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A THEORETICAL STUDY ON TWO-DIMENSIONAL FLOW
OF UNCONFINED GROUND WATER

——Unsteady flow of Ground Water into Ditch (3)—

By Gyozo6 OHASHI

Synopsis

A two-dimensional approach to the unconfined groundwater flow from the mountain
area or the river to the drainage channels in the alluvial fan is discussed here. The
two-dimensional situation for the flow is based on the assumption that the basin may be
divided into several basins of rectangular shape, each bounded with a drainage channel
on two parallel sides, and that the ratio of both length and width to depth from a free
surface to a sloping impervious base is so large that the vertical changes of the hy-
draulic characteristics of the seepage flow are negligible.

The fundamental equation has been developed for the unsteady flow, and some of
the hydraulic significances of the parameters included in this equation have been discussed.

For the purpose of making clear the fundamental characteristics of the flow, a solu-
tion of the steady flow equation is first obtained with the technique of the numerical
calculations, and the effects of seepage flow into a ditch are especially examined.

Secondly, to obtain the analytic solution of the steady flow equation, the following
technique has been discussed by referring of the characteristics of the flow obtained
with the above mentioned numerical calculations as follows: the seepage flow in the
rectangular region may be divided into both longitudinal and lateral flows which mean
the parallel and orthogonal flows to the drainage channel respectively, and both flows
can be related with the recharge elements which are defined as the difference between
inflow and outflow through the section in unity width at any point in the longitudinal
flow.

Finally, the results obtained in this analytic method have been tested against the

numerical results.

¥ A B 2B

Il BT HKEO ATREEOLRICEL, Thick bind FIROIRSIC bl T KE
Br T AMEIFECERCTH D, B, 5V o RO T KBS 5 EaiaEE, B XE
Hah, 2 ORBELEMINEINTH 5, LLind s, [RETFREECEE T 5 @RI, KX

-1 —



170 BURBH KB AT #8108 B (A8, 42. 3)

FOMOPRICHA, FOERIFE,NEB -, R EMCEAL, SREOTUL > 2BECE-»
TTgls, 2B 2 Ebh, HME HREFTORECHIc DT KEE Y, EDOLIHAr—AT, LD
I o lceF A BB L L, MBS A IBIE T 2 & L o EAN R ORNLETH S,
AR, S5V ok 5 b, Hl T OKOEERER, &, KL, FEROEECET 5
B ML 52 pERUMC, FHBENCEET HHKFZBERECE 5 2RAWAMNERFL I > ET5
LT, ¥, ERAHBRO—BWULIRRLE, THEREOSEOREMRY KD, FROMBEMYIEHT
b, OFE, WTKCEIETHKINOME, Ticbb, TUTIHE LR omkite R &35 0U%
HEERRRL, TOHRMRILAWSAC TS & EBIC, HETOEEYMLS,

1. # ®# =

HF K DOFEEE /e BB B 003, P04, Mahdi S. Hantush? /g & 7RBICE T BFEL
HDH, HEECIEN D 2 b ISR A F RO WTL, BED L ZALLT L L TPt hT
WALV, FOT, ETC T, TR O—BRICOWTEE TS,

1. 1. ERXOHER

Fig. 1 DX 51T, EBHROREKEL b OWKBRDOTHIZOWT, KO X 5 /idi#hoR, (Darcy B
I OEHEORIIT B

V= — K DP/Of -+orererrrrereemmunrinienn. (1)
Vi=E-dl/@E eeerrreerenreenniecenene (2
aax Vst :y vy + ;Z w=—Ss%q;
............... (3)
b=p/7+2+C
2, vz vys 02 2 BT EIO BT HGELLT 1,
Ss : HABOKHEE (BAKEORE X - THAR

gk, EMIhcHBmRIhsE L], ¢:BHH
R, K:BHKEHE LT, p/7: (2,5,2) HOE
JIKIH, 24+C : (LEKIE, ¢=0(x,3,2,1) : K
(3) K& zit LT f(x,9) 26 Hx,y,2) ¥
THEIL, BAEETO #®GEC Lich->TEEXR
%y, XD, z=f(x,5), z=H(x,3,2) H.EDOKIF

Fig. 1 Schematic representation of three FOMBETC (2) ReEE L THETIIKA S
dimensional flow. 4
B85,
oH

LSH d+_?_SHv dzm—2H _g _g sdz—d(x Ht) ............... 4)
ox 17V gy dr VY ot F ¥

(D Eﬁ%ﬁib\hﬁ’i’é F)K%ﬁﬁ?ﬂ%TVDﬁ%‘Fﬁh’ Lo ’Ci”a‘iﬁéxmiﬁ;&k £%0

22 oar—tn g L2 [ 2 gm0 o BE
; aaItI+‘§; S bdz—dr- H—l .................. (5)

T, ta=4(x, 3, H,t), dr=0(x, 9, f51)
Wi, BABEBEAOBIRIOKE ¢ HERATERT S,

iy f __LSH E)AZ vererererreneeente e (6)
$(%, 3, D =—17), 6(%, 3,2, Ddz
¥/, Fig. 2 &:7_1:\'?:1: 5%, D, ¢, o1, ‘; %mﬁfﬁ'\‘?o

_ 92 —



K16 : BT AROKEBFICONT in

D(xsy:t)=H(x:y1 t)_f(x’y) Z 5\“003 -
............... 4D r nd
‘I’(x’y)t)=D_(x1.Y)t)+f(x!y)+c g//
............... (8) ' /: :/ vl | Y= H(X\Iﬂ
7 0l ¢
bn (s, 3, H,O=H(%, 3, +C 7 e
=D(%, 3, 1) _ - ¢ [P/T
~T L~ ] .
+f(x, 3)+C (9) ~ |:
¥ | —
&r(%, 9, f58) =Do(x, ¥, 1) A ~'1"pDH
+ £ (%, )+ C-(10) ¢ DH z¢
zci, D @OKE EAREREA) Do ¢b Db [l . loyer
AAKEECH 7o = 7 4 — 5 DA, g e
(6~10) ROMHFL (5) KizfA, D, D, Lty
Dbmlorﬁﬁfaawﬁ&bac } X
D\, o (p of ¢
o (DD 2 )+ ox (D o1 ) | | Datum plane
+i“( DD— _D¥ ) Fig. 2 Schematic representation of the hights
oy? 2 of the ground waterin observed well.
2 (p2f
+ oy (Db oy > '
Sr*? O (pp—-LPN o,
%5 5 2@~ 0+ [ 1 (o0-5) a

LR BEBTARTAOR b —ROTERTEXTH 5.

1. 2. —BEHTEREL Oith

—BRROTERY f(y)=ax L3k, 8f/ox=a, 9f/0y=0 THB1L (11 RirKA L 7s
%,

(P2 ) a2 2 (DD ) =5 o P2~ D ]

Se4+E70 (o DN e,
= t(DD 2 ) a2
LK, ﬁ’“ﬁw&%ﬁbi&iﬁ&fxbo
G - Dz an [ N
= (DD—~2——> +a? <D )-o as

HENOHNDOHEIL, %m)» a<0.2, (Do“hm)/Do<o-5 DEERHRTERY, D, De=D &%
LTKERBEIARLAEVE IR TS, SoiE, Dot BARLLGTED WhOKEL, he: BREKED
KB,

—#z, PERBANOHIIHFANOHIC HAKEE LR, HRBEICH L TLAREE LIS
Vo LEMoT, Dy, Do=D :+2E (13) RIKRD L 515,
otD? oD + oth?
i

2D =0

[+7

A, FEREDO () ¥HHEHRCEE R, BELTIEROFBRLE 85,
D* | 2 BD* | D' e
o T 8 ox 2y? =0 as

Z v, B=2D/a

Rk iiRic o\~ C, Dupuit-Forchheimer D{REILIE-S FFHADR,

|
st

._..3_.



173 FOKBS KPR FTHEREI08B (18.42. 3)

gu=—Kh(a+0h/3x), qy=—Kh(oh/ox) %[\, HEDOK, 0¢:/0x+0¢y/2y=0 7 LB EERE
i, B QD KEABTHDC Ebbnd,
252 2 2 L2
o h ‘82! Z}; +Sy’: =) crerreretne e i ittt e i ettt aisecstaseseseneanrrasarraes (15)
2, h=h(x, ¥), B1=Ch/a)

A0 R (15) ROZERED & b L DERTH S, R KL 5BOARFEBC I Tk, D<hT
HHH, BOHEBRTIEECIREL N EEL BRB0D, BKB~OThAHERE T 5408, (14),
(15) RRA—&T5, sk, B, B DHFCHEENBKMER D, b i3\Fhi, Weighed mean depth
wED,

Pk, AD Rz, EERREAEAO 2RIEIFERT, (12) R —BEATER Lo iithok
BRERLA, ChbORIIFRITH B ALY, BRHCHIMSRIAWLE LTL, BT X sy
e SBAERTHH, (14 RO 2RTEFHCEL T, UFesWTHERT S,

2. 2 RAERROBEMITIC K 2R

(14) RFEBH T ROEANER»FbTRE L TEETH L, 220, HIFAO—FSA L L
Ty 2REEFEW T T VORERITC X ARFELT . BALEFAVIRBE OB A 5 LIk, F
Wk LOHEKBOKMLEREC L 2R TH - T, & oTike CBKBOFEED, HTAKRZED X
S EY 52 BhRERT S,

21 F =

Fig. 3 WRTX57%, ki (BD), Tif (AC) oERLHKMII (CE) & 2ifo—H4% s b
L, BEOEAP7AERET5, COL X ERBEROKL, TR L » T, Bo—gicfic
NTBL0ET5, 1o, ABJCE (y=—1 WL A#Hicdikignd5), ACIBD, #HAKBEZ—iEER
OREKE, PRKEOKIIT x DRBETRA TR THH EEL D,

DL FEEORhOFERE (14) XThb, (14) Kick\T D*=F, 2/8=a & ki

l;“‘ﬁﬂw
y
E()(.-AX.y-) Fo(X, y.) Fi (x-+AX.y.)
4y
y TFe (Xe Yo~ Ay)
Fig. 3 Schematic diagam of two-dimensional OT__*
flow. Fig. 4 Schematic representation of lattice
points.

®*F oF | &*F

ox? +a§+ 2y
EREEAEC L > TR LR ELTHRD, F=F(x, y) OFMYHREY, Taylor BRI X v EML,
Fig. 4 DS AVCTHEEEARAR L REITRAE D,

Fi+ Fs+n2(Fot Fo) | andy(Fi—Fs) i
2(1+n) R g 16

I, dx=n-dy &L 5B,

Fo=



Al BEATAOKERF KT

73
2. 2. BINAEENRRE

16) K&V 5 BERIL, SHRABROFRC L TEHTH B2, =Tk, Fig. b K;r-ﬂ:ﬁ
e, RO RMAET 5 E—DEFAFIRANEE Uiz, LEai-T, B0, K&, i
FNIHIRCBET 5 S B OB KA PTEH T T2 Lo & UTRMIEL, RAMEE (B lkm, RS
5.1km) ®# e, ¥z, WFMH X 2HH, 150m, y FHE 50m Kk o7c GEFABBI0R) KICHK
B, WTAREOMRE Fig. 5 OE% 7 AMCRAL, HREH® i L SWTREKRBEME2, b
TWAKNL Hr, Ho XBE L1z, UTREDOEYRT.

a=1,333x10-% (x=0, E.L. 239m, £=6000m, E.L. 247m)
(A) : Hy=7.0m, Hz=15.3m
(B) : Hy=5.0m, Hz=15.17m

IR, (A) BEmEM, (B) uTﬁﬁtﬁrﬁT@%ﬁ-om{ix%bo i, ﬁéhwwmlmm&r
BEFEZLAT O b a«jwc-';xbo ¥, a=1.067x10* &4.% 7=,

2. 3. BKBORYE

2 HHDERGH L T 65?2&%11”oiﬁt&iﬁﬁiﬁ@i@‘i‘tﬁﬁhmﬁé#?Z@?t@?f&%a Lf‘ HoTy
RIRI I BIRFNASL ORI R % £ 7 4+ OBREL L CHMT 2L &, LORERMLLTHW2
DIE—DOMERTH 5, Fig. 5 OMBIICIT, SHO R IEKEINEEL T B, Zhb ORI
MO RLERE, Fig. 6 OX5TH%, 1L, BEY %1% F{HLHOED TERL, BTV

WIS LPERCle { i B AR BAIC L D, 2O TERIEE D baﬁﬁﬁﬁivm ik ')%JF, ]
ELTHB, £, = ORHOHARN% T ik & e,

-,

ZoATY BAV

¥ paxm “19PON

. Fig 5. Giéog‘taphical map.-of the Kéfu Basin and location of the model area,



174 HUKBI RWIRFTEREI05B (.42, 3

EL
A 290
\\\ (m}
\ — 280
AN -
\\--+ Approximate Curve R
[ R Sangen Imafuku R \
L Sangen R.no.2 ) x
R Sc;:g:n R no.3 \§\\\
& Sangen R . no 4 TR
A Utsubo R 260
v~ Utsubo R .no 2 N .
A~ Utsubo R.no.3 SO e
x---- Okamota R N T
X---- Okomata R no 2 N D
®--- Otoguro R o 250
O-- Otogwro R no.2 o
Qoo Gokurakuji R b
o-- Ima R
©---- Nagare R -
- O--- Argkowozoi R
240
1001 (Km) 90 80 7.0 60 50 40 30 20 1.0 00

Fig. 6 Distribution diagram of the longitudinal section curves of ditches in the
Kofu Basin.

Fig. 6 X hHEKKOKEL 25 L, THREBO EECIINE IO IEL2235 55 SBNEEL LT, &
B D B\ 0% 2 RO ERE R LT 5, ZhbIRRE A VB EEAOKRTH D Z L &%
BT 5L, ZoRITBAKSOMREE L A% OEME L 2L 5 icBbh s,

HRREDIDLUT OfE%R & 5, FHEHS (£ 2) x:m, z:E.L. (m)

(A), (0, 246), (2,500, 251.5), (9,000, 286)

(B), (0, 244), (6,000, 266.45), (9,000, 286)

SN0 7 G W i

(A) : 2=3.453x 10-"x2+1, 337 x 10-3x + 246

(B) :2=3.083x10-"%2+1.892 x 10-3x + 244

— T, BEKBROKMIL, MR, PRAIZEL CERNDOKEDOEELYZT LI TH B, 22Tk
17, CORSOWIIBLERTH B LHEL TH L,

2. 4. EEEREER
BET AR H(x, 0) EHEKBKA Hx, D & 1.0

DEY, (A), (BXZD\\T, Fig. 7T ik, (m) —:(A)
(A) 75 (B) RAKRHMET XL &0 H(x, : —=-=2(B)
0, H(x, 1) w2\ \To KAETED B by 05
Fig. 8 it v -
%7z Darcy fll%& R\~ x Hl DK AL R & FHH scoopoooood D Sh—
TRERTRD, TOEFT L o THRBEADHINRE O.OO I 2 3 4 (Km) 5
%?’-ﬁbtﬁ%% Fig. 9 = Fig. 7 Comparison with the diffcrences
HAERBRICD Lo, MO T RME L %252 between Max. hight of G.W.T.
TELTD X 5THh 5, and Hight of W, T, in ditch,

— 6 —



RIE : BT KOKEERIEONT 175

o I 2 3 alkms .,

—— Max hight of GWT, ~ 2
— - Hoht Of W, M‘% L —
Z --—:(B)

/r T

a

0.0

(m) / N
Fig. 8 Profile of the drawdowns of ground Fig. 9 Distribution diagram of dischage
water head and water head in ditch. rate,

H(z, 0) OF{LEIR, Fig. T CBbrkL K, H( D OBkLNSABETSHS, LihsT,
T DK DM T A LT, KB REIFHCRECHELTWHEV 2%,

KEET RO b (EIAAKBKLD HHRIC EASh 5, BVRER LR - ThS<RD,
(Fig. 8), H(x, 0) DML, H(x, 1) TEHL T2,

Fig. 9 BB~ OBREEDETNIMTH 5, LOMRITEBEIE, L, 2 mﬁai@m&n w Zh
b OSTHRIL, BEKBNOBBEROMITICKE RBy 5% 5,

k% ¥ L aius, HEKBROBERC X -, EENOMTRE, EHLD Tﬁﬁ«l‘] 51 &mﬁﬁﬁmxa,
KL, WEE IRAKBKUOERECEEY T 5 FERhN LT T 5, ChLEERCE T HiK
BERIDLATHERL VREAHEEETHB LV 2 5,

3. 2 RAUEXEROELRE

(14) ROFELEIRY, UTCERRTAMEC L - TRD, TLIE HUBER) oBfEsRe X 51
RERD,
1. % % B &
—HERTERE EO—Bii 2RTHAUL, BBl SRR THREhS,
SZF _2 oF 9'F =0
ot 8 ox oyt
Ik, F=D* ooffihk, LY TH~ES Longltudmal Flow (X Flow) & \_hk_ﬁﬁfz Later-
al Flow (Y-Flow) & o 22D hisiit 5, '3‘7‘;}9'6, ?5(023&%:%:{. %,

ax2+ 8 oz +&z(%, )= =0 (17)
8F+§y(x,y) | S U A, PPN (18)

I, E(x, ¥) % Recharge factor LF/E7Y, (A7), (18) HRFMEEIT ABETHHLE2 B, 0%
by, (A7) RD X-Flow iX A D Recharge £z #5315 1 &kitifih, (18) X® Y-Flow (XIE® Recharge
by BEG B 1IRTHN L EMTH S LRET D, LichiaT, %%, &z ») BEEEMELT, D, (18)
ROMADEERD, TOMKBR HHEBIZ E(x, ¥) TRHHEBHRLHEL, #R, E(x, ¥ BT
BB BRIV E IR, TORCID £, y) ZRET B, ’



176 FOKBG B AR HES105B (1142, 3)

3. 2. EFXOFEX
ERROBERRL (4) Anb,

c] I S TSSO USSR RUSNSUR O

axS vadst Sf B T SRR e (19)
Einh, W%,

S vedz=qa(%, ¥), S Dudz=qu(Fy §) wereerersrsenseneimn s &)

ExE, (19 &xx Q0 Ric k- THEME, YEBLT lji-1 25 Li+y ¥THE 75, Ebi,

FEETOMAEC XV RAE S 5,
S gady —qa(%, i+ D) - Bij FE'!P(Iue(ﬂﬂ, 1,-_%);3—;""%4.4,(,;, ID]g=0 reremerrremmnnes @D

zow, §j=§j.f§ SF, D-F REX>T, o @y BiEWT 5. TTebb,

oh 1 2
gz= —Kh<a+—x>= —K[hoH———x(hz)]

e}

T, h=h(x, 3, J:ﬁ“x 21) RefRAL, BEThERRES,

oF )| olj+s {L EH alj-4
angFd ,8 EY Sde 2[/3 ax},ﬂax 2 B i3 ox
oF
o L =) ceereerernennieneineans 23
oy liss oy i @5

Z I, F(x,y)=h*(%,¥), B=h/a

®

FRXp X-Flow 0—RTH5, 2FC, Q0 R I->TEE»zc (19 K&, sBLT Li-y

55 Li+y ¥ CHSL, X-Flow L FARBRMBERTRVKRRE S %,
OF| 9Li+j, ,0F | 9Li-} (L oF
i-4 3y * Be + ox )

oy li+1 9y oy
aF)
+
(192

o2
2y SiFdx— 2

i-}

i+5=0 ................................. (24)

XM Y-Flow o—BXTHh 5,

Vg, —BERRE SRy, [ Py, | Fdx oRasn s Tion. 22T RROWEIEE L ORS

HaE (Fig. 3) wlTsRHAE T3,
0<x<L, —I<y<l, h(x,1)=h(x, —D=Hi(x)
h(0,y)=Ho, h(L,y)=Hr, Hi(0)=H, H:(L)>~Hzi }
:oﬁﬁﬁfﬁﬁbivﬁf&m 5y alj/ax=o, 9L:i/oy=0 Lic’i»T, (23), (24) RxkkRiL7ed,

: OF | _BF ) i
LX-Flowl : 4o | Fdy+— 0 pave S0 28 =0 26
1 oF 1 oF
SFdx+< 2 F+ )f,+§ ( 2 F + ) iy = eeeerriniinens @n
\W¥, xJ5F 4L, y Tm 4 @%itiﬁ;m:ou T, qzi’af‘a‘?:irmﬁmaéca»%zafm,
[X-Flow] ;F‘j=%lgjpdy ........................................................................ @8
[Y-Flow] : F,—vj—LS X werreraeerrrueeeneneriieietiiiieiietinioeortesesareonsasnssransnetsane @9

ERE, (28) Rx 2L T Li-3 26 Li+i ¥ CESTH L0 ELR%,

—~ 8 —



KB : AHMTROKERIFIZONT 177

S Fidx= S Fidy

. _4L 8Ft

. Fy= i Sj axd ................................................................................. 30)
2T (26) X% (28) R Fy rL-THEbTe
' 2F; 4l oF; (oF | _oF| _ _

Al o + 5 o1 [ay i j+§] =(errevarsrencoresiraacernrnnsenisseesnreesinsanes 3D

Licdnl, SLEZORDOES, 4|y Fy ¥k Fi RX o> TRRTHLERD S, (28), (30) RAir
HLERADBFNKE B,
oF 2 [oF oF; 2 (aFy
w5 G, = B 25,
L, EREBNT, Fo kB3, % vy OBSITRTE THE LW 5 RENETRTVS, &R,
aF/oy|; ik oFi/oyls X » T, %1, oF/0y]5 13 Q) R X o CEHETE 213 TH %,
WE, ChboBRYELEN, @D XEUTrM~<% Recharge factor 12X » THEERT %,
@D Xx (29) Ror k ar§%msz,

3 Fs 1 oF
e 2E) (r ) Yo .
tich, \_\.’C’, F@, §) Ro xfﬁ®¥&'ﬁﬁﬁﬁi q:c;[LsT 1 Rk OBEGE1LRE B,
oF

qz,=-—KAl{ ;‘2 F+ ]U ........................................................................ &N

¥z, Recharge element ry;[L"T"] ERATERTS,
a2 s

o AL ox (35
X B, Recharge depth Ry[L] #RATEET 5.

Ry‘=ry‘/K-_—.;aqxj/Kax=R”(i’y) .................................................................. (36) )

LidioT (34~36) Rict »T (33) AxBEmr 5k,

OF 1 (qu+i=gui-3)_F¢ 1 5 o,

oyt AI[ ALK }‘ oy ap B0 GD
EbRB, EREYCBELT li-1 Bbli+i ¥TRIL, 0F/dy &%kHT (32) A RATHITRR
DORfR%E 5 5o

oF I (<2 T | R TN (0 SR S | OO '

ol = B, =g i s, @
—%, @B RDOFE3, 4FEXEXRLTKARL TS,

1 aF aF a aF = N Xe V) esesrscnccsraccccccnncaceavssssnsnsosinns

a [6y j+i 9y i—;] oy [ay ] Rxy (%)) G9

ZZI, Rxl1] % x D Recharge factor L L, (38) X&HAWT, Ryy vy &OBFERKAD LS
wBEESIT bR,

_9 [PF| _4L 2 o B 2 N O

Rxy= 8y{ay } 2 ox B W\, K Tom 0
LictiaC, (26), @7 Rix, Fjs Razp F#; Ry s P X > TEBEBIL O TRAL RS,
i TR ) O OO

oxt o ox ——+Rz;=0 D
G IS SO OO

Y R Ry;=0 42)

CROEREUBEORARTH - T, (26), Q7)) ROFThTh, BHERRLE Fi Fock

_.9_



178 AR KRAFEREIOFB (H.42. 3

STEHES h, FEOLERE (30) RiC X » THEST bR, 5K, £ & OBFIL (40 RiCL -
TEEST LRz LY, kT, (4 XEEEMT (A7), (18) ROBTHEEL TR 5 & LtEX
FHOZBENRFEI R EVZ D,

XTC, 4D, (42) XrBHELT, R&, ¥) *RETHHEXTRI>DTHBA, =T, Recharge
factor & TLIEY HLBE] & o BEC FRY B TRET 2 B80T, THEFHEY S O fEigkd
%, T, Fig. 3 iRkt X-Flow O MK ERT5HEC KEL TS, To7kinE
bhadhntErbhb,

3. 3. #E2:xwuaEk (1 ETEHHEn)

EARNT 26) ROBWSEHES 00D | FTREREER, @D RXA—TH 5, FHERRLKICE
b5,

[

[X-Flow] F:%SOF@, R (43)
=~ 4L (*oF
FzTSo on Qg e (44)

Fio, FUBRKFEOSMEND oF/3yle=0 Lich, (26) RiTkA LD,

F 1 oF  oF
lax2+ B: Ox + oy
EROF3HT (43), (U Rxb

1 oF =£_§_[?_FJ_] =£i[aﬂ]

I oy lv I oy loxlii 1 ox Loyl
% 5%, oFy /oy, OFELETE AiET, (33~37) ROBEFEEXAV, BN R IYBELTONSIET
BOLTRDB, L THRERE D 5,

1 oF| _4L 8 (1 (*, BB et eeeeueeeeee e en e et e et e s e n e e e eneneeenanans

I 8y i di 8x{ ! SoRy'dy”,‘R“ “n

T I, Re:x OWIEEY Recharge factor. Ry, & DESRITKRAE /5,

S () erereeere et ta e e e e re e e semna sennes 45)

4

[
Rw:%—l%l__aa?goaaq_;fdy ........................................................................... (48)
Ry HEAERL X-Flow 23kAD & 5 cEE 3, Y-Flow & (42) RELFA—TH%,
E?:f; +_I;_z__gx£+1§w=o .............................................................................. (49)
[X-Flow Dfi#)
R &M h(0)=Ho, h(L)=Hrx %*ifict (49) ROBIRAL 5 %,
F(x)=F=Hg@+ {(HL‘*’—HOZ)—I[Pz]oz}f(ﬁx)+I[Pz]i,‘ .................................... 60
Palal (o9
x - -
I[P:] ES{Seﬁ-pmdx }e Fa dx, f(Bx)s%
(1—e B)
po=Ra
[Y-Flow Df#)
BR &M, oh(E,00/0y=0, h(i,D=H(x) Zifl-t (42) ROBIRAE S 5.
Fi(, y)=Fz=Hz(x)a+—211—l[I(m)g]{’ ......................................................... GD

>
I,

111 )1, =" pudsay, poCiy 3)=Ry



Kif : HEHTROAERFIROWT 179

Bz, (60, G ReFxhs F, P 55, po py XBEETH-DOHERLEL,
¥, FAWT, 2= KD X-Flow ORMENE do ¥ RD B,

Kl[%F +_a_E_} ................................................................... (52)
LI 9Ge/0x HRDDH L
7 e[ {ctrs- ey - 11Patt) {o-pen + 57cem))
+ [ 1 I'[PI5+ 1T Pﬂo’] ............................................................... (53)

*E5, I, prime X 9/9x %3,
SEE, (44> ROBIEN S <51) K0 Fy 10 &3¢ s HEMETEAL (F) 205,
(By= 2L (2L gy AL i oryay+-L( -2 1uceobitay
ERE A, <52) K& taa,su:m % ADLIENE (do) %R, 2L 3(ge)/ox RHETIIRR

"1%—1 ag:) [AL[ o Y M J+

;’j; [ 5 I"[Gy]+1"'[(;y]}]<.. (54;0

i,
1Gr1=-2{ Gr(r, dy=—23 [ T o1 dy

R, (63), (6 iﬁii (36), (48) ROBARM L 9¢s/0x O RABEHEXSLRTHSH T Lin bi)x%o W
%, (53), (50) ROLETRL y=1 KkiT5h Ry OELEHETH D, LicaioT WAL Ry KBTS
RS HBRTHY, 3.1. B~z Recharge factor £(x, ¥) HWET HHBRHEr Nz,

3. 4. Rechargé factor

(53), (54) RO—BMEERDHOIXBEH TV, LrL, 2. 4 KRLASHHEYBECLT R
(x, y) ORERRELLRER, ROX 5 REEIELRI. :

WE, pu(x 3) DEERRKRRTEL LIS LFEET S,

Du(x, y)=myemn .......................................................................................... (65)
zow, mlll, #nlL'] 2H2EHETHSD, (55) K& (48) RfRALT P B35,
Pu= ‘;5‘ l’;” g P TET Y PIP P PRLRT (56)

Py Py % (53), (54) RRARALTC, #itEL = Lok 5.
1 0s_ 4L Imn

i m_ 4 ) L B T T L T TR EP LTI LY (57)
La(q“) = L 2y PAYd AL mnf 1 BE feeeeneens
3 W—[AL[ S+ () 1- s ( ot )e ] cene (B8)
FROEIL (65) RO y=1 TS py RELWHD, REHEE m, n ORERIZKRE 85,
R=2A] /1AL ++vvvverevrseneentimiimiiiiiii e (59)
12” e = Fy ()2 Al
s G (e[ meor] s (o

m LT, wm%mﬁz@mxmxmz, =0 BRWT, XTOEERETS, izl 2. 3. KR
MK ROEELYZBL T, Hi(2)=H** LBHE, m X c5Erdhs,
_AL-AHS*(U/By+25) | i, eerssre e reeaet e rasreseeesas 6D
{14201/ +n)/4}
F, BKB~NOBRFEREIRATELDORS,

=i =



180 BURH RIRFHEREI05B (.42, 3

4 ® B
60), (G RO pay Py BREZH, X, Y-Flow OKEBRIKATELLR %,
O (el (G PG DR (i) G MR GO
Fi=Hi(x)2 4+ menm(y3—IB)/B4L ++eroerreerrtisiossnnnimiinit ittt (64)

¥, MANEREELHET 2B ThE, (63 Rk (x=0, F=H®, (x=L, F=H:i*) O
Z4E,  (64) KX (9=0, 8Fi/2y=0), (y=I, Fi=Hi(x)?) OFHEEETREThMILL T %, LKL,
(L, D) fut, Fig. 3 © D, E TxT 15 BEC BRLEMEX L Tty COBHL, [EF
T I BENDT S TH B, LizhioT, D—EHOWBNEEEH b OE ST 1SRRI 8
BO—2>TH b,

SFR, BEHBECE-T, 3. 3 WRUESWREOZLHLRE L Thb, FHEL, BUERIMC X
BRERHT BIm, 2 2. O&EERA—LFERENRLE TS, L, (63) ROKEMRCET % 5T
EERY Fig. 10 WRT, 7o, BKBAMIRRCESL %

Hi(%)=7.00exp(2. 312X 104X &) cevveee- S (65)

25
(m)

—o——0— Approximate  solution curve

S s B RS O IR S B N S

(8]
3
el
-
<
o
o
7]
[\J
ANV
A\

] } | ] ' | i | I

Y | 2 3 4 (km) 5

Fig. 10 Profile of the calculated ground wate table and the water table in ditch from
the Approximate solution or a numerical solution.
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Table 1
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