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Abstract

Groundwater overpumping will cause the serious hazards of land
subsidence. Although the groundwater management models have been
widely applied to obtain optimal pumping strategies, only a few studies
explicitly incorporated the land subsidence into model’s constraints.
However, the presence of preconsolidation and its influence on
groundwater management had.not been considered yet.

In this study, to quantify the relationship between land subsidence
and drawdown, the one dimensional consolidation equation is adopted
which accounts for the elastic and inelastic soil consolidation
simultaneously according to the preconsolidation head and drawdown.
From the simulation-optimization approach, based on the response matrix
technique along with one dimensional consolidation equation, a
groundwater quantity management model is developed which enables the
determination of maximum total pumpage subject that the land
subsidence do not exceed the allowable value. The nature of developed
management model belongs to non-smooth optimization problem. In
order to improve the efficiency of solution technique, the non-smooth
optimization is transferred into mixed-integer linear programming (MILP)
by introducing the binary variables.

Hypothetical examples are utilized to demonstrate the influence of

preconsolidation on groundwater management after the developed



management model is verified. The results indicate that the land
subsidence should be explicitly incorporated into model’s constraints,
otherwise the optimal total pumpage might be over-estimated. Moreover,
if the presence of preconsolidation is ignored, the optimal total pumpage
might be under-estimated, especially when the differences in heads
between initial and preconsolidation become significantly.

The proposed management model being verified is applied to
Choshui alluvial fan located in mid-west Taiwan which is facing serious
land subsidence hazard due to groundwater over-pumping. Several
management scenarios have been considered based on the policy,
groundwater demand, locations of high speed rails, and profile of land
subsidence. The application results show that the maximum total
pumpage to all management scenarios considered could not achieve the
annual groundwater demands while. teducing the land subsidence
simultaneously, which indicate that the Chuoshui River alluvial fan is still
facing serious problem for groundwater overpumping.

Keywords: Groundwater Management » Land Subsidence -
Preconsolidation » Optimization
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Leake (1990)4p 1 » 3 3 dnfied H3 M 3 B & § 2412 2 B

%o FWCECHRH F 4 2258 FEKRCEC 5 ¥ #(constant)
LR RIS R PN U S UE TS I SRUR ST 5 Y
%+ (over-estimated)2_ iR 4 > TR BB IR CE NS G
Sl bt 512 50% > GlAeE § oc K e 10%PF > 3L H 5 2 R
B HRE R 5355% 5 KLeake (1990)™dp > 5 235 2+ 2 i £
Bl NS T EE BRCECE K EY G SR A N
Béﬁﬁi%ﬁoﬁiﬁﬁ’%%Eaﬁaéﬁﬁ@Ji&&’%%
HAef 7 R DI SRS T TR b R AT Y B e
2 TR T A2 P RS R LR Bt AAT ik JhLeake
(1990)2_ 7§ > % f i 2 BLgE > * FEKCECH ¥ 8P F 2
ABICHEIRFE SR Mo - o BRRZ R Tl TR Ber
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ER2Z TR R kAR m.z;f;}m 182 8(2.10) 0 2 A 7 i&
- HRET P B EAEP S EY R 7R - A R
f2le de T S

if  Ah(Lk,t)> AR (LKt —1)=

As(lk,t)= C, x [Ah, (1,1 =1)= AB(L k.2~ 1)+ (2.11)
C. x[AR(L,k,6) = Ak (1, Kt —1)]
if  A(Lk,t)<Ah,(Lk,t-1)=
As(Lk,t)=C, x[Ah(l,k,t)— AR(1, k,t —1)] (2.12)
A (1, k,t) = Max|Ah(L, k,6), Ak (1,1 = 1) (2.13)

B d Ah(Lk,t-1)82 Ahy(Lk,f) » ] 1 2 kBE % 1 247 4o K ER 22 4-102 % ¢
P RIERBOREE2Z £ B 0 & ESATER BORER M A 4R ER S G G
AI#F kg3 (2.10)% 7 5 -

_ p.gB(Lk)
< 2ull,k)+ Al k) (2.19)

_ _ . P.gBLK)
C,=axC.=a 2,11(1 k)+/1(1 k) (2.15)

HP aa CEC2 W E -
EEIERBOKEFL TE > 2 AT ALk E-)ES Ab(Lk-1) 0 %
Ah(Lk,t) > Ahy(Lkt-1) > BIAR(LEE) 2> Ah(Lkt-1) > F] 5% (2.11)2 p
Bt B ALk > Ahy(Lkt-1)PE 5 5k K 7 i FlB R % & 0 F B % AT
AA 2B TR BT R ACR2.297 5 5(2.12)2 B ikt E 5ok
BAaBpEdRBEETTAALZ TIORE AT EE A N(2.13)2 B b

ot RN L TR KA L eI ¢ B S 85 5 oK
é}l ]%%%“5&;& ﬁ_}*’}f‘ Z_ fj;;b‘% o
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22 ¥ TOREEEN K
2.2.1 #5585 =

AFRE h Sz AN TR 2 o R T Rk s g
W AR TR AR ¥ MR R B RN 2 AR AT o 1

A7 B 1E & S sg(performance) ¥k SRR B 2 B R o — A T 0 Kk

FECRAT e T 2 N AT

Optimize f(x) (2.16)

Subject to g,(x)<b, 1 Vj (2.17)
L<x<a, (2.18)

Boxi AR ¥keX2 v fo)i P gle) i i &l b
BB AR R EL UGBS magagl] A N R AR REc T
Bhorled2 w g o NQITENQA8) A X 2 HRBLLXL T (7fE
(feasible solution) > F]pt B FIR N ZEZ AT L AV FfEREN - F
B pEodks R ARk

Wy TOREEEEAY A TORTRBER S PR T

PRy BE R T B R E RS T e T 2 B N A

NP NT
Maximize >3 0(.t) (2.19)
Jj=1 t=1
Subject to As(k) = » As(l,k,t) < As” (k) (2.20)
=1 t=1
0<0(j,t)< 0" (j,1) ves v (2.21)

oL gk NPS R4k #oirh BB E Y NTE 3
Yk HIREE N SABEFI NCA -l ahdic s 15§11
KoL ¥ R 8 R dic As(Lhn) ™ 4 12 013 5 328 N 3] Bk S 1y 2
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B KT IAR A A ()4 W] 5 R E Y ki Bk F R e b
FEE TR QUNE QOGNS E R FTE NS E R 2 ok E 2
-k # 3Kkt 4 (pumping capacity) ° 34(2.19)3 78 (2.21)# 7 = 2 iF
RSN o Bk 2 R RE O AR RE S A R T RAE R
AEREE LR AP RE R R K TIAE T AZE
Bot RFEZFRT OFHENRIRRENEZ 0T 0 Ui g
EHRFEEFPN /P RE S S o

;‘(2.19);(2.21)1%&%‘:?;“ Gy TORF R A0S PR
T E Bl TR B L PR BB TR R R T B )

R TR RS S AP R R N AR S

Minimize ~ Max[As(k)] (2.22)
Subject to
NP =1... 2.23
3000207 (=LNT (2. 23)

0<0(,0<0°(j,0) ve v (2.21)
HYAs() 5 d kBl R THaEres2 w5 Q5 %k §
W EEL B TR E R o8 (2.22)2 PR S0#kc 3 MiniMax 2. i§iE B 4T
B 5 pARREI2Z - A0 RQ2DE (223) et 2 F AN H R
BAGBER TRERELUIFET  BFERELP KA F(TE
2Rk R) MET RS REBF ST BRI R B T A
LB o mIEN(.22) 0 F 4 Z = Max[As(h)] > B (2.21) 1 (2.23) % e
w2 ILHGN T AR R

Minimize Z (2.24)
Subject to > 0(j.t)=0/ Vit (2.23)
j=1

14



0<0(j,t)<0'(j.1) Yt Y (2.21)
Z > As(k) Vk (2.25)

F2.193Q221) 2 XQ221)2 (2255 A kAR Y TP 1R
STA B P d 2 A PR TR B IR 0 B - e L R R R
FHORBEREERER I B R TRAE R 2 M TR AT Y B A R
PR R B SRS R M RN BFR 45212
G2 - MIMMBR AN > E R RTEE KT IHE 2 M R

TR R TR B G REE R Y 2 TR A Y
kT yn 2 -3 J(Anderson and Woessner, 1992) > ¥ #2527 -k
oo Fldhokw ER2 R ER o7 R B R IR ERE
k2 3 0 &K 2R EE R B AR(LKDE 3 K B OGO 2 B R U
S e il i I )

NP t

Ak t) =" Lk, j,t —i+1)0( i) vl Yk vt (2.26)

=
B Bk jt—i+) A E B RGER BRARIEEP A 5k
B gl 51K > F1aHokE P R P - H okt &2 kR
BER AT A R PG 22 (DS BT E R 1EE
Bz kB E1CMS > Hapf k2 2 k8505 Q1" TEBE
o ORAZH R R T ORARGY 3R E R 1D SNTRE ZE R R LB
BES R 2 okEE s EE o PISONTB KEE S S €T 5 $ABIHIE5 14
ook # 2 B P B Bk, je—i+1) 5 =1, NT 5 B)E A7 2 (1)
BR)RDEF - ok F HE - g - Bt L g2 BB R
Bood FQR)FAVE-HAEFLIE SR EP K2 REFL G

Ah(z,k,j,z)—Ah(l,k,j,z—1)=Z Bk, jt—i+1)= Lk, j,t—i)O(j,i)  (2.27)
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At (21D)E (2152 - B2 RER > L FEBIFIES
NERIBEIEY N K TR T Y ST 2 AN

ANl k,t)— AR (Lk,t=1) if  AR(lk,t)— AR, (L k,t—1)>0
G(Z’k’t)z{o if  Ah(l,k,t)—Ah,(1k,t=1)<0 (2.28)
As(Lk,t)=C,|Ah, (Lk,t—1)— Ah(Lk,t =1)|+(C, — C,) G(L k.t) (2.29)
Ah,(1,k,t)=G(l,k,t)+ Ah, (1, k,t 1) (2.30)

bR apEd > N(228)2 B K ET R B F Y P kK 2
%7 A GREE A 238 1) > 38(2.29)22 (2.30) 7] i H5 58 (2.28) 2 2| ¥ %
AETESIBERPAZE R TIEE(R T RE ) BT 5B R
xR R oRERZ L AT
Hd (22601 (230)rH EH R B LR BEL LR SR T R
ﬁi&éfﬁ‘ﬁ;“’t?:t@ﬂﬂiﬁﬂffgwﬁﬁ%?M;f:m};,gf;wg,ﬁiig
AR GEMT U TR TR 2 TR R F IR N gy p

ez e B IR 4T L

(DB A TRFTRBEHLZ I

NP NT
Maximize >3 0(.t) (2.19)
j=1 =1
P.EB
L NT — B
Subject to As, =) 2t g <As, (2.31)
=1 t=1
{al,k [Ahl,k,t AV ]+ [1 — ]Gl,k,t }
0<0(j,1)<0"(j.1) vt ;Y (2.21)
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Quid ¥ A TR S BB

Minimize Z (2.24)
Subject to > 0(j.t)=0/ Vit (2.23)
=]
0<0(j,1)<0"(j.1) vt ;Y (2.21)
P88, y
L NT—
Z2As(k)= Y 2ths Ay (2.32)

a I:I{ lk[Ahlkt lk,t—1]+[1_al,k ]Gl,k,t}

222 #ja i

IR W EATF R 2B T RE SP-I“’*”\ i HGs R
BLA OV OHCA 20 Sl FIN(2.31)8(2.32)7F 1 B IRA T A 2 P iE
o F g B 2 8 TR HE S0 g 2 & i 1Y B 3E (non-smooth
optimization) © & ¥ ® 7 f*-#J@jf%non-smooth optimization 2 ¥ & ;%
# B Ik o B Uryas’ev (1991)77% Yang (2001) % 45 1 > non-smooth
optimizationZ 3* 5 4p§ R 2 H @52 L5 2 5 ftac 2 230
BEfEET S hINA DA 2 B f EN ) AP MY
> Z AR Rl B 4o U 5N 20 FIT > 3% A non-smooth optimization

Z R RE % 5 R & EFEcA R4 (mixed integer linear programming,

Ah(l,k,t)— Ah, (I, k,t —1)—- UP x m(l,k,t) > —UP VI Vk 5Vt (233)
ARl k,t) = Ah, (1 k,t =1)—=UPxm(l,k,t) < 0 VI Yk VE (2.34)
A1, k,t)= A (1K, =1) - G(1,k,1) < 0 vl Vk oVt (2.35)

Al k1) = Ah, (1 k.t =1)= G(L,k,t) = UPxm(l,k,t)> =UP VI 5 Vk 5 Vi (2.36)
G(l,k,t)—UPxm(l,k,t)< 0 VIS Yk Y (2.37)
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G(l,k,t)>0 VIS VK YE o (2.38)

An(L,k,t)—Ah, (L k,t)<0 VI3 Vk Ve (2.39)
Ah(l,k,t)— Ah,(1,k,t)-UP xm(l, k,t)> ~UP VI 5 Vk Yt (2.40)
Ah,(Lk,t=1)—Ah, (I, k,t)<0 VI3 Yk Y (2.41)

Ah, (1k,t =1)=Ah, (L k,t)=UPx[L=m(L k)| = -UP VI 5 Yk 5 Vi (2.42)

HeY UPL B~ 2 i mlk)s g mBp e - kB 2 - 8
PHEOE B A LN W RIENQ2.28)4 wjijfarx‘f = AR A RS

(D) AR(LE,E) -Ahy(Lk,t-1) 20 2 d 3%(2.34)7 =m(Lk)< 510 @ § m(Lkt)
E1pF > d 78 (2.36) 1 2 38 (2.36)F dt ik G(Lk1) % F 3T Ah(Lk,t)
Ahy(Lkt-1) > & 535(2.28)2 & 25 ¥ ¢k tem(Lkg)E > 12w ™ >
%g\z’ 7(2.39)£ (2.40)F FFgc 4 (5% AR R B KB BT A R ER 2 £
B AR (LI )R- F7 5 Ah(Lkt) o 75 3 £ 34(2.30)2 3% 2

(2)Ah(Lk,t) -Ahy(Lk,t-1) <0 : d ¥(233)F Fem(Lk)< 50> @ % m(Lk,t)
F0PF > d V237 E Q38T HHGLAN 30 A0
(2.28)2 3%k Z_5 ¥ *F m(Lk)E 302 iR T %gr_i 79(2.41)(2.42)
¥ JepE %] KRR oK B & A AR EE 20 £ B AR(Lkt) T R dE
& Ahy(Lkt-1) > 7% 33 & 34(2.30)2- 3K 2o

d Pt S AR itwm T Ao k(s 2 MILP R A2 &7 4 3 = 2
non-smooth optimization& 7 = 2 4p 2 & # o AF 3 # * Branch and

Bound (B&B Method) > /2 # 12 $fZ } MILPFR 48 > o »3% 2 2 A% -

i L BEMILPH 3 5 SUERE] 0 Flet s B 2B LR

2 E 2 F w4 BV 4+ Hillier and Lieberman (1974) 12 %

o]

B&B

Sierksma (1996) -
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B350 T MILPRE 15 0 F % Bdf B30 2 S e 2 )

Lingo(F ¥ £ Z#ct):& (7 S04 Kz KBs &P 535 0 2 )0

2

“-Lﬁsfi#é7k§_ o

2.2.3 #3824

Ryp AT E TERCN S 2 AR TR 2 2 E A BRR 0 W ES

SR P IS G LR AT A

FIHY R LB L2 B EP R kR T RAE 0 TR
Iz B B TR R e - B EE TR 0 T
o PR RGE BB AN T RGRAT A R TR A R e T
Kk kLo
AP FRELERG F R g2 REREE > FEE
WP 7GRN RE D B2 BT kAP kT e T
R R B A2 B Tr o PR 2 dpMaddock (1974) 0 § T
KRR e P kR AR BB v Hap o
APk ok B R R PR B Rt
Mook BR ) 421 S 4p % B B0 395 Terzaghi (1925) » Fe-k & F1< 4p
WZ KRk RED A2 RBRILIER D w2 107 UE12.3
#. 57 » Bredehoeft and Pinder (1970)# ! § & F]=X i* P& " = Kt/S B’
< 0S5PE R K BT E AR BT e L (T B23Y KBRAE
WOAARITIE M) Ft g B 74 (2.26)30 B PR N 2 oK RS TR
LpE s e R TS 2 F R FEAC S I X AT 058 B /K 0 116 3
R Rz AT E I Tk s - FAF 2 BT REE Mz 2 Rkiw e
Flp @R b2 F KA Bi2B K A>058B /K2 gt &
BefE R R B A R 2 PRERH R T B S Bl FER R 0 i
BILHP RS R T SR TR R L& Ko
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23 | %
Fd ARz BRI 2 AT R R R T
4 %ﬁ“% ’ ."1"&';5?’-_1‘3?; 3 ’"'T% 2 fﬁ’:'r‘i/’;rr"; ‘t{{‘_%}:/&

1 W feghd = 2 B A5 2 T2 K
b

‘7“_
d
\ —
3
S
g
=
®
oo
)
=]
o
N3
\ —

5. ‘f ? ‘ﬁ]“}J'ﬁ_.:i ﬁ’ ngngo;}‘..,_lj b7 ?Iﬂl—ﬁf_‘ ﬁié‘fﬁf ]-“ligf:f,‘]l"\

X
o TR E R AT SR N T R g R

20 s Bl4rV(2.23) u;%?ﬁﬂ_ ol A A N i 4
1

f22. 7 o de i SR - FIEIP L F A HZLE B T
z

VSR EREE TEE B S TR

FOEEM R R R 7L 2 IR v AW

MR EUR QI Qe S U RSP K A Rl e A
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F2% WRRPBERERGINR

AR REHEHAFTLF R LS TR TRV TREE % B

Wt o ARFEIRA AR L5V E 2 25 2 ¥ 4 (examination) > ¢ 3 %

(e - Al MRR RN EL D e $i) £
[V ﬁi;\l ;J:;;"g‘i’ > H ) T 'fl]’if E’{)@E }iév\’}‘?a}%’;‘f ?E@ ‘%’}\f'ﬂ‘ﬁ’*

fe
Bk B2 B A AR GRS  F AR BRE GIRP L
DR GRS TR R R RFE B TR

B2 Ry o
3.1 HV BRI AR B AT

3.1 HEFC R

FIESEREE AR AT CF ARSZZBHE I (DF AL
FIRRREE 2R 2o f* T B 2L A0 KRB A TR E &2
BokEROKEAFELT I 2 4B QBEFA Y BEER LT RB ST
kAR F Ry R TIARS ) BB BFERLF 2R RE S IR
FERFIFEET2ZHAAVRKE;Q)FLES HIR S 1 1A H
FET RN A TR R R LR 2 f R B AT AR FE ORI
BRI R o

Y RACR32 T 2 E w0 o 2RI H I A2 BTG kK
BEHE S FERHF20kmx 16km> BEARBLZ802 1 » k4 B HE %k
K 52.0x10" m/sec> 4 #8 +% ¥ #u=>5.0x10° N/m’ 12 2 }=1.0x10° N/m’o
FoOha 2 PRREMES G MEBIBEK Z R 2 TR RER M
Frhe K EELS moo 7 WA bR A PF SRR BT R BRI AR 2
Co#rCo2 v BRI 54 B o (1997) 445 1 BiBLp Boffr) 2 41 (7 2
FRRGRBRE S R TL0] W2 AT R RS Tk
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Aatd @RS EnEE R (o flux) B8 B H B A S 1191 48k
B gl FREL2kmo AERHFEHI P BG5S K E- 2T TR
kEFA SRERPFLIIRET > EALABFILY > F B Y LY FE
LB RAEEGEN 2 AN TRKE P R R R
TR ($- 25 FED TR 2 o) 7 FAEINA 0 F TR AL
AP BE K A& 3.197F o

B PRS2 R AR R R A AR BT R i
Tod ok AN BEIRY 2 MR E A E L OA D) =224 cms¥ O(A,2)
=217cms> B X FHH-KE 544lcms> @ B R T RAEF 2 TR K

H Ay T BETLH P LT RAE A 53 em#0em - BT KR B S 3.0

cm e
BEQ '%T%&Eﬁﬁﬁﬁﬁﬁ%uﬁwgﬂﬁﬁﬁﬁé
TR d X5k TV I R AR 3&;‘%@ WAk AR

Y2 REOADNEOAR) s REZT S < TR -REHE B E
)é;ﬂgaféizxaﬁ: HFARTHOLTAY - BERED 2R KEOALDE
1.0mYsec » £ d | F| X BEHAE - BEEY 2 -KEOA2) E
PlE- Rz B B TR AREER S LFE3ON A AR %
rBI3.3() om0 FR At h IS LOA1)E2.0 msec > £ 4 )
SAFOA2)E I E- FReghz B kT Rag QB R~ L3FE3.0
N B3R % doB3.3(b)H1 R o drpt 1B 4 3 4 1.0 m/sec T O(AL)
FEAFd PR A AEOADZLH B THEREFOADZH A B
Eb R TRAUFIZ AT B TR E RRE2 B 4 0 O(AL D) 4o
713.0 m’/secP& 1L Cm i REY iR &I frjﬁ CNeES 1NES
2aEPN 0 O(A1)2 F322.0 m’/sec % 3.0 m’/sec ¥ o
BEFEAADRZFEEL THILQOA DT I | 1% B EOA2)

22



EFlE- BB B R TR ARE R S LFE3.00 4 0 rEQ(AD)
E M A2 g R d 1.0 m’/sec™ M % 0.1 m’/sec > # d 2.0 m’/secP 45
el 2RI T SrOQ(A )R 2.2 misec T 2.3 m/sec o EAF 1L F E
B-O(A,1)iE H 3 4 g & 22 5 0.01 m¥/sec Bt v HF B &8 K T I
Bra4iE 2T F OA D) O(A2)A 5] 5224 m’/sec? 2.17 m3/sech¥
FTiRBaHKEEF B HE S44l cms B34 L MR RKET
% BB BN STROR L L R EEE R T AR ) BT vk A E R TS

BHF2 N Ame BEENFHTR AL RFE3I0NA -
£3.2475) 5 W B FBARL B RFR o FED UL 44T a0
TR LR R e b B R T RN B K T 2 b X T ok
FARE > T AR BEATY ATE R B HN 2 P o
1.2 FERP-REERRE R A7
R S R ARE S i =5 S0 SR 9 R S 7
AR R KB E R TR B R KE R gy

3]

Ik

oKL A R T
RBLBIEP 3 R w2 TAT KR T BI3SE IR BRET

£ 12 Bk 5 ¥#c¥ &4 7 (log-normal) » & &7 3 #-i% J5 B]3.59] * Latin
Hypercube Sampling (LHS)¥t7f /& % -k eg P~ 100 #ic & » £ ] * gt
100077 /& % K SFfe & 70 B 2 8 AR 3 B A ik B b kR

PETE R A3 D 0
hAYEIFRB2FT W ER S %%’“%”‘K@%Féﬁ%’m
PN E L RGP kR LIS B 2t /E T hEY B

B2 B PliRdR100 8T FR FoREATA B L ks kR AR
hoB3.6977 0 TIE2 HiER KBRS 136 B o R /E o BLERZ.6
T AR GA T o APET A R R o R B RS

Broordt R i KB TIO7 H 4 91498 % 2 EE IR G OKE

23



lfi’?f:”-ﬁ‘;}\ A\—‘ ’ :JL‘:b J‘ %4\37 L —%Jv 71\'\ ) 772_'[’#\ —E-‘
RAHE R R E R Y R ke
FANME Btk B R A BB R 4ot DR )

P HPEEod k2 A F MRS GEE)H F TR o

[\ ®)
S
()
[—
N
I
=
o

-
:Tj‘j\
|
B
A
=
\_"—%}
'\— N
i
6\4\
=
R
T
179
=&
R
=hg
—_—
O
=
o
=
o
(¢}
=+
?_"

bﬁ—ﬁzrﬂiz@y1¢ﬁﬁ»ﬂag9#%waPaw#

>
W
s
>
L
ETTNS
)j\_y}
)
gl
P

‘7‘_.
g
=
7—'
=
I
W
#
X
o
e
N
«7‘_.

A
#
pok T3 ed 23 Gk FEEZARHEHE SR B RS

FRNE HEEI) > T v 2 2 AR kit bld FaTiEhsi 05400

',,,_';_305 y gz L J\ & ¢u7 7J\.IAQ\?F ~ Q(:‘ A fpl;’-t-’f"' ?%}ﬁif‘;c‘ﬁ A{’!ﬂ"
3.7 BI3.8477m s #) 4 G Co2 vt B R] 54 B & 3 (1997) 444 1 Bt

BN ITEFZZPRBRBRSS  XEL501 a3t G

C7 Lbfgﬁj%ﬁ'\

EACRAIF A AN ERIERD T ZHE

+:

WA TIOERIZ A4 d ST RA Y o KL S 14
ﬁ%%w FARY 22 F N RBPEKRLSITTE D T B R T
0.15 - FokE e Bl BREH(FHZ B )2 ET
*ﬁﬁﬁﬁ’i&%ﬁﬁaﬁﬂi;%%T$%ﬂ%$,%ﬁﬁﬁ%

EET T IRE > oA 3307 o d 233972 BT 0 2%

—éﬁ%aﬁﬂgﬁéaﬁiﬁnkﬁ§1%@1ma A
f"%—rfma7mﬁ5“;’;* L Afpleom > R - plRLz BF



Jreh

2

TE TR TREE R AT R T ) Bl KT IR 2 R R

TR K- v o A34%7 5 2 B2 F A7 BALEE@ED)T

AU R TR RN REN B AT KR A AP

Az e B TR R G e K T Il E RO A 8 RE A2 B

AT RB AP o RIFAZAZ AT FERLT B

I >0 3 R Fp R %K EE 5 L4008 2 2 ¥ 724558 (Larson, 2001)@
FAERLQ@QPF AHE S -3 %o -,’E—!%ig:’%iﬁx"‘?

BREEFAGLHT AELLFRLpRBEFAN K

2. ¥ Y E 3 R R % 2 ¢ 05N (Chang et al., 2007)@ %
B H R F A U AR AR R B L - 1%
A A AL AR IR T AR - 3% T 0 3 FA

niE 2 @E b)) T E 2B A T HRERARR o oA R F ] 0 2

%?ﬁi&*?ﬁ$i?$@%@%iﬁ%’E%%i%$%¥

A de R B R POREE L B2 M A B o UL MG RKER

Fkerig &2 2K TR PP H I T gE 2 H L,

"

ST SER LA S O TR S W Y
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ToRFR
Fd R Rb- 2 A dTE Ao $e T ORE F A2 AL R0

FERF U ETIAE RS BEEEG T LR Y IR

e

?g

7
“~ S

322 I b- HE R PR AP AR
%%‘E} Ao EATA R R B B P Ao AL T ORE

fﬁ%g’uﬁisﬁﬁﬁ@%&avﬁ¢ﬁo

2P T FBd ok F kA x KA 4 (pumping capacity) o 4 g —
4oB392 4 TR KA LT e e ZHEZ BUTRE  BEE

ﬁﬁé&OhnXI6My§%k%@§Béﬂm2?’ﬁW?kJ@%ﬁa
B2 3 o HRERAKT ST ALZ B RRBIIEON k4 %
%A s % 1.5%10™ m/sec ~ 2.0x10™ m/secr 2 5.0x10™ m/sec > @ = B
F RPN R Ak, A 8] 5 p=5.0x10° N/m® s 2
Aﬂmmeﬁ’ﬁﬁ%ﬁiﬁé%mﬁié%&&?ézﬁ«@%
EE e PNV HREFLER RN T AT R A TR 2 2F 1315 35

AT E3.9Y 2 e 2 FIEE) -

() ¥ # Bt fookii 4 ik

|

A S S S M MR NERRE A LM ST
FoREZEB AN RN HFFORNER B ATRHAAKE ST R AP
BoFERT P FEHASN KT 2Nk o RIF Ak 28
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