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Study of The Estimation Uncertainty of Groundwater
Extraction for Choshuihsi Alluvial Fan Using
Conditional Simulation and Distributed Water

Balance Model

Student: Jhong-Liang Hsiao Advisor: Dr. Liang-Cheng
Chang
Department of Civil Engineering

National Chiao Tung University
Abstract

Groundwater pumping information-is very important information for
groundwater management. However, practically, the estimated pumping
information is highly uncertain due to uncertainty in hydrogeological
parameters such as conductivity coefficient. This uncertainty, leads to an
important issue of groundwater management.

This study develops a distributed water balance model integrated
with groundwater simulation model for simulating the groundwater flow.
For the uncertainty of the of the estimated pumping, Monte-Carlo
simulation is applied. Multiple grid sets are generated using
semivariogram method. With given groundwater level and parameters,
the groundwater pumping is estimated.

The proposed method is applied to Choshuihsi River alluvial fan.
Three aquifers (F1 to F3) and two aquitards are included in the simulation
model. Gaussian distribution is assumed in the semivariogram model. For
three aquifers: the values of Nugget are 0.391, 0, and O; the values of
Range are 23778, 6400, and 7478; the values of Sill are 1.7, 2.134, and
2.77. The 5% and 95% confidence interval for three aquifers are: (1) net



recharge of 626 million and 422 million tons of water for F1; (2) net
pumping of 560 million and 356 million tons of water for F2;(3) net
pumping of 268 million and 118 million tons of water for F3. In average,
F1 has net recharge of 515 million tons; F2 has net pumping of 456
million tons; and F3 has 200 million tons, respectively. These results

could provide critical information for future groundwater management.
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% 5.1-1F1 2 gip| 5oL

F1
o . . InK . . ; InK
(m/day) (m/day)

Ao (1)]195102 | 2669884 | 3.02 | §ijtw (1) | 197896 | 2628388 | 4. 04
%A (1) 191236 | 2661358 | 1.74 | = &£(2)|204584 | 2629706 | 4.89
< & (1)]190140 | 2656198 | 2.88 | & % (2)|209025 | 2629314 | 4.91
4w (1) 185725 | 2641405 | 2.99 | =3 (1) | 202695 | 2658255 | 3. 90
&8 (1)]193986 | 2643604 | 5.25 | Z % (1) 182663 | 2620668 | 3.51
v k(1) (200962 | 2643305 | 4.53 | 2uiE(1) {199331 | 2624337 | 2. 82
HyE(1) (190937 | 2639847 | 5.04 | #45(1) [ 206944 | 2624360 | 1.57
A2 (1) 1198369 | 2639271 | 3.92 | &+ (1) | 162680 | 2614972 | 1. 08
v ® (1) 207086 2639186-| 3.85 | P4 (1) | 167471 | 2617008 | 0.43
£ (1) | 178957 | 2632236 | 3.81 | &% (1) | 174991 | 2616887 | 3. 82
a4k (1) | 194880 | 2632717 | 3.75 | A (1) | 187952 | 2614849 | 3. 00
##1(1) [ 201760 | 2635691 | 4.59 | & &(1) [ 199385 | 2617419 | 2.16
Z k(1) [ 210251 | 2634448 | 4.91 | L 4-(1) [ 205270 | 2620469 | 1. 05
7 (1) ] 165930 | 2624508 | 2.92 | = ¥(1) | 205034 | 2615922 | 1.55
mF(1) [ 178667 | 2624918 | 3. 78 | #%r(1) 202020 | 2612378 | 1. 36
>3 (1) | 185344 | 2624154 | 2.52 | > #(1)| 199514 | 2674258 | 3.97
4 (1) | 191170 | 2627767 | 4.35
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% 5.1-2F2 2 gip| T 1L

F2
InK InK

#* ¢ X Y # ¢ X Y

(m/day) (m/day)
& a (3) 1195102 | 2669884 4.39 i1+ (2) | 197896 | 2628388 3.35
> 8 (2) 199514 | 2674258 0.04 = & (2) | 204584 | 2629706 3.97
4 12 (2) | 194101 | 2656018 4.21 5 % (2) | 209025 | 2629314 4.13
-3 (3) | 202695 | 2658255 2.45 K > (1) | 199963 | 2662263 4.26
> 5(2) 179979 | 2646956 3.28 7&72(2) (191236 | 2661358 2.81
A 7 (2) | 187628 | 2648436 3.99 ~ % (3) [ 190140 | 2656198 3.98
7% (2) 1196163 | 2649628 4.49 % ¥ (2) 1183749 | 2656699 2.35
A ++(3) | 206621 | 2649676 3.23 4 F1(2) | 165930 | 2624508 0.80
o % (2) | 176792 | 2639943 0.14 % = (1) 172585 | 2622642 4.45
% 4¢(2) | 182697 | 2637170 2.73 5 37(2) | 185344 | 2624154 4.67
77+ (3) (198369 | 2639271 4.81 ik (2) | 191232 [ 2623693 4.41
v ¥ (1){207086 | 2639186 2.82 7 i%(2) 199331 | 2624337 3.91
fs % (1)1 171189 | 2632094 2.83 # 13(2) | 206944 | 2624360 2.37
¥ %(2) 178957 | 2632236 3.93 ™ 3(2) | 190937 | 2639847 2.97
7% 15 (2) [187224 | 2632826 3.68 B E (3) 1187952 | 2614849 1.91
o 7(2) 1194880 | 2632717 A ~ £ (2) | 178806 | 2616895 3.93
H #1(2) 201760 | 2635691 4.00 32J5(2) 1169451 | 2612475 -0.21
= -k(1) [210251 | 2634448 4.01 ye+ (2)1 162680 | 2614972 5.54
4 2(1) 1170295 | 2629365 1.62 7 i (2) | 168258 | 2602097 1.22
Fe2'(1) | 169996 | 2626540 2.85 P 4%.(2) | 167471 | 2617008 5.32
814 (2) 1176677 | 2628802 -1.19 A =k (3) [174991 | 2616887 411
1 £ (2) 191170 | 2627767 3.02
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% 5.1-3F3 2 gip| F 1L

F3
InK InK

#* ¢ X Y #* ¢ X Y

(m/day) (m/day)
Ao (4) 195102 | 2669884 4.61 75+ (3) | 162680 | 2614972 5.27
% ¥(3) | 183749 2656699 4.10 P 45.(4) | 167471 | 2617008 5.55
4 12 (3) | 194101 | 2656018 3.11 % = (2) | 172585 | 2622642 4.23
K > (2) | 199963 | 2662263 4.62 Z % (2) | 182663 | 2620668 5.52
> 5%(3) 179979 | 2646956 2.32 1 1£(8)|191170 | 2627767 5.19
AL 7 (3) | 187628 | 2648436 93 " i%(3) | 199331 | 2624337 3.11
%77 (3) | 196163 | 2649628 3.48 4 4(3) 1205270 | 2620469 3.27
A +R(4) | 206621 | 2649676 3.12 £.2(3) | 194032 | 2616366 2.16
o #(3) | 176792 | 2639943 1.64 B A (4) | 187952 | 2614849 2.96
£ %(2).| 193986 | 2643604 4.06 % #(2) 183344 | 2611936 3.45
v A& (2) 1200962 | 2643305 2.04 A& (2) | 177885 2608753 2.93
m ¢ (2) (207086 | 2639186 2.47 "} +R(2) (172329 | 2608150 0.94
fs % (2)11171189 | 2632094 -0.71 = #(2) | 168631 | 2607417 0.80
8 14(3) | 176677 | 2628802 3.71 ¥ 15(3) [ 166291 | 2604639 1.33
7% 15(3) [ 187224 | 2632826 1.78 ~ & (4) | 190140 | 2656198 2.60
& 2(2) 170295 | 2629365 -1.04 e 2(3) 1191236 | 2661358 1.63
Fr£(2) 1169999 | 2626544 1.47 > #(3) | 199514 | 2674258 4.30
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