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Student : Yun-Chih Wang Advisor: Dr. Liang-Cheng Chang

Department of Civil Engineering

National Chiao Tung University
Abstract

Conventional parameter identification for groundwater models can be
classified into manual parameter identification and automatic parameter
identification. Manual parameter identification requires manual decisions to
define parameter values. The resulting parameter values can be interpreted, and
this process is flexible. However, this method is time consuming and requires
expert analysis. Conversely, automatic parameter identification is based on the
optimization method, and is computationally efficient. This method represents
concepts and experiences as objective functions and constraints. This
correlation is complicated and abstract; the application of this method is often
limited to complicated field problems. The computational loading of the
optimization method increases significantly when the parameters dimension is
large.

Based on previous discussion, this study integrates a rule-based expert
system and a groundwater simulation model, MODFLOW 2000, to develop an
automatic groundwater parameter identification system. The proposed model
has the manual identification advantages of interpretability and flexibility as and
the automatic identification advantage of efficiency. To demonstrate the
capability of solving a large field problem, this study proposes a model to

identify the parameters for a simulation of the Choshuihsi Alluvial Fan. This

il



study develops a steady state simulation model and estimates steady recharge
rates. Results indicate that the total recharge of the Choshuihsi Alluvial Fan
from rain and rivers is 1.241 billion metric tons, and its total pumping rate is
1.275 billion metric tons. These results are comparable to previous studies.
Moreover, the spatial distribution of the pumping rate is consistent with the
potential water use, or land use. An in-depth analysis shows that the upstream of
the fan is the main recharge area, and affects the groundwater of whole alluvial
fan. Hence, in the initial stages of identification, the system mainly modifies the
parameters in the upstream area. Due to the interaction between upstream and
midstream areas, the model required more iterations to obtain reasonable values
for those areas. The downstream, coastal area has a Dirichlet boundary in the
surface layer. The downstream aquiclude has greater coverage in lower layers,
making it easier for the parameters to converge.

This field case study demonstrates the feasibility and capability of the
proposed model. The expert system is the kernel to modify the parameters.
Therefore, the model can increase its parameter identification capacity by

adding new rules to the system.
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LOG(RMSE) =log( (5.1)

He e SRPPREHFHERZ23E k 24 FMELod B7 0 2
T2 R3O UL A R R F A B e BT R RiEARY o T
Mizppfthis  BFHIEL LAREG T+ » £ 2 F] MODFLOW-2000
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%521 Fokk- =2 4l b2 QE(emd) D % & % ok 3% (m)

A% PREQ  A4EQ  KEMBQ  Hwimi

W»

1 1500 4000 1568 0.0315
2 -4500 4000 -4521 -0.0126
3 4000 4000 4011 0.0107
4 -6000 4000 -6013 0.00084
5 -4000 4000 -3999 -0.00686
6 25000 4000 24970 -0.00932
7 -4500 4000 -4482 0.0147
8 -1500 4000 -1514 -0.0245
9 6000 4000 6006 0.00443

%522 FokRc n S fdchk 2 Q E(emd)F & & & K 3EH (m)

A% PREQ A4 Q  REHBQ Wi

10 -2000 -2000 -1983 0.0561
11 -1000 -2000 -1031 -0.0815
12 -500 -2000 -469 0.0989
13 -1700 -2000 -1711 -0.0118
14 -1500 -2000 -1484 0.00993
15 0 -2000 -0.031 -0.00925
16 -1500 -2000 -1491 0.0198
17 -1000 -2000 -1015 -0.0532
18 -500 -2000 -495 0.0164

BIS5222 B S23 A% %- K% %= k2 Bk ERBRZEE
B - BP L EFRF RRKE s £ uekeid F P RBclE TS 2 kK
Tood BT o W RIS RS £ ARk b o B 5.2-4 5 ELBIK
TAER 2 B RE o BlAToT 0 B GREES T b x=y s b oo dopt

POAFT 2 RPIKG o TR e Ok i & F BBk e
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PR A QB AKIFRIDGT A AR H > FINLRETAF S5 E 59

I 64FPE BSR40 R 5341 SR o

\
=

H ¥ fteration 3 3% B =T #c > sim_head 3 fHR-K oo 3hE X3 EPE
¢ L (FIRE)R P initialization » p* 5 S-8cAd= 414 2P > 3 F
F#oREDERR - H B (FIRE)Z P E TR B2 HEF 23 $ v F 2
Bl 44-1-B 442 %1443 2 Bl 44-4-d 1P e R RRpIAGHEAR T o
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TBERF A FRE
FE - R RERSELARRRR oA F 2B d g

R IIAFE > w o f »F 3w s o BFERE - 2803

ﬁé‘z}( El ﬁ_‘,‘ga”63 }%&i"&@g_ﬁ ,gagﬁx%-“64_»»}%ﬁ’r’$@3
AR o B RBERT § A § AL AR R P

WA BER RGBS A BB LR o RS E R4

iteration: 59 z: 1 x: 6y: 6

sim_head: 43.5171

FIRE 1 initialization: [thefact]

FIRE 11 calibrating adjust: [thefact]

FIRE 12 bdonging: fhefact]

FIRE 13 frst dry: fhefact]

FIRE 14 calibrating direction: [thefact]

FIRE 15 alibrating minus_correction: fhefact]

MSG >> put-modified_q ED:2 (<Instance-thefact>-30.517578125)
MSG << put-modified q ED:2 (<Instance-thefact>-30.517578125)

iteration: 60 z: 1 x: 6 y: 6

sim_head: 43.4679

FIRE 1 initialization: [thefact]

FIRE 11 calibrating_adjust: [thefact]

FIRE 12 calibrating increase: [thefact]

MSG >> put-modified_q ED:2 (<Instance-thefact> -152.587890625)
MSG << put-modified_q ED:2 (<Instance-thefact> -152.587890625)

iteration: 61 z: 1 x: 6y: 6

sim_head: 45.4063

FIRE 1 initialization: [thefact]
FIRE 11 calibrating_adjust: [thefact]
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FIRE 12 calibrating_increase: [thefact]
MSG >> put-modified_q ED:2 (<Instance-thefact>-762.939453125)
MSG << put-modified_q ED:2 (<Instance-thefact>-762.939453125)

iteration: 62 z: 1 x: 6y: 6

sim_head: -888

FIRE 1 initialization: [thefact]

FIRE 11 calibrating_adjust: [thefact]

FIRE 12 bdonging: fhefact]

FIRE 13 frst dry: fhefact]

FIRE 14 calibrating_direction: [thefact]

FIRE 15 alibrating plus_correction: [thefact]

FIRE 16 pod min deltQ: fhefact]

MSG >> put-modified_q ED:2 (<Instance-thefact> 381.4697265625)
MSG << put-modified_q ED:2 (<Instance-thefact> 381.4697265625)

iteration: 63 z: 1 x: 6y: 6

sim_head: 35.3825

FIRE 1 initialization: [thefact]

FIRE 12 calibrating adjust: [thefact]

FIRE 13 bdonging: fhefact]

FIRE 14 frst dry: fhefact]

FIRE 15 calibrating_direction: [thefact]

FIRE 16 alibrating plus correction: fhefact]

MSG >> put-modified q ED:2 (<Instance-thefact>381.4697265625)
MSG << put-modified_q ED:2 (<Instance-thefact> 381.4697265625)

iteration: 64 z: 1 x: 6y: 6

sim_head: 45.4063

FIRE 1 initialization: [thefact]
FIRE 11 calibrating adjust: [thefact]
FIRE 12 bdonging: fhefact]

FIRE 13 frst dry: fhefact]
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FIRE 14 calibrating_direction: [thefact]

FIRE 15 alibrating minus_correction: fhefact]

FIRE 16 ngi min deltQ: fhefact]

MSG >> put-modified q ED:2 (<Instance-thefact>-190.73486328125)
MSG << put-modified q ED:2 (<Instance-thefact>-190.73486328125)

B 53-1 A% 5% 59~64 x4 2.5 7k fifd
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73 22 % 74 XA K> A3 XX AL FEIHMEANK T (T Rule
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iteration: 72 z: 1 x: 51 y: 49

sim_head: 36.4599

FIRE 1 initialization: [thefact]

FIRE 10 calibrating adjust: [thefact]

FIRE 11 belonging: [thefact]

FIRE 12 frst dry: fhefact]

FIRE 13 calibrating direction: [thefact]

FIRE 14 alibrating plus_correction: fhefact]

MSG >> put-modified_q ED:2 (<Instance-thefact> 15.625)
MSG << put-modified_q ED:2 (<Instance-thefact> 15.625)

iteration: 73 z: 1 x: 51 y: 49

sim_head: 36.5931

FIRE 1 initialization: [thefact]

FIRE 10 calibrating adjust: [thefact]

FIRE 11 calibrating_increase: [thefact]

MSG >> put-modified_q ED:2 (<Instance-thefact> 78.125)
MSG << put-modified_q ED:2 (<Instance-thefact> 78.125)

iteration: 74 z: 1 x: 51 y: 49
sim_head: 37.2331
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FIRE 1 initialization: [thefact]

FIRE 10 calibrating_adjust: [thefact]

FIRE 11 calibrating increase: [thefact]

MSG >> put-modified q ED:2 (<Instance-thefact>390.625)
MSG << put-modified q ED:2 (<Instance-thefact>390.625)

iteration: 75 z: 1 x: 51 y: 49

sim_head: 29.5186

FIRE 1 initialization: [thefact]

FIRE 10 calibrating_adjust: [thefact]

FIRE 11 belonging: [thefact]

FIRE 12 first dry: [thefact]

FIRE 13 calibrating direction: [thefact]

FIRE 14 alibrating plus correction: fhefact]

MSG >> put-modified_q ED:2 (<Instance-thefact> 390.625)
MSG << put-modified q ED:2 (<Instance-thefact>390.625)

iteration: 76 z: 1 x: 51 y: 49

sim_head: 56.8244

FIRE 1 initialization: [thefact]

FIRE 10 calibrating adjust: [thefact]

FIRE 11 belonging: [thefact]

FIRE 12 frst dry: fhefact]

FIRE 13 calibrating direction: [thefact]

FIRE 14 alibrating minus_correction: [hefact]

FIRE 15 negi min deltQ: [thefact]

MSG >> put-modified_q ED:2 (<Instance-thefact>-195.3125)
MSG << put-modified q ED:2 (<Instance-thefact>-195.3125)

iteration: 77 z: 1 x: 51 y: 49

sim_head: -888

FIRE 1 initialization: [thefact]
FIRE 10 calibrating adjust: [thefact]
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FIRE 11 belonging: [thefact]

FIRE 12 frst dry: fhefact]

FIRE 13 calibrating_direction: [thefact]

FIRE 14 alibrating plus correction: fhefact]

FIRE 15 pod min deltQ: fhefact]

MSG >> put-modified q ED:2 (<Instance-thefact> 97.65625)
MSG << put-modified_q ED:2 (<Instance-thefact> 97.65625)

iteration: 78 z: 1 x: 51 y: 49

sim_head: 43.2029

FIRE 1 initialization: [thefact]

FIRE 10 calibrating adjust: [thefact]

FIRE 11 belonging: [thefact]

FIRE 12 frst dry: fhefact]

FIRE 13 alibrating_direction: [thefact]

FIRE 14 alibrating minus_correction: [hefact]

FIRE 15 nei min_deltQ: fhefact]

MSG >> put-modified_q ED:2 (<Instance-thefact> -48.828125)
MSG << put-modified_q ED:2 (<Instance-thefact> -48.828125)

B 6.3-11 = &(1)2 & 72~78 = {e 4642
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iteration: 50 number: * 3 (1) z: 1 x: 37 y: 39

sim_head: 20.3345

FIRE 1 initialization: [thefact]

FIRE 10 calibrating_adjust: [thefact]

FIRE 11 belonging: [thefact]

FIRE 12 frst dry: [thefact]

FIRE 13 calibrating direction: [thefact]

FIRE 14 alibrating minus_correction: fhefact]

MSG >> put-modified_q ED:2 (<Instance-thefact> -7.8125)
MSG << put-modified q ED:2 (<Instance-thefact>-7.8125)

iteration: 50 number: % % (1) z: 1 x: 25 y: 46

sim_head: 1.60761

FIRE 1 initialization: [thefact]

FIRE 10 calibrating_adjust: [thefact]

FIRE 11 belonging: [thefact]

FIRE 12 frst dry: fhefact]

FIRE 13 calibrating direction: [thefact]

FIRE 14 alibrating plus correction: fhefact]

MSG >> put-modified_q ED:2 (<Instance-thefact> 3.90625)
MSG << put-modified_q ED:2 (<Instance-thefact> 3.90625)

iteration: 50 number: = ¥ (1) z: 1 x: 54 y: 39

sim_head: 34.5468

FIRE 1 initialization: [thefact]

FIRE 10 calibrating_adjust: [thefact]

FIRE 11 belonging: [thefact]

FIRE 12 frst dry: fhefact]

FIRE 13 calibrating direction: [thefact]

FIRE 14 alibrating plus correction: fhefact]

MSG >> put-modified_q ED:2 (<Instance-thefact> 62.5)
MSG << put-modified_q ED:2 (<Instance-thefact> 62.5)
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iteration: 50 number: & ¥(1) z: 1 x: 41 y: 46

sim_head: 24.6618

FIRE 1 initialization: [thefact]

FIRE 10 calibrating_adjust: [thefact]

FIRE 11 belonging: [thefact]

FIRE 12 frst dry: fhefact]

FIRE 13 calibrating direction: [thefact]

FIRE 14 calibrating minus_correction: [thefact]

MSG >> put-modified_q ED:2 (<Instance-thefact> -7.8125)
MSG << put-modified q ED:2 (<Instance-thefact>-7.8125)

iteration: 50 number: 3 = (1) z: 1 x: 32 y: 37

sim_head: 18.9913

FIRE 1 initialization: [thefact]

FIRE 10 calibrating_adjust: [thefact]

FIRE 11 belonging: [thefact]

FIRE 12 frst dry: fhefact]

FIRE 13 calibrating direction: [thefact]

FIRE 14 alibrating minus_correction: fhefact]

MSG >> put-modified_q ED:2 (<Instance-thefact> -7.8125)
MSG << put-modified_q ED:2 (<Instance-thefact> -7.8125)

iteration: 50 number: & #(1)z: 1 x: 41 y: 35

sim_head: 18.3421

FIRE 1 initialization: [thefact]

FIRE 10 calibrating_adjust: [thefact]

FIRE 11 belonging: [thefact]

FIRE 12 frst dry: fhefact]

FIRE 13 calibrating direction: [thefact]

FIRE 14 alibrating minus_correction: [hefact]

MSG >> put-modified_q ED:2 (<Instance-thefact> -7.8125)
MSG << put-modified_q ED:2 (<Instance-thefact> -7.8125)
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iteration: 50 number: = & (1) z: 1 x: 51 y: 49

sim_head: 36.0316

FIRE 1 initialization: [thefact]

FIRE 10 calibrating_adjust: [thefact]

FIRE 11 belonging: [thefact]

FIRE 12 frst dry: fhefact]

FIRE 13 calibrating direction: [thefact]

FIRE 14 alibrating plus correction: fhefact]

MSG >> put-modified_q ED:2 (<Instance-thefact> 62.5)
MSG << put-modified q ED:2 (<Instance-thefact> 62.5)
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