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Fig.1 Hypothetical aquifer in three dimensions
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— Z, : Initial state value
7In1tZl'al éalui;ﬂ X, : Initial estimate error
Lo, <0, Ko covariance matrix
l Q, : Initial plant error
2 - covariance matrix
Ty 1=
PO/ ! . Z? R, : Initial observed error
0/=1 = <0 covariance matrix
ox
rE:E—)l\—/I ———————————————————— Ft == (at+l>
| 1 i _p
' | Filter equation : ! i LT
| Zap = Fo (@) | . . .
| | Estimate error covariance matrix :
______________________ Py = FtPt/tFtT +Q,
|

H,

Observation matrix

Uy = Htmt/tq

Kalman gain:

K; = Pt/t—lHtT[HtPt/tletT + Ryt

Filter equation :
Xy = Ty + Kily, — Hiyy o]

}

Estimate error covariance matrix :
Py =Py 1 — KeH Py o

Last date?

Fig.2 Algorithm of Extended Kalman filter-FEM
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215.3322 | 255.5558 | 321.1791 | 400.0000 | 383.3276
(Z4) (Zs) (Z12) (Z16) (Z2o)
173.9983 | 200.0000 | 272.5400 | 329.4123 | 346.6049
(Z3) (Z7) (Z11) (Z15) (Z19)
136.6654 | 171.4817 | 226.1393 | 273.9904 | 300.0000
(Z2) (Z6 ) (Z10) (Z14) (Z18)
100.0000 | 146.4934 | 194.3980 | 235.9593 | 265.2360
(Z1) (Z5) (Z9) (Z13) (Z17)

Unit: m/day

Exact

Fig.3 Exact distribution of imhomogeneous perme-
abilities

221.5426

Case 1
(Z1~Z40)

219.3408 | 263.1140 | 289.9044 | 382.6352 | 380.4207
(Z4) (Zs) (Z12) (Z16) (Z20)
168.8113 | 224.7142 | 254.9413 | 348.1349 | 352.3683
(Z5) (z7) (Z11) (Z15) D)
135.8332 | 185.8441 | 215.4022 | 273.9089 | 295.5448
(Z2) (Zs ) (Z10) (Z14) (Z18)
101.7502 | 144.2885 | 180.1621 | 237.3977 | 260.8399

(Z1) (Z5) (Zg) (Z13) (Z17)
Unit: m/day

Case 2

Fig.4 Identification result of uniform/piecewise per-
meabilities
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aF [Line  : Bxact .
L Symbols : Calculated
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+: 1 zone, . 20 zones
Proposed

Water level(m)

20 40
Elapsed time(day)

Fig.5 Variation in water levels at point E
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Geostatistical Countermeasures for Solving the Ill-posed Problem of

Identifying a distributed Model Structure of Inhomogeneous Permeabilities

Toshio HAMAGUCHI

Synopsis

This study shows that the distributed parameter modeled herein can improve the effectiveness of solving in-

verse and ill-posed problems through the numerical experiments. A model structure of distributed permeability

to be identified is formed with a geostatistical-based model. A hypothetical aquifer divided into twenty constant-

permeability zones is designed. The attempts that twenty permeabilities are piecewisely identified, and that

geostatistical-based parameters are identified, are carried out. The former solution is described with part inac-

curacy. The latter one is accurately represented. It can be proven that the proposed approach to overcome an

ill-posed problem is highly successful in identifying a distributed permeability.

Keywords : permeability, geostatistical-based model, model structure, ill-posed problem, inhomogene-

ity



