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Investigation the Effect of Pore Pressure on Breakdown Pressure in Hydraulic Fracturing in Oil and
Gas Reservoire, Using Finite Element Method
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Abstract:

After several years of oil and gas production, the productivity of the wells decreases because processes
like asphaltene precipitation and reservoir compaction increase around the wellbore. A common
treatment for these wells is performing hydraulic fracturing through injection high pressure fluid into
the well. In this study, using sonic log data of Bangestan reservoir in southwest of Iran, a numerical
model was implemented to investigate the effect of geomechanical properties such as in-situ stresses
at different depths of target layer on maximum required pressure (ie., breakdown pressure) for
propagating the initial perforation. Results revealed that breakdown pressure is decreased by
enhancement of the pore pressure. The importance of this work is that if the minimum pressure
required to initiate crack growth is determined, the needed pump can be chosen more precisely and
the unnecessary costs would be omitted.

Keywords: Hydraulic fracturing, Breakdown Pressure, Pore Pressure, Numerical Method

0000000

H P Y-PY
LT 5 cpl 53 ol (S gsin S dnl G 5 b O3l (S50 Lol 1 6l oge (S5l and Esy &K
ol S Lol 5 Gy g saY okl 535 g SO b adsl Ol 055 4 YU sl 5L L Jlw oK

O b 28 1 03 5Ld Ollee ol 53 5L 35 sm sl bl o e 5SS ey [1] 558 00 IS



whaw (g0 )

SOl 55 ol 4 Hlad pl 358 e el (Breakdown Pressure) CuSis Hlis oS” ol (Perforation) 4 s
a5 bl ) Hlsle S ys &S5 500 ui:»a (o b 9 gt Hlid 9ol ol bl 25 &5 LSke) Ll
5 bl ol SIS Ol 1 (ks 55 or (ST g5dn CaSlh Sllas m pd 5 3500 Cel € s os Wy
ﬁ&i)uééwbutg\ﬁb&b)ﬂ:;)}@}ﬁs..U.s\.s)\jéw)ﬂ:)ybuq‘ﬁ)saﬁftghg}@muu
el 5 A8 o 358 dijle g (ol Gladd w4 b Sl b 35050 1 ol 55 isls OLES 5 i )sT Cawt
S o oS 313 0L Oladen [Y] iS5 b y3 35 38 oo glil 53 i3l 53 3 g 50 S 587 (slaS 5 3 33 oo
(Slolr 53 45" s> B 1 5 ol ] el B3 333 30 05 55 5 57 S5 51 a1 IS 3

s [F] s (Ko Jiw G5 #5445 358 0 sl o8 2 5 gee b0 93 1, s Lo 5 VU O3l il 4515 L
ST lrs Sleslizal) ¢S5 ¢S 5 0Ll 5 VL 45 0 Oldl 3l eslizal b 1) ad sl CunSla sdzs 6,8 S » S 30
2l O Gandin 5 0 SO 5 ol Sk S Jlm ol b [0] 5ls 513 (o p 3550 (Jloy A
Gla i Sl i 8 8 155 3 b Gz (pl 3 oSl 0kl gy » 055 B (oo gla g, Sl eslial 5 s Lis
FIVA/Y G F A /A Gos SN0k O oen 51 Caliien (sl Gos 53 1y okt 5Lid Sl ot 160 s b (gl ys 381
ol s cnl Coeal 3h a2 ABAQUS L1331 o5 5 (g3 (5l a3l eslinal b S8l 5L (5 2
3 A (lady 3 05 amboue adsl OIS i 28 650 (sl (Sl HLad)5L5 3550 5Lid ST ST

b Sl Slhes 53 S5 ey L 5

0000000

(Sonic Log Data) (ige 31990 5ol 3f osliiw! b Silso g § yoled samixo

L] AT o oy (V) sl 51 (0K 0 s K i) ST K St K i
K;c = 0.005 + 0.1550, — 0.003120, + 0.0148E )
Q)}nﬂ‘#{)M\{@&»w‘x@jwjajfu&éjLQ@)w%j4.30'1-‘50'(: @‘méﬁq—ch

E = 041Eqy, — 106 E < 15GPa (¥)
E = 1.153E4y, — 152 E > 15GPa )

[A]T oo ok (F) (g abasly b ¢ 5 g 15 505 laosls I 5 ol éf‘*&-’ ¢SL J ke Egyn (%) 5(Y) Llg, 5o

3vj — 4v?

Egyn = pvsz( - ) x 1076 (2]

S

@

5

1748 497 YY



-Uy&c&.w}&JL)"Cl;ﬁ\a‘.MLs's",..acbﬁ‘(yf)Qﬁj&)wuﬁaxﬁ:ow%jA{Us)vp
_5&:«.9)‘_)\.4)g;.ﬁ‘)‘w}.a\.:ﬁu.o@Q)J&yd‘om@g‘))&})‘)&}&@oJLIMJﬁJ.:)L«:J:-‘Jmé}.p
gﬁéfuib,uiguoy‘ﬁ%ﬂsw.m@a\wl»\,wuﬂamggaw,dﬁ\dlafﬁ

LOJLT o s ) slinly 51 503l Soken b

V= (M) )

2(vE-v2)

.[\~]..U}.i,u.»@bu(\/)_,(f‘)lm'lj)j\o}uLgajly_:j_o.x.i;:)\)diél;ycghux:ﬁ:quj\

VE

v v v

O'h—EO'v—EO.’pR-l'apR +m€y+m6x (9)
v v v vE

Oy =150y —T;APR T AR + T3 €x + T3 €y (v)

0353 (2 b 25 Oy il o (B G 25 0 eST 5 o i S 53 Jbe i (5 oS 0Ly s 5 41 €y

o, ~ [ p(2)gdz W)

Wl 35y 40 Gee Z 5 IS Oli g (VU s J&s p(2) daly ol 4o &S

0000000

oSl 3L dwlono (51 33 (5308 (S v dmidg Joho Olorwd g

AOYEXNOYF Laseiin slal 6115 4 Sl Ol O oo 103555 iy 8l domins ) K& lae JLai 55 50 ol
Aot D Jalee 5 1 (R) ol plad L (@) adsl BISKE b o8 Sl s (55 e opl 53 il g 0 e
o 3148 0 e S5 ol 3,1 el 4 S e (1 5 S e (sl 4 ol OIS AL e
&' 2 (Sonic Log Data) 5 s 15503 sbaesls 5l eslizal L (A) b (V) Loy, 31 ol (Limestone ) ST K
Sl Dbl g 4t 5 b ool 0dd 151) sk 3 gl 5 aalons (e FIVA/Y B AR ) Caliin slaGos
SB35 s )15 35 s 13 sed Slaesl 3 e S sl el sel o) Sl s 5 03k 3 pKis S g

ol Dk 4 (6 gl o ] sl o5l (6315 5 ok Sl (2 FAVA/Y B FrA/A ) ST (g3 ol

4

S

1748 497 YY



5 RS Dl b sy O Gleand Gl il e die sy YelS Dysa ol ol 5y SUKG g5
ol w8 53 cls /0N /YA S palie S g ekt O 35 ST K g 0358
xS e p S S AGY 5 ISl S/ 0 Usles 5 5 4 5 ol S o guaien 055 5 S gt ot o
e Ciliee (glaGas 53 JISKULKe PA B ¥ 1 (gite HLid olie ¢ 5 geo I3 500 sla 03ls G Ll 0l 5 3

!l
3550 e Gl 1) A D ol 1S SO Sl 2 455 b ol (o0 DS 525 03557 Sty (61
S Ol iy 358 a enlimal 55 Gl Lol b (Samlous (6l (6ol (s3de o S5, 3,5 dnlous |y 1) LS
4 & Lies g3ds Sy s> (Finite Element Method) 554 OlJI 55, 5 (Boundary Element Method)
Lyl s 5 ooy (slaaadin b sla K8 (gl 3 gme OLJI oy VY] 05,8 oo 513 oalizad 350 03 28 &) 50
ol Ol s 5 o T e Ol s il 55 Sdd yl b (Stemlons (51 conlin gy cCiiben (sl 10850

] 5,8 awlme oYU Hlus S85 L 3 guome OLdl 595 Sleslinwl b cgias dw 9 (sas 93 lrawdn 6l 41, ol 0

[YF]
Oh
© l
. P Perforation
i =) i,
=
wellbore
R a
P S I

O s okl (Gle 4 Jue 1(1) IS
ol ¢ Calitee slaes 53 baY (glstle Ol w5 S 55 ol Ol i 3.8 i j3 b hagh opl o
(Maximum Tangential Stress)  ules 25 jSTd> jlas jl oslazal L (Stress Intensity factors) :s ous
33 LA Odh el e Ll 13 (1) sl e (5108 5L 50 Cow ad sl CalSKs 0 5. ik duwloes
Sl e el .u,i;;,)g;4{.@ua;g)fpuusjvs,gw,(K,,C);f@‘ﬁ)m@;@«,,)(,,h

03,337 Gy Sy sbate ol (6l 35 o 4 S L 55 K Jsl e 3 L35 s o e lie LS50 L ol ol

178 457 YY



e & s
Wl o )

1748 577V

o Py blae jldie s e (Ko) 55 Sl o Hlis 4 K| )‘mbﬁ;@ﬁU;l\,Pw)Lﬁcm)ué
el ot a3 8 L5 55 Ol A YO B L1584 Sl ed (g jlwand Jue a0

530 15305 Loty Sl oalinal b Calbus 6l Gas 53 Okl O e S 55 Lol (1) Jsdr
(Sonic Log data)

- ;; NMD |y (sz;a) (MPa) | MBa) | MBa) (MPI;{;nOE)
d, FeA /A q /¥ ANAA Z/0¥ OY/AY | Y+Y/AF +/QA
d, FAW/Q Yy /Y a/AY AN N YV +/Q¥F
ds Y VIV \¥ YN | OAY/RD V/YA ON/O Y AYY \VAMS
d, \aRAwid \K A IR\ VAR \7°0 VAR V+4/2) \/\Y
ds FIYE/Y VO JYY LYY NYA VAR Y V/OY VAR
dg FAVYA/N ¥ JYF | ONFY O/YA OV/VY | Y+4/VA N4
d, Fiva I YV | F/8 O/¥F FY/Y ARRVARZ o /YY

&S 5 S 5 Ol Y S 0Ll 5 0dd (g5 lwand Jde st OLIIH(Y) IS8

oly 3| i o 53 IS8 Bl codd (g5le and s o] Sy ol g o Kot w2 612 piomasd
b".’.f'p J.Lbl.anjc-\.:d AEJ?JJGJ)) (Perforatlon tlp) u&& S}' d‘}”‘ (Cli C2, C3, C4_, Cs))ﬁK@b‘M

48 o sh 4 ) Bae (g0l A 3 oad (sl 02l alaad (5 st (L lad () 230 o Number of Measured Data «aiss '
ol o2 Jada SilSa i) Gl 53 (Kb sm ol o 2



1798 577V

ULSQJ}%J.;ESJ‘,.&@NQ;&‘_}.i.i,ﬁKJ}EM.@\omeou}ﬁlfd!dﬂijm):de.m

Q%ﬂ)&‘@‘;‘sﬁob‘jCJ.LAwﬁ(CZ,C:),,C‘l_,Cs)M@}\d&ié{j}&ﬁ:gé)}ﬁg)%&‘ﬁ

A Y S (sl Jol dy s 0T 45 (5 5 5bes ol 6!

&S 5 Ol bl (€, €2, €3, Cy, Cs) sla, 55187 s WEHIDOTE) & j3ee (g0l 505 ol bl 0,laze (PErfOration) (ol 55 1) S

(perforation tip) _sia

3.00E+06

2.50E+06

2.00E+06

1.50E+06

1.00E+06

5.00E+05

stress intensity factor (Pa.m??)

0.00E+00

0 0.2 0.4 0.6 0.8 1 1.2
time (s)

eCl

®C2

®C3

c4

®C5

oy 5l pabniie Gas )3 &S 58S 5 Dol bl clay 5187 (65, (StrESS intensity factor) is cous o s alae (F) S

0000000



1748 497 YY

I ")

&, 2 (Breakdown Pressure) ¢S s, (Pore Pressure) i jlas ol 56 dlie cpl s
Sl S Hlas VL gl Hlis péu.\s;u,wm@ow@waJi.:&w.uw,j@.udjuw
Gl i 51l Eel gdite 5Lid (bl & Canl ol &S S ialS e Ll 05V OIS s £y,
Il 5L 3550 OIS iy (g (6 2aS 5Lad opl ol 358 0 i 0939 5 3,15 (O, Op) O e ol bl bl
p3lie 47355 plonil O e 1 e 55 (Ssber S8 Slles ol p3Y my b 5 glaan o 2S5k o

145

140

135

130

125

120

115

110

105

breakdown pressure (MPa)

100

38 40 42 44 46 48 50
pore pressure (MPa)

Calies sl ses 53 (breakdown pressure) «.Ss lis . (POre Pressure) gdiw Hlis 56 :(0) JSa
d;;i=1,2,..,7
References

[1] Charlez, P. A.; (1997); "Rock mechanics: petroleum applications", Editions Technip.

[2] Timoshenko, S., Timoshenko, S. and Goodier, J.; (1951); "Theory of Elasticity", McGraw-Hill book
Company.

[3] Soliman, M.; (1990); "Interpretation of pressure behavior of fractured, deviated, and horizontal wells",
SPE Latin America Petroleum Engineering Conference, Society of Petroleum Engineers.



(4]

(5]

(6]

(7]

(8]

[9]

(10]

(12]

[13]

(14]

9 Sl (403 (g it lod (0 5 L6
el (o

Kim, C. and Abass, H.; (1991); "Hydraulic fracture initiation from horizontal wellbores: laboratory
experiments", The 32nd US Symposium on Rock Mechanics (USRMS), American Rock Mechanics
Association.

De Pater, C., Weijers, L., Savic, M., Wolf, K., Van den Hoek, P. and Barr, D.; (1994); "Experimental study
of nonlinear effects in hydraulic fracture propagation (includes associated papers 29225 and 29687)",
SPE Production & Facilities, 9 (04), pp. 239-246.

Nejati, H. R. and Moosavi, S. A.; (2016); "A new brittleness index for estimation of rock fracture
toughness", Journal of Mining and Environment.

Nazir, R., Momeni, E., Jahed Armaghani, D. and Mohd Amin, M.; (2013); "Correlation between
unconfined compressive strength and indirect tensile strength of limestone rock samples", Electr J
Geotech Eng, 18, pp. 1737-1746.

Wang, Z.; (2000); "The Gassmann equation revisited: Comparing laboratory data with Gassmann’s
predictions", Seismic and acoustic velocities in reservoir rocks, 3, pp. 8-23.

Fei, W., Huiyuan, B., Jun, Y. and Yonghao, Z.; (2000); "Correlation of Dynamic and Static Elastic
Parameters of Rock."

Guéguen, Y. and Palciauskas, V.; (1994); "Introduction to the physics of rocks", Princeton University
Press.

[11]  Zoback, M. D. and Zoback, M. L; (1989); "Geophysics", pp. 1221-1232.

Marji, M. F., Hosseini-Nasab, H. and Kohsary, A. H.; (2007); "A new cubic element formulation of the
displacement discontinuity method using three special crack tip elements for crack analysis", JP J. Solids
Struct, 1 (1), pp. 61-91.

Ayatollahi, M., Mirsayar, M. and Nejati, M.; (2010); "Evaluation of first non-singular stress term in bi-
material notches", Computational Materials Science, 50 (2), pp. 752-760.

Ayatollahi, M. and Aliha, M.; (2007); "Wide range data for crack tip parameters in two disc-type
specimens under mixed mode loading", Computational materials science, 38 (4), pp. 660-670.

©

1798 497 ¥V



