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— B EAREARANRER —

T & 0OV

(AL R - BE - MR BB AEM) $8 A 2 AT

1. [XL®»IZ

H AR OB = 2 A7 A L LI ) L RE ] CHZ AR
SINZEBZLNTOAN, £ TH 100 THLLE
OHE R %0 F TRALKFEDO AR - PEH, — K
B, £FEMTbIL D, FHRSOZEKEOE
KA AHTIX 1 EFLL B Tlkke 722
{LAKFZEDEMREERHPMTONTWDGERHD, F
WHIVE RER 20T TE R ITREE DAL ES I,
ZBOMAIT AP BIEONERE T HIETE R A
HBE ARSIV TN D, — 7, B RO KRNI
DETIME AT - PR TR LIz A 03 BALR L
TIRSNIZTANARL —], Tk, A%
—ANIESRD LTS, iz, TEER, BiFERO
R FEZIIAKIEE T A SRS T0D, ZilbO
A2 BAREGIT Bl U720 Sk DA i KSR T A Sk
IR ELLE T2 & VB S 1 LR R 4B R R LT R
INT=HLDOTHD,

A AT R CHOEBOE B ILE L TRY, #
TR CIIBRE R TR LI TL TV A,
WEDOEALEE LW RDkD DL, ABhE I
R RIS BT DAZ L DAL B O E (A4
VT TIR) b RE b2 3D, 20X
T PRI CAL TOW DI TOAZ L DR E
FEEAY B AR OFTHINE R R A 7ok 2 7p A% B
FRELTOLTCWDD TIIRWEAI D, ARekiE T
T FERE TAEL TWAEG iEAX RO AE i
ﬁf&/mﬂﬂ;ﬁﬁ'ﬂlﬂoo FEENL) ITHIT DRI
ERZH T, RITAGIROFHE ATRetEIZ 2T
*ﬁ%.ﬂ‘?é Bz, ZIE T i&h&*ﬁdéhfjmx
STEWEET L —RDOBVIEH THHT 2L~ EH R
boT o H— AT ANEREY) (underthrust sediments)
LD TR FTT 5, H ARUEESCHEIENT 7
WL AR KT L — T 4 U BT L —h
DT U — AT ANHERE T EA i A L DILAE
DHIEHT, PRAEW LR A S o DA AR A K72

Hy (53 ToIRAKSR) ofitiaFH L L TH B e %HI &2 1%
tl,fb\é_é:%fmﬁbf:b\o

2. WTRRETOAER

TTANARL —h, JeK I, KEHET AHPGEH
AUIZ RIRTT ADRARR R T« 7K 8 2 7[RI AR AL AR
MBS, TIHDAL AT AZ N ERR LT EY)

EIROL DL, # TR I HHERE A Y DB
FToX TN THERLUTZBGRIEIR DL DN
%o WAL AARLILET DL, Vi B ARORTIEZR I
HANARL—R, K IIDBEHZGROHHILTNDD
T D2, WRF A AREBNAZ L DERSGEE DT Ty
JAZOWTEEET D, R4V 7L —h
DILF A BN HDHEENENT 7 /i, RERFHERE 2D
5K 2.2Ma (220 T 4F) M ossE e &R LTz 9,
H DR ZE T D J5 1) & FE S IR 2 381 B A
H DGR EBACBRLTWA, KT o TEL
12 OWaE KIZH DO ~@IFHRIEHEITL TN HEE

a € Landwardshiftoftin b  Landward step
Ii | Onlaporure l of 0OST ¢ ]:E,E
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2 A ,ﬂ rﬁ, Lote,
/ =
Innerpnsm’__’__,.-- &
=~
—@/@( d: Plate Subduction
g TE—ASANEHH A
a  Reactivation of b Tilting
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;
f <=3 Plate subduction g

i Slu;p‘ng bﬁdl 2% OGEH‘I

If of LFB
; K8 ~1.2 Ma
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o

/ <= Plate Subduction (3

‘?"11 6x1084E /i

K10 ~1.6 Ma

i Depasition

<:=I Plate Subduction

’Mn.'(j..'l:ﬂru\t Fault Frontal Ddcollement D
§ Oweon e 32 2x1054E T
Pre-KL ~22 Ma
FaLw
Décollement <=3 Plate Subduction E
X1 FEHENT 7RI, REEFHERE A OHE(L NTBIHED

BREAZ AR D% 7~ LT, O IMARIEER OEY
iR AR R, @A G E H (25~
45C), @F )L~ (FL—MEVHE)E FOT 4
—AZANAERED),
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ZHNDAR L DX E RS ThD,

OV IR D HERE A H ) DBV R IZ X
BB FREAR L (RTAHR) AR ROV E
SRR A R (e B A R IR 3 (TOC)
TEFE MR, Z D720 A A DA RSReHEH AV 72
AB L DERNEEDEN, ZD LT GE 1B iR A
2 DA B FE VIR P R (SR ) SR EWE
EREL2B, LdL, FRLAWVEAS (B B
(BT D5 0) XA L DA RRITIEIET 5,
Z DO FHNL T FIRIEL (<056, ki)
TOIHAZ DTN TND,

OIEAZ HEH RIS M2 R TR EH (25~
45°C) . AEMIIFEAZ AT DI 7R RE R TERIC
ARLTWAHEEZ SN TV, TEBAREME LAY
VDI IR R A DR DA ERE R D
HETH MY A NE S AZ 8RR L
TND, TERBRI IR AN L HE R DS HERE G R FE 1
IRIFL, ZOIREH (25~45°C) TAX L pR N FEMR
BIZET DO THIUL, B fEAZ L DHEREIREE
(IR (AR R I i) AR EVFE A
A GEFE DK E 7D, FMERE CO2 0 Hp D3MiEG S
N, AR BN I D AR AR DSk D A I HE
TR ENS THRENA TR EDOAX A
ROBHIFFCEAD,

OIEET L — DOV CTHLHT 2V~ EH T
DT B —AZANHERE ) DBV R A A T
T U — AT ANKEREY) T D ALK T AR ED
I (233 DR P E ) O JFUR L7 ) I FR R A 2 75 %6
THAREMVEDFERG STV 4, LasL, TOC )
AMEL (0.5 Wt%IEE) ALK FERT > v /WK
LRSIz Y, 74U AT L —NZEb D T
A — AT ANHEFEW)IE 1000m (T E D JE R T AR
TV —NMIELITHE N, EDTD RIRT ADRIE
ELTCINFETHRINTIR) o, ik 3585
(2, HERR AR OHEFEW L LT D L MEE T L — RO
FEDPMRNTZD T B — AT ANAEREW) (TR %t
2R AMEL, B EhE L F IR E A RKE N END
R B 5, FHEEFIREGEL TIThiL T
DI EIH Y OB EDBEITL TD, [RBAL
T REIRIC B DHIEM TOAX R, AX T Ty
TALWHEENBRD DL, DL Ik _559127
B — AT ANHERE W) | I T By i A S L DR IS
2720155,

3. ILIAARBFE A TD A R E
WEATORNEAZER (D) AL OPEH
WIHEAR L DAERRBEDNATHDT, ZZTIHEA
BwicZz L Wa A ERES (7L x1X TOC=0.5
Wt%) 5 2, ZAVOPEITRNWZEET D, i,

HEAR ($B510AH - AHLFFRR)

HYEA G L I H L CWDET 5, ZDLX, i
JEDHDHHEIE (722 2 1E 1km?) DORIE FIZHDAX
AR (RTATTAERRHE) C 1 AR A R T 2 AX
VRN AX AR A 1R T D HERE ) DO BRI &
KL CND, WANARTaY 2 AT ITDONT
PASH R CTOEY R EBR DM T CIR O UERR DO HEFR
BRI TOC EEIZxLTH 30 % (0.3
gCH4/gTOC) R AXAZEALT 5 ¥, MY 4 b
BAYRELS 1 mmlyear (1 km/my) &958, HEE T
AT 1 km? 70 DA A RGEEE 13K 5.3 x
10® m¥/km?/year L72% (AN DL EA 25 &1L72),

HERTOMEMRBFEAZDER(Q) A
WyRLIR AL A s (MR 25~45°C) TOAX
%23 TOC RIS U= EICE T HIGA, AX
U R FE LT R A L D A R [RAR I HR R R
FEMREVIZEREL 2D, TOC IREA 1.0 wt%, £
DI 10 D IRFBBAXAEALTDHHDEL (0,133
gCH4/gTOC), Hy& % 1 mm/year &3 5& 1 km?
BT DPRAWELIR AL L D A B 0 B | NS iR L
A% L¥ s LE RIFREE () 4.7 x 10° m3/km?/year)
LD (RNT O EZ 2.5 ELT-), 7233, Bk
UNRSE TAY AR DM TN DD TR RN KEL
T OEEITIZD /NSO G LR,

FUR—RZANEBY TORDEAZIVERK
(@) : KFETL—NE 7~9 cmiyear, 7 A4Uv >
W7 —N% 3~7 cmiyear OFECTENZEIHA
R BN T 7 OV ~TEAA AL TND, 2D X5
HEET L — MDA I ES I TT o —RT
ANHERE  CIRAL K FE DN ER L TS, KEEES
L—heT 4oL — DT o H — AT AN
FEW) D ik A3 B % Z U Z 4L 8 cmiyear, 5
cmiyear, J&/E %% 1241 500 m, 1000 m*®, TOC
BEZNTE 0.5 W%, TOC OEFRAN L ~D
A #% 30% (0.3 gCH4/gTOC), AT DL EA
2.60 (FLER =R IO T/IEW) &35 8, HHEICH -
7olE 1 km COBGIREAS A RGEFE X 2.2~2.7 x
10°m3/kmlyear £72% (A A NVRCD =y N ATOHEH
DNTRWNEARE) o Y JES TV A T 72 BN A dh 720 D
AR SR B I AS AR R DR DY) EBEAR L TR HL
FIZ I CERW D HERE 2 COBG AL L R
A RLIREAS o DAERGREE & L T4 IR &
W ZAUTHEE T L — ORI IA Tl FE DIHERE 2 C
DRV EFE LI L T F I E RENW LIS K
LT3,

4. TR —RZANEBYD A ERRE - RE

KVFET L — T AU E AT L — DL FiA 72
ORI EDNRE SN TS D9, ZLH7a
TIRERDIREREEZ AW TT & — AT ANEREY)
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K2 KFEETL—heT Vo g7 L —hOIREREE 1, 7L —NEARIARIZEL IR i L OIE
ETAEIDT o E— AT ANHEREY) D FRHE & AL A ZENTED, R EMKEET L 8 9%
TR TR E I BT B G2 O Z SN TG LI T v & — 2T ANMERE W) OO -5 B 1 R R S ©

HoT,

HCORALKFERICOW TR THZENTED,
213 HHE TV — N OIREAEE e DR B )
BT U H — AT ANHERE W) O FR I E AR E L2
DTHb, HiiE 100~400°C DO TIL K FEPET L —
FCIRREE EFICEb 72> TR DK 50°C/my
2K 380°CImy ~HENIL CTWD, 74U v e i
T —RTIEK 75°CImy THEVELL Ty, &
DI BT AL LIl TraY = b0 A A VA
BRA AN DT T T DEAI T H TN TS
ZENTED, TV H —ATANERE M O HF 5 A
TIZOWIEI RSB H D, 22 Tk (Type
) ey =2 fE L AT RIS ET VO RSH
JERTGA—H—F BB LT W 121914~ 5%
TT oA — A ANERE R T O RALKFE DX
AT EFHI T HZENTED,

BBIZT & — AT ANAERE W) D FHARH B E A
¥ 50°C/my, 100°C/my, 200°C/my, 400°C/my
BEDIral = NOA AL, FAINDSH ZANDZE
IbDZAI T PRENTND, AANVEREfTT
LA R AR E THLH D NT O T v H —
AT ANHEFEM) THHY 100°CHF T B A A VA Rk

BAAEL 170~180°CHHL T TL TS (K3), A1
VDT T 71 150°CHH BB LRI
7 Loy NTAD LIS BEE 70D, AAIVINET T
XL TUREE LR AT (RTAHR) ISR
L7125 DIE 200°CLL ETH D, 200°C L Tl 7L
—hDOFIREE N2> TNBIZO BT T T
DR TIRE R TR, FHEHEE O KX
WKTEPET L — R TIEH) 220°C, F-IEEHE O/hEn
T4V E T L — T 210°C AP Tho 7z
(R3), F-1EHE D L0 /INSWHEFE 2 T OHERE A 1
MO R DL, T H — AT ANEREY T
TR EWIEE CEITL TS, ZNHDIRER LT
H = AT ANEREY DR E 5SS HE, K
T —RNCIEA ANV BEHE D HORE 20~
35 km, 7=y M A (AN EHT AR OR) 3G
& 35~50 km, A% (KZAHR) A5 50 km LLEE
725, — )5, 74V ML — T, AA VAR
HEDNREE 4~5 km, Uy N AR DNEE 5~10 km,
AR (RTATA) DS 10 km LRI L TV A,

WEHE 7L —MIMm <, BRI ET DO %
BT 50T B — AT AN P TOA AL, T
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#rib 3 (%)
40 | 60

20

Kerogen

250

B3 7 — AT ANEREN) O AR L LA A
N 77 AR O BfR, AT ET L OTE M
{3 — (BE) IXIES D0, SR (A)1X
S LT, ey = B E (Type 1N, R
T HME) ) E = 53.5 (kcal/mol) = 223.6
(kJ/mol), o =2.0 (kcal/mol), A=1x 10" (s?).
FANET T %7 (Waples, 2000) : ¥ E =
59.0 (kcal/mol) = 246.9 (kJ/mol), o = 15
(kcal/mol), A=1.78 x 10* (s 1),

Ty A, RIATADAERITHERE AL 354
IDRVEE TIThbN TV, 2B, 74Uy E 1
TU—MIE R GBI HES ~D TR AA
S L FR R E N K EL T DB HHDT, 1K
{EAKRFAERSCE DI T 7 I3VEERIEE L0 &

IR, JOTRORETEITL TWAZENTRIND,

5. TR —RSANEBEMMOD AR HEH

IR iA T35 TOWMBBEENZ DUV TEZL DA ZE
DMTHOITND, TG W-=CWr & O WA 4T
DD, AN O 5 I8 17 i 45 % 38 U CHE 8 72 i AR
BEIDNITOITWD, T — 25 A NEREY) D EA
Iy RAR AR LB SBITIRVERE AR L=
L — SO KA (AT 7 K FE ) 23 £ 122
FEUIRIRAK (B BRBUK 72 E) 2R L THDHZEN
HHITND ), WERERE A S (TGN CHYVIE T
WX BE) (kB E)) TELDOTKIVBIZDNIC
BEIEN R, o, BB TKEEBLIIBEHTS
BEbLhD, T X —ATANEREM D HHE Y (— K
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BE) SNTAXATMIE T, HOWIERE R+
BT HIENARETHD, T H — AT ANEFEY)
HCORILAKFEDOAEMITHERE 8 L LT 5 L0135
PICREETELURVNZEZEROL & TITHh LTS,
FDIEOTAN~T =y MTAFETOHEHIZIFEAE
72K, T AT COEBEE B O — K &7
STVBENELINRNY, 7o — 2T ANHEFEMH D
DEGYFRIT AT b 5703, H
BEAAEITEL B FIE 71O B AL A DO AT
Lo THRMIZEIIAZ L DM T %k
BBITL CWDDOTIH RV INEE XD, HEFE
BTy "N A TOHEHL T TRVE)
AT AN TL L (Co) RO /N (Co) BB T ZEN %
W, LU, KVEE FIZhDT o2 — AT ANKEFEY)

127 T M AOHEH 23D 7= PEHH S 7= 24
DRI AT IO AR AZE N TWDZENRE 2 HND,
FDT, HEFE RO BRI AL T HELD Cif
(Co+Ca) LEMKENWZENTREINS,

6. BN, HRNARL—b, KiAHEH RH

T B = AT ANERE) TIEAX L HIZ BV TAS
YOPEHMMTON TWDAETDE, KIEFET L —RE
T4V MET L — R TIE, ENE N DN
75 50km KO GEWEEEHE & 10km KDIRVEE 7 C
BN EAZ L DM T Qb ETRESND,
H ARSI BT 5 7L — My b 1 O E 4347 =2
IRE S Azl LT B — AT ANERE IR AL
DAL BEHIRETEK L, TANARL—R(BSR) D
Al bl A2 LN TE D, dbifEE, AL A A

TILIN B~ TR AZ L H R BL TWBEZAN
%<, BT T AL S iR~ B & v 5 LI i
MEL TN, FarE B AR TITIZEA E BUHRICH D,
ZAVEACHEE B 0 B & R 7 e8I e U [E
WA, &~ FUE DA A ARL—k (BSR) D4y
Lk —FH L TWD, £/, FAL B RO AN
HANARL —h(BSR) MZEA L RO BN L
ERRL OB LR, TR H AR DR K
LNE AT AANAR L —k (BSR) KON RIS $5
BERARHHD, ZNbT v F —AZANEREY DO
AL AER - HEHEBIRL T D ob LiZswny, b
Wil ORI 252 H e TR K L DAL iE &L FRFN T
ZORRIAEBEICBRL TODIEERIBL TS,
B I L7 4V 7 L — R E KT L —h
DEE DT o H— AT ANKEFEY) DA S 5 INEAE
LTWDEZARDHY, ZIT THEIREIROKENE
HABEIFIE L TS, KIEFEMNCED BN
IREEVETT 2 W (THE, =ik, 7R DR REL
FECBRL TV A LA RIBLTRY, MpEiED
A
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HERG 5 TP OBV R AL IS T E RS ND &
IR OBRIOKFZT DIV Hy BIRLT DL
NTTe D, 0T -+H50 =) #7 0> 250°CLL E2 %5k
LTI A DI HATIE Hy OFNREIIAZ
U ETHS 18, ZhET & — AT ANEREM D AX
VT Ho b B EN TWBZ LA RIEL TV, F
72, KOTFIEDSE T ATIEIY OIS 7
WKBEHANERRTHZENSN TS 1, 7
B — 25 A NEREW RO DIE. I H DB IR E
72 Hy 2B Th D, ZDIXH72 Hy 1B R AR
EELITEFHL TWDIENTRRIN, TANARL —
L KIRVET A DO RUATBE LT AZ  HE OTE BN
B CEIRNEEE 5 2 TODATREMER S D,

8. HhHYIC

WET L — RDOIRRIA T EB IR T o — AT A
NAERE W) CII BN R L IR O fR AL K S8 D3 B g A= Ak
LTCW5, LI ANy 2y NTARZEAE
PEHENT, EICAXCBPEHEN TS ETHER
KGR N T 7 DT 2 — AT ANMEREY) Tl
#J 2.5 x 10° m¥/km/year DL TAZ L ARSI T
WHEHEE LT, dLHBE SRR ICE SO 2R
ZH9 2800km DMK EITN 7 8 m? &7
5o TN ETELBESN TR T AZ
Thd, B1TRSNAIDITD7etbiE 200 77
ERLL bz TAZ AR L TERY, &
HEHECO B F AR B39 1.4 x 10m3 (1400 JE m?)
VL RIZE#ET 5, WEEDNE 1km ([ZBR->TH 200 74
T 5000 8 mP LA LD REH AR EICET D, £z,
TR =G ANEREI L Hy OEFEE L TH R
TERN, AR I EIDEMREIFAS > DERRDIE
Dy, R O A A m B Z MR 5 L CEE
R ENE R TCODO TR0 E AL TV D,
T U = AGANEREY) T AX R Hy DRI,
BLTE O Bl — Wi % O L TR R Ik L T
Do T —ATANEFEY) HH THERRLIZAZ R H,
DEDIHNHHESNBEL THDHOH, EDIHIZ
WL D00, REARWRENE 2 5D,
INHOFEMBEERRL TN ZET, TUH —AT
ANHERE W KL PR AT AN R foe AT RE7R2 RIR AT ARG P E L
THNL T DD N DZ L HIFEL 720,
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Hakodate Conv. of JPI (51st Petroleum-Petrochemical Sympo...

A coupled geochemical model to predict oil recovery during low

salinity waterflooding

1. Introduction
The wettability alteration is the most prominent
mechanism for a favorable effect of low salinity

waterflooding (LSWF) in enhanced oil recovery (EOR).

Numerous thermodynamic and numerical models have
been developed to capture the wettability alteration
mechanism in the prediction of oil recovery [1]. The
characteristics of crude oil/brine and rock/brine
interfaces significantly influence the interaction of the
crude oil with rock surface and thus wettability
alteration. In this study, the interface characteristics
were coupled with a solute transport model to simulate
low salinity water flooding in carbonate and sandstone
reservoirs. The wettability alteration was determined

based on the adsorption of crude oil sites on rock surface.

And the relative permeability was modified by
implementing the wettability alteration for the
prediction of oil recovery.
2. Modelling approach

The ionic transport and two-phase flow of oil and
water equations were solved in MATLAB® and coupled
with IPhreeqc for geochemical calculations. A triple-
layer surface complexation model was employed in
IPhreeqc to predict electrokinetic properties of crude
oil/brine and rock/brine, and the wettability alteration
was calculated from the zeta potential and surface
species concentration. The positive surface of calcite
can attract the deprotonated -COOH in crude oil
whereas the negative surface of kaolinite can adsorb
calcium/magnesium adsorbed -COOH. At each time
step, the wettability was calculated as the ratio of
adsorbed crude oil on calcite or kaolinite surface to the
initial value. In addition, the coupled model considers
the dissolution and precipitation of minerals thorough
thermodynamic phase-equilibrium module in IPhreeqc.
3. Results and Discussion

The coupled model allows to predict spatiotemporal
variation of ionic profiles, surface and zeta potentials,
minerals changes, and total disjoining pressure in
addition to oil recovery in carbonate and sandstone
reservoirs. The chemistry of injecting solution
significantly influences the dissolution of minerals and

(Hokkaido University) OYogarajah Elakneswaran

the surface chemistry of the interfaces and thus affecting
oil recovery. The coupled model was validated and
verified with the published experimental data for two-
phase flow experiments. An example of verification for
atertiary core flooding in sandstone is shown in Figures
1 and 2. The sandstone core was injected by a high
salinity water to produce reservoir condition before
evaluating the effect of low sanity water [2]. The
predicted effluent ion concentration reproduces well the
experimental data (Figure 1). Figure 2 compares the
predicted oil recovery with experimental data. The
findings of this study show the importance of interface
characteristics on the adsorption of crude oil on rock
surface and thus wettability alteration. The coupled
model can be used to optimize the brine composition for
oil recovery in sandstone and carbonate reservoirs.
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élOOOO ¢ Nat  —Nar 20002
S 8000 o K+ —K+ L1500 3
© J— +
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Figure 1. Comparison of simulated and measured [2]
effluent concentration during core flooding in sandstone.
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Figure 2. Comparison of simulated and measured [2] oil
recovery in sandstone.

1) H. Sharma and K. Mohanty, Journal of Petroleum
Science and Engineering 165 (2018) 1021-1039

2) R. Morishita et al., Energy Fuels 34 (2020)
5258-5266
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1. #E

Pseudomonas aeruginosa |35 HTEEWE % LT %
72 WA E T A I E R EAT (Microbial
Enhanced Oil Recovery, MEOR) (28 fl7efd# & LT
RREHBIA 2, —f%IZ P aeruginosa | XI55 Cik
FTHIGET D720, BEFRITZ LW MBI T
IERICHIH S 5 72O D HIEERFT 20BN H 5,
AW TIL, F /370 (LR, NB &EFT %) O
TlEFR ZMEWICHEE L. P aeruginosa OIS L O
MEOR A B O REOIEMALIZ SOV T L7z,
2. =R

Wiz "7 ) 7 LTSRS 7oK & o> NB #
EFRICEA L CHEE NB KEZFHH L=, Zha Lk
0.45 um D7 4 VA —% FWCHE L, &R
AL CRESR NB i & L7z, 2 OR5HIZ 100 ml J
B A T IURIZ 50 ml 437 L, P aeruginosa %1%
TR L CRUHI A2 2 H Tl L7z, B3R NB O%)
REWFTT D72 ORI & LT Wb iRFE NB
Hu b BRI HAHE L7z, 31.5°CThEER L, 12 Ry 9
5T IR ORMICEMRIN DAL BIET D &
EBHIT, BEIARREE, P AARE, pH 72 b NI A Ry
HREEZRIE LTz, £72. P aeruginosa EKT 518
® EOR A HMAEMFTT 272012, HRY CEERIEK
150 pm) ZFE L THER L7z > FXy 7 ofic P
aeruginosa ZHAE L7-3E NB B 72 b ONZ —fefb ik
& NB iz JEA U CHEEE L, BERIE ORRBROE
bZRE LT,
3. MRLEER

1 |2 P aeruginosa % 48~96 Wffilh5#e L 7= b4k
ZRT, NB 2 G TN 30U T, KEEBRAA7D D 48 IF
R4 | CEE IR DR N IEDMBIEE SR, 60 FEH]
PR OV E R &SRR STz, TAB L O
oRZE Y 48 WERIROMRIR I SAUkAD . LAREEEN
TORRDGONTIY  JADAERE & R HDA
FAZHHBEINGRO HITe Z EnD  JaixZ oo e T
AT Ko TER SN R STz, BR3E NB it
F72 5 bR FE NB B BT H 1RO AR E
HHNTZ LD, NB HIKD P aeruginosa DYEFEFS
F OB ELE KT L TND 2 ERRBEINT, &
FENB Z & Te/Kds L O A B — & dEArflEic gt L7z
LA, ZWIRE NBIIKHIZBWTADE—4 8
L TIH>T=DITKR LT, HHIZ B W TTEDE—4
BT o7z, (kiR NB 23 O A A4 %

WES 3 TALBSLG
(RINK) OFEHEEN-EH M —

W75 L CIEOREEN & 720 AICHEL T DHHE
WIS BB TR & B e S RIS A A B EW T 5 1%
B2 o - AlREME N HERR ST, ERLERSE NB Bt
DIFHEEFENB IR TH BB LI OH AD
ERRENE L, JWOEREL ST,

1 B3 NB &t Z L = P aeruginosa DIEE(C
KO THEREICHAEINTE (Eh S IEE 48 B,
60 BfE. 72 BFRE. 84 Bl 5 T 96 B DIEER)

W RNy 7 B HWTEEBRIZISW T, P aeruginosa
ZY 2 KRy 7T 2 HEEE LI OREZRIT,
2R LD IR OREHROD 12~1/3 I T
LTV, P aeruginosa \Z &> TH Y KXy 7 NTA
Bl L7zl Koy 7 NOFLRZFAZE L, iRiB=R%
KT SH72Z LA HEE S L-, Z4UE Foam EOR (12 &
DA MEERIN A D =X N EHEHULTEY, P
aeruginosa \ZIMJEN TYE % £ Rk S CATMEERNY %
4% MEOR O aJREMEDS R ST,

@10$80
" © o
%08 | °© . %,
%% 0.6 © oo o 0.
"'Mg . ‘. %‘
R i »
B2 0% T opmm (CELRENE) 5.’."8;:;:[
TR, | cmES® CEimEne)  °
& U [ ofEHT (BAENB)
s oo | SHEEHR EENS) .
0.0 2.0 4.0 6.0 8.0
EAE (PV)

2 &73E NB Eith % FHL = P aeruginosa D> K
NV RIEEBORIEIZH T S HLERREE (=EE
H O ZBEENEESTREER) OEL
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1. &

2010 FFEHIEE LV, T Kit-% FV T L]
% (Nano-EOR) OAFFESFIMEIL, K 10%
FREE ORI HER STV D, A EOR THEAIZ
K DBEAEMIZE O, SmsR ) O FIZ L 2 B
DUBERBEET X 2 M O gt 7 L~
DR ERZ SN TN D0, P THEAERD
TEAVEME I C K D58 3, 2500 H T LD s &
nTko, HhgiiE LTELZLND, T2, BEHE
WFGEIZRBNT, T/ R ORI RICE B L-iFgeE
BN D 7a<, ZORAREOEN N, AR
ZH-z DRIREMED @V, B, ABFETIE, Nano-
EOR OHIhiE L LT, AAaREOHmIVESREIC

MESEERIC G- 2 55088 % Amott SRER72 & O5HE
ARBRIC L0, FHl LT, T 0%, REBGRERE i L,
2 FED Si02 T/ K3 BRI K 2 ¥EHEh AR 2 Gk
L7z,

2. EEER

21 H#

SiOs 7/ K4yl NP-A (Ri£#% : 30nm,
FEEE £ 0.998¢P (20°C)), NP-B (hif£%: 100nm,
KEEE £ 1.006cP (20°C)) @ 2 fA VY, WP h 4y
Bt L LT 0.1wt%NaCl i CREEE : 0.979cP

(20°0)) ZMTA L, 0. 1wt%ZFHRL L 7=, /KHH
12 4wt%NaCl iz AV, JEICi: 2 fEoJE

(Crudel : 8P (23°C), Crude2 : 70cP (23°C))
Rz, AaRELE LT, RBEAEZHY, 0

%1 200-300mD FETH 5,
22 Fik

AWFFETIE, Amott FERA 4hD & LTCiRAUERE
MzE4T>72%%, SiO2 7/ ki 712 X DSR2 I
AET 2720, fRBGRER A FEh L7, Amott sBRIT,
Spontaneous Imbibition 72 £ 4 >0 TFRIZ5735H
SNON, FREEEE TAEL, WThoTIRED
60°CEMTHEM L=, 7, REBEERD FERIC, =
T AVE—IRE 60°C, fAIE 2,000psi TIHEhE L7,
3. #R

# 112 Amott #BRFER A7~ 7, Spontaneous
Imbibition TFEIZIVNT, 4wt%NaCl ik % FHu
7okl No.1 1%, WI Offizs 0.01 TH Y, Neutral
Wet DIRAEA R LT, % L C, IR AT &4,
0.1wt%NaCl & L7z No.2 KO SiO2 7/ K147 Hk
% AV = No.3, No.4 1%, WL Ofias 1.0 12 <,
WP oRED Water Wet OIRFEZ R LT, 7272
L, SiO2 7/ Rit%EE AT, £V 5E Water
Wet DIRFEZ R L, Hv0, BRIV NS WGED T
73, FOMANEETH S,

JHFH% Crude2 (No.5, No.6) & L, SiOz 7 /%L
T DRI FERDIFENT L DIRAVHESCEE 2 MGE L
BB IFERIZ, RIFEDV/ NS\ SiO2 T/ k1% H
W EDJi0s, WL OfED & <, IRiUESCE
DR & DR ST,

fRBEERIZEBV T, Crudel XU Crude2 Ol
FITx L, BB/ SV NP-A & HWzBEods
DI ORI D338 BT,

%=1 Amott SRERFER

Rock Formation oil Spontaneous Imbibition, Spontaneous Drainage, Wettability
Sample Water Forced Imbibition (Water) Forced Drainage (Oil) Index (WI)
No.1 4wt%NaCl Crudel 4wt%NaCl Crudel 0.01
No.2 4wt%NaCl Crudel 0.1wt%NaCl Crudel 0.54
No.3 4wt%NaCl Crudel 0.1wt%NaCl+0.1wt%NP-A Crudel 0.94
No.4 4wt%NaCl Crudel 0.1wt%NaCl+0.1wt%NP-B Crudel 0.87
No.5 4wt%NaCl Crude2 0.1wt%NaCl+0.1wt%NP-A Crude2 0.38
No.6 4wt%NaCl Crude2 0.1wt%NaCl+0.1wt%NP-B Crude2 0.14
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1. #S HlERERRLT=,

Bl RAARBERIZB T, MDA EEESRE Figure 2 [CEBEMDBMEIZEILETRT , Cul 25N
?’6%3&0) 1 DELTHHRNICEEZ AT HELENA LEVMES., BALIEAGELNCERL. ChIXART

Thond, BBUETIE, Fa—ELTEROELITE  ~AOTBEREOHEERERT 5, —F. Cul ZFHiN
%.‘7"7’7 FTERIRT—ILORFDBBELVHENDTS 5L REMEHLVILRRITEMN LRELIZ. Ch
IF oI EVEEERLERSIENTES—AT. B [ITEERBEOMEBMEARLLIZZET, BERIGH
TAELTIERR O DB E D BBEFE AT 57120, EEINnfzfzhEEZOND, ERIEEAVE—F
Fi—E T EQORUMBHDBENBRSINDG. ZD  RAEDEENSE. Cul FHFMNICKYFEEER RO
1= BRARICERINGEF (CHRMT HILTHEL  BMEARLTHILEMERL.
BEIT, LML, BLLWEBRRETHEAINS ZHR
TUL R (DSS) 1%, BERIMHFHFIOERATICHELTE a) Before b) Blank c)Clonly |d)Clwith Cul
ERALIRIRIE CILBINAMA R ELTLES, 2T, R %
B DB EL THRIEAWERNT 52 LT, 4
DSS D:FEFAFREDINEIZERA =,
2. EER

22Cr DSS Fa—E T EEMSUIYHELIZRERA
#EALT, RERRABRSIVESRILFREEER
Lt=. ;ZEEERERIL. 27 x 10V x 50 mm DHERH
% 60 °C [ThnZALT= 7%I8EETIC 1 BREIRESE. iR

7'1.7

o

&

AAROBENCREEEEF LT, IRBHIS1> Figure 1 Sample surfaces before and after test
EES— PR 2 OFLEWERMT L TTOHR in several chemical dose conditions.
ZEHAEL =, BIBINE R RIEANGA S ELFHET D

=8, BRILFRIEZRMEL . fEAHEIC 22Cr DSS, Table 1 Difference of corrosion protection
BB, SHMEICE AGAGC] BiEE TN TN between Cl with/without Cul conditions.
L\T:o r’é"/&(:[i 0.1 mol/L 1.%@27“6_1%% L. ﬂﬂﬁ'l@’ﬁ#% Corrosion Protection

& DBRBATESLVBRILEE—F R Condition (%)

3. RBMERBLUEE Clwith Cul 98.8

Figure 1 2 BERERBIIRORBAOREEE
R RERATXBREBETHoHBRA M. TS50 .
Cl AMOHDEHTILREBRZICIRBOERIZELL —o.1 11wt o

THEY, BLIEELTWB I EN VD, — A, BiFlE o Tomeme
LT Cul ZHmMy 4L, RAFBAEIZRE-NTEY®
E:'EIR%EE; ISht=, Table 1 ISRERERERICKY
B/ont- Cl OHFFHMLIzZEE Cl & Cul #5mLT=
BEDHEEEZRT, Cl DA FMLI-BEIEH 35%
DIHBERTH1=DIZXL. CulZBIFILELTHNT S
CETHERAREMICE LELE 99%&E1to1=, HER
BORBRAITHLT X BREWTHHET>ETAH T
S29% Cl MDA DEHTIEITSAMEDARY ° P apsed e, 11 0
RMLASERLTUL=DIZHL, Cul Z/mM35L715
AMEDARTMLAEFLTEY., Cul ZHMT 4
ETIISAMADFIRBRAIH SN =2 EEREEL
f=o SOIZMEEBREMN SIS MEDERABEDH

-50

-100

-150

Added Cul

-200

Corrsion potential, E.,, / mV vs Ag/iAgCI

Figure 2 Corrosion potential behavior
as a function of elapsed time.
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Indiana Limestone, Austin Chalk, Edwards White
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NOEREICONT Y — Lk — AR R %
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JEhEE D2 & WIE L 72,

2.3 BfEfETE T A DFIFE

Fe Pl o TR IC BT 27 — Lk — L Dff
EEZHHET 2L EZHNLE LT, 72—X7 4 —
NP EZHGEEEY 2 2L — 20K ET-
eV 7 2 =X 7 4 — ) FEBOIFFFERE TR
i DL EBOT R LR E TR X 2 G IR
FEOTECHERUL L. BRERIESEY) & Hae o SOGIC X
27 —LFR—VDFRE - MEZFHELZ,

%

N

b AL wWlbhk &b b2 2 b ¥ XLUVS we 5 XLizs

=R RET bR BEET P RRT

3. BRBIUEE

YT N2 A LCT HifgRRE - b L —3 —BRo#
BRIy, Austin Chalk
Edwards White 2@ 7 N D 3 RICiiiATREIZ B D 7
— X PG L 7z, BRIV o 7R R 2 e L .
1578, 4.0" a7 OV — Lk — )L HEhF A}
ZER L. a7 ¥ A4 ZROFEZ MR L 7,
L ICARWFGE ChIFE S - BT =T vic X %
7 — LR — AR R OFSR 2 R T, B M
THEALZTZ —=ZAD)ICHEBWT HMD T — L d—
NDSFEAE L AN — AR DES R T — Lk —
HRaTrEBTIRTFAEETETEY, V-4
A — VA D BRI G AR & 0 TR I R
T&5ZLDPHERTE -,

Indiana Limestone .

a) Low injection rate b) High injection rate

Fig. 1 Simulated wormhole growths at low (a)
and high (b) injection rates (15wt% HCI,
Pminerai=2-71 g/cm3, pciq=1.14 g/cm3, D=1
cm2/s, u=1cp)?

1) Furui, K., Abe, T., Watanabe, T., Yoshioka, K.
2021. Phase-Field Modeling of Wormhole
Formation and Growth in Carbonate Matrix
Acidizing. Earth and Space Science Open
Archive.

2) BERERA - PEAEK - b - PR -
APERE - LR, MUFICET 5T — 24
& — VELR D RERHI AT S OB EH R IC X
LTS, BT & 3 F LR T E S,
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1. #E

HUHLVPEH T2 50 « RIRAT A E FNHMEAKER
VFAERET T DI 2T IRGEIZ I Th LA DRgEE
HEUHZEND, KERFREEEE (MRU: Mercury Removal
Unit) DFFEIFAR AR EZRSTND 1D, MRU OF%E, 1HE
BRI I X RIRH ARy 368 O AR - I v %4
B IEHE /K SRR FE DHURD W B TH AN, BT, #
DT =TT ULH 0TIV, UrTiE, TARBXK
O DKERRREEZ A B ITRIEL , DT
— AW THEHAL R — 2 — & QO DIRAE
FRERDFPEAAT > TETe, AGHEH Tl ZOFEMESE
T NSESN T EHIEE U7 AR5,

2. ZEER
IR IS THREEIZ KO RERT ARy 7e b A%

TH BB bikFEE 6 MPa ECTHELTZBED AT A
FRKERIREE . B L OFHEIRIC KD T R I vk
RHTF L7 )a—)VHEER~3 ®&KMEG, DEG .
TEG)BLWN NAF N L ) —/L T I (MDEA)D R
JE T OIRTKERREATEL, E6IZ, ZHLDT —
%% FAU TG Peng-Robinson tRAE S (PR-EOS)
DOHES | TITEEL a LN 2 BRI EAER T A—
4 —k; (Binary Interaction Parameter: BIP) Z#i#& 7=,

RT B a
v—b Vv¥+2bv-b?

a= szixj (l_kij)(aiaj )1/2

3. RERRBRSLUEE

Fig. 1 12 265.15-303.15 K (DA% D /K ERERfRRE 2
T3, MY, v FCHE—DFERIE S CET- Butala 5
DT —H Ve—FHL QDL Enbnd, =4, gk
FRFBIZDOUWTHIIEIZED | /L5353 E ppm 725 ppb L
~YLE TR LIZ, Fig. 2 12 303.1-3332K @ MEG 10>
ISR A 9, 703, (El NIRRT L DT
FIRAERDOFA LA BAS T2 | FE R B HRFPHA T T
BHARLS L OBRBUMTE T 7, XKD, V55T A
2RI/ INEL ppm LrUUZIEES TR, Ez,
R IV TOCEMEE TEBEL | (IR Tl
HID, ZAUE, STERIE CIIoTFRRORER IR L | ARk
LI AKERA A B TERUTZT-00IC R b VAR DS R

P=

b:inbl

LI-LE 2505, 723, DEG. TEG 33X MDEA Tl

RS0 AHE DY MEG S8 8L, B/VSRED
HDIT AN T D FEHDR D tbb7ep
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ELTZ, — 5, BIP 1T 2 Al RIC DN TRETTH
L C, Fig. 1 BEL O Fig. 2 \TRT L7 Rats7-,

ki =k @ +k OT +k @ /T
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HEHCIIRIE ORI S 2L — 2 —Z T KESy
B EHREE F HAMEE O LSERI W THRRT 75,

303.15 K
29815
203.15
288.15
283.15
278.15
27315
268.15

Mole fraction of Hg v, [-]

Pressure P [MPa]
Fig. 1. mEA 4 VhfOKERAMEE O : Yamadaetal? , @ :
Butalaetal. ¥, — : PR-EOS 2 & B5TE(E

T, of MEG

Temperature T [K] ~ (260.15 K)

370 350 330 310 290 270 250
T T T —

,_.
S
£

Mole fraction of Hg in solvent x, [-]
=
5]

10°® L L L L L L
2.6 28 3.0 3.2 3.4 36 3.8 4.0

Temperature 1/T x 10° [K}]
Fig. 2. MEG RDKERAEAEE O : Yamadaetal. ¥, @ : Gallup et
al.9, A :Lietal?, —: PR-EOS [k AEtEE

1) Kinney, G.T, Oil Gas J, 73, 192 (1975).

2) Salva, C., Gallup, D., SPE-138333 (2010).

3) Yamada, J. et al., Fluid Phase Equilib., 506, 112342 (2020).

4) Butala et al., GPA Research Report RR-224 (2016).

5) Yamada,J. et al.,, J Solution Chem., 50, 968-982 (2021).

6) Gallup etal., Fuel, 196, 178-184 (2017).

7) Lietal, IOP Conf. Series Mater: Sci. Eng., 394, 022060 (2018).
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Evaluation of crude oil emulsion type and stability by
electrokinetic properties
(Hokkaido University” -+ JOGMEC™) O Xingjuan Hao”™ - Sadia Afrin™ - Mai

Shimokawara™ -+ Yoshitake Kato™ - Ryuta Kitamura™ - Yogarajah Elakneswaran®

1. Introduction

Crude oil emulsion is a major challenge in petroleum
industry, which is formed in the production,
transportation, processing and stockpile of crude oil.
Emulsions are mainly divided into four types such as
O/W, W/0O, O/W/0O, and W/O/W emulsions where
W/O emulsion is considered as the main reason for
emulsification problem. Most of the studies have
focused on analyzing various factors to evaluate
emulsion stability, but there is still a lack of clear
understanding on the stability of crude oil emulsion
and the influencing factors on it. Moreover, the
fundamental mechanism on emulsion formation and
stability is not properly studied. Therefore, in this
study, the process of crude oil emulsion formation
was observed, and the electrokinetic properties of
crude oil in various brines were determined.
Moreover, the influence of different factors on
emulsion stability were evaluated. Finally, the
mechanism for emulsion formation was explored.

2. Experiments

Two crude oils (A and B) with different total acid
number/base number (TAN/TBN) ratios were
selected. The emulsion was prepared at different pH
with the ionic strength of 100 mM and the brines
with the different cations. The adopted crude oil to
brine ratio was 10%. The emulsion was stirred for 15
min with 30,000 rpm at room temperature. One set
of samples was used for zeta potential measurement
while the other set was allowed to rest for 24 h, and
then the resolved water was separated by
centrifugation. Thereafter, the volume and pH of
resolved water were measured. In addition, the crude
oil in different brines was homogenized for 5 s and

then used for observing the emulsion formation

process by microscopy.

3. Results and Discussion
The stability of crude oil emulsion and its zeta
potential were significantly affected by initial pH of
brine (Fig.1.). The pH changes can result in the
deprotonation of carboxyl (-COOH) and protonation
of amidogen (-NH) from asphaltenes and resins,
which contributes to the type changing in the process
Crude oil

formation with different types of transformation was

of emulsion formation. emulsion
observed in various conditions (Fig.2.). Under high
stirring energy, W/O/W and O/W emulsions were
formed first. Then they were transformed to W/O
emulsion. The particles in W/O emulsion were
smaller than that in W/O/W emulsion (Fig. 2.). The
smaller particles are less likely to be destroyed,
which suggests more stable emulsion. It is found that
the interface reactions, electrokinetic properties,
hydrogen bond, steric hindrance, and gravity forces
influence the formation of emulsion type and its
stability.

30 100
(A (8)

—+Crude oil A
-=-Crude 0il B

10 95

—+Crude oil A
-#-Crude oil B

-10 90

-30 85

-50 80

Zeta potential / mV
Resolved water / %

-70 75

-90 70
2 4 6 8 10 12 2 4 6 8 10 12

Initial pH (1=100 mM) Initial pH (1=100 mM)

Fig.1. (A) Zeta potential and (B) Resolved water %

as a function of Initial pH

Fig.2. Change of emulsion type with time in pH 6
brine. (A) W/O/W at 20 s; (B) W/O at 30 s
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Considering climate change response of oil and natural gas industry toward decarbonized society
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