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Verification of a Hydraulic Fracturing Simulator against a North Sea Case

IUARE]* - Marte Gutierrez** « BERRX™ - BIAKZ™
Koji YAMAMOTO, Marte GUTIERREZ, Tatsuo SHIMAMOTO, Shigeyuki MAEZUMI

A three-dimensional simulator for the IOR hydraulic fracturing technique has been developed by the authors
based on the theoretical coupling of fluid flow and fracture mechanics models. Its applicability to the condition
of real field problems should be verified along with theoretical and numerical correctness and choice of the
models of physical phenomena. The pressure history data during the injection and post shut-in periods obtained
in a North Sea field are used for this objective with the formation model determined by the wireline logging
and empirical knowledge. The simulation results raise the questions of adopted fracture propagation criterion.
Nevertheless, history matching of results of the bottom hole pressure between the numerical and real data

confirm that the models developed by the authors can be used to estimate the fracture geometry and extension.
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BROY TR, BTV HIZRPIRTEIIC Tor 8. LB, RETFHBOENFNIZDONWTEZ 5,
Dense Zone O IIARBHTH U, IR IR TH TIL. Dense Zone DEENHBEHENI A EOHBMN S,
COBEEBLTZRBETNELTCHELTVS, ZRMEOHEIIBEBIE ) 2RIV B E
Ko & ZREMOIENERGEER Z B LU T, Mastrojannis et al.(1980) D BEER :

a

d=d x(———————K’ K
- Klmax _KIC
REIDWTHMYLRHEREED TS, ZITKRBERALSEOIENEKRBE. K 3FDRKET
H5. BEPHERZRBRYIGESNZMEE L T, 1500psivin. (1.656MPavm) 25 %2 TWA MR, 23 NGI

(Norwegian Geotechnical Institute) DF a—I DT —FRXR—A EFFELRWEELZS>TWS,

ZEDSHMBENOREOFH (V—oF7) NERERICKERFEEEXD, HE~DY—2FT71FE
ZHENS D—RIEHBZBRFE L TN K DBIBAKE LEROETFINETIT, KRITE T SRR O R% 8 R
DEHFRICKILHIT S ETHEET. ROLSICHEALNS :

q, = 2, (2
ZIT LR ERBRRRATH 2. i, o, 3RV —7F THRET, HROBER EFEARKOHENSEE S,
J—=IF THBERZODWTREA M) = v F OV E2T5BOERELTHRS.

ST Iw Y UMNBRBKERR) ORBRENS VIV F v —OEREEE N (CP) OAERE LB K
UTHEOIE 2 oA NBSENFEN+1960psi (13.5MPa) K f+2060psi (14.2MPa) ELEHHIENTH
D, ZOHBEHOBHIAL NI ZANEMIISHDOIL RS AMELTEET S, £, BEBHEOHA
FEET19g/em®BETHZ 056, BHEARE 0.823psi/ft (18.62kPa/m) SRET 5.,

FEAREBIIEHEORATY —T, TOHHEIIRZRATERIN, 1=0.47, ¥=0.0715psi/sec®?
(160° F) WE5EZ5NTWVSH, ZITEM4IRTEI 7 120 FHOKEHABEZTL., TOBROEA
L— &K 40bbl/min (6.36m%min). #EAFRIL 1300bbl (207m®) TH 5,

Over Burden:

(1)

E = 400,000psi
v o= oe SHH RREHBE
-31m o= 6580psi Xoo00 - - 40
= 2.0 g/cm? -~ Botiom Hole Pressure (psi)
e glem W (—pump rate (bbl/min) B 35
el | Tor X300 \
...... . 4 30
...... E = 500,000psi } <
O OO v =023
= 12 o
é o = 4620psi ‘g_’ X200 % . - 4 25 o
LA p =1.9g/cm? o - F ” ‘x....,,_\— 20 -1—
o o " D
-é ...... 5 X500 X ; s R
-4m & { !
£ ®) kY Ty, 10
3 ense—Zone: X300 N '5\ -
P B8, 500,000p%1 U 5
g \ B v =023 . .
b SEUEN | IENERE Oy = 4620psi X500 + ; T 0
p = 2.15g/kem? - - o - . - -
+1lm  prene MRSl Under Berden: o * @ © e o |
PR R E =1,200,000( psi) —
[ R ranrd) v =0.3
oy = 6680 (psi)
o =2.2(glem®)
K3 YiHEMmBEOETIL B4 HEALV—hEEHENGERE

—130—



4. EEHADER M) - vF Y
IKERRE B B TOYUK TOE N R, i
EREEBREORE-EOZRMEILES (FPP).
EREABESN (CP) I
RO H EMBBIRIEET IV TERICHED

?'J

Eicx
Ty

HUPECTHERB TSI 75 2T (FBP).
b VEROBBEENET (SIP) &EEOHD

EITDH2ETOENETEVWIBEZEES, ZOSBT VLAY T ERIZDOVTIE.
ZERTERNWDOT, EHEENMEN,

¥/, ISIPWREAT

—VEERNOMO TV 7 a VECERNTZHOTHD. EEFINTEHEEL THRWV,

AR ELEZETITHE, HEIhEEHR
BIEHAEOHERICE L DM, gHllchZb0 kD
b I/EENIRDIBMIH B, 1T, Dense
Zone ZEEL TWizWI b —DOFREELEEX
S5N5M. BTHRRB LD ICERMREAOMET
HLUREMEND ORFEET S, EATEROH
HERICZERHAL TESRZ LD, 2ITE
Tor BOHMEEREHHOETIND 3 FIHEL
TWwb., 25 UTEHEINEEIREOHIRIZE
HENEZDBDERL KT 5,

Py b CBOENETRIZFH &
SEDLEDITU—IFTHRE C 2B EES
SOENBEOL{ER 5 ITRT. COHS
HETE2-RI®22DICU—IF7HE%KE2S
KTBHE FAFRRFEICHELWERRENBRS
NKEVT D e LB RA#K T T HLAICE
RPN O LTIV FENEHT S, 20l &
W, Bz — KXo BT TV AELEO MHF ©
PRalb—YaliRR@YTRWIEERLT
nwa,

Fle, ZROMEOEAFVWNENBBEICKE:
522 Z &M, Cuesta(1991) 72 & T LAY 7z
KDG. PKN, A ZRLZEOETNIIH L TH
INTH3,

4000 P$

3500

3000

2500

2000

1500 |

1000

L3

~—4---net BHP obsarved(si)

-~ NotP(psi) KC= 1500 E=15E5 CL=0.007
- NatP(ps) KC=1500 E=15E5 CL=0.005

~—&— NetP(ps) KC=1500 E=1585 CL=0.001

—&— NetP(psi) KC=1500 E=15E5 (1=0.0025

——pump rate(thp)

500

=

]

1)

15 30 45

min

M 5

U2 A T REKOBV I L HENREOEL

n

4000 P
3500
3000
2500
2000

1500

- nat BHP observedfpsi)
“ NetP(ps) KC=1500 E=15E5 CL=0.005
—o— NeotP(ps) KC=1500 E=15E5 circle
__~==punp rate(tbp)

15 30 45 60 75

min

g0 105 120

Be ZEBROBVWIIIZENBEOCE

Fracture Geametry (KC=3000 E=5£5 Stress Contrast Not Goneidorod)

ENHr BRI IR T 3 HR

Fracture Geometry (KC=1500 E=5E5)

ZODHDDHOIT, WHAZ I
FEES LU TRIZAEOERERR
XHZHI T, FPP NADEE &+

DEWDRITIRE BT HREDNE

Hh (K6 RUKT), EROEHY
HEGREAKOIEEFERENICH
FHEINTWB I EMNTREINS,

(F :

M7 BEREIN=Z2HBR

o)

—131—

J2MSAME. A2 RTAE)



5. EFIOBHER

WERBRISA4TUT7OMER

EROWR, THEAMHBEBRIZHERINDD, EVoZRREATHEEMBISATUTIZKRET 5. 8
BB ETIN TREFERCHENBEREAVNECD2PNERBRACIRZVEGRNI &, ERHEAET
BEHOHBRENERAREORBEEL DSBS, ERERT RS- NELB R ENS,
PRal—valOERNEARERIDBESRDIENEREINTB D (Desroches et al. 1998). T
5EREMTAORBEHOL D ERRETFTIMMENBELEZI SN S,
@YU —2 A TEF N OEER

HMEBANNOREL ~KATBRBBEREKRELEREDQY —IF 7ETFINTRERBEBELZNED Y — I F TEHP
BORLFEAZERICEARWED., HENOZR W RENEZERLEET NV ERFTTILEND D, &
ORER. RVFTNTFIF v —OHEE OB T HHEISREBIIRETHS .

6. ¥&£8

ER|ETREIIL—FOiEHEE. HEFBHL TWA3ETINOBRBREZHLNMITHIENTERE, £
Tal—YORBTHEZKTMRIEN D ER-> ZERMBBOMEDS., Tu/> MEBHOHEFIZ DOV TIES
HEOBETRMOBEDLREL DT, INHLORAERBSEOBRETH 5.

DIl —FOHME, EHRHOENDEBRETHTLZLTHD., TOEDITITERICERINE
ERWR BT D EREEL Y, KEEREROBBRAEZEZF/—T5FERELUTE, BERARTER
FHR—INOEMZFHIT S HEP. AE HZ2BHATHFEIMREREINATHS. Ll Al¥HOLD &
HIBHE I RICET 2 ETICHBOLEH® AE OEEVHEET 20, BHIZELL. %13, <hs
EEOEEROF YIS IITAE—Ta FRIIDWTHRFLEN,

The authors express sincere appreciation to BP Amoco and its staffs who assisted with providing the

data from the field and giving permission for the publication.

7. BEH

) AR, BFERXK, fIE, fRERE  SXuKEMR I 2L —-FOMRE. % 29 Ha®hrcildss >
RPU L. 1999

2) K. Yamamoto, T. Shimamoto, S. Maezumi, “Development of a True 3D Hydraulic Fracturing Simulator,” SPE 54265,
Proc. Asis Pacific Gas and Qil Conference and Exhibition, 1999

3) N.Ali & T.Alcock “Valhall Field, Norway-The First Ten Years,” North Sea Oil and Gas Reservoir-III

4) S.D.York, C.P.Peng & T.H.Joslin, “Reservoir Management of Valhall Field, Norway,” JPT, August 1992

5) E. N. Mastrojannis, L. E. Keer, T. Mura: Growth of Planar Cracks Induced by Hydraulic Fracturing, International Journal
for Numerical Method in Engineering, Vol. 15, pp41-54, 1980

6) N.R.Warpinski, Michael Berry Smith,”Rock Mechanics and Fracture Geometry,” Recent Advance in Hydraulic Fracturing,
SPE Monograph vo.12, 1989

7) R.W.VeatchlJr., Z.A.Moschovidis, & C.R.Fast, ”An Overview of Hydraulic Fracturing,” Recent Advance in Hydraulic
Fracturing, SPE Monograph vo.12, 1989

9) 1. F. Cuesta, “Review of Fracturing Pressure Analysis,” OIL GAS-European Magazine 1/1991

10) J. Desroches, B. Lnoach, P. Papanastasiou, “On the Modeling of Near Tip Processes in Hydraulic Fractures,”

Int.J.Mech.Min.Sci.& Geomech.Abstr. vol. 30, No.7

—132—



