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Numerical Simulation of Steam Huff-and-Puff Assisted
Catalytic Aquathermolysis on Heavy QOil

Wei Xuemei

(Geoscience Research Institute of Sinopec Shengli Oil field Company ., Dongying, Shandong,257015, China)

Abstract: During heavy oil catalytic aquathermolysis assisted by steam huff and puff, chemical proper-
ties of crude oil within these formations may vary to some degree due to temperature distribution differ-
ences. To appropriately simulate such changes of crude oil in these formations and predict well productivity
with steam-assisted huff-and-puff in heavy oil development, the impact of distribution of temperature fields
within the formation on heavy oil catalytic aquathermolysis are expressed in terms of viscosity change ver-
sus temperature. In the simulation, only the two-phase flow of oil and water are considered while gravity
and capillary forces are not taken into account. Then those changes are introduced into the well-developed
model in numerical simulation of steam-assisted huff-and-puff operations to construct numerical model for
2D two-phase steam-assisted huff-and-puff operations. In addition, techniques available to obtain relevant
solutions are also provided. The model was used to simulate field tests of the fourth round of steam-assis-
ted huff-and-puff catalytic aquathermolysis in Well K92N6 in the Gudong Oilfield. According to calculation
results, oil production in this round of development would be around 4 560. 4 t, while the actual produc-
tion during the period was determined to be 4 899.7 t. The difference between actual and simulated was
reasonable, about 6. 92% , which could meet engineering requirements. Research results demonstrated that
crude oil for catalytic cracking can be classified into three categories: unreacted, low-temperature reactive
and high-temperature reactive according to temperature distribution around the borehole during steam-as-
sisted huff-and-puff. The viscosity-temperature relationships of crude oil after cracking and modification of
the three types can be placedinto theexponential function of temperatures and then be introduced into a ma-
ture steam-assisted huff-and-puff model to perform mathematically approximate characterization and simu-
lation of the irreversible property changing progress in catalytic cracking during steam-assisted huff-and-
puff processes. Relevant simulation results will provide guidance in optimization of technical parameters and inthe
prediction of productivity for catalytic cracking techniques in steam-assisted huff-and-puff operations.

Key words: heavy oil; steam huff-and-puff; catalytic cracking; numerical simulation; Gudong Oilfield

R ML) 02 SR H 28 P ek R 7 A ekl B G

b AT A IF & Horp R e B E KA RS E A :2014-10-13 ; B0 6] F 8 : 2015-04-08 |
Al A AR 090 A 200 12 17 £ B N*f'f’?” - f“b” S
BawmKkF(ER) amI s, 2007 ) %Rk

R TR PR 0 L2 i T S
KONERE B A AT DU B R & BB L B
{méﬁgiﬁrﬁfi:'fﬁ 7@7?']3:?) ﬁ?ﬁ{mﬁﬂifﬂi{fﬁﬂﬁh, BERAEAR :upewlp@163. com

1R S AT R



« 104 - % 7 4k

U S

%5 A

Do
-

A7 R T B Y 2 T B T R T
LB W WF 5T 224 v 7 2L R Y B R R L
PEBEFET L ORI T g
SET7 . R T AR AL BE O = oA AR A A Al
JBz o A ik S S FRLAS [ X387 A v e A P i R 00
A AN T T i g T AR A S () DA T 5 B i
P73 DX A A2 AR A o fHL 24 RS Y 28 A A
T — JA S Tk M A ] R % 08O R IR 1 3
JEARAL R SR TR I PR B IR S Rl . i,
L T A 28 P A 0 DL e [
P8 A [e 2 T 8 3o SR A e Joi i ) eh d T 2
B 7 A&, S 1A R B R 0 B i 2 P A R
7 A B A RT3 R A R A S R TR AT A OF
I T B 37 8 I 7 RE U 5 Z B AL

1 B S 5 R A
ST S A 2 4 AV AR BT i

T et e A T 3, T A O T O 1T B0 48 i) R i) —
i b 7K P AH AR

1.1 Rig&H

1) 8 Ay X2 JSi e 8 4SS 25 Ay 94 A4 1] 0l ] )
2l 2o R A TR 5

2) g Ay A A R AU L K
P B AT ik v e 1

3) S A R A fol T 4 220 W i R X L K A
X8 E AW R AN S T B IR

4) TEAZRIE HRE B POV 8 18] 5 i 1A B
FARE— 020 FERCTE DU JZ 19 = 30k, 55 — 3
FHSR I B J= 42 v i = R

5) ME A S I 2 50 o A T Z L HAE AL R
V7 A it JBE 3K B S 07 1) PR L JBE s I () ¢ A8, 22 W B
IR ] 9 52 1 5

6) Al SR A B R e 2 Dk 2 A A 2 A
e 2 figp SIS %o Ji i He A 0y 1 2 B B R

1.2 #=H7AR

BT BRI KB A Jeffrey " 2 H Y
= o = AR T AL Ry Gk AR Y

Jox et P IE 5 R
c yse @m d | Pusc W I 9 [ $ouse S |
e L P L w_;;ﬂnl_(@ (D
rdr B, dr) d=zl B, 9z at| B,
AE <y fE 7 e
1 J Oose Wo ijz Owse Wy 91‘) Jd Oosc Wo ;}p Owse W ;}p
- 5 — H, ——— — — | H 0 < & N vt hat A o
r 97’( o BO (’)T+T w BW (’)r 92 o BO (,}Z+ w BW (,}Z
19 [, 20, 9, 20] - Oose Pse _
E ar[mar]ﬂz Aoy 1—1a= t[sﬁ 28U+ EES UL |+ (A= H Mg (2)

FH 2 0o T o 47 1L T A UE 25 8 5 90T K 19 %5 B2
kg/m’ 5w, F w, 43 51 4 KA U B R A w0, =
KK,/ s KA K., 108 22 LAY BT 1 268 % 8 35 %
e mCm A oo w) MBI AHXTBE R, Ds I m A
BB . mPa » s; ¢ A A LB B, A1 B, 43518
T IKAR IR R B g, g, 53 500 A B B[] P B A4
FRA I ABCR BT K AR AR I BT 6L kg /s5 T, R
A ] P B A R R U I B A o D 19 #0i
kJ/(m® « s 5 J by B A5 B5F 8] PSS (R B o IO 2 149
P K]/ (m® « s) 5 S, AS, 4351 A i L 7K AH 1 A
B NIMEARSHEAEE K]/ (s m =« C); Mg N
WA A A &L kI /(m® - °C)s U, AL U, Al
KA AT B A BN RE k) ke 0 TR E.C.

1.3 KfEFE

Xfas [R5 vy = 2R AP0 22 0 R (A A2 4 o

SR FH 10 iF 22 73 FE v AR RTRE 3T (A9 B2 L FLIRRE Lt =
IKBEBE LR AR AR N RE T R R BT 2 A AR
AEA% 1 45 fE 1 <1 18 4 B J7 & K B A PR $ B8
Jeffrey BEAI b3, 31 3 5% g JEO VR R o
PO R IR AR A A e R E R R A9 5 X
Ab R BRSNS S P A i S e T Ak A
BEAT Bt S fhe R TR T A7 A B % L BRI

z_i 5 :Z_i Z:O:Z_i =000 ®
Ag—i 1:%:0
SRS - I I

e FoR B FE L TT 1) 5 v AL AR  ms b



%43 5% 3 M

Ft T Ay, AR i FRA B ek A B R R AR AL BL R B A LR R + 105 -

MR SR m; e H TR 2 AR ERE
k]/(m+C),

AFUXGE J5E 3001 286 5 Ak B IS L 5 b 53 v % 4 Ak 4 A I
7R 43 3 AN B B BV S B B AR TS R 9 B
5 T SN 9 BE UL 1) AR i A1 35 4% A2k o % 28 3 3
RN Ak B

Jfll(@) (0= 00
to = () (0 > 0= 0,) (&)
w(®  (0<6)

2o 0 R 6 43 ) A B S ik 24 A R N R A R
R, B ENIRBHE,Csp Mo 530N
JE B R A AR T S R S M A B I S R D 9 B
mPa ¢ s,

D) Y RA% Ciy &b T By Be et B 01 =05,
R B O A S R WA Sl T D 8 o o 2k 28 R B
I 260 8 T, BV 9 8 R AR A

q, o+ (Vi3 S6 — q

n ) n.
0,out ‘llot.,]

HilE

kX

B1 ARITEPHEIERE
Fig. 1 Reservoir profile during production
2) R Cis A0 T B B B 1 015 <201
AR S 7 16 e JE — I 220 0 A S IO S S £
DL 0T PO A% T A% TR R O A DRI Y 266 I th 2k R AT
Y- 27 AR B A ) 28 i v 2 48 el 28 B2 0L D

n n n
qo,in + Vl)i’jSOi*j - qo,out

nt1l n
Poivj = 7 Moirj

qé’.in f/«':ﬁl,;' + (Vpi.ngi.]’ - qs,om),uoi.j

Cpiit << prip

(pitl; = piit = pilp (6)

n

Q. = 2mri jAzobi AL,
oip { o,in

Q) = 2mriAzvgi AL,
AV, o A BT LB AR B m 5 g 1 gl ou
R on BEZNR A U A Gy D R, m s Vo R
PRI U AR B m/ s

BRI S H 4 DR AR, 5 R p. 0, S, AN

Sw s PEHL po S, A0 Ry gk 7 AR EE L e B ORI T
2 R 1 A P I SR el B, AT S B X B
W R R R S R . b B sk
ik I ) FH 320 55 000 i 2% A X B A IO A Y R0 O R
PEAT AL 8 & L AT A5 5 A XA & 8O B 2 v Ty 7R
41, E# RN LU 73 fif 0k e 475K A I Matlab 2
BiHH,

2 FAh R U R 1T U 05 R A

2.1 RENFEM#

RIS AS . GSH BY &1 = 0 48 5 Brookfield
DV- I B2 B 15 1E AR  FH IR K4 s i RO 5

TRIG AL B 25 - IR K92N6 FHahAe s £ 1%
FAEALTH CHDLI=3) 5 992K 43 §OR) 5 B ),

n 0 .
40 T ViiiSii — @ o
Qo = 2rigjAzug At

n _ JUN!
Q) o = 2rijAzug At

(plil < pirH )

—1.j

Cpi << bl
(plﬁ;l < pn+1 )

—1.j

)

2.2 RESE

D) W TR LEAS IR B T A0 2 2T 2K 5

2) FREUHAE 200 g, ALILHLZ K 85. 7 g GHIZK L
7+ 3) ., H I RE B AR EL 0. 3% £ T A5 AL )
0. 1Y 40K A3 WA AT 0. 1 %6 BH A 5

3) K KRR B 257 m A B B 2 R 4 R IR
22 FHER 5

O B R A B E A b KR E &
100 “C, I 24 h 5. #E A IR I8 2 95 C, 1§
TRk BE WAL L SRR il R e A% 2 e AR G 2 I 2
LA A% b B A5 AR 8 R L 2 T 8 U T %

5) &M 2) ~ D WL IR, 4 HITE 120,140,160,
180,200,220 M1 240 “CF A7 8 1k 24 5210 5 2 1l
B2

2.3 REER5iTiE

JEC U IR TN [R) R E T R b S i S 1 S v R Y
FHIR NN E 2 Fros . AT E B A O6 ER 41 R
£ 1R,



e« 106 -« s iz 4h

K il A 2015 %5 A

14 000 ¢ ::: ﬁ‘}gﬂém”
A— 120 C
P s
8- 160 C
10000 + ”:“ .
w —A— 200 C
£ 8000} 290G
= ©0—240°C
#6000 KN
= .
4000 b
2000 e ] j
5 —

40 SIU (\Iﬂ 70 SIU
it/ C
B2 RERARE T R RE R A

Fig. 2  Viscosity-temperature curve of heavy oil before and after

catalytic cracking under different temperatures
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Table 1 Elemental analysis of heavy oil before and after catalytic

cracking under different temperatures
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