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IDENTIFICATION AND OPERATION OF GROUNDWATER SYSTEMS
BASED ON MULTI-LEVEL OPTIMIZATION METHOD

By Shuichi 1xeBucHI, Toshiharu Konirl and Hiroshi YAMAMOTO

Synopsis

The aim of this study is to establish the identification of model parameters of groundwater
systems and the conjugative management between the water resources systems, such as dam res-
ervoirs, pumping wells and recharging wells. Especially, we introduce the multi-level optimization
method (Goal Coordination Method) to solve the identification and management problems of
complex water resources systems.

In the identification model, after formulating goundwater systems by three dimensional multi-
cell model, the total system can be arbitrarily divided into several subsystems. Then, the optimal
value of model parameters of confined or unconfined aquifers will be decided by iterative calcula-
tion of parameter identification in subsystems and interaction balance in total system. On the
other hand, management or operation model is decomposed into surface water systems and
groundwater systems. Each subsystem is optimally controlled by using Linear Programming or
Non-Linear Programming. Total control policy will be also gained in the basis of multi-level
optimization method.

These approaches are applied to a part of the Nara basin for verification of theory. And we
discuss their effectiveness and limitation.
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Fig. 2 Decomposition of multicell model.
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Fig. 5 Cubic representation of river basin and aquifer. MUT, BPREBRICEN-
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Bu : Boundary of
unconfined aquifer

Bc : Boundary of
confined aquifer

Br : Boundary of river

Table 1 Identified parameter values.

(1) 0.188 (cm/sec) (1, 2) 0.465E-3 (cm/sec) (2, 1) 0.543E-3
S, (2) 0.247 K,, (1/sec) (2, 3) 0.313E-9 K, (1/sec) ((3, 2) 0.129E-9
(3) 0.196 {(3, 1) 0.319E-9 {(l, 3) 0.134E-9
(1, 1) 0.280E-3 (1, 1) 0.511E-3
(1, 2) 0.425E-3 (1, 2) 0.231E-3
(1, 3) 0.280E-3 K, (cm/sec) (2, 2) 0.991E-6
K,, (cm/sec) (1, 4) 0.425E-3 (2, 3) 0.966E-6
(1, 5) 0.425E-3
(2, 6) 0.310E-3 R, (cm/sec) (3, 1) 0.340E-3
(2, 7) 0.697E-6




W o R o A TRV R F LDEFAREEZOREEM ICHET AHE 281

Calculated
—-—- Observed
o
2
&
9
i
3 o
28F
s
3
3
]
2
— 1 i Il
G
53/10 5474 54/10
Time {year/month)
sr
E
©
g oL
2R
s
3
T
B
o L1 I 1
~ 53/10 54/4 54/10
Time (year/month)
o
&
E
=
g~ L
25
<
3
=
2
w1 | 1
53/10 5474 54/10

Time {year/month)
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systems (I).
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ATF i3, &%, HMOMGHNTSH A0, ZEROMD K EYIMBEAC LiclRbEIZECL, fl, 2,
Jeii+t1) °EDENS, B(o) i “HF el, €2 it DOWTE jj BICHF 2 THARDOHEKELR L & &iT,
B MRICBNTHF el TFRUINAKMLETR” THs. COETHRIZ Multicell Model £+ 3 2 v —
FFBCLRE-THONBETH B, LictioT, B-HSERVNIE, B/ BROHF el OKMIETR
Dl j) i
Deel, j)= 8221 ”z::l Blel, €2, J—jj-+1)oq(Jj, €2) wwrereemrerssemnmnienniiiii 27
LitB, LTI, E BMBAOHFORE, 90, 2) BHBNOHF 2 TH j MPiciT > Bk (20 T
H5o
—%, ALE#IHT2 ATF BEO BLAHBL
ﬁ’(el, €2, j—ji+1)=— plel, e2, j—jj+ B ) T R TITTTTRTTEIPRR TN (28)
EELo KL, BEEOERRT -2 TR, BEHOH S VABIIIERENOBTHREAMIKEN

— 10 —
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CEHRINTEY, BETLHMOREAS () X VRONCENTRIND, VE, HEHMATTOIF el
OKEE HEl,0) L35&, &1 HUNOEK - BROPESUBROPMICHI - THEL TN &IT
Y, BjRROKHEI

Hel, j)=H(el, 0)— f

J
| 3, [Cel €2, j=jj+ 1) qlil, e

el e, i+ Doy Gied]+ 53 (el e, /i + Dwqli e2)
4 Bel, €2, j— i+ 1)V (], €2)] rervrrereeeseite s (29)
kD END, TTIT, v ed) BRRADIF e2 TH jj Mic Y k&, TB ZATF &LTO 4()
OFERR, VAL EBBNME, HI0% 3 HHOMBE I HHMEELTO B « WL > THF
el THUBE j MROEEREEDL, () RRRLVE SN G,
Jj—ii+1<TB, (ji<0):

Blet, e2, j—ij+1)= plel, €2, 1=jj)~ flel, 2, j—jj+ 1>} ...................................... (30)
Bel, e2,j—jj+1)=— plel, e2, j—jj+ 1)

J—ij+1>TB, (ji<0): it
@(el, e2,j—j+ D= ﬁ(ell e2, 1—jj)— plel, e2, TB)} - ———- Cell 2
Flel, e2,j—jj+1)=— flel, e2,j—jj+1) © oo el
.......................................................... (31) %

Fig. 10 12 4. TH%E LAABARTO f-BBTHE, 35

wn 1OHFE (AR @) T v LicHLT3ER 5
EORBERBSEH, o it LTRIZEALE 2l o dssabanssnlen ]
WHRE SN, S, HEMOERSAS HTO o 1z 3 4 s 6 7 89
WA B DICHBA TN B RHTHD, FICEEHE 3 beer)
Ao THRTHEITHB, BOFFOHESS R @® B0 1))
BOoC LW Z 5, ¥, BAEKEE 1L0OX10°m® » —_—gell 1
5 10x107m® jtEMLS € & ¥ b UligsE oh 3 T
Ty, ATF ORQADEMBALTHTEMIPBL o [Tl

5o s T e

53 EREFLAOER s

AHTII, Fig. HEZRTXIBIBEOF 25T 54 ] IO g
A—FHK Y AT L LR LN OHTRY 27 £ XY ottt
LZRFEMBRBABR Y AT 2 E2EZ, EERETV ® 5020
OMEABRLE S AAHMITE, SRANECOR T
B—E2 (ZS,() OR/MEAR LS & LT, ROLS —_— e
CERICT Bo 5 T
E B8

Z(X,V, O, SD)

Drawdown (m)
0.05

=3 ZS,(XO, V), QU SDGY & T e
=5 [4-X2()+B-V()) 2L ze=o
Jj=1 o 1 2 3 4 5 6 7 8 9
J o . Jj (year)
+P'{H(0)+jj=2_” BG— i+ D(Q() © B3P
—~V(j)} Q)] — min -+ (32) Fig. 10 Algebraic Technological Function.
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Qi(t) Table 2 Information of input data.

Constraints
2.5x107<S (1)<10.0 X 107 (m3)
0 =<X(t)<10.0x 108 (m3/month)
0 <Q)< 5.0%10% (m*/month)
0 V(@< 1.5x106 (m?/month)
65.0 <H(t)<70.0 (m)
2.5x10s<X(t)+Q(t)
S0)= 7.5%107 (m3)
H(0)=67.5 (m)

Intake
Paint

) - USER
G>\ Intake
Well
o

'l‘ Input data (% 106 m3/month)
Vo e t QI® t Q@
ROV ecrarge V) 1 25 7 50
Well 2 25 8 1.0
3 2.5 9 5.0
4 30 10 3.0
Q0(t) 5 30 11 2.5
6 60 12 25
Outflow
Fig. 11 Model basin.
LilESE 3038
O<X()SXMAX
OSVIDSVMAX [ oo eseesesseseeesees s seeesssreees o (33
0<Q()<Q@ MAX
SMIN<SD(/)<S MAX
(i) HEEfkH
X+ V() +QO()=SD(j— 1)+ QI(j)— SD(j) +++ererrerersrsrssasusrmssimsnsrareresesnnnenns (34)
(iil) 2ot
D MINKX(J)F Q) voreerreererrmmernesmmitiiiiiiiiiti i 35)
J
HMIN<SH(O)+ mz_;" BU—J+1)+[QUN =V ()] SHMAX «eoeerererievrrinroennens (36)

7KL, SD() B j BMARO# sfKE, QI() BE A~OHKAR, QO() BHETHECOMIINET
b, HOEYRBWHLALERES S, BEEEDTHRELEB LTS, RIKYRAT ADFEDRBIC
ERBY SCICHRRICRHUERERAL, Fheh SV, S0 &35L, ¥ar—EfKROHEEN
ZD i3

ZD=A 5, X(P) = £ RV()SV()+RQU)-SQ() — i v a7

&i3%, TZIT, RV()), RQ()) RERBLBKBINT S5 75 VY 2FMTH3, Thic LTHTFK
FROHBMERN 26 13

ZG=BI 5 V(P}+ 5 [PIHO+ 3 (5G-i+DQ0)~ V(D +Q0)]
+,§ {RV(J)*V () + RO Q()) —> Min «oreererrereesemrmranimrinrinriine s (38)

EUBe bBBA, R (33)~(36) OHMEH S EHS v 2 F 2 CHHEL THPRTHD - T B, BIENE
Ly XA THBNERE2DOYT VAT LTHY, BLLALBFIE TS 5 vV 2 REOEHEIRO &
S B,

RV =RV +ATHY (Y =SV ()t worererrverrmonensunsmnnnienienisaecieneesinsninnas (39)
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RQ(]‘)“! —_ RQ(])" + AQ*(Q(I)k —‘SQ(]‘»" ......................................................... (40)
Table2 3C 5 LHBAEE Y 2T 2 QBRICAOANEERTH B, 7221, Q0()=0 LBEL

2o &, EARMANIZNMEENOT, ATF 2RO S BIEREKTER L,

B(/)=10exp {_é_ 1n (0.25)+(t— 1)} ..................................................................... )

Table 3 Solution of management model.
ITERATION NO.=7

T X(T) S (M V) SV QM  SQM
1 1.150 75.000 0.001 0.0 2.468 1.350
2 2222 75.000 1.286 0.0 2253 0.278
3 1.165 73.943 1.032 1.057 1.551 1.335
4 0.0 71722 1.473 2221 3.362 2.500
5 0.0 70.000 2.246 222 0.861 2.500
6 1.721 70.000 1.337 0.500 2.106 0.779
7 0.0 71.278 1.550 2221 3.598 2.500
8 2221 73.778 0.920 0.0 2.386 0.279
9 0.0 70.057 1.160 2221 2.190 2.500

10 1.386 71.721 1.639 0.836 1.491 1114

11 0.0 70.000 0.0 2221 2.196 2.500

12 2222 69.999 1.009 0.0 1.399 0.278

Table 3 RREEM T ETIKL = & URBEOMBR
THY, Fig 12 R57 7Y BPOBEERLESD [

THb:, 7779V 2BBRREEHLTVB 300,
L2HOBEAE L THIML T Dhtbd b, ¥, FXD
oL ) KFEH S BUERMOMESERE S5
KRN TOREY, CORRII, BREEEHCHY,
LA bBHEHTEE I ERBMEHELE { TRRL
Kl Endprohkd, HERICHNT, RHERE -
BRBEREREBUEBOTFHHE LT 30, ®IE
FAROEMITEIES 5 & 5 T il S O BKE 8N LT
WEENA 5, BKROEUKRICHST 28 EERL, #l
RABOWMFEENT S LA, BERRINARSEARD
DN SBEETIENNS B, 5 LkBER 2 -V %

Objective (Z)

37.10

37.08

0

3
S 10

Iteration
Fig. 12 Convergence process of Lagrange
function (management model).

FHREMTIC LK - T, WIMEOELITHT AHTROMEE « Skigstsill Sh, ERMLHREK

REOEM#ENIRSNL I
6. # B

AR, HRABROMBHINEREZRT 220K, TEEECFHECES TR T 2 —-20H
R SPICHTREFNIERKEOHBNERBEEWSPICLE LD TH S, LT, BohkBRREE

WIBLUTOXS I3,
D) ®=Fn5 2 -2 AEHEOMRTL

3 %7t Multicell Model iIL & BH TRV AT L2 F A OHBREE DT £ — 2 FIEEERILL, BdLE

RICEMD SNhic s 2 - 2 HOREETHRIC L,
) REERABROERIL
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3 k5t Multicell Model DIEE % b &L IKREICEREEME L, WERKEEY X 7 4088 €7 v ER#E
LIS LT L 72,

(i) BERACFEOEHEOER

WL INRMRTRH D0, N4 -2 AEBIVREER e F 2R, BERELEHROESE
ZRobic Uk, (AN, ERLVEFEFEORRICEUTOERNIEMmAES, 2O &L, BTFAk=ET
NMERST, AFEEMAEEF D7 2 -2 RABICHRT I HES0EMMB X CBRRERE LT3,
—7, SBOBELLUTRROBENET SN S,

(iv) FHUHBTAReFrOHA

REEMROE 1 RAHE LTIFEHCOE T A HRET - 70h, SBRELFESER &SN 5208 L
OHEIHLUTERL, TOREERDIDERD 2, 3 5KBRERRBOREERL, KEERRORE
1€, FNEREEOHMILET ML E, BT ROYBEARE L VERICHAIANL L LLEETHS, T
iz, OMTREFLVOHEAL LORRFTETHAS S,

W) 77779 RPUELEOYRE

FY7vY 2lBOERE LS, 7770V 2 RROBRFRO S OERER S I LI, HicHHR
ICEET B3I}, 777 Y alBUTHT 28205 2 — 2 DRBREMIERTD, YBEOREIC—THEAER
M3z EBARETH B,

UEDX S HEEORR L L HIT, BRORB~DERLBE U TAFEOEHELBEZSH, 9% £
EMBBLFEILE S5 2 -2 A% « REERBEOBRENREPSNB T EEBHELID,
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