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Abstract 

As generally known, the flow of 

groundwater is rather slow. In addi-

tion, a seriously low level of the water 

table for a local area may incur many 

environmental hazards, as further ex-

acerbated by groundwater pumping 

which leads to an inadequate amount 

of water and lack of a timely recharge 

to compensate for this deficiency. 

Therefore, this study thoroughly de-

scribes management practices of 

groundwater resources and presents a 

stochastic optimal management model 

for groundwater resources manage-

ment and contaminant remediation. In 

the first year of this project, the gov-

erning equations of a confined aquifer 

was solved by the Galerkin's finite 

element method and implicit backward 

finite difference scheme. The numeri-

cal solution, which is a matrix equa-

tion, serves as a transfer function in 

the deterministic optimal management 

model. The management model was 

applied to a simplified system to dem-

onstrate its reliability and capacity. In 

addition, the theoretical development 

for the parallel stochastic optimal con-

trol theory was performed as well. The 

parallel optimal control algorithm in-

tegrates the deterministic optimal con-

trol theory, separation theorem and 

model decomposition scheme. In the 

second year, the parallel algorithm will 

be implemented and applied to a 

groundwater system.  
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����� 0.000431m/sec

�� dispersivity,dL 70 m 

�� dispersivity,dT 3 m 

diffusion coefficient,d  0.0000001m
2
/sec 

Specific storage,Ss 0.001 

Retardation coefficient, $R  0.72 

 !",θ  0.2 

#$%,b 10 m 

&'( 2.7× 10
6
 m

3
 

)( 900× 1500 m
2
 

*+,- 150× 150 m
2
 

&./�,nT 77 

&*+�,ne 66 

&0���,m 18 

����,ψ  13 

1Dirichlet��/,nT-n1 14 

23Dirichlet��/,nT-n2 14 

&456��,n(n1+n2) 126 

789:,∆t  2190 hr 

&78�,N 20 

;<=>, N t⋅ ∆  5 year 
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 N. P. O. P. P. R. 
���������� Z 

112.6 42.35 62% 
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13.52 0.17 98% 
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100%

N. P.:Nominal Policy, O. P.:Optimal Policy, P. R.:Percentage 

Reduction 

��������	
��� 

��������������� 

���� 

������� �!�"#$%&'()

*+,-�./01!(23456789�0

:����;<=0:����>�?@

A(BC0:����D7E�F��G<=

0:����H�IJ)*456K�LMN

%OPQR�����S(TDUPVW�T3

XY���Z[O\F�01(]^K� ��

_`abcdP>J 

���� 

1. efghijkhlmn(op3qA��r

s��tuv���wxy(!z{|�}~

���(L 9�L 3�(pp. 449-457 (1997)  

2. efghijk(oI���tqA��wx

�[����p3y(���}(L 46�L 1

�(pp. 72-83 (1997)  

3. efg(oqA��rs��p3��tuv

���wxy(����( �H{|567(

1994  

4. lmn(oXY���I�tuvqA��w

x�p3y(����(�H{|567(1994  

5. Chang, S.C.,`` A Hierarchical, Temporal De-

composition Approach to Long Horizon Optimal 

Control Problems '', Ph.D.Disseration, Univ. of  

Connecticut,1986.  

6. Murray, D. M. and Yakowitz, S., `` Constrained 

Differential Dynamic Programming and Its Ap-

plication to Multireservoir Control“, Water Re-

sour. Res., 15(5), pp. 1017-1027, (1979)  

7. Georgakakos, A. P., and D. H. Marks, "A New 

Method for the Real-Time Operation of Reservoir 

Systems," Water Resource Research, Vol.23, 

No.7, pp.1376-1390 (1987).  

8. Chang,L. C.,"Optimal Time-Varying Pumping 

Rate for Groundwaster Remediation: Application 

of a Constrained Optimal Control Algorithm ", 

Water Resour. Res., Vol.28, No.12, 

pp.3157-3173, (1992)  

9. Chang, Liang-Cheng,`` Application of Con-

strained Optimal Control Algorithms to Ground-

water Remediation'', Ph. D. Disseration, Univ. of 

Cornell, (1990) . 

 


