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HAFREZ THIEE A AL T AL TIEEEB -

1.1 % ae

"HEANEMMBREALRIRENHE ZREBRFET R A
TrRAEARTE LEEHENERABRA —E5LHEHEMLET
FaBEH T PSR TREX » ARGEBT AT
RERBEX - WETHREMNZIAETNARIBELIAUNRKMETRA
T ABABMAEARTFRE  BL B TREGZHHNF ERERTR
EXRABN - BRAFREVYHEABAKLE

BELXBALIRAGHBYHBRURBATSHRELRA TR
HEPMERZRTHRAEEG  ARARLEE  KFHR - KERAK
REAHEEIBT  #FFFHTAEHRTBHETRHAR  CHTR
R—EREBRETARHERGE TroBM A EI(FRE BB
(1997) ~ (1998) ~ (1999) ~ (2000a) * (2000b) ~ (2000c)) = sttt &, & — 4 Ik 4%
4~(one-dimensional uncouple)ih. /& F M3t B » 75 & 24 Biot (Biot (1955))%
LEXANEERAAR RAWEZFERSR BINER_KRFH
&, M 6 & #(quadratic polynomial interpolation function) » #47 & & #i &
(vertical integration)% » & S\ F Mk 847 % (finite analytic method)Z 3L ° L%
XHRERRHENETRALRE  FHARPHETHIE (B
AMAKETESERK ) BT /RN EAE N FRWMODFLOWZ 4
(RERE  (2001) c A EMBAFRZIACBBMT ARG EHRET
FatE R o SRR S B RN RERGE R~ Bdad 0 (1999) 8% K%
AR GE R 455841 (1998)) ~ (2000b)) 2 3B T Ratidk > RAFTHX
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FRARETFRBUNT TRZIABBRT KBHEZE TRERX A
E# o B SRR -F LR EBERG— BT ABHIRBE TR
B BPEFEERENZ BB OHETRER  EHBBAETHE
ZHE TR -

1.2 AT ER R R

REBPEFTRUE TRHEARTH  F—FENT A%
SR TRRAEHN TR RERL BT A2y ERHEMEHA
ZEMAR RS RE—FSARE - FE-— 4 BSWBTRESE
HHEALBZEHFIRAERARAL bt R eE KX P8R > TARRAUE
AR EBEGERRL  BRMERER LR B EERFEEMELK
REEREZEN -MEFUARBAREES  BACHEEH -4
AHAUNBRERIREN) G2 8N STERNLHE RS
f1Aa M B EER -

ARBEEFZ oW RER G F_FENEFIKREEHRE
TraR g - BB KSEBARAZERALH L2 BFo B
EEHEH  DHRAAHEZEBMMTAXFEREHREBANEF
RMEFZER  DEH T ESBY - BRERER  BEAEHELS
B 2T REBELERARE - B4 kin b BimbB X I0R T ik
HERFATAEZ YO L ERME - KM BoBE XMt LR
Trag AMR ikl o Ml BTREARSEFBI G EZ £
B4 A AR L EBREBAR -

1.3 2B T 4FR 8
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I B A4akE Tt BREXAET R0

2. ARARZETRAEHRBEFIREHNGER D) RREEELRF
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3. BRARRMBRERNSBET HHALBTRE -

4. B FEREBIRBE TREPEEXELSASK B TRITERK
(FREHAETH BRI BT HELRAETMARIIER
Bz @i o

5. FFMEIETERE ©

6. tHEFT - BARLBETRE  URBFT - EBARVAREEARG
ZH o

14 BATAZT-1E3R B

AERFEFRBWE THITEAALTFA  MABRENCLIREAMR
BB FrRast BB XA ETH > BRESIHBIREIREZLE
HOARBTHREZIBRBURMT - BERDARBETIMGZIR » FHH
MBS IAEE  FORTEE - o AR TFHROHIHILE TH
A2 B R RIBLALAR TR TREE TRHERAFEHAE
HoABEX BRRHELRANBETNARIBEAKZTORE &
I-FERBEE TREERAESLH -

HPRENEHEE TRt EEAHd&ko#T4E8 AR PAR
HREXREI R KRAGE - LB BHE BEFE -FRARN - L
BHEAURATX R IR ENHBER FRTHE -

HABARKETREERENUEZFETIAEE » 53 BAETF
HEWR THHEBAAZIEL2HRIEERE(RLFEHL L 6-1 &

I-3 5 BB b T R LB R4S MU
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& 6-8) RAIFARAETATHRRAE SR B TRERNF LRk
HEH  HEFRENLI BRERBRENBRZIBENREL
TERER

BB LFEMERZBHAR( LS ERBENABI ETAE R F
4 B) BERBRZIKE - ABEURERGEMET BERBALE
BPREB F4 A2 FA4A HETHRBAZABTHME - BBLE
RoONBTRBET - BERWARERFSZA - ARANHEFXT
BPEBZBEABRMGAREL  BREFHET R LLBETRE -2

EBHRLBEFHBEARLRS M MTRBLALETRE -

sesh o A L FERRAREARZB KLY RE MR T R
MEB(REFREENE) RBATHERZHAE HEOKLLE
BAMAHBARBEZIBRETHERTRKERBEETH 2 AR LW
BT Hm— EHKE  BEMINFEZTRMENE  FERETHRELE
B BREBT DILBRABEAREREOHE - REMBELEN L
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B —HRE4SMBTREXZEN

Fo¥ — @0 RTRENZIEL

AARTFHAUAERTRZ—HFREWETREXBERBAZE
YERMEA) BRI -FRSHRS KRR IS TRAAENLIRABZ
— AR THRAER -  UTHE - bEX 2R 18R AREER
A WTFARRSE - E0 BB HE - s - FRGESF - EH
FTRAZBERC - BES EFRBBEAMFRAZIETHRE -

2.1 ik
LR RAEBRECEHERAT AR IB T ETENNTEA

f(_"g—@w-(npwsr?w):o 2.1)
NP g (1—nyp,7.1=0 (2.2)

a

AEFPrBF LM E(porosity) ' p, BARBXFRE  p AL+ B2 TR 7 ALHE
Z #% 8k B (velocity)r 7, B iR B8 2 3 > s B & fv F (degree of saturation) -
*E’(&L']ié E‘:J(DHTCY)*E ii' mLi&’fﬁ » Bp

G =Sn (7, ~V,)=-K-Vh=-K -V(z+ j—@-) (2.3)
Pug

f¥s A @MY AE 0 K AN %4 S% E (hydraulic conductivity
tensor) B4 & P % FL 4 7k & (pore pressure) » i & £ 4 H £ # (material

derivative) » Bp
—~=—+V -V (2.4)

Bl RQ2.D K22\ AQ3)TI L F Gk tafo R iRIER T K

I-5 MR R R TR R R PR A



FoF bt TRESzEY

By
_ _ d,p, d.s
V-(p,4,)+p,SV-V, +nS d‘j +pn=t==0 2.5)
BEARBREHREA
Ay 2.6)

Pw dp

UEBEBEBAHGRZBILEAREACATRAGHE &

ooV, vp o BB IR o B 5=t AIRQS)TEA

Py (2.7)

- 0 —
V- (pwqr) + pwgt‘(v ) Us) + pwnﬁ_a_r

H ¥ U, k7B % E(displacements) » #84 ~ U, P 5% AW

p=p°+p° (2.8)

EF LR CHLE " 0ARAMBAAYHE - EERALEL TR
& Bp

—_—

Vp.q/)=0 (2.9

8 X,(2.7) 7 % 2

——

e S — &
V'(pw‘Jr)"'pwa(v 'Us)+pwnﬂ gt

[

-0 (2.10)

I-6 S0 BT TR B L 1S



Fo%F —4isbwBTROBA2Er
% £ B 2 7k /118 E 14 # A 34 F (homogenous) B % & (isotropic) @ Bp
K=k + B £(2.10)° 1t 5

2 2 2 2 5 2
Ka_‘;). ap a =p.g ast+ 5y+aUsz +nﬁ_a£ (2.11)
o T az xot bt ozt ot

EeU,~U 8BU, SR BLEAE ~ y B H &2 E(displacements) -
BU, ~U,~U By BBhHERE 2 %HE -

"ﬁxidfFﬂ(:lmuf;"iTg #&T%Tﬁ Tiz ﬂﬁm&’ E'J /)JL%;@L%K%
TETEITTHETA

=1

~nVp~Sn’p,gK (V,-V,)+Snp,g=0 (2.12)

C(-n)Vp+V-o'+S’p gK (7, —F)+(-n)p,g =0 (2.13)

H o BK M H I E (effective stress tensor) » s A E Ak B A &
(gravity acceleration vector) o # X,(2.12)# K,(2.13)48 40 > BB LB B
FodR B BT IR 4L BB N THITEA 0 B

—

V.o =Vp+f (2.14)

B Fo(np, +(-n)p, I5 A 77 B2 71 (body force) ° 238 ~ p BT IR B
ARG eHE= 4 0P

Feroase (2.15)

B FAZ ° A2 C SRR ARBAEEHE  RBEBETEFLE

1-7 M5 W @ e T A R R $E A4S B



Bo® 4B TrsXzdy

8

R 2.16)
AR (2.14)% A

V-?=VP"+F (2.17)

BAEXQ2) BEEp A AEBRESH r THHEIE

= {Apa ~n%)V e U?]E (2.18)

BEPoap=p-p, "B IRE - ARELBAHAEGAH T2 BHE
(elastic) F * Blx ~ y# : T A2 Z @ L BB A PEF RIS ET 5N EF

uviU,, +(p+z)~—(v 5} )*_ (2.19)
x

ViU, + w2 2.20

u (+ ) (v-0,) ay (2.20)

BV o+ (o )L T, =22 Apg (- n®)V e U, (2.21)
& dz

E¥vu ~ 1 hdCame)¥# > Bu, ~ U, BU DR p S BFFEAE 2
BEE - UATHEUU, U, BU AR PETHEELAZ 2 B84 -

& Ly, AR &y 2 45 80 & (characteristic length) » 1, AFE 2 F
&R vy BAKT G 2 85841 £ € (characteristic displacement)’ v, %
FEF G HEBRMBE - shoh 0 P BT I B F IR AR S B

Bl - BERBBE RSB =51, ~ y=p/ly > 2 =zfly ~ UL=U,JUy >
Ul =Uy Uy ~UL=ULJU, > p'=p/p 8¢ =gy » Bl R RILZ 45518 T
FTRERAEFACINAXCINEAQL2EFRLTEFRENFET TEE

I-8 i RE MR T AR R R4 S



$-F —~#phsnmBTRESzZY

Rt B
* * * * 2r* *
P p L P ?p WP &’p" _ pug| Uy 2°Us, L Us &y, YUy U, (2.22)
L &” Lt a? L' a” K |[Myora Tlyardy Tl ator
2% Ty r* Trr* Dyt aZU‘ 2p* "
e T I e D T e e ey - T,
Ly & L " L & HiLy ™ Ly &8y Lyly axéz MLy Bx
(2.23)
2 L] hd L] »
UH 0 U-"y UH azUW _{_]_il_azUJy (1 i UH alst UH azUS}' UV aZU.vz = P ap
L o L a7 LY oa” BlLt oy Lyt g Luly &0 Ml oy
(2.24)
Uy, U, Uy 3, Uy 3U, (s 2y Y 3y, , Uy PUy Uy 30y | P &
Ly’ a Ly’ ay.z Lt g | Lyly ox'6z" Ly, &y'ez" LVZ & MLy &'
(2.25)

BXQR22)Tso > F o, >0, AFLHEKBEHEEEEF QERMRKFF
w0 BRI B E E R E L > Ly ARRRRAEAAT R @ L =1,
ATRABEEARKF S EMEZZRAKN - b — BB TRIE
BREAFTLIHZFEUE ETERARNAKPFLABE B, Uy - RTFHHH L,
L, TR PLo B Ao SR o

f‘é"u,, >>Uﬁﬁ_LH << Ly E% ’ EF%%7KEL%SE‘!Q§EEL—H-JL%%%3%E
—# o A ERKX Q2228 AR E RN EMIE » T 4545

»p U,

“EEs (2.26)
Uy _op
(2u+,1)?_ — (2.27)

I-9 R B M B AR SRR TR RS L



BoF —#ibwRTrosifzgs

BTRERMBLENRHoPL fu+a) » B Z B A olo,er,” [Ku+h) °
ENFREANZHE > AKQ2DNTE A

0*U,, oU,,
2+ A) — +Apg(1—n°)—-az—=% (2.28)

W U, U, B > L, B BPEATAKABRMUATHAL T RSN
BEm— e BBRAU /L, >Uy /Ly 0 325 BB K (2.22)~ R (2.23)8 &,(2.24)
ZHREREFEIBRTHE

(§+52‘)= we . (2.29)
U, _op
(#‘“U—a;é;"E (2.30)
8,
(,u+2.)—8—3-)5=% (2.31)

BEGUF L ERE B OPL (u+n) * BRI Z BB olp,eL, Kusn) » BEIF
FBZ VU, =0 » BRXQR2)F2HRAEMRER » T HX(230)2 B4k
BT F

U, 8
2+ )= =£-=o (2.32)

2.2 MTFARMAHE
ARLIBEBRA:F G BPU, » BARABBERG ) B
BERIHEAEQHE T ZEARKBEE ARTAAFZAKI)

o (3¢ U, .
Ké}_.(%}—ara; +0(x-x,,y~y,2-2,) ]=123 (2.33)

J 7

HPy BYE KA Bro=p/peg> Mp HEHILEAR > QLR AE
(source term) o (3% © & R AKBEr=ty+¢=(z+p°/ p,2)+p/ pog)

I-10 92 LT M T RS R B SR B



B bR TRty

AR TR B EEMS S RELE S HFKXCINEREH TR
B 2-18E22)

j;;;“;:j;")Kaxij(%f—j)dz jb'(;‘;j;”[aagz +0 (K= %Y — Yoo Z zw)}d i=1,2,3  (2.34)
B z=b,(y0 > 2=byn) FHETEKE L s FTEF R - (GE &
BIEFRAKR » RIXQ34)F2z=b,,(xy,nREE SRE B < )RAE
AR (Leibnitz) B R Mg 452 > B AR RBBZHE - PRRIEKE
o THEREBREATH AN LR IR SRR Z B ERKER - B
x

Oby, (x,3,0) 8bi(x,y,1) BB(x,3:1) __ o

x, | &, o,

i i J

j=12 (2.35)

ob,, (x,y,t) Ob,{(x,y,t) <«<B

2.36
ot Y (2.36)

B B, y,0)=b,, (53,0~ b (% 3,0 RE S KR Z R ERAKR o BIX(Q2.34)T

2 2
M+KBa ¢

KB
ox? &y?

)
2w, -
af( Sz | B0

U:z bi)+K(%lbj —"a-g;_lbhj) +E—(x_xw:y—yw) (2'37)

ﬁ?¢ﬁ%mﬁ%\z%ﬁﬁ’W¢=ﬁw&’%

Frgmss o 2, k2| AL TERZAREE -

HSE L THRZARBE BRXSRALEZAXBEEERES
ﬁiﬁaﬂkﬁ/ﬂk@ﬁ ’fbﬁﬁ’f?‘ ’ EF

¢ (x,y,2,t)y=a(x, y,t) +b(x,y,8)z + c(x, y,z‘)z2 (23 8)

B R,(2.38) T4 2KB 2 KA AKPRERABRDACATZALESR
MEKEEARZKFETARE  ATUR K2 R $AXHE

I-11 5 M B Ml R AR R M TS R



F_F iR TrREAzEZY

AU AR TR BB AP RAFEHR - X238 HE—1B L
ERTERBPFHBEZ KRBT rHETA

¢ Ib,ﬂ =¢ (x!.yaBst)
# |, =0 (xy00)

¢ =214 oy (2.39)

# RQINEKARKQR38) > TRKBa(x,y,0) ~ b(x,,y,0) Felx,p,1) * B

atx 0= |
bx, )= (28|, -4g | +6)
ofx, y,t)::;lf(i’;qb L 3 | - 60 ) (2.40)

BRQIOHREF QMM PITHE  TERZMPE»H B

%Ib,,, =%(4¢ s +26 |5 —66) (2.41)
B =28 |5, 46 |+ 69) (2.42)

B RQANERQADToo» b FTHREEARET GZRARE  TH
Mt FRMAEERERNEAERET -

=]

HRQANEX2ADRARCINT > AT RREMFEXS
KB-az—‘i_-+K59£=—a—(Uﬂ
ox a° o

biv —U-‘Z

& -
bj)+79_(_6¢ \b£+! ~6¢ ‘bi T2 AL (- xsy =)

(2.43)
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$oF —hasB TRl dr
23 FHr#asti
#M%Mmmii@ﬂr%ﬁ@z@@i%mﬁﬁﬂf&ﬁ%

Uy _ pug 09

dxbz  u+ i ox (2.44)
U, __pug 0¢

ooz p+ Aoy (2.45)
azusz __PwE a¢__

il (2.46)

& X (244 E X (246)T 4%

U,,:{j’j_—gig& dz+Cz+GC, (2.47)

¥, AR TG - EHBERcBGAEELIHMMY  NTH

e Pu8P , _ Py EBD
Az = Usz(bfﬂ ‘_Usz (bi = Ib;(:,yfi;} o 1 dz = i 2 (248)

R(248) Bp— 4B OB THREXT  HELAETREXIRETZ
Ko ZhAmBzBEaBzEE B4 KE b $ K% (specific
storativity) 2 s, = p.elnf+(u+ ] ° H 9 » B RQ2ANT 40 > —HIFRHEHN
P AR B LA S AL KR 2 A B u+ A/ (u+ ) - T B i X(2.46)
Tho » ~ 8 AR XXM KREAB B ELLEEZ T B —E1HE -

BEGRBZE S THERMES  RARQANT » BTH—%5met
BTHEX24KEEAMBETFTAA

_ 1 PuE ! __Pu8 4

Usz _gﬁ dz +|:'§(Usz Biel - Sz(b!) et )&‘3‘(’ ] + Usz Bi (249)
ot RBEXQ28) ARz EG LBMBEHTEKXS

azL].':z + Apg(l - nO) aUsz — Pug §¢_ (2.50)

822 2u+ A Bz 2u+d B

1-13 B VR ST A R IR AT



% 4Rt RTREXzER

AQA)Y > FREGE AR AFRENZHE - 5 AH R FRESN
i X (2.48)7T 4%

Uf{?ﬁ“’%” dz+Cz+C, (2.51)

RAEQMLBZ E - TERE4THE

_2 Pwg _1_ _ _ PuE -
Usz "gm dZ"f‘[B (Usz bisl Usz b!') —""‘—"‘—2# ) ¢ :]Z + Usz " (2_52)
ot BBRBORGATEMFESY  MTH
A A R e (2.53)

By 2ur A 2u+ A

A(2.53) Bp— %R TRERX T  HEEAR TR EZAEIE
KRB ERANRBZBELE > RIEAE 2k K1k 3 (specific
storativity) & s, = p,elnp +/(2u+ )] ° & (2518 X, (2.53)7T 40 » — 43k o
BT > MARIIBERBELEFARTRBZEILE - it &K
(2.50)T% > —#BEMAY » SRAFTEFREN IR ENLEKRNT
Feowr o MABRLMAKBIMEREME 24 E485 -

KQ2.50) > B3 RAMNFEF > ABRKBREEF LA RSB
PHBERT  THEARZEARBETAAS

Up =C+Cy(1~e "By 4 42 + 4,27 (2.54)

H£¥

Ao Apg(1-n*)B
2u+ i

C]=U

5z(,.
bi
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Fof 4t BTREzEL

1

G = —l‘j‘g_—_A_(Uﬂ el -U"zlbi — A, B - AsBz)
__ P& _ - 2p,g(2u+A) -
s Apg(l- no)B( % |bi+1 4 Ib:‘ +69) Apgt-n®)y B* (3¢ i+l 3¢ Ibi 69)
__ Pug _-
Ay—mgu_#)c¢hﬂ+3¢h 69) (2.55)

2.4 Anvaiett

BXPHBAQINZEHETARSH Bt KRB taEaus
ZAanksiEt e BE > Bp

¢ (x,5,20)=0

U,(x,y,20)=0 x,yefl (256)

EPORERMZES -
2.5 &t
MEd RATASBAKIERFBIBMAE IR » FUHRE
BRAFFAZERETHLARERERNFENBERDE - UT 55
HEFRAKEZ KRG RN EN DG RAE A LB
HNEAERM T BASRAALLAREBTRLBRARTRZS
R0 ARG FELE B KIERMSE R R4 (Dirichlet 3 & 2 & R 454
BT ATE

¢

*
boundary = @

U

5z

boundary = U.:z (2 5 7)

Ko UL BBRZAME - Hoh 0 587 KNSR K4 Neumann
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Fod —-dfsbBETrRESzEY

R 2 i FAR4E) 0 BB

K6¢

on

-
boundary = —4y

25y =€ (2.58)

(2u+4)

g ~ e BERXZHE - LARMBELKE  ELE2Z SR BEH
RE o BHRLEHERGHAGHERGME - FHRELXEZaGREX
EHFRENTESS

0By o
Sy—é£—=—K-glel (2.59)

2 & Sy b & K 4% B (specific yield) » n(x,y,6)=B=b,,,(x,y,1) ~ b,(x, y,¢) £ 5*
FHBEAEKBZAREEZY - BREGROHYHFHMZBILEANTERZ
i BKRQ59)T# A

2 - 28

2k, 260

A EHRASKE B EBREDZE N MR B pybaynn=0 > BT

o

—_—

]
b (52800, y0),0) = - 22l (5300 (2.61)
PnE

AR K PO, 3,6y (5, 2,0.0) = pgln®(5,3,0) - n(x, 3.6 Bl R (2.6 )T &

n(x, y,0) =1" (%, 3,00 + ¢ (x, 3,b,,, (x, y,0),1) (2.62)

EF 0 (x,0.0) R T AR EH o HF X (26218 A K (2.60)7T 4%

% ih, __Kop

ot Sy &z lb’*‘ (263)

A(2.62)2(2.63) P HE AT UM AS AR B HREAERZH N :F
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EoF 44 BTRHEAZEY
Fo B ikt o sboh 0 MBS KEREABGRB L LHEEREM4A

8, =10Pu8Y |, (2.64)

RQLODEXT ARBEHNZEIL  PHEIRDE LRI LIHEBRES
Z BB X2 T—F £T B

aU”]b,.” ;Lp:i“ (2.65)

Kmo ABEFAFTOZAHETEER  BRETERERSRE
e
Y

BBz BERAmE RARMZNBER BT EHLAEZA
FRAKBBARBERGZN]  LBTEHR MBI ERBENELE - B

" = ¢

o!® = 5@

¢ 1y _ ¢ {2)

v, =u" (2.66)

g rEO Ohn & RN ERREATRZNYE > 0B 2-3555 7
FASRBZ:BAEa8a T it KABEAFRAENEE TS
—FRFTE

m
k09 _ 09
én an

m (2}

(2#(1) +;{(1)) ou, =(2‘u(2) +;{’(2?)%_ (267)
on on

UK Erams  BRERRERBERZIBZ AR A
N EEFNRAECERNBEERBEZ N @ER ' o E 2-4 A7 - B AH
XF BRRLIBUABHES— % ARFTLELRIAFERENS -
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Fo —isi B TrRMA g

KAZ BRGNS > ZERBRBRRAKE RT3 &7 A

¢ =¢H Fl el
o .
o, [er (2.69)

EYTHAEAER - B A EF Q2 RENEBER - AREEHETIE
% EBHEXNBER BHBRXNBHER > FRSHLILMAKELESR
BARMEBETEFMH5ME 0 B

—{n —@

—(1 —(2}

0o _ 09
KO KO = (2.69)

2.6 EHFRXZ 8 BRI

—HRBORBTREAXTASRKAARZIENIBE LB Faas
ERALRLBA AN GEGHANE T EMELLXR B/
RIBER D KB TRASRERGHLZEA  FHHERBEREL -
PR R P UE R RACIEH IR AREI A IR - 2 ERREH
B 9 =piLy X =xily > Y Ly > B =B/l ~ K =K/K, ~ g =plu, X =AA, S
UL =AU/ pglyly B0 =K aptipglt o BV L, 8L, 7R AHKPFREA G2
HBEE « Ky B, R BRI EAB RS HRIETH - B
THESFGHEBREESFEABRBZANAR )N LEREME  MSHMAKD
BEARARSURETHAEEALE P2 RIEHME - HRXQINEH
RAL  TAFEF R T RAER TR S

260 %60 K Ly
oé +a¢ =LA [—:—,(U;z
’

T Yz
bi+]

* _L_]i T_ * _ * é{'_ﬂ_
6x'2 33,*2 B KBL, v bi):|+ B2 (124" - 6¢ lbi+] 6¢ ibi)+ KB (270)
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FoF — bR TREAZEY

i AREHETERBRIL AR S FiE - §RQT0O)T 4o » S4EH
BHERERELE  THELERYAKAIEEK KX R4{(diagonal
dominant) « #34 K FREAT > TETEH

2 2 2
Ly >KfLH 8Ly

122 KBL, K AgAt 2.71)

LA

Atz LuEBly (2.72)
12 Ki,

K(2.72)  Bp AR 3T o5 % R 2 W5 B R BE IR #4514 » sb % Ghaoussi
and Wilson (1973) ~ Sloan and Abbo (1999) ~ Vermeer and Verruijt (1981) »A
& Ferronato et al. (2001)27 32 2 B 85 Fd] Ml SEAB AR ©

2.7 B F %k

A RZBAT LA RE HIMETBIAR BEFRIWS BT
AR F KB R T R R ALA 5 R F 45 8 2 F AR A7 & (Finite Analytic
Method) - F PR 2 dHh B 2 KL T LRI &R FI1=#4%(CJ.Chen)
#1980 £r R Y CERANHERBAL S F A A4 2 4R Chen and
Chen(1984) « % FRARAT i& =T 2 4 (& X (implicit) & Mk A2 47 & #2872 A (explicit)
KA ETE  AAREARERBRENIEXF R -

ZF RN KX 0 T 4 & /B & (nine-point method) 82 & Z5 0k
(five-point method) - ALZE R B AN SR EAR T AR KRERAR
ERHEAAET B 2-5 F5F o sbdh o ABRA AR X U4 R A
¥ 48 (uniform grid) & 35 34 4 # 48 (non-uniform grid) - SAF 4 3% 3k L2 = 4
B IRABAT RN AR EZ S - G f RAMEZREN XA

o*® a’o ab ap Ab
Dna"i—ﬁ-Dwgz—:R—E-PVXE'FV},_@:‘*'F(%J"J) (2'73)
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B —4faowmB TRtz

K P F %A E S EH0E (diffusion term) » £ E LS F —EAFEEZLE
(unsteady term) - 3 — 318 & /% 38 (advection term) ~ W 5 =38 B & B IE
(source term) = H AT R KRB XGRS T RAFEF S A RBEN LB ER
R(RQT73) P FARABFELHAARESREZLLEHANRRE - B
ABAQBNERFFER PLRBCEEFETARE A L5
(backward difference) g 32 » AT 4%

VZEL LY ) ab ab
@62 +C @)2 =2AE+2BC~5}-+G (2.74)

A F C=(D, /D), A=—;-(Vx/Dn)p : B=—:12(Vy/DW)p v G=R{@n -0 Atk £, S
R =(R/D,), $ 1, =(Fxy.0/D,), » B " T p AFBEHEFI Bz b0

TL o 4o fE 2-5 AR E B BZERiIEHSA

D, (y) = gy + @,y + a5, (@7 -1) (275)
TPANERESETEA PO, =0,0) > 0, =0, 0)HED, =D, (k) * B TH

@,, - P,, ~cothBK(®,, +®,, ~20,,)

alw = 2%

B ¢, +D,, -20
4sinh?® Bk

ne (2.76)

alw

B3 BRIt g R At A

(Dn (-x) = aDn T alnx + 25 (eZAx - l) (2.77)

AEEERARBRABFANETRESME FFo, =00 ~ ©,=0,() &
q)nw:d)n(—h) ’ ﬁ'] Gy 6}"ln'é‘ﬁ\'aZn q%ﬁ:’%
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FoF —HBSRETREAZEY

o = @, —-P,, —cothdh(P,, +P 20, ) ,
In =
2h

D+, 20
4sinh? 4h

e (2.78)

Qay

seoh o BER R E 2 F R TR EF R o X (2.74)58 w83 R 454
£ B ERE4e XQIDEKXQTINHF - b ook
(separation of variable)s] K #4183 B 7 % 2 A4 (% Chen and Chen
(1984)) - B E EAF XL FUBS(p B)EARTARBAEFEINEEZH A
TH

O = (GO C, B+ OO0+ C, B+ C, B+ C 0

1+ ‘Zt C,

n ay R -
+c,,ccp,,:1+c“cpgcl+chq>p1—cpfp) , (2.79)
A ¥
C,=EB-e™> C,=E.e™%, C, =EB-e” > C,, =E-e"® >
C,=Ed-e®™ » C, =E-e™% » C,=Ed-e® > C,, =E-e™5

1

P m [(an+cwc +Csw-cne-cec -Cse)Ah +(Csw+cse +Cse

-Cﬂn'_CﬂC-CI!L’)Bk] i

1
~ 4cosh(Ah) cosh(Bk)

— E, Ak coth(Ah)— BKE; coth(Bk) *

I-21 M B B MRS T AR B R VRS 4R



Bo% bR TREAzEN

cosh® (4h)

EA=24h— , !
sinh( Ah)

2
cosh” (Bk) Er

EB =2Bk— 5
sinh(Bk)

= ~(=D"(4,4)
mal(Bk)Y + (25 k)*)* cosh 4

E;=

k? g 4 BChtanh(4h) — Ak tanh(Bk)
Ch* ° " 4ABCh? cosh(4h)cosh(Bk)

2:

1

1 =42 +B*C+ X, C) Mm=123 e ’
= (7-'"2.; Hz M=123u.. (2.80)

K279 BPAM OB R H BB 2B IER - s HR
RO REIEE = F PR A AR B85 — 4B TR 75T 424 Tsal et
al.(1993) » 24 F % Hif

28 BEATWAZEH

ARREAMBERZ-GRGMETRERX > BEHRTAREBELE &
THREBREBEEGERAKTERTAS  AEHAZERS»HNF L
BT LU -RBEE - AXTHEBABRRTELHE ok 2-1 T
E BB LBOGALBER (o) WRILEE () ~ kK H B E 4
BO(K) S AT E () 0 LRGBS, ABEAROSABREE (0,) M

BRBEEHEEP AKX PEHLBESHAKE Q) ~ AKX
HEBANEE FHERANEE - FTNABE - SRMUAE - 57 BHT
KABLABRKFERGZGE  EREAELBCLEARBNYE - @5 X )
(Ax,Ay) ~ BFRRIEE(AN S ~ BB EZ AR S KB HTAKE ZE(B) »

— BB SR TR X 2 EAR B 2-6 A1 o A B THBRE B
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BoE —4mSHETREAZEL

ARBHEHFEEREH  BEREBEARFERHFBAET TR » T E
BATEMREAZD 23 ERABEZLRABEHTEAUR-4EH
TREBNTETRANZIBNE > FBREE  RIAMETERETE £
MATE S MEAT—H22HE > ZEHHER > TR - B
FEHLZRMABEARRET TEBAHEZHETRESZHES
MARLBLZSGARTRIMBZIAEN B BELRRMETAR -
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R2F —4RowBTRESZ-NAER

FEF —4RSCUMATREIZSHRER

AFEARRITEANBRLE TRt ERX 2o BRIEL
ENRBZFRENBEUREBTIGE » L5 b BEE

3.1 BAAEHE TR R

BARETRXEMALESCAR TSR L EA BRI ERKT
B 1 55 By 432 8 7 (empirical method) ~ ¥ 48 & % (semi-empirical method) ~ %
¥ 3% 7% (semi-theoretical method)iA & # % # (theoretical method)¥ va#8( R,
FoEREF_F) € UR(RE S8 £ NG HE A R0B T
RlZ @M%k > BAHRANMEGHRETRE - FERENRE—FTEEHE
Trag AL HEME T 08 RHMA o TR - KB EE KK
E¥ -BBRERATIF)AWMEHE(RE 8]l F)REEH LA
WEMEAYERE > ERFRIETFHTAETE | AR H4
0.1 2 08 2B TrAE - £IERERMNRUBNBEBEER » &bH
R TAE REEXMELHE FTHRERBE TR E ESER
B 81 %) -

— T BERE - FREREUREEB AR AL T YL E
TR BEILR TR B AR AR R TREREA » WE
BRAZLERTEZERE BNNERESWE TRENNS > 24
FTHALF(ERTE 0 (1996)  SREXHIZLEGRE X% » (1996) ~ 3%
EHBGHES > (1996) » TE BRI T AT RE > (1996)) - 5674
THZFORF T 0 (1998) ~ IR FHIZF (B &4 (1996)) ~ b £ B 203%
F(F £ (1999) 5 &A= 2 (2000)) ~ & % R #4% % (Tarn and Lu ~ (1991))
MBFELBHBRF(RLBAED R (1994) - LHLHERBREAHAR
B BRAT BATHI B 2R T e X e 7l R M A 4o & 3-1 A% o
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FZE HBSHATREAZIHARR

t1 & 3-1 Tho o FEFHIE - REAHIL - HFSHIRUARTHRIEAE
EGE R S ﬁT*mﬁﬁi%mﬁﬁ%“ﬁﬁm’#ﬁAﬁﬁmmﬁ
BrE )2 MR TRE  MAFESKEZKRARRA - TR
ﬁ%T*ﬁﬁ%%*%i%*i%mﬁﬁﬁﬁfﬁ’#%A#ﬁ X
ZHR T BURFHEAAARBRBRI LB AEES 4 > 5| A
B gRBMAEIAKE AKTER KR AEELR) »HIERE R
LSHRBELKBARAMARZTRE BEHEZSUMTRARZGELHY
WEHEHRLELHL BEFHEUARELBHKE AT ATRFES
ERHANE #HRREFTEMT  BEFHKAREFTHREAR
BRENE > RURAREERERE REY RS ERESARAER
ENERERAESE s BRANACHETREX > EAHRLE
GEESIBREIVEZLE -

B8 THIE  BA XA B EHB AT T LA 2 —
BELOUB TR EFXEBAEMASSREZRKAAALELE
SHHE Bt BXTEREABBRERMT RRAZIAE L
KB HGHTRRZTE - BB EATENCHEKEITRE
BIKAL BAL > UAE B TR 2K iRt - BETHAE T a8 &
SAEAE X Bk R B R T AR 3 S BO0E T 2 TR -
B3R F IR A 2 — 4B T e X R4 4% A ¥l MODFLOW A&
Interbed JE48 83t BT ARA T HEH  SEATUBBR S GR 2 X
WoF AR AR R EAKR RIAAR 2R T - iEF AT K
FAER AT EABAREIL > BRILERKBRA— TG /U HX
B2 ERR TRy & CHEZEBNETAEBHTHRER
BB FrozEREE ELaN IRz BERRAEG~GLLF
BEBz T4 EHEBRZHHRTREARERE - Z4@HE Tra#
Ao LRAFHRAG KA T RARARZ G LRGN > BPHREAR I -
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REF —HBonRTHEAZSHAKER

ESRHBRRFUBHRAMEAIER > KT HLRRE 252
AEHEHE  MFAANERMER TRIENE LEFRE A0S
ESES S LUV ESLER

ARARMRHEZ—HBEWB THRER > BANT RAARME
MG CHRRBBMAABZKABEEENRRLKE Z KRB ALT -
BERMBTRABEG—BIBEBS N THFER - Bl — 884500
RTEBAFETURBRS S KREZHT AR aNELERLSE 2
TR BE WAL ERTEN AR GO B PHEL R E
WEBHBMILE TRZEE - it dNBOLMTAAREY—4%
THFBNTFENE UGB TR TS ik — %kl
AEH > BETUBBRREN BB TR X ELB®AErfrgs
A2 /1 B /& (body force effect) - KR K ATIR th 2 — 4484 1.8 T fass KB 7
FRMTEBREX  RAEZHBRSR > T KRN ERS BRI
JIANE @ =R % EK AN & H (quadratic polynomial interpolation
function) » E@ L BB/ T HHF LA DKABF A DRSS HABRK
DB E SR RRE -

R BT ARE KA F R BE BN > AR Y L B
RANTEEMZ R TR AL EEMBETE - R AHTI
EBBMAEERAETRENERARAT . - — M FRESEBRA
EHERE EERERELARAELLE  ARHAERAA S RAA -
AR ERZE BN RBRE BB AR ARSI 24
Mo ETRAEFRESZTRERANER - SNE B L IRpITs s
ERERZBARRRMAR » KRB EEALA B2 BAERETH o

FEALRBA ARARBGAERII RGBT RAER > WE
PSR R 3T RS EAE X, MODFLOW $ 4% - LB R %
MODFLOW 73 & 24 4 P& £ 4% (finite difference method) 3E 3% A 3 38 .0
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FZF —HBSHATRERAZTHARA

(block centered)#@ %7 X B A X M & 0 LT 4948 5L F(element) ¥ 2
A ERFOBZERKRE  THEEAAS LRI RBEERE—f
FEF LEBEBAEZPORARRREAEME - hEEARTE
%%%&zﬁﬁ=¢%T$ﬁﬁﬁmﬁﬁ#’Aﬁ:ﬁmTﬁﬁﬁﬁﬁ
SHREEEFEOHBRA RSB LA » 7 MODFLOW £ + » 2]
BB EIRE— T %R =4k X & MODFLOW # K £ -

32 BAEFTRBRFHENBBZHH

APIRABRZ — 0B TRER » TUEE LE R RKGAT
WRZFBE N HEMe, 1985 Lk A L HBRERFILRESIMELZ
2 71 (body force) B iL ¥ B TRZ L - FBRENKERTHE T d

ERENSHUZINEAR - FRENFHTETAS

ar = Bog-n)B 3.1)
2u+A

RY o ap=pp,' o, BABRLIEFE  pALBXIEERE gAENMRE >
W BB ILRE s v~ A hRMELame) ¥ BALERE -

BBAETHEE THEEAAAZLESHALEEREETH(A
FEERER 6-1 Rk 6-8) BEACDHE %kz&%ﬁﬂ$ﬁ%om
BEEFBENLBANOIE I RTHREFTHFRENRRZ TR
WA B2Fig 7)) FRUAEBREFTHRBZIFRENRELREE - L
Bzt RBEEER  ARETARTAEMARBZEHRETHRAL
e @B W 3-1 28 3-9 /75 - A A surfer kA RIE M

BT S WMAKEFTREFRENVREZILE MATRET
A EMaERE» R ANE TRERFEH > AR EER
S HHR EABYERE)N - HERS - BYSR - HFEEE
BE 4B RAERTERS ) 25w E 3-10 28 3-18 Ak - &
POALLERFEFAETER P RHEBTEERE RRA FHT KM
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FEF 4o BTREAZIHERR

B&HE sz LR LSBT HR > BBEBEEEE 120
NREIBONRHM > A—REEEONONRZEELR  HERM2HLAE
BEERE%I® 60 2R AR T s RE¥ERXHHMH - 2
2u+2=1.0x10"N/m* ~ Apg =1.62x10*N/m’ ~ n° =04 » B M =0.06 » pbiEg
EAFHAN0L FRENHELRBESE -

Ny

BLEERBEH  BATOBRETRAZ IR ENRBELRHA
B FIUBE RO BBERTLEERARN(AEERLEENE) - =
A BALBRE  BEEAXER AR BR AR LBET
DIEFFBENHRBRME AL - EREFEF) - PERRELLE
BRRVAERZ—GBOMETHRER  E—FRANSHLTHE
Z IR Frofidt  DBRRBOBRX2EE -

s BB 3-10 26 3-18 T4 » LIERHE - B THRELB AR
RPMPETRAERE = HZERAETHAELDERS  RBELAER
AR TraZ it - Bl 2B/ AR T > £ 210 2R2 LR
Yo AZRELE FEEFRETAMBAEN  AAUASBZEBRST
B TraHE  BRERETAMBEMEHELERKEREHL BT
FEEHWBEEL - Mk BARB BRI S A BITH BT ALBRA
BERESREETRRATH T TREEMIEER TR -

33 AAENHRBARBR TR EZEHGEEALASHENAZITRS)

BRERTRBITR B HR Troeids] - $R LB (MK
R)GRIAZRBRER - ARHLBRAK  FURABREE LA -
FURR AR 53 A B0 - iR LB Hk AR N SR LB
ABRE - APILEABRTEH BT L RABRE A4 &ETRE
Yok B FIT o B dAREBLRTHRIABR AR KERILEKET
B SIBRARBARWELEIREE - KM RIGKEI}  ABZHG
BEAFCERARB)FRES TR ER EFEARR G - ATIRIR K
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B —#B0HETRERAZISHARR

*ﬂ%z%ﬁT”%’ﬂ&wﬁﬁﬁéﬁﬁk%ﬁ%ﬂmﬁoéwﬁB
BATh G AKR AR AL R R A BB TR

BERBREPHRBRTABR T B2LEBTRE  ARER
BrLEEMEFE2AMEE(LFEHBRIEHMAB ETAZE9F44)
EYBERERS;ESEBRWE 3-19 815 3-20 A7 R EKEE 3-21
A > 30E S 8do ok 3-2 AR 0 B4E R AR Bl 24 R Eho ok 3-3 AR - AR
Fhok 3-4 JE 35 M7 0 URHFHRAT #4688 AF 0 WREA R9
F 4209454 HEHBLETHRE  IR/T - BERBARBRE
BiE2 A - BEER > ok 3-6 B& 3-7TF7 0 sbsh ) BRAEF 2 EF
BT BB 3-22 fA5F - bk 3-6 1% 3-7 Th > TRASMER
hof¥he 0 FraEAHM TREGERIFEGENS - 240 BLBFHE

B/ s ARBPUARERB T L AR2EERY > THEASHER
MG CHRATRERSHEEEEZE 0 ABLREIE N £
YR ADURRERBNMER S EHENERY > TREERRZERME
Mith » TrewEMEREhmAREZEY  EXTRENEREZ
HhmE R ko§ 3-23 8B 3-24 AT o b S EKB TR RIS
R R ISHT-AHAE IS BEATRIBHE T BARZART
fRi & > UERF C BARB ABREEFFEZA -

BLERLER T EAREZFA BAKETHRBTEF TR LLE
Trg - RBERTHRS  A{ERZERKXEANBARENRETRER
MEZA) BWILEARBRRE T > SRIBAKBEH FEHm B

BAPBRIBLELHTHE  CHARARBRELZEBUMNG AL
BHERT - SHE LBz ENAREMARAAEGN R LES

ALK 28 Bp
A=A(e)

N

o

=) (3.2)
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R=F —~#B0nATRERZAHKAEER

HEY A8 u R FE e HFLF tb(voidratio) « B + B A S ILR L2
BIMER RIEHRABREETE AR BAHFEE M THRAELL
BTHE -

BRA LY B UL AILRLZ A BREE T
A:(eﬂ_eﬂ’J 2
e~e,

p=[%”%)po (3.3)

e—e,

EFP oo, BB ILHIL > e, BRILBL SRR I BTR T AEA
TFXIRE s A, By, AR EH whGBBE-BE3-2558KX332%
T Eee B MMEBIL(YA, Boufu, YEENBERX > LR L LHEE
RBE b w=0 ARBHBR LR A LB LB RIS
ML Rf > wBK MAFREEELEILRL TR R I REE -
MAX3IIZ L BEBIEGMME ERe, =0067He, =0.175 BB &EAET
g A B/ AYE - ZBHEEASARARLEZ L R B 3-26 A7 -
BE 3-26 T Fw=5000 HFABBRLBRTRE HATRE £+
BEBMILBLR I M TEBLELBTHE B2 BALER
FORTRBETHREAZRAFE—FT RIS bt Bt
TIREABELGLZMG AERECAM BRI TR ALET
FERAT  R—BEFEFE— TR LA - sbsb > X33 E 555
RERATRBFALBTRE BRI IBEABEABMGX > ¢
AABRKEFHBZETRT L8 A% -
34 BARETHRE LR TREBEESW
WRTRBERTSH IR EE TREHESER w2 EERE -
—RMET FTRAEATHERATIGE TRERZRES k- K -
BREXRETHRUETHRCELERTHRE  ETRARHMBKESELFE
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FEZF S0 MBETRERAZIFHARA

VA% PRAL R T R TR B A BN EME T o R H
AR LEEEREHRE %&zéméﬁﬁa%ﬁT%ﬁﬁwmﬁﬁ@%
2~ %33~ %34~ %358 3-19- § 3-20 f1§ 3-21) > BEFE LA
ERZiKE PLRERRIAGOHBARBZBEFHBELT
AKERAESETH AN EBWATHE— ZHAKE  ERFHNASFL
BERE48 BB HZTHMENE  FHBE TRERER - A7
Bz K BT AB AL TR B KE T2 ME TR HEGr KA
B/RPEATAE) c BIRE R >k 3-9- & 3-10 8 3-27~ B 3-28 i F -
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BP P (%, 3,0, (6, 00,00 + PA(x, p,b,,, (£, 3,0),0) = 0 » FEARXANIE 05 B 33K BN
BF P°(x,,b.,,(x,3,1)) = p,g(n° (x,3) —n(x,y,0)) * BT 4%

Kx, ¥, = 0°(x,y) + O(x, y,b,,, (x, ¥,0),1) (A-6)

AP RAMBHENREREZRFERZH - (A-O)XTHAMNLEHRE §&
& Z 1L -

A.1.2 AndsiEfF

BAPHRANMWE SRS - A7 A5 445 4 (initial condition) s & -

Bp
®(x,y,t =0)=0 x,yef) (A-7)
AFQORTRBZER -

Al3 @& R4RM4

REFTHAPEREQHFAXTERFEBMAE IR > UKHE
BARAKEF G2 R ST HH 4 B %i$ R(natural boundary) 8L i 2 1 &
¥ R (interface boundary)@®#f - U TRl FARATF2 8 R ENElE

1-40 M 1 Mo [ e T T A SR RS



MHik A —HdRpe 0B TR X 2
P B0 A @ i AR A o AR SE -
(a) % A & Rk MF

FHEAARASRAEHBERTRIAZTT2ER® T - 25 REH4
8 % B %2 K 584444 (Bp Dirichlet type boundary condition) » B ¥ & 77 %

= o’ (A-8)

boundary

B oh 0 & F B F 1% R %4 (Bp Neumann type boundary condition) - B =T

=—q, (A-9)

BP o fig Ho Rz Dhfio dbih FERENBERR AL AL
ZHBHER WHENBERERABBEIKABRERRAILEAABRGZ
i R 23MA R LR 1 A2 3 NEATANER AR SRZINE
BB n B I ASRBRIFEOERAVEOE-REREMIKREETR
BTERTH

gV = g® (A-10)

I-41 B MO T A S PR R



fidk A —HdEfsb R TREAzZY

m (2)
k0 2 87 (A-11)
on Ton
B9 LHAREHT RAH
" = @@ (A-12)

(b) 7K F i F A4

KFBRGRRIEEAR TN RLEREEBREBR B2 AT
FRME > MAFARNBERRABEEREHBAEABZIN B S
B do Bl 2-4 o HAKF B RS RGHL R AR KARKREBE > 87T
BHRRT B

-0, (A-13)
% g (A-14)
on

Hobo gy ALTHR - B  BEERFENDERAAE > LPEREN &
1&’??‘7]_&HE'*T;%}%'?LF%':’J(}%I%Q&&ZKML 311%% EP

—{1} —(2)

g0  _ 0P (A-15)
on on
o’ =0 (A-16)

1-42 4 B WS MR B L R SR




Mk A — SR TREA2EL

Ald RFEER KRB

HAEFPIANBREGHRIBTGEIEX  ATHERERAMZ N EF
RIEHESHRILBARBEHARBETESE  HBEEBELE IR
KEBEAEAFA LA RSB RETH 0 BP

D(x, y,z,t) = a(x, y,t) + b(x, y,t)z + c(x, w0z’ (A-17)

HA- IR T4 BB KABAET SRR ZKRARFRERRK
WrH cARZBILER MEAREERZILEARESH LB LT
Aok BN S UANFEEE(ERAEARBSAETUA SR
k% B K, F B A AABIL) 0 AL T R B K TR S I E R gb4 0 (A-1T)
Kz faha, b ¢ TRELSFHI - TERARIPBHFT FHELE
HRiE B

@, =a (A-18)
@, =a+bB+cB’ (A-19)
©= % f(a +bz +cz?)dz (A-20)

B3 R AR(A-18) K, ~ (A- 19X E(A20) X T4HF

1-43 YR N AR R Y A s



ek A —# kSR T2y

a=a| (A-21)

b= %(_ch(m - 40|, +6®) (A-22)
1 —

c= E(M’lbm +3@| - 6D) (A-23)

HAIDXMEQRS > BTAL TERZEFGBRSESH S

oD 1 —

= =—@4d| +20| -6 A-24
az siel B ( |b1+1 + |b; ) ( )
oD 1 —

~—| =—~(20|.  -4@| +60 A-25
az N B ( ‘bH-] |b1 ) ( )

(A2 XA RA2)KA 2 F R FTEKBE - THRLEF Ao > T ol

t~TERERAREG SR FHBERER -

A2 R EBREK
BBEREZRERTRIRALE S BRI ik BAS

HEa %R TREGELLTARAAMELALAFRZARS

AN EERER(RERRE 2001) KABKPLARZAKBE 5B LE
2EO - hIBUBRET XL

1-44 Y A ARG R A S



Mishk A —4dEamb b B TR A2l

— _ +1(x,5.0) pwgq) - }jwng'5 _
Az = Usz‘bm _Uﬂlbf - E-(x,y,;) /u-i-ﬂ,dz - ) (A 26)

MAFRAELRZMEMAKE  FRa—LLBEMABRBEFTEANE

Az=U

szlpiy " Yz = fiﬂ(x’y’” pwgq) dz = pwgB(D (A-27)
bi+} bi i(x,p.8) 2# + A 2}1 +A

APufl 251z lame) ¥ > U, | # Ul 545 ALE THER
ZBE  (A20XHA2NATEBRILBAREAELR  EFERE
Trast e AR A R B ILBOKE 8 (B D )P i Bz L AR A
g\ o

A-3 $8E—BIEmA R TRIEFMT A

Al B2 AR T ERBS TGS ARG HEE &6 A2 H0 L
BRAREX > TEI—4IEREGE TRITE & - TR R
KB RMEAKEURIEMRAKE » FRAERZKAESNFEZARLBM
HRBEA AR GRS REREG TN T -

(a)d) M2 7K /& BB K

HAA3)KX MR (A24) X #(A25) K, BZsAKnh XA
o D 1 2 =p o 1 8 — _00°
P + & [KBa (K. )]— [——-*(KB) P
<.z =
- %%—+ %(—6&)}&M - 6(le,- +120) +?Q§(x— X ¥ =V, (A-28)

1-45 5 17 b B 3 TR AE SR M R4S U



MEkA —GERSHBR TR TS

BB E -~ THRRBEAZH L2 SR - dA249)XHA25R £
BLr - FERZARBETHNETS

K —
qilbin = 3(4(1)'&“ + Z(DIbf —60) (A'29)

K
q"‘bi = B (-2

—40F

| +60°) (A-30)

bi+

AT g, Bql 7HETAAREEASKE L TEF2HRE- B4 —
BEE LRUHNRBA 0 ZAHSKEHEBAE R 5 540 (A-26) K H(A-27)
KA o

(b)YJE# RS KB

BA-DX AR (A2 K BA2)XKR T RAT &7 5

Fo PO 1 8 — 0 .1 6 — oD
= T > +[E5(Kﬂ)]g+[za(f<ﬂ)]—@—

S 00 1 ~ 0
= ?3?+F(_6q)lbf+‘ ~ 6], +12<D)+E(x—xw, y-y,) (A-31)

LER B ERBES SRS H A (A-S)EKX(A-29T 4

1-46 N LB LS A B A PR A M



on =‘—[£(4q>| 20| - 6D)
at SS n bi+l bi

K _
qflbi = -;?_(_?'q)lbm - 4(I)|bi +6d)

KE T d (A6 & A

n= nﬂ + q)lbin

18 —-EaaBREXE

Az = Pu8T®
s+ A

Mgk A —# ki S TR A2y

(A-32)

(A-33)

(A-34)

(A-35)

A5k HRAKE BAKE AR I RAEKE RN - EERAKT
F 61 Z B AR Rk B3 & R R B e (AT R (A-16) XA

W e

1-47

BEWE MM B A RTE BT



Fitéh B M A2 B L MR F 2R
ek B MAXBEHLIBRBEZEH
Demonstrations of Body Force Effect on Soil Consolidation
Natural Hazard Mitigation Research Center
National Chiao Tung University
ABSTRACT

Biot’s theory of linear poro-elasticity is employed to investigate the effect
of body force on soil consolidation. The steady-state solutions of
displacements, settlements, and incremental effective stress are analytically
given for two typical types of soil consolidation. The causes of these two
typical types of soil consolidation are surface loading and water table
depression. The result of this study shows that the soil consolidation is
significantly affected by the body force when the soil is soft or thick, or both.
The neglect of body force will severely underestimate the settlements and
incremental effective stress of soil, and this might lead to potential damage in

engineering practice.
Keywords: soil consolidation, body force, Biot’s theory of poro-elasticity
Introduction

The conventional one-dimensional Terzaghi’s consolidation theory of
elastic media (Terzaghi, 1954) has been widely used to estimate the soil
consolidation in geotechnical engineering (Das, 1990; Lambe and Whitman,
1979). However, the effect of body force (i.e., self weight) is not embedded in

Terzaghi’s theory due to the assumption that the incremental effective stress is
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identical to the dissipative pore pressure (i.e., the invariance of total stress) as

consolidation proceeds.

Gibson et al. (1967, 1981) used Lagrangian coordinates and allowed body
force in their formulation by introducing an equation of state. Mei (1986)
employed Eulerian approach to formulate the consolidation of elastic media
with the effect of body force for single soil layer. The results show that the

conventional Terzaghi’s consolidation theory is only available for thin or suff

soil layers.

In this study, by applying Biot’s theory of linear poro-elasticity (Biot,
1941), the governing equations of soil consolidation with the body force
effect is derived first. Two typical types of steady, one-dimensional soil
consolidation are then solved analytically. The causes of these two typical
types of soil consolidation are surface loading and water table depression. The
former appears in the filling or building construction, and the latter happens in
groundwater overpumping. The comparisons of displacements, settlements,
and incremental effective stress with and without body force effect are finally

conducted.
Governing Equations

The mass conservation of fluid and solid in saturated porous media (e.g.

see Bear and Corapcioglu, 1981) can be written as

A00) 9. fnp, 7)o (B-)
and

oj(1-n)p, =

[—a;il+v-[(l—n)psVs]=0 (B-2)

respectively. » is porosity, p, and p, are densities of fluid and solid. v
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and 7, are velocities of fluid and solid.

The deformation of porous media is attributed to the rolling and slipping
of grains with respect to each other. Hence p, in (B-2) remains unchanged in
consolidation process. Denoting » as the solid displacement and assuming
V. =ou/at and lop/ & >>V,.VP, flow equation of deforming porous media
without the compressibility of fluid (e.g. see Bear and Corapcioglu, 1981) is
yielded by combing (B-1) and (B-2) as

V-§:+§V-;=O (B-3)

where ¢ = n(ﬁ —?:) is Darcy’s flux velocity, P is pore pressure.

In the absence of inertial force, the equilibrium of forces for saturated
porous media (e.g. see Biot, 1941 Verruijt, 1969 ; Bear and Corapcioglu, 1981)

can be expressed as
Vo +F=VP (B-4)

where o is the effective stress tensor, f=[p,n+(1-mp,Jz is the body

force, and g is the gravitational acceleration.

Denoting ?, P, f,and » asthe sum of initial steady values o, P°,

—

f°, n° and consolidation-producing incremental values o, P*, f°, n°,

—_—

the equations for equilibrium of forces shown in (B-4) can be divided into

Initial steady-state equations

V.o’ +f° =VP® (B-5)
and incremental equations

V.o fF =P (B-6)

where F =—{p, — p, )n°g tepresents the perturbation of body force due to the

variation of porosity as the porous media deforms.
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Similarly, the flow equation given by (B-3) can also be decomposed into
initial steady-state equation
V.g'=0 (B-7)
and incremental equation

— a -
Vgé+—V-u=0 B-8
g+ Vou (B-8)

The deformation of porous media takes place as a result of the change in
the effective stress. The constitutive relationship between the effective stress

and displacement for linear poro-elastic media with small deformation is

e . Ou, '
Oy =G[Zul + uj)'f‘l[auk)a;j iaj9k::1:293 (B-g)

X, Ox ox,

where G and A are the well-known Lame’s constants.

From (B-2), the consolidation-producing incremental porosity, »°, canbe

represented as
n =(1-n")V-u (B-10)
The detailed derivation of (B-10) is shown in the Appendix.

Substituting (B-9) and (B-10) into (B-6) yields the equilibrium of forces
in incremental state as

GV +(G+ VIV - )- dp - n)|V -ufg = VP* (B-11)

where Ap=p, -p,.

Using Darcy’s law,
I A (B-12)
P&

the flow equation of deforming porous media given by (B-3) becomes

v-(R-vP ) pg V=0 (B-13)
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where K is the hydraulic conductivity tensor.

Governing equations (B-1), (B-2), (B-4) with constitutive relation (B-9)
now are rewritten as (B-13), (B-10), and (B-11) for incremental equations.

And equations (B-11) and (B-13) are governing equations of consolidation.
One-Dimensional Consolidation

Two typical types of soil consolidation such as surface loading and water
table depression shown in Figs. 1 and 2 will be adopted to examine the body
force effect on soil consolidation. The surface loading often appears in the
filling and building construction, whereas water table depression frequently
takes place in the groundwater overpumping. In both cases, we let a stratum
of clay be sandwiched between sandy strata that are highly permeable and
much stiffer than the clay. Thus, excessive pore pressures only exist in the
clay as consolidation proceeds. And nearly all of the consolidation arises due
to the volume changes within the clay, while the sandy strata may be
considered as rigid media when comparing them to the clay. In both cases, the
horizontal dimension is much larger than the thickness of the consolidation
stratum. Hence, one-dimensional consolidation is assumed in this study. This
leads the flow and the strain only in vertical direction. In this study, only the
steady-state solutions, which are usually applied to engineering practices such

as the estimation of settlements, will be considered.

Due to that we are dealing with steady, one-dimensional consolidation,
the flow equation of deforming porous media shown in (B-13) for an isotropic
and homogeneous clay can be simplified as

8 pe
k2 20 B-14
aZZ ( )

The equations for equilibrium of forces given by (B-11) can also be reduced
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2G+ A4
( +) Oz oz

(B-15)

One can find that these two equations can be solved decouplly. The
incremental pore pressure of flow equation is yielded first. The displacements
are then obtained by solving the equation for equilibrium of forces with the

known incremental pore pressure.
Case 1 : surface loading

For the case shown in Fig. 1, the ground surface is subjected to a loading
Ao at time ¢=0. The incremental pore pressure in sandy strata could be
instantly all dissipated due to the very large difference in permeability
between sand and clay. Applying the continuity of pore pressure at interfaces
between sand and clay, the incremental pore pressures at the bottom and top
boundaries of clay are
Pé(z=0)=0,and P°(z=B)=0. (B-16)
Form (B-14) and (B-16), the incremental pore pressure of clay is
Pe=0 (B-17)
Equation (B-17) shows that the incremental pore pressure in the clay stratum
inducing by surface loading is all dissipated as a result of drainage into the

sandy strata at time ¢ —>©.
Therefore, the equation for equilibrium of forces (B-15) can be expressed as

2
2 1;2 +Apg(l—n°)au’ =0 (B-18)

2G+ 4
( +)az oz

The top boundary of clay z=B is subjected to an incremental effective stress

that is in agreement with the loading
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ou
2G+A)—=
( )=

=-Ac (B-19)

z=B

The displacement of clay at bottom boundary z=0 is given by
=0 (B-20)

u

The exact solution for (B-18) to (B-20) is
~AoB M _eu(l-z')]

uz = m e (B'Zl)
where
M =Apg(1~n")B/(2G+ 1) (B-22)

in which z =z/B is nondimensional coordinate in :z direction and M
represents the body force parameter. It is Jarger for larger B and
smaller(2G+4). In other words, the body force parameter becomes large
when the soll is soft or thick, or both. For example, taking
Apg =1.62x10°N/m’, n° =03, (2G+4)=3x10°N/m’ for a soft clay, and a
relatively thick clay stratum with B=100m yields M =0.378, which is not

small. Therefore, 1t is quite safe tolet 0<M <1.

Using L’Hopital’s rule for a —0 and setting z' =1 in (B-21), the

settlement without the body force effect, (Az),, =-u,[u-0, is
z =]

AcB
(Az),, = m (B-23)

The nondimensional displacements of clay could be yielded by introducing

u: = uz/[_ (A‘z)nb] as

! =l e (B-24)

Setting z =1 in (B-24), the nondimensional settlement, (Az)" =u| . ,is

z=1

(Az)" = é[e’" -1 (B-25)
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From (B-9) and (B-21), the incremental effective stress in the clay stratum

can be written as

o " =(-Ag)eMt (B-26)
Setting M =0 in (B-25) yields the incremental effective stress without the
body force effect, (cr' "’) =c,’

zz  Jnb zz

, as
M0

(0. )y =(-40) (B-27)

Equation (B-27) shows that the surface loading is entirely carried by the

soil skeleton of the clay rather than the pore water in steady state.

The incremental effective stress can be nondimensionalized with
introduction of (¢.°)" =5.,°/(c.."),, as
(0,) ="t (B-28)
Case 2 : water table depression

For the case shown in Fig. 2, water table depression 4, and 7, take
place in sandy strata above and below the clay. Applying the continuity of
pore pressure, the incremental pore pressures at the bottom and top
boundaries of clay are

PE

z=0 =—pwgh2, and Pe

=-p,.gh, (B-29)

z=8

From (B-14) and (B-29), the incremental pore pressure in the clay stratum is

pe o pwg[hz o ;”2 ZJ (B-30)

Thus, the equation for equilibrium of forces (B-15) becomes

0 uzz +A,Og(1—n0\auz _ _ng(hl _hz) (B-31)

2
2G+ A
( - ) Oz ! 8z B

The bottom boundary of clay is connected to nearly rigid sandy stratum.

The displacement of clay at z=0 can be expressed as
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U

z

z=0

If the overlaying sandy stratum shown in Fig. 2(a) is confined, the top
boundary of clay z=8 is subjected to an incremental effective stress
- p,.gh, due to water table depression, i.e.

au Z
Oz

(G + 4) = -p.gh (B-33)

z=B

For the unconfined overlaying stratum (i.e., the existence of free water
surface) shown in Fig. 2(b), considering the decrease in weight by dewatering
pore water {(Corapcloglu, and Bear, 1983), the incremental effective stress

applying to the top boundary of clay becomes

P
(2G + A) 6”2

==p.gh’ (B-34)

z={

where #" =(1-n)h, represents effective water table depression, » is
porosity in the overlaying sandy stratum. The unconfined case could easily be
conducted by replacing %, of (B-33) with &, hence only considering the

confined case is enough.

The exact solution for (B-31) to (B-33) is

2 ' "2
u —M{hzz' +(n, _hz)%+h":§4_—£—+ (M-1) (eM _eM(kz')):,

29G4+ A 2 M

2 M’

+hy {%- AL —eMﬂ-z'))J} (B-35)

Using L'Hopital’s rule for M —»0 and setting z' =1 in (B-35), the
settlement without body force effect can be represented as

_P.gB(h +h,) i
(Az),, = 202G+ ) (B-36)

The nondimensional displacement in the clay can be given by introducing
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f 12
2 {-i-z'+2_+i—2(eﬂ4-e““-z‘>)] (B-37)
where r=h, /h, represents the ratio between the water table depression in

upper and lower strata.

Taking z =1 in (B-36), the nondimensional settlement is

(Az)" =1+ 1irr[ﬁ—%+ﬂ;:1(e”’ —1)}+i[-—1——i+L(eM —1)} (B-38)

From (B-9) and (B-35), the incremental effective stress in the clay

stratum can be written as
o, = —pwg{h]z' +h(1-2)+ h,|:eMU'zv) - Elﬁ(—(eml_z') - 1)— z':I + hzli-ﬂ—l/[-(em'_z') - l)— 1+ z':l }
(B-39)

Applying L’Hoptial’s rule for & — 0 in (B-39) yields the incremental

effective stress without the body force effect
(@) =—Puglhz +hy(1-2)] (B-40)
One can observe that the incremental effective stress given by (B-40)

agrees with the incremental pore pressure shown in (B-30) due to the

1gnorance of body force effect (i.e., the invariance of total stress).

If 4, 1s larger than 4, the nondimensional incremental effective stress

can be obtained by introducing (o) =o.° /(~p,gh,) as follows:

B e e ey Pt

¥ ¥

On the contrary, when &, is larger than 4 the nondimensional
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incremental effective stress can be yielded with introduction of
(0. =0, /(-p,gh)as
(0';; )“ =rz + (1 -z )+ r[em“z') - ﬁ(emlz') - 1)— zi\ + [%(e”m"‘) - 1)—- 1+ z}
(B-42)
Discussions

Case 1 : surface loading

The nondimensional displacements and nondimensional settlement of
clay stratum given by (B-24) and (B-25) are shown in Figs. 3 and 4,
respectively. Without body force effect, i.e., M —» 0, the nondimensional
displacements and nondimensional settlement are

- (B-43)

and

(Az)’

=1 (B-44)

M0

Equation (B-43) shows that the displacements in the clay stratum are
linearly distributed when the body force effect is neglected. However, form
Fig. 3 one can find that the displacements are nonlinearly distributed if the
effect of body force is considered. In addition, it could be found from Figs. 3
and 4 that the soil consolidation is heavily related to the body force parameter.
In other words, the body force severely affects soil consolidation when the
soil is soft or thick, or both. For example, when M =0.4, the nondimensional
settlement 1s 1.23, that is, the settlement with the effect of body force
increases 23 percent as compared to that without the body fore effect when
the body force parameter is (.4. This underestimation on settlement may lead

to potential damage in engineering practice.

Fig. 5 illustrates the nondimensional incremental effective stress in the
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clay stratum represented by (B-28) with variable body force parameters.
Neglecting the effect of body force, the nondimensional incremental effective

stress 1S

CAY

=1 (B-45)

M0

Equation (B-45) demonstrates that the incremental effective stress in the
clay stratum is uniform and agrees with the surface loading shown in (B-27) if
the effect of body force is neglected. However, it can be found from Fig. 5
that the incremental effective stress of clay is larger than that without the body

force effect as long as the body force parameter is different from zero.

Case 2 : water table depression

The nondimensional displacements of clay stratum given by (B-37) for
the body force parameters of 0, 0.2, and 0.6 are displayed in Figs. 6(a)-(c),
respectively. The nondimensional settlement shown in (B-38) is demonstrated
in Fig. 7. One can find from Figs. 6 and 7 that the soil consolidation is
significantly related not only to the body force parameter but also to the ratio
of water table depression. Without the body force effect, the nondimensional

displacements are quadratic polynomial distribution

LA (B-46)

Moo larT ey

z

If water table depression only appears in the upper stratum, i.e., »—0,

the nondimensional displacements are
2

R e S| (B47)

2]

On the contrary, when water table depression only exists in the lower

stratum, i.e., » — o, the nondimensional displacements become
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' 2
. 2 z z M-1
u, =z +2—--—+

. v bl (B-48)

It is interesting to see from Figs. 6 and 7 that the nondimensional

displacements are larger for smaller r.

The nondimensional incremental effective stress in the clay stratum for
h, 2 h, shown in (B-41) is depicted in Fig. 8 when the body force parameters
are 0, 0.2, and 0.6. And it becomes

o]

without the body force effect. In addition, Fig. 9 shows the nondimensional

R
=z +
M0 s

(B-49)

incremental effective stress in the clay stratum for 4, >4, given by (B-42).
The nondimensional incremental effective stress in the clay without body

force effect is
o

It can be seen form Figs. 8 and 9 that the soil consolidation is strongly

=z +(1-2) (B-50)

M-

dependent on the effect of body force. In addition, one can clearly find that
the incremental effective stress in the clay stratum is lihearly distributed
shown by (B-48) and (B-49) when the effect of body force is neglected.
However, because of the effect of body forces, the incremental effective stress,

in general, is distributed nonlinearly.
Conclusions

Unlike the conventional Terzaghi’s consolidation theory, which does not
mnclude the body force effect, Biot’s theory of linear poro-elasticity is applied
to examine the soil consolidation with the effect of body force under the

assumption of small deformation in the present study. Closed-form solutions
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have been found for the one-dimensional, steady-state distributions of
displacements, settlement, and incremental effective stress in the surface
loading and water table depression with the body force parameter. The body
force parameter, a function of Lame’s constants, initial porosity, and the
thickness of clay stratum, could be the representation of the effect of body
force on the soil consolidation. The magnitude of the displacements,
settlement, and incremental effective stress depend significantly on the effect

of body force when the soil is soft or thick, or both.
Appendix : Derivation of Consolidation-producing Incremental Porosity

The mass conservation of solid in saturated porous media can be written
as

a1 - _. -
[(—afﬁ’-sj+v-[(1—n)psr@]=0 (B-51)

where n is porosity, p, is the density of solid, ¥, represents velocity of

solid.

The deformation of porous media is manifested by variation of porosity
due to the rolling and slipping of the grains with respect to each other.
Thﬁ'efore, p, remains unchanged in the consolidation process. Hence (B-51)
becomes

d.(1-n)

——=~(-n)V V. (B-52)

where d,/dt represents the material derivativea/ar+7,-V. Assuming linear

variation, i.e.|5(1 - n)/&| >> ‘FS’ -¥(1-n)|, we have
o(l— —
8 -y 7, (B-53)

Dividing » into steady initial values »° and consolidation-producing

incremental values »°, (B-53) can be linearized as

I-61 R L MRS TR AR B LR Hus



Fisk B #2728 L MR F 2 73

-2 - 7, - (B-54)

Denoting « as the solid displacement and letting ¥, = 8u/dr, again, due to

linear varation (B-54) becomes

n =(1~-n")V-u, (B-55)
Notation

The following symbols are used in this paper:

B= thickness of clay

/= bady force

G = Lame constant

h=lowering of water table

K = hydraulic conductivity

M = body force parameter

n= porosity

P = pore pressure

g, = Darcy’s velocity

r = ratio of lowering of water tables

u = displacement of solid

v, = velocity of fluid

v,= velocity of solid

p,= density of fluid

o, = density of solid

B = compressibility of fluid
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o, ;= effective stress tensor
A = Lame constant
Az = settlement
Subscripts
i, j, k =x,v,and z directions
w = phase of fluid
s = phase of solid
Superscripts
0= initial steady-state values
e= consolidation-producing values
== nondimensional value

nb= values without the effect of body force
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Fig. 1. The sketch of soil consolidation due to surface loading
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Fig. 2. The sketch of soil consolidation due to water table drpression:

(a)confined case, {(b) unconfined case
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Fig. 3 The nondimensional displacement of clay for surface loading
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Fig. 4 The nondimensional settlement for surface loading
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surface loading

I-69

M E B SRR AR B A RIS AR



&

3
a

1.5

FiékB BAHAMBHIBERE 2R

LI T T R I
Lo T R R )
[
* .
v e b vl oe
P
(I

1.2

0.9

0.6

Q3

it
<

0.8
0.6

Fig. 6 The nondimensional displacement of clay for water table

depression

4
E

F A& R HT

R W M TR

1-70



KB A HBY LRBE IR

2
r=0 ;-"
-y =01 ,-
18 | —-—-r=0.5 ',"
o o= —1=1.0 -
--aw--r=10 i ,
. /’
—r =100 . o
16 F 0 --e-- T = infinity i T
e e
(Azy S
.’ . /'/ Lt
14 B (] ' '/ /' )
M :/ - "’
/ P "
il '/ /‘ P
(] ‘/ /! "l
- _/-/' L~
-
1.2 | /:’,’-/,.'
-
',;‘.5_.»'
2
I ] ] 1
0 0.2 0.4 0.6 0.8 1
M

Fig. 7 The nondimensional settlement for water table
depression
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R ra KA — BREZ L GREZ
RERD B RE#RDTR
K/K* 1.0 1.0 10.0 1.0 1.0
SR lulu* 0.3 0.2 0.3 0.2 03
AlA* 0.3 0.2 0.3 0.2 0.3
K/K* 0.1 1.0 6.0 1.0 1.0
HEW lu/p* 1.2 0.8 12 0.8 12
AlA* 1.2 0.8 1.2 0.8 1.2
K/K* 0.1 1.0 0.9 1.0 1.0
B |ulu* 1.0 1.0 1.0 1.0 1.2
AlA* 1.0 1.0 1.0 1.0 1.2
K/K* 1.0 1.0 1.0 1.0 1.0
R | pulp* 0.1 0.1 0.1 0.1 0.1
ATA* 0.1 0.1 0.1 0.1 0.1
K /K* 1.0 . 1.0 1.0 1.0 1.0
FARE | p/u* 1.0 1.0 1.0 1.0 1.0
AlAX 1.0 1.0 1.0 1.0 1.0
K/K* 1.0 1.0 1.0 1.0 1.0
WA | uip* 1.0 1.0 1.0 1.0 1.0
AlA* 1.0 1.0 1.0 1.0 1.0
K/K* 1.0 1.0 1.0 1.0 1.0
FxA | pip* 1.0 0.5 1.0 0.5 1.0
AlA* 1.0 0.5 1.0 0.5 1.0
K /K* 1.0 1.0 1.0 1.0 1.0
RAERSE |plu* 1.0 0.1 1.0 0.1 1.0
AlA* 1.0 0.1 1.0 0.1 1.0
K/K* 0.1 1.0 1.0 1.0 1.0
TEM ulu* 0.3 0.35 0.3 0.35 0.3
AlA* 0.3 0.35 0.3 0.35 0.3

it 2 K AR5 %% 4% 3 (hydranlic conductivity) 4 ~ 2 Zdu#s ¥ $(Lame constant)
A4 KX =1.0x10™ (m/s) - g * =5.0x10° (NYm?) + A * = 1.0x10° (Nt/m®)
#FAHMAKE K=10x10%(m/s) + g *=50x10°(Nt/m?) « A% = 1.0x10” (Nt/m?)
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REBRITR RERTE
K/K* 0.1 1.0 0.1 1.0 1.0
REH (pip* 0.1 0.1 0.1 1.0 0.1
AIA* 0.1 0.1 0.1 1.0 0.1
K/K* 1.0 1.0 1.0 1.0 1.0
REE |u/p* 0.3 0.2 0.3 0.2 0.3
AlA* 0.3 0.2 0.3 0.2 0.3
K /K* 0.6 1.0 1.0 1.0 10.0
GEM (p/ip* 0.2 0.2 0.2 0.2 0.2
AlA* 0.2 0.2 0.2 0.2 0.2
K/K* 1.0 1.0 1.0 1.0 1.0
vaAAE (p/ip* 0.3 0.3 0.3 0.3 0.3
AlL* 0.3 0.3 0.3 0.3 0.3
K /K* 1.0 1.0 0.8 1.0 0.2
ARB |plp* 1.0 0.2 1.0 0.1 1.0
AlA* 1.0 0.2 1.0 0.2 1.0
K/K* 1.0 1.0 0.1 1.0 0.1
KM juiu* 1.0 1.0 1.0 1.0 1.0
AlA* 1.0 1.0 1.0 1.0 1.0
K/K* 1.0 1.0 1.0 1.0 1.0
Fdms Julu* 1.0 1.0 1.0 1.0 1.0
LiL* 1.0 1.0 1.0 1.0 1.0 |
K/K* 1.0 1.0 1.0 1.0 1.0
s julu* 1.0 1.0 1.0 1.0 1.0
AlL* 1.0 1.0 1.0 1.0 1.0
K/K* 1.0 1.0 10.0 1.0 30.0
L (ulu* 10 0.17 1.0 0.17 1.0
AlA* 1.0 0.17 1.0 0.17 1.0

3 ' K A& A% %1% # (hydraulic conductivity) : u ~ A % 3% % 3 (Lame constant)
HE2AAKE K =1.0x10% (mfs) + p*=5.0x10° (Ntm®) ~ 1 * =1.0x10° (Nt/m’)
FAEMAR  K=1.0x10% (m/s) + g *=5.0x10° (Nt/m?) ~ A *=1,0x10" (Nt/m’)
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% 32(82) ESFH LMK

GRS — R R eRE = MR = eRB=
SERS R RERTE
K/K* 1.0 1.0 3.0 1.0 0.6
AR (pulp* 1.0 0.1 1.0 0.1 1.0
AlA* 1.0 0.1 1.0 0.1 1.0
K/K* 0.1 1.0 1.0 1.0 1.0
oaas (piu* 1.0 0.1 1.0 0.1 03
AfL* 1.0 0.1 1.0 0.1 1.0
K/K* 1.0 1.0 1.0 1.0 1.0
VAT (ulu* 1.0 1.0 1.0 1.0 1.0
AlAL* 1.0 1.0 1.0 10 0.15
K/K* 1.0 1.0 5.0 1.0 1.0
B | pulu* 1.0 1.0 1.0 1.0 1.0
AfA* 1.0 1.0 1.0 1.0 1.0
K/K* 1.0 1.0 1.0 1.0 1.0
Fokdh |uiu* 1.0 1.0 1.0 1.0 1.0
AlA* 1.0 1.0 1.0 1.0 1.0
K/K* 0.88 1.0 1.5 1.0 1.0
BEM (piu* 1.0 1.0 1.0 10 1.0
AIA* 1.0 1.0 1.0 1.0 1.0
K/K* 1.0 1.0 1.0 1.0 1.0
W (/¥ 1.0 1.0 1.0 1.0 1.0
AlA* 1.0 1.0 1.0 1.0 1.0
K/K* 1.0 1.0 1.0 10 1.0
REM |uiut 1.0 1.5 Lo 1.5 1.0
AlA* 1.0 1.5 1.0 1.5 1.0
K/K* 1.0 1.0 1.0 1.0 1.0
Hohs uiu* 1.0 1.0 1.0 1.0 1.0
AlA* 1.0 1.0 1.0 1.0 1.0

# 1 K A7k 4% 4% ¥ (hydraulic conductivity) © u A Z 4z # ¥ #(Lame constant)
D #ASKRE K*=1.0x10" (mfs) » u*=5.0x10° (Ntm?) + A *=1.0x10° (Nvm?)
FHEARE K=10x10°(m/s) ~ u*=50x10° (NVYm®) + A% =1.0x10" (Nt/m?)
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£ 3204 3) B LB LA

SRR MK - GRE = KA = SRE=
EBRNA HERSTE
K/K* 1.0 1.0 3.0 1.0 1.0
M |uiux 1.0 1.0 1.0 1.0 1.0
AlIA* 1.0 1.0 1.0 1.0 1.0
K /K* 1.0 1.0 1.0 1.0 1.0
¥R |ulut 1.0 1.0 1.0 1.0 1.0
ALA* 1.0 1.0 1.0 1.0 1.0
K/K* 1.0 1.0 1.0 1.0 1.0
BAkEE (u/u* 1.0 1.0 1.0 1.0 1.0
AlA* 1.0 1.0 1.0 1.0 1.0
K /K* 1.0 1.0 2.0 1.0 0.5
EMM | p/u* 1.0 1.0 1.0 1.0 1.0
AlAX 1.0 1.0 1.0 1.0 1.0
K/K* 1.0 1.0 1.0 1.0 1.0
mEH lu/pu* 1.0 1.0 1.0 1.0 1.0
AlA* 1.0 1.0 1.0 1.0 1.0
K/K* 1.0 1.0 1.0 1.0 1.0
RAHIE julu* 1.0 1.0 1.0 1.0 1.0
AlA* 1.0 1.0 1.0 1.0 1.0
K/K* 1.0 1.0 1.5 1.0 0.5
B (u/u* 1.0 0.3 1.0 0.3 1.0
AlA* 1.0 0.3 1.0 0.3 1.0
K /K* 1.0 1.0 1.0 1.0 1.0
AIEW (plu* 1.0 1.0 1.0 1.0 1.0
ALA* 1.0 1.0 1.0 1.0 1.0
K/K* 1.0 1.0 1.0 1.0 1.0
AEEB lu/p* 1.0 1.0 1.0 1.0 1.0
AIA* 1.0 1.0 1.0 1.0 1.0

i DK BK A8 % 4% (bydravlic conductivity) g ~ A & i % $(Lame constant)
T2 AAKB D KF=1.0x10" (mvs) ~ ¥ =5.0x10° (NUm?) + A * = 1.0x10° (N¢/m?)
% HrAAE P K=1.0x10% (m/s) -+ ¢ *=5.0x10° (Nt/m%) + A * = 1.0x10” (Nt/m?)
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& 33 ERNMESMETFHAKELR

FHRR hd @i
4R H R K A K NER K IERK | BHAK 43t
A 1,693,099 25,818 0 0 0 1,718,917
Rk 18,356,715 53,914| 1,003,194 388,664 82,028| 19,884,515
& 35 2,491,719 5,267 3,270 102,195 1,363] 2,603,814
K40 18,344,623 141,813 221,301 460,000 12,695| 19,180,431
) A7) 45 6,835,265 0 207,117 17,610 0 7,059,992
7Y 5R 581,948 0 238,158 210,313 10,220 1,040,638
KA 88,189,723 218,337 4,600,384 77,668 358,184 93,444,296
75 45 41 42,884,668 181,408 602,508 873,586] 449,347 44,991,516
LB 52,342,628 1,084,993 51,405 19,985 1,448,998 54,948,008
& 65,008,783 424 745 59,228 10,628  998,536| 66,501,920
& 7 67,792,584 1,534,347 287,304 3275458 1,142,549, 74,032,243
SFM | 204,825,645 169,246,223 8,754,353 12,263  1,660,031/384,498.515
B 4 4,884,179 276,732| 8,754,353 0 0| 13,915,264
R 37,007,458 1,109,926 19,440 0l 434,488 38,571,312
& 5 45 41,905,236 19,083,047 297,592 0 55,775| 61,341,650
b # 4R 23,130,834 81,390 2,971,750 521,802 61,288] 26,767,063
70 Fc 7 4,404,980, 1,727,163 72,990 296,559 452904 6,954,596
7Kk 42 12,070,585 984,509 129,586 0| 159,764] 13,344,444
9 A 4R 8,329,552 472,328 105,451 2,544 0| 8,909,874
O 45 4,670,132 3,863,865 79,212 0| 128,739 8,741,949
Wy 705,750,355 200,515,823] 28.458,595|  6,269,274| 7,456.907/948,450,954

B4 S FAR/IME
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%34 BILLHEWEAANSZEREEE

4 0 10°m’

gl L ANBE SREET NBF SREA T NEE

AW 31.61 % i 23.62 ol 7 X1 1 89.64

iR 43.35 B9 4E 23.58 WA 21.60

Fuo £ 44 35.62 AAT 45 24.05 3 58 4 40.09

gmum | 1888 | mmap | 4088 | #mas | 7521

A 5 4 26.38 30 4 19.40 R IR 32.52

78 ELHR 36.49 K 3% R 19.13 4 3 R 26.65

% KB 22.77 AL 58 4 15.07 & 48 40.71

s | 9.86 A 14.91 shH4E | 20.28

B h4d 20.16

%35 ZHRUEWEASLERELE

Bt 10%m?

MET | ANBFE | HEBT | ANBE | HET | ANBE

S | 5841 KR 23.56 K 4R 14.14

& 18.04 +E 15.15 BN 15.36

—&e | 2729 FR® 2232 & 3R 48.74

R 4R 2421 o 27.13 Ik #4E 10.67

Mamar | 35.85 & E R 49.82 K 2637

HpBE | 49.56 v A4 36.90 o #4845 61.79

AN 56.95 U R 35.71
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& 3-6 BILWELBTREZRY

4y

(B4 2%)
R ¥ 4 - 2= g4 Fmi REE
BBAE | E 1,48 297 146 5.95 743
BES TwE b 1.36- 2.73 4.00 5.45 6.70
MBH_ FER) | 2.9 585 g74 | 1166 14.58
k4R | AR 5 56 032 | 1.80 13.43 14.64
BLE T 1.08 1.73 2.13 241 2.61
HEW AR 1.16 1.77 211 2.38 2.49
FrE Fyas 360 | 642 360 10.32 1nn
%4 2.09 3.51 4.53 532 597
% Eok A | 234 4.10 5.42 640 .12
MeEL | 186 324 | 429 5.10 584
ABS  KABRDS | 1365|2669 | 3896 5040 60.97
& A 6.19 11.14 14.94 17.69 19.49
P & 3.47 6.12 8.08 9.54 10.59
L¥R) 4.24 6.87 8.25 8.78 9.18
R E 8.70 1642 | 2313 28.86 33.71
UM AT e 1.59 2,60 199 3.62 3.90
AFREA | 344 5.69 7.13 8.09 8.74
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% 37 EHRBELBTREZER

(B 29)

Lty ¥4 -4 j A =& $oag - &2
2RE|EHER 1.53 3.06 4.60 6.13 7.66
LY PN 2.12 425 6.37 8.49 10.62

BB L 1.67 3.23 4.85 6.47 8.03

ol 2.22 4.44 6.66 8.88 11.10

RBLEE 2.10 4.21 6.32 8.43 10.53

i HEIAE 1.52 2.42 3.02 3.46 3.77
¥ B B 0.74 1.17 1.43 1.60 171

KA E 113 232 3.03 3.58 401

=& i 0.74 1.18 1.47 1.67 1.82
T 548 E T e 0.14 0.22 0.27 0.30 0.32
7% TR B AT 0.04 0.09 0.15 0.20 0.26
KSR AR 4.35 7.82 10.53 12.75 14.53
LA pEmED 3.17 5.05 6.22 7.10 7.75
Y ICES S 6.32 11.44 15.35 18.37 20.66
BER% 3.55 6.31 8.37 9.95 11.15

k¥ gk B 1.23 2.46 3.69 4,92 6.14
GEI GBI 1.70 2.89 3.75 4.42 4.97
Gl 102 1.76 2.30 272 3.08

R 0.22 0.44 0.66 0.88 1.09

HER ) 175 - 3.49 5.18 3.52 5.68

B %A 2.15 3.59 4.60 340 6.07
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i 318 1) ZHRBELETREZEH

(B 29)
$RSR T 354 g5 | ®-%& Bz Fw A
79 4 45 ¥R 1.91 3.14 4.03 4.73 5.32
WA & i 193 | 312 3.95 4.59 5.13
Ry B s 0.87 149 197 2.36 2.70
b Ak ob 1.57 2.75 3.67 4.47 5.16
R 2.26 4.00 5.40 6.61 7.67
REH  RERLOE 5.01 10.02 15.04 | 2005 25.06
AREZR 5.65 11.30 16.06 | 22-62 28.27
LB [FHE S 4.50 9.01 1357 | 18.02 2253
R 2.75 5.50 8.25 11.00 13.76
LHE P 3.10 6.20 9.30 12.40 15.51
7K AR S K& 3.26 6.13 8.71 11.12 13.37
BER 5.83 11.58 17.08 2245 27.67
KR T AE 35 3.45 6.35 8.79 10.90 12.75
ER¥E 1.50 2.80 4.00 5.20 6.39
E &M 2.81 536 7.62 9.87 11.94
o #8 TRy 2.66 5.37 8.04 10.66 13.21
A 1.88 3.90 6.00 8.14 10.31
T® 3.72 7.33 10.68 13.77 16.61
Aot 176 3.63 556 7.54 9.56
& T4 1.75 3.63 5.57 7.59 9.66
£ 3R E AT 2.02 4.16 6.37 8.64 10.92
Rk 281 5.76 8.70 11.60 14.40
B SR AT 3.32 6.87 10.50 14.20 17.80
# #4 A 7 3.83 7.93 12.11 1631 20.44
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%38 TM2Ex - TM2EyBREZ > SHRELBTRRE

(B /%)

sy |aminm | B—%| 222 225 gwe| 254
160000, 2602000 2.42 2.53 2.57 2.63 2.60
160000 2604000 2.09 2.21 2.27 2.34 2.38
160000 2606000 2.05 2.17 2.25 2.31 2.35
160000 2608000 2.44 - 2.58 2.65 2.7 2.71
160000| 2610000 3.12 3.26| 3.29 3.29 3.25
160000 26120060 3.21 3.21 3.13 3.06 2.96
1600000 2614000 2.86 2.65 2.46 2.34 2.21
160000 2616000 244 2.06 1.79 1.65 1.52
160000, 2618000 2.1 1.66 1.38 1.25 1.13
162000 2602000 2.49 2.59 2.62 2.66 2.68
162000 2604000 1.88 1.99 2.06 2.13 2.17
162000( 2606000 1.76 1.87 1.95 2.02 2.07
162000 2608000 2.02 2.15 2.22 2.27 228
162000 2610000 3.83 4.1 4.19 4.2 414
162000 2612000| 3.53 3.53 3.42 3.29 3.14
1620000 2614000 2.87 2.62 2.38 221 2.05
162000, 2616000 2.26 1.75 1.4 1.21 1.06
162000, 2618000 1.92 1.41 1.09 0.93 0.81
1620001 2620000 1.78 1.27 0.97 0.84 0.73
162000 2622000 1.58 1.14 0.88 0.77 0.68
162000 2624000 1.36 1.02 0.8 0.72 0.66
1620000 2626000 1.22 0.97 0.81 0.72 (.69
162000[ 2628000 1.2 1.02 0.89 0.82 0.81
1640000 2602000 2.99 3.07 3.06 3.07 3.06
164000, 2604000 1.76 1.87 1.93 1.98 2.02
164000 2606000 1.88 2.02 2.1 2.15 2.17
164000{ 2608000 2.34 2.5 2.56 2.57 2.55
164000, 2610000 2.81 2.95 2.95 2.9 2.81
164000{ 2612000 3.71 3.62 3.36 3.09 2.85
164000 2614000 2.55 2.29 2.03 1.84 1.67
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& 381 ™T™M2EXx -TM2EyEBLZ S EHEBEETHER

(B4 /%)

rony - mon | B=% | #=% |#z% |gws | %54
164000/ 2616000 1.57 1.18 0.93 0.79 0.69
164000 2618000 1.65 1.13 0.82 0.67 0.56
164000 2620000 1.8 1.22 0.88 0.72 0.6
164000 2622000 1.57 1.08 0.79 0.66 0.56
164000 2624000 1.23 0.88 0.67 0.57 0.5
164000 2626000 1.07 0.84 0.68 0.56 0.54
164000 2628000 1.07 0.92 0.8 0.69 0.69
166000 2602000 4.26 4.28 4.19 4.13 4.06
166000 2604000 3.4 3.48 347 3.45 3.41
166000 2606000 3.32 3.55 3.64) 3.66 3.65
166000 2608000 2.66 271 2.68 2.62 2.55
166000 2610000 2.81 2.69 2.54 2.4 2.26
166000 2612000 2.79 2.53 2.28 2.07 1.89
166000 2614000 2.06 1.72 1.47 1.29 1.15
1660000 2616000 0.87 0.62 0.48 0.4 0.34
166000 2618000 1.56 1.02 0.72 0.57 0.47
166000 2620000 2.16 1.44 1.03 0.81 0.67
166000 2622000 1.64 1.11 0.79 0.64 0.53
166000 2624000 1.03 0.74 0.55 0.44 0.37
166000 2626000 0.97 0.79 0.62 0.38 0.37
166000 2628000 0.95 0.85 0.74 0.55 0.57
168000/ 2624000 1.35 1.1 0.83 0.39 0.36
168000 2626000 1.09 0.99 0.76 0.19, 0.21
168000, 2628000 0.8 0.76 0.66 0.4 0.39
168000 2630000 1.17 1.15 1.12 1.06 1.08
168000 2632000 1.59 1.58 1.57 1.55 1.59
168000/ 2634000 2 1.97 1.94 1.92 1.93
170000 2624000 1.56 1.44 1.18 0.55 0.53
170000, 2626000 1.75 1.75 1.38 0.14 0.22
170000 2628000 0.23 0.23 0.23 022 0.03
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& 3842 TM2Ex - TM2EyRELEZFRELETHRRAR

(B 2%/%)

woarlwry | #—% |Bcf | BZ% | Fws | BEE
170000 2630000 162 162 1.62 162, 1.62
170000 2632000 1.89 1.9 1.91 1.93 1.95
170000 2634000,  2.15| 2.5 215, 215 2.5
1700000 2636000,  3.19]  3.08 297 285 274
170000 2638000,  3.98)  3.76 3.53 33 3.09
1720000 26340000 293 287 28l 274 2.68
172000 2636000,  4.17 4 3.8 3.6 3.4
172000 2638000  5.22 49 456 422 3.88
174000 2634000 34 328 316 3.0 2.9
174000 2636000 s4 514 484 452 422
174000 2638000,  6.94 6.5 6.01 5.51 5.01
174000 2640000, 734 6.67 6.01 537 475
174000, 2642000, _ 6.21 5.38 464 399 341
176000 2634000, 392  3.69 348 321 307
176000 2636000 685 6.47 607 564 521
176000 2638000 9.1 8.46 7.79 711 644
176000 2640000,  9.87, 895 8.02 7.11 6.22
176000 26420000 757, 6.09 487 387 303
178000 2640000 11.61 9.95 848 722 612
178000] 26420000  9.64  6.58 421 244 1.09
178000 2644000, 237 1.92 1.58 133 1.14
178000 2646000 1.86 1.51 1.24 1.06f 091
178000] 2648000 182 148 1.22 1.04 0.8
178000 2650000 1.93 1.59 1.32 112 095
180000] 2640000 124 10.93 90.56 833  7.23
180000 26420000  9.51 7.74 624 5.01 3.97
180000 2644000, 417, 3.8 2.56 1.99 1.53
180000 2646000,  2.06 1.59 1220 097 077
180000] 2648000 2.04 1.59 1.24 1 0.82|
180000| 26500000  2.24 1.8 1.44 Lo 09§
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R 3-B(3) TM2EX -TM2 By BE L2 HEBREBTRES

(Bf: nu/8)
ey lwon | f—% %ok |%zx |#ws |2z
180000 2652000 2.24 1.84 1.51 1.28 1.05
180000 2654000 2.08 1.75 1.47 1.27 1.05
180000 2656000 1.88 1.62 1.4 1.24 1.02
180000] 2658000 1.7 1.51 1.34 1.21 1
1820000 2640000 10.92 9.6 8.34 7.19 6.16
182000, 2642000 11.34 9,93 8.57 7.33 6.21
1820001 2644000 2.67 2.08 1.6 122 0.93
182000 2646000 2.44 1.78 1.29 0.94 0.7
182000 2648000 2.64 1.99 1.5 1.15 0.9
182000 2650000 29 2.29 1.8 1.44 1.17
1820000 2652000 2.65 2.14 1.74 1.44 1.17
182000/ 2654000 2.26 1.88 1.57 1.34 1.09
1820001 2656000 1.95 1.67 1.44 1.27 1.03
182000 2658000 1.72 1.52 1.35 1.23 1
184000, 2656000 1.94 1.66 1.44 1.29 1.03
184000 2658000 1.69 1.5 1.35 1.24 0.99
184000: 2660000 1.51 1.39 1.29 1.21 0.98
184000 2662000 1.4 1.32 1.25 1.2 1.01
186000[ 2658000 1.6 1.45 1.33 1.25 0.98
1860000 2660000 1.44 1.36 1.28 1.23 0.99
186000] 2662000 1.36 1.31 1.26 1.22 1.03
188000 2658000 1.48 1.4 1.33 1.29 (.99
188000 2660000 1.38 1.33 1.3 1.27 1.02
188000] 2662000 1.34 1.31 1.29 1.27 1.1
190000, 2662000 1.38 1.37 1.37 1.36 125
1900001 2664000 1.34 1.35 1.35 1.35 1.29
190000| 2666000 1.3 1.33 1.34 1.35 1.32
190000; 2670000 1.22 1.28 1.31 1.34 1.33
190000, 2672000 1.18 1.25 1.3 1.33 1.33
192000) 2662000 1.49 1.49 1.49 1.49 1.49
1-88 -3 A AR S R e



& 3-8(8%4) T™M2Ex TM2EyBRLEZSFHRREBTRESR

(BAy @ Ag/%)
woi Pleo Hl -4 | #-% | 2z% | 2ws | 23e
1920001 2664000 1.42 1.44 1.45 1.46 1.47
1920000 2666000 1.36 1.4 1.42 1.44 1.45
192000 2668000 1.3 1.35 1.39 1.42 1.43
192000 2670000 1.25 1.32 1.36 1.4 1.42
192000( 2672000 1.2 1.28 1.34 1.37 1.4
194000( 2662000 1.68 1.72 1.74 1.76 1.78
194000, 2664000 1.53 1.57 1.6 1.62 1.66
194000/ 2666000 1.42 1.48 1.52 1.55 1.59
194000 2663000 1.34 1.41 1.46 1.49 1.54
194000 2670000 1.27 1.36 1.41 1.45 1.5
194000 2672000 1.21 1.31 1.37 1.42 1.47
196000| 2672000 1.22 1.33 1.41 1.46 1.53
196000, 2674000 1.17 1.28 1.37 1.43 1.49
196000 2676000 1.12 1.24 1.33 1.4 1.46
196000! 2678000 1.07 1.21) 1.3 1.37 1.44
1980000 2672000 1.23 1.35 1.43 1.5 1.58
198000( 2674000 1.17 1.29 1.39 1.45 1.53
198000 2676000 1.11 1.25 1.35 1.42 1.5
1980001 2678000 1.07 1.21 1.31 1.39 1.47
2000001 2672000 1.22 1.35 1.45 1.52 1.61
2000000 2674000 1.16 1.29 14 1.47 1.56
200000; 2676000 1.1 1.25 1.36 1.43 1.53
2000007 2678000 1.05 1.21 1.32 1.4 1.49
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% 39 PIEE T RREEE

LECES A FUEIP S S
Lk 22 THE TrE Tl g
B B E B -6.21 -10.87 -4.66
g LR ) -6.94 -13.92 -6.98
3 4o 445 E /s -7.69 -40.07 -32.38
=R =R E -44.48 -52.49 -8.01
Viied A -12.39 -13.63 -1.24
s R RN -7.25 -13.66 6.41
¥ F I EHddg -16.51 -56.86 -40.35
39 . -18.42 -39.8 -21.38
2 k% b P -20.77 -42.1 -21.33
B E -22.44 -50.66 2822
R I8 A AE B -61.18 -133.47 -72.29
EBHH -41.65 -§7.23 -45.58
¥ & -33.92 -61.49 -27.57
18 -55.02 -141.58 -86.56
FRE s -48.11 -§9.92 -41.81
I 45 AT AR -15.54 -30.2 -14.66
A ek A -24.92 -50.68 -25.76|
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& 310 EHRHEWE FTrREREER
(B4x: 2%
Bk Egx | #iwihKEZ
ki 24 Tog ThE Traig

55 M 58 B /s -17.14 -29.46 -12.32
L Nl -17.28 -21.16 -3.88

AL -13.19 -14.62 -1.43

¥ Ly ~22.54 -28.65 -6.11

REIEE -22.14 -28.97 -6.83

&R &F e -20.45 -38.93 -18.48
- -18.63 -39.92 -21.29

AH H -9.38 -16.77 -7.39

= i B4 -5.32 -19.12 -13.8
% 3R 4R 3 TAE 5 -3.93 -4.06 -0.23
4R E B -2.69 -3.69 -1
KRR AR -13.08 -25.51 -12.43
B4 A -32.07 -52.87 -20.8
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E—% WF
¥ WE

1.1 % B &

EREHEEBEEER AN TRRAEER  BRARERRET
Moo T ARARBIAAELEZIE TR RESFHBKAE  FBUHTK
AL BB T RER  ETRTERBPESE  BRAKLEETRAALS
TEMME FREMAHEEARL - HAFAHME TrAZBHLELR
RTHABTRBAKRMER T ERETRBMETREENS HRREEH
RTRERATRESE  REL—FHILEZWHTRGREFTER

% RERAGHEAMTAKEREIR B TRREMMATZIEL -

AEZMWMTABBRAEE RBLAEBE FroBaEfEs
ARFRWmARLTEE - HERILRAREENERIFARETERE
MFRMEE FTREZFLAEY > AELRARNTLELLTZREE
BUARREGESHT S HEEEEREZIHRRS - AFRFEF
RFHE_BPAEMSE LEZ B TREGHEX  AAFARTRIEEZEY
BPEBER— 2L BHETHREZMRTAELES  AREEELH TS
A TAMFEEREZ TR -

AMERNWEGHZHEBREARTRERZIHAZ  FAHNBE
SHZEBTRAR BT LABBEA GRITEINSEL i
¥ 2h L ¥ % (deterministic) R B X 2 FAB X EH E 2 &R TEA R#*#
B ARERE—FEERE SR AEEM » B LK F(stochastic)
ZHEAER > DEREEXE T AN TIREZHR - FREUFE
Zime B bE X X B4 &Nk 4% A Multiple Realization Method
LA B % 4F b K (chance-constrained programming, CCP) » & F # £ 4& 1t
BARARHMNAXABEBIURTERH BT RAZEL » BILAHRIH
WRAREECBAI T ZEIUFRREF LT ARELEK -

-1 B M E e AL R A R H A B



F-% Az

1.2 AT @ 51 F AL R RHA
AFRATRINE — FHAERTRECERZAMAEU— R
R RAAFREREZEIL FHRTHREZERMTABLER  #

HEZEAEIBREFNREEAFR 2 EEN > ETRERNEAL
THBERE -

FRETRE_GFRELGHESTRA A FERNDELELLE
(B=%)-
13 A5 E T8 8

ARARETFREPDAN—ECRAREE T AEEBAZEE B &
a%%ﬁﬁ%%*%ﬁﬁﬁﬁ@uﬂﬁ%ﬁﬁm%’$$&zlﬁaa
Bl e

LEIDMB THRELAL EZRETRELER
2.t X 2 4588 0] -

3ERAMBRIMERCHEANELCRZHE B THLILE TREWY
REZFHKEFYHEABRER -

4u%—ﬁﬁ%%iﬁ%T*%kﬁﬁz%&%%@%#%GQZ%E
AMARIEAGES DR TEAMERT R ZBAB NG o

WALAEXAFRINRE  AEREEEHE 0B 1-1 fow -
14 X FERRZIAEEE

ARRFRANAEECRREEWR T E 2 ML T ABIE R
ZRERBE BRRRRAAMBERLIMEGOEXN B RES S G 2N
BoOMEB 1l 2HERE -
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Po% XBOBEMEYE
¥-—F xXBOBEREFE

2.1 X Bk EBR

ARALT KGEEBEANTREANT  aNFTRARETEHELES
AR FRAAEESEERBRCEZTRLET 28 R ELLH8HHE
EERLAERGAOREENR  AMERBATELRELEAMETRE
Z AR Bt ARG TETEANRILBEX T mAFE - &
BERAARERMENOBEERAHEILRTEESR > AT EANTHY
# Multiple Realization Method #L4% R B8 X FH# -

2.1.1 Multiple Realization Method

Wagner and Gorelick (1989)3A & % 23 F AT £ 26 EILEL 4
5 533k 1 4 B 4% #(hydraulic conductivity) % % — B R o & 1 2 % 1 4
B¥ RBETAZH REHIRE R s%(maximum likelihood)## & /K /7
BEABZ e A A R+ B(monte carlo)ik & 4 30 & A2
KNG EHE o FRERSSHRABLEAZRHX T URFEHS
HRMRERE T2 REBOLMABRT AR M) BEAAHA BT
BAEL 1000 8T ANEESY BGREBEA KB REMIET
RAZEGEGEX > HERTFTARBBIT LD RERMNZENEL - &
UESBEFRBEEXHEIRERREA 0B THRE > THHAEK
BRREATS RS S 090BREDRYEEREBEI LR
MER -

Mylopoulos et al. (1999)F] F % fE 45 Bk 2 31 0 F K5 2 06 R ALt
A MERERIRZ LT ERL KN ES 4 RARRTBREL
200 M THEZ AR AR EGEE > BFEABT AR FHEBEZERA
2 - BIA A 8k 200 48 R 4 S0 B 200 18145 A FR B 0 2 R AR ARG
PR T B DA RA)  BAFih 200 2 8R4 3B 2R A ANELE R

-3 BB IS AL A R



Bo& xBOEER TS E
P2 BB X RKBELERETHEG TR DMARA -

Lz AR AR B FEEE AN F R AT A RAR S MR R
TR RBELEXBRBEANRE HTREAHEFMBRERL
BEERMNAE EXRFABBTEROBRABARXT » MBS
MEGREEL  BERARLTEHEBHEBEABS ZAB S I EER
ZHFE e M ENFRANARTELSRART LR AN - @
MR Go ABREE - FRMBAE )2 ATHN A4 EBETES
# (probability density function, PDF)A! & 3 K £ 545 » Mk LR 454
ZREFRERBYEPLEER KA  BFELE S ATREER
FhmmzF KT o
2.1.2 B EEAB K

FHRE N B B2 5k Tung (1986)% 4 461 & 45 164 X A& A 7
MTFAEEMBY - AEFEBEAZBRZALEL T2 KEAERS T £
BREAZTIHKRE  BAFTRKIRESLHA BB RETHZ 88 - £
# Cooper-Jacob # 42 X 1 % » BA— M % & # 4 # (first order variance
estimation, FOVE) » 4 3 % & 46 3t B K 58 % 15 & 2 3T 4544+ 3 TR %1 K 55
BER DR R RAEZ R ELBANTER 0o R KR 5
Tung M A RO T EZBBEAAEGSHER PR AGEHERII AL
Mo AT ESRARMEBZ B ERR KRS KT AEETRIEY
It 4 PR € 3 (central limit theorem g% & ¥ A& - H -

Wagner and Gorelick (1987) A # FE /LB AN T AKE 52
P RBRSEMREAFTESA > LB RHECBE MR
MAEEEREIFGERE  FREBREE > BHAKT KRS LEHK
RERTRERESLEMRENBEFTRE JBAE -

Morgan et al. (1993) & H T # &9 #% F L8 XA & R E A LUE B
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P XBRERREMA LS &

2R AR K EAH A RFBAH KA EEARRE B FH
HERYEZEMERAS B n e BB R AHE RN RFIIESF T
i 3 he = 1 4 % $(binary variables) PR & X, F 0 RIFLE L Z T ERIEF
HOERAHAAFTERSBR - AELAAELETFALERBARRETRS
MR BEFERBUE BB A pEREHR > BRRSER
8 #](mixed integer programming) + ¥ im RAZEE K -

Datta and Dhiman (1996) /& F % J& 45 i ik Sk R ELE X5 R
MAEZBEEL  AHARBORE  AEMERARIRELTRTR
BRESVZBEMERASOE—LEER  RL—LEAFTELH b
B RERE— BN ERAHMERAFAAMANE  ATRLENEMR
BRABR AN EEGEZ 2 AANBEARXBEERMERNE R
G EBN LB AN ENERGEA TN ERE T AT
BAETHEEMN -

Sawyer and Lin (1998) 8 A % /& 46 1 7k $1 % R AL XA T K &
o2 M8 BN AR RECEELERMK 2 RAEZNE LT
Aes2ETEEARPAREZRETL  ALARFERIB AR
REHKEERA  SHRSFHEEERIBARMAZIREREL > &
Bz BFRELEAALOEHFESEAT AR LERFETRAER
Lz R -

AHERAEEELEANETRENZA R H A Tedeman and
Gorelick (1993) £ ERA M F BB AN T KA REEFTETY -
22 RF %

W RTHi AR BEABAREEHAANEILBEX T HAEITUAFER
BEEFrEEEX T EHREFE - G Tung (1986)A7 8 B 2 # R4E1L
BALARHABBERY  ETHHEAEEGETEEXESR Btk
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BoF XBKEMBA L

MIARRARERCBAZ T EZRIUNFFHBA T 2T ABELH
N ARATEAREIHRF2 LU AR ATHS IR T £8
ARFAEMMA B CLZTRT > THEIAFTREE U W LB 2
AEAMHEAZVE - SR EAFUAREEAR T BB ESL
S B2 TR MAkit+ 4 » LHS (Latin Hypercube Sampling) &, &, 5
J& A 7 KA T 42 L 2 FA8(Chang, et. al, 1993 ; Yeh and Tung, 1993) » & &
RICF RS A B BASALINH B 2 B2 S AR
REA LHS F A S BB k2 h % o
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BE% BERLEARE

$=% BREELEXER

3.0 R REY

AHENE —EFEIZHLBR » B EZMRFGKFBHKRZE
BRMWETHRE -AANTEIEHN T FEANMETLHZI IS
(heterogeneity) M R R X F M EM 2812 > BARARIRFATIRE
WEAHEHMABABERECERN L E T 22 H75 > B E FH1
45 TR 8 BB Rk 2 M 2 [ M % #(random variable) © 7K 5 74§ E #13b
RTHMEALAMESEZIH  RAETHUALF T RZ KEARREALE
TreERAMESS > AAARAEERIFLERESAEE - BibEH
BEAREEN  ERAKEGLEXZRES  MELEXTEARS

Maximize f}ZQ(z ) (1)
Subject o PrlA(l,k,n)< Ak (1, k,n)|2 & (1, k,n) (2)
Prias(k,r) < As*(k,0)|2 @ (k,2) (3)
o' (i, j) < 06, )< 0" (i, j) (4)

Hb o j A% OdARA NP KA S i AE i EEEEL 1 B
BB  kABBERTATRAESZE LS K ABRSISE
IBEIWETR LABSRE NWnBn SR ENEFBE IR Z
KBAEE AW B n S5 B AE EBE | B2 KESEERBE
Ast) B t RN E kB2 R THBE AT KDL tFHUAE kB2 0B
TFraE it Q)R QPN BE ) O HRE I HH LK E
TRAEZIMME: ProAAKELEETAME TR EZEAMRETEIH
(cumulative distribution function, CDF) » of 81 oF 4 F) 4% R AKIR B B G b,

11-7 %R E WA A B A RIS R



R=3 REGLEARE

BT MR AR B4 IRHIME 2 46 2 T 5 K (specified reliability) » £ 7
0~1 1«

L BEEEENF 0 XN(1)#E % B 42 & B (objective function) » # %
MATEEAREHKE  THRESALEZZRHESTFT(XQZER
(4) > REREIAKAZIMKREAE LI AKAMKEZIOLEEKR -

WRAF Tung (1986)2 7% > # o REX ML B2 B RMF KF » KiF
BEZTREFTRERCEBRZATEIN > AAAE P T BELET

FREATESABEREES PHRARBERZAES) BEXQ)RA
Gy THms :

A (k) - E[ARG k)|

Pr{Z_ \/W }— (l,k, ) (5)
<As‘(k,t)-E[AS(k,f)] >

o ©)

B Z BEABREFE A ZEAEH > E[ - )& 782 14 (expected
value) » Var[ « &% & #(variance) e Ll X E S EHBANTE > B
WEAERFAFHTARTEZ X E58BL T AG)KELE
B =T 4%

Jarlah(l,fen)lx F ' (1 keon)l < A8° (1,5, )~ E[ARG &, )] (7

Ed FIRAZEYE RS ABLIRAY - B ERMHE T F 2 HIBET
ERREE > BRI BRZERE  ELASERSZHESRANELT
HEFFGZTRAESE  BEERASTHER  QEREATE &
Mg T BN 50%8 0 F' 2 @88 00 BABAS A EANTE
BRSO A8 anEREHT » TEEZ Z L& VBN 509 -
ARBEREEIAF BTBLRRILABRBEY  FTH2ZRAL

11-8 L AR A s



=% BREECERE
FH#HARR0) B b BB K b3 o PR K do AR

AR (1, k,n)— E[AR(, k,n)]> 0 (8)

BHALYE > ROBETERA
Var[ah(l,k,n)x 77 o (1, &, n)) < {ah" (1, %, )~ E[aR(L &, n))f ©)
BIZE » XO)MTERFE -
Varlas(, )]x F " [a® (k,1)| < {as™ (k1) - E[as(e.0)]f (10)
B2 S FEARBEXOOEX(O)F  KERFER®LET
FEZREEASEY  AET KA — M BRLBK -
3.2 R XA ZESH
BRBEBEREZRE  KAAEETRAFAADNEKF :

NPW n

ARl k)= Y Bk, j,n—i+1)00, /) (1)

=t =l

Bt Blhkjn-itDOREABEQMERGH - BRXELAERAHUB AR MHE L
(linear independent) B KB B EX T E RS EH T UL TR F£7

E[AR{, &, n)l= ;;ED@U k, j,n—i+1)G, j) (12)
Varlah(l, k,n)] = Z ZVarLﬁ’(l,k, Fn—i+ 0%, ) (13)
B4F TsalQOOZ R » B FTleET R4
()= 3 8oLk )= 5 Lengx jc)’:}jl ff(,i)k 1) (14)
£
N A o
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FzE BEfeuEE

PuRTAKZEE ghkAENMRE BUHEFBLEIRZAE ulh
BENERTEE EF B2 X4 ¥ #(Lame Constant) » A(LkH)ETE k
1R 1 85 5] Z KA -

AR FTREFAREEMGEMEZRE TREFREA ALK
ZRBEIEB-Gp N AARPEAL R EEB)Z AL -
BRERBEGIZHMBREIH AR EREERAERAKEZIHEAT  LBE
BEEFRBEWBTREZH

BREMEMZ R TRHREAGHEBY A EHNWK - B
BRGpHAANBZAGHERRY Bo BB TREZIHEEATRTREA

T

P, x gxB{L,k)x G, k,t)
2x u(l,k)+ AL, k)

E[As(t, k,0)}= (16)

B o REABYRZTFHE - A5 RRBTREZSEHATUT R,
F- 3

Var[as(l, k,z)]:Lz’(’l w;‘)f %g k)} x Var[G(l, k,t)}+

2% p,, x g x Bx G(l,k,1) zx - .
{ Rt )+ 20, 6)f } Varlult, k)] (17

{Pw x g x Bx Gl k,f)}z x Var|A(1, k)]

(k) + 2.0

2% Gz PHBasEHEER(S) T FHEAR

II-10 MR G SRR R R R SR S



FF BESLEARM

_ZZELBIICJI i+1)jo fiELﬁlkﬂ 06, j)
S ;;g[ﬁlkjr i+1) i,j)-gg:ELﬁl”"f"“')]g("’j)zo (18)

LMZ S

z Bk, jut—i 40006 )= 55 BB, t - )06, /) <0

J=l i=l

—ZZVar[ﬁlkj,t i+D0%(;, fZVar[ﬂlkﬂ Dio*G. /)

j=1 i=1 J=1 i=t
NP -1

varlG( ko ¥V S BBk, ot 1+ 0006 )~ 3 S BBk, 1t - 01006 )2 0

J=t i=1 j=1 i=l

=0

JZiE[ﬁlth i+ 006, ) -3 S BBk, ot - D00 /) < 0

J=1 i=l

(19)
33 B BB T ARG

FARAHAEREREZEZHBT RELEX  HEAERGETAR
BEMREA BN AFARAEE  AURETASRE LY F#
ZHE RN EERMEREZAEENRGEL - AT TRAUGEERSE
BBz RESMT KALH T HE TrREA(Tsai» 2000)y » E0ER
BB EmAR R EGB BRGSO M R Tung (1986)2 # 5 » Lo
KGEBHUBHAFAREELIHER I MATAS > HLARRTBRERE
BMERGEZREZHEERENARNBEGFLBZIREEN - FRART S
W B BRSO RS

(DF A =— M & % M (second-order stationarity)(Wagner and Gorelick
(1989)> Mylopoulus et al. (1999 /5K B B4 2 G B Mo

(2) #1 A 45 #8375 B2 7% (spectral decomposition)&e 4~ BR(1)FR K45 2 2 8 = 14
GEM HFmELARERKSEDT LS ERMBEI KA G E A%
AHFEMBMEZ mEMAEH SRS B L ERELTREYIA -
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BEF REHEHARMS

(3)# A LHS &3tk #Z m EMASHRE n A FdREBRE
EALE Y 3¢ E AL S PEE Y

(DA RBHLT R FBUCE TR RAFTHO)MREZn @
EH HEnaxEQpERAE  #RfAkn T HBLFENER
5 3L 2 #% A T34 (sample mean)#L#% & % & $ (sample variance) » Bp X,
(12)88 X, (13) ¥ 2 E[B(Lkj,n-i+1)]8 Var{B(Lkjn-i+1)] o

34 M ERIB KRBT %

AEmBEE IR EFLEAGNE TREZHEXA-—AELR
BHEzRE BRLBAEKX S — Fi& G &4 1t F & (nonsmooth
optimization) » & LA R HALBRE MBI EIAERLR > A&
MEFEREEST > BEAFRHUKIAEL > B TH O @ 8
2k BRAZALERAILEBY AR S H IR MM (mixed

integer nonlinear programming, MINLP) -

AHR ¥4 A branch and bound # % (Floudas » 1995) 3 K #2# £ 4& 1t
WX 0 @A T8 % R4 2 B 3 JE R 48 % 512 {8 (global optimal) » 5 /B
B 2R FI40AL 40 18 B AL R A2 MINLP » 5 bh 84T 4 2 B AR -
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Frod Hme
FmE BEXRE

4.1 BERFESHMERALRARRE

R —~WwB 417 BEZEMAF A-BERCZHTRELYL
REFEE AT SEZEZE ST RAAXTHSAZBATER I
# I BH—FEBS A E 9 (isotropic) A ¥ H (homogeneous) » 3% 3 F &K
AAZABEEE SR AR ERGELRE L B 41 /7 fE—F &34
MESHZ PHERGEE i 41 r R d b RGNS KRR
BB EHALT BRARARAMELZMFHCRX L8R
AFRESAMZ 28 RBERZAEMEBENT —HE8RE T ¥ imilsk

"

SER—BERHMAGHE—F  AREFLRZIBRHGHAT
BRABBHRRREBAKE  THZOHARKEIFERK - fRHHE
HFRRAIN—FZEREM R BREBNHKF A-BRCREIK
R EAETREREFLBI00RM2 N4y -

4.2 BB 5 H#T

FAEHTHRENN  BATUIFAEEHE TR EZLSHE
VEHBE $mARYERERIASEAETETHEE -  AHEFT
RPEMETHREZ LB OIE KNG A~ ARG - HiETEM
BRURER NARFABRHRKEZIFEHNT L 2HAME A A (base
value)it 3 F b B FTra 4 > AR RUSE PS8 2 Eapsdas
FAE BHAME TREAITERHBEZ R THRE - 242 =B
RETHARAZESE AV 2 HABERAAL TME > LERET
ER AR A I S0%EAK D 5096218 - BT KA FH A
EHACZHAELBE MM KHEBASL 1.0 CMS ' #AME TRER
HE-—FRHABRIWMETHRE B 42 i TARREMEE  LE

II-13 7 0T MRS TEAE L A R ST B



FoiE EARE

X 4% AR A B (tomado diagram) > B Y TH L > £ M2 4L AR
B B TREA22 05 MANEEGHARETHRZ ASHILE
TREIFERA  ARAANBES4HE  SHAS LSRG AN
SWOK%ETéﬁ@ﬁﬁﬁﬁSmﬂﬁﬁ&mz%@T feEs £ 29
2Ne o MK GEAGEEEHMBE TR EZ L ER MG AT
Bowg o

FAAEFKNBRHBADETERAAEATHAIER L H2
3% 0 T3k RBRE R B B E T B RE

43 BB FER AT B L RRERSH

BRIFA] G HEBEEBBMER BB RE BATH R REE
ABHARES T BRAERKERLETTREMZMMG  H#mz iy
AR 4IRBAIAT BHEERTEE MELETTHEEZH
REMKETFEZRY B43 PRBMHMZBEARAES R BHEE F
K 1% TREMSARERKEZHDE - 1 E 43 ¥ THRE
o FHETREARSD 95%5F 0 HAERIEHA - BbdERAREEL

BANTEEGI R ZREBLLRESZITREES  8ETHE
SRFRALFaTE  BALSTREZRAE T Hh—BR2TE
RO ELRMBREMKEZRERD KO FRTHAZ AT RRBER -

BERCEXHELR2BE 283 TE2 B LA IRE AR
— R AR EREAT > AFPR PHA post-optimality Z #8484 LHS
B 7% (post-optimality LHS simulation based)sABk#4 X 2 Esit > £ 4
Efdo F AT ¢

(DA LHS » st 3K 71 1§ S5 $ R ¥ BETRE > RBETE 40 F
3.3 8 P X A HR(3) b A A B 1000 2 FH

(2)# ATE 1000 48 FAF AL B HEF 4 B oM B BB A R B2 B4k
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FwmE EAWE

(R 4-3) $ATHR TR B4 K 1000 Rk > ko b TH 2| H A # B
AHCRH—FH2AFERAGEELRE TRES 1000 4 -

FTROFAARERESCETTHERS 9008 9% sF2 RAHK
E-oMALE - SBRY 1000 A2 KEREEHRME TrHESL » BAR
TLSLHMBPEILEAMREBZITE  AAMETAELZHBEELEX
£BZ W EHBRE > SHFHLT
(DARBEAREERME TRELAT IR ZRE  ARRAERZIMBEEIL

BMAGHA - BEEESH AT ERBAAREAE TREZ A

BREREGRLI2ZH) K44 AMTALEREHKIZT(0%H 99%

THE) KRAABREMARETREZ FHENELEL £+ FOVE R

EF A —FR B ok 0 @ LHS B % AT post-optimality &k 5

AR 1000 M EH L TERBEE c GRAATHER —~HEEHH

MEFBEZ P ERRELEARBEETHELEN > TOAREER—

MEEBOWEHERBAAC ERHE THELFHANERELRS

b o
Q) THEEZEE  LALTHETEREAAF ARG S E T

B BATRAAMBRZMEROMAEREHKE > KER

BAHRKZERAT  KBRARBERLE THEARBANEZERTE

& (actual reliability) & & R KK 46 2 7T 5 B R 56 B Ao BABREE - # 8 %35

AR 3B 2[R #1444 (active constraint) » AL EH T AF A BH# B A2

KBREERAEHFURHF CRZIE TRREREEE B EATIR

#) A AT H post-optimality Ba 3% $ ERAT 45 1000 BB MO BT ELE -

FASEEA6PANHAHELRTRE S 9095 99%8 # A 4

B RABAFAKFAFET(10 2R)ZEHEHURHF C RARB AW

BRTRECAMZEHEAH -bAFTEY FTRITEEEETRILL

RTRERE BHAERIBBERICOCFHARZITEE MEFLELE 22
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B A MiE

% AR LERTREAAEMFRZBEBLCEATETRERA
WA LH XA ERAKBEAGEANBE TR EZ RATH » 42
HITEHEZREHKE -

C)BETHREATRIAEEZRE

W3l HAE AN ELHTETREN LS  ATHRAE—2S
FHELMZEREY RSB THREANET LRI > XBETHRE
TABMEREBAERESFUE - AEILIH T BEABRXMETR
EXIMESAVEAHATEIARUARABEE LR 2ER > %

4 FL AR A oo LABREE o

WETRERMNGHFERRLZIFEAEEFLEN CR  KEABSH
HH CRZUE TRHERESA I —5E - F) A AT i post-optimality B 3%
TN H C RATHF 1000 4838 T /4 & & #} &2 4 Kolmogorov-Smirnov %
B E (K-S test) » AL ETHES 90% 8 999 F & p-value 5 5] %
0.15 & 0.118 » —#&# & - p-value X 1 K& & &8 3% (null hypothesis)Z
TRERE > MLRZERBRPREABETRELFTESIF 2MB% -
B 4-4 B 457 BERETERE S 909 99%8% - # C & 1000
WHETREETHZASBistogam) B2 THREEESF
(normal curve) M 4-4 BB 4-5 FTEREB TR EZRENDHEZT
TELH R E’\’Fﬁ#”"‘ BEEG KSREUNRATB2EYE > BATUE
BWETRE %ﬁﬁﬁz%ﬁﬁ’%ﬁ%ﬁﬁﬁAﬁﬁﬁZ@%
(tail) - ﬁé%\#ﬁ-‘iﬁ"" REARKAE XX THEREN 1009 -
RUBH R RT LS « Bl 4-6 8B 4-7 R A SR T TEES 90%
#99%es H C RME Fra® 22k EMH ¥ E 54 & & (theoretical
Gﬁrﬁ¢ﬂ??ﬁﬁ$%$%ﬁ%@¢z?ﬁ’Eﬂméwmm%ﬂ
TreE & ﬂﬁﬁ’“ﬂiz—'{—i’]ﬁﬁ%—'ﬁiﬁﬁ*@% Ak E R R & AR &
5% 2 EHER] - Mdr 1000 B TRHETHATHRER EFAEEN
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B s

A EE B AE T h 1000 EEHEERZ L G 4-6 $1H 4-7 T4
LEHETREZ RAHEMENMN I TR TN SHIEHRE R
o RRREHRBRES > REMRELE 9% AERBENES
ERFPESH GG ISKZEREMS R ELETHREARLE 9% -
WRTHELATESHFLBERATHELERER KRBT EREA2ZHE
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Parameters Region I|Region I1iRegion I
. Mean |1.5x107{2.0x10-*! 5.0x10™
%8 K (m/
AT AR K (mfs) Variance| 2.5x107° | 2.5x107 | 2.5x107
6 6 5
btk AE 3t - Ss (I‘Il-l) M.ean 5.3x10™| 7.0x10 1.4x10
Variance 0 0 0
Mean 200 200 200
HXBEE B :
akR R (m) Variance 0 0 0
Mean |5.0x10°| 5.0x10® | 1.0x10°
ar T t/m>
AREH e u NUm) T 5107 2.5x107 | 2.5x107
Mean | 1.0x10° | 5.0x10% | 5.0x10°
At 2
BT A M) e 2.5%107 | 2.5%107 | 2.5x107
# 42 ZEEBBREMWEILRE
_ X 71 1% bepEK | duMs | dds | 4KE
. LY g 18 6B ¥ 8 BE
K(m/sec) Ss(1/m) | p(N/mD | A (N/m?)| B (m)
ik I 0.75x10™ 2.6x10° | 2.5x10% | 0.5x10° 100.0
2 11 1.0x10* 3.5x10° | 2.5x10% | 2.5x10° 100.0
11 2.5%10-* 0.7x10° | 0.5x10% | 2.5x10% 100.0
I 1.5x10™ 5.3x10° | 5.0x10% | 1.0x10° 200.0
BE | 0 2.0x10™ 7.0x10° | 5.0x10% | 5.0x10° 200.0
111 5.0x10™ 1.4x10° | 1.0x10° | 5.0x10° 200.0
‘ I 2.25x10™ 7.9x10° | 7.5x10% | 1.5x10° 300.0
J"f II 3.0x10™ 10.5x10° | 7.5x10% | 7.5x10® 300.0
' 111 7.5%10* 2.1x10° | 1.5x10% | 7.5x10° 300.0
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%43 BEEILEXBEEFEEHRKETELE

e o = =
BETREE 0, Os Oc mEHKE
(%) (@4t 08+ Q)
50 039 | 04 | 0.89 1.68
60 0.36 | 0.38 | 0.86 1.6
70 0.35 | 0.36 | 0.82 1.53
80 0.31 | 0.35 | 0.79 1.45
90 G.28 | 0.33 | 0.74 1.35
95 0.27 | 0.31 0.7 1.28
99 0.24 | 0.28 ; 0.64 1.16

& 44 BRiK 1000 @ FHBRERFELBEALRE

Reliability S;f;ﬁ;ﬁj Method “EH V‘;fn wén
Mean FOVE| 7.5 | 8.06 | 5.79

Drawdown LHS | 7.52 | 8.03 | 5.78

(m) Standard | FOVE| 1.95 | 1.52 | 0.51

00% Deviation | LHS | 2.08 | 1.43 | 0.53
Land Mean FOVE| 0.7 | 1.1 | 1.6
Subsidence LHS | 0741 1.05] 1.7

(cm) Standard ~ [FOVE| 0.2 [ 02 | 03

Deviation LHS { 0.2 | 0.2 | 0.28

FOVE | 6.25 | 6.95 | 5.01

Drawdown Mean LHS | 627|693 | 5.01

(m) Standard FOVE | 1.61 | 1.31 | 0.44

999 Deviation LHS [1.72 ] 1.23 | 0.46
FOVE| 06 | 09 | 14

Subi?;‘:m Mean LHS | 0.62 | 091 | 1.4

(cm) Standard ~ [FOVE| 0.16 | 0.18 | 026

Deviation LHS | 0.17 | 0.18 | 0.25
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% 4-5 Actual Reliability for Active Constraints under Specified Reliability,

90%
Active Constraint Drawdown Lz?.nd
Subsidence
) Well | Well

Location A B Well C

No. of Data 1,000} 1,000 1,000

No. of Data exceed maximum allowable 120 97 13

value

Rehability 88% [90.8% 88.2%

4 4-6 Actual Reliability for Active Constraints under Specified Reliability,

99%
Active Constraint Drawdown Lénd
Subsidence
) Well | Well
Location A B Well C
No. of Data 1,000 1,000 1,000
.of i
No. of Data exceed maximum allowable 17 13 16
value

Reliability 96.8%)98.7% 98.4%
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RS- BAERRESHEATFHRKEER

EHRRR L@ GHIR

L% i 8 E Y
BREATT | AR EGLIANR/E) | #ET MR EGLFH AR/E)
#iLH 59276080 B 87000000
3 T 311000000 &% 74032242
Fo 40 2067544 ER-Y 66501920
% 7 87396402 7 42 48 44991517
A 3 4R 32333955 # 47 420 7059992
32 ELIT 104000000 AR P9 45 1040639
% K #p 27021093 5 1718917
it ¥ 45 2559806 B4R 77946183
B héa 21438638 L E4E 54948009
p ol 30737279 B 13865264
| P 4E 3821098 R 20587854
KA 3952847 & ¥ 40 45405618
i B E 61142774 g 54 45 42757338
B IRE 9161208 70 4R 46599415
K 3E 5 18519868 KR 19180432
At 58 40 6217525 3 4h 19884515
Z KR 222929 & B8R 2603814
it 348 39439722 b 4R 26767062
ARG 111000000 K Hk 4R 48554009
| 2 64728013 0 45 25346093
3% 58 40 53878076
% A 176000000
A ISP 12334983
o 5 38689496
S 45 24862801
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%52 BILENRHELBATEANLEE

RHRR  RREHE

HiL# s

PRSRT | ANBE(EFAR/E) | BT ANBEQGLFNR/IE)
i H 3510942.899 B RApR 10343200.47
B4R 22589086.06 55 30845840.55
Fo £ 48 20449690.52 =4 37218986.15
& 75 45 8519232.208 75 7 48 30333942.83
A 545 485 14380864.32 A A7 ¢ 3045153591
73 B4R 29777188.8 R R 2339853.408
& 7K 4 20065661.58 N 31180743.38
SEIE 5586218.085 JE R 4E 26334196.82
B+t 7319132.841 BN ¥ 15942835.57
AL 21603891.72 iy 22097331.65
W P4 11134720.1 BB 19489810.29
RAT 4R 130239982 & F 8 12449723.24
3 B8 40 27765368.02 usp P 27885965.12
Y 13237957.52 7T 5 35047885.88
K I #R 14758473.73 R4 25396771.87
At 55 55 5266015.994 & $A 32360822.35
=K 1445707.049 + B 45 10084457.63
dbSl48 12749055.56 b 4R 17599131.45
EROV 54895123.15 TR AR SR 33323036.64
W 2 16684620.36 o 33 R 18855392.07
3 58 4% 29118696.04

5 B4 35328345.14

K IR 31875387.05

o 3 i 25226211.18

SE R 45 39081717.47
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k53 BALEHRMERFHAFEB RIBAESN L

K HE A
<20 | 20-50 | 50-100 [100-150(150-200|200-300|300-400i400-500| 43t
(CMS)

Ak 8 a 2 9 8 s5a | 40 o 30 0w 75 o
i 7 41 o | 220 | 659 1147 v 183|114 o 9 30 |584 1
£ 54 BREFHBALKEANBEGHEER X

BTE(10° m/sec) | B #(10° m/sec) | B A (107 m/sec)
oK — 0.03-1.94 0.01-1.79 0.04-0.44
Bk =z — 0.09-1.94 0.04-1.43 0.01-0.98
LKB 2z = 0.01-1.94 0.02-1.76 0.01-0.76
Ak = 0.01-1.94 0.01-0.83 0.08-1.12
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55 BREVHBEWE 2 X

. K (m/s) 1 (NYm2) 2 (N/m2)
T34 HREE FE | REE | PHE | FEE
1| 1.5x10% | 6.24x10° | 5.0x10% | 5.0x107 | 1.0x10° | 5.0x10’
2| 1.0x10% | 5.0x10® | 5.0x10° | 5.0x10" | 1.0x10" | 5.0x10’
— {31 1.5x10* | 1.34x10™* | 5.0x10® | 5.0x10" | 1.0x10° | 5.0x10’
4| 1.0x10% | 5.0x10° | 5.0x10° | 5.0x107 | 1.0x107 | 5.0x10’
51 1.5x10% | 7.13x10° | 5.0x10° | 5.0x107 | 1.0x10° | 5.0x10
1§ 2.0x10™ | 2.11x10* | 5.0x10° | 5.0x10" | 1.0x10° | 5.0x10
2| 1.0x10® | 5.0x10° | 5.0x10° | 5.0x107 | 1.0x107 | 5.0x10’
=13 ] 20x10™ | 1.31x10% | 5.0x10° | 5.0x10" | 1.0x10° | 5.0x10’
4| 2.0x10% | 1.73x10* | 5.0x10° | 5.0x10" | 1.0x10° | 5.0x10
5| 2.0x10*% | 7.28x10° | 5.0x10° | 5.0x107 | 1.0x10° | 5.0x10’
1] 2.0x10™ | 2.11x10* | 5.0x10° | 5.0x10" | 1.0x10° | 5.0x10’
2| 1.0x10% | 5.0x10° | 5.0x10% | 5.0x107 | 1.0x107 | 5.0x10’
Z13] 20x10% | 1.31x10* | 5.0x10° | 5.0x10” | 1.0x10° | 5.0x10’
4| 2.0<10™ | 1.73x10* | 5.0x10° | 5.0x10" | 1.0x10° | 5.0x10’
5| 2.0x10™ | 7.28x10° | 5.0x10° | 5.0x107 | 1.0x10° | 5.0x10
1| 5.0%x10% | 539x10* | 5.0x10° | 5.0x10" | 1.0x10° | 5.0x10’
2| 5.0x10% | 5.39x10* | 5.0x10° | 5.0x10" | 1.0x10° | 5.0x10’
W3] 5.0x10™ | 5.39x10% | 5.0x10° | 5.0x10" | 1.0x10° | 5.0x10’
41 5.0%10™ | 5.39x10® | 5.0x10° | 5.0x107 | 1.0x10° | 5.0x10’
51 5.0x10™ | 5.39x10* | 5.0x10° | 5.0x10" | 1.0x10° | 5.0x10’
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% 5-6

LESIRE P R LR

PREATNT KB —| KB =BRS8N | e — SR G KRE =
BioW| 1428 | 5233 | .3338 |[BFEMF] .2501 | .5560 | .1940
RS 1870 | 4750 | 3379 |&FHF| 2090 | 6242 | .1668
Ao £ 4H| 1684 | 4857 | 3458 |=&#F| .1769 | 6761 | .1470
S @ 1840 | 4647 | 3514 |FIR4E| 1545 | 7271 | .1183
AR 1768 | 4700 | 3532 |HiAR#E| 2006 | .6819 | .1176
@AM 1864 | 4978 | 3158 MRAISE 2460 | 6720 | .0820
ZOK#L 1514 | 5108 | 3378 [dx| 2545 | 6307 | .1148
FLIBH| 1141 | 5541 | 3318 R ASE| 1373 | .7582 | .1045
BAR4El 0708 | 5950 | 3341 |EEB4E| 1602 | .6476 | .1922
EANSE| 0864 | 5563 | 3572 |HABHE| 2123 | .5349 | 2528
BY4 2408 | 4429 | 3163 |REHE 2352 | 5100 | .2548
KA 0767 | 5751 | 3482 (& @HE| 2565 | 4701 | 2734
BB 1586 | 4989 | 3425 |wAASE 2500 | 4819 | .2682
W 0566 | 5770 | 3664 |FEH#F| .1683 | .6166 | 2151
ASERE 0732 | 5546 | 3722 |KIMEE 1301 | 6967 | .1732
ALFRMF| 1636 | 4875 | .3490 |hHsE| 1780 | 6847 | .1373
ZKHR| 2626 | 5724 | 1650 |EFIEE| 3504 | 5277 | .1219
Jbh4E| 1648 | 4884 | 3469 |Juik4E| 2249 | 4804 | .2947
ZHREF 1390 | 5749 | 2861 |[AKHRBE| 2564 | 4219 | 3217
WA 1242 | 5136 | 3622 |9#AHE| 2501 | 3868 | 3631
MEEM| 1365 | 5543 | 3092 WYEEHE 1778 | .6134 | .2088
M 1571 | 6006 | 2423 [EMEE| 1913 | 5531 | .2556
RIRBE| 1500 | 5732 | .2768
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£57 BBABHETHEN-EFEREAZAH ERE

x|y|manlpny TENE | AER ol FENE | WER
RHFTREAFTHRE ARFATHRERLFTHE
3(6(H3m 1 4.24 424 171113 &4i] 3 4.06 7.06
10[22) A 48| 1 2.86 286  [23|10|F a3 0.09 3.09
41156 @map| 1 3.47 347 [22)25|KEM| 3 10.53 13.53
9 (wds 1 5.93 593  [17[21|#rEam| 3 13.34 16.34
6 (19| F#| 1 1.84 1.84  |2236|#0 £ 4A] 3 3.68 6.68
1311 | L 48| 2 2.82 382 |11{26|F %4 3 2.07 5.07
13| 7 | A& 2 3.25 4.25  [23|30|ic3E 4| 3 4.87 7.87
42 k48 2 3.43 443 2331|5638 48] 3 423 7.23
10| 5 |dL#4E; 2 3.69 469 1712\ R4E| 3 3.41 6.41
19[39|1% & 45| 2 3.44 444  |19j14|K B4E| 3 0.10 3.10
9 (14| R 5| 2 5.30 6.30  |25[25|BAk4E| 3 0.11 3.11
1115\ ¥ 4 2 6.22 722 [2527|B#k4E| 3 1.89 4.89
16[33| B4 2 4.24 524 (22126385 3 9.79 12.79
1531|%&&% 2 | 13.08 14.08 18283 E 45 3 9.88 12.88
16[36|4k Tr| 2 2.86 3.86  [19{22|3%mEaE| 3 10.42 13.42
26(18| —sk#| 3 0.00 3.00  |2020[EM 45 3 0.15 3.15
16[24| —# 45 3 11.65 14.65  21[20[:F M #8| 3 0.08 3.08
15118 =& %8| 3 8.22 1122 |19]26;E %48 3 15.27 18.27
2529\ KAH#E| 3 2.51 5.51 123|32{#ALF| 3 3.51 6.51
17| 8 | K345 3 1.63 4.63  |10[13|Z& L% 3 6.90 9,90
21112} 3 2.91 5.91
I REAMMREHRE TRE
2 REFMHTAFS R
3RERBWATRAE
I-42 B R G A S AR A




#£58 FEDFBTAEHERABLLTTERS R0 ~ 859642 9020

B2 & 4R B AR 3K o A
Bk EH
K E (CMS) kg (CMS)
i 80% | 85% | 90% R 80% | 85% | 90%

HALTF 0.109 | 0.060 | 0.044 BT 0.000 | 0.003 | 0.000

). ¥4 0.000 | 0.000 | 0.000 bl 0.020 | 0.000 | 0.024

Fo %40 0.000 | 0.000 | 0.000 AR 0.000 { 0.000 | 0.000

& TG4 0.008 | 0.010 ! 0.008 o 841 0521 | 0.442 | 0364

1 3 4 0.012 | 0.0605 | 0.012 F 4w a0 0224 ; 0224 | 0224

& FLAR 0.050 | 0.009 | 0.022 RN 0.033 | 0.033 | 0.033

xR 0.000 | 0.000 | 0.000 il 0.055 | 0.055 | 0.055

eI e 0.012 | 0.017 | 0.015 FRR4R 0.000 | 0.000 [ 0.000

B ARdE 0.001 | 0.012 | 0.004 LA 0.023 | 0.029 | 0.037

gkt 0.108 | 0.038 ; 0.009 b 0.028 | 0.044 | 0.020

& 4R 0.121 { 0.121 | 0.121 R34 0.033 | 0036 | 0.034
RAH4R 0.000 | 0.000 : 0.000 & @ 0.000 { 0.00G | 0.000

4 B AR 0.008 | 0.128 | 0.110 uspr: 0.033 | 0.020 | 0.033

EEJNY - 0.000 | 0.000 | 0.000 TR 0.000 | 0.000 | 0.000
K B 45 0.130 | 0.058 | 0.104 R340 0.025 | 0.050 | 0.023
#8546 0.034 | 0.031 | 0.033 44 0.137 | 0.072 | 0.079
BT 0.007 | 0.007 | 0.007 + HUIE 0.083 | 0.083 | 0.083
bS48 0272 | 0218 | 0.171 SIo: %38 0.006 | 0.008 | 0.006
= kAR 0.062 | 0.070 | 0.062 KRS 0.042 | 0.041 | 0.042
A 0.126 | 0.122 | 0.088 o 48 4 0.003 | 0.008 | 0.003
3% 55 40 0.129 | 0.109 | 0.095 REMKE
5 368 0.000 | 0.000 | 0.000

: CMS 3242 | 2949 | 2751
K IBSE 0.000 | 0.000 | 0.000

A7 3 0.060 | 0.000 ; 0.000

& 45/ - 1.022 0.93 0.868

S 4R 0.788 | 0.788 | 0.788
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%59 FREQFERTAEHERABL T TERE A 809 - 85% 41 909

B2 & B4 R AL dh K A
AL TSk
Kk E (CMS) #AE (CMS)
o 80% | 85% | 90% AT 80% | 85% | 90%

- =il 0.115 | 0.098 | 0.040 BB 0.000 | 0.003 | 0.003

B A 0.000 { 0.000 | 0.000 S 0.020 | 0.000 | 0.000

Fo ki 4E 0.000 [ 0.000 | 0.000 A 0.000 | 0.000 | 0.000

& 5 41 0.008 | 0.008 | 0.008 sk g1 0.521 0.447 | 0.366

A it 488 0.012 | 0.012 | 0.013 A 48 45 0336 | 0336 | 0336

12 B4 0.051 | 0.065 | 0.025 R PQ 4 0.050 [ 0.050 | 0.050

K 0.000 | 0.000 | 0.000 35 0.082 | 0.082 | 0.082

1538 &1 0.015 | 0.014 | 0.020 A4 0.000 | 0.000 | 0.000

B #4a 0.029 | 0.000 | 0.000 Y- ¥t 0.022 | 0.027 | 0.033

pr - ] 0.013 | 0.006 | 0.043 by 0.037 | 0.043 | 0.043

W P4A 0.182 | 0.182 | 0.182 RS ap 0.031 | 0.036 | 0.036

A AL 0.000 | 0.000 ! 0.004 & &4 0.000 | 0.000 | 0.000

B 0.022 | 0.000 | 0.094 79 3 R 0.033 | 0.019 | 0.019

b7 NN 0.000 | 0.000 | 0.000 T R 0.000 | 0.000 | 0.000

K 3 45 0.131 0.069 [ 0.084 AE a8 0.046 | 0.023 | 0.021

A 53 485 0.033 | 0.033 | 0.030 +dda 0.109 | 0.108 | 0.082

el & 0.011 | 0.011 0.011 & SR 0.124 | 0.124 | 0.124

3k H4R 0.231 | 0.177 | 0.127 b 4R 0.004 | 0.008 | 0.008

¥ 0.064 | 0.076 | 0.072 TKARI 0.042 | 0.041 | 0.041

iz 0.128 | 0.135 | 0.081 = 0.003 | 0.008 | 0.009

3% 3R 4 0.143 | 0.076 | 0.090 Bk S

e 0.000 | 0.000 | 0.000

CMS 3.826 | 3497 | 3356
A 0.000 | 0.000 | 0.000

A1 38 9% 0.000 | 0.000 | 0.000

{& -8/ F 1.207 | 1.103 | 1.058

prapu R 1.183 1.183 1.183
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£5-10 FEQERTASHBRABLTTER S 80% ~ 85% 1 909

B2 &R R K A
Bk LR
7k E (CMS) K& (CMS)
PR 0w [ s [ o | T [Teow | ss% | oo%

-7 %1 ki) 0.116 | 0.066 | 0.091 B 0.000 | 0.000 | 0.000

Je 4R 0.000 | 0.000 | 0.025 HHE® 0.019 | 0.020 | 0.024

Fo £ 4H 0.000 | 0.000 | 0.000 el - 0.000 | 0.000 | 0.000

5 7 4 0.008 | 0.008 | 0.006 7 3R 48 0.536 | 0.438 | 0.371

A B0 0.012 | 0.012 | 0.011 #) 48 480 0.448 | 0.448 | 0.448

% B 0.031 0.000 | 0.004 A 0.066 | 0.066 | 0.066

% K 45 0.000 | 0.000 | 0.000 455 0.109 | 0.109 | 0.109

JE3E 6p 0.015 | 0.015 | 0.014 B SA 0.000 | 0.000 | 0.000

B Hh4E 0.034 | 0.015 | 0.001 T BsE 0.023 | 0.028 | 0.037

% 58 0.037 | 0.062 | 0.000 & am 0.037 | 0.036 | 0.020

H 74K 0.242 | 0.242 | 0.242 R 0.031 | 0.031 | 0.035

KA 0.000 | 0.000 | 0.000 & & 0.000 | 0.000 | 0.000

Y BB 0.038 0.118 0.000 Vg A R 0.033 0.033 | 0.031

e N4 0.000 | 0.000 | 0.000 7T f BF 0.000 | 0.000 | 0.000
K IE 4F 0.080 | 0.001 | 0.000 A0 0.073 | 0.048 | 0.021

Z i 0.033 | 0.033 | 0.033 3 sk 0.072 | 0.073 | 0.079
Z KA 0.014 | 0.014 | 0.014 + 305 0.165 | 0.165 | 0.165
3bak44 0211 | 0.130 | 0.101 Jb i sE 0.005 i 0.005 | 0.006

= RHE 0.068 | 0.062 | 0.002 KA 41 0.042 | 0.042 | 0.042
W 24 0.064 | 0.121 | 0.025 O 4 45 0.003 | 0.003 | 0.004
39 38 41 0.048 | 0.108 | 0.124 XS
7 3 0.000 | 0.000 | 0.041

CMS 4293 | 4132 3.77
AR 0.000 | 0.000 | 0.000

e R 0.000 0.000 | 0.000

&4/ 4% 1.354 | 1303 | 1.189
EH 1.577 1.577 | 1.577
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xS BBWABERTEESA SORHFRRE T EL MM Z LKA

it i O
kg (CMS) kg (CMS)
4
AT FELD| FEQ) | FEO) R FED | HFEQ) | FEOB)

AP 0.280 | 0.291 | 0.291 B 0.000 | 0.034 | 0.034

RS 0.000 | 0.000 | 0.000 & 0.162 | 0.000 | 0.000

Fo £ 4R 0.000 | 0.000 | 0.000 A 0.114 | 0.000 | 0.000

. % 41 0.047 | 0.047 | 0.047 icR g 1.427 | 2,129 | 2.129

A 3 4 0.073 | 0.073 | 0.073 ] 4w 0.224 | 0.336 | 0.448

& 0.149 | 0.154 | 0.154 P9 4% 0.033 | 0.050 | 0.066

& KR 0.000 | 0.000 { 0.000 S kil 0.055 | 0.082 | 0.109

TE3E o8 0.035 | 0.035 | 0.035 TR 0.020 | 0.000 | 0.000

B #h4 0.028 | 0.034 | 0.034 LB 0287 | 0318 | 0318

pr i 0.281 | 0.228 | 0.226 s $ 0.141 | 0.252 | 0.252

W ¥ 41 0.121 | 0.182 | 0.242 B & 0.236 | 0.167 | 0.167

R AT 0.000 | 0.000 | 0.000 & 7 0.006 | 0.020 | 0.020

3 B o 0.564 | 0.522 | 0.523 e 4 0251 | 0.264 | 0.264

E7 PNy 0.000 | 0.000 | 0.000 L Fe #F 0.000 | 0.000 ; 0.000

& 55 81 0.518 | 0.528 | 0.530 PoE X 0.143 | 0.103 | 0.104

F 55 45 0.078 | 0.079 | 0.079 L 0.631 | 0.693 | 0.691

=K 0.007 | 0011 | 0.014 + B4R 0.083 | 0.124 | 0.165

k48 1.251 1.350 | 1.306 L&A 0.044 | 0.045 | 0.045

-8 0.178 | 0.550 | 0.550 7K AR 0.197 | 0.197 | 0.197

| A ® 0.665 0.619 | 0.612 o1 40 0.055 | 0.052 | 0.052

3% 55 K 0.356 | 0.505 | 0.506 Rt R T

% i 0.000 | 0.000 | 0.000

CMS 10.124 | 11.258 | 11.863
KIR P 0.000 | 0.000 | 0.000

o & 8 0.598 | 0.000 | 0.000

& 48/ 5 3.193 | 3550 | 3.741
Uk 0.788 1.183 1.577
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2 51617 8)9]|10|11]12
#AEELHEER ] N m
B R AL B SR nim|m
EEEILEX R GIS 2484 AR AR AR BB
ERABANETEE ZEE "w e
B 1-1 RRREHHE
de=dy=500m
. Pumping Wells
— - NoFiux B.C.
— -~ Constant Head B.C.
Region I
B Region 11
Region 11T

B 4-1 BB EHIERELRE
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120%

100% J100%

100%T100%

Land Subsidence (¢cm)

151719

2.65 3.3 4.4

4-2 BB AR RE

F 48 K& (cms)

— Y

70 80 90 100
LT HE (%)

4-3 BRERGIZERILETREENLE
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Frequency

Frequency

100 —
90 —

Normal Curve

B 4-4

—tr — N

= | _‘l-{:'_ _

Land Subsidence (cm)

FESAREHCRBETHIEELNBOORTER)

80 -

Normal Curve

1
1.5 25

Land Subsidence (cm)

45 F A IRIER C AR T I E 57 B 09% T £ )

11-49

oY AT AR NS A R K



Percent

06 1.6 286

Data of Land Subsidence (cm)

846 HCREGEABFENIA HRRTIE RAME 24 b 4(909 7T
&)

Percent

0.5 1.0 1.I5 2.10
Data of Land Subsidence (cm)

4T HCREBDEBFTEIN SRR THERMRE DA b 4(99% T

FERE)
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% 3-1 Control.dat 3 £#& X7 %
BY X H @Y et X Fa@srEm) | Y ¥ 6 ek 5Em)
2 i il
M i e % F 4 1] R BB
(sec) (sec)
FLSO FLHB FLUB
% 3-2 Hcghem.dat # £ K7 %
x-gnid y-grid K 4 564 Lmae Lmae constant
constant(G) (Layerl)
(Layer]) (Layerl)
4% 3-3 GridpH.dat #4 £#% X, 5 %k
x-grid | y-grid

wmes i g |Layerl i S W|Layer2 i Rt

GP | xcem

A(GPH)
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%34 GridpVdat #E£% %5 %

x-grid y-grid unConF GPU GPB
0(ConF) O(Dirichelet) | 0(Dirichelet)
1(unConF) | 1(Neumann) | 1(Neumann)
% 3-5 Soruce.dat # £ X 5] &
(Time) | x-grid | y-grid | Layerl | Layerll LayerIIl | LayerIV| .......
0 0 .00 00 .00 .00 stop
4% 3-6 BoundH.dat # £# & 7 &
(Time) | X-grid [ Y-grid | Layerl | Layerll LayerIII | LayerTV
0 0 .00 .00 .00 00 Stop
% 3-7 BoundV.dat # £# &, 3| &
(me e | yerid gy g molBB(F 1)
0 0 0 0 0 stop
% 3-8 Depthdat £ X 5%
x-grid y-grid Layerl LayerlIl LayerIll
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% 39 Waterd.dat #5 £ X7 &

x-grid y-grid Layerl
% 3-10 Initdat #EXK AT %
X-grid Y-grid Layerl LayerIl LayerIII
% 3-11 Outp.dat # E£# X7 &
x-grid y-gnd GWOGkA) | GSO(Fra®)
0
1(output) 1(output)
0
0(% %) 0
# 3-12 Outt.dat # £ X 7 &
5 35 05 %) GWOT(7K L) GSOT(Fra )
1 (output) I{output}
0(% %) 0(% ) 04 %)

II1-35

5 A M B M A R A TR TR B4



# 3-13 Soruce.dat # £ & FLSO=0 2 # =&

x-grid | y-grid | Layerl | Layerll | LayerIlIl | LayerIV| .......
0 0 .00 .00 .00 .00 stop
# 3-14 BoundH.dat #4 £ % FLHB=0 s§ 2 4 &,
X-grid | Y-grid | Layerl | LayerIl | LayerlIll | LayerIV
0 0 00 00 .00 .00 Stop
# 3-15 BoundV.dat # %& ¥ FLUB=0 8§ #% %,
-grid id
e ¥1¢ JUB(L# R)[BB(T# R
0 0 0 0 stop
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@ CiiDocuments and Settings' Burk' My Documents' Bt 8RS B ThEHE... -0 X

i TERNATION NUMBER= CADmrurments and SetbingsiBurn My Gocurnents

28 1 8 8 2.794265765432589E-883
TIME STEP= 2
ITERNAT I ON NUMBER= 29
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[TIME STEP= 2
1 TERNAT ION- NUMBER= k{:}
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/! Create new object as a string
str+='Transform { ';
str+=' translation -2 00 ';
str+=' children [ ';
str+=' Shape { ';

str+="  geometry Slinder { ';
stre=' radius 1 ';

str+=' height 2 ';

stre=' )"

stre="' )},

str4=" 1",

stre="1";

// convert string to VRML and store in temporary node.

tempNode=Browser.createVrmlFromString(str);

/{ add the-object to the scene

addedObject.addChildren=tempNode;

Browser.addRoute(timer, 'fraction_changed',
tempNode[0].children[0].appearance.material, 'transparency');

}
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# When the box is clicked on the 'Generate' Script
# adds the content in an external php file to the world

DEF Scene Group {
children [
DEF Sensor TouchSensor {})
Shape {
appearance Appearance {
material Material {
diffuseColor .1 .44 .22
shininess .1
specularColor .15 .15 .02
ambientIntensity Q
emissiveColor .04 .18 .09
1

}
geometry Cylinder {

radivs 2.0

Height 2.0
}
)
]
]

# The new Object will be a child of this Group Node

DEF AddedObject Group |
children [
]

}
DEF Generate Script {
eventIn SFTime touchTime

field SFNode addedObject USE AddedObject
field MEString fetchURL "http://www.example.com/index.jsp?object="

directOuiput TRUE
url "javascript:

function touchTime (val,ts) {
/f add the object to the scene

fetchURL[0]+="sphere';

Browser.createVrmlFromURL( fetchURL, addedObject, 'addChildren');

}

T
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M A B THERMALSGLHERRENBERF A

ek A HMETREZEEAELALE
AR A E g s T

WETHREERAFSCALERRZER TR wAMEREZE =
FHR 0 AW S HE c R FHLRELT -
1.0 EMBRHAESERE

FERIREZ U Java BHERIE - E 3 GIS 1 X f b o0 8
By TR BLUABMHAEREN & REEAFRE - SN E AT
ML BITRERBRRELAG UL LG8 AB Bk r s
RAFIEEFIE -
11 RR&H#

BRARRGALEZIERBS
1. Java Run-time Environment
2. GMT

3. COSMO Player

Java 48 42 X, 5T £ http:/fjava.sun.com/ F & 4 T Java Run-time
Environment #F > &< F 4 Java 48 i 89 APl » 2 ##2 X 474 E & 4
B TR APl 45 B4 B F4 o

CMT e a4 2488 F  EXEER4TH » @ COSMO
Player * £ 24 A 3D VRML #1¥x > TR A4 B i ey sl
A
1.2 %KM A G ERER

HRARETRREABAER G BHARER T EH LSS
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Bk A SR TP B X846 5 R BR e A RER F 0

oAt HEEA N T ARG LB E R EE BRI HREE
WAEE -

B EMR A S EHITE KT 4 runbat ) AR EWE 1-1 £F
#E 52 # Java Run-time Environmet 14 fE T iE ¥ 34T * & RZEHATHH
java # R & %P &y java 342 > 4o ”C:\Program Files\Javal.4.2\java

i ROUNBAT- 2¥XK ﬁj@@
*ﬁﬂ(ﬂ( ﬁ@ ﬁ'ﬂ@ ﬁﬁﬂﬂ} :: :Eﬁgq@ = %m“ : ., I N _. " o R i | : Ly
ljava -cp classes gmgis/GmEISHain :ﬁl
pause

L

& 1-1 » Run.bat A&
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e A R TREZRALSCAVERRERELNEM

20 A% ¥E®T
EHGAGERRTY  ERZUEMRBHOERET RERZHMAE
BERESEREN  ARETULFTENS > ML BEYDHEw TAL

1. Basemap: B EAAB TN B LBHKERFEHER LS
BEMN BFAREFEALENABELLABRT -

2. Bitmap: #FEBRIRFAASHITEF|E icon ' HLFH &
RATHEY  BZREME T THESBRABNEE -

3. Classes : f7 Java RA B ok HARR BT AT
o B AT AL i RAE X R BT o

4. Data:fFMAF T M MR 8 4 F Basemap —#% >
THEREGKER L% -

5. Doc:Javafi g &£ 65 API BRI ILE T HEANEE R
ST AW -

6. Gmt: EFMR TS OB EEELRIAMELL  HyEE
RE-

7. Graphics : s FEBIR PAHAMHE A » L EH AL RTH
Roy 25 R PHB T THARBSIREBHEE -

8. Model : MM FHEXEFLRAGNS BB EEHGE
o BRRAKRTAR  AMUBEEE o

9. Netedf: fo gmt F e RAE  LEPHE -

10. org : G Java B A B& 48P -

1. sre: g7 Java B X Bk B8 E -

12. tmp * A HATERIREAMEL Y EHRE > SobB % L2E
FH -
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Bk A BB THRFEEAESAKTERMERAREYR F7

13. upload : # A X LR EH B THERELET -

14. VRML : $#F3DVRML 5 £ 6B % > FAHE -
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Mk A RETHEESA LS LGERREARER ST

3.0 X E

GHRERRREZNRRBABABEA LB ENRA BAE
IR THERRBERAZAHA GIS Heh T B B2 BN FEEHER
ZF o HEREEX L ERTRELEERROZIEALHE THR

RELBHENBSR
13. Control.dat : ¥ B&53E#I4% % > IE 53R X 008 & - #48

14.

15.

16.

17.

18.

B BEAON B AEE - £ FLSO A3% 4] Source.dat
#% % Time #4349 4~ $#¢ » FLHB 4% %] Boundh.dat 45 Time #
4 » FLUB #% #] Boundv.dat %9 Time #4 - 0 %% % Time #
0 13K o dok 3-1-

Heghemdat: 3w 28> * 25 —EH5 — B uywd 280
BT eUBEBRmEX YHE # 00T 4% =48
B DREBAHED] o huk 3-2 0

Gridph.dat: K+ HF G EEME » £ 22 REEKEE A
HEHRE  wREENAREHERZIS  RAENER
2L LA THESBOXBEMLE c ok 33

Gridpv.dat® & & ¥ iy 1% & 14 & & GPU & GPB & unConf=1
WA BER c dok 34

Source.dat : $4 K MM EE S KAEE  BEAHABEER
& CMS - # 4 Control.dat F & FLSO=1 8% > Time 44 4 A
15 M - Time #454X & ¥ 18 Time Step 8% > £ HEEIHAS
ERHWEE BAAMMELOMRETHER R 3-5¢
Boundh.dat : K& R4kt - P RMANEG B BAKME &K
EMB R EREEHALRE 0 6E - ¥ 4 Control.dat ¥
# FLSB=1 & » Time 44t 4 % & % A Time Step » & Fi 4 45
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19.

20,

21.

22,

23.

24,

Mk A WETREBRALAAABRRMERRGEH FH

BEFORREAEHER ~ k36

Boundv.dat : ¥ & 1§ &4 P RMALERATERAOAN
#E > Bk CMS - ¥4 Control.dat 4y FLUB=1 » Time
4L 4 & 28 A Time Step A7 A WAL E L O BIR A B R &
K oo dok 370

Depthdat: 8B B H » AEHABEREELET  £EHEE
BHEPT > AR BEA - ok 3-8

Waterd.dat : JE48 P4 7K@ KR » & gridpvdat ¥ & A
unConf=1 54+ E &2 AN o vk 39

Init.dat * &R A4k SAAR BB » FB/BAKE » R
METAKBGFHEBEEMNETN - & 3-10-
Outp.dat : & E# H T2 4@ - GWO A4 GSO ATF
e Al REHRBEETH - EHEABAOAREXERE
F o dwk 3-11 -

Outt.dat : € Z 8y 2 A # 5% GWOT &K1 » GSOT R &

TRE Al REAHHETH -  BHEEEA O MREATH
R o 4wk 3-120
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Mék A B TREERALSCAKERREDALE TR

# 3-1 Control.dat ¥ £4& X 5| &
BE X Fq Y 5 X e @S REm) | Y b R sEm)
B | B
AR R BF 4 A R R R 8
(sec) (sec)
FLSO FLHB FLUB

4% 3-2 Hcghem.dat # £# X5 &

x-grid y-grid

ok 181 Lmae Lmae constant
ConStant(G) (LayerI)
(Layerl) (LayerI)

# 3-3 GridpH.dat 4% € # &, 5] &

EEEELE

(GP) #(GPH)

Layerl % R %

Layer2 i& 7} 7%

A (GPH)
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% 3-4 GridpV.dat #E#K X7 &

Bk A B TREEREASA AR ERRERA REE TR

x-grid y-grid unConF GPU GPB
0(ConF) 0(Dirichelet) | O(Dirichelet)
1(unConF) | 1(Neumann) | 1(Neumann)
# 3-5 Soruce.dat # EH X P&
(Time) | x-grid | y-grid | LayerI | LayerIl | Layerlll [LayerIV}| .......
0 0 0 00 .00 00 .00 stop
% 3-6 BoundH.dat # £4# 2 7] %
(Time) | X-grid | Y-grid | Layerl | Layerll | Layerlll | LayerIV
0 0 0 00 .00 .00 .00 Stop
% 3-7 BoundV.dat #% £# X 7 &
(Time) x-grid y-grid UB(L % 5)[BB(T i& )
0 0 0 0 0 stop
# 3-8 Depth.dat # £#& X 7| &
x-grid y-grid Layerl Layerll Layerlll
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* 3-9 Waterd.dat # £ % A5 %

Mk A WERTREERALELAHERREAREHU TR

x-grid y-grid Layerl
% 3-10 Initdat #5 £ X 5%
X-gnd Y-grid Layerl Layerll LayerIll
% 3-11 Outp.dat #E# X7 %
x-grid y-gnd GWO(k4r) | GSO(Fr®)
0 0
1(output) 1(output)
O(4 %) 0 °
4% 3-12 Outtdat # £#% X5 &
9 5 5] GWOT(kAx) GSOT(F & &)
1(output) 1 (output)
0(% %) 0(% %) 0% %)
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Wik A RETHRFEMAELSLZAERREAALETR

% 3-13  Soruce.dat #£ £ & FLSO=0 2 #5 3,

x-grid | y-grid | Layerl | Layerll | LayerIIl | LayerIV| .......
0 0 .00 .00 .00 .00 stop
4% 3-14 BoundH.dat #% % & FLHB=0 8§ X # R,
X-grid | 'Y-grid | Layerl | Layerll | LayerIII | LayerIV
0 0 .00 .00 .00 00 Stop
4% 3-15 BoundV.dat # £ % FLUB=0 8§ Z #& &,
~grid -grid
e VENC  \UB( L4 R)BB(F &)
0 0 0 0 stop
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B4k B 3B TREEMEAES A R EBILE M H 87

M B R TREEZRIXEL A4 HE
B IR EF Ok T

METHEERA LS A4 EBIRZERFM wERBERLEZF -
TR ELRRSER - SEFMIHRALT -
1.0 A @B RS SHRE

Ml R & BB E £ 04 Java A BB BIE 2 3 Server-Client
8 & 18184y 0 Bl Java-Script £ Html %3t B E N & - AL TH
BIAAMLARTRZERBRAR AH AR AGBEABHLBRE
Kz BRFREEFA -
1.1 R &

ERARRGALEZGBA
1. Java Run-time Environment
2. ImageMagick

3. Ghostscript

4. Internet Explorer 6.0 £4 E

Java 48 Bff #2 X, 7T £ http://java.sun.com/ F & * & T Java Run-time
Environment 5} > % ¥ F 4% Java 48 B &9 API > 5 #1422 X #4715 £ R P4
2 TR AP R B1E B+
1.2 Kb/ A 4 8mB5 R

GRANBETHBABAEL K FHARL POEH A TS
W mtsi e FE B LA B e BHERE  BX 4L
YA -
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M4 B B FrRoB RN X 4 A SR & 7 S Mk 1

EHBEMRATESITESE T unbat > ANEwE 1-1 £
#5323 Java Run-time Environmet 4% JE 7T £ % 347 » # &IEHATHA
java #a A% % 4L F 49 java 348 > 4o”C:\Program Files\Javal .4.2\java

i runbat- EEH [lﬁllxl
f“ﬁ,'p, :’ﬁh@ *ga:u ﬁﬁ-@ :igg@ : ,K;:EE_;}:- :
java —cp classes;../org_mymap/classes; JElassSﬁHfllthcchartH Jar ;y
javawebgis/Server

pause|

1-1 ~ Run.bat
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ek B B TREEMA LS L AWMBRERREETR

2.0 R &P HE

EH A GERIRT 0 L8 P 6% T T gis.ini 8
template.html - /@ gis.ini @ EF B ER TN G E AR &% T
FIAHERSZUEM ARSI SR T L -

2.1 gis.ini
Fir3h gisinl P RGB MW REHE RARA AL ENEE
BECARXER - REEHE HLEETHOARBEER -2 &
EF| A Rl A3 AT - b 2 G2t gisinl R EW e i
BAREARTHMEFTAR FEEXTUH UM BB TEHE
T~ BRMERREHERE -

AT R B R N8548 € 5] 5 Resize T4 > b2 AR A
BEMMEAMANEFRERNAE S FHERE LGS HEE
gis.ini BB X4 F *

L. gis.ini- RPX

BRD AHE S0 BRY HEO
[layer]n
LAYER®=../../basemap/county.shp,ifE R, False, 0OFF 88, FFFFFF
LAYER1=../../basemap/YunLin_River.shp, 7#$$ﬂ§{j}H false,0800FF
LAYER2=../../basemap/ChanWha_River.shp, E5{LEZiH /], False goaerF
LAYER3=../../basemap/YunLin_Lake .shp, EffBEEHIH, False , BOFFFF, 08¢
LAYER4=../../basemap/ChanWha_Lake.shp,52{}EE1T, False, BOFFFF, B¢
LAYERS=geobore/gecbore.shp, it ‘B4 B H4E, true ,FFOOFF ,2

LAYER6=bore/bore .shp, iﬂ?;j{%‘ﬁ#ﬁ true,ce0088,3
zoom=128562.68,2610880.31~240512 .57 ,2694246.73

map_width=308
map_height=388
activelayer=6
defaultvisible=0,3,4,5,6

KA L gisini R A

1. BB : 4w LAYERO~LAYERG » M @t F R EESE 8%
RIERTERLTE KL LAYERO KA KR 4 BRI BEHS
BAHBEEE RBEEGIEEGERM BT FE S
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WExB B TREFEIEALSGALQBRER A% T/

TRBTHLE  wisafE s false & true RETERBH
active layer ; R R ER A ZE R HEE -

2. BEFAHE  zoom=X,Y~XY BB AE@meAIHE
HAETAREEALR -

3. WESESEE  map width 82 map height » B £ E
@ LA B K o

4. £FABRE © activelayer (P A XX BAAMEAMER > REX
F& gis.ini & & T LA A% & activelayer &) B & &R ¥ LR -

5. FA%ST BB R : defaultvisible > B 4% & & gis.ini ¥R T 88§
% 7 &% T A visible o
2.2 template.html
template 9 A X EAKBKE SLETRRA TR REFRE
Fe(ho gisin) R X RESFT X - Big R HIMLU/E R - AT LA
HTML 3% 3% 437 » B A 4 ZHX ¢ templates E + -

ﬁ%%m%%%m&ﬂ%m%&%%%%wMMmﬁﬂ#
¢ RESRAGTERYNEE  PITEEAYIRERS  BHRK
P AWM 0 AM4e A Z A template ~ gis.ini BEE WA > KR
KA IR 4o T
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Fish B ETRERHEA XSG A AERRERRER TR

L. pis.ini - SEEE
BREO KEO KIQ WA 30RO

[layer]n
LAYERG=__/._/basemap/county.shp, ff$F 7, False,00FF00,FFFFFF
LAYER1=../../basemap/YunLin_River. shp,__u‘_ﬁ:ﬁ%;j}[[ false, 00068FF
LAYER2=../../basemap/ChanWha_River .shp,EZ{}@ZH]][[,False, BOBOFF
LAYER3=_./../basemap/YunLin_Lake .shp, Efflz4ii,False, 0BFFFF , 09 00FF|
LAYER4=../._/basemap/ChanWha_Lake.shp, (b HEMHT, False ,B0FFFF , 0B00FF
LAYERS=geobore/geobore .shp , Hi &4y B 4:4E, true ,FFBOFF , 2

LAYERG6=bore/bore.shp, it T ok 45 H4%, true ,C00000,3
zoom=128562.08,2610080.31™~248512 .57 ,2694248.73
map_width=300

map_height=3860

activelayer=é

defaultvisible=0,3,4,5,6

3 HOREE LN T F 4k - Microsoft Internet Explorer
WO REE® WBRO HOSEGW IHD :ﬁgﬂ@

0:7- O RNAG

A )} &r 'sIavaWebG:s'\htdocs@ng:s\bore\map—template .hhnl
¥X*SCRIPT

***TOGLB&R

**XAYER ~ ®¥XLEGEND

***STATUSBAR

Bz TN s

1-1-1 - \JavaWebGis\htdocs\gmgis\bore\
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K4 B A TRHREEZRAXSCAHERRERAAER TR

X 240100 Y, 2621000 Kealer 1 373(754)

1-1-2 ~ \JavaWebGis\htdocs\gmgis\bore\
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Mk B B TREERA LS AMEBREAREE R

s 1 F:\MlavaWebGis\htdocs\gmgistbore\boreMata-tem EI @] I
BRO #EEO BRO B TAD 7 M

1-2 - \JavaWebGis\htdocs\gmgis\bore\bore\data-template.html
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K4k B 3B TR ¥ EH 84 4 SO pEE A 4%+ R

v gisini - Bk

BRE REE #A0). R
[ Layer]®
LAYER®=../../basenap/county.shp,Hi$E5R. ,false, 00FF B8,FFFFFF
LAYER1=../../basemap/YunLin_River.shp, E4fREH] ][, False, 000OFF , 1
LAYER2=../../basemap/Chaniha_River.shp,S2{Ll%x ([, false, 000EFF ,1
LAYER3=../../basemap/YunLin_Lake .shp,’Effliz#], false , 06FFFF , 8680FF
LHVERh=..I..!hasemapfchanuha_Lake.shp,ﬁj{tﬁ%ﬁﬁﬂg,False,nﬂFFFF,ﬁﬂEﬂFF
LAYERS=riversec/riversec.shp, ] J[[EfE . true ,FF 80886, 1
LAYERGé=rain/rain.shp,f{EE#.true ,FFBOFF,2
LAYER7=riverflow/riverflow.shp,ji & 54}, true ,000080,3
LAVERS=riverlevel/riverlevel.shp, i J[[zk{if,true ,FF4500,2
zoon=128562 .08 ,2610088.31™~248512 .57 ,2694240.73
map_width=300

map_height=300

3 YRR LTS A N Ak - Mictosoft Internet Explozer

HEREO £E® WRO ﬁ'ﬁ‘}?%’(j’Iﬁ‘Q AW R ] ﬁ
O+r= ©- . Bt ,.;353 ﬁgmﬁ @mﬂe @1
ﬁilt@) @FU&V&Wewamﬂocswmydmmp ternplate. html @ #;E ‘:E‘?E
(F¥XSCRIPT - | — ] -
fff_TOOLBAR B

Savik 0 Cwelggend

T T T e

[Fead

1-3-1 » F:\JavaWebGis\htdocs\gmgis\hydro\
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i B B TREEZRALS24WBREARER TR

| 135200 ¥: 2694200 Scale:d 373(753p) | |

1-3-2 » F:\JavaWebGis\htdocs\gmgis\hydro\
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Kk B B FREEMAESAKEBRERNRRER TR

| & F-VavaWebGisthidocs\gmgisthyd rotrainM . B@@
HRO R/EEO BRO. ’
0= -0 K@

ABIED) [ @) FlavaWebGishiocs\gmeisihyé

HHLTATION

1-4 - F:\JavaWebGis\htdocs\gmgis\hydro\rain\data-template.htm|
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M4 B HETREFERA LS L4 EBRERALE TR

3 FlavaWebGisthtlocs\gmgisthyd rotriverf . I;_]@@
RO #HE WA BHBEw IRV A

& 1-5 -

F:\JavaWebGis\htdocs\gmgis\hydrotriverflow\data-template.html
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KB B TREEKALCAAWBRERALEFH

% F-\lavaWebGisthidocs\gmgisthyd rotriverl. ..
RO S50 HRO BOBEY

§§i4§' §>f £\

#BAED) | €Y FJava WebGishidocsigmeisih

FHETATION*

& 1-6

F:\JavaWebGis\htdocs\gmgist\hydro\riverievel\data-template.htmi
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gk B 3B TREZMALS A EEREAREE TR

= F:\JavaWebGisthtdocs\gmgisthyd ro\rivers. Q@@
REG W0 IMAEW TIA ™| &Y

F:\JavaWebGis\htdocs\gmgis\hydro\riversec\data-template.htmi
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M5k B 3B Tras 2 E A4 R 0 BBRE R AR T 7

[layer]n
LAYER®=../../basemap/county.shp . JE8E5 , False ,FFFFFF ,CCCCCC
LAYER1=Dacheng_region. shp,;,{{;!ﬁ%j:iﬁ?ﬁﬁ true,=colormap,CLASSNAME2
LAYER2=Kouhu_regioen.shp,3 EARECTA 5, true , xcolornap ,CLASSRAKE2
LAYER3=Yuanchang_region. shp,#ﬁtﬁﬁmﬁﬁéﬁ true,*colormnap,CLASSHAMEZ
LAVER4=Baujung_region.shp, 3 EFRBETE LR, true , #colormap ,CLASSNAME2
LAYER5=12_polyline.shp, -@%ﬁﬁﬂ true,800000,1

LAYERG=12_text.shp, i FEEPR{ 575, true ,800000,1

zoon=128562 . 88,2610080.31~248512.57,2694240.73

map_width=380

map_height=300

activelayer=0

defaultvisible=0,1,2,3,4,5

R MERGIE TR T F 4k - Microsoft Infernet Explorer El@|®
BRE KEE RO '-ﬁﬁbﬁﬁu 'IE‘(’_)‘ HEE - N ‘,-.

@J:wﬁ - & g BORE @mﬁ @\

E)F: UavaWebGts\hbiocs\gmg:s’ﬂmﬂum‘.map ———— PN el

***TDGLBF&R

¥ AYER ***LE%END BB
T A

***STATUSBAR'

_@xﬁg

R T

1-8-1 ~ F:\JavaWebGis\htdocs\gmgisVlanduse
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F&kB WBETREERASSALERIREARER F 0

By Vi
BEARERM

X 128500 Y- 2693800 Scale 1 373 (75dgl)

1-8-2 - Fi\JavaWebGis\htdocs\gmgis\landuse
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M4k B bR TR ER AL L AR ABIRER R GRF

BEEO SED KAO BRG NG
[layer]n
LAYER®=../../basemap/county.shp, $P§EF,False ,00FF OO, FFFFFF
LAVER1=..7../basemap/YunLin_River.shp, E4{fB8%iW/||,False,8000FF
LAYER2=../../basemap/ChanWha_River .shp,E2{FB%iJ[[,False, 0000FF
LAYER3=../../basemap/YunLin_Lake .shp, EAREEHAT,False ,00FFFF ,0080FF
LAVER4=../../basemap/ChanWha_Lake .shp,5{;RfiEHi] . false ,80FFFF , BABOFF
zoom=128562.08,26100868.31~248512.57,2694240.73

map_width=380

map_height=386

<D HOREIE L BT 74k - Microsoft Internet Explorer

RO 8O BAO SHEEQ TED HEO® . T l 2y
Q75 O HNE G Pnre Jrovez @ue @

. o N ! e i _ il R,
D) | @) F\lavaWebGisthtiocsibasemapimap-mplats himl @ﬁg@ Eg
PRSCRIPT oA
¥**TOOLBAR ) | -
*XX| AYER **x [EGEND
***STATUSBAR ) ) .,

1-9-1 « F:\JavaWebGis\htdocs\basemap
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M B R TREEMAL G AREBRERRER TR

B

o R EAM
ERARERM

X: 128500 Y: 2693800 [Scale:1:373(75dpi) | |

1-9-2 ~ F:\JavaWebGis\htdocs\basemap
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Mk B B TREERAES A AMBIRER R e% 7

L ogzisind - SRERE

[layer]
LAYER®=../../basemap/county.shp,ifER ,False ,FFFFFF ,CCCCCE
LAYER99=y17981_Z55545 polyline.shp,81UEYEI4E, False ,FF0000
LAYER106=gridpts.xy ,#Z{[{EL{, False ,FFOBOO

zoon=128562 .08 ,2610080.31~2408512 .57 ,2694240.73

map_uwidth=-3608
map_height=300
activelayer=1
include=gis-1.ini

‘2 IRERE LI S R 5k - Microsoft Internet Explorer E‘@l@
HREO WEQ BWAD HRFW TAO HE® g ﬂ"
Q:+7- O RRG Pure Jrammz @ne @l
ut@) @F"Java.WebG:s'shﬁocs";rmdel‘map-mmplm = @I AEE |
***SCRIPT - . PP . . e - - . - ﬁl
**¥TOOLBAR | - |
**RLAYER | ~ ***LEGEND
BRRERR - BAREANARN
E
***STATUSBAR - o
@= ..o b | eemE

1-10-1 ~ F:\davaWebGis\htdocs\model
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1K 143400 Y- 2669600 Bcale:1 373 (7573)

1-10-2 - F\JavaWebGis\htdocs\model
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M4k B B TREZEALS LA GEBRERRLETH

[layer] af
LAYER®=../../basemap/county.shp ,{BEER ,false ,FFFFFF,CCCCCE
LAYER198=statien.xy , 7 }EFLETE(T, false ,FFO0AE
zoom=128562.08,2610080.31™~248512.57,2694240.73

map_width=360
map_height=300
activelayer=1
include=gis-1.ini

@.&:——E - @ . . '-;;ﬁ ,: pmi
AR [@) FavaWebOishilocssmveymap-template himl
PRESCRIPT B -‘f‘-!
***TOOLBﬁR - e . — e . PRI ———— s e .
XX AVER *¥*LEGEND
REUBE -
HaRpEARILEEE
AL .
BENARIERE Oa/F
A ERRIBERRE O/
*HISTATUSBAR | - .|

1-11-1 » F\JavaWebGis\htdocs\survey
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FéxB B THREREA LS L08R ERA BER T/

| 129600 - 26200 Bcale 1 37375450

1-11-2 ~ F:\davaWebGist\htdocs\survey
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KB B TREERAE S AGABREARER TR

| B FAlavaWebGisthtdocsimod el
RO SEE WHO P

1-12 ~ F:\JavaWebGis\htdocs\model\data\filelist-template.html
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Mék B B FTREFERA LS a@meE A ng +m

2:’ F-\avaWebGisshidocsisa
BEE KEE® HHD

#BILD). [ €) FlaveWebGisthiloe

1-13 » F:\JavaWebGis\htdocs\survey\data\filelist-template.html
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K5 B B TREEEIESCAABBREREARGERTH

3.0 FR A &

Wi A GBI RSO T FERELESE RECGE LR
WAk - BB~ RE BT ARARRTIEGFEHED -

FRELABHBRADERAETREEAER BRI ETRTR
o MEBRRI - FEEHRALG TUREAFUERA HHE
HMIERT AR ERL T - A - B RNE > UEH
EHARERAAHEF EAMNRAAFTZEHATE -RTEH
EEGEN EAFRTIENERAB AN ERFEE LA -
AAGTHA GIS BRTEX S e B TREETUKRE F
BEL REGCAEZMAEERNERGBRE TR  FAEHZA -

HHFEEH  WREERBENTAXEBTERELS &1 5
BN Bk ARRBRTHRATREESES FRETHEH
SBhEE > THRETHERZARE  HULENAFE - RIFEE R4
B > SMEE R A R ERAE
3.1 B&ERF

EXXFEER Y@ BRTN KA -RE - -REREALEFS
RS T HE XA FAEE RELRLARREAF 2480 $35THA
WA B AR AN Ley BAREN ) S48 A AR BT R 51 B B
e B LT A PEEMNSE > A%ERETRGTRRRS
Ao BEEHERZIHFEH -

FAEHAEAREX TR B (Stack Ban% ¥ > R84 RHERE
RGBT AAEEHEETHIERE P E R —EIEHTAK
AEHEHRBE(ERID APHEAERLIERTHREARLE £
BPEEEAANBEBAR  UEAKB LA ZA -

ERAETHEUAEEMBL ARRETREFRTHE
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M4k B B TrHERHE A L4 A @B RE A heR s m

FACAREERNBEEAMNBAREMTAEE) EHER BN
Bair A /A% Hldo P ILOI0012 HAr ER S 4 & Riwk 3-2
A 8K A M B4 K B (Stack Bar)g ¥ > B gb 0 AR T A o8 — 18
e DHEBRRAER  ARZFTAAEETHERNE £FHAH
RO BER T ETBERETELI- 1 ZHL#F - 24HES |
ﬁ32$+% SR TR H B HRE -
3.2 RXEH

BT RETOXERE B SN K- HE
M BT 1) B @ &5 B R SR Ay SR M AR - FR A B S AR
\JavaWebGis\htdocs\gmgis\hydro ¥ » FAHE KR F e F .

L BT KA

2700350199501 1282 1281 1281 1283 1282 1284 1288
1285 1284 1284 1283 1283 1282 1282 1282 1282 1284
1284 1285 1284 1284 1283 1282 1280 1279 1279 1279
1282 1281 1280 1280

LB F B EHAREZ— > 27000350 & sk — B35 2 i B 4
WARMRZ 484 0 1995 BB 54y 0l A% » A4 LB —1E
ARZRE A3 B BE|RFAG B > B IR-5555 # 4k, o

2, ®E:

27004218972 -3 204 113 24 99 130 3
0 -3 61 634 5 3 3 0303 7
1 6 5 209 233 113 107 -3 7 13
0 0 -3 -5 -5 -5 240 1107

270042 & st — B35 2 R R BIE AR IR Z 040 1897 B &4y 2
BRI W RERBFRRUIARE  BRBUBL-10 %5 Tam

HI-94 R AR AR Y A g R



B4k B B FTREEM X4 L 0Bk R A gE 4

SEF EAEFREENUOARAR B €M —RBEZ NI A
RE PR BN R EZ BT -

3. K=

2700350196409 24500 19000 13500 11300 9100 7800
7890 6300 4100 5900 13300 98060 7300 5900
5400 6950 9800 8400 9350 8800 10100 7550

7100 5750 3550 3780 4350 7300 5400 5200
-50

2700350 Bt — B3 Z A BGBE A AEZ 84 0 1964 XB A2
EH 09 FAM 0 R BYAFAR S0 KT o

4, ST Erd -

Lfﬁé%?“-1ZDIBWDTVHT25361045255” 3741 B IEFUEHRER GG B0 Wy N A R A 0 e

0.00 4.50
2290.00 4 .50
2340.00 2.66
2360 .00 1.65
2370.00 o.B85%
2373 .40 0.70
2451 . %0 0.63
2546 .30 0.49
2591,50 0.19
2770.20 .25
3084.30 0.42
3212.50 «0D.33
2393.20 —0.37
3442.10 —-0.17
3552 .70 —0.03
3751 .40 —0 .08
3943.24 —0.03
4111 .20 o.43
4262.50 0.42
4419 _ 70 g. 36
4538.50 0.37
47270 .20 0.37
4963 .70 0.06
5166 .20 g.n2
5441 .50 —0.33
5443 .60 D.05
S508. 30 0.15
5532 .50 0.18
5538.10 2.50
5550 .00 2.50

BEEIEEE  FEfA -8 G BE  MRAET
BEHEeyHESZEE BERRIUBFA - DSR2 HE -
33 #EFEH

BAULBHEPRETENHERE RN FHENEHREF
# ¥~\JavaWebGis\htdocs\gmgis\bore -

ERBEARNALT
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23l -ghgliohmA LB yEE -

K45 B B TRYERA LS AGEBIRERZ4LE M

FRAH |TEME  |ESWRGB) Bed
1 x4 204 255 255 —
2 - 255 153 204 —
3 wEmn 2 255 204 —
4 wEr |2 255 153 —
5 - 255 204 153 .
6 an 204 153 255 ——.
7 apes ! 153 102 N—
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W B B TREYEBRKES A omnnE R RER+/

# 3-2.IL010012 A EFRTHEX -

JEJE (m) EENE PR (m) ARz (i
5.00 #=T -5 1
15.00 wWE+ 20 4
5.00 o B HED 25 3
10.00 T -35 2
10.00 B -45 3
8.00 R -53 2
4.00 A -57 7
3.00 chid -60 5
17.00 A -77 2
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