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AT DT, /%4 SPKME2Z DT F HADH
T ET BT EIXT RV, FEDEORER X of
Wiz 7 — 2 DIELWIElE 21772 5 Towicik, ToElh
DREIOBEERHBLENDS.

AUFFETE, F39A4 FHOKIEDS b >H TR
KOWTHHL, IS4 ATk 2HTFKEOEAL
DAEXE/4 FORF, BHRS, HTKHIEREO
BAfR 2 dH Tz

0. MR RRLME X A 7 D KAT
ICONT

MK & i, HTRRDLEADSKRKECEL L, 2
O _FH AR 2B U TSI, THIRRRNR
BTHALHSEHTD 5.

H R TKTOMETH 5. COERITEE
RWAIEWL DO HA TS, BIAEE M
NAFERGUWE O EHIC S AT EEEL, &<
HFKEMMETRL T 5 & 9 2 ERRIB T ¢ O
DETTHIE b ORIFRDFE D, TR DED
FTHTRALEDEAIN TOT/E TR hiT
L. DX S ICHEF/AKRO b DB ONTIEN L
S DRI D BHS, WEORSEE 5 M FARAEIFE
MILAEICF T b, KEBELRIEYAET & ORI

DWTHIFEIN T S (ZF, 19735 #2115, 1969).

H AR L 9 4 7 2RI U ToBslFHhs &
BAah sy, TO&EH TR HTICHFEL SN
B A FPNOKEDTERIN B EHD 13D,
24 FIE B TR Bl § &5 Rz,
time lag g8tk b, /4 SHROKAR2Z DT FH:
TFKALE HIZT T ENTERNEEVDH 5.

284 S RKED § DRI X 04 7 OEEIT O
TR H D OPRFLC L >THRINTET.
MziE Kirkham (1947) 1, /¢ 4 7 @BKERD
REBBAMNEVTERY 5 EHEL, BTRBHY
HDEEDNNETRBGAA (sink) EUTERU, C
OREEOMTAEZET Y, I EREBHED S
& xiIiiL (source) & UTYERL M FKE% 1
HIw 5 EBRNTIAS., F12 Myers and van Bavel
(1963) 3/KBIGMFDS BT 5 & X RHA (17T
299 %) NOKELET 5 TR ZEL, JF
FiD B & K TAIZINT: HrL Eiksg (short)
EUTHERT 3 &b <T W 3. T DI »ic Al
(1964), i - =8 (1966) 5id/ 4 FPIKALE /A
FHREED BAKD [E73 & O Bl 2 EEAINT KD T
B, LS OEMRMSHIUCHL T, WTKMIED
L X time lag k& OFKEHONZICBIEL THh
U s FAkKRIe BEINIC 4 S, F—H—F—
WIS E D BETONTIE HFHIT i) \bh T s
(Talsma, 1963). UL 7AKLUIZZKEIZEBEIN
12,24 7ML DIT, HEIL TV A TR D LA
R —FEDIH B X 5 I BB T DI 2L
I8, 24 FPKITD § SYERNEKIZ DN T
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KDL RHIETH oM. = CCEFIINH (Hf -
HZ, 1972) T 3WWT, ERMNEERDITDITE 4
FRICKEDED 282> DL 5 ITRKET 200
WM TH D LRI, THOLERRBIC S W T’

(/¢4 FNOKEZBEKED S 94 TRNOFRAR L
234 F N b BKIBA D HHRD BRI B ARITED
5.

LT3 > THEFIcl PRy FEa L&l &8, TD
BIBIT U132 Tt A SIICOKEDBERIN 2 BE S
LA,

T OYBIIRERIT & &SRR BEE INTZ o4
FETI3BBERD 2K GEF NV Fig. 1 DX 5ic
YERR L, %4 ZPUKALIT DWW TR 21578212, D
EF, RATHKRODA b L —F I H BHERD
WTIRIEERIEI ) o2 Uz, COREBETIIRE
CHEUICBAESRR TOKEA G 2E 0 1 RATH
DULIH, COXISBYITNFIZSHER L —F
DOBEOEEI/NS L, A by —Fitk 2IE5KEEL
BRINDNE I EICHATRETHS > EHALN
5. U UBIOERPA S { A b U —F 85 2Bk
R & HIsE DR ERBECANT A LN TES
Mﬁwiém*ﬁ%%taw&wﬁmﬁﬁ%%ﬁbf
ROIZTNLTL SRS, TTIRZ OIS TRBH
B 2B KEICBEEL THEONT WV 2 O T (I
W, 1974), ZTTIIESEIZT BN, 212U S
PkbLIE—5E &3 5.
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24 FPARALE (1) RPRAL TEREMD o e
IN5.

___________ - ——--

Fig. 1. Two-dimensional model of flow into
the perforated pipe installed in a paddy field.
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BIZE A STFOBBKDFEIBAFETH B L5
SRERE, HTKE EOREIESE 4 S
DA N —FEHDH 558, COUERITIIEE
Kigs4 FHIREA L. BBEKEFEIDSRGT X
HREBEITHAST 5. LIS > THIRSERITX
DTA FHKALIZHTKALE —FT 5 T &R
b b, FRBFKOIEIIVEEDFHRD B 1,94 7
DA ML —FHAHDH 5 E X394 THITKEIZAET
VA AN

D& 5L, R >TIE 4 SARKND 4
EL DTN E—FT BT L3 H A0 SMTEHTRO
BEHH D 2HBT A SHEOH TR T Tic
N4 FHOBNC L D TEINTWADT, <4 FH
IKAL% FARDHTARALE § 5 C 1T EN.

WM. 4 X2 BB KKD
GLAL D
MR ET AHTRIE % Fig. 2 wRd. EFifllick
L 135cm OKEMNDH, TThHKA 25cm OF
WHEKIT D 5 ARG TSR IN T 5.
T T OHTFAKEDOHIZ ¢4 FHBBINTIVG
NEXxE, HBINTVAE IOHTKASD T %2 Hilik
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Fig. 2. Pipe for measuring the ground-
water level in the flow of free-surface
groundwater,
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D3 BH3, —MIT 3 RIT A i T KR RIRE DR AT iR
2BADIIHFRICEBETD DT, T TTIIIEDEIT
T ABUEEIR 213785 . FT2H FKE EOR R
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X4 OISO S, ¥ HIOKEERFE—HETH S
DT2XICIEE AT EWPTE S (Fig. 3). ¢
D& X OMFFIE Hamel (1934 wk-oTkpbh
TWADT, ¥£9 DM EBUAM & % U TRIERT
PIDE e B, FLTOXRNSA DD AEE
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Fig. 3. Two-dimensional flow system
without pipe,
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L LT €y, 8, €5, BT 0 WTIGRES
BEHDIITH 5.

L OWPARLEISERESR LN S T T
ABITTIED 5 74T TIA B NIZIEDS 2UOED 0.02
HUTIIE2 I THERT IO, COBMPHFERH
SXEDOIEIDHT, e, eren DEDFH, PEED
BRI S 2WET AL LR EDTISEERE
DARLENTIALEBALNS. AT THEHALIZE
HEAEBEOBECONWTII > EOHBMPL+ITH B &
gLz, 32bblDAERAVT a=10,b=5
OB ONTEHE 2RI/, HAEDEEE kL
1R % Table 1 iR D, WFNEHELTEA
RV, 2 (3) RS BLNITHT/AKERR
(2) Rk s x=0,x=L [c513 2 FKE DL
BICNEL T 5.

2 €, €4, €4, -

Table 1, Calculated results in the case of
a=10,b=35,

Calculated values
Workers

L |&/L ( h/L ] he/L

Hamel-Giinther (1935)| 0.159) 2.03 | 0.51 | 0.78
Muskat (1935) 0.162/ 1.99 | 0.52 | 0.76
Present work 0.162/ 1.96 | 0.53 | 0.76

U1z$>T Fig. 2 OIS COHFBREHTE
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Fig. 4. Analytical and numerical distribu-
tion of the groundwater level without pipe,

CHITF kM % Fig, 4 WRY. CCC hy/L==
0.029 T %.
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Fig. 5. Grids for the numerical solution, Grids with dots are the
pervious walls of the perforated pipe.

Botiickif % Fig. 4 IR d. BFRESERIC—
HUI U TAIZ0DS, 254 O ks 2129

VAR ETH D EEA LN S, SM \
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Fig, 2 IWRTHBO ¥y HIAOHsmiaic <1 7% fem

WHT B E, WU A TOMBEICH L CRIRE 255 T
DOTEHLLE I OFBIC N TH A L. Fig. §

0)'%%%0”7:%?;‘%@”04 70@%%TQ§JKBEE7J(¥E ° ‘ \ \1?0_* gliter tevel in pipelcm)
BRETH. 94 OB MILM2,M41Tk>T, W\ v T2 w3 s
BERSIMITRDbINS. UFTIE EHBELL \

(M1==15M2:==17, M4=3), ZHEEIVRZLS
M3=9 & M3 =16) HHL, WEEIVHLL \
(M3 =9), ps8ircs (MI1=15 M2=17, M4 500 L \ oo AR
=3 & MI=14, M2 =18, M4 = 4) B 20Tk \

UOFNDA & X ZEHATRD T 5.

T O THTRBOED T3 DHIK90 6 HED/ 24 71k
LR DA T TR EDATN S, Fig. 6. Total inflow rate as a function

F 1034 THEEC BT RHE ORI EIX 1 Tl of the water level in a pipe,.
DHLTFARLL 2 AR L TRD I,

o4 PROKER, T TRNIZE 51, 74 TR ELTe4 TRADRREQ (=HAR—MHE) %
DWARE A TRPLSDOFEHEESELLRBLS BHTA. ZUTCIhLDED SRMEN 0I5 X
AT AT 03, BFEMLBH S L, IERIC/KE 5784 THOKAL 2 LIz (Fig. 6).

DR R 5 LI T E b2 DTOEDFER WINOE&ES 94 TPKNDHK 97.5em DL &
JANTz. 381 RO %2 90, 95, 100, 105 cm ICRHMBIZ 0 E DTN AR EARTILENT X B D
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T, TODE sOKMERD 5,94 TRKALE UTz. BE
BTk oA TR, BEBICE TR DI T
RIKRLDSET 5 EEZ 54, Fig, 6 1230 TH R
B30 L5 B84 TRANICIZDTMITHESA LN S
D, BRI RIET 5 LT E .

FIFURH DREED L 794 FHKALHS 95ecm &
100 cm D & & DK E DN DY H 3R 12,

24 TN E EDHIRKBITE S 2,94 TH5dh 5
& s O TN OE L% Fig. 7 it/R"d. Fig, 8
o84 TORGREANHE, Tabb j=2 BET
D4 T K BHTRMDOE{LE %, Fig. 913 M1
=14,M2=18,M3 =9 M4 =4 DELED/ 4 T
b DEERET & AR ARNMOL{LE PR T 3.
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Fig. 7. Variation of groundwater level due
to the influence of flow in a pipe. The
increment of groundwater level is presented
by D. #, 5.0ecm<{Dj; 4, 25ecm < D<(5.0
cm; blank, —2.5cm<D<2.5cm; —, —5.0
cm < D<—2.5cm; =, DL —5.0cm,
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Fig. 8. Rise of the groundwater level due
to the pipe in the j =2 section,
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Fig. 9. Rise of the groundwater level due
to the pipe in the j=2 and j=12 sections.

V. BEEXTELED

HERER 2A B E Fig. T BT EFRMNTLHT
KOO EFRDA LN BT E, BLY Figs. 8,9 Ok
RIS 2&MH 5 C & 2EH S BHEF T DBRIEDN
HELThBREEZEZLLNS. UL LTINS DD S
Fig. 10 ©X 5 2272 62 /s Hi#R 2158 2 DI U TK
5 EENE SO DT, R & e 2 B B
HWTEHLEEALNS.

Figs. 7, 8 5, »°4 TOFTEBPIVLHLINE 3iF
(a,b), (@) DEEDL HiT,8f TORIK SR
TR OENIE K E L, BOELNE sk (b, 0,
() DLADL 5 ICHRER I DENEELNIZT KRN
EDSod s, FIHWTRALNE 4 TOEFRAITIHET
U, THMTIE R T 2B A LN %, ZDEHOD
RE IR THUOHBRENI>THS.

784 T b DFEREEELADBIE (Fig. 9 itonT
12, S THLESH A US> TENINIL S
b, FHEEEERMEO TV ATIDICERICHEIR TR
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Fig. 10, Groundwater head and level dis-
tribution with and without pipe. (a) head
distribution; (b) water level distribution.

Vs, Fig, 7€) O, <470 ok bR
TZHE TOLAUIII E A EA S, B 3
N 2584 TORIL B DEPIVDTHRAUT S DTS

{185,

WETLDYY <4 TR (B9 97.5em) ik b &
DR FARME b ¢4 THROMET 2 5ecm ETFLT
Wi, FT08A4 I BHRIRALOL NI R o &
ARk, BEBIVLOEIENEN M1 =14,
M2 - [8,M3:=9,M4=4)T £5cm {ETH 3.

294 X BRI OELAUC D0 T B R DM
B otLh.

i FKiGi D AR D I DN TR EHNIR e b 7o h
DH, T Tl A TPUCKITHS AL DHERE 2%
BT L ERE O THA BT 22 &5 TR 3. F
b B4 THRIEO M TN OWEDSK & < 70 h &k
SHBRDSKTCE DL &, 1A TDR =3 83D L
Ui & R OMIEDKIEZIRE 8D, $ EDHTFAK
KL 5 D /94 TWNIKRD ETFED MR Eix K x {2
B LI D TREE D FARM DTN S K& 85,

DX B, 81 ATk DHT KM OENL, <4
T DB S PR FKETDR b — > HOWBE
VR, 3 TOEK XVRZ U TTHE R K DR ERHS

KEVEREL 3.

Fig. 2 OYED L 1/10 103 5 & 94 TORIZ
# 2~4 cm 1Z7g b RENT/KE O # RN E I #E H
INBNAL TORIIINFELL S, LOESOHMT
KOLDEALEIZIRA 5 mm, /84 FPRKAD S & Dl
ToKALH S DIETEX 2.5 mm, FREE 2505, KH
D% 5 x 31 DKEHANZ Fig. 2 O &M LE
0.367 (:1335(;02—5) kY RAEL, Ed TORE
BEbISITBOEAEL DY, LOEXRETRIZY
BICKEL 78D, 7oAKLIZKEDR X £ 3T D94
THIRBLGI i OSKIAT 22 5 78OV RBUT o 0 TRTH
(1968) iz k> TR~ LN TV A, F1z Richards et
al. (973D X F v A A —F—itk b MERERICE
&S &M TKNL EBMFHFR DK E B~ LT &
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0 5 x 3 LM RARAIAR & & BEED L LR g
TLTO2EXEEXsDEHCHAESETIIES
& BEKB O TEDSE 7 DTG X & 1 { DHLFK
RLAYTG 2 IEMEIC R BB D 5. F 72 F/KHIH =
WEERABT AL LDa7, BKIEHOITL KET
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UIc W OROZOH i 2R L TELIZYD T 5
Ex, FI TORBYIDVETE LGB LETIR
TR BEEDEL 3.
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i) 294 FIEL THE T FOWHNDEIBK S
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iii) ¢4 Fic X EIUS FIRAICHEFARBIOE T,
THHUTR LR E2D>THobN 39, ZDOEILOR
B THRMDH A 5.

iv) IFRE7s B 2m Ao dicid, 35T
WL BINIL T ELENHB.

AP E AHTARNBED & &, MTFKRELHTT
THERLULOEE S 94 THITKEED 5iE» H T
788, T0E AMTTKED AT 24T § TR KFTHS
H5BE XA THOKDHENIC > TEINIHT
IRIRICG LTz, BROHT/RAL &3 57z AALEIC/ 2
A PRI ED 5.
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b &S0 T3 Rt BT FARRDE ST 3701
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Summary

In measuring the groundwater level with a perforated pipe, the water surface may
be formed in the pipe even if the groundwater table does not exist under the ground.
In the case with the existence of the groundwater table, the groundwater flow is disturbed
due to the flow in the pipe. And inversely the water level in the pipe belongs to this
disturbed groundwater flow. Thus, there is a possibility that the water level in the
pip: may not be regarded as the true level of groundwater. In this paper, the variations
of the flow and level of the groundwater were analyzed in the case of a perforated
pipe¢ which is installed in a three-dimensional groundwatcr flow.

At first, the physical meaning of the water level in a perforated pipe installed in
the paddy ficld was studied and it was confirmed that the water surface in the pipe is
located at the level where the inflow rate into the pipe equals to the outflow rate out of
it, This mechanism may be valid for the pipe installed in various types of groundwater
flow.

In consideration of this mechanism, the influences of the radius and length of the
pipe upon the variations of the groundwater flow were investigated. It was concluded
that the variations become greater with the larger radius of the pipe, with the deeper
depth of the pipe below the groundwater and in the case of the steeper slope of the
groundwater table.



