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Development and application of Statistical Hydrofracturing Data Processing
Program

Dong-Woo Ryu, Sung-Oong Choi, Hi-Keun Lee

Abstract Shut-in pressure, reopening pressure and fracture orientation are very important
parameters to be evaluated precisely in in-situ stress measurement by hydraulic fracturing.
Graphical methods on pressure-time curves have been conventionally used, even though these
are seriously dependent on subjectivity of interpreters. So there have been many demands on
new method to objectivity in determining parameters. We have developed integrated
hydrofracturing data processing program (HYDFRAC), based on nonlinear regression analysis
and can be invoked under the Window graphical user interface. HYDFRAC consists of three
routines, that is shut-in pressure routine, reopening pressure routine, and fracture delineation
routine. Each of routines include independent modules according to parameter determination
methods. Its application to field tests ensured both objectivity and facility in determining of
hydraulic fracturing parameters. Determining shut-in pressures at each pressurization cycles,
we adopted the exponential pressure-decay method (EPD method), the bilinear pressure-decay-
rate method (PDR method), and the tangent intersection method in order to find the
pressurization-cyclic tendency of shut-in pressures. The estimated pressure by PDR method
exists in the range of the upper and lower values by EPD method, and lies near to the upper
value more than the lower. Being the pressurization cycle increased, the range of upper and
lower limits come to be stabilized gradually. By graphical superposition method and bilinear
pressure-accumulated volume method, reopening pressures were determined. Vertical and
inclined fracture attitudes were determined by applying the directional statistics and sinusoidal
curve fitting, respectively. The results of evaluation of hydrofracturing parameters showed that
statistical methods could enhance the objectivity better than graphical methods.
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Fig. 1. Pressure and flowrate-time records during a fieid hydrofracturing test (HF borehole, depth 35.0 m).
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Fig. 2. lllustration of various methods for determining P, when shut-in pressures are not distinct. (a) inflection
point method (Gronseth and Kry, 1982), (b) pressure build-up method (McLennan and Roegiers, 1982),
(c) pressure as a function of log time (Doe et al, 1983), (d) Muskat method (Aamodt and Kuriyagawa,

1982).
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Fig. 3. Shut-in pressure determination during the ex-
ponetial pressure-decay method. Nonfitting
data are shown as blank triangles. The sta-
bilized residual mean square (RMS) value de-
termines pressure level at which pure radial
flow initiates (P,**Y). The extrapolated shut-in
pressure (P,”"") to time t=0 is also shown.
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Fig. 10. (a) Pressure-time record during a field hy-
drofracturing, (b) Shut-in pressure by EPD
routine and (c) Statisfical information about
the result in HYDFRAC.

A4 7128 S wbgol ol T2 oA gkt

B2 S o] Fol At

6.1 TAIZHY i3 X 2 O|HEM BY

EYH AspFyd 217

Fig. 11, Fig. 12 712) 2 Fig. 13& 77} 2% HF
ol 42] AE 29.0 m3} 35.0 m, A2 BHollA o] A%
27.0 m2} 39.5 m, 18]11 A|&F BNol|42] A% 225
mAP ol 4 ARG AR oy o fEkol g 4ol
th A|3F HFol|A AAgE eolataf g2 slizhebs
o] FdshsligH ue} U H &, 18l3 A% BH
ofl 4] AA|gE bt ajA1g 2 dlvlehE o) FAghaletE
Ho} 52 755 HojErh A|FF BNellA A3t 5
et ellA & AT Ashal] ol Fdghare] o4
o] vbehtA] ¢k-2- 7 foltt. A% HF9 BHO 739
7P WEHe ul G dvibEe] uksrsat
(Packer pressure rebound)& Yehgz] ¢kgroi}; 4
2 BNS| 73 F A2Z2} vl mshdd vlujsam o
TS A% & UckFig. 13). ol nbekaldat ¢
AMFE el EudstAl k2 AL sl wA
871 A1k gdoll gt wizte] XX & #H(Propping
effect)o} & o] ol A Z H3Ic}H6].

A|F5 HFlA A% 29.0 m&} 35.0 me] Uxziris}
F71ohA 8] ghHolHRAg v - EAEW, A% 35
0 moll HlsH A% 29.0 moll 4] E7HHe]w K} Dotz
€ Z7|7duH 8 (Crack initiation)g XojFu}(Fig.
11(a), Fig.13). X135 HF2] 29.0 me] 7%= 35.0
mol| vls] HYA] 3 2 TSRS AABA A3k
7 W) dhol oo st el BEo] Zink.

TdssiebE el AL Al A el F4a
€ A 84 Al3F HF, BH 22|31 BN9| 7-$-0il4]
12 3 7187) wistoll gt A& o] YEUT
whEha], Aol ogt FddEH e AL o
& FRAY uboll glglct. A1%&F BHY 7% #izigt
Hol FAzttEE A fAsUeH, AFF
BH®] 27.0 mol] v]&l] 39.5 me]| - slfyiet=el ¥
b Ay vehdR) ekgkeh F7d A4 dlgte o
2 ohdbe] Szl o] FRlere] f5 o2 Qs szt
orE el wgks Zaske 759k 2otk Fig 11
(bol] HojFRo] A FF HF A% 35.0 mollA & ¥4
a-gtoll gkt F4 Aol FRoke) ghwisier
o] F7kek 9] wigle} vlEgl o, ol FHde
WS ERIXATE Zgkeltt. FigllalAg slizist
2 o) wigksl ol BrdslA] b2 AL sizbel A)x) a7}
(propping effect)7} 7FqF-7#7bollA] HEH S Fedoll g3k
= vlA7] wiZeldt. dgisky 4 Aol vepd &
(hump)2.eke] FH71 5L 7Rt 7bollA] whAist #4



218

~— Relatively sharp crack initiation

/Hump during propagation \

Packer pressure

4
[
5%3
2 q
2=
e,
a

Reopening pressure ?

Shut-in pressure ?

Interval pressure

Flowrate
(/min)
o =2 N Wwo
| l

1 - t
@ Constant ﬂowmtﬁ
2 3 4

Time (min)

(a)

-~ Rounded crack initiation

Pressure
(MPa)
w

-
T

No pressure "rebound” Distinct hump in propagation
/ during venting ‘/

Packer pressure

Shut-in pressure ?

Reopening pressure

interval pressure
-

Flowrate
(¥min)

@T Constant flowrate iFBi

Tlme (min)

(b

Fig. 11. Pressure and flowrate-time record during a field hydrofracturing test in HF borehole, depth (a) 29.0 m

and (b) 35.0 m.
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Fig. 12. Pressure and flowrate-time record during a field hydrofracturing test in BH borehole, depth (a) 27.0 m
and (b) 39.5 m.
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Fig. 13. Pressure and flowrate-time record during a field hydrofracturing test in BN borehole, depth 22.5 m.
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Table 1. Summary of shut-in pressures and reopening pressures determined by different techniques using

NLRA and graphical method in five tests

No. of  Depth  Cycle p vl pore P p pul p o P
borehole (m) (MPa) (MPa) (MPa) (MPa) (MPa) (MPa) (MPa)

2 2 076 1.08 0.99 0.96 0.90 1.01 2.02

3 0.74 0.98 0.92 0.94 0.88 0.95 1.65

HF o5 9 1.53 1.81 1.75 1.70 1.70 175 3.24

3 1.61 1.88 1.76 1.77 171 1.80 2.43

2 0.66 1.04 0.782 0.79 0.72 0.85 3.10

97.0 3 0.72 1.03 0.85 0.87 0.81 0.92 2.03

BH 4 0.74 0.95 0.80 0.84 0.79 0.86 1.96

2 0.61 0.89 0.81 0.82 0.75 0.84 148

395 3 0.67 0.83 0.75 0.74 0.72 077 1.32

4 0.61 0.75 0.69 0.68 0.66 0.71 1.33

3 145 9.45 1.88 1.78 1.70 2.04 2.88

BN 225 4 1.73 2.4 1.96 1.74 1.81 1.98 2.68

P.*" and P ™" are the lower and the upper limits of shut-in pressure estimated from the exponential pressure-

decay (epd) method.

P "=shut-in pressure estimated from the pressure-decay-rate (pdr) method using bilinear best-fit
P *"=shut-in pressure estimated from tangent intersection (tan) method

avg-| | d;
P,**'=average shut-in pressure using P, P,” and P,/
1-
P, **"=average shut-in pressure using P,™ g , P” and P

P,”=reopening pressure estimated from P- V bilinear method
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Fig. 14. Upper and lower limits of shut-in pressure
by EPD method and shut-in pressure by
PDR method in each pressurization cycle.
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