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Theoretical Background and Design of Hydraulic Fracturing in
Oil and Gas Production

Dae-Sung Cheon*, Tae Jong Lee

Abstract This paper deals with a hydraulic fracturing technique, which is one of the methods to maximize the
recovery rate and productivity of oil and gas in the petroleum industry. In the hydraulic fracturing, typically water
mixed with sand and chemicals is injected into a wellbore in order to create artificial fractures along which formation
fluids migrate to the well. In recent years, it is widely used in non-conventional oil and gas such as oil shale
and shale gas. Three main stages of the hydraulic fracturing process, the proposed design models for the effective
hydraulic fracturing and diagnostics after fracturing treatment are introduced. In addition, this paper introduces

reservoir geomechanics to solve various problems in the process of hydraulic fracturing.
Key words Hydraulic fracturing, Reservoir geomechanics, Design of hydraulic fracturing, Oil and gas production
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AAFA] BFARS QI5t w2l 2FQ](fracturing treatment)-2
1890 o]l AJZH=] It Economides and Martin, 2007).
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(KIGAM, 2010).
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Fig. 1. A schematic extended leakoff test showing pressure
as a function of volume (Gaarenstroom et al., 1993)
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Fig. 2. Idealized elliptical fracture (Economides and Martin,

2007)
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Fig. 3. Fracture pattern in normal fault regime (GMI, 2010)

Table 1. Principal stresses relationship in stress regimes

ST PR

stress regime o, 0y 03
normal oy THmax Thmin
strike slip Oimax oy Thmin

reverse THmax Ohmin Ty
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Fig. 4. A schematic hydraulic fracturing with minimum
in-situ stress (Dusseault, 1998)
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a2= S| U A, A= A < 7I5Fg dol AdEls Zhe siidshr] $151d, Nolte
oA, e, 4, Y] A= 5ol Sl Fig 4= 9F Smith(1981)7F X[5-9] ke 245k e
AL7EEs SolM s AFAQ edukae] A AASITHFig. 5). o] 2 wdol Hupshs ¢
o} YRS HolE: ASL 2R Y 2iEe s E4sk, Ao 3

Slopes of Fracturing Pressures and Their
Interpretation

e
Ny
g’ Type Approximate Interpretation
- log-log Slope
Value
1 1/8to ¥ Restricted Height
and Unrestricted
Extension
2 (1] Stable Height Growth /

Fissure Opening

3A 1 Restricted Extension
(Two Active Wings)

3B 2 Restricted Extension
a (One Active Wing)
Log time (pumping) 4 Negative Unrestricted Height
Growth

Fig. 5. A interpretation of hydraulic fracturing pressure (Nolte and smith, 1981)

Table 2. Comparison of hydraulic fracturing models

Model concept d w P-o, section view
2 27>

Fk Elliptical aL E 0L
Cross Secti Jad 1/4 R Wt 1/4

PKN H L 5 g
Elliptical

Cross Section

>Area of
Largest
Flow oL 5 Q L2
Resistand M 1/4 Jd 1/4
KGD H L
H [ E'H ) T [ E'H ]
\/J'\)\
Area of
. QR " pQR
Radial Largest R [#7,}1/4 [ U/
Flow E R E’
Resistance

G
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= PKN e} -2 75184 o] ool s Ae
Olu|gttEconomides and Martin, 2007).
T dutd o g 234 RYlS o] §sto]
PFob, t#2Ql Hel2 A PKN 2E7t KGD HElo]
etk PKN X9 Perkins and Kern(1961)¢] A|9FstH
Etﬂik] _—nLo:l_,] 7Hq_oﬂ 0101 Xltﬂ—a}:oi _dtt]tﬂa]
E2 /M5t 9Jom, KGD 2492 Geertsma and de
Klerk(1969)7} A|¢tet well2 x| =ggko R PN
FES 748k qirk PKN ZEojx= 89| dol7t
EolBrt wfe- 2 A% S Ak HEY wolE A=
7Zgolm, KGD 242 &o|7t & ol 22 dols
7k= AQo|th YA (circular fracture model)
> PKN Hdlil KGD HElo] F7te sl Hal=
Al, Table 29} o] FHo] ¥ 718} & 2=t} ©]
mall ol A& F oy A Zo|x|uk g3lelgo] 7
2 AFollA ARGETE o5 Hdof gk 2to]E Table
20 zreFstAl g 2]kl
A wE F2 A (13)3} o] EFEHH, of7]ofA
d= 7t EG‘OW—J E4Z 2 P=

Ve = (13)

2 A E

A ol&at HA

PKN mele] 79 FAHToA sjejsiaiel 9

5y bl =~
FRUEL WP g ou, #Eol 49 7]
790 Agsick GDK malel 49 #ae] A o}

ol o] AdHow ek H@Ael
Vo] EAfelR el ol 2 A9l
%%E%Q—] _T,Lodo] EZ‘] k—é— 7=

dolrt e Aoe) Al

N4

4 Fnhaf "ot
SRITHY F O AT B, Wolels AS S
i) A1) HFelnm ohet 1964 Se] of
o Rtk Agolv Ayst ethgel 24t
of 7)0] H7] ujgel Fashch B R 2
Aol wriah P AS) WHeR ths 4 glom, 1§
A= Table 30 Seksioict. srma) Hte] 4
e S Beleh) /e olget AomA e
5 Al=(microseismic monitoring), “JAMA|(tiltmeter),
EgolA HF, =45 5= ol8shH, 1HdA el
= wEEAY, FEAE, A A Sl Atk
g, 2011). o] FollA waZE ASH HAASAR
o] 2 AREEIL gk MaXlE ASS 3= A
QLo slo|ERE 5O ARESto, Eﬂé?i AlF=gell
Ax|sto] kAl WS | aES ASShe A
o ASHE #EREE AYAITE 2 % LE}E‘W} +
Aste}. BAHA S785E BAAIE SAU Al EA
sjof eqlahal] 24glo] S B ALE FA= <)
3 WsEl Aze] AAE ZHsiel wae] do] U W
e Tolsh WHleleh A SAZE Aol
AAISHe 49 A=} 1500 m2 ARHEIcHs ol 9}

=

Table 3. Diagnostics of hydraulic fracturing (Cipolla and Wright, 2000)

Techniques Azimuth Height Length Asymmetry Width | Dip Range
Microseismic [ ] o o O O Far field
Tiltmeter
° o Far fiel
(downhole) O O O ar field
Direct Tiltmeter
diagnostics L] O O O [ ] Far field
(surface)
RA tracer O O O Near well
Temp logs O Near well
Frac Models O O O Far field
Indirect
‘ndlrec' Well testing O O Far field
diagnostics
Production analysis O O Far field

® : can determine, O : may determine
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3. NIZ7tA2 Enhanced Geothermal System
XEMFSE flst +2x=

TS= TIY

rlo _LL,
oo

Agarlolie] Souhe QurA o Ao ula
e WASY, & F4mo} Qlelo] ASET. 29
ARAA7F ol sAdatfol osf M2 #8248
HAZ|3, FRAOIE AN HEE THste]
elAfjol Fpsick et oriel AekAS S B
7H7Hresidual opening)E THEIL o]&2 A2 oSIUA|
slo] FYL WA FILE o= X]—OC]—T]L@?J' JH(naturally
fractured rockmass)ol|A F&2 7}FsdltHJeffrey et al.,
2010). Barnnett Aoz} 0] 41l #elo] e A
FZoA AEA BE FES A= AR V)&
FAE AZN7IE Ho] wrk gl Holck. Ajel 2ol

e ARSI HE5e E8et Aol
ool dlepel, Al 2eel kel Aazes

Bl Al AN et 2 39 olse el
Bk s2eto] 29 4%, WAl 43 ) GAREE 71
S Ha AFHOR o FE o] AT T
Hog Lo GARERAL 2EAAAY ool o
B2 3 280l Lol 2L Rl
FLYS o} 2210k Rscreenout) & 7|3l
BN YT SR AT vL05 AR

woln, TEolut FETE A=
2 s8] stk
g AT YAHOR o AN ST A

Ao e FUSm g, T du
49 A% ALY, ALLHTIAE 2ok
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