

% 100,000 12 ey HAE 1 4 A R &AL B AE AR SR 0O IRBTIRAE -



«— Each green line is xX10 SMALLER scale.
T T TTTI T TTTm T TTTTm T T TTTTI T TTTTIm

T TTTIT T TTTTI

ooticalimicroscope
et microscops

small-angla naul

__ |rereury injoction
oin i 1

&  medium sgnd
4 Tno sand

wiary fing sand
farss ait

s Lance Fm., Girppn River Bsin

Frn., P
Fm., East Tax
T AT

L 1 11

1071

Driamater, width, or size (pm)

1 mm
DB~ BUER E LR & 09FLE 4 (Nelson, 2009)

8000 - T
e T
38 el w====No Confinement
\“\.\ \\\ = = =Confined (2 nm)
™ \\\ “““ Confined (4 nm)
6000 I X = = =Confined (5 nm) | |
__—-_\ \\\ \\
\\\ \
\
i \
g_ \\ \\
- ‘\‘ \
£ 4000 ‘\
Z b
A
] <
R
e X
S *‘ - LN
- ~ v
~ )
N| S |
N Ry
2000 < Yy
\ \ |'
'
% gl
‘ II I
I l’ /
i _,;'/’
0 = il
0 150 300 450 600 750
Temperature (degF)

6 BR&E M AMATR R FLEE IR EIZ L E (Pedersen et al, 1989)



John Patterson ¢4 ;%3 £ 248 4 ()A A T4 TrEkL, o1 TE 435 %
Wik 2B UHHEBBEREEE? QFNBRETRELSE KWL EAN
(Construct well properly?) (3) £ # &93% 3t & % i# & (Produce well properly?) % £
Ao BN BEREBKRFHEETHIEFTRR  —FXBER W EMEP) &Y
25% - #¢ — B A& E T 42 £F &9 4 /£ John Patterson =% 2|4, R 4018 & F AEE 2| FARA Y
EE A2 RFFT L FE B AT Rk & gu(Artificial Lift)ze & &9 & Z (o) B H - 5 4+
WA E B PRI H ARG ERFHGRRORE)EHR » £7K#4T Inflow
Performance %-#7 » B sk & ik 3 B7 5 8 4k 58 = & 7 /U8 (Gas lift) - slugging s E &
MENAT By > A2 F AR AR RS 500 25 (psi) B - b & SRR A AR BHiE - 52
FHRAEREABEO DA ESEEA 28 ATD 8RR - REIFERTUE
B RA T ARG E B AR o M B — MBS H PR AR A B &Y P RE ST K H s ey A AR
E toe-up & & F toe-down #A4+ 2°) ¥ 4 & FEARGEEANBE - TR L F AW
R TR R F A B Rk RUE B 69 FFAK o 7T LATAEA &9 T # 7 toe-up » A
TR 4 Bk & A # Kick up point &)/ £ (easy to get liquid from the tip) ; i #7812
toe-down » #47 ¥T A& A #4% T &9 & & (better gas separation) #2 % % 75 7 (easy to get

the well clean up) - 12 $} 7 & # # & (Ultimately recovery) &y 8 %4 B 3T/ 4 A 2 & -

George King # 73 2] &A1 £ & 092 2 R P BB 5 0 do A RIEHR
R FeRED  FELRMBAFTEREOR>AGAHFT BELET K
it 0 THEE A AR EE1K8938 % - George King FR4Z 2R K& R » ¥744
A BRRORFLBE EREREKERAANTREREGLEZELETR
B o HN A A BRI R AR K G RR o B b % AT #A 69 AR
R 7T & %44 o Joe Cardenas x R4+ ¥IRILPBE I 0 - RB|T— O H B L
& & IR P e BRE o AL AR B 6 o i 5] L JARE A E S A B 3RIL G LR BT 4T 3R
i - Joe Cardenas #2 ] XTO /» 3] & Fort Worth, Texas 47 % — & #(2005 )5 » £

% Fort Worth [ &9 — B35 L &3 - 2 4% 300 R 24h 100 fEEF - M



FrA SMEETHE T T AR ER - Bibfsd@m b o 407428 § REAR%R
THEEERT RGP MARET » LBWHEREN LR S %E BRI T4
974 % o Lwanga Yonke 22| EH B E R 0 B AMBROEHNTEL—EE
Z R (Constant Risk) » £ ZHEZRGARNE - BINEMNETEEIR—m ¥
BHEIFF RO ITAE > DhoH R — FA218 1000 o 8% H 8 2 a9 3R - LA
FEF LA EATEN D E G0 A L E 0 AT B AR E# A A - Lwanga

Yonke Rt iy T HHEE ) M T EHEBER M-



(BESE & T

44 ATCE 20133t 25 2 3728 3 X > 42 8 /R F] 84 X 88 - s 5218 section o KdR 4%
R A PSERR T @ETERRE - 2(1)8 5 A E RS 7 XL E(SPE
166365) » (2) 7 # & 1£ 1t & 32 (SPE 164807) » (3) % M4 2244t (SPE 166439) >

(4)LSW i 7.3% # (SPE166435) - #2(5)Surfactant Flooding (SPE166129) -

1. SPE 166365
Title: Comparison of Decline Curve Analysis Methods with Analytical Models in
Unconventional Plays
Authors: Marie Meyet, Riteja Dutta, Chris Burns, Baker Hughes

Objective :
BEBXAEINER BATE R R R 45 (DCA) X #ATIEE 4k 2. (B £
) BB ETIHEHORELNE  REMARIT BB ELRGEE o

Given :
Eagle Ford &4 /2 B & & 4 #4732 Orangi(2011), Agboada(2013) » # % &

A7 Burleson County, Griddings Area(E 7 #1E 8) -

Eagle Ford Shale Play,"
Western Guif Basin,
z South Texas -«

‘ Burleson

County,
Giddings Area

Fage Fare s g Wk 450
v o

+ o
sl Eage Pore Peiswen Woces | Peicaist. £50 08
=
Ll
Ory Gas
e T e 30 e Bt Bereen re FPev e |
TG TS W TR A T O

I 1ot 700 T e s A Dk s (TS
P b e

Flewe 3: Eagle Ford shale play (epsev nfornnanon adminisuation)

7 : B3 & 48 B 4 B B (SPE 166365)
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Play Fluid Well C—eogrla[:]n'rﬁl COR :!?mducﬁon Imitial Well
' Type Ceometry Limit History (mths) Count
Bamst Gas Vertical Denton County A =6 453
Bamen Gas Horizona] Denron Counry A =8 162
Bakken 02/ Gas* Horizonta] Moumnrail County 1000 sciobl =35 501
P—"e‘i;l;(]lm Gas Verrical Suislens County HiA =12 M
PM;’;?M Gas Horizanza] Suiblens County HiA =12 143

*Rakien wells in HPD [isted as ofl and gas wells. 4 GOR cut-off ennred that only wells primarily producing ol are included
B 8 : &1 % B KA # B k4% #L(SPE 166365)
To Do :
A Bk =4a(w B 9 A75w) 0 g A Exponential; Hyperbolic;
Modified hyperbolic; Power Law; Duong; Modified Duong; Logistic Growth

Model 7 4 & F a3 R Bl th 4T & R > R A EA A Apr i At B & R £

E o

Z)

Results :

R IAT 0 NPT A 8 H48 A Power Law #2 modified Dung’s 3#4& % ik i 4T
EURuTE AR 9% E > B a kAL ZENRE R LW DCA Y
R B RY B W ERMESM TR LAEENRYNAEETHE
B0 A2 T 0 4& A Logistic Growth Model =T 4 & /5 22 Bl R 9 & £ » B
sbb AR B 15 IE S 8U(K) F fE RAFE— R o AU ARAT AR RN a3t B R B E R
o EETARATZRNIERA T EA ST HE B S B ERA M

184 % B % o) Bk B ATERE -

11



Barnett - Vertical wells

1200
1000
§ 800
=
£
©
'z 600 A Group 3
-E B Group 2
E #Group 1
3 400
200 -
I [ \
0 : .
0 10 20 30 40 50 60 70 80
Sqrt. Time

9 B R EEN E A A AL » A E (SPE 166365)

Barnett Horizontal High, Mid, Low

3
W Hyperbolic
® Modified Hyperbolic
2 .
e ® Duong (ge= = 0)
a B LGM (without constraint)
<
2 | Power Law
1 .
» Modified Duong (qe= = 0)
M Exponential
0 -
High Case Mid Case Low Case
Barnett Horizontal Shale Gas Pinedale Horizontal Tight Gas
3 u Hyperbolic 7 m Hyperbolic
m Modified Hyperbolic 6 m Modified
® Duong (ge==0) 5 = Duong (qe==0)
W Logistic Growth Model § " W Logistic Growth Model
Power Law §3 | Power Law
= Modified Duong (q=<0) | = ) = Modified Duong (== = 0)
= Exponential m Exponential
2
0
Barnett Horizontal Shale Gas Pinedale Horizontal Tight Gas

10 : R B 545 F ik 3+ EEUR#Y 4 £ (SPE 166365)

12




100 7:’4‘?&"’:&0‘1 a00ce. 7&":5” d Du
==  Cogitic Gri hidda 4 years production history | st crowtrwodel
2 years production history — Exponential — Exponential
600 ‘—;werboir. i — Hyperbolic
~——Modified Hyperbolic ~——Modified Hyperbolic
Power Law Power Law
§ ® Historical data 3 — .
- — | . = e
] ]
10 10
1 > }
o 2000 4000 6000 8000 10000 0 2000 4000 6000 8000 10000
Time (Days) Time (Days)
10000 10000 =
—Duong [~ Duong
6 years production history [ttt 8 years production history ‘i e s
1000 —— Exponential 1000 | — Exponential
= Hyperbolic | ==Hyperbolic
s —M?:mm Hyperbolic | § | — Modfied Hyperbolic  |_
P r E Power Law | ol
g 100 . uﬁv:m'frm. 2 100 ®_Historical data =
H E —
10 10
1 1
o 2000 4000 6000 8000 10000 o 2000 4000 6000 8000 10000
Time (Days) Time (Days)
10000
——Duong
——Modified Duong
——Logistic Growth Model
~——Exponential
——Hyperbolic
E ——Modified Hyperbolic |
3 Power Law F
£ ® Historical data
&
10
1
o 2000 4000 6000 8000 10000
Time (Days)
Barnett - Horizontal Wells (Mid)
1.8
1.4 “——
.———.—-—____.___. e EXP
1.2
—
k] )_.——‘—0 il HY P
a 1
= / g MODHYP
£ 0.8
] PLE
0.6
—= Duong (ginf= 0)
0.4
0.2 === *Modified Duong (qginf = 0)
0 ==fl= | GM (without constraint)
T T T 1

2 4 6 8
Length of production history (years)

11 2 RE o#7 7 ikt HEURME Bk 5 JR 6 8=k B 2 #7 (SPE 166365)
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2. SPE 164807
Title: Hydrocarbon Production and Microseismic Monitoring - Treatment
Optimization in the Marcellus Shale
Authors: Carl W. Neuhaus, Cherie Telker and Mary Ellison, MicroSeismic, Inc.,
Keith Blair, Gastar Exploration, Ltd.

Objective :

3B 3 R A Bk 2 14 48 2% (Discrete Fracture Network, DFN) 4 &-4% & & 4+
NIRRT o Fler bR A A BEBEARRTHGESZT » HRR
by 3 AR B R AR AL SR -

Given :
Marcellus Shale g9 < ~ AT ER - BRAEHMYT > (EER B TR

HH B A EE AR 12) -

To Do :
DMEER RS ARABERERERET R AR o BiEd b Al g
5 A BEATRORE 54 64 (1) +- 30%:5 8 0 (2) +/- 30% & A1 > (3) +/- 30%

ERENBHGENLE) (B)+H-20% REBEE  1G)FL B % -

Results :

BRERZZHHEE Ao B 13T - REEWEARZREARE  REBAEH
BREARFRREBFHMEEH - MBRESTERBTHWRE ~ £k
AN A FILEB T A B R IR B AR RERENBR
TR M BAGERTESE TR - BibiFE R ERBEARREEN
REEERD —BRHEB TEUBMBOY ZHRAED MG R E ST ER-

14



@ ctoge!
@ uoge2
@ toged
O ogea
Q@ soges
@ stoges
@ stoge?
@ cioges
@ soge?
@ stegere
@® sogen
@ ‘togeiz
@ ‘stoge il
@ stogets
@ ogels
@ Hoge 4
@ sogel?
@ ‘tlegers
@ ctogels

—— —~— p—
—
v ™

feateres are visibhe i the dista and Mustrated by Snes with respective color and orieatation. e

B 12 : A# % (Marcellus Case Study) st /& & 7 7 f $14% & &k A B
& T a

(SPE 164807)

13 R R A% 0y K 5 A B (SPE 164807)
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14 RERABRHTHEBRIAE - & LM T A1) +H-30%4EE » (2) +-30%

FHFHCEANE) > (3) +-20% RE LKA » #(4) % 7L B (SPE 164807)
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3. SPE 166439
Title: Modeling Water Flow in Hydraulically-Fractured Shale Wells
Authors: Wojciech J. Jurus, Curtis Hays Whitson and Michael Golan, NTNU

Objective :
BERAXEZAGFHARENABAERI GG ERA SR T RBARELHA ET
FEAE AR

Given -

7 ¥ ¥ 5¢(Coats Engineering 2013)

To Do :
R BEHRA(E 15) X EWBRAUBHLEZTNPE - HH LB
AR B R~ R R AL A% G w5 1] (Shut-in Period) #1247 44 2 7K fi o B AT SR EE

o

Results :

1. @nRAENILR D 2@BAK HHRRANABEHFGLE F -
HrEREe AL P E(E 16) - RS RBTHN R AR E
ERAMEDE(E 17) -

2. Effect of Water Injection Rate: 18 % %% F 846 & (Mmmin) $17& H R 2%
ENEGMARE o BTREFENRAE Q3 e 0 IR BRI B R TR T3 e
B o )BT 4 84 K As e (Mobility Water, ASw=1-Swc-Sgc) &4
Yo REETERFREESREMBANA LA AAE QFREIE o

3. Effect of Capillary Force : & & #5449 = W & 15 £ 4a B 77 6938 fho o [EAK(B
19) ; £4m R J 09 AL TR 3 iRk B K g Fe B 5 A R B (B 20) -

4. Effect of Negative Pc : £ h ) F £ (PCOO)RAREAEEIANNE S
JE o JR38 ik B R i A\ M B & (increase water leak-off into the

formation) - 2% £ /B h<0 > #HNREABGFTGALAFBRELE -
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Effect of Post-Fracturing Shut-in : & R & 3244 6413 G Rl A K > R R A
M EEAK(E 21) RN EREEAABERE(E 22)-

Wb G KA T B S R R A KA 0 R R AR Y i E BAR(E 23) ©
R RAL e R B M N R i AR R A B 46 o KA e o A R B

BE BRERAABEORAORE S EHNADREHNBERK -

. - |
I
| Horizonatal

| | | | | | | | ™ Wellbore
I
I

I
Top view / \ \
Full Model

X Planar Simulated
Fracture Segment

B 15: Fm@t A & (SPE 166439)

Boundary

Total Water Recovery, %
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B 16 : £ & A 8109k 2R 5w ik & 6 B 14 B (SPE 166439)
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17 @ 2w B 71 1082 R 5 & % o) B 1% B (SPE 166439)
14
1.3
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1.1
0.a
0.8
07 ' Water volume injected per fracture: 4000 STB
Max Injection BHP: 8000 psia
0.6
k] 10 16 20 25 30 35 40

Water Injection Rate per Fracture, STB/min

18 @ BiE R AL B (Mmmin) ¥R 2R 3205 & 04 B 14 Bl (SPE 166439)
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1 I
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w
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21 1 R R R IR A% 6915 18 o R 8L R TR = i 2 09 B 44 B (SPE 166439)
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22 1 iR R 3R A% o947 G R R R AR B &) ] 15 1B (SPE 166439)
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4. SPE 166435
Title: Visual Investigation of Oil Recovery by Low Salinity Water Injection:
Formation of Water Micro-Dispersions and Wettability Alteration
Authors: Alireza Emadi and Mehran Sohrabi, Centre for Enhanced Oil Recovery
and CO2 Solutions, Institute of Petroleum Engineering, Heriot-Watt University

Objective :

LSW(Low Salinity Waterflood) & —#& #1645k f38 E Fik > B ECAH R

F B S 53X R o 691 F (%5140 SPE 166447 » SPE166523 4 A8 b3 X394 &
AR ) o EE WX b A A (Micromodel) 8y B Bk B B8 K E B

44 B8 7k (Low Salinity Water) $i2 & i H: 45 5 2K i b9 48 AR > Fofi ] 69 2K A8 5

BRB] ho ] 20 42 T R AR Ao IR S R e B o

Given :
2 FE 3k 3B A E v R A A (Micromodel) 4o [ 25 Af o 0 814 Rock-look-alike (£)

B Micromodels (%) - £ ¥ & &3 B IR A ©

25 : s A &7 [E (a) and rock-look-alike (b) micromodels (SPE

166435)

To Do :
33,28 5 180 HE X (B 26) » H + Testl~3 4& A Micromodels » Test4~5 {# A

Rock-look-alike -
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Test# | Experiment Description Wettability | Aqueous Phase and Procedure
1 Waterflood using high salinity connate and flood water | Water-Wet | Connate Water: High Salinity NaCl brine

1st Waterflood: High Salinity NaCl brine
2 Waterflood using low salinity connate and flood water | Water-Wet | Connate Water: Low Salinity NaCl brine
1st Waterflood: Low Salinity NaCl brine
3 Low Salinity Waterflood in Tertiary Mode: Water-Wet | Connate Water: Low Salinity NaCl brine
Water-Wet System 1st Waterflood: High Salinity NaCl brine
2nd Waterflood: Low Salinity NaCl brine
4 Reversibility in Water-Wet System Water-Wet | Connate Water: Blue Dyed High Salinity NaCl/CaCl2 brine

1st Waterflood: Blue Dyed High Salinity NaCl/CaCl2 brine
2nd Waterflood: Low Salimty NaCl/CaCl2 brine
3rd Waterflood: Blue Dyed High Salmity NaCl/CaCl2 brine
5 Low Salimty Waterflood in Tertiary Mode: Mixed-Wet | Connate Water: High Saliity NaCl/CaCl2 brme
Mixed-Wet System 1st Waterflood: High Salinity NaCl/CaC12 brine
2nd Waterflood: Low Salimty NaCl/CaCl2 brine

26 : List of micromodel experiments (SPE 166435)

Results :
BETROERYBETEELERBENERARGEETTELE LA
Fi (water micro-dispersions) » & 4 #4 ]~ &4 7k 2k (Small Droplet) 3t % r% 28 &, 84 441
(%K) 28 P71~ - ERTFBA TSR AFRAFEYFRMBR  BEERE
ER(REWNIF ) ERBEIANZBENE KM AR XA R RE R
KRR T - BRE & @EMERTRE B B e 09K A KRIBIR BRI
8 B3R F A AT e A (B 29) o B B X Z AR A AR AT — SL R 46 R AL
PEAY FUIR 2 S R ALK GG FLIE - A BO AT IV HE A SN TMEAF R i A A5 B 4L

F A E B R = o

A —ABF BRI R ey A AR R P BRA ey KR (B 31)  HEAA
B AT ARE E B KT HEBRE Y (B 310)WAsivay kA8 28l - ARk
R IR AR LS B R AR ARG R o B Rk el & o

-—

Low Salinity Water

B 27 : B R A KB 5 /KR &8y X Z4F A (water micro-dispersions) e
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UONIAIIC] MO

2835 3 BY R BE A 45 £ - (@) £ L oil flood: (b)# _E high salinity brine flood -
(c)£F early times of low salinity brine flood > (d) £ F extend period of low salinity
brine flood - & & E L AR T RAG H @ > L EATAN L B B0 A X A

Flas A dL R#p e & - (SPE 166435)

Reverse Micelles Maonomers
[W/O Micro-Emulsions)

Adsorbed Film

Water

29 : KA P & e B (adsorbed film) - % #%(monomer) - B 2% (micelle)# W/O
4 AN 544 % ] (micro-dispersions) s & & (SPE 166435)
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LowsSalininy Brine

Rock Surface Rock Surface

30:#E B A BERBQ)FHHRABIKREEY E@ETOABICEHEO)ERBE
#7#5 8 04 5T & B (SPE 166435)

Coelescence of Water | |
Micro-Dispersion 4

DTN AP EATS
Formation of Water  [{-5

Micro-Dispersion

31 F A BSBR R i K 3 o JR Jd B i 8 5T % B (SPE 166435)
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5. SPE 166447
Title: Modeling Low Salinity Waterflooding: lon Exchange, Geochemistry and
Wettability Alteration
Authors: Cuong .T.Q. Dang, University of Calgary, Long .X. Nghiem, Computer
Modeling Group Ltd., Zhangxin Chen, University of Calgary, Quoc .P. Nguyen,
The University of Texas at Austin

Objective :
I LR LSW 69388 - f dh B AT 9 BUE M X > B 8T 34 RIS
RIE ~ 5% o ~ A8 ~ EOS a4 75 42 X AT BB B IR RIBRRIE » 5o

TEARIDUER 0 BEF R IR Fe R G R h RS e M 1A o

Given :

RATHIE ST HETIRER -

1. core-flood experiments reported by Fjelde et al. (2012)
2. core-flood experiments by Rivet (2009)

3. USGS B % o) w3k 1L 22 k32 PHREEQC (lon-exchange Model)

To Do :
AATE AN LSW 3 AR X > BRI 50T HERE R BTHRE o
[ B 75 2L USGS P %5 64 33k 16 £ k8% PHREEQC(lon-exchange Model) 5] 5 &

TR -

Low salinity Bring i
—_— and/for Connate Water .
High Salinity Brine

32 1 LSW #i# St A2 (SPE 166447)

Results :
HXELUBACEM™) R T EBi A 4 BANTRABMMYEREZI > 5
INTRAE R 2R g B A (DH )3 An ey 851% » B Y BE TR EIRAR > BRI R
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DA R R KTE N KB AR e BB o

% 1: LSW 33,4385 % 15](SPE 166447)

Author Beservoir Injected Brine Formation | Incremental Oil Recovery
N (ppm) Damage (%)
Webb Sandstone 3,000/ 220,000 No 20% -50%
(2004)
McGuire Sandstone 150-1,300 /13,000 No 13%
(2005) =Alaska North Slope=
Sandstone
Bobertson West Semlek Reservorr= 10,000/ 60, (e Eecovery tends to decrease
(2007) =North Semlek Beservoir= 3,304/42 000 No as the salinity ratio increases.
=Moran Reservoir= 7.948/128.000
Lager Sandstone 10%
(2008) =Alaskan Ol Field= 2.600/ 16,640 No
Veledder Sandstone 10% - 15%
(2010) =<Cmar Oil Field= 2,200/ 90,000 No
=Isa Oil Field=
Seccombe Sandstone No 13%
(2010) =Endicot Ol Field= 12,000/ —
Skrettingland Sandstone
(2010) =Snorre 01l Field 300/50,000 No No sigmificant change.

& 20 BABEAE R 6948 ] 220 (SPE 166447)

Parameter Value for Base Case
Grid blocks system 20x1x1
Grid block sizes Ax=366m, \v=3048m,  \z=1524m
Horizontal pernubilities 2000 mD
Vertical permeabilities 2000 mD
Porosity 0.99
Ton exchange 1

2

Ca* +Na_X<—>%Ca_X1+Na'

CEC

50

Selectivity coefficient

0.4 at 25°C (From Appelo, 1994)

% 3 LSW {& F #4872 £ (SPE 166447)

Na~ Ca™ cl
Injected Brine (mol/1) 0.01326 0.000148 0.01622
Connate Water (mol/l) 1326 0.148 1.622
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iz

—=Ca2+_GEM
<=Ca2+ PHREEQC
-B-Na+_GEM

-4 Na+_PHREEQC

Conceniration { mol/l)

04

Injected Pore Volume

33: GEM™ g1 PHREEQC itk ¥ Ca” 2 Na'& & 4 1L(SPE 166447)

02050 T T 0.8150

<
g
g
8
5

lonExch Equ Fraction{Ca-X2)
o (-]
3 2
g g
lonExch Equ Fraction (Na-X) (gmole)
o §
8
8
b

o
:
o
3
3

T T T
1990 1695 2000 2005 1990 1805 2000 2005
Time (Dats) Time (Date)

Feeeee e - lonEach Equ Fracton (Ca-X3) 5., — ——— = [onExch Eqv Fraction (Ca.X2) 10,11 F——== lonExsh Equ Froction (Na- Xy 5,11 ————— IenExch Eqv Fracton [Na-X) 10,11
e v e e = wlonExch Eqv Fracton (Ca-X2): 15,11 lonEach Eqv Fraction (Ca-X2)y 20.1.1 bt lenExch Eqv Fraction (Na-XI 13.1.1 lonExeh Eqv Fracten (Na-X) 2011

Ca-X, Na-X

34 1 @i Ca’ ¥z Na' s & 4 16 (SPE 166447)

% 4 LSW {& F v 872 £ (SPE 166447)

Formation Water (FW) | Sea Water (SW) | Low Salinity Waterflooding (LSW)

(mol/l) (mol/l) (mol/l)

Na' 1.32622 0.45011 0.01326

Ca 0.14794 0.01299 0.00148

Mg 0.01746 0.04451 0.00018

ar 1.67773 0.52513 0.01661

SO~ 0.00089 0.02401 0.00001

K’ 0.00562 0.01006 0.00006
HCO 0.000118 - )
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Ca++ Effluent - GEM vs Experiment (Fjelde)

0.14 - = o s i i SRRV = s R e e

0.12
# Fjelde_Experiment

01 —GEM

0.08

0.06

Concentration (mol/I)

0.04

0.02

0 5 10 15 20 25 30 35

Injected Pore Volume

Ca++ Effluent - GEM vs Experiment (Fjelde)

0.16
‘
0.14

0.12
# Fjelde_Experiment

Gk —GEM

0.08 T

0.06

Concentration (mol/l)

0.04 s = ST e SERCNTE T A ST A e Rt

0.02

35

Injected Pore Volume

35 : tbix GEM™ g1 Fjelde et al. (2012) FBa ey Ca®' 2 B 441t > T B AR &

& & BT X 364 & R (SPE 166447)
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85

7.5

pH

4+ Fjelde_Experiment
—GEM

0 5 10 15 20 25 30 35

Injected Pore Volume

36 : tbix GEM™ 2 Fjelde et al. (2012) % 5% ) B i & 4% 1t (SPE 166447)

Oil Saturation - GEM vs Experiment (Fjede)

0.7

1t + Fjelde_Experiment
—GEM

0.5

Qil Saturation

0.3

0.2

Q 5 10 15 20 25 30 35

Injected Pore Volume
37 : thx GEM™ g Fielde et al. (2012) % 5 /& # 1 4 % 421t (SPE 166447)
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6. SPE 166523
Title: A Novel Mechanistic Approach for Modeling Low Salinity Water Injection
Authors: Aboulghasem Kazemi Nia Korrani, Kamy Sepehrnoori, Mojdeh Delshad,
The University of Texas at Austin

Objective -

SR TRIE S LSW 893548 - 1F530 A LSW B e 4] £ B oy S B2 8T
(lons) > 4o 38 Fisw o B b4 3 & 4 F A2 R &9 % K (Hard Coupling) & #: i
% IPhreeqc  (USGS P4 &9 33RIL 24 X > B AT SRR 4642 X 45) 8L UT

Austin B 47 E 2500 2 Bt 382 UTCHEM 47404 5 38 35 A # A Soft

Coupling &4 PHREEQC & 77 X # 4 S H 0 R « k1% 54 1 60 S0 21 1 2
B -

% _5
: < 2 &
After LoSal injection #ep, o
o,
‘ a0y
Tery
wect "".)ﬂ
& 2
g =
a) Schematic of a grain belore b) Schematic of a grain after LoSal:
L.oSal: carboxylic acids have heen carboxylic acids have heen released
connected to the grains, which from the grains, hence, the rock will

makes the rock to be oil-wet, be water-wet

38 1 LSW R 1% & & #a4 4 1bor & B (SPE 166523)

39 K& P & 4T & B (SPE 166523)
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Given :
1. IPhreeqc : USGS B a3 3RIL 2 X > B AT LR R 4642 X4 o
2. PHREEQC : USGS B2 th b3k AL 24 K, o

3. UTCHEM : UT Austin B 4T B 25 64 i & A % 2k 88 -

ToDo :

Y542 X A $:3% 45 IPhreeqc 2 UTCHEM » 3t 3% 3t 3 4#& Case Study #] F
PHREEQC #478x3% - Case 1 A ¥ 4h4t¥ Na,Ca, Cl ¥1 S £ 4 &4 » 4T
#4k o Case 2&3 R e % J& 8 fE & F - Case 2&3 ¢y £ B a7 B fvén 2 Fl o915
BT LA B R JE AT AR -

4% 5 Case Study 1 4% A & 87 /% (SPE 166523)

Cinitait Conjected
Element (moll) (m‘; D
Na 0.1 0.56
Ca 0.02 0.044
Cl1 0.1 0.1
5 0.00654 0.0867

#% 6 : Case Study2 &3 ¥ {& A &) #-F /& 5 (SPE 166523)

Cppiai Cini
Element {mll‘ﬁ'} (ul;j;ﬁﬁ
Ca 0.044 0.02
Mg 02 0.
Na 0.56 01
K 0.089 0.03
Ba 0.24 024
1 01 01
C 0.003 0.003
S 0.0867 0.0654

Results :
1% X EE ey #2 B 92 Case Study ey a4 4o B 40 $218 41 prow - £
IPhreeqc-UTCHEM $2 PHREEQC #4st k& b Ba ' 8 T B ey 81k & 278

5~ R 4769 Matching » 4o |8 42 FroT ©

33



Read IPhreeqc's output

[}
]
I‘ from the computer memory

1
i1
1

l( Run IPhreaqe using the !
i ;

just created input
1

L
i Accumulate IPhresqc input
{ Inthe computer memory

[ Update reservain rock

1

[ Stop ] IStarlinzsimulatiunatl ]

Solving the energy
balance equation

Me
and fluld properties v

¥

I‘

Relative perms

—,
S
Cai

Find saturations

Solve pressure implicitly ]

!

Find eoncentrations
axplicitly

1

40 : ¥ X 3E B )% 42 B (SPE 166523)

41 : LSW it Hk— 4 A (SPE 166523)

0.025

0.02

0.015

0.01

0.005

Ba Concentration (meq./ml)

m=  UTCHEM-IPhreeqc-Npe=125
* PHREEQC-Npe=115

A nalytical-Npe=125

== = UTCHEM-IPhreeqc-Npe=500

s PHREEQC-Npe=501)

o A\ nalytical-Npe=500

0 0.2

0.4

0.6

03 1 1.2 14
PV

42 : Ba™ B iR 0y %4k (SPE 166523)
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Bl 8535 &y IPhreeqc-UTCHEM # X st i K ite ~ ey imeE R -

T
i
o) — 1
8 50 e nlution 3
f' s G |ubion ¥
F 40 - Halurion 4
g i
g a0
10 A
1]
[ 0.5 1 1.5 2

MY

B 44 : LSW i HF & i =1 i & o 47 (SPE 166523)

LIk

== =lailial waler relaisrs prrossbilicy
07 L = = miliad ol rebalive permabiling
] s Al el ey rebalie e mealllily
0.6 A Adeere il el g s

0.8
04
L]
.l A

Boelntive permeshiliny

Water satwration

45 : IPhreeqc-UTCHEM 4 #t 4% FA 48 % /% i % dh 42 (SPE 166523)
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Kr series

00 F==1
0.8 '
07}
0.6}
0.5}
04}
0.3t
0.2 |
01}

Relative Permeabsility

High Salinity
Waterflooding

T T
— et
= = =water—aat

F Low Salinity

Waterflooding

46 © LSW i ¥ 48 ¥ % 1% % dh 4 % 1t 89 7= & B (SPE 166523)

Ca™ concentration in the aqueous phase (meq/ml).

. w ) n

(2)
CI concentration in the aqueous phaze (meq ml).

(e)

47 : IPhreeqc-UTCHEM #i4% /K78 % F 8 F 4 1L £ Bf ki 8 4% 16 (SPE 166523)

Mg ? concentration in the aqueouns phase (meq/ml).

()
of the aqueous phase.

()

S04 concentration in the aqueous phase (meq/ml).




7. SPE 166129
Title: Visualization and Analysis of Surfactant Imbibition into Oil-Wet Fractured
Cores
Authors: Mohammad Mirzaei, David A. DiCarlo, Gary A. Pope, The University of
Texas at Austin

Objective :
EdTHh7EH R AE AT A ®EMEE (Surfactant) £ 2 FRIBIE T AR

T N e AR o

Given :
Estailedes limestone » &% R <F4o F £ A7 o %35 £ 4 250mD » LA % A 0.25 -
S 7E P 64 R 2 0.33% dodecyl benzene sulfonate > 0.34 wt%

TDA-13PO-sulfate > 0.33 wt% of C24-25P0O-18EO carboxylate & 3. /& 7K -

ToDo :

S A A & K 2L 0.9 ml/min &30 &P HE 0 EH %) 99%e4 water cut » B A &
& &M A LA 0.01ml/min &34 3 (4 L44ft/day ;£ AN Z 2 82 0.1ft/day E AN &
R)PHE 4R BRBE T AEE R BREE K > RibEAGEEE N
B fa B AL -

& T B EN R+ EA &E MR 4R E(SPE 166129)

Test number Diameter fcm) Height (em)
Test 1 5.08 14
Test 2 5.08 14
Test 3 5.08 26
Test4 254 14
Test 5 254 28

Tonic species | concentrationppm)

Ca™” 271

Mg~ 241

Cr 5787

SO~ 87

Na” 3026

TDS 0412
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Results :

Bl 48 AFIA R @EHETHOLER - AN RBEEABRZNEEE > BT
DS RAZREHE T AR L H R L 690 o EH R R B 5 & & (Testl
&Test3)dLA| A A BMILB AR AHLERFHORFNPE(R 49 #1115
50) > 4 RBTL@BHYRAZALESRERELRRIL ° B dn Ltk A
89 75 & 7T LA T O SLAR) ) B B A ATIRE 0 B SbAE R 4R AR R 49 & R R B R
FRX 4 BRREBKG TR 3 SRETBRMAEOIHME > B 52 FiF o

AA
t, = ¢Hpgt ﬁ*ifh 3

—)t I K 4

D
oH H 7D
————

AR
L"-{_. 7 o g
oy Eal g
L | R iy
5] | «?‘l: v
Vo Al |
'-~' ¥ S
P | R
.
2 w7
i -
AR | e 1’:"?
ey | P Al
VAR S 507
N PR A
2 W d
gy | A=t
|
Rt %
"-‘ \ .521
S | M ™
SIS s e
[ty Pt g 4
“ y ~
'y N -‘r;.
2 | e N
A | b |
A b L
W Ry “‘k
I | BE N
A [y 8222
T2 %0 | Lt
sl SR
AlRS
AN N
NG ,’; T
i |
(%) - =y -
ol | Rt

B 48: ERSETR syt &R B &30 AR 4z &35 & K(SPE 166129)
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BE)HICLE A LA LA EERE R 14
%R B % 26 4 (SPE 166129)
1 ; :
—17 hrs
~——42 hrs
—66 hrs |
e —116 hrs
‘ 158 hrs
| =230 hrs
06 305 hrs|
0.4
0.2}
0 0.2 0.4 0.6 0.8 1

Average water saturation

£ B A% A A ay4a #83% % (SPE 166129)
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8. SPE 166291
Title: Smart Gas Lift Valves Enhance Operational Efficiency of Offshore Wells
Authors: Zhiyue Xu, Bennett M. Richard, and James H. Kritzler, Baker Hughes

Objective :

1% %64 7 H F B3 d g% dummy valves 22 & 2 # live gas lift string > 12 2
B % 44 Smart Gas Lift Valves #] /A 8% R 3% & (Time-controlled

Disintegrable Plugs) ¥ 2 A% &4 38 2 %] & 84 > dummy valves » 3% & 2 B 1% 489
Gas Lift Valves(Dummy Valves) i1t w #6942 5 » S S8 F % - R A8y
Gas Lift Valve 4o TF B Ao » 3EE B 494§ & nanostructured composite

materials (NCM)4e [ 54 Ffs~ ©

Reverse flow check dart Disintegratable

53 . # R A&y Gas Lift Valve

54 T HER M E
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(C) surm ek
1. A Short meeting with Dr. Chen (KAPPA)—KURC
KAPPA% & b TAZ R B BA 45 2 8] » B AT H A9 A KAPPAX 3] 6 3k B 4 4a.
.35 Saphir(s3 85 7 o #47) ~ Topaze(4 £ 7 #7) ~ Rubis(2 %z & & 32 373444
) g Amethyste( 4 & H# & e o #7) % - KAPPA X 8] 720114 B 45 % s JF1%
%ok R B RSB 88 (KURC » Kappa Unconventional Resource Consortium)
BRIMA2MEAR B (SALNE) HEHRBESCLRBEZIFTLET R £
S IR A B R F R Z 50 A8 X AT BB R R R E 42
S8 BB REAASERY > BEASMETHARBNA-KS 8
MALB GRS > AERE R SRR RIS E - AR EZH4HA

N

HhANIAy 0 ARBIHREERIFERAETR - AL A E o E 55
Fiow o RESOMM PR TREH AL T LBERROER  TEA
BRERBRHEREERCSLESRABTRMYIAB AL A E
AT F W Aoy T8 B KRR A A D3R A Aot e (External Model) - B AT &9 T
Y & 25 2 (1) 24 B 254 40 64 B 3% (2)SRV Model gz (3) 4% & & #4(Microseismic)
BH% (B 56p75F) o AL EY B TAF B AT CAB AR 0 T3S (2013)
SRS 7 R JE A 2 K, 64 B 25 (KURC Application v5.01) 3 #2014 — A #&
PR G HRITRBRE Y T -

% SFNKAPPAX 3] A~ 4(2013) A, B 7 #2DeGolyer and MacNaughton (D&M)
o~ 3) 3 B B4R B g # ey 8L 4 (Citrine) > 45 31418 R 5 A 3046 1 4
ETRAREITES A Z S f o o BACitrine e & T B4 &
43 7% 42 /- #7 (Decline Curve Analysis) (B 57) @ # & %3t B (Probability

Plots) % 2 2-(& 58) » =T ¥ 3k & F @85 Bl th e A7 LR H 8h -
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Representation of individual fractures done yes
Representation of individual fractures done yes
Model water flowback done yes
k, Phi, and fracture pressure dependence done in Topaze NL Topaze NL v4.20
Complex natural fracture patterns done yes
Matrix-fissure flow connections done yes
Additional regime plots and analyses use of loglog lines + SRV bounded + trininear yes
Advanced time-rate analyses use of loglog lines + SRV bounded + trininear yes

Improved wellbore model

done in Topaze NL

Topaze NL v4.30

Shale Qil: 2-phase diffusion (BO)

done in Topaze NL

Topaze NL v4.30

New Material Balance methods

Material balance correction from pseudotime

yes

Multilateral fractured horizontal well

No

Generation 5

Tying microseismic data to fracture networks Started yes
Minimum reserves Started as statistical EUR yes

Add composite zones Partial - trilinear model implemented yes
Integrate pressure dependence in pseudopressure done yes
Composite zones crossing fracture planes done yes
Extend to multilayer formations No No
Fracture plane crossing multiple horizontal wells Started - Part of DFN project yes
Multiple porosity scales done yes
Multilateral fractured horizontal well No Generation 5
Extend to multilayer formations No No
Triple-porosity No No
3-phase behavior done in Topaze NL Topaze NL v4.30
Add material balance correction in the SRV done using pseudotime yes
Integrate Desorption in pseudopressure done yes

SRV bounded model done yes
Trilinear model done yes
4-line process in loglog plot done yes

Flexible lines

done for Generation 5 - Added to KURC

Generation 5

Flexible plots

done for Generation 5 - Added to KURC

Generation 5

Horizontal well with conjugate fractures

done

yes

Regression with experimental design

done for Generation 5 - Added to KURC

55 ¢ KURC:t &£ +F 4093 B

Parameters | Diffusion model | Improve |

Generation 5

Q 7 @ FH H i Frecture properies Microseismics

4 = 1]

]

aFiteng | T

Event size [N

Attribute None

Max

Base size

Event color S
Atrbute  Stage index
4 Filtering (v} D
Max 15
Min 1
ook [ I N

B

0\

)

56 : 4

<

oy

4 4 % & (KAPPA 2013)
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2. A Short meeting with Dr. Meng (iReservoir)—Reservoir Characterization
iReservoir 2 & i TA2 A > 5] » FRAMGE R A MR 45 81 0d B AR5
BYARIR - L F LI BHF LI RAN T E B EFRARBEEBRE - THY
EFLIBARABELWE > 5 % Hh3E(Petrophysics) » Z 4 E R T2 FH -
TAEFAz B 59P7 5% o Jonah Fieldis B3t & A6 > @AH A EHES

Ve84 7 35346 A 2 F(Infill Well) g =T 47 1 -

Reservoir

Lith°|93V & Fracture Fluids &
Structural Stratigraphic Facies Rock Network & Dynamic Models to

Framework Gridding Mapping Properties Stress Field Response $5S

B Dt W

WORKFLOW

59 © JEMR 4 693 & BUE R34 A2 (IReservoir, 2009)

Jonah Field4 # Wyoming &) Green River Basin» & %, & S 4 7 w18 5 H 7 @
35 P AR GO AT Hed o 3T & b 41 $H44E R [F) 44 & H(Section 12, 16, 20, 25)
B HEATRE R R AR MRS YL R A AL 4o B 60AF T o BB B
% 1/4section 16035 a4 (& &) » R SLE A£3000 2302142 R - o ey %
A8 (Facies)3y & & &« 91 % 8] B 4} 69 4 E (Core-to-log) - # & 547 B 4447
& Vshdh £z (Volume of Shale Curves) $1 % & #h 624§ & 1 5 s Mt » #0320 %
RGN G > WA ER e B R RSN  BRARGEERAR S
facies logs o # o & k) 854 B R FUIE % o R ) faciesay 4% £ (B 61) - B 62
BoaitE P &R ESfaciessy b £ & - B 28 G B F R THE
BEF > B—RATFHEEAHSHR > MEEBRYELERLYIOFBE
ko B gpX Afaciesta oy BRI 0 KA ZERRS B HET
B DBk BRAEA S G EE - B ibfaciessy B R Fo B LM
224

HbaWEkEigr s
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Section 12
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62 : 3t & T &5 % E 2 1 8 b5 (iReservoir, 2009)

63Lb k4% # A & 3 M 64939 1 3F(a) & 4 1 # (b) &4 Seismic-scale

Acoustic - Shear Impedances#zLog Scale Faciesfr 2 3z &4 i5 i@ (Channel) -

o B 63(a)(b)ey & REmm > 2(D)if R 4 —2k > ER W FREAREAD

FHI[ PN el B e E - BEM BRI A RANE T E &N ET

M o B 64%FLMEEFe B E F ot B 0 FLIE E A 8 E F fenon-payfi & 3%

RAZR(RE) BEMARBELLERZEZGHGRNE  LEBTR

% %0 RIALE M i -

63 : %= & #*E (iReservoir, 2009)
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/

Permeablllty (mD)

64 FUFR & (£ )85 3% % (&) » % B (iReservoir, 2009)
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3. A Short meeting with Dr. Grader (INGRAIN)—CT & shale&logging
INGRAINZ — Fi 2 % 432 (Rock physics) ey g Bl 3] » &3 # A 3DE142 5
W(EREANHILRE - BE R AHEBE R ETEE A% M 4H(Elastic
properties) ¥ & G M S BRE S AT EHBR]  BFELESTHMET R 7T
# (X-ray CT) 2 E 2 44 & rH(% £ € R)) 4t $HEagle Ford B 5 4T 547 » #h8h
facies 1 uAx B3 6938 %) - B 66 A Eagle Ford B & &g e B A B2 (12 A &
RIE ) H A 948 B BB o SAWell BA ] > B113 R 695 S AT E A
B & 7 4 9148 Bl AR B A B o) % B Rl i AT facies iU A% B - LL#H(B 67) -
ML R A 2R TRIREE SR THEOEIL LREKR
MEEBNGERLE) SHTBRLSHORTFHG - BLTREEHLR
FHREHMG > 2R WA (B 6841E 69) o FBELER R IR LA
#1 #& (Organic Matter Pores g Inter-particle Pores) ([ 70)» 78 =T & 4 & 5] 7L
oA e FLIR F 728 £ a9 B4 (8 71) - sAEagle Ford 4] - £ X 23L1%
7 #& & Organic Matter Pores » A # % %% & - mOrganic Matter Pores#z /b

A RETC LY T

Base of Eagle Ford contours

66 : Eagle Ford s # E #»# (Ingrain Inc, 2011)
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67 : Well B & % p 92 B F & #r ey faciessi i % & & tb ¥ (Ingrain Inc, 2011)
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Whole core bulk density and effective atomic number (Zeff) for
facies identification
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Effective Atomic number (Zeff)

69 : % K TRl R T $ 44 B 44 B (Ingrain Inc, 2011)

Shale Pore Types (after Loucks, et al, 2010)

Haynesville/Bossig
Shale

Pearsall Shale

Interparticle Intraparticle
pores pores

G From Loucks, et al, GCAGS, April 2010
Ro sics Labe

70 REFLBR A AL AR
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1. Organic Matter | 2. Organic Matter
Pores | Pores

' d F W WellA- DRP 5. Inter-particle
1 LA 4 Well B-DRP Pores

/’ ~=—Upper Bound

/ Lower Bound
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G AIN

ck Phys b

71 REJFURE oA ey FU IR 3 17835 & o B 4% B (Ingrain Inc, 2011)

. ‘ e -' 250 nm cube
\'\, LR - \ S ! . 1 million oil molecules
e ’ . &

non-porous 3 -\

Increasing maturity

72 : =4 R E) A # 8 A #& (Ingrain Inc, 2011)
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ATCE & % b TS5BS BRMemt e NEKZ  EFRSFETFHZ
RS RZABM A > TRAFEELAERTEERGRZE -

REHLEBAREEROBRERIHAFL B ALHE "R MERARERE
B RESHAE BT AR 20 ) 91 B AT R A AR SRR 2 T 64 B Bl — LSW 4T BRIk
& o FRFAAMGEE WX EZHANF RIS R ST > REMAFIZ 0T E
B~ 3o B AUR Kol ey B @ R 0 IR R AT R A~ B R AR B A5

BABBRRERR G H EHEGTITH  BEEREERGWSERD
18> A E —FBAEAFMEFTRRGERTE - RGN IR 8HR
AHERBREROTAS Bt TARZHAEEZCTRA RN E E(EET
A7) Z R BRAF P45 B AT 5 & & ow o
Tom Blasingame~ John Patterson ¥ George King #¢ T2 &4 A 42 %A Rk &
Z4% > kR T S @ Bk 04 P 284w 48 BE 4T & (Phase Behavior) &y 2t % » SRV T 455
BRR B~ KFHHAA A EE B A4 E B E - AT X (Artificial Lift)
MBS BREWEREBREHANTRERFABLIZELETRNBES
i b AR B AT T SAE A R R 7 @ b B AR
S.M. Currie 324t &) & F 82 8% Rl B 14 44 3% 4% & (Rate-Time Spread Sheet) ¥ .48
M EERRROBEX > TURAF L BELFE "TAABERRREE
HESPAE R | 48 A 0 1B) B Marie Meyet et al. (SPE 166365) &3 X bk #t
HERFRBR > T A E P RBIETERBTRHEN ST RIE -
& 2% Tom Blasingame 32 % B AT 89 BL 458 45 113 R R LAk B PR A BLI 7T AE 28 4 19
]% 18240 H T % % X (4o SPE 164807) sk B (iReservoir)# &y 25 E &
B BB E - B R R A AR ETRA TR RIR AR
B > BB T ME A KRR R @8 5 R
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7.

10.

INGRAIN 7 3] 3% &5 #7, % R [ 89 7L 4 » % 7 #& (Organic Matter Pores #1
Inter-particle Pores) > i — 5 A28 R B FLIR o A 09 FLIR F 7538 R e B4 > &
Tk B kR A5 4% Iy o 1A Eagle Ford % 4s) » 3 ¥ £ 7LFA A A& % Organic
Matter Pores » % #: % %% % o f Organic Matter Pores &0 &y & 5% > %% %
TS EBAR

91 KAPPA &1 Bl 45 64 JE 1% 40 2. B TR o7 #1 88 (KURCapp) ©48 72 A% > R R =T
BEBERATEREH P o B4 KAPPA 2 3] 4 4(2013) /. A 77 $2 DeGolyer and
MacNaughton (D&M) 2 3] 3£ 2] &1k B 25 #7 6 4 40 (Citrine) > 4% 31 413 B 2 7 &
BORE BRI A ETAR AT RS A E LB ool S RRGEN o HKE
%3t B (Probability Plots) 5 3 2 » =T ¥ 3 & 3 9185 R Bl 44 69 o7 L3R F 8h -
EHARBEAPPREBAITHRERTEAFROAGAB ZARF AT
B ZHER ARG AT  2h N RGRX S By o & @ik 0 ERD
BR A5  sgiB— IR BN A o 42 SPE BRI R T —RBA
TAREGREREOAENE(B b TRZT SR+ - mE ~ TRl > B9
A ETARE)  ERAR— BTN AR ABRET ST BEAT A%

T —BR R BAREBATAT B > THABATH RS F > bR A €4

@ o
#1 iReservoir &4 Dr. Meng 3% 2] % 414 89 & 4% X (Integrated Thinking Process)

holg 73> BB PFITRE T AELESHE CRC BT RBEMMHBEFHK > TE
bgsa P AR AR o B AT QERAER A ER G KRN TREA
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Integrated Approach to Reservoir Characterization

We teach your team
the value of this...

Beginning % End
of project Work progress of project

Common Sequential Approach to Reservoir Characterization

<:| ...instead of this

=Engineering

= Geological modeling

= Geophysics

= Petrophysics & Rock Physics

E
L
Gp
P
G =Geology & Geomechanics

Beginning T — End
of project o of project

73 ¢ B LA uy B 4 K (IReservoir)

B Bl

BTN KB4 TR e 0 B IEFRHT. Balsingame# 3% kg TRAL MM B K - 5
I 4% %) Bk #tS.M. Currieg & 2 £ Time-rate Spread Sheet - & 4/34& A sA & Z.T.

KarpyngiT. Ertekiné - JE 1% 40 A4 B3R % 2 Bl LS B 48 B 6938 -

Blasingame, T., "So We Frac'd the Well, Now What?" SPE ATCE
2013-Special Session, SPE Annual Technical Conference and
Exhibition held in New Orleans, Louisiana, USA, 30 September-2
October 2013.

Dang, C.T.Q., Nghiem, L.X., Chen, Z. and Nguyen, Q.P. "Modeling
Low Salinity Waterflooding: lon Exchange, Geochemistry and
Wettability Alteration”, SPE166447, SPE Annual Technical
Conference and Exhibition held in New Orleans, Louisiana, USA,

30 September—2 October 2013.
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Emadil, A. and Sohrabi, M. "Visual Investigation of Oil Recovery by
Low  Salinity  Water Injection: Formation of  Water
Micro-Dispersions and Wettability Alteration”, SPE166435, SPE
Annual Technical Conference and Exhibition held in New Orleans,
Louisiana, USA, 30 September—2 October 2013.

Jurus, W.J., Whitson, C.H. and Golan M. "Modeling Water Flow in
Hydraulically-Fractured Shale Wells", SPE166439, SPE Annual
Technical Conference and Exhibition held in New Orleans,
Louisiana, USA, 30 September—2 October 2013.

KAPPA Consortium on Unconventional Resources (Draft project
document) 7th February 2011 (www.kappaeng.com)

Korrani, A.K.N., Sepehrnoori, K. and Delshad, M. "A Novel
Mechanistic Approach for Modeling Low Salinity Water
Injection”, SPE166523, SPE Annual Technical Conference and
Exhibition held in New Orleans, Louisiana, USA, 30 September-2
October 2013.

Meyet, M., Dutta, R. and Burns, C. "Comparison of Decline Curve
Analysis Methods with Analytical Models in Unconventional
Plays", SPE166365, SPE Annual Technical Conference and
Exhibition held in New Orleans, Louisiana, USA, 30 September-2
October 2013.

Nelson, P.H. "Pore-throat Sizes in Sandstones, Tight Sandstones, and
Shales,” AAPG Bulletin, v. 93, no. 3 (March 2009).

Neuhaus, C.W., Telker C., Ellison, M. and Blair, K. "Hydrocarbon
Production and Microseismic Monitoring-Treatment Optimization
in the Marcellus Shale", SPE164807, SPE Annual Technical
Conference and Exhibition held in New Orleans, Louisiana, USA,

30 September—2 October 2013.
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Mirzaei, M., DiCarlo, D.A. and Pope, G.A. "Visualization and Analysis
of Surfactant Imbibition into Oil-Wet Fractured Cores",
SPE166129, SPE Annual Technical Conference and Exhibition held
in New Orleans, Louisiana, USA, 30 September—2 October 2013.

Pedersen, K.S., Knudsen, K. and Fredenslund, A. "Prediction of
viscosities ofhydrocarbon mixtures ", Fluid Phase Equilibria 70
(2-3): 293-308, 1991.

Vardcharragosad, P. and Ayala L.F. "Density-Based Rate-Time
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