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This research will develop a flexible and powerful operating and planning model on conjunctive
water resources management. The computational kernel of the model is an integration of differentia
dynamic programming (DDP), genetic algorithms (GAs) and artificial neural network (ANN). The
computational powers of the DDP and GAs facilitate the model to solve an unsolved optimal
management problem that contains both the fixed costs and operation costs for a dynamic system. The
objective of the model is to solve a conjunctive-use management problem including surface and
subsurface water system. Unlike most of the other conjunctive-use management models that always
simplify the groundwater system as a single storage node in the system without considering the complex
dynamic relationship between the water level and the pumping and/or recharge, this research appliesthe
ANN model to simulate the dynamic of the groundwater system. The ANN model can not only
accurately describe the dynamic of the groundwater system but also keep the required computational
resources under a manageable level. On the other hand, a direct embedding of a groundwater simulation
model will greatly increase the computational requirement and restrict the model’s practical application.
Beside the development of the management model, this research will aso apply the model to a selected
region to demonstrate model capability and investigate the different role of the surface and subsurface
water system for a regional conjunctive-use based water resources management. This is a three years
research project. The first year will integrate the DDP and GAs to develop the DDP-GAs optimal
algorithm. The second year will develop the groundwater ANN model and integrate with the DDP-GAs
algorithm to complete the model development. The final year will apply the model to a selected region
to verify and demonstrate the model capability.

Keywords : Differential Dynamic Programming, Genetic Algorithm, Artificial Neural Network



2

NPT R

—_—

SRR @A AT e BRG] I 5 ek g e S
RAI D e § 0 R KL LTS5 S P iR B
D S T S ey s
Fed B DT 2N ARG E YRR RE > T s B ARG fRAL S B e
Plrd R0 o F— 35 > FM7 A f R KR TS AP RS AR AL T B A
TOREEE e ko X0 BE IR TR R Bk s LR KR s B T A B
4] § PV ACRCD H At 5 AL 5B ¢ e TR K R RE I
@&B%W“ﬂ’W”%TL&mﬁ&%%ﬁink&#@%&i%ﬁ%o%uipiéﬁd
SRR BE SR LA RS TR f s R R RAC R R FIRY B0 5 P R
DR SR S Ly }\%]r‘r&h'r KRR A (N ER R )R E R KR 2 AL

AL ¥-ERD L
p“i

3*

Y ToRZ 3%53‘“?&?1“ c B ANAJIE S XA T U RFN R E AL E B TR R

B AP R TR AR AT AP AR Y 0 AR RE I R EMIEE

bliﬁ ek A o d | iim?ﬁ/ﬁ??ﬁ‘ﬁ;?ﬁ 7 PR @ﬁﬁﬁ/% . ‘“#Ji’lﬂ(‘v\f”ﬂhﬁﬁlﬁi*" KR
T4e

CRBLE L TR AR TORTOR AL 82 5 RG]

B o 5Bk TR

1. 7 Pk FTiRRS s
PR TIRARIET AT AT PR AR E G RE AT [ EA]
J= Min 2= Min (7). 7@ @3 @) ()

st.  5,=T(.0) t=1..n (2 h,=T(h,q) t=1....n (3
tl5.0.a <0 t=1...n (4 tlf.g.a <0 t=1....n (5)
O<a<a™ (6) 0<g<a t=1....n @)
h™ <h<h™ t=1....n (8) o<, <U™ t=1....n 9)
0<g, <Q™ t=1....n (10)

A Z(a)= F(a)

2, @3 @)=3{0.@.3) 3

F(a) E mrﬁ ~iEE A A2 Z 4 ; aeR™ AT R AR AE A P ERE A - A Rk
Eom GEAFZERE ; U # & A B2 AT R Eke £ ; QBT kAT pEY
ii#%ﬁ%ﬁ’xé%ﬁﬂ%b ; g,@.8) LA AALtpER 2 iFER A o on % w/,,\ﬁp%v} i S eRTEH
oAtz RSk £ ,léﬂf[}ﬁ’(; htERdlﬁi"T,:‘ Sty Rk REeE 0d 2B
# UeRmpi"z\,ﬁ Btz A %k £ R:HE B#c C]IEFEV*l EARLIE N 2= S
Sl B ov 2 H BHE; TC )5 kS 3odc(Transfer Function) ; f(s.a,a) R 5 5 & kil

W

oA



i Ll K

g p RS BDT KT
PR ITREIT R VPR
Method) % f#2+ 5 P ARR AL T2 P HRES - L@ & H L H
BEes k@R Pty H2 > d S RfEERD L E PR
TRAAEFFLRANDEREE AFT IRLI 3T L8 A L3
Bt o FriZESMmMREE2 o B
B ;;j\gféﬂ o gt T ORCA B B AT FI B TR K S o~ @ i ARk f Y Bl P
ﬁ&ﬁ’ 58 0 ks TRk Ptk S gl i S0 die2 B0 *Wwﬂﬁ

{'ﬁmﬂr% AETHEHRPIEAZ DT ZAFEBOA LT S S BIN(A

Fairﬁ

SHBH ; f(hg.a)eRTEET X w‘—ﬁxb RAiEE >y A H BHco

FRAALE A2 FEREag WFr 20 T v g o
B R REORg o L FE 1 - mpF r o £ 2 (Weighting Factor
—Bﬁ&&%ﬁﬁ’%
IM’*”*gﬁ*FW’EW
L B ends g AR A | E
Fli hiiend EHERERERNEAR AW R EFFEE

d 7

2 3f e
PA R (F W

B ik 4 o %R
RG22 5 B3 BTN )

,EL
:l_
i’
\:

ji‘f\)l{;’ 7 FFBEYEB:‘IL}DEE”/\)?;‘E }EZFFB&A F &B'&PT i
Min {Z,(8).7(a .q)| (11)
aq
st. R,=T(.q) t=1....n (12) (f.galco  t=Ll..n (13)
0O<a<a™ (14) A™ <h<hA™  t=1....n (15)
0<g <Q™ t=1....n (16) Z(a)= F(a)
(Fv 'L‘i\B 2.3 F i‘i\ﬁmlﬁ>
7,(a,§) = Min il{gxﬁ G) a4} (7)
WA R 2 g ? ) BT LR AL @
st. 5,=T(5.0) t=1...n (18) (s.0.3)<0 t=1....n (19)
0<5<a t=1....n (20) 0<g <U™  t=1..n (21)
(R3EB 2 % P 2230 )

PFBEYEB—%»_A‘LFFB%\&KG’\T"} ;‘T:"'— ,:; E] *ﬂ‘éﬁﬂ:ui“}\ 4 VI ﬁ 4 ET'JE] ’}ﬂ-\mﬁiz (a)ﬁ ‘J'T :“:" ;‘E‘J\ J é‘f”hﬁ.’,g{ )
523 gt nmﬂaé% SRR RS S LR
S e T R A R R S
&’mﬂ;_i—;izﬂT%mxﬁx#mm’d*ﬂp@m@mn T AL E A
£ A RE BT S T ATE BN E S Mes B RG] KRR AL e b S
ﬁj%gﬁéﬁiiﬂéquy—r }\,ﬁ LeniE o~ m*ﬂ)‘@%&&g < ﬂig-ég ’ FI&)qT }\*Bfﬁgm%ﬁ&pﬁ l"\lﬁ"—
R EE MM AT B B ARG AR AIB 2 3 RARG » 5 p Rd EE ik RE R
AR PR FERAETRRORE N T KR TR “VU‘T’/L%\%& RMAEB 2 1 B AE{R >
e TR EJR T d § Bﬂﬁliﬁﬁ AT AR TR ha kKRB LE if:e—g‘%ﬁ— #

r g

B *—r‘_ﬁ [t /ﬁﬂ"f =

ﬁ&ﬂuwﬂAL%m&TLWﬁ&ﬁ#+%Vkﬁaﬁkéiﬁ_§

BrE TRz BB R TUE TOREEIREAN SRR AR ToRER S #H(13) N o S AT

BN I NV =N

BRI MR AT s B R ARE P o S

B AL P TR RERR R s i o o 2 R B L TR R Sk
BRI ek % o AL B

20 R RERR D 5



bR - BT FEEAME TORRERT AR B EEE WA B AR ES - d (1T)~(21) 58
A%&“ﬁi“%\’} B 3£"\FF7~“¥\~

2. 5P B @IHE 2 UGS B ARG e TR ORI SRR L

ﬁ@ N 2 B AR e T ~Stepl A A AR A S 100 FL M F LI R
PR - B R D BB g (-] SR, e SRR S KR RGIE
‘i*""}\ TLFRAHIEEFE B TRRZARDI I FHOEHEF I AT SE LR TK
SRR RN AT M B ARG Y KR B R B PFRBGE S R R R
A ATILE PR B TR R R E AL R 2 K5 R M gl o Step2 3245
Stepl ;afé@ﬁﬁa F 2 AR BRFPRRF - R4 M G RH R ﬁ@" -t idkiE o
e Rl R B R & L o Stepd # T KIRHCBRECS B AR B B TR LR R 2 2 KT ¢ gt o
R lf,wér%ﬁ%% S R B EAL R T TR ARG U AR 4 e T
*ma%# ] 5 ‘ha L‘J"m o pb vh 5 1 T -k ]\,y_lf\lﬁ]}\["],ﬁ/—ab‘r -k J\l“ﬁj’-‘%@v&r{#,/z:__*&ﬁk@;
LAV ﬂkﬁﬂ”“fﬁ'd LA 3 PR BFE RN e TR R SRR R ER KR EZ LR
B }"ié%ﬁ"f’ﬁ? Bho@ip— X4 MY RF 2 APM B T RRGIIEE T %’Lm'ri“' AR ﬁéi“%“
- - f[}-}'b‘%(—:‘,l. EPESE) T L AR P ﬂ]@.@,&]g it iE, # H ]__f;‘l 5 Ag #] i A2

B ARG SH o Stepd 3 E ﬁ—r&& TR Step3 B Ereng 4 i*"f'r’“'éo\ W3t B H P RS
Z1 Zzl_s_ s PRI HRE — 114-43 RN Li%&&%c At MR NE SR L A L TL P
S 71 (AE+ A)2 8 i&%?ﬁﬁﬁ > g ﬁtﬁﬁann*&ﬁ'ﬁfgtén VAR iR © deing B 2 ok
BAAETH RS ﬂ\m&m(ZZ) Step5 ALYREEEFHF VT ORI EE
Jeehd PRfclE > U BRIV RGE > TR - EAI WIS H B A M AR P RS EKE
KREFEFR22EyHBEL > T RETHEE & 8T Kk o Stepb if & RIT=R #%—ﬁ— zw G
dib}im&?'p FERLE  FE- $4 (T FRIERE - Y RRRT 0 TS B

TAATEE o i £ RARS o StepT FE K ¢ A PR EAS BE (Pareto Optlmal
Ranking Method) » #2537 2 LY R R S T 5 5 - 5 L R5 - 52 47 WHF - G
2RI B NALRBE LR RSP -5 o BEFEFLAIRILGER - BAFTH - 52 0
S B2 2EY R Rkl Rd W2 iﬁb/i«’/m‘ﬁ;&i AT TR R 30 RS FLFER
i oStep8 AF Tl ~ ez R® I FiEL M2 - B RS Fﬁfibimm@,vuu
(RGP )ERZ LT %EY 7L 5T i\mﬂi& PRNVECES R U I AT N R
AP EFTUEDAT S AP R REGP)ERE B R ER NS BRI LR
fie(crossover) » R e B BRI e m T et N LR 155 Qﬁa:’ﬁ-% AL T d
WP G RRE 0655 R LT L RE T G R TR - BT (TR

5 0.0 ERPFEFLIMPOATIRE ) YLD 1 2FEWA2 - LALLM E
Z UJ LA g d »‘?*"’ﬂﬁ_ﬁf@~ Lk uﬁ% PR R RRF 0 RE R 2 A AT

EERE SEW1z-%§ CEEAE S RRBERRIAS TR > v ] “ﬁwgugﬁT,

A3

¥

A

H R iRiE B DR EE AR {m‘i{ﬂ{" e ‘f;\ .IE TE Bk o AFT Y AT ACHE BT A N AeT LR
ez R RRE &0 - R ,bw’ CE 2 R K B INGECEE S FEN A 3 3 K
3203 BT 2 A o Bl R # AR T T o



%,

ALY RE S BRI HLY YRS rs Brifokox o B3 &3 TR
HE R AR - T 0 A AR ‘;prép\ MAFFED BRI G P RE S F U
L R Bz ECREE T OMFR IR F RIEFIR SRS &%ﬁﬁfi ARG ATIERK A TR R
FoK A A TR RS WAol S A0 0Bl 2 165 B AT kR 20 v 4ok 2 03 v g
MR e F LR KB T AN RTFER 0 TR TR kS Bk
=5.0x104‘m/s;?*" T#=0.1; P F=02F- v F2MRKTAL Omi/sec > @ ok S
0.1m°/sec » & *MIERR L 20 v 2 7R f AT L2 Fd0 AT T RRE R K AR R o 20T KR K

TEE2 RRPIFEF L 10 £ > TR0 EpF 2L 120 By & - llif‘fﬂxﬂfﬁ*ﬁ*ﬁﬁ,—» 1@
oo @ Ao R ER AR B E 2 he T 9T =Thm 0 p, =61m o L =100m e H Y L Ak £ 37 okA A
TNF R FRB= o h Eoh 5 250G kR mrﬁr}w“rsli BOBLPIE 2 ki HE D 4ATn T
A AT k= 3 3 100m 2 P AR S AZIE o P TR R AUPM FAKT F kaZ B B TR
PE-Tep UG R SIS ) A I £ U R A T S S }: ket e

| FE LR

o Ra B e

i W12

i

R3,12 Flagin g
| 12 3%
Y
RQ.7
W7 WBs 4, P38 £
. Y Yy ) 4
/%%/ Y

Bl-  » &B TORTR LA E FELER



no - flow boundary

y=1125m % %

®

% %
" I h
(x,y) = (0,0) no - flow boundary X =1575m
o pumping (recharge) well < observed well
ground surface
L |
h. l
| h.,
|
|
|
|

Impervious

Bl = ﬁgf“i?hﬁ‘i’g’ﬁ% v B TRV TR B
2. f# 32
(a) P f&dilic- [F2T 4]
2% (e oW |
iem fey
RV f Lk E V2R S KRG R Y34 0kt R YPI3 A
BEN g G 1328 Tk ERHE R %ﬁmtfﬁ&:& £ ad o KEBEFSAQ.62~/#) (X -1997) ;m
REREMm=3) ; bRk HEEHHE R A(F R E R ERG 10 & - Hizd A5 0.48 ~/
s EokF R 2530 Hixa A5 0,11 ~/#) (£ -1997) ; YT k®REE(Y=1)
(b) B fhies ~3 it & (kg )
100 & {[RQLN +RQy 7y +WQ;7, — Dy, ]2 [RQS,&t +WQs5: + Pss: — Dgy ]Z}
+

Z,= Min —
2 RQ,RSWQ,P,AR N 1221: D7‘t D8,t



He RQLT,t % tPF%d g LE-KRERNT S X% ke R ESIRE ; RQ3, 7,6 % t PF
KB N T Sd 2 R Rk ESRE RQ3 St F t Y $ kRN T B
Agw kB RAvkEAIKE 5 W0B, Tt Bt P Ad B BN A AR ks Tl
£ ;WQ6,8,t % tPF%d gAER NI FOE Y kB el KEDT,tF RS S o2 * oK
PRI ERE; D8t Bt ERBELE Y kM FenZ REDSK Lt R RS KB T
Br g RE(FIcy LERSRRGFPERS2ZF P ECER DT RE)PIS t: ¥ tEUER
i);%'fu13’ * J\?Fﬁ”ﬁ J\ﬂ

AHT AR A ET AT EL L EL TR LUAR- FE AR RAGR
b fvmm—;-ﬁl\é Bk SRR K2 HRehe FlR P00 0 1T s P RSl TR 0 kiR e
et Az PRSI Ec- (FlE s A)mffEd g2 ka2 {882 LERLEE
~RERF SR OREFED2BIRG REFE - Eoamr 2 AL REER L L Wz
AT ks R TR R - B R B B © AR L R T ok
BEEFEHRT G OTALREA YL & T RPH T A A AP RS- P VARG A P HRE
ﬁ&?f%i»‘r ki ‘sum%ﬁg@%){g&gmﬁt BRI RN anlﬁgﬁﬂ%%y D RHE S R
ﬂ};igmﬁr-% A PER B TR Mgk LS ?“'\‘vabgiﬁm‘ﬂé«%gt"rfﬁﬁ
Nl B RS AR kR e TR R R R H R B R R
S

P N T R

ARG E 3] A IR BE N R R T BB R R BT A
3 T k$:ﬁ)f*‘42@6&6(@51}BMW8&2(§‘5)’fﬁﬂﬁ*%ﬂ@i.9%4$iﬁ%ﬂﬂﬁ*?
18.29~28.02 2 fF = ¥ ¢ » Bl= X 4F# 1 fook 2 HE ol 4 Ade EH s X FY H 4
RF R G AR R Y RS TR F R A AL B AR TR R kST S F 2y iR
FEF R TR TR FoLE FHEE S A 9:]%"7”‘{""4\:% PR FEERY XA SHE IS A
FAg A - %lﬁ]ﬁ | Fp 2 TARFT R AT S FEDOFMRE N A AR 5 A RT R LB
%"’5‘ AFEG R 2L J0# > Hi=A AL 0.48 ~/¥% J\“fe”#&m‘%SOE B SLAN

AL 011 A/ kEFER -k HL T RER 2TE - %iﬁﬁﬁﬁﬁ&*i* TfREF ELG
-»9:#771_%]]1\ B AT AL R AR e TORFH AR EHER LRGN 2 FEILG Y AR D

El’_‘}‘é o

A}:}fﬁ

o

500000 AE L KT R &
450000
* 400000 © ° ¥ LB THE Y
N E (7 G E Tk
350000 & A
< T W
2 300000 (10 @ % ¥
250000 - )
T Y R
200000 W (30E @ % 4
15 20 25 30 35, ")
JE N SR NE RN




1

)

E4
K

Ik

Pk HER H A Aty $ iz

= 2L A
2NN ,.@‘3‘ @{1\3

ﬂwgv‘ﬂ%‘ﬁ‘d R @R R TR A BRI B TR R SRR S B
AR AT }‘F‘ Rk G A H@, 5P EARE] o d MY g PR B 2 U A s
ﬁ" L SRR IS 2 Fal TR I gl ]’ﬁ«m/fﬁﬂ‘i"’é ) "’I*Bgi’&q&#‘ﬁ*k%«ﬁtﬁ AT P L Sl
AP St S P AR R AL T EPSRAY Sk B S KRS R R
T ABEEITS AP m;ﬁ,;mL ""l‘vf#_#‘ﬂ‘\‘ AR T AR (TR A AR (TR E PEERY
TG o reruLE"f%mff@. lﬁ-sﬁﬁ.‘\l lm_gbﬁ:];\fa g }‘F] B "'-‘Es?r'?km:}'ﬁ’lfﬁ\ﬂ‘ ey
,:li.f‘fut‘ = - -#: 7k \/,_ ko~ r% }\l;,b\:i,,'r }‘;‘:%&"F"EEPA“; Fﬁpmpaﬁoﬁﬁ

2

1.8 Ade (1997) 0 TRRBE * hgt kG MB2 g > 5100 kg Kt g o % 41-48
'ET y o

= \éﬁ—é;—\‘a}?g

2.David W.Watkins Jr & Daene C.McKinney (1998), “Decomposition Methods for Water Resources
Optimization M odels with Fixed Costs”, WATER RESOURCES 21, pp.283-295,.

3.Dean Randall,Leasa Cldand,Catharine,S.Kuehne.,George,W.BuzzLink., and Daniel ,P.Sheer. (1997),
“Water Supply Planning Simulation Model Using Mixed-Integer Linear Programming Engine ”,
Journal of Water Resources Planning and Management,pp.116-124,.



