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0.076
4 steps in both pressure increase and
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300,000(approximately 3.5 days)
1MPa (0.25 MPa x4 steps, total 8 steps)

Formation permeability (m/sec)
Formation specific storage (1/m)
Hydrostatic pressure (MPa)
Tested interval length (m)

Borehole redius (m)

Pressure step

Max. elapsed time at each pressure step(sec)
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Skin zone specific storage (1/m)

The same with formation specific storage

Skin zone radius (cm)

50

A3 FHol 271 o] FAAE ddta o] FAAFEA o FHAT FUHEAHRE ®
3l AAIBEATE. Aol 271 ofgk RFo] TS HIubA o] JEge AddlHos
Zhorom, AFEFAY] 2~71o] FAHE A FFAT H7HAe daEvbE ¢ US4
ATk ey, AA 27199 EAE AFAY dE¥E dolgRto =z FlstE A2 o H
7] wioll, 4o k¥ HolElE o] 8sle] wrs] T4 HUE e AS B F
TS Hagrteste] Aydor FxE AAAY FHTHol BAEHIEHAY PEAL
oAkl HfstAl H7bE ThsAdo]l ol FoF dart vk Egh FAAEES AN
Fefoll A1) rtel7] wiiteol AlZke]EA Wl B AFAT o F4 BUHssih kA,
FA A S o] &3 HA S S oAM= AFE T mE dHHE gl FEGS FAES
2 AAsto =z AtelEA et Eel HAFATE F45= AR o]EH o2 JHEs)
=3
B 3. 2EHAR st +~21™ HoF Aot

High permeable skin | Without | Low permeable skin
zone skin zone zone
Skin zone permeability (m/sec) 1.00E-04 | 1.00E-05 | 1.00E-06 | 1.00E-07 | 1.00E-08
Estimated permeability (m/sec) 1.06E-06 | 1.05E-06 | 1.00E-06 | 6.76E-07 | 1.59E-07
Error with prescribed permeability (%) 6.0 5.0 - -32.4 -84.1

(error=(estimated—prescribed)/prescribed x 100%, prescribed permeability=1.0E—6, and positive error indicates an

overestimation, negative does underestimation)
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2.1.3 271840
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Skin zone permeability (m/sec)

1.0E-7(skin zone #1), 1.0E-8(skin zone #2)

Skin zone specific storage (1/m)

The same with formation specific storage

Skin zone radius (cm)
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Hydraulic test event

Analysis method

Pulse Withdrawal test (PW)

Cooper—Bredehoeft—Papadopulos(1967) and
Bouver—Rice(1976)

Slug Withdrawal test (SW)

Cooper—Bredehoeft—Papadopulos(1967)

Pumping test (RW)

Theis(1935) step—drawdown

Recovery test after slug and pumping test
(SWS and RWS)

Theis(1935) recovery method

Wm

Pressure (MPa)
&
i3

s v
1.5 SN N X X X ]

f"’

W e

Pressure (MPa}
P
<

1.154

0.0 500000 1000000
Elapsed time (sec)

1500000

O3 3. X2 Ao Qlgt +UHS

0.0 1000 2000 3000

Elapsed time (sec)

ool Et

4000

MNE FAREAA o= TE ALE FAY B7HAE £ bl AT FHA o
Fe A7 Bkl AFE 29 motdAe] SN gew st Ha U Sel AY
of 9§ FHA = A G FHY AFFAHY 27019 JFom HAPA e} F AfolE Hol
W mote] R4S wanslEhs ARE Bt AAHoR wekw Azlgde] Ris
o Apol7h FdiHow F Aol 239G R A5 1 L= v AHE #AE
AT
H 5. HEsHMsHol ost +2[Fs I Zt

Without skin zone With skin zone #1 With skin zone #2

Hydraulic test event | conductivity error conductivity error conductivity error

(m/s) (%) (m/s) (%) (m/s) (%)

PW 9.71E-07 -2.9 6.24E-07 -37.6 1.18E-07 —88.2

PW-BR 8.64E-07 -13.6 4.09E-07 -59.1 6.87E-08 -93.1

SW 9.65E-07 -3.5 7.86E-07 —21.4 1.54E-07 —84.6

RW1 9.86E-07 -14 8.78E-07 -12.2 1.85E-07 -81.5
RW1-3

1.07E-06 7.0 7.42E-07 —25.8 3.01E-07 —69.9

(step—drawdown)

RWS 9.55E-07 -4.5 8.55E-07 -14.5 7.08E-07 —29.2

PW-BR indicates Bouver—Rice method. RW1

is analysis of RW1 only, and RW1-3 is analysis of RW1 to RW3
1.0E-6 [m/s], error=(estimated—prescribed)/prescribed x 100%, and positive
error indicates an overestimation, negative does underestimation)

(prescribed hydraulic conductivity =
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Obs. Wells

4.0E+5

Cooper-Bredehoeft-Papadopuios
T =965E-6 m2sec
S=143E6

Obs. Wells

Parameters

Solution

1000.

1.2E+6 1.6E+6 20E+6

80E+5

100,

Time (sec)

Time (sec)

= 5.335€-10 sec?/m

o RWI-RWS
Theis (Step Test)
=2227

Aquifer Model

Confined

Obs. Wells
Solution

20E+6

BOE+S 12646 16E+6

40E+5

= < @ E

&
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(w) wawaoedsiq

dehoeft-Papadopulos

Acuifer Model
Confined

Obs. Wells
osw

T
1
100,

1000.
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- B © < ~
F) E

(a) Without skin zone (dot: measured, line: simulated)

P R R BRI A SRRV -

3 s

(wyw) peot pozieusoN

Time (sec)

Time (sec)

7.42E-7 m/sec)

(Estimated permeability

7.86E-7 m/sec)

(Estimated permeability
(b) With skin zone (dot: measured, line: simulated)
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Flow geometry
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No. 11 Test: homogeneous No. 11 Test: composite
4.20 4.20
VIS Rw1 2R R [») VIS Rw1 2RI RS FEm0
4 A0 N | o s 410 i
#4.00 ‘ F 4.00 ‘
o
i =
3.90 K £3.90 L
I o
o
I
3.80 o 3.80
3.70 1 3.70
+ +  Field data + +  Field data
360 — Simulation | 360 Sirmnulation |
0.0 50000 100000 150000 200000 250000 0.0 50000 100000 150000 200000 250000
Time (days) Time (days)

*dot: measured, line: simulated

O 5. No 2 ARoMel a|de EIlelM ZIH(RZ: SHUAZE

[0
n
B
it
o
0
e

ME Fs BT ofle} FFARAA FaE B4l
S HlolEE FAld a#ste] Faavge] HutE Fdste
MULTISIMel A o] &9 Egmelo 7 27}x] oA Arolatadnt. AW A
of freRdola, FHAE 279 Heolth nSightsE o]&3 A A=
2 MAAsta FH gPddnty mpRA R b uek AL
14 sto] Hrladn) 3H, MULTISIMS o] &-3F &4 5
(spherical flow)©.2 AA3}3 60mel 471 A7
o|2 I3 FFAFe] H AT L AT e AR Aold AdE Ko, v
o wet frewA el %7}6}% THRFERES A& AT AAME iAo
4 ARE BT (F 8
No.

lo
o o

2 A @A Dozl x% Aol o§ T4 7
3, No. 1 A9 ATl e A 2oNEEe dgow EF313)
A 97 Tl AR FANERAE o g

B FRAsRT ga A B1Ee B 5 o ols
w2 Folsleke] HuHste] 7|QlEE Aoz AZtHET)
H 7. No. 1 A0l 2t SHMHZ=0f 2ot 2|8 E7F At
Analysis code Type of pressure drop/flow model Estimated hydraulic conductivity
Field report SWS 7.07E-09
PW1 7.51E-08
SW 2.31E-08
AQTESOLVE
SWS 3.21E-08
PW2 6.99E-08
iTOUGH2 - 1.30E-09**
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5.15E-09
4.42E-09
5.80E-07*
3.30E-09
1.98E-08
1.71E-08
1.97E-07
2.10E-07
8.26E-07
2.03E-08
8.93E-08
2.41E-08
7.31E-07
8.00E-08
3.76E-08
9.39E-07*
7.28E-08
3.21E-08
4.20E-08
3.51E-07
3.61E-09**
1.30E-08

Estimated Hydraulic conductivity

Composite
General Radial Flow
Composite
(*: maximum estimation, **: minimum estimation)
PW1
SW
SWS
RW1
RWS
PW2
PW1
SW
SWS
RW1
RW1-3
RWS
PW2
Homogeneous
Composite
General Radial Flow
Composite

Homogeneous
Type of pressure drop/flow model

nSights
nSights
Multisim

(*: maximum estimation, **: minimum estimation)

Multisim

Analysis code
Field report
AQTESOLVE
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0.001

dP & dP' (MPa)

0.0001

0.01 0.1 1.0

10.0 100.0 1000 10000

Elapsed Time (sec)

dP & dP’ (MPa)

o

Az

No. 9 Test: SWS homogeneous

0.01 0.1 1.0 10.0 100.0 1000 10000
Elapsed Time (sec)

(a)No. 9 test, flow dimension: 2.0(SWS) (b) No. 9 test, flow dimension: 1.4 (SWS)

*dot: measured, line: simulated

No. 11 Test: SWS homogeneous

o

dP & dP' (MPa)
o
2

0.001

0.0001

B+ 4

0.01 0.1 1.0

%
10.0  100.0 1000 10000

'Elapsed Time (sec)

dP & dP' (MPa)

0.0001

No. 11 Test: RWS homogeneous

tlo

0.1

o
=4

0.001

1

1.0 10.0_ 100.0 10000

Elapsed Time (sec)

0.01 0.1 1000

(c) No. 11 test, flow dimension: 2.0 (left: SWS, right: RWS)

*dot: measured, line: simulated

No. 11 Test: SWS flow-dim

o

dP & dP* (VIPa)
o
=

0.001

0.0001

0.01 0.1

(d) No. 11 test, flow dimension: 3.0 (left: SWS,

*dot: measured, line: simulated

a3 6. RSXHEO
3. ZE
Tl @AV d= A= AFTE

1.0 10.0
Elapsed Time (sec)

100.0 1000 10000

No. 11 Test: RWS flow-dim
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007 01 1.0 100_ 1000 1000 10000
Elapsed Time (sec)
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INTERA Inc.,
5. Pruess, K., 1991, TOUGHZ —-A general Purpose Numerical Simulator for Multiphase

Fluid and Head Flow, Lawrence Laboratory Report LBL—31114, Berkeley, CA.
6. Finsterle, S., 1997, ITOUGH?2 user's guide, Version 3.1, Report LBNL-40400, Lawrence
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7. Colenco Power Engineering Ltd., MULTISIM User's manual, Internal Report
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