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Applying Expert System on the Development of a Robust

Model for Groundwater Parameter Identification

Student : Pi-Shun Chang Advisor : Dr. Liang-Cheng Chang

Department of Civil Engineering

National Chiao Tung University

Abstract

Conventional groundwater parameter identification modeling based
on optimization, such as UCODE, has difficulty converging to a global
optimum in a high dimension situation. To-avoid this convergence
problem, this study integrates a rule-based expert system and a
groundwater simulation model, MODFLOW 2000, to develop a robust
methodology for groundwater parameter identification. Because the expert
system requires calibration rules to identify parameters, users can flexibly
add new rules or modify existing rules with.this proposed methodology.
Therefore, the proposed methodology: can adapt for new parameter
identification problems easily. We apply this proposed methodology to a
real case study of Choshuihsi Alluvial Fan which is located at the central
Taiwan. To test the robustness for high dimension problems, the proposed
methodology is applied to calibrate the net recharge rates in a transient
simulation in the study area. The result is compared with the calibration
results obtained from UCODE.

The results show that the initial guess dramatically effects the
convergency of the optimization using UCODE, but our proposed
methodology is very robust for achieving the convergence requirements of
output error criteria for high dimensional problems. These results
presented the robustness and the applicability of the proposed
methodology for high dimensional groundwater parameter identification
problems.
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R T 2

Y=t plve (B.37)
B AHS  HAT A UA B RS /et >
Y =flgb)+e (B.38)

LA B 0 T BB S o) RSl R

=(r- ;(;)j oy 1(z.0)) (B.39)

R oo F1L(B.38) A 2EA P > AT A R RPEEIRINE D B
ff3 -

b R R AH(BBG) N AL g AR B BRI AR R
f* 8 iﬁ*i(g,/z) - [ % # & B (Taylor expansion) i 5| (5 b) 51
;\‘.

f(eb)=o(en))+ x, (0-2)) (B.40)
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or,
X, ={x}) ‘{5 } (B.41)
"1b=by (nxp)
FARE T BRRIEE G E B0 X aE R #(B.38)# (B.40)
FAYPEE N
Y - fléb, )= X,(b-b,)+e (B.42)

4o 405 G AU R A(8b)= X(¢) 0 AR R R e
LM I s R - ]‘éb—jjxﬁ‘ BBt 183 en(B.42) ’TL R -
BT iRy o T E- - B 9}& F i) F 41 Fs?ﬁ Hp

[~
—
INAY

|~
~——

By b'
Bl B.1
Sl pr B TR ALY P RSB S(p) B ] D PE S A

=(r-r(sb)-2,(6-8.)) olr-rlse)-x,(-5,)) (©43

FET ijg%@ﬁiﬁﬁﬁ ra AT & SRR >R R

¥ ¥ 3| normal equations
X oX d=X w(Y f(f b )) (B.44)

=0 ==0—

i
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Qll = b1 _Qo (845)
RO B tapti fEpd taEE Y A F R AR A
PR OR AL AP T 1 S e 6 BB e 2 KRk c
B 1R(B.44) N 7 gk s

5} 08,6,= 5 0¥ (6., (B.46)
;i

S =XC, (B.47)
5=Cd, (B.48)
¢, =dief(at) " (a) ") (B.49)
A=X0X (B.50)

Fl L (BA4) N 23 g 2 (B39t 4 F i WRIE I E)
it ﬁ‘—uw FEEBCESHE . Flp AR FHp  REER R
et 2 FLR SRR % S A s i (R R R

s'os 5., -5 oy b)) (B.51)
;i

S, =XC, (B.52)
8,,=C'd, =C(b,,-0,) (B.53)
C = cﬁ'zzg{(Alﬁ)_% (4n) " 4z)” } (B.54)
A =X oX (B.55)

TR 5,50 (BA)N R Y- J_f(gb) Ry

~ ~\\ 7 ~
S(5)=(y-1(25)) oy -£(£.5)) » etk psprie gy @I o)
B e S(p)E ) AR fj*wf]w\ % B #7-2 #p (Gauss-Newton);x -
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2 A2

W'\t:"i‘% Kl rg T-._-. -Jff"E "’ﬁ;"’ﬁ _’;E_'(é"- !«'{ﬁ{i:ﬁ-ﬂj ’ ;‘%. ] Eii.ﬁ‘f{%/{
Moo % FH B AL BT 0 & 22T ] B 2r-2 4 (Modified
Gauss-Newton Method) ;12 ™ ﬁ%&“ﬁ B0 {8 e e et 1P

1.33 1§ % #)c p(damping parameter)
* kg ¢ (B.53)5"

b=pd,. +b, (B.56)

A

d,,=C3,., (B.57)

A2 RT Ao A APH, 0 AR R IFR

R B Edca mpnd® 0 RIEAE - BT A SR B
overshoot 3% > ¥ € WFemjeacid R &~ g4 &4 ap FALT
RPIILFE @ pd,, » EEAIpBEE* @ & MR < ILEN
o BHEEH IRy p { EEEPIRSECEE M o R 0 )
SipE g p  Bp 2 BRI FR S |L.A A& % undershoot i* 4F -

as\t

2. Marquardt parameter . u
drdkd v BRI T EFS(p)NEER 4 A R~ g
e ié P RS HeE S(p) A2 AR et o 50 R e o R
TS BT E e B Al g kg1 (B51)N

(S| @S +pl)S,., = £f£(£-£(§,él.)) (B.58)

bl 2 E AT

1 =1.5u% +0.001 (B.59)
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B.5 3+ ¥ $-#ct

Bk 3R TORPEREY > BIFDEFFENT AT a0 &Rk
fat B R i 2 0 Modflow if dept o 95 I % 2bat i fF R0
o RAg e TORM AR L R RBCE RS Y 2 L A N S AR R
B AR R R AR B2 R R T SRR
FEe T OoRBEHG R Sl ST RO BRFE I Rt
FH %"\Etxg °

UCODE ¢hig it 2| B -2 ag ok it 2 j2 ¢ » 2 BAgR A Ak s
» FA(BSB): ¥ ey o H A AT

x - (B.60)

= Oﬂbp

;i

Y, ot d on BRI E 2Bk

AN E S - <oz

X ¥ i d Modflow #7jg2 % & 353.1.7) % B & 16 7 ¥ 2 57
A Al A

1.4& i p& (steady)

B AR RTEROGN TR L A N E A AR ) 5

A(0)4(0) = -1 (B.61)

A0)=5, =+ 5 100 = (B.62)
.

on _ o 2A0)

N —L(O)[—T@Q(O)—a—bj (B.63)
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2. 2532 fii PF (transient)

A(n) é’ﬁ(n) =-— éyé(n) /7(17 - 1) + B(n)—ﬁﬁ(n —1)
= b, ab, ~ = ob,
_@_(”)/7(]7) _at(n) (B.64)
b, = b,
e
Ma) sy s R R
b,
b, LA S S
b, o % n B timestep 235 ki
A(n) A_[( )+K+P(n)
£ln) @ ok
-5
B(n) an)
S i v i%-k 2 (specific  storage) x . 48
Pn) &k idp B g it 2R 2
K 1 Z&E &okT 3 % i -k F]3 (conductances)

#-(B.63) & (B.64) 7% 7 % 17 2.

o dopt gV

SR

f’?%\;—:,f(j’a.l/p xmﬁ_{'ﬁ'l)“°

107

B X # v (B58)



4k C

h2 2

% 13 (1)
2 3(1)
6+ (1)
k(L)
3 (1)
v E(1)

& 2(1)

B (D)

g
K(m/day)

sk
-
20.491 ~ (1)
£ (1)
K R(1)
% 1% (1)

77.544
8.70336
50.22
154.368 > 3= (1)
=3(2)
A (L)
i (1)
A=+ (1)
# 14 (1)
V& (2)
(1)
%2(1)
46.7856 4 7 (1)
®52(1)
k(1)

4.7995
24.9984
17.9424
66.7088
12.3912
43.6608
18.5184
3.89952

4.70592
82.4832
17.856 % it (1)
5% 4 (1)

e %e(2)

19.872
73.1376
189.936 # &(2)

20.088 & i (1)

K(m/day)

s, 2
- H

84.8736 @ i# (3)
48.3696 .7 (4)
33.3792 <4 (3)
67.3776 4 i (3)
46.4112:% ¥ (3)
2.57184 R 1£(3)
25.3152 % (3)
74.05924F 7 (3)
5.78448 % 55 (3)
39.4848 % 1 (3)
123.2784 =~ & (2)
89.4816 /% (3)
19.5552 3% (2)
53.9856 /% 52(2)
15.3216 i 4 (3)
17.3088 @ ¢ (2)
58.3056 + #(1)
28.404 - & (2)
16.38 & £%(2)
3.93552 1 F4.(3)
5.14512 ¥ % (3)
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LRRIE 2 k4 R TR

) K(m/day)

5.14512
60.912
51.9264
62.4816
50.508
42.6816
102.456
148.32
101.189
32.3424
40.9824
42.696
449424
57.9168
28.9296
46.7856
4.70592
133.2
82.4832
80.5824
50.7024



Z 4 (1)
M 4E6(1)
L5k (1)

&2 (1)

33.3504 = & (2)
11.5445 + (1)
45.4176 7 ¢ (1)
5.6966 @ £%(2)
53.1936 # % (1)
49.356 © *(2)

133.2 % & (1)
50.7024 f=¥(1)
80.5824 = ¥ (1)
%k (2)
1.0368 7. i%(2)
16.992i* F(2)

10.7309

133.2 15 % (2)
4.70592 = ¥ (2)
46.7856 #* i (2)
82.4688 7. i%(3)
21.0816 7% & (2)
30.4704 = ¥ (3)
52.6608 1 i%(2)
19.2528 % 3 (2)
46.4112 i #(3)
52.0848 F 13(2)
58.1904 2 #(3)
22.2192
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16.992
19.2528
21.0816
58.1904
52.0848
46.4112
30.4704
52.6608
22.2192
10.7309
63.9648
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