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For the design and effective management of underground storage caverns, preliminary investigation on the
hydrogeologic parameters around caverns and analysis on the groundwater flow must be carried out. The data col-
lection is very imporatnat task for the hydrogeologic design so various hydraulic tests have been performed. When
analyzing the injection/fall off test data, existing graphical method to estimate the parameters in Theis' equation is
widely used. However this method has some sources of error when estimating parameters by means of human
faults. Therefore the method of estimating parameters by means of statistical methods such as regression type is
evaluated as a useful tool. In this study, nonlinear regression analysis for the Theis' equation is suggested and
applied to the estimation of parameters for the real field interference data around underground storage caverns.
Damping parameter which reduce the iteration numbers and inhance the convergence is also introduced.

Key words : underground storage cavern, automatic parameter estimation, nonlinear regression model, conver-
gence, damping parameter

N B AARRAN AR FEFAS] i o
M THS 29A o) Askee] 58 s}w o
ASAGEE) A D W AABVAS Al ol weA Faslelol ArkgBAt oJoa, 1983;

*Corresponding author: imchung@kict.re.kr

359



360 A% - 293 - 99

AR o|AA, 1992; ZAS, 1991; AT, 1993).
TR AN Hast ANREE A7) siMe o
3 TN E S TR, o] & AFT FHY Fu)
AFEAEL BFAR] 7I12AF) Hug Bt 483 v
7RHge] Ago] a7 Er o) fsiME s
(falling head test), B715YAE, A7) 5 2 FYA
3, AR 58 FY3) olF B3 e £
YAEAEAS 47 flaide 7] FEAUES 7
M-S ol spH, A PREE o) g-3lo] A At
2 i AsE AgslA |

o3t FENHAES] 4S8l Theis(1935%= 3
Ut5FolM Azl ME 5735l BAIE gAvE
B3} YT A (line sink)#He] HAMIS o) 83}
of AN EFoR FHEHE S Faglen, %
Aete] BHABESXZRE Ul5F A5 B F ASF T
S AFAT S2 AR YX¥(match point method)S-
AHIIEHATE o] 78-S Theis7} AQHSH FAFTA g
AR S o8] YXHE FE S T o] Y
Mo 2HE T} S AAsh= uhdolt).

Coopers} Jacob(1946YS Theis2lS 7¥eksirzl 24
HE AR on, X H AP FpAdRlEE
FE myfirE 2450 ool Tala Hle olgsh=
AAE FYs At ol9ide] ASAFERE i/
TE FHIE WHE Sak(inverse) T viylwse] &
A (identificationy=A1 2. Aolapr, A|ake |AeA] <
Ta% Ao R JEEo] ghor AHWI} e
e ET AHHe ASREREY EsE H8A
gt o, LS W EsgS Agsdes ¥
SIATEA FFESX 7 AV ) 38 0P &
=5 3= ot

o]# g w4 FAE Theisdol 835 OiF
ARl A7 tSF) 2k Yehot Tauxe(1971)= 4133}
IS o]l FFRERRE e w/fue &
FEFAF AFATE F3I9oH, sladz] dajele)
125 B 2 AL s
Hod F(1994)2 HINE RN sl FF7
sl o] dARE e 74, T i3] o
MHTE AAe vb glom, QAPAAL ZFHe)
EA 2 Byt

WSS 5] A HXEEes IAAANS
AREE 7S, o1E B8l 73 vl szt ofd
EXFYE Vb Bk gely 249 ayuies
olgated 3t Az BERH HE|RE g

N

o

of stn, FARYPL] 7P g FAEH HES}
g 2 3ltHCooley$} Vecchia, 1987; AL 5, 1994). =7
HAFEEgo] Qo] BE AL S A8 EH ol
€ AHL 7R B3R B3 AREE AL
A3 FEARJ (formal)BA 4 7] AH8o| 7Fss A
I B3 o wpyiase] AlElke Azl digk A4
812 HE7L 7Fs8ithe Zlo]th(Yeh, 1986).

FAEHY AL A% v AFEA 7™
A= Bl ARA ] 7ol =Y=o] Cooley(1977)
o] IFE T2 A FAHL JoH, Hill(1992)
2 339 A3 Z5EEe MODFLOWo) 94784
23 =¥ AASELH, Cooleydt Hill(1992)&
Newton 21¢] BIAE HaAlFgge] Al 71A] U v
RTAE g i i=

E AFox e @A B SN EAE R E
HRTE AgFE3] A% PHESE vjAdF 3
ALAE At o] e AT =37
AL AXNA & B=F ARk 2olE FE0A
HAZ Eourte, i fisE HalAgle AEE47)
WHow 1 Ax 7l wifEsE ddte] ofd
w3 24k Fel2 wisise] H (range)’t AHE
the Aol Atk HXE IAEMAEL Draperst
Smith(1981)7} AAZE &3} 71& Hartley(1961)7F
B3 modified Gauss-NewtonH'd-< o] &35
o] Whge uA¥e AL Taylord<srol <& A&3}A
719, REEANS Fal /s J3AlS sk, i)
T 7JAAA NA TR HS(damping parameter)S
Yt FEE Fmi).
£ Aol it AEE IARFELE 5, 1995
< v FgEo] gk Theis®] B840
g Mg 7122 FAER e, meb o) e
Theis?l9] 7| 27F32 #AZ SHHDawson? Istok, 1991),

O therdd 73] A&Ho] Jon, #dolx T

M B

doltt.
@ FEL deS HJAE HF, A FEEL
At

@ S5 A0 Aol et dslel et
® 989 7AL o 2.

© 22 £Faad me £73 02 ded.

HME 5H2Y

Eo] viziigiol vldgo)a SRl s A3
o o) B A(1pt e FFE WY AT E 7Rk



HAE SARES 08w AsHETE P

Y=1E, & -

SFEFeIA WEEE Ahel e SEES, Vi
F4U57L Bk whel BEEH el RSt 3
2 W sk 2 WEe) Py e

XY=1E Bte @)

E,k; Bb BZ?‘“: Bp)-}k8 (1)

2@y Rl ipaaale] polf ohe 3293 WE bot oAt

WIE] o] S AulElee] o Al 0] ek 4= 3iek

Y=fE b)+e 3)
A A% HAE A@d)elA 1ERARe) AT
2 ShyS Arsgoz 23k}
S(b) = e'we =[Y- fi&, b)"W[Y - fi&, b)] )

23] WA A 25} Zo] 27|80 st
AMEZARPF 0] %o ]U1 ek Taylorg=roll 28]

3
s
Eoe

71 1'1”' b()oﬂ LH H 1 ﬂL}‘
fi€, b) = (S, bo) + Xo(b- by) ©)
of;
Xo= {XU}—M{ ab‘ }(Mp) ©)

A7IM, we 71ERE, = Worel Aliglely,
Xo& W% Ao}
258 ol8sle] A3y (N 22 TRAYRY
(incremental linear model)S.2. A ¥ ),

Y- i€ b) = Xo(b-bo) + ¢ )

pell thek M &R 2Ry Ahgstog dg
2= olq_
S(b) = eTwe
= [Y- &, by) - Xolb- by)l'w ®
Y - fl€, bg) - Xo(b- b))
SyE A3} 3] fe) difdsd 3 w8 E
028 gowl 29} he Aplgie] Aol

Xo'w Xodi =XpWlY - f(Z, by)] 9
o71A,

di=bi-by (10)
A7 18 AUA 2AE UeRdch ned oXE

Zol7] s A(10y& &3 sl(scalingp 7, o] AxE

AR AN o) A5 F4 361

2110l (167 et

Co'Xo'w XoCoCo'dy an
=Cy"Xo'W[Y - flE, bo)]

S@TVV_S0§1 = SOTW[X‘ €, byl (12
So=XoCo (13)
8= Cy\d, (14)
Co=diag{(AT) " (An)™2 . (A (19)
A= X@TW Xo ( 16)

714, AL E A thZPgRolt}.
AR 242 A7) 28 bl bel Y o

TPEL- whE i) AukESl HEANSES 4) (177-0p)
UhehASich
StwS;8y.1 = Stw(Y - €, b)) (an
§= X, (18)
8u1= by - b)) = Gy (19)

C,= diag§(A} )2, (A7 -y (AT (20)

o714, AL& Alg AAMOITE 8. — 0 1 2)(7)
A [Y- g By} =eol Bk SAld b 22), @
S@E APk E8(0)= [Y-RE DIWY-RE b)]
7b Hu ollE §yE HAgERs 32 Gavss-
Newton WHol2h ab‘}(@%—g 3, 1995).

2190l FEE fEs7] s ZHEE) T
(damping parameter) p7} Z=HE T}
bﬁlzp%l+br (21)

A71M, dpy=C8y ©I7, p= HEWE d.,°] 27]
& a7, 0<p<1 ol A riZfieale] M
sk p=1¢ W B} FobhA wakgel k.

SEUDLNEN et o7 £

wel § 57t helw, QPFAMEF Q7 FUF
Fake RaRAe #A, BINEEA WA 58
Mlske A T Aevst 2 271 2 A
A A4t 2

e

N
BN

10 8 &h

22
r@r(ar) T ot @
h{r, t=0)=0 for r=0 (23a)

hr= o, 1)=0 for t=0 (23b)



362 AT - 29E -

lim &=L 150 4)

R0 or 21T

Bl Tikoiege) s To S A
F ASHoM Y AzhE F78E A8 E ol&sid o
29 Theis?] &2 HE $EFete] FA ] 93t dX|
gl ola) oo P 4

_Qp & 2

s T i dz (25)

of71A, t = AZF

s = T}

- 337 79 F5A

2259 HAEFE 2269 FEFTE =U5 f
Fhe] FrHE 28+ slvh

W(u)= j‘: e;dz=—0.5772—1nu+u

2 2 2
u u u

——t—t——t . . (26)
2.21 33! 4.4
o714, u=1r3S/4Tro) T},
LZo] Wbde] & A7k vt F wf gto] % &

oA BE, 226)0] T FHA F7EARE sl

2AAIZL A7l s wiAEsE Feke Wiol 4
Aot}
=9 1S
nT( 0.5772 1n4Tt) @7

Theis®784]S w7 T, Soll thal] vjd&e|r), A
=3 FAAY L ol &3l WS T, S ke
ARZE 331 vhas 2k

10, 13 T,S) =~ W(t, 1, T, ) 28)
47T

21 @8l Wig A V= AFYEE ke
ZE2E o]&sle] 3,

21 fdx=- S 29)

d(X, o)

2 o 3k BeFAS T9) e 7.8 A
FAF 9 AR 7= oe 2t

ZiTz—fﬁ"%reiu’, Zii=XiT (30)

Zisz_%ﬁiu', Zs=XsS (31)

294

AG0E (e TeT 7o) 2458 AyYue)
AgeE B 4 o,

fl= £+ XGAT, + XEAS,

S,
e ( 0)+X‘SS(SO) 32
AT 0 (AS,

=f?+Z‘T(_T:)+Z‘ ( So)

A A 0 E A, 12 thy GAle] wkER]
o AAYe] olgHs 2ARE o8 At 4 30)4
(G 233y (34)= W

L, Ze=XeT (33)
Q A
Zo=— = Zs=XiS (34)

ATy, ASper= *‘(21)°1]"1Q d/t Eoh FEE i
e 2 pE EYsld AEE SANTE AN
ok oAl pE IP—E]' e ghoz At A
Fig. 19 AR Vepigen AdaAde ot

o] 9HAE U= F Ut

O 2713 99

To= 55BAIFE 2731 (m?/sec)

Sp=AFATY 2714,
= ZHads

rol

iy rulo

) A 8% °l4§ 27X 23 ST
Q) WR=ATRE Z(Z Zs) AT

@)~ (7) A=& wi7pes At

(8) ¥HE357t Ao v SRt 2R 24l
9 &4

YA 3 HARH HS
2 Bl AR AREE BEEFAN $A
AR, 19030 Tl & BTN FH 3
ALY olgsle] TR pasE FYsIc
Aok 4TSI A A £ BRE AT Y 2
e sAUthE olee] A ot slont,
S Al U S, G
o WS, e T} B AR



HldE SFREE ol A

4" n,000,T0S0,08ms b S
|

parameter change dmeett,
iteration  r=1
|

[ T=To, S=Sp |

compute f(ro,t,T,S:) a
@) |

| compute scaled sensitivity Z, |

@ Iy

establish Z'.Z,
compute Z'{s-H{ro,tT,,S)]
|

&)
{ compute inverse matrix of Z'.Z, l
{6)
compute ﬁTtﬂ/Tr,ASrﬂiSr
dmx = Max{AT1/T,,A84/S)
|

]
; T.wq“T;("*DAT:H/Tr)
S =Sy(1 +pAS./S))

|

print 1, Tre1,Sm

P ——

Q"

Print f and Z -
—

Fig. 1. Flow chart for parameter estimation.

FRse 7t gageit 2 gole
lom, g el T
e,

o]Eo] o]

58 0|87 sHe] 7}

Table 1. Input data for interference test.

F WA s

o AE 24 363

Aol S A A7) WMEE R
2 ] EA o8

(23

ABE olg3le] APUFE I HAINESY A
A /‘]@ﬂ]’%%(acnve holell ] #il& &2 *Zr?lg P‘ﬂ
YE-F(observation hole)2 ZHE 45
A3z wrgel). ol2id A E e
ng iﬁﬁ A BEEAS T(mYsec)et AFAST $2
T vk B el g sAREE A8t
2t &= BEEe dde HMiAE Fae 1A
SN BEHeH oo ek FUFT AFFH
] 2 g el 2RSS v Table 190 U

("

r

U]
&f&l_{
.—\1

M

AES F 11719 B3 HEFReH, ol
g uiinge] F924 9 FEAELS v Fig 2~
Fig. 2334 7t}

Fig. 2~Fig. 239) ZA3E AwR® 1he) #53
thal FEA)el] st ARAZF T A BloH, of
o th3t wEARke) eE A j0RloidldA FHE
B Ee FEAdn ok veRiT vk

s a2 ole HlEAA 271X9] A
oo we} FHrbeA ANt P Fag EATE
g 4 gloug Zr|xe] 4] FEA Rg 293
A 2Rtk

27\ e 117 B354 R %?:16}711 T=1.0E- 08,
S=10E-072 F9Qou, ¢l <tk Fd4e] EAe

VERR] ekgtom, bAoA UH/H%-’F— ek o
Al AA-E o2 YERsith

53], 2 AoMe FEE ke A

¢

)

o
i

Observation hole (No.) Abstraction rate (//day)

Distance from active hole (m)

Damping parameter

31425
31425
1703
479.0
583.6
583.6
579.1
579.1
191.0
732.8
7328

R = N

21.0 1.0
31.5 1.0
420 1.0
10.5 0.4
21.0 1.0
210 0.8
21.0 0.8
42.0 0.8
21.0 0.8
21.0 0.5

21.0 0.5




364 AR - 294 - g
2.0 — '
1.8E-S
E 8
200 P “l { + convergence trace (15 iterations) J
0 .
. . g 1265 —od
T o - . H i
e . ]
F 4 L &
K] o, § 8068 -
g 00 R g
a ..’ . g E
b 01 ‘ @ measured drawdown ]
60 —| & -~ € computed drawdown 4,088 —
A ®
o ' J ! T ' | ! ! p:X2:32
20000 48000 80000 80006 100000 - T I ¥ ] ' l
Time (sec) 0.0E<0 40E-8 8.0E-8 1.28-7
Transmissivity
Fig. 2. Comparison between observed and computed
groundwater head (No. 1 hole) P Fig. 5. Convergence process of parameters (No. 2 hole).
3,068 o 100 —m
[ ]
4 &
4 ) 8
8.0 — ‘
.
E 2.0E8 nd ' & P
a "1 ’
: i E 8.0 - . ’
£ .
§ [ e trace (11 i g i L’
N t0ES wd _§ L
@ 40— L
& 8
- .
’
Lo @ measured drawdown
24
0.08%0 ¥ : v T r T T 1 eo - &~ computed drawdown
40Ev0 4.06-8 8.0E-8 1.2E-7 1.8E.7
Transmissivity 1
0.0 - T T T T T T 1
. 20000 40000 ogo0 86000 100000
Fig. 3. Convergence process of parameters (No. 1 hole). Time (sec)
Fig. 6. Comparison between observed and computed
20 — oundwater head (No. 3 hole). :
8
) . ‘
.
- ’ $.26-8
200 oy
’ . (__*____ g trace (8 i )
J .
8’ TOES
T 1505 ] L’
T . -
H . ®
_g -1 L .g 8087 —d
2 . g
8 oo~ ,’ S g
o ®
A ,/® 8 soer —
e
L @ measured drawdown 8 ]
50 e ~ € computed drawdown
s’ ADET —od
(X
! I ! ! ! i ! 2.0B-7 v T T T T T T 1
20000 40000 Ti::‘::sec) 80000 100000 ore s \ses rebs y2ES
Transmissivity
Fig. 4. Comparison  between

observed and computed groundwater head (No. 2 hole). Fig. 7. Convergence process of parameters (No. 3 hole).



HAE SAEEe o83 ASEEE . AETEAEAE i) Abs 54 365

16,0 vy

2566 5
{ __*—- convergence trace (12 iterations) }
e
12,0 — 8 ‘ 2068 o
-’ ’ .
' 5 e
- BO L, - 5 1.8 et
£ P E
s . @
3 4 . °
o - o
° " %
; 40 — e g 1.0E8 —
a o 2
A . 4
’ ‘ .
08 ., ‘ @ measured drawdown SOET
<& - - computed drawdown 1
o e B — o08e . I D
¢ 20000 43000 £0000 80000 16E-8 1.86-8 20E-8 . 2.25:8 -2 AES 28E-8
Time (sec) . Transmissivity
Fig. 8. Comparison between observed and computed Fig. '11. Convergence process of parameters (No. 5 hole).
groundwater head (No. 4 hole). T
2565 12.0 — [ ]
4 R
2085 o
,®
- ] 8.0 —d L
H ’
2 rses T .
£ = .
I°3 c .
2 1 -
: b ©
& roes H s
=] 13 ’
@ | | K
{ ———*—— convergence trace (28 iterations) ] L0
9-08-6 — . @ measured drawdown
| E .( ‘ - - computed drawdown
(4
0.0E+0 T T T 1 Y T T T T ] 0.0 , T r 7 . T T 1
1.OE-8 1568 208 2.5€-8 3 0E-8 3 5E-8
Transmissivity 20000 40000 60000 80000 100000
Time (sec)

Fig. 9. Convergence process of parameters (No. 4 hole). Fig. 12. Comparison between observed and computed

- groundwater head (No. 6 hole).
[ ]
o 1.28-5 —-a‘
40,0 ] B »g
-~ 'o :
£ =
‘:' . - 80E-6
g 20,0 — . e L J H
s
H 8 €
e e 2 -
a . 3 é
(4 .
00 LA ?ne coes — { Y trace (15
4 @ measured drawdown
- - computed drawdown
e L I E A R S ! voee ! ‘ l
° 20000 40000 80000 #0000 100000 ; T ] 0E8
Time (sec) 1088 2.98-8 3088 4.0E-8 5 DE-

Transmissivity
Fig. 10. Comparison between observed and computed

groundwater head (No. 5 hole). Fig. 13. Convergence process of parameters (No. 6 hole).



366

YR - 29 - 9

200 —
[ J
16.0 f [
o®
—~ 120 -4 - ’o
E -
e e
] P
H 2
g 23 — P [ ]
e,
-t .ol
4D ] f’ @ measured drawdown
.
g - &~ computed drawdown
0.0 T ’ T I H ’ T ! T I
° 20000 49000 80000 80000 190000

Fig. 14. Comparison between observed and computed

Time (sec)

groundwater head (No. 7 hole).

4.0E8
3.08-6 —i ( "‘*— trace (13 it i )
-
-4 -4
2
o
£
& 2088 —
o
o
o
£ d
2
0
1,088 —
0.0E+0 T T T T v T T T T 1
0.0E+0 2.06-8 4088 8.08-8 80E.8 1087

Transmissivity

Fig. 15. Convergence process of parameters (No. 7 hole).

5.0
E o9
&
0 — L’
.
.
o .
.
.
- .
3.0 —
E .
§ .
.
<] 7 .
3 .
8 20— A
a .
.
- 8 ¢
h
.
10— ‘ @ measured drawdown
’
o’ - &~ computed drawdown
4 ¢
©
o8 ' I ' T ! 1 ! I ! ]
o 20000 40000 60000 #0000 180000
Time (sec)

Fig. 16. Comparison between observed and computed
groundwater head (No. 8 hole).

BOEE oy
[ e Y trace (13 i ) }
6.0E-8 wnd
-
-
§ p
[}
E
8 soee
Q
)
£ A
3
2.0E8 cg
0.08+0 - T v T ¥ T . 1
0.0E+0 4.0E.8 B.0E-8 1.26-7 18E.7

Transmissivity

Fig. 17. Convergence process of parameters (No. 8 hole).

40 —
“ [ 4
.0
30 — e
- o" -
- T e
E .
e o’ e
£ 20 . ®
.g ’ -
B .
a 8
r
10 g @ measured drawdown
g’ - € computed drawdown
e | I IR A I
o 28080 40000 80000 s0000 100000
Time (sec)

Fig. 18. Comparison between observed and computed
groundwater head (No. 9 hole).

3086 —

2,066 —f

1.0E8 o

Storage coefficient
1.

[

0.0E+o

0.0E+D

! 1 ¥ i ¥ I T ! ¥ 1
€988 2.0E8 1.26-7 1.8E-7 2087
Transmissivity

Fig. 19. Convergence process of parameters (No. 9 hole).



200

15.0 o

10.0 st -

Drawdown (m)
L

50 o

00 .’ @ measured drawdown
0",
. - O~ computed drawdown
. L B T
& 20000 40000 $0004 80400 158000
Time {sec)

Fig. 20. Comparison between observed and computed
groundwater head (No. 10 hole).

$.0E8 wom

{ —— trace (22 i ji J
8066 —]
-
1=
2 -
2
%
S 4GB
4
S 4
2]
2.08-8 —
BOECD T T . T T Y
0.0E+0 2063 4083 8088 2088

Transmissivity

Fig. 21. Convergence process of parameters (No. 10 hole).

208 e

16.0 .
4 »
T 120 —
H .
T '
E e 8
r ’
40 1 @  measured drawdown
$ - O~ computed drawdown
4 »
&
o LA S R S S N B
o 20800 40000 60000 86400 120000

Time {sec)

Fig. 22. Comparison between observed and computed
groundwater head (No. 11 hole).

- - e N
gAY aie) As 34 367
SUES
[__*__ convergence frace (23 iterations} ]
G058
£ 4
2
£
£
3
S A0EE
@
f=d
&
2 ot
n
20E-8
D A L
1.0€-8 2.0E-% 3.58-8 4.0E-8 S.DE-§ € 4E-8

Transmissivity

Fig. 23. Convergence process of parameters (No. 11 hole).

R .
[ 3 CONvergence trace {tho not converge) )

2885

Storage coofficient

1 OB

DBE D T L T T 1
1088 R 3088 o8
Transmissivity

Fig. 24. Convergence failure due to improper selection of
damping parameter at No. 4 hole (p = 0.8).

Yate] v MSES wHEA wel sk
HHBA|A 7 ?Eéé FZAHLH, o] g wHEAA
F7F A8 Zhasle 4948 1A d389 Aed
2R p= a_i Ak 233]9] wEA LT o]
FoJA|} p=0.89 A= Fig 1300419} 73e] 1539
%%%ﬂmi ~r-f§ ] OI g & F ‘”Ek ES
B7hgo] Uehle Aol disiis Z2bes 88
7}~ﬂl g F °‘92~t1 A & 32 A% RS pB
082 T 749 407FA1 9] WEEARPIME el o=

AnE ﬁ%o%(Flg 24) =047]“ =¥ Fig. 9ollAe}
Zro] 28w} HHEA AT w T35t

Ao} 72 s FEAAR A7 10 BET
off et el Bagka 718 sy PGk
AR, 1993) 08 78 kg Blazske] Table 29 VERY



368

A - 297 - e

Table 2. Comparison between regression model results and graphical analysis results.

Transmissivity (m%/sec)

Storage coefficient

No. of observation holes

mizgei:lsi?ts Graphigal analysis m%fﬁe:‘s?ﬂts Graphical analysis
#1 1.052E-07 1.9E-07 2.776E-05 2.2E-05
#2 6.345E-08 1.2E-07 1.157E-05 9.6E-06
#3 1.188E-08 1.2E-08 9.967E-07 8.4E-07
#4 1.828E-08 3.4E-08 2.364E-05 3.1E-05
#5 1.675E-08 1.9E-08 2.264E-06 1.7E-06
#6 2.452E-08 3.2E-08 1.120E-05 3.9E-06
#7 8.223E-08 8.2E-08 3.906E-06 3.8E-06
#8 : 1.041E-07 1.6E-07 6.560E-06 1.8E-06
# . 1.861E-07 1.1E-07 2.947E-06 6.9E-06
#10 6.708E-08 8.1E-08 6.579E-06 5.1E-06
#11 T 5.250E-08 8.1E-08 6.589E-06 4.5E-06

Table 3. Joint confidence intervals for estimated parameters.

No. of observation holes

Transmissivity (m?/sec)

Storage coefficient

#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
#11

1.052E-07 + 9.298E-08
6.345E-08 + 4.035E-08
1.188E-08 + 7.363E-09
1.828E-08 + 2.489E-08
1.675E-08 + 2.460E-08
2.452E-08 + 4.033E-08
8.223E-08 + 6.958E-08
1.041E-07 + 1.310E-07
1.861E-07 + 1.052E-07
6.708E-08 & 3.671E-08
5.250E-08 + 1.048E-08

2.776E-05 + 4.806E-06
1.157E-05 + 1.950E-06
9.967B-07 + 1.280E-07
2.364E-05 + 8.775E-06
2.264E-06 = 1.597E-06
1.120E-05 + 4.300E-06
3.906E-06 + 3.380E-06
6.560E-06 + 1.719E-06
2.947E-06 + 2.735E-06
6.579E-06 + 2.374E-06
6.589E-06 + 6.809E-07
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