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FUNDAMENTAL STUDY ON NUMERICAL METHOD FOR INVERSE PROBLEMS
OF GROUNDWATER FL.OW IN NONHOMOGENEOUS GROUND

RVEH = H @
By Yuzo OHNISHI and Yuji 1JIRI

It is not easy to measure parameters of porous geologic media. Laboratory permeabil-

ity tests do not always represent the actual system of the complex fields. In-situ well

drawdown tests are favorably used to get the hydraulic parameters of the subsurface

ground, although they are rather expensive. What is needed is an analytical procedure

which permits a determination of those parameters reflecting the effect of their values

as a function of time and space. This paper describes a numerical procedure to predict

an average permeabilities of nonhomogeneous grounds with easily measurable time-

history of groundwater levels at observation wells, The permeabilities are back-

analysed from unsteady flow caused by water drawdown in the wells or excavation re-

gions, Geometry characteristics (region boundaries) are determined Akaike’s informa-

tion criteria which estimates the maximum likelihood of the system.
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5.0 x 10-°

REGION 2
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1.0 x 10

CPUtime

Time Step (sec)

Tteration

9.99849 x 10~
10,13,16 46 7

9.99908 » 10-*

9.99966 x 10°*
10,13,16 45 6

9.99995 » 10-*

REGION 1t

1.0 = 10°*
REGION 2

1.0 x 107°
REGION 1

1.0 = 10-* 1.0 x 10°*
REGION 2

1.0 x 10-* 1.0 x 107?
REGION 1

1.0 x 107
REGION 2

5.0 x 10°°

9.99958 = 10-*
14,15,16 7 11

9.99997 x 10-*

10,13,16 52 8

9.99947 « 10°° )
10,13,16 51 7

9.99999 x 10-*

123

KBRS LT, Sl & 20RAIFA—F —
THLEKRGEROYPEEE L B3¢, PFFUL
BEIC, BonBOBESWPIIHERZ TP ER
HY 5. BTZIToERPER—3 TH 5.

ZOR R T ABICHIBE S 2 50 0KE BRI A0
BAT v TOWOFTHDH. —RISBEKEHIKENE
A VISR R ZTh 6 WBINR OEFEICEFHREBICE
LTULEW, 2hRIEKRMORBEIEEEALLLL
L. WIEKFEDBNINWEL VT v eEXTHIOLHL
5 <BEHEPSEB U W ERE LK OELASH LN
V. & xid Case BOBAILPDWTEZXTHDBE, W
Btfrd 5L XKEABHT2RMEAL VT L EERT
PoHDEOBESERBLULEMAT Y 714, 15, 161
35 L BEKRFBEOPREEFGS K E W O E#TTOK
FABHEIIF ORI T CIREFREBIGELTLE -
TWA., B%, BPNREICBTAERKIESZ SN
VIHAHEEF = BBEPEA T 5 Fmic Bk S ¢ CHil
KESF TV HbDTHS. LU, ZOBEITIEKHE
HEMEPEEREICEL TV S o ANBEK OB Hia
PELEEZO. 2FE 0, BEREYHBNIC T E
% Ak KELLTHNILKLTH, AR PEEFEKREL
VRO EKARZ OREZEIC BT B AT v 7T TIREFER
BIGELCLEVWENBEROESEL L2V, BN
BHOBRTHAAZHELHETICHBEEZT Y- TUE
5. ko THHHBAK S WIEE I K2 B3 5 B
AFyTRA VI VST HEENBOELICE
5 &Ik VRPN RECOKEIRBENEEREICE
LEVWEIRTEHIENRETHD. LD &z
MicEZbLIOMFig.3 (a) THdH. T TERFOD
CEBEREAT Yy 7ELTHWARETH 5.

&Iz Case C DBEAD & HIEKEBEOH
EBPNIVBEIIEAL V37 M eEXTH HRENRN
BN BRI OB LS 5 F, KEE%ZBBIT 3R/ X
FuTREBOEIICES L, ChbEHOEOELIC
U CENBEBOEMSEE T ICEKFROBEE % §R
TERLBE-TLES. ZOBADOERK Fig.3 (b)
50, TREMMAT Y 7ELTHWARETH .
INHOZEERBEAT, BHRITRT LD ZREAT v
TEERUL. BIERL0, PHEoXE S Zrrb
HFREIERICRBE LS KE T 5.

LR LY, ST 2BICKND/IT A5 —
THHERGBOMMPE 2 4 — 5 EEEHEERL -
TWT LAY 2R TCOBRAEIE S M WERROBEIC
BETEBIEIEAERVIESNL S, £ CRFR
T, HERNEECHEPHEOKRE S IAPHLT
Bz ko b EAETH S5 EE X, Dkt
HEOKRZIE A THBICLENIEET S, 0F



124

0, HEEEEEY - - BEO/EERE LTV A.
(2) 3sEEEFNL

I PN RS ENBEEET S, ZORKE
WiEKZE—4 iR L, BRI TFEN%ZB~5 TR,
I TOERAEHFIIR—S TOALGHDOKEISEEA

kji: Initial Estimate nf: P%rmeabilit}'

Water Level Change with (kj-8k)

Vater Level Change with  k;
/Uater Level Change with (ky+hk)
5

o0

WATER HEAD

True Water Level Change

— - - : : . TIME
G, G, T, T2 63,7y

(a)

Water Level Change with (kj-8k)
Water Level Change with ky
Water Level Change with (kj+Ak)

True Water Level ‘nange

WATER JEAD

" TIME
Gy G: kS T2 Gy, Ts

(b)

@ Observed Water Head
O caliculated Water Head

B3 e T 3ROBRBRORUAOERAR
(a) BXEROVIBESEBE LIRS T EIHE
(b) BAEMOVBELFERLODI T EBHE

{ecm)
1201

100—

! ! ! } }
o 0 100 150 200 250 300 350 400 450 (cm)

4 HAXREER

:::) TR s gy B g n_ gy

% &) ® ) am | an &n)
50
2 5 111 14 1 20
' 7 /V NG
) [£3] (&) () 11 13

G [
o
‘ r MW v N w 13 18
x

L I} 1 1 H 1 ! L l ]
° 30 100 130 0 250 200 330 00 450 (cw)

-5 ERFESIR

v M

K- HB

(%% 60cm O KAL) T, ZOMEABEKBEELT
Wb, ZORBFTT I=0IEHEADKMNS 45cm EHL
rBEORKENOBAKN B, HERTTE L &
5. L, BAKBOEMYD SIEICHES, 2, 3&7
b, FRETFNELTHEE L 2, 30BOEKEH, I
HFBEZhENLTO LS ITREL 2.

1 BARBRE=1.0X10"cm/s

HE 2 BAEE=1.0X10"cm/s

3 FEAMFEK=1.0X10""cm/s

2HEE BFHEK=0.2

I THARAVIT A — 4 —TH 5 BKFHROTHED
RESWELMBOBEEANDEBIRELZN EDY -
ROT, SHEBORTEEMIC B O TKEZ SRS BHL
BIZOWTHRSGEIZT A, 2T, fHHL, 2, 30
BARFHOVHEZLUTO LD ICERET 5.

1 EAREE=5.0X10""cm/s

2 BAFRE=5.0X10" cm/s

fHIK 3 BEARE=5.0X10"" cm/s
ChosoPiEE RO, KEABHM T SHEA2BAE
L BT 5. 3 FBIC s T REMF b5 2 $
DOBELOEAB 0 LBRLZIOKFEZEB T 5720
T3 HEOBKFERZFnEh - BIIKkDE 2 &1
HESRMIC ORI L B0 TH b, 22T, 3IHEBO
HWARBTIVIELES 2O EOKERASSSBES
A, TOFMADOMNEEEILENEIBLEOBEEN &
LB ERARTHS.

BITAER AR —4 11T, Case ADEEZRBRVLTIE
THE L <BMSRkE->TB. Case A TRFE - 72EK
{FE OO % O THERNT U 123558 DKM 2L & EDHK

&4 3IHBAKMICE T 5 RTER

Permeability (cm/s) |Observacion | CPUtime

Case Analyzed Valua Nodal Point | (sec)

Tteration

REGION 1

1.49175 = 10-*
REGION 2

3.21612 x 19!
REGION 3

4.92107 x 10~

REGION 1
1.00304 x 19-*
8 REGION 2 11,20 150 16
1.00288 = 107*
REGION 3

1.00168 x 197!

REGION 1

1.002 x 197*
REGION 2

1.00134 = 10™*
REGION 3

9.84964 x 10°*

REGION 1
1.00003 x 10-°
N szcxgugzg o 14,17 259 21
99997 = 10°
REGION 3
1.00002 x 19-'




REEWBIT B T 5 BERO BB F I 5 BBHT

BTOKMELEZHES 5 EBNICHRS & 8 TOKEAL
FALICEEDIRD HNZVD, FOMDKENIKELE
L9 2R TIE - 0D ERNEILKELRD SN S,
BB CTHKNBNFZ LD EBbh A S %K
ARSI ICBR ST F L BN T ENNVZ B,

3. MEREAICSETBEFLOBEL

(1) EFLRELOBES

BREWBEICE T 2H@r i, AET S RN/37
A= —IE>TRDEIHETE .

a) RAFHOERE w5 2R % FE 3 5

1]
b) HKBER (EKHRH, BFEEHEE) #2RET 50
i}

KPR T, hEcEREMEREY 5HEZE0
P TEI, EAIENBEE LEZ TV ERT 5.
ER, Rt TKEBITT 5800, 25 %R UBK
BEEETLLO, $0LLEHEE L THENT 510138
HAdn, 22C, WERAELSICLAHMBOBERLY,
&HEE, HEZHEUNSRHBOE T2 TR
THIEILEH-T, &0 IOEORBROZBSE)IREHTEE
IZR%., COLDaMKBERHET HRIBMELT
DETIMEDBRBTH B PEPIZE > THBFT SN #
OEHEELBOT LR L3N RO ETHE. I
ZHBOET ML, DFONRET BB N OO
Hr oI TH5L, $LF0HEENE Z CHDHE
BEOERELOPERETHOEBH LI ETEA
AN

—RIZ, BT ETNVOMRAT CIIBRBRIITDOA, %8
BAEZMr< LZONESRT S5 LI D ORITHREZE
THEDOWSETVERDTVADOBHRTHS.
LI BE# S 2 ICEETVORLVELSBEMCE S
RN EESBETCH D, £ 27, HKEHEFLOER
KEBTH D, FhOBHBRELESL LTHmOLNTVS
AIC (Akaike’s Information Criterion)” % ¢4 5.
AIC BHHFETHVWAREZ L TIR—&F bbb 5L
WEZ D 2RAEKOBESEFEL T,

AlC=—2In (RKLE)+2m
EEDENTWVE. LI, midSTA—5—-HThsb.
By AIC OEFEITIE SALS (B AKRIEIE K >
7 —BA%) D& BHERF /Ny r— YT a s S AR
R ERICH 5.

AICHREFTNOHEY X 24 2o DEETH Y,
AICO/NEVEDBET N LD EVEHKENS. 2D
DETIWVORMITABEDEN L NE ZITWEINT A —F ¥
DABVHEHENLDEFHEI NS, T4bb, 55N
CAHDNRIA = L LS TETNVERBRTHED

125

EEMARRLTWA, ZITE, BINEE x5
AHUERLNAEBEOETVTCEDL, #0FhEh
DRERE TV CHRBTIC & O BKEH Rk 2 SRS
AIC #3553 5. 2o TcBLPIVAICOEERY
ZETNVEBBEETNEHET Y.

(m)
16

2 e e e e e e e e e e e e
14 = = E
12p Aquifer
10}

8

6

4

Bed Rock
2
)
o 50 100 150 200 250 300 (m)

E—6 HkWEER

(m)

{
00 2—4—6 -8 —10—12—14
H
( N
250 - 4 ~— 6 — 8 -+10 —12 — 14 — 16
I I A e B
200 6 — 8 —10 —-12 -~ 14 — 16 — 18
e R e
150 - 8 — 10 —12 14 —16 — 18 — 20
A
100 |- 10 — 12 —14 ~-16 —- 18 — 20 — 22
oo s 0 00
so—le—‘u——ls-.'—xs—-zo—zz-——u

O I I s e B
o*- 14 ~— 16 —18 —-20 —22 — 24 — 26
X

| S| i L 1 1 ']
o 50 100 150 200 250 300 (m)

B—7 BAEEAHE (B D m/day)

(m)
300 V77775 %) 2844444435 A2 48,
(8) (12) (24) (:O)J (38)
O
230 [ O QO a8
REGION 2 REGION 4 (3s)
200 ’» s O ’ 47
150 ‘. O > a8
)] T (33)
N 8
100 3 , t

REGION 1 REGION 3 (3D

s0 2 O— (%
v m (7) 19) | 29 (31)
P
0 ;
1
x

7777735 22 28 36 43

o 50 l;o 150 200 2;0 300 (=)
® Pumping Well
O Observation Well

R—8 EHFFESIX



126

(2) FEHEO®RF
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6 MITMREEE 4 AEICAE L B EOBBHER

Permeabilicy (m/d)
Analyzed Value

REGION ALC

Mean Value

REGION 1 13.0 13.0720
REGION 2 6.0 5.34595 ,
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7 HERER
Obsexrvacion Well Analyzed Parmeability
Case | rocal Nodal Number (n/ d) Axc
1,5,9,53,57,
A 1z | 61,105,109, 106.492 172.15
113,117,165,
169
1,5,9.53,57, Reg.l 9.9918
: 1z | 61.105,109, Reg.2 99.7879 | _c10 26
119,117,165, | Rag.3 0.9997
189 Rag.4 9.9738
1,5,9,51,57, | Rag.l 19.6802
61,105,109, Reg.2  105.315
¢ 12 113,117,165, Reg.d  2.4356 -27.27
169 Reg.4  79.1987
1,6,10,63,69, | Reg.l 12,3495
79,85,91,121, | Reg.2 110.933
o 12 124,163, 169 Rag.3 1.8464 -112.99
Reg.6 20,0278
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