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Formation of Shallow Groundwater Levels and
Interflow in a Small Forested Watershed with Gentle Slope
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Fig. 1. SRFEBORE LEHF, BKEDME X UREFROHESTE
Topography of the experimental water- Frequency distribution of inclination
shed, the location of shallow wells and angle and orientation of the slopes in
measuring weir. the experimental watershed.
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Soil profile at each shallow well (cm unit).
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Effective porosity (s, %), coefficient of permeability (&, cm/sec.)
and the value of kfs of a inspected soil layer near the H-3 well.
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Cross sections of the side ditch and the side-slope.
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Table 1 £k 3 &, No.17 ®kHic, WEEEMEL THIERRIZEALABORSEZIDLLS
BHB, ¥, No.2d 0k Hic, BHEEREL, TOLDIKEERS 2.9%6m EN3E2hddH 5.

Tablel. f | H B © i © W £

Vertical length of side-slope for interflow.

K E BB | NRORAE BAXEOEEE SRKHEE
BlA (D) (La) Lg (Lr=Lg+Lg)
Horizontal Max, depth |Vertical length|Vertical length
No. distance of side-ditch of side-slope of interflow
(m) (m) (m) (m)
1 0 0.53 0.77 1,30
2 10 - 0, 48 0.71 .20
3 20 0,67 0,67 1,26
4 30 - 0.61 0. 67 1.28
5 40 0.53 0.57 1.10
6 50 0.56 0,52 1,08
7 60 0. 46 0, 47 0,93
8 80 0,54 0, 41 0.95
9 100 0, 48 0. 38 0. 86
10 120 0. 66 0.15 0,81
11 140 0.71 0, 41 1.11
12 160 0.53 0.58 1,11
13 180 0,51 0.70 1.21
14 200 1 0.39 0.568 0.97
15 210 0,34 0,97 1.31
16 220 0, 26 0,99 1,25
17 240 0,34 0.16 0,50
18 260 0. 35 0.30 0.65
19 280 0.31 0.39 0.70
20 300 0.29 0.60 0.89
21 320 0,43 0,72 1,15
22 340 0. 46 1.83 2.29
23 360 0, 47 2,20 2,67
24 380 0.38 2.58 2.96
25 400 0,38 1,40 1,78
26 420 0,37 1,14 1,51
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Graphical explanation of maximum groundwater level indicator.
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Longitudinal section of H shallow wells.
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TR LT 2 REM TR ERD 10

BRRBEACKESN BRI FOBIIAF 16 KT, ChooRAFIR Fig. 1 K RENTVE LI,
F, GEXUHODIFICEBIN TV S, EFOBRHFOMIFANIE, GAMNTE, HAMNETH
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BEHAFICOVT, MIBEEEEALTIEEHF I TOKEES#LMRELEANELT, fFEN
i< &, Fig. 7, 8 BL T Y IKRT X HUBFEREL 5, BFIOEEEREIL FFI3 68.53m, GFIH3152. 62
m, HFN3 115.11m Th 3, FIKERIL 5.1ha, UEOELER 427.00m THE 55, WHOFEEIEIR
119.44m 733, BHF 3FIOEREOFEIHEIT 112.09m TH 30T, BHEINOELER I KROFEY
Btz L,

GHITIRG-3, G4 BIV G5 DEHAFTHALBHICERL TS, ZHEHASEO hRgicE
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Table2. % &% # F © & # B
The effective depth of each shallow well.

EREO LR b EH HREOH LMORS HED»O>OHEHE
waFgs FCOES @ A
~ (L) Length between the upper .
Well No, | Length between the upper end of pipe and the Effective depth of well
| end of pipe and the base ground surface below the ground surface

(cm) (cm) (cm)
F-1 204,0 65,0 139.0
F-2 203.9 60.0 143,9
F-3 199.3 54,0 145, 3
G-1 200.2 69,0 131, 2
G-2 199, 1 56.0 143,1
G-3 199, 8 66,0 133. 8
G-4 195, 3 63.0 132, 3
G-5 203.0 50.0 153,0
G-6 199, 7 48,0 151,7
G-7 202,7 49,0 153.7
H-1 200, 3 101,0 99,3
H-2 202, 4 54,0 148, 4
H-3 201,0 52,0 149, 0
H-4 199, 2 51,0 148, 2
H-5 199.0 58.0 141, 0
H-6 202, 7 56,0 146,7
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RIZ, BEEAFIZOVT, HEBEOBHSEEE TORS, HREOH ELTORSBLUHETED L
ERETOENELEE DL L, Table 20X 5icti3, TORT, H-1 OFHER 99.3cm L FFEICE
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0
0

10 2  30m
~Scale— .

0 10 20 30m
—Scale -
Fig. 10. G-2, G-3, G-4, G5B LU G-6 DFEBHTEE 2 HEMHEK

Cross sections passing through each shallow well of G-2, G-3,
G-4, G-5 and G-6.
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BT ORERICRESNTO 28, G-3 IHIFTHORER XD # 50cm HOMEICS 5, B
CHEIT B, R ICES < BB N E R OBEFIC R Ui, Fig. 10 10 BB UTEIC
Bt XN THEBREINIHRABEIRINTN S, 2O UFHEKRBEOERRK 0.6~0.8m T, W
T IRV LB HE 4 & RS L, BT L OBEAS 30 RERKRMRN L 12D, REHS
XUBMOL s, HNSHRISBOWKTMIMRE T 7%,

22. ® Kk &

ROV 2 O FHBICRE Ui BAEA RN THERAE L, BAEONIDH O RO
BOENE—KTBXICEESH, BROES, WHICESOENER, ThEN500, 1208 X0
120cm TH 5, EOLTOMEE 2OMIE, K, AWMSHICKIHHTETEONER, TR
£ 20em OF Y2 ) — VETHB, | - FRBOANIC BXT 5 MEICHE, EATRICHEZRY
T, Pokic X 3 AROHIEFE Lic, -

BHHORRRS 4 7 + T VI & OEASHELEHME » 513 3HAET, Fig. 11 13 LREH 5
BIAHEO BN TH S +47 + %y VBOWFHIES 5mm O 27 Y VAT, #47 + Ty
OO B BER 45° T 5o _

BEROTMRREFHOKECHEML, LHMENPS 1m & 2m QIO & ADRBICEEDOHE
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\

CFig 1l LB cacBEAEOREM
Dimensions of measuring weir viewed from the upper stream.
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Table 3. 3 B 3 #H A O #®

=4
=

X B

Water equivalent of snow pack in the experimental waterthed.

Item

H
Date

36

441

BEER
Snow depth
(cm)

BREEE
Density
(g/cm?)

KB
Water
equiv.
(mm)

=
=

BEE
Snow depth

(em)

RETE
Density
(g/cm®)

B
Water

equiv,

(mm)

G-1
G-2
G-3
G-6
G-7

93
87
87
91
84

0.27
0,28
0.28
0,27
0.26

251
244
244
246
218

108
89
84
89
89

0.36
0,37
0. 37
0.37
0.38

389
329
311
329
338

Table 4.
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Hourly rainfall in April, 1981.
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1L.2m QECAREBINTH B,
SEI D DRET B & 5 RSB EVID, EREBAEADBKRA-HBORBRRRZ, TLEAMLT
WSO, BEAZAREORAOKN—HKEOEBRRERTE (1) XDk5TH 5,
Q=0.012A3-576 s (1)
(1) AT, @ BKE U/s), 7 ZEYKR (cm) TH 3,

3. MTEHO R TR & RREEH

3.1 HBRRmAONEKE
BECKI Z2EMICB ) 2MBAOKEKEEMA0K, 3A6RAE4A1ALD2EICDRD, G
BHFAD G-1, G-2, G-3, G-6BIUVG-7TDRBEHFDREET, R/ —H V7 I7—2HOTHEK
BEHEL, COLEOEEBR, BEBIUMEKBEEZRT L, Table3 DEEBDTH S, Table4 i3
B/KEQET D 6 2km BN IBEABETEN L4 BoRBKEERT, 4 AOABKERIZ 9.0
mm T, ThBEBHL LicE{fET 5 &, MERMICRBRIRD OHM LcKEid 339+ 90 =429mm
P AN

>
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=]
]
S 154
4 104
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& 54
b
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Fig. 12. @SHORKLEER, BENES XU R EEREOSH

Daily distribution in direct flow, rainfall and average temperature
for the melting snow time of 1981,
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3.2. MENRIOTHE

LCTORHBE ZMEAZRNTEKEL SBH LAKBEDOC L TH L, RBRTED SABIRAL
BRSO, ZOKEBEIRETH 2L, AEOHRKEEDL SHPIESE L TRAKELBERELIIVG
Db 5, MEOHKENDIEEEE, KEBRKLEZ >TRPTHLIZOT, coEhd, RHER
EroBEKBBEBLTOECENHERETES, RAEBSVEEE MEBIE»>0RBS £Z2 005
M, TOKBRIARATS 3,

Hitkiro Z2gEkhick 3&, 1981 EOMEMKIZ4H 3 H 18RICIAED, 58 2 H 4K 30310 K
TLTW3, colifoRibERid 9587.2m8, WREE % 5.1ha &3 5&, ZOWHKERR #H 188
mm DKEREET 5,

MEHOoRMLE, BBKESIUCRFEERELES 7 7 TRTE, Fig. 120X 51185, BLEDHM
FHACRZ>OHBRE— 7 REBRDONS, 1I~12 A0 -/ RERI BRO bz ticid
AU, 22~23Rovr—7 HFEBBMEKILEHDTD 5,

3.3. MERZRAOHEMER, SHEEEDJTKE

4A2A-BELRBRT, BEREEETEINLOT, 22 0 10MH5 23 B 17K TO 305
HZ DD THEEREZT - 72, BREERBEKERMITORE I v/ — 2 — KLAREHEE, &
B, WkE, BARE, i, SERE, BHE, HTKNBIUORKOKETH S, KEREKELSOD
YUK 2K L CHiRRICHBBD, pH {E, Cl- @B, DO JEE, BESXUEHEICOVTHELY,

BERBOHBICAWEMES 4 ¥ 4 — 2 —FEHU ESGRBUO AR EESES T, NEETHBICER
2.0cm QPXKEEMO MG bDTH B, FHROVERIERD 40.0cm, FHIH215.0cm T, RKEIH
R BRCIE L b0 TH 5. REFBORTARDLME 7 4 ¥ 4 — 4 —EHBREHICIDD, B
KERMON G e =—nk—2 0BT 2B RBEHT L7,

KR, BKE, BAEBIUHET 10cm OMBORIERIE CCRe vy —2FH L, FUKRIZEXK
EOUFHOKEARE Lice ZOMOEERERIEBKEORLTHE Lz, BFERPENSEMNOX
BER ARG 2 MO THRIE Lc, Table 5 (28RS k&, Table 6 IKE, Wk, BkE,
HWROLBHAOWEEETT. BRI [URD BE&EMEIL 19.8°C, RIEMIZ 4.7°C, FHkiRiE 2.7~
6.6°C, BRI 3.2~4.0°C, HRIE —0.1~0.7°CTH»71zo e, BHBEIREMEA4H 23 B 148
T44. 1ly/hr TH -7, ZOWEBBHRAREROBEKE LTUEL-SDTH 243, FHEOMADHER
121 > THEAENMEL 125 T B, L .

WMKOAEMTIC VT, pH, DO, BE, BHED 4EEZBEEFROKEF = » #— U7
HMARNTHAEL, Cl- REEBEHMOT I vA AV 2 -2 —-1M-20 BEERAWTHE L, 2
HRICONT, BRI ORSE L 3 BMOBHTHET R L2 0 Fig. 13 TH2, < ©Xb
5, MEHIKEII2HEBLMSKER, BENRENIS 20, BRBEEISHB LA —TEHE(CE
BEmohd,

HEOoONKEEB ORI LE Fig. 13 254 5E, BERREBEICHE LBEBELERL, KE
DRRICH > THBESBRT 21— 7 2R L, BHOOHEYL—KT 5, LrL, pH, DO, C-, B
ERER, RR—EOHETEMGIHBLTED, FHELEDTL, BRIZX->THIREALELLE
Wofe WV IRE LR UEAOENMEER LU, 48, H4olEHBIC>WTEETHE, LTok
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Table 5, BAES A4 X —F—itk Table 6. KEREORRBLIOEHE
AREEMEKE Measuring values of various temperature.
(1981. 4.22~23) (Bifr : °C)
Hourly volume of melted snow E K R’
by the snow lysimeter. A B & B kB ét}»{iﬁjéi_ﬁ) HoE
Ar s PREOSERGERSKE  Dite |Air temp T | o Cemp.
\verage Hourly
Date alr(f(if;“P' malﬁ‘;’;li/ﬁ‘rlgw 4.22.11 15.3 5.0 — —
12 17.9 4,7 3.3 0.3
4,22.11~12 16,6 2,33 13 17.6 5.3 3.7 0.4
12~13 17.8 2.85 14 17.4 5.3 3.8 0.4
13~14 17.5 2.40 15 16.0 4,9 3.7 0.2
14~15 16,7 2.13 16 11.0 4.4 4.0 0.6
15~16 13.5 1,29 17 11,2 4,0 3.7 0. 4
16~17 11,1 1,17 18 8.5 3.9 3.9 0.5
17~18 9.9 1.41 19 7.4 3.5 3.7 0.4
18~19 8.0 1.09 20 7.4 3.4 3.7 0.4
19~20 7.4 0. 86 21 5.7 3.1 3.4 0.3
20~21 6.6 0. 50 22 7.9 3.2 3.4 0.3
21~22 6.8 0.30 23 7.2 3.2 3.5 0.3
22~-23 7.6 0.33 4,23, 0 5.1 3.1 3.5 0.3
23~24 6.2 0.24 1 5.9 2.7 3.2 — 0.1
4,23,00~01 5.5 0.14 2 5.6 2.8 3.2 — o1
01~02 5.8 0.12 3 5.2 2.8 3.2 — 01
02~03 5.4 0.10 4 47 2.8 3.3 - 0.1
03~04 5.0 0.09 5 5.7 3.1 3.4 0.3
04~05 5.2 0.09 6 6.4 3.0 3.3 0,2
05~06 6.1 0,07 7 9.3 3.3 3.3 0.2
06~-07 7.9 0.08 8 11.9 3.7 3.4 0.3
07~-08 10,6 0.21 9 12,5 4.3 3.5 0.4
08~09 12.2 0.52 10 14,1 5.2 3.6 0.5
09~10 13,3 2.25 1 16.3 5.7 35 0.2
10~11 15,2 2.70 12 17.6 6.4 3.6 0.4
11~12 17.0 3. 44 13 19.2 6.6 3.6 0.3
12~13 18.4 2.49 14 19.8 6.4 3.7 0.4
13~14 19.5 4.00 15 18.3 5.9 3.8 0.5
14~13 19.1 3.19 16 17,5 5.3 3.9 0.6
15~16 17.9 2,55 17 15.1 5.0 4.0 0.7
17 16.3 .67 ) KBEEVY—REME (k¥ —, CCRIC T Process
AR E D)

D B IXFI3AL5mABROAG

FUKE : BAKEA v FAHE, KET 5em fLiE

BAR : ARBAMASCLBERRMAEEAN, ZO0EHPIE
v¥— (CC) Ahz,

H B :HEETOMKXT 10cm
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Fig. 13. BHE - BEKE - RE L AKEORKEL (3 HEBETY)
Fluctuation of insolation, snowmelt, runoff and water quality
(3 hours moving average).
BOTH 3B,

BEICODVWTRHEBOZELE BENEND, BREMhORAMIZ 22ppm T, bHBEOKERET S
FORIKEHED B X OFUKEEE 3FLITOMETH 5,

DO b MEH K DFGHH 5. 8ppm O{EL D, 8.4~8.8ppm & HEERNE L, KEMBEL» SO
F/INBME 5. 0ppm % EE - T 3,

pH ORISEHEIZ 6.66~6.98 T, SKEKEREICAKL, HILRBEMNICH 2, Tk, HFIO6HHO
BHFOBL TR L BEER S LCliE L pH i3, 5.81~6.28 &I YD, BKED>DLE
WADMEIL, ThiybTFhiIcENEEERLX,

iz Cl- CH 508, WHILKDOBREIL 7.2~9.5ppm DT, HKKEKEHED 200ppm PFKELESE 3
o 180ppm X D EbDTEWVETHES Lz, 4, HIOZBRHIFBICRRL-EZ K Cl- #BE
{12 2.4~3.8ppm T&H -7z, KD Cl BEBMEKD 2B ETH 2L ND 22T, BMEKNHEB L |
Ui RN AR Clm BEMNEE - 722 EABKT 5, BERFORKE(LIIEBIEMNEL, 0.4~0.5
msjcm T& 5o ‘ ' 7

¥, 4822 B BREORRAO BERAZHNT 2L, GEAFIITHENL: REYEERRE
(%) %, G-1:100, G-2:100, G-3:80, G-6:45 G-7:30, HIORSHWERHE (%) 2, H-
1:100, H-2:100, H-3:70, H-4:50, H-5:30, H-6:5TH ~7c, BEOBI HIIEMETH 2,
HMEIRRBANA, FAHEAORTAMESEL Lt RAEA ERRRD D, B EEHHLL
£5ic, 48 22 B I3SHEOHSHEEERIZ 100% TiR72<, MELBRHLVBMENEATED, K
BELOBREHEMERIIN 65% TH -7
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Table 7. G 3 © & & H F o #8 F XK f&

The groundwater levels observed at shallow wells located
on the bottom line (G line).

i
A B " Shallgv well * (cm)
Date G-1 G-2 G-3 G-4 G-5 G-6 G-7
4, 111 116. 4 142, 7 >133.8 1315 147.6 | >151.7 | >153.7
3,11 109. 1 137.5 131, 2 118,0 144,2 | >151.7
6.11 37.7 57,3 50,8 20,2 87.7 118, 1 i
8.11 26.0 43.8 48,2 11,2 77.9 118.0 142.6
9.11 14.6 35.0 43,7 5.5 72,0 118.9 141.3
13.11 9.3 18.7 32,4 + 1.7 37.8 101.8 136.5
14.11 10.8 23,9 36.3 + 0.5 4.8 113.0 138.0
16. 11 20. 4 40,7 53,3 3.2 68.7 146.9 150. 3
22,11 7.1 7.2 25,0 + 1.5 38, 9 87,0 125,1
12 5.6 6.3 22,6 + L6 37.3 86,4 125.7
13 4.6 5.8 20,5 + 1.8 36.1 84,6 124,0
14 4,6 5.6 20,1 + 1.5 34.8 82,6 120.5
15 4.4 5.6 19.3 2.0 34.2 79.7 117.0
16 4.4 5.6 20,0 + 1.4 34,2 78,1 114, 3
17 4.8 5.8 21.2 + 1.3 34.3 77.1 113.0
18 5.2 6.2 21.8 + 1.4 34,2 76.6 | 112.1
19 5.2 6.5 22,2 + 1.5 34.0 76.1 112.0
20 5.4 6.7 23,2 + 0.9 34,5 76.3 1124
21 6.0 7.0 23.8 + 0.8 34.8 76.6 113.1
22 6.1 7.3 24,2 + 0.8 35.4 77.1 114.0
23 6.4 7.7 25.0 + 0.9 35,7 78.2 115.5
23,00 6.7 7.8 25.1 + 1.0 35.9 79,0 116.5
o1 6.7 8.0 25, 4 + 1.0 36.2 80,0 117.8
02 7.0 8.5 26,0 + 1.0 36.6 81,2 119.0
03 7.3 9.1 26.7 + 1.0 37.1 82.6 120, 3
04 7.5 9.7 27.3 + 0.6 37.7 83.9 121.8
05 7.8 10,3 27.7 + 0.6 38,5 85.4 123.5
06 7.9 10,7 28,2 + 0.6 38,7 86,7 124.7
Q7 8.2 10,9 28,6 + 0.6 39,2 88, 2 126, 0
08 8.2 1.1 29,0 + 0.3 39.5 89,3 126.9
09 8.0 10.3 28.2 + 0.7 39,0 91,0 128.3
10 6.9 8.5 26.6 + 0.4 37.4 92.5 129. 6
11 5.6 6.6 24,5 + 0.7 35.5 92,9 130.3
12 4.8 6.2 22.5 + 0.8 34,2 91,8 130.3
13 4.0 5.4 20,8 + 1.3 32.7 89,5 127.0
14 3.8 5.2 19.7 + 1.3 31,9 87.0 123.0
15 3.8 5.1 19.7 + 1.4 31,8 84.3 1201
16 3.8 5.6 20,2 + 1.4 31.8 82,7 118.5
17 4.1 5.4 21,1 + 1.3 32,0 81,6 118.0
27.12 23.0 52, 4 70.2 21.3 90,3 | >151.7 | >153.7
28,12 36.2 78.0 103.8 67.3 142, 0
29,12 55.8 115,0 >133.8 112,1 149, 1
30,12 89.0 135. 6 l 122,7 153.0
5 1,12 119,1 141,7 125, 5 150, 3 B
2.12 119, 9 >l43. 1 l 128, 1 149, 4
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Table 8. H% o & & # F O #2 F K &
The groundwater levels observed at shallow wells located
on the ridge line (H line).

A Ak " Shalléﬁgv well d (cm)
Date H-1 H-2 H-3 H-4 H-5 H-6
4, 1,11 >99,3 >148. 4 >149,0 >148,2 >141,0 >146,7

3.11 >99.3 >146.7
6.11 37.2 143,7
8.11 37.2 >146.7
14,11 30.3
16,11 33.9
22,11 25,2 11,1 145,0 138.6
12 EHHlT — | — — =
13 23,9 112. 4 147, 4 140.5
14 23.4 110,3 147.9 141.1
15 22,9 106. 3 146.6 141.0
16 22,8 102,0 144.6 140.6
17 22,8 98,8 141,7 140, 3
18 23.0 97.5 139. 2 139.5
19 23.3 98,0 138, 7 140, 2
20 23.7 98.8 138.8 140. 6
21 24,0 99.9 139.3 141, 2
22 24,4 101, 1 140. 4 141, 8
23 24,5 103,2 141,8 142, 8
4,23,00 24,6 104,9 143.9 143,7
01 24,7 107.0 145, 6 144, 6
02 24,9 108.6 147.3 >146.7
03 25.3 110.9 >149,0
04 25.3 13,1
05 25,5 115.7
06 26,1 118, 4
07 26,2 120.9
08 26,3 123.4
09 26,2 127.0
10 26,2 128.7
11 25.7 131,1
12 24,8 133.0
13 24,0 131,2
14 23,4 126.8
15 23,0 119.6
16 22,9 112.4
17 23.0 108, 3
4,27.12 33.4 148, 4
28.12 35.3 '
29.12 42,8
30. 12 71,1
5 1,12 86.7
2.12 98,1 i
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3.4, REHTREORE & 70 HEH S

BHRBEHFF O TKAIZ4 8 1 B o REEBERZET -7, Table 7 & 8 LIIRSHMICE T3 GFl
L HIL ORBEHFOHMTAMNETRT, FAOBHFIMENRHPT L ETH-1DT, RRIETHEB
T2, CNOORIRLUHTARMEEEHF ORREL SHT/KEE TOEERERT cm B TR L
HTHB, G-4RHABEOFRIBICABEL, BERFEPATOL & ZSUREICHRENRET 5,
TDREHICEFTO M FAMRHETEDELOEL LD, G-4OMTRMD T 7 AES X T KA H3H
EELOENCZEERT,

GHIDREHAF T, 48D KOMTRMMBHRLAIKETD, 48 22 BiCESKEL, ZhlHBO
HWTFARAIZ, BMEKEORBDE &I, THRICGEDL, BERNOLFICNET 5 G-6L G-7T TIEL &
427 BiICHEBEL TFIETL, G-31229B81C, G235 1 AIKERLT&EML o72o HFD R TKAL
REEAFICX-TRLY, QELOH-1DM TR 4 A 22 BEE%ZRL, 5A1HICZ 87cm ¥
TEHTF Lice H-1 DR TFAREDABRAEOHEORBELZZI TV AL ICAbN5As, 22 B 15 HEK
BICEL, BEHEMICRIEETY, TOMOKAZER 3.5cm Th b, H-2 i3 18 RricREKAITEL,
BHD 12BICRIEL D, COMOKAZE 35.5cm THB, H-3124A 6 HETT-LETH o1
75, 22 B 19BICRER &Y 10.8cm EF U7, 23 B 3BICRERMFICBT Lic, H4Z H-520
AT RSP - B TH ~7c, H-6322 B I8MIC EREY 7.2cm ERL, 23 B 2Wkcid
EBUTETL, Z0%RiZEoRESRN,

BIREHFREGORBAVEAERNICERBEIN/Y, MEHOBRBH TKMBAEROICHEKS
N, BRRVWOBRFF TR, H-2, H-3B8XUH-6DXHK, MEREBCOTHICHTRLO LA MR
EHonlcbDbHDY, o LEDRETH »7co HITKMME LF L BERVOZERHAF 2t
2&, THRABT 2 HOIREHMTRMLIIE LRL, EPMBETIEAP OMTRAIIBEL, £0kE
BREERENE VS ERSRD 55,

3.5, MEREYFORE BEKELICEEHTKEOREL

48 22~23 HOBWERIZANT, MERBRHKBY KR, BMEKELXUBRBHTREDOBEL
ZRUIDM, Fig. 14 ThHd, CORUIRLIHTKALIZ, G-4%KR< GROARDDEHF DHITFK
fL&RT, ,

WEORE(EABE, IBELCHMKLT U~IRICREKRELYD, 2NLIKkIT REL S BEicEmH»
STHRT2ENIENELEDE, BRKBEONERERAZAH5L, 22013 14K304, 28R 4% TH
%, Table 5 KRULERET M 4 —42— 0ERCLS &, HEEAMSKBEOEHINESESOKE
ORIEEFEUT, 22 81212~138, 23 Hid 13~14BCHBE LT3,

BEHM RO BEREERFICY - TR, Table7 itk 3 &, BEKTOHERLIL, G-1~
G-4ETOHZRBHFTII UENLD IBEETRAKERD KKFE—HKL, G-5~G-7 T I19KET b3,
Table 7 IR U2 BERPERY, IROBAOHTRAZENE 4 ICEEWT 1 BRIYNA D oM TR OE/LE
2R, ZORENERLIDH Fig. 15 Th b, ORI, AL 12EOKARS 13 HOKEZEZ
Bk iEE 3RO L ALy L, ChEB4ACBRIELTERILLDTH S, O TH
TAMEOKEERBRN T S RTHENITKA LR, <4 FRBKMBETEZERT. COXSIKUTERLH
TARMOKHE(MBDOBEEADE, UTIKERT 2L RHEANED DD, HITKNMOKKELE
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Fig. 14. RIZREBORE, BMSKES XU TR BE/L
Daily changes in melted snow, direct flow and groundwater

level on the best day of the melting snow time.
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Hourly change in groundwater levels at each shallow well
located on the bottom line (G line).
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BAEFIR77 R, REAGSEHPRAFRENRD, BEHEMENT 7254 FRCBITT 284,
G-1, G2BLUG-3TRISKAART, chid, KHRSEOEKAMNBBE L/ 12~13KLD 2~3
EEoBNT, HHURAKBEODEELE —KT S, G-5DEhBELHEKETH 316~198, G-6
LG-7TTR20BTHE, G-1, G2BIUG-3 T 16~17 BEL» SBH D 7 ~ 8 FitHE TORZE L
Bid, BIF—TMET, The€h —0.3, —0.4B L ~0.6cm/hr TH B, G-5TF198H 5 BEHD 8
BET, G6&G-7TTR23¥,OFHD 10T T, MTKIOKBEE(LERIL, 12IZ—EHET, G50
ZNi3# —0.4cm/hr, G-6 & G-7 L RFAMEDK —1.3cm/hr TH %,

22 B 128520 23 B 12K % TO 4 BRI O F AN ORIER, SEMOKESRG-1, G-2, G-3, G-
6 BXUG-T OEEHF TR, £hEh 3.8, 5.5 9.7, 16.8HXU18.3cm T, FHELFICAET S
BEHFIZCRESAED, G-3 LH~T, #MEH 77cm F G-5 QIRIEI 5.5cm TH -7z,

REHORBM TKMIZELHBRERVICER SN, BROVELEHOEFFRIFRICEORETH
-7,

BERNICESE GIIEHF O G-1 & G-7 & DMDKFEEREZ 152m, G-1& G-3 L OO KEHERE
12 8lm Th 525, G-1~G-3 DXMED MTAMIIHERET 10cm TERL, HEIRMKREELE
b, G3HEXDTHTI, MEDEASITH» THRABRE U, Bk, SELFCMNETSG-6&
G-7 OHTKRALIR, HETHMRE T 76cm & 112em TH o7,

ERELAEWEH U TER L UFERASHEICIE, BMER, BRick-> Tl ILAEE L BRKE» 58
H U B BORMEKIFHN, ZOMLEBBEREO/NMIOLITH T,

3.6. #hFh & PREH

MZHNE EHOSERET, WK EE» SR 3REE HEARNOHET L L CHRASBIRONT,
WFEFH & PRI & ORERTEEE Lic, BRNOBEERIC OV TRBRET 24, BT -« BE¥icdk
ALt oRESRR, LEELTIE B, C MEORAME, Eb“?"ﬁﬁf&i"ﬁ'ﬁﬁ%@‘é&ﬁ, Hw
FICAERD, BB AEE ULAKABRERRETH S, £ LT, HEHRORERKIIG-3BEHF X
D& ERLUTOBMERNSEDRE TS 5, BHINNICRE LR, MERELRKHBLZEDOR
BREEBALIHTIREL, BELLHESKOERSE LR SOFHKORALICX 2RBLOME - 2
KiciEAT 26D TH 5,

3.7. mHHLEHMOBTFKIAH

Table 5 IRLE BB S5 4 v A — 4 —DEREICKZE, 45238 1boEA7TRETCORNRE
KR 0.14~0,07mm/hr T B, & ORHOWEIERS > B Ui BIEHEIL 0.54~0, 46mm/hr &
B, ChoDOHENRT I, REPSEHOFEIAKNOBZKEIDT-EREL, COBH
DORBORESE, BEHPOMEKRI SBHBRINTHTKEREL SHBE I TS,

BEHOERNAIORY:-> LR E TORKO REORDIRELZR LD Fig. 16 T2, 0N
F11 A 21~12 B 98, 12 H21K~13 B9, 21 B 21~22 H9R, Dl EoMHOKE#SEN
SEMFIRE LICR LA bDTH B, 47 10 B 198~11 B 18 & TK 32.0mm O—BRHH -7 DT,
11 B 21 F~12 A 9 K TORBABRIE, BSUHCEY sRNOBRHRCRTTERLIRANT 0
FELERTED, 12H21~13 A9 TO MEMRRE MSHHONSLAT1 BfEA Ui iEsl
%, 21 B 20M~22 B OB TOMBHMMBMEREHOIDTH 5,



Flow(l/s)

Fig. 16. ®o» oFHE CORBOBFHE
Depletion curves of direct flow during
the nighttime to the next morning.
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Table 9. #HHHE (Q0) LBWEFRH (o) LOHE
The values of initial flow and decreasing rate of flow.
H S o @
Date (U/sec.) (hr) Notes
11,23 ~ 12, 8 12, 489 —0, 0299 BRE®
12,22 ~ 13, 9 7,910 —0.0306
21,21 ~ 22. 8 10, 678 —0, 0345
22,20 ~ 23. 7 9,030 —0.0314
23.21 ~ 24, 7 7, 860 0.0301
24,20 ~ 25, 6 6. 065 —0.0273 250 6 Bl
25.18 ~ 26, 8 4,161 —0. 0307
26.18 ~ 27,10 2, 423 —0,0275
\.
9 Sae
BOF S pprtt—i2
,’\
12.0F \o\\
LI .
\\
1L.0F «, ..
~ ~ .
s Apr.2l—22 s
10.0F Se pr- . 15
\l .\\
SN . APR.21
a.0f N ~
~
.\\
N N 2
8.0F *3N_ Apriz—13 e 10
~ ~
o N, 4
.. N, :llz 4
~N ~ ——
7.0F \°\ AN \i 24
T 2 \‘___._“
~ -
~. [
<. ,—/\\
3 ‘\\0 5-
\‘!
6.0F . N 9
. e 26 ___z__%._.b
h ::‘—;—‘b::mé/ 5 e
50 i A A A 1 L A1 L 1 L 1 1 O — /“
20 24 4 8 0 2 4 6 8 10 12 14-16 18 20 22 24
Time(hr) Time(hr)

Fig. 17, —RMZHHE 0 AR NEBOEL
Change in the daily minimum flow
for the period of a melting snow
time in 1981.



BRI NI 1 2 BB T KAL OB & chidl (R « JuiF « & - BIEE) — 169 —

Table 9 i€ (2) Rz 8FIORBHBICHALTHEE LKL @ & e DEZER LI,
Q:=Que =t e, (2)

(2) AT, Q PR Usec), Qld Qo XV ¢ BHIEOWE (Usec), ¢ BMBORBER (hr ),
e FARAKBDETD 5,

Qo DIEIL, MBKDSOHBREDTH S, TFhe@EIEL, LBEPICEL SNLHBTAD S OHE
DHBOERA ERLIBRORBLEEL ST LBTE L, TYHBOBLR, BMESTMTIE 22~23 5,
BRI TIE 20~21 B, REITIR ISHETS 3,

o DEI2VTHBE, HE8 ROMBMBD ¢ OED Fi5H (&) 2 0.030+£0.002 TH 5, 11~12
BEOMRHERD ¢ Ol @ OEICEHODTRENVET, FIKERNOEELZILLREBDONLTL, M
BB @ DR, @ Diitlk~3s, $ORENISIKBbNhE, BERNICHBE, o DEIREL—
UL, 0.03hr ! BT 3,

3.8. —MEYROBREROKB

Fig. 17 B3¥7 ERBRBO—MENHOEREN A oRBO AE/LOHBERT, CONT, 485H
OWMEMBEIMETHO DD, 21 HORBHBIMERENOLD, 26 HOZHRERMEKHOHDT,
8, 9 HOWRBHKREEMENY DL > BER L > Rb OB, 22, 24 AORBHBIMEEREZ
BMATRBOBEERT. %7z, Table 10 i3 '81 FRTHicH T 3 ARIE - FAKEE 2h o0k
ERT o

IS T OB LA LS I, HEDOBEAKBOTHREOHMAMEE 28203, TOHORKREHITI -
THFLD—ETRAEVY, REOHTIR 118305, BREHTII 8~ KHATIR 12~15RKLEh
%3, Fio, BERENOC—JHRER 15~16 BOMIEL TV, 81 FORMSHPORAMEI 48 21
H 16 B¢ 13.29!/sec., F7ziZ 0.260m3/sec.:km? TH 3, 1 BEAREORAMEE S/ MEE: DB, T1
bEERBEORIER, Fig. 20 THHOPBEIK, MEOWNHE, S SR> THEAL, BRI
i, BIZFRORELHAMDI S 1 BHICHI > THET 3, ZO®REBEHICADL > TRE UAHREL
%, BlEQERBORIEORAMIT4 A 21 BD 6. 1fsec,, F72i3 0.136m¥/sec.: km? TH 5,

Table 10. 1981 £DO@MEBMBic BT 5 ARE » BAKE Lok

The Minimum and maximum flow and their occurring time
during the melting snow time in 1981.

: B B B K B BE B K K B
A H Minimum flow Maximum flow
Date B @ B £ K % B 2B
ow Occurring time Flow Occurring time
(m3/sec.:km?) (hr:min.) (m?/sec.:km?) (hr:min.)
4, &5 0, 004 6:00 ~ 11:00 0,025 16 : 00
8 0. 034 9:30 ~ 12:30 0, 057 16 1 00 ~ 20: 00
9 0,037 10:00 ~ 11: 30 0,072 18:30 ~ 19:00
21 0,124 8:30 ~ 9:00 0. 260 16 : 00 ~ 16 : 30
22 0. 142 8:30 ~ 10:00 0. 223 15:00 ~ 15: 30
23 0.121 9:30 0,215 14:00 ~ 15: 30
24 0.116 6:30 ~ 11:30 Co 0,139 0:00
- 25 0,039 23:30 ~ 24:00 0, 068 0:00
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Table 5 ICRLIckSic, B ORHO MEKERELT, CONHMOKEOXRTS R TROK
HaThh, ErEEBRRETCOERIFERSRGIMELRTH 2, (2) RBROILOE ERERDOR
HERQ L2DE & DERBHMTKEEE S O/, Q=S &I RHAIEFRIRDILD, JKEBITFO
HROOIDTIL, Q=kSP ; kb L P LEEREY, SVIHIBEFEBELRTNE,

cokiie, HEOHTKEEEEKEE OMIKHABESSD, HTREHEOERE LU THED
BET 5,

Table 11 I—EEHicEH U % GFIOKEHFT OFH 11 KOMTRE & Bikirh b 8l LiciiB
ZRT. CORVATIIK, FSERIFOHMTKUERRPTHERILIFBSE SN, REEEPHD
22, 8AFTERL, ZhlBREECETL, —RMEHHOREDERIE TN ORE L F—FE
FlE5TO3,

REOOHD» b REHICH D - TRMEKERBINL, Chickk> THTkEO L& RBOEMNERE
17305, GIHOFERHFOH TN SIZEIICERAL, AREBERBOKRE AR HIBEICETLLE,
ARSKERRHEITE2ENKEL, HESAE, IHEBEOMICHERERHEEAT ILI>TH S, C
DT L, MERACHBRORBH TATHESENLT, $28iI#ET 5L, ThickfILTHEED
L, ARMEKEE AREEE OMICHERENSET U, Licdi- THTKEERIZREE VS BES
BRMTBZ EEBKRLTVWS, BESEHICE, COEEHRENHEL, BEBoREME Licizaih
WEAEN—-Z LT BEZMBICLI BELDRS 50D, FrERBRESTO Bl E0BNEIKLSL, B

Table 11. BSEHick ) 5 GARHAF OB TR S HE

The groundwater levels each of shallow well located on the
bottom line during the melting snow time.

Aog|® B G W B HF 0T K
Flow ~1 to G-7 shallow well (cm)
Date (U/sec) G-1 G-2 G-3 G4 G-5 G-6 G-7
4 1 0. 000 116, 4 142, 7 — 131.5 147, 6 - —
3 0. 000 109.1 | 137.1 131, 2 18,0 144.2 — —
6 1,161 37.7 57,3 50,8 20.2 87.7 118.1 —
8 1.738 26.0 43.8 48,2 11.2 77.9 118.0 142, 6
9 1.871 14.6 35,0 43.7 5.5 72,0 118,0 141, 6
13 5, 644 9.3 18, 7 32,41 + 1.7 37.8 101, 8 136.5
14 4,520 10,8 23,9 36.3| + 0.5 44.8 113,0 138.0
16 2.384 20,4 40.7 53.8 3.2 68,7 146,9 150, 3
22 7,867 7.1 .2 25,01 + L.5 38,9 87.0 125, 0
23 7,545 5.6 .6 245 + 0.7 35,5 92.9 130.3
27 1. 550 23.0 52. 4 70,2 21,3 90, 3 — —
28 0, 682 36.2 78,0 103.8 67.3 142,0 — —
29 0. 047 55,8 115.0 — 112.1 149. 1 — —
30 0,012 89.0 135, 6 — 122,7 153, 0 — —
5 1 0. 009 1191 141, 7 — 125, 5 150. 3 - —
2 0, 000 119.9 — — 128, 1 149. 4 — —

+RBELOF N LERT, :

+ : means groundwater level risen above the ground surface.
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BMEKEE R E L ORISR ED BT 5 ARERER 0. 14m¥sec.: km? BETH 5, MISER
PEBEsL, BEKBEBRECBLT 0T, HTKIFERRE—FHREHKTIcLVEEILE, COHM
2, ErEFdRRROEA, W1BKETH -,

BAKED S FKBIEE - 7D 58 2 BERTI BT, RBALH 11 BT 2 RBHTREOSFHIRR
#55&E, FHEHIORFFOMTRMLETTHEL, GFITIE G-1 2 MEBET 119. 9cm O E
iZ, G-2, G-3, G6BIUG-7TRHEELTERESFEL, KBLERNT 2HANSHICHET S G4O
WTFKAIZBE T 128.1cm i, G-5 OMT/RME—EFEE LKLY, 2 HEOMTHOTREZERL, B
BED 3.6cm DEILH~7co TOXDIE, REMTRMSMEET 1.2~1.5m DFECETT 2L,
R IEL Uc, F7, BRBHITARMS LR U TRBHNOEBFICHBRORBEXKBSERINE L,
HREBEHETELITEH 2,

4. FEWRI & 2RBHTKELORE L PREERH

4.1 198148 A 3~ 6 AOERKR
19814E8 H 3~ 6 Hichich, HRHMFICHHE 300mm 2#BZ 5 BERLHE -7, Table 12 i34LiR
HAICH 5 MERBRBINEETEBNTHR L8 H 1~20 B COBMMELRT. COBERTX
3L, LEROBEHO—MHRER 305.5mm T, AFEIZ 4 HO 143.0mm, 5 @D 155.0mm, 1 KRS
AR 4 A 20KD 29.0mm/hr, 2BHRARER 45.0mm/2hr TH 72,

Table 12. 198148 A 1~20 H OKHBENE (KRILEEHRNESR)
Hourly rainfall on August 1 to 20, 1981.

g | h| h| hf h| h| h| h| h|{ h| hf h| h| h| h{ h{ h| h| h{ h| h}| h| h| hi h
Datel 1| 23| 4|5 |6| 71| 8]9{w0f11j12]13[14]15|16|17]|18|19]|20] 21 |22]|23]24
1| o - - — - - == - = — ]~ - - - — - —
2 — - — = =~ = == —— == =] = -]~ A = =] ) - —
3 o A+ - A A A = - = - | — - a0
4 |18,5( 3.5/3.0 3.0| 6.06.0 5.0] 9.0[2.04. 53. 5[3. 0l6. 0[5. 5/ 3. | 0. 5[2. 51. 0| 2. 0129. 0[16. 0 6. 0[3.0[1. 5
5 |22, 0]20. 0j2. 5|14, 013, 5/9. 0|12, 5|10, 5l6. 0}3. 0}5. Of7. 08. Ol6. 5| 1. 5 2.0/3.0|t. 5| 2. 0| 1.0 3.5] — —|1.0
64008 - —osos — A ——~————~ — -~ - - - - —
7 —_ ] ] — ) =) =] e ] ] —] —] ] —] —] — —] —] —] — @ —_— —] — —
s| - - 4 - 4 4444 4 - -dzdsdadus
9| 1.0 1.05.5 5.5 7.00.5 0.5 1.02.0| — — — — —| — — —— ~ - — o — —
10|60z - -|— - 4—————— 4 = - - - -
| - 44 - 44 4 44— -4 44— - - - - —
12| — — — —o.540 0.5 0.5%2.07.06. 55. 5[2.03. 0] 1. 5]12. 0| 7. 56, 5| — — — —| —| —
Bl — - = A4 4 44 dd = 4 - - - - -
7R R U ([ S A [ U U N S S I [ e
5| —f o - - 4 444144 - 4 - - - - - -
6| — - - A4 A4 A~ — - ~ —— — = = =~ —
| - - - A - A=A A A A=A A =
18| — — — — ——| — ——ssos0s —{.5] — - — —| —| —{3.0z25
1935 asos - |- - A4 ———— - o~ ~ - - - - -
20| - 44—+ - 4 4 A 4 - 4~ - -
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Table 13. FFOKBEHF O FKAL
The groudwater levels of each shallow
well located on the ridge line (F line).

COBNT, REHFOMTAKARZERL, £
BOREBRSFEE L, L LIRS, RO
HPIKETUTO R BRERAORE L, BARE

A BB ) il H
: Shallow well  (cm) A& DRAWIC L 3 UEBREOR AL & HBK
Date F-1 F-2 F-3 ERICHRARRL, CORUFROSRET, BE
8, 4,17 >139.0 | >143.9 | >145.3 LB X ZMBERBAFTECLENTER L
511 94.8 8.8 1.6 g, UipL, BBIFOHTKE B E 38R
5. 11 Mazx. 94.8 Max. 80. 1] Max. 49.6 . _ L ek
5,16 100, 5 89.8 58. 3 KUE(T- 70T, RUFMCHE T, B
6.10 >139.0 | >139.7 100. 3 BHTKAORE - FEL X UERKR T RO
7. 10 >l43.9 >145.3 ﬁﬂj@mﬁﬁ%%u—ﬁ-‘cﬁs,\a5o
8.10
9,11 4.2. EEHTKEoFEES
10, 13 Table 13, 14X 1512, 8 4B » 520
11,12
12,13 BETOHMOF, GELUHDOENICET S
;ji; BBAFOHTFAEATT. ChEORPORE
15,11 AKALIZBEKALIERFT OMETH 50
17,11
e 4 B 17 B5% TiC 86. 0mm DA - 7085, 17
19.12 BogfloL s, FIOZ20BIAFRETH -
20,13
Table 14 G Al o & & # F o #1 F K fi
The groundwater levels of each shallow well located on the
bottom line (G line).
i #
R AR Shallow well (cm)
Date G-1 G-2 G-3 G-4 G-5 G-6 G-7
8, 4,17 79.1 >143,1 122, 2 88.0 147.1 >151,7 | >1s3.7
5,11 4,4 7.4 0.6 + 1,5 21,6 29.4 48.7
5,11 Max. 4.4 Max. 7.4 Max. 0.0 Max.+1, 5 Max. 21.6 Max. 26, 3| Max. 43.8
5.16 4,7 7.5 3.0 + 1.0 21,6 34,0 53.3
6.10 8.2 11.0 21,7 + 0.6 24,1 58.0 88. 6
7.10 12,4 20,7 15.0 + 0.5 50. 5 99.0 145, 0
8.10 20,0 41,6 48,3 + 0.5 43, 4 146,0 | >153.7
9,11 8.9 32,7 45.9 0.0 44,5 146, 7
10.13 22.6 50.0 57.0 1.4 63.1 144, 8
11,12 33.0 57, 4 72.2 10. 4 84,8 | >151.7
12,13 14,0 57, 2 84.0 25,5 11,1 >151.7
13.14 20.8 29.2 43.5 0.0 58, 1 99.9 130. 5
14,13 25, 4 39. 6 52,0 2.4 69.9 136.0° | >153.7
15,11 37.9 55.9 76.0 21,0 97.6 | >151.7
17.11 71.4 126.7 >133.8 110, 3 149, 5
18, 11 119,0 138, 3 124.3 149, 7
19,11
20,13 120,9 137.5 4 129, 1 147,5
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Table 15. H 3] © & & #H# F o #1 T K &
The groundwater levels of each shallow well located on the
ridge line (H line).

A B = Shallw well g (cm)
Date H-1 H-2 H-3 H-4 H-5 H-6
8. 4.17 >99.3 148, 4 >149,0 148, 2 >141,0 >146.7

S. 11 3.8 38, 4 52.7 26, 4 78.9 59,2

511 Max. 3.8 Max. 38,4 | Max, 52.7 | Max. 22,3 | Max. 78,9 | Max. 59,2
5. 16 6.4 42, 2 54,2 43.9 93.9 70. 8
6. 10 24,9 66. 8 92.0 123. 3 >l41.0 >146.7
7.10 32,0 146. 7 149, 0 148, 2
8.10 37.6 >148, 4
9,11 34.7

10,13 37.4

11,12 38.5

12,13 34.7

13, 14 32. 3

14,13 35. 8

15,11 37.7

17,11 43. 8

18,11 68.0

19,12 74,5

20,13 92,7

7oo SEBNKOBEEOL 2T, F-1, F-2B8LUF-3D8BHFIHT AN BDOH, F-30M#
TRIRIBLEL LRL, ZOKMIZHEET 49.6cm OB H -7, Lo L, 58 16 BEiCiEH TR
MOBTHEEZD, 6 B 1IHCE F-10M KM $CRERGUTENSD, F-2B8XUF-30HTK
fird 7 B 10EB0BRABRICEBEERE LTV, £0% 20 B F TORNIC/IEIDEE - 728, FIRIO=>D®HIF
BAWETH -7,

HF|D 6 BOEHAFTH 4 HI7THOBAO L ERE4MWETH -7, 5 H I KOHURKRTIIH-2~H-6
FTORBEFFICHT RO ERS RSN, i H-4 OHT/RAIR #iFE T 26ecm £ T EHLTH
7oo H-1R3MIEEIZMBELTVZ20T, HMTKEOEESUEAD REBCEEBLEZ T LR, BE
HOBELRUTHS, 50 1IKOBEHOE &, H-4LAD, FEHFOREKULIEREIORTHEHK
MEBAKN ERBFETSH -7, 5H 6B MTREOBTHBDSN, 6H 0FOHEIDL &,
H-5 L H6DWEAFRET H-7, 7HIORKROBERDE X, H-3L H-4&FZ%ET, 108 10K0L
& H2B%EThH -7, 1B, ThLK20 BETH-2~H-6 DEEHFRLTETH o7, H-1OHTF
KALIIHRE T 30cm HiCdh - 728, 17 BRRIE B FEEY, 18 A 13 B F KA M OWKET
BT L1z,

REHOHE RIS, BEROL SIS GHOEEFF O TR BERXLRERLIL, ZOHM
t& Table 12~14 W/RLAc EBH TH B, 4 B 17EHOBEAR T TO BEMRFER 84.0mm T & 52,
G-2, G-5, G-6BLUVG-7TDHEEHRBETH ~/, GHOREFICIET 2 G-1 LM EDOKE L
ICALBT 5 G-4 LT3, HITF/KAL O BRVBED SN, 2OLEEDOHMTRAIZOEZHERT 79. 1cm
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L 88.0cm DEZARD-Te 5AIKLBIINRELD, BEREAWEHMAEAONEH, 5H 1Lk
DEHFICE TS G-1~G-4 DI TAMIRMERIL FTEH LT, %, G5 G6BLVUG-7
OEM TSPV EL LR Uz SEKMIERAOEREIZ X SE, G-1~G-5 DREKALIZ 115
DERANEBELZRMBETH 2720 G-6 & G-7 L OBEKAMIZ I BOEAAED 3720 5cm &
Potie LEcdi-T, 5011 BOMTARMEBITICE—2 28I THBTHBE Ul s, BN
LI & /NFRDETRRAICHE - 72D T, REHF OHTRALIE /MEOFRBEEEDE LIS, 20 HETOE
EHF O FKAIZ Table 13~15 TR Lz &K S BRBBREN & 5 12,

BRI LM TRMORBCONTIE, DUTRERT 2L LEHEBADON L. BERFOBELIHMT
KUDERIBERVIKIEET, 20K THRZES . HMTFKMOETR ERREETHPPT, TH
B, BSHIKRELALETE - F, HAOEHFIKS, MTAEBEN, GFORHFTTR,
FEEWICAIBT 5 G-6 & G-7 THHTAMMBEL LR Uic, D ERBSHE LB LU -BERRORERD
TAMOERICET 2HEMTH 2, 178, G-1, G2EIUG-3DKEHFNETE, MEHLFRIC
EEOEKIREEL 12D, BEBRVDESICH - THKIC K ZHBRIFEE L 72,

4.3. GHEHFOMHTFREL R

BB L& Sic, BRERICBERORALEATVBRANRL, *0y AR X 3HEBEH
BAFTE Lo, SROIUDHBERINALCLPOELTH, ERNHORERBSBOZLERED
CHBEZ5EONRENKETE - EBbLs, Table 16 2, BXKELSHET IABEBEREFOY
== VEEHOTEAILICHES, 20& 20D GHOREHFOMTRALEZRT,

5 0 11 B ERFEIL 90.76/sec.,, THEMKETETE 1.78mdsec.:km? TH -7z, T DOEZII,
TTIHTRESBEKNLERET UEDEETHD, HMTFRABESICELLE ZOKRIR, 2hl
tTHoe b HEEINS, 5 H 160 ERRER 39.07!/sec. T, 16B5iCiT 11 BOREDOK 43% T
DL, BEAVICEG-1, G-2, G-3, G-6BLVG-7 DLEHFILOVT, HTFKEIOE TR
EHNDE L, EWICHD G-3, G-6BIUG-7TODHTFTRUDETHEL,,

BRATHROBERBSHECHEAS L, 820,510 8 2#F Tl A8 45.5mm OBRN H - 754,
11 B 130 FEAFREL 1.49/sec. TH -7z,

4.4. PRIHOBIIRE

ERTSICZ20KRTHRO8H 20 83T, HAMNELAASEONTHKOEREZORMEHE

Table 16. Z HIc & S #H FAhkA & KB

The groudwater levels and flow caused by the heavy rainfall.

AR B 2 # GrouTndwater 71j(<evel (cm)
Flow
Date | (jsec) | -1 G-2 G-3 G-4 G-5 G-6 G-7
5.11:00 90, 76 4,4 7.4 0.6 + 1.5 21,6 29. 4 48,7
5.16 : 00 39, 07 4.7 7.5 3.0 + 1.0 21,6 34,0 53.3
6.10: 00 19,92 8.2 11,0 21.7 + 0.6 24,1 58,0 88,6
10,13 : 00 2,40 22,6 50,0 57,0 1.4 63.1 144, 8 —
11,13: 00 1. 49 33.0 57,4 72,2 9.4 84,8 — —

¥+ RUMEEEOKEEZET,

+ means groundwater level risen above the ground surface.



REERRAVINR B | 2B T KN OFR & opiadR it G2 - JuR - BR - ¥ —175—

EMEZRRK
(d) sA10E
[=T% . ¢y %2

_:;",;"—’7'.
u 7

iy

W L NI
Fig. 18 (a~m)., ERKILZOPEKIEOHEERRT (ROEREHHXEEZRT)

The disappearing process of interflow after the end of the heavy
rainfall (The strong line shows the interflow section).
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Fig. 18. (>-3%) (Continued)
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L, Fig. 18 (a~m) iT;RT 5 RERES -,
CORT, KOELITHAD EE LK XIGER
T BIEOHKI U EITRERLSTHET
ERELTWA, 15 BiRiz RhcylL, £h
D#RRKoOMETESEL, 50 EHEK
RAMER L, 20 BICEKED SO KIS BL
KB L. FAREEO R E HHT5&, 15
BRI D FKKEIZ FRME O B KETh
D, $iC 19 BB XU 20 BOFKKRT 3 hRIF H
OELORBENZ B,

HABEOHKZ, BROY—-7%2BES5H
FHRUBERID R ERLTELED, 11
RICRRPT NS A, 12 B0BHTBUEL
Wb —#ROWMKE 1L, 13 RICIRFHKD
B RHERAs TS L, 15 BiTid TR 3 i

_ WL, 17 RITIR BFHREMO FKXEZZG L

T ste COFKKMIT18~19 HD NHTLETH

Fié. 18. (>3%) (Continued) MR Lcds, 20 BiCid ETo MRS
BEBLTEL RT3,

PRI oM AE OF M ERME, BES X CMAREE > 585 1 2 P E & BEicE - AFKTH
%, BRKILRREES L CHAILER OBA B HERRIET 185, 7 ALBROWKRMEIZEED S
BAH M ERRICK 2,

ENERBAK
(m) 8 A208
= REkEs
o BAF

, 2780

5

5. # 3

Fig. 19 3 GHEHFORE S hic EAEME DO ZEROO METER LSS X UCRTRBOSERH
FOBEMTALE ART. HPICRELREAO—HARERBICHENL, CUICHT LB b
HEBRTLT, BRMTAERZ®BL4ICERL, G3fELY THTRBERNICHERMSRE U, #H
TR LR « fEkic k 2HERRE, FOERRIKBEULCBSHICS, SAERMBILRBRELLL, BBY
D& LE~E L, BERHBIIIBRTD LD ORMNED 84.0mm E T 5 % THTARAITHERT,
ZOHROBEWCIY 2UEIZER Lz, ZLUT, GHOZERFF TRRASERAOKMNLIDEL LAL,
MERDFERBIZ EFICHA LIz, E-MERICE MTKIORESE - FEITHIOEH
FIC S HTF KR HER LIz,

ErEERKANO FEEKMEO MERAE LI 7 ZoBHFZHE L, chZ ATEBHFLEGLL,
F, GBLUHAIOREHF &L FAHEOHM TKED BRIEZT->Txlh, AFIEBHFORBIh M EHOM
WMEKEEMEHE X UCREMRO BRI TARA% Fig. 20 IKoR87, AFIEHF OKMIZEEROBKE b
Fe Y ATIKRTH 20T, BMESEHICHEED, REFOREHTKLIR 48 12 BichBE L, £
HTERIC BLET 2 A-7H 5 A-3 = TOKERER 185m, WU A4 FTE3H 126m T, HERFRDOR
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(cm)
' # [G1lG2]c8[G6]GT
i) 1981. 4. 22, 11%:0(] 44 156" 19&79.7 I 117.0'!
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Maximum shallow groundwater levels of the G line at the periods
of the melting snow and the heavy rainfall.
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Maximum shallow groundwater levels of the A line at the periods
of the melting snow and the heavy rainfall.
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Fig. 21. MROMEEBIICEBITE Q & an L OBEHE
Decreasing rate of flow (@) in relation to initial flow (@) at the
maximum time of melting snow for the Shozawa watershed.
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- Formation of Shallow Groundwater Levels and Interflow in a

Small Forested Watershed with Gentle Slope
Taizo Expo®, Hikaru Kiranara®, Yukio Masnma® and Kazutoki Ape®

Summary

The formation of shallow groundwater levels near the ground surface, and direct flow were
observed since 1981 in a small watershed with a gentle slope in the Hitsujigaoka Experimental
Forest. The watershed is about 5.1 hectare in area and is located above the side ditch of the
forest road, as in figure 1. The total length of the side ditch abutting on the watershed is
about 427 meters and this side ditch plays a long collective trench of water flowing out the
watershed as well as a water course.

A measuring weir made of reinforced concrete with triangular and a rectangular sharp
—crested notch of stainless steel was installed at the lowest end of the side ditch and all the
water passing the notch has been measured by means of a waterlevel recorder.

Field observations of shallow groundwater levels in the watershed have been made at each
of the shallow wells for observation installed at sixteen sites within the watershed as in figure
1. The effective depth of the shallow wells average about 1.4 meters and they were settled
along the three topographic lines including one bottom line and two ridge lines.

The groundwater levels of each shallow well were observed by eye through the year. This
report dealt with the results of investigation done during the melting snow time in 1981 and
when heavy rainfall occured on from August 5 to 6 in the same year.

The appearance of groundwater levels in the melting snow time could be found at all the
shallow wells which were placed on the bottom line, but those on the ridge lines were almost
entirely empty through the whole time of melting snow.

A comparison of the shallow wells on the bottom line showed that the groundwater level
rose higher and the period of it’s appearance was longer in the shallow wells on the lower
part of the bottom line respectivery.

We examined the water overflowing from the notch every hour for 30 hours continuously.
The water was analyzed for pH values, Cl and DO concentration, turbidity, and conductivity
of water. The results obtained are shown in figure 13. The Cl concentration for the examined
water was 7.2 to 9.5 ppm and this value was at least two times more than that of the snow
accumulated within the watershed. '

Toward the maximum time from the biginning of the melting snow time, the groundwater
levels in the shallow wells on the bottom line were rising gradually. In addition, water storage
in the surface soil layer and direct flow were increasing as the groundwater levels rose.

Corresponding to the daily change in the melting snow, a daily change appeared in the
direct flow and groundwater levels. These daily changes became more and more remarkable
toward the maximum time of melting snow and the difference between the maximum and

minimum flow increased.

Received February 25, 1985
(1) (2) (3) 4) Hokkaido Branch Station
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The direct flow from midnight to early morning was occupied almost entirely with the
component of interflow from the shallow groundwater storage and decreased exponentially
toward morning, The decreasing rate of interflow for this period was estimated at about 0.03
per hour.

When the daily minimum flow went up to about 0.14 m3/sec.: km?, the quantitative equili-
brium between the daily melting snow and the daily interflow could be seen. In hydrologic
words, it seems that the maximum time of melting snow is when there is such a quantitative
equilibrium between daily melting snow and daily interflow, consequently no daily rise or fall
in shallow groundwater level or daily change in shallow groundwater storage.

The minimum daily flow in the maximum time of a melting season varies with the water-
sheds and meterological conditions, but as far as we know, it ranges from 0.1 to 0.2m3/sec.:
km? level. As was stated before, the groundwater levels in the shallow wells at the lower
half of the bottom line had almost reached the ground surface and this caused the occurence
of surface flow in the watershed. The surface flow which was found during the melting snow
time as well as the heavy rainfall was not due to the exceeding rainfall, but due to interflow.
This runoff component seems to be very important for both the floods from melted snow and
from rainfall. The limited area generated surface flow practically formed a noninfiltration zone.

Comparing the runoff phenomenon of the melting snow with that of the heavy rainfall,
the general tendency appears to be the same regards the formation of groundwater levels, the
generated zone of surface flow, interflow on the side-slope and the bed of the U-shaped foot
path.

Although the groundwater levels could not be found in almost all the shallow wells located
on the ridge lines for the melting snow time, these wells showed high groundwater levels
under the heavy rainfall which brought about 305.0 millimeter of rain; such shallow wells as
G-3, G-6 and G-7 situated on the upper part of the bottom line and H-2, H-3, H-4, H-6 and
F-3 on the ridge lines, showed particularly higher groundwater levels.

The maximum peak flow during the heavy rainfall was estimated to be at least seven
times that of the melting snow time.

According to a field observation in the Hitsujigaoka Experimental Forest, it seems that
the zone of surface flow generated by interflow and the rise of shallow groundwater level is
characterized by the configuration of the ground. On the concaved slope of non-catchment
topography, the generated zone of surface flow will occur on the lower part of the slope as
in figure 20, and it will occur on the lower part of the bottom line in the catchment type of
topography.

The field observation made on the disappearing process of interflow showed that the inter-
flow lasted for one week after the maximum time of melting snow and for two weeks after
the end of the heavy rainfall, as in figure 20.



