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KITAHARA, Hikaru: A Study on the Characteristics of Soil Pipes

Influencing Water Movement in Forested Slopes
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A D EALREKE Measuring weir at spring point of valley head

B %K F L > F Trench for measuring pipe flow and matrix flow
C I fiiKEKIE Measuring weir at stream end
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AL TBWE 8BS DL, 1 TLUMIA TROILDS DT E DL EBAZIT SR,
IR R TAREEEBICADNEHETWR DRSO T/, FIZEH TR, 5, il L rFof
ST 2R L7225, TifoxEsd 200812 8 FE0 1 TIRBH O N, 231 THERE L T
LIEDHRTE,

BROEIICHEN Ly FEHEHO/ N THRBE NS, 54 T £ OPHRIC B AR % M HEAS
RHON AR (HHPORAR) 2 BHLNLVWBEO (BA) O284Ho7, ZOA, B2H®
AR, HE, REFEECOWTREMRER T o7, 9, FL U FET/ TOBEER D S O5H
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Fig. 9. MEHOM T AL

Changes in groundwater level during snowmelt season

21~22H DT AMIZ b L > FROKOPEKAERIC L HXErH %,

Groundwater levels on Apr.21-22 were influenced by a drainage experiment.
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Table 2. 734 7® 2B HE

Comparison of two types of soil pipes

iyl wEREH»S BE iE EPEE FLyFOE1Im
DES BN ORE
Type Average depth Average Average Average number Average discharge
from ground surface diameter discharge per trench width  per trench width
{cm) (mm) {em®/s) { /m) (em®/s/m)
A 46~ 97( 75.1) 3~-91(21.7) 0.03~ 9.0(1.82) 0.60 1.09
B 55~129(101.4) 1~65( 3.5) 0.04~11.6(1.86) 6.35 11.78

() MIZF  Parenthesized numbers indicate the average.

[:X&3 E, EE KR, M UFOES InNh 0k
11395818 Py EEDECEOUTHRARLAMETE, B
. T—3DGHEXBRVTIL O FHIZE YKETH
i BENGED 72 ABIIOVTIRE LY F T~
2 6o C 4 RRDOTREEAT A BB o 7275, T— 1 OFEA

g% I . PRRKEVEINE LY FEOEIDS G,
?é . ; ° o ZDEHII, A BRIELE ML Y FRIOENN
%gsm :!! R XoOT, &Ly IO, TEAREBRIZS
2z 4, . o WT, ZOSKE HE KE M OFORERI
gm__ ! : . . ° mY7 ) OREEBEEIZOVTRE LS (Table 2),
* 3 I FOR, SHE, BHE AREEIIOVTIRL %
1 Qe L ot KETA, BRIBICABEFROONI, £,
120 : * A 71ARY7- ) OFYHERITR L $1.85cm®/s §

i . HBTEN LD 510

Fig. TUZ/3 A TOHEEHNGAFEE R T, AREB

Fig. 11. A T OHEER S
ig < BEER 55 B AIBRRE A ESR L D, ABNIM T 100cm B

Distribution of soil pipes classified by

diameter EIISHEEY, BICBREIRENE Bz,

O AR A type W, EFEEHLMZARAMBRIL D KAV, Fig
. Fi .

®:BE, Bype 2IZFL Yy FOES In M2 h 0 7THERBEOBEE

Bz ms, /81 THEHEEBRX, 7T2~3mmND L OHFE VA, ABTIEIImm 28X 550N
£\,

DEnERIY, A, BEUIHBIZMTID Z LA CEL, RICKROBHERRIIOVTHENS, F
T AR, BRAEOKENEVLIERIILZ(EHON, 1 TRADTIRBEIBEBLLL TS, £,
AR A THOREIIEEL ~ 3 mm ORBEFRKO LR ARE {BH o2, FIZ, T~ 2D No.
8 EABID A T, AL LK ARBOBESHEA LT BT EbDPH o7 ZHHEDM
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POMETLHE, AR TORRIZIIHEYBRRAOETESHENENE, T/, ARIIEBEE /NS
EEEIKREVY, 1 KL DORBEBRLENRVOIERTHL, 72751, WEHOH T AU
EHOIERLTVIE, ARIRIVE(EOONLLEFEINGL, WIHBTIEH DA, EREIZ19874 4
H2lHORIERL D b L v FOMT KA 10em LR LAR2Z2H0T—1, 2, 30HHMTIE, LhiE
WERAOHIIT- 1 T2HE, T-2TT7HH, T—3T2HHOAR S THRICHERIN,
—h, BRIGBHT ImBEOCRISAL, EEFZ2~3mmOMAED L0 EL, LEILBOR
THD LI LZRHOLDOLH 5, BEFE1mm AT/, 7OBRH L otttz d 555, BRI/ A 7ORE
FENOFESM (Fig 12) GEEImm U TIEPF LTS, ZORTIERL AW L HER 2L
ZWEST, HEO—2 & LT TROMEENREL LEEPNLLOIELLNS,
ABDE -7 BRI, TOFKRLBWEICB T B 5% % 16 158 (MorisuiTa, 1962) % Fv»CHEst
FICRELCEZS, §XTDO MLy FT/MERASZHOEPTHEUELRL, ¥ L5350 OE:D
BEEEND -7, THIIEENBHELELN AR —HBOFKIBF THIEIL L ) BEKO BT LTS

= —

Z i

3
ﬁﬁ -
ﬁ' g -1 AR A type

= —
-5 2 ] H B%l B type
g a
g —~
= 5 -
)
¥ 40
g & .
P
2 -
N | [ .
2% o s
Lz 1 23 45 6 7 8 9 10 "=

B &
Diameter

Fig. 12. ML FObE 1 mY i) 05 TAKROBERY A

Number of soil pipes classified by diameter per 1m of trench width

T ORGE

T =  Groundwater level

Bed rock

Fig. 13. FEURERERE O b L v F OB

Soil profile of simple trench in site J



— 78 — C o BMBRARIREERE %3675

PEEL, FIIIA THERHIIDFETL-OEHEEIND,

A FOEGEHIZOWTE, THEBKORBRBIIBOTAR NS 4 2§ CHKEHEA L TEY
DT ENHEY, TR lb4~5midFERTEL, HAHHITHE, 3miTLEYEDLE
CHBELAAROBMIBRNZEHDY, BHLIRR bHRTE, 72, EHOBVFE TE/<
A TERRHMLTWAE L) Thorze /3 THOBANGEF THIE U724, SHEEEHICHE D » Tk
LTwWabEEZLNE,

—7%, BUERBEBIZB TS Ly FOTBEO N TO55H % Fig. 13157 ¥, AR Tid
M F2ETHOZOEEI LA, RETHM > FHHEERLEZIDOTH L, N1 TORER, X
FrEBAR OB L FHKT, MoMs L DEFICHEBLTWIES LM 7L L, LAL, Zoi
RERIEENTARRETHL/700, LRBUEEFEE mm ORNEOKE L2BAE L, 31 TILOEE 18
Ldrotze 754 7OFEICOWT, HAF (1988) i3, BETE/SA 7 (Visible pipe) &#FE/$1 7 (Invisible
pipe) II4F7oRS, XATEEMKD L) ZRESERE A LN, FIZA, BREELIEESSA T, &
IERFIRAER# O L 5 L IEMHEFICHNE THRIETE 2V, TR S TILHHETEEEZ LMD,
KRB OB/ A TORK L, BB OMMELREOLIKICE DB ICHER ST T &0 5EEss
Eibhb, THM Y FOLBKEICIIZEHD A THEDLNH, 205 LKEE 7 RKOHESH
Pk B, BB, PLUFORE 1m S ) OFRKEEE, EFLyFTLIER/m, FTRLUFT6.3
A/mTHo720, MREDITHEDDLLESHIIBPEL %5,

2.3 RERUFE

TATEBRRRBHIZB VT, 1RO/ FIZ2WTHDLE, Fig MIRLZEIIZH TR EFKEIL
—EORBRIED LN L (JLEITH, 1986) DT, &34 7L LM T AU LEThiITHEL BT L,
22, 21HIZT— 1 ® No.124%9.0cm®/s TH - 7205, 22HIZIE31.6em%/s B i Y, &/54 Tk
H1.4~7 MEIHmML 72,

FEHEIZLHETIE, FHROT— 1 O No 12AEEIImm, 9.0cm’/s 133 X 12, SHE TR
BEIRECHAEDREVARINS TIHFET L LI THE, Thbb, HFHEMEICLD /1 TOR
BEEEZESZVY, SIETHICRKRED ST 7PETNEL9TH S,

Fig. 15IC BES A TORBOHELSH LR, BRD LI, HEOHEEM M IRES AR L Tw
2E9THD, 1.7em* /s UTOHEBH SV, 4 AZIBOBETRRELHBERLALDELTIR, T
— 1 M No.174%11.6, No.14%%3.8, T— 2 D No.14%%4.2, T~ 3 D No. 554.7, No. 63,7, T—4 D
No. 9 #%7.4, NO.84%5.5cm%/s s &4 B, T—5Tid, 2.0em®/s %22 LI L BESS 7IdFEEL
Lol %8, AROREBEOHENIZ, AEHF D% HBEL2EMIIBBTE 2,7,

BRIBWHIIBTAIESA THILLORBE, BRNBICIL ) RLREN D205, F
0.00016cm*/s/em® CIEICAH %, TOBEBETH L EKFEHKk =8.7X10"em/s L% h, CBOK
=1X10"%m/s EFWARETH 72 T, DI TEGHHOF KL Darcy BlIZHED L E 2
bbb, COMEET—1ORE I1m K720 OB TKRVLE (BT45~120cm) DI TEG DO DFE
Bt o el2lem’™s L b, ThF Table 2V R LA THLOFEREKRTHE, FLYFOE
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E1mY D ORFERM. Iem¥/s KD B/ THODFERIT, ART.7%, BRISI.7%TF12.9cm¥/s,
91.4% Th o170 FH 4 TEAI D HLOHEII8.6% 2+ X3, Darcy BIIZHE ) BEKIEDTHTH S &
Wb, EBIZIEHTL.2m L WiEVWEIZISH L/ T L0MER, L FOPKIREZLD
HETELDPo720T, M THORKEIILEDIEEEELIIKREVIDEEESND,
ERFIRRBRHTIZ, MY FRHEO/ S 709 bRHEE 7 AOFHREIR5.9en’/s Th 72,
INEMLOFORS In SV OMBEIIRETLE, 36.75em®/s/m &k b, —K, MLy FHED
5ORFKEIZ.8em/s /m TH-72DT, THEDNA 7THEDHEBIBHENI2.9% % Kb LI

em®/s /
[ o,
30 %
s 40“}__'
[ ]
&
w S 20 . > 304
82 3 2
N B E
= g_ ’é’&‘ g ZOJ
T E E & ]
® 10
/
0 J T T o 3
W 65 60 55cm 0 mwoaoomsooeoo?éo_
Underground  F L > F#F AN Pk 8 tm”/min
Trench groundwater level Discharge
Fig. 14. T KA &/S4 THREOHER Fig. 15. BRI A T O EDEE S A
Relationship between groundwater level Frequency distribution of discharge for B
and pipe discharge type
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Fig. 16.  LEFL X FITbL—H—ATR, TE ML FO FTORBKIIH LD
HEEEOE

Change of electric conductivity of pipe outlet water in downward trench after throwing tracer to

upward trench
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%5, TORBHOFRKTEIESE L, 734 TUSNOME S D@ A Darey Bl A & ) A ARHTH -
7=OT, ReynoLDs ¥ (R,) TR L7, 9, ZOBOEAERIFI.AEZXI0 2em/s ThHo7:DT, #
OFKFEICHEES L L CEIKIEL0.6225% 5 U TRD - i v, 120.0207cm/s L 5 B, T gkl
Fi30.34cm TH-72DTIhEdEL, vEIOEXDKIB3.SENMH0.016em?/s L B &,

R.=vd/v

THoHDEHRAE0.44E % 5, R, OEHTOLL T OHBA I DareY BRI FHER EZZ N THBY, PL Y
F DA TN TEBEED S OFBIIEHSMIw Y v 7 2K TH L, (- T, #iHE0.0207cm/s i
EHD S OB T ABESem (Fig 1388) %% U TROZHER, 31.0mY/s/mEh b, Dbk
EDHBHE, M)y P RAWITEN27.7%, KHKED/S TH5H32.9% DA H Y, FR139.4%H/Nik
BEDONXN 7o EEES N, KDL THhLDOHIBIILBHE S ORRENT2.3% % HH7:
Z el b,

NRA TORFEIL, XAHEBRKORBHBO LMLy FIIPL—F—%2&KARE, THEILFONLT
DEMKIZH S b - BEEOEL, HKDI: (Fig 16)0 2O L J ICEFEE LAV, FL—H—
BA%, BRICEEESIALES ML S FORDSTHEAERLHICHNRTHL I LG Hh B, 285, b
L—H—HAR DA TOFBKOEEEI20.55mS/cm T—ELREERLT W, 203 iCLTK
B3 TROGEHEIZDVT Table 31TRF, 23 THOTERBRTIIE NS TICBEFEEHIVLEE &
NE27:0, 3 XTONL THREEIRKDON 207285, WFho L o FME b HHE.535~
3.077cm/s T, WEDKEZ VIS 7E3H 2 ~ 3em/s BEDEULELZR LIz, ZOBEFHFEICTFRHB
IR 721 .8em/s (JLIR, 1986) &G TH o720 T/, /A TOROBECIZ L HIEDEIZD
WTRAHETH -7,

—%, EUNREEHBHO ML o F TO XATEEBHR L ERRICAEY L — L LTHRERRIELL
B, KEB7 RO THOFEEIE, WITFN$0.733~0.896cm/s Th 7o 231 TOWHEIFEIE, T
Ly FHOTOEMNREZEMWFTETEL TRD/ZD, My FREOA, TORBEERIAFAHTH A7
o, COMEBIZBARZMETHLUTREEND S,

3 AT OKERHE

3.1 FEMELY T L B KEER

XTEBKORER E ZORBREL 651 T2 EALZFRETEY > IV R ERIRLEKRKAR LT
W, S FOREREREIE L (B, 1989b), V¥ FVEREUREE, L YFDILETEOT—
1fEE, BT A2BAHA, BTHb, A, BRIAL O TBHEZLZIILAET-1fHEEELR G,
A TEREAZLTEY Y 7, T 1HT2E, ARET7M, BAET 1 EOEIOMRML 720 R
L7737, wihd, R ACI S TRELCARNSA, TLEEIZLNRDODTH S, ZDIE
M, TEOBKREEHET LD, SATEEOLVEEY VR, ABSATLIE, BHETI
fEERALL 72,
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Table 3. 734 THOFEEDRERER

Results of pipe flow velocity measurement

MLy FXH itk 3 fast 734 7" No. [ieXE I i

Section Slope Slope Pipe number Diameter Velocity Type
distance inclination
(m) (Deg. ) (mm) (em/s)

T—-5—T—4 7.10 14.3 18 5 2.22 B

22 4 0.95 B

9 7 0.93 B

T—4-—-T-3 7.20 11.5 8 5 3.08 B

7 2.79 B

5 22 2.75 B

4 1 2.42 B

2 3 2.25 B

10 3 1.89 B

13 5 1.87 B

16 5 1.57 B

17 14 1.55 A

18 2 1.55 B

T—3-+T—2 6.65 12.7 7 3 2.05 B

22 3 1.48 B

10 3 1.45 B

15 3 1.33 A

T—2-T—1 9.25 10.5 11 1 1.48 B

9 3 1.36 B

18 2 0.84 B

12 91 0.82 A

1 35 0.73 A

10 2 0.70 B

2 0.64 B

22 0.54 A

B FNOERFERLTOLEN TH b, 33, BEHOR TR LS LAEIZ L v F23EH
L, 74 7HEABETE-LDILH LA LHH 7 —BEL ETHEMTITBL THEBTARMAMET
LSas, PL Yy FHmIC— RN 7T 2503 FTRBVIL (B3 7)) PERRZTL
W, FOHSA TERGUIDODLVIOTH D, TOLI) LILIZERTIEI R, HUHETEN-T
WB 7, 284 Tk LTEREL Ty, RIS, BTFRMAMET LS ARaLE, bLrFobi
FH50em 125> —2 L v F R EBHIL, EFRBIO/ A TERRT D, S THEBLTOE0ESH
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OWRFHEE, THMO/ A 7= -V F 2 —TEELAAK, I OE#WGAA TIT) (Fig 17),
B S FTIIEWES TS SN - TBE, COBOBRETERSICHANTES, $4bh, 754 FILiE
BLTCVWEOT, KALCEAFBD TS, T2 EHEMO L F 2@l HEOTHIRESTH
5o

IO LTS, TORBEHB LR, S TEEOLERELIEE, KE 5% L THEA9.5X9.5¢m,
F830cm, LEIIAFICRET S, FEEKFECLTERLAEEG, DBOBARBORICY V7
LVEKEIIRETLLODTHH, INEY 7T — (£330cm, 1E10cm, EE 5mmDEHT &) ViR

HEkmE

Ground surface

Crwzom (T
Cigarette smoke| < - -~ ]d\/i .- ,J =l
- « . Soil la_yer
E’:—— WF 12— 7 i
“Vinyl tube 4
~ . - - M
Fig. 17. 234 T O E BT AR
Experiment to confirm pipe continuity
Yo7y — (EET 2 MRE LFERICES) x
Sampler (Joining transparent acrylic boards to Water \
form an “L") ; \
1 AW
s . L )
A S e } ] :"
X',\\ ) %Q'b e I . -
9 ‘e'bb\‘\ | ] r \
S P —] C
Sl A f ] [
s ; A A
45 Kitchen knife - ga;;{;"’ -
Soil layer -
Fig. 18. T4 » 7L OREUL Fig. 19. ZEXKHABREEOBRE
Method of collecting soil samples QOutline of hydraulic conductivity

experimental apparatus
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FLERIESLAbO2E) #oTRIT % (Fig 18), HEMOBIEY > 7S —HEBEIIT R V%
BMHL, 77 EMEIROMIIKALNTERVL T L, R, ¥ 77-28EL, L
THAKEIZ lmm BEOESL 05T, 40 IAVRIERT T 5,

BonsdrIrid, DTFOLHIZKBEL, $3% 2 70 %, Fig 19087 & ) @ K& KHER
EBIIAT, KEEZZEATCEAEZNETA (1 HBOEKRAE), Z0L ., 4 7ViE LTI,
K e HARKBEEFE L L S ICERET S, HER, HELPLY > TINELRTL, 1 THOLEHE»ER
DELTHEHRT, /1 THOLIEZ A TORBEL ZEEHFE R e -Twa (i) 76, FORK
BESHTHoz, PEBL-TIRLE, BEELETNET . 48, Boh N TAOCLIIENIC
BV, PERTECHEEEISBIESNTVWA0OT, LE, FHE HEHARINOEZEN KX
WA T 1 ARD S LRI LEE U7z FAERHRIZEREIR ST B & » TR 72,

RIZH P TUEBRIZL, A THEFICARERR LA, AELHRLAGER, $#E&TL (B LA
BEROLWESIC L BESEE LR, ) B, EREKKELT) (20 H0EKRR),
ZHIZk S TS THGOEKREFREL, 1HHOBKELOEDNL M THFOBKENSEL S
b, 2B, ABEOBEKERIBD NS EBRTEILETH -7

BRI, YTV REBPO QT LM T 5, S THSCERBHLTW2REELIY L, 2 0OKH,
Wi, ER 2 EFHET S, /M TRICEAT - 7-BEOFREIR, KEEXAZAL Y V¥ — 2D TH
EL, TLWEHBRPERIZ FREERICL > THEL . JDEHIZ, S T & T HEF S
TVDEKMEKKBR LT, TOEKREHE KD,

DEOWZEEHBIZE »C, 3 THGOKBIFHELUTOL S IZHM L7z, 51 THIH» 6O
B 2RHOBARTBRLEDEONE Qem’/s & L, FOFEAEE veem/s, FE/31 TEHS OB EE % S.em®
E¥BE,

ve=Q/Ss

S,=S-—S5,

TEHE L7, 72750, SEH > 7L OMEETI.5X9.5cm?, S,em® i3/ 7WHHE T, ABOHE Y
PTVORSTHRLTROONS,

KA TRAOFRFIZDOWTIE, LT LI IZkDL, 784 7RO E Y Qem®/s, HE% viem/s
EFBHE,

Ve =Q,/S,

Qp:Q_Qs

270, QX1 EHOEARBRTROSHR, Qi 2HENEHKRAERRICL VBIKARK] L OMGEITRD S
nTwa,



Table 4. JERELLIEY L TL X VB SNHIL TORIR

Shape of pipe obtained from non-disturbed soil sample

I RERE tista +r 7V WEESSH CPEHMEHRE FHRE FHHEE LK T E Arrasicit JeB ot

No. DR DES DOHEEE Meander

Sample Collecting Slope Correlation Depth from  Average cross Average max. Average min. Eccentricity Hydraulic Volume percentage length

No. point inclination of sample ground sectional area diameter diameter radius of crumbs in the pipe (cm/

(Deg.) surface(cm) (Sp,cmz) (em) (cm) (e) (R,em) (Ve, %) 100cm )

1 3.1 57 5.85 3.16 2.76 0.487 0.628 5.34 100.7

2 3.1 50cm downstream 54 5.98 3.94 2.20 0.829 0.601 7.54 100.7
of Nol

3 A 31 2cm downstream 55 5.72 3.02 2.46 0.576 0.663 9.88 104.3
of No.l

4 A 3.1 65 0.82 1.17 0.74 0.775 0.268 small amount 101.8

5 A 3.1 67 5.52 2.92 2.34 0.595 0.667 3.35 103.8

6 A 3.1 48 2.13 1.74 1.60 0.393 0.406 2.08 102.0

7 A 3.1 60cm downstream 42 4.54 3.40 1.86 0.836 0.531 9.48 100.0
of No.6

8 3.1 Beside No.4 62 - - - - - - -

9 5.7 64 4.12 2.48 2.14 0.506 0.569 4.70 104.3

10 B 5.7 Beside No.9 70 - - - - - - -

11* T-1 10.5 85 (0.50) (0.80) (0.80) 0 (0.20) small amount -

12 T-1 10.5 Beside No.11 78 1.85 1.82 1.40 0.634 0.365 small amount 109.5

R RS,

The plaster mold of the pipe was incomplete.

FEHALWELNS FUWY

EL9EE



BREREHORBENC BT 2781 TILWORKMHCET 2858 (dLE) — 85 —

8B, BEA FIConTH, BHMoOFKIBE30X30X30em D70 » 72 LT, TTilfl4 5
X DEEVGAA CTHBRBERET - 724%, TR REC LEKE 3 ~ 5 »Fi0/ 1 THO»HHE
HPRE7ZL7, bbb, BEAS TRFEERSB LV EHEESND, TOLH LBHT, BE/A
TWEOWTRARASL TR ITH Yy TV EFRRL TKBEREIT - TV,

3.2 BROKEBERHRET

AETEHD LN TORKIZDOWT Table 4 12587F, BFDONo. 1, 2, JEFELNATOLET
WTHh, No.6, 7LFREETHB, /2, No.8 L10dFHENA THGOLES > TNV TH B, $TH
HEE, 4 7VORE30em i T2/ 7OEEORZ100E L6 DT, 10EDH & IV DOFHiE
1B3%ETH 720 74 TREVERLZOERLCIBHLEZVE) ChH L, FHMERIL, HET
BOONT, TOEEE S TAVORSTHRLAEZODTHDA, No 1lld, 731 TEEMAVNELAH
BV TVOPITHRTTEY, MRNEZERLIBRON G 7720 —FHEEL TH B, /51 7l
ORI Z D No L EFRNTENT, EFICHGHBAESR L Twi, i) FiZ by tEsy
WMoTVhl-bLEEINE, RPOEHRELEEL, ABETHEHOONIZH Y IV ESm TEIZ)
FATHELLLDTHS, ThroEHOBLELRD S L0.39~0.84E %), WIFhLFEBREOME
BRI, BiF (R) i, FHWERLELE,OROIEHADEARTR L TR,

73 THOT ORI OVTIE, ABEOHE A THS (B, &) OLEA10YRE/STHIWHEBERTH
BOIZH L, 784 7HDLIZT 5YRI/BOEBBETABOIRICHY L TB Y BEIBERETH /. T/,
RAFIZE > TTIRROBHEMG RHERLZO b/, A, AROTRBIZEE(ETIR Tz,
NATRAOTICREEITNTVd o7, DEBELRSIZEALTY, X THOT AR ES,
BHTEHTEHEDSEDLARETH S -DIZ L, S TRAEOLRBITEEE, RTWEIIRILEVD
Hotze UEDEIZ, A THAOTEIBEE XL TEFRLVERET, AR, THEPEZO
WL S TRELZEVOIRELTEMNIT TS,

BB THOERIZOWTE, Thody 7LHAMNIS L (ED O, ZOREE, /¥4 7Hik
AN TBIZHAT, £ ICHPIRRORHEY S ) AROEFRPUELTWE2 8, FLICEABNE
WEBICHRTERPBALRS TN &, R EDE

Wohb, AR THREO—RHE LT, MR 100% 7
PR LT84 70 b & 125 HEWILBASTAE
L7-18ic, ERPFEHBALCE A ERIHLET S g E 50 1
SLAESETILICEY, MEVILEAK, LB kmE
LA AR SNAZ ENEZORS, ] 1
~ A o 1 =] 0 T + T T
FrTNERMOBEROKRE LRI TAPLES 005 0.1 o5 1 .
N+ oREIZ2.67g/m® T, CRBEIIIZELT il 4e
Crumb size

Bote BHEFA-TVEIZE2AboT, 0k ,
. e — - —_— ¢ A S Fig. 20. 234 TROFR L+ OR BRI

I IEECHELRTREEARTEH L%, 31 T Size distribution of water-stable aggregates of
FHRRBIL - TWEID, REOHVYHEIES the soil in a pipe
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LTWwa I L2605, S THOTOKEEY WECHR L CEEERD, /1 ToefEIIEd
BEERELEE LR, 2.08~9.88% TV TN LI0%UTOMETR L2 734 7RO L3, Table 4
DNo. 1, 2, 3DEHKE—D/A T CHLBHE - /OB LB BB YH L. 731 TROLRIO
LI RRETH L0, BRENEAOARL, 4 7V ERNOBEZEOKE 231 7H 56 1 HIRIL
Ptk I, BONAREE (MEE) 130.164g/cm®* Th o7z, COMEEHETERLT, /51
FHROLOEHEBEE G %KD B L6.15% T, LIZKD10H > TLOBEERBETH 72 TRHD
BEIS, LTRSS BEOBKLENE TR TS L) TH A,
234 TP ORK L ORAEMFHAE % Fig. 200158 T, BRO L) 231 TRISER AL CREL, bR
FI1E dso 121.04mm TH o720 —H, BEDIE A TGO dg 130.2lmm THh 72D TRELETH 5,
3.3 KBSt

Fig 21iC 1 BB DB RRBOFKE LR T, WTIENo. 2, 4, 2OHF X TWIZOWTRL T R WLAS
ZOBHIE A THICAE R LAALR, F THRFOBEKEBRETOR Do/ ThHD, Ih

1.5-{No.1 s 3 T
-1
1.0 1.0 1.0
0.5 0.5 0.5
Vs x106%m /sec
o5 10 1s 1 ' D "0 20
_ s O w7 - 8
g
£
£
% 10— 1.0~ 1.0-]
nl .=
B
é:‘% 0.5 0.5~ 0.5
1 ‘ r 5 L} ri ITOI.SI LI “b 10
1 ? v 10 ] N
L
1.0 1.0 1.0
L]
0-5- . 0.5 0.5
i o2 3 4 3 I3 3 43 T2 a8 8
it
Velocity

Fig. 21. FE/ 3 TET DO KBEEBRE R

Hydraulic experiment results for non-pipe part



Table 5. /34 7O KE4FE
Hydraulic properties of pipe.

VRS T AT s T BERR R HUER3 EBEFHR O ReyNoOLDS 3 REYNOLDS 3§

5 DEKERI E%: 4 e ik (HgekifEl.04mm) (734 FEEEE)

Sample Coefficient of Friction Coefficient of Estimated velocity of REYNOLDS number REYNOLDS number

No. permeability of factor roughness calculated pipe flow in practical in the case of v,, in the case of v,,
non-pipe part by MANNING's slope inclination d = medium crumb size d = average
(k, X107 %m/s) (r) formula (n,s/m"?) (ve, cm/s) of soil in pipe diameter of pipe

1 1.13 4.56 0.207 3.82 24.8 707

2 (1.13) 43.2 0.633 1.21 7.9 232

3 2.18 194 1.36 0.602 3.9 103

4 (8.86) 2.26 0.127 3.54 23.0 211

5 14.42 2.18 0.145 5.69 37.0 935

6 1.74 3.72 0.174 3.40 22.1 355

7 0.653 3.30 0.542 1.31 8.5 215

8 8.86 - - — - -

9 3.77 8.52 0.279 3.61 23.4 521

10 2.74 - - — - -

11 5.13 7.36 0.218 3.12 20.3 156

12 (5.13) 0.162 0.0357 28.4 184 2 858

I P HEE . No 8L 10/ TR FE LI Th,

Note: Parenthesized numbers indicate presumed values.

Sample Nos.8 and 10 do not include pipes.

(M) L LRI BHOHNEL by T NSFVEEN Oh BT WE
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L3MOY L INOBEKBEIIOVTIE, ThFROEHEBTHS No. 1, 8, 110% TNV DEKER
HAEBAL, Table SIZHEMTR L. %8, No. 8 L1001 7R &I HVERBAETOH I LTH
%,

Fig. 21TH Sk X H 12N 7EH S DOEAME, FAYBLEATHE TEDArcY HIATL ( HTIZ
Tof. Thbh, kv EKERE 1 2E8KAE, v, 2HEETHE,

I=v./k e (1)

Elaot, (1) REVBORAKkE, 131210 ’em/s DA — ¥ —TdH 7z (Table 5) 25, TOEIIE
RBATHEON - BKFEROMEEAUTH 72, £ 077 -DEHTH L0, WEEL HIEL DM
WKAENRTCELNRE IR L CBETELS, Y0 75-RBEIT XY U 28HLTHADT, HIFE
FIZINTOH TV TKRAENTETCWLRWI EHHERTES, LEOFEEY,S, ZOHETKRD
EAREIL, BRO400em® HIERIFE TRk B KRE (Fig 5 $8) LIZIZRUMETH - 720
KiZ, 734 TEGOBKAE 1~/ 51 THE v, DBIE T Fig. 2217 T BURO L5122 OBRIE,

I=av,2 e (2)

TEEaEN, TITaldffBTH A, KB IL I, 4 TOBBEIIFEGIO%EETH -
72DT, BinIZXBEEKELESRT L L, (2)5012 DARCY-WEISBACHE DR,

I[=fv,2/ (R2g)

TRTIENTED, 7272, {IEBERRK, RIBER sQENMEETH L, Thbb, /31
THOHENIEBDOFEILE LTRR %,
B, (2)X%

ve=yL/va

22220, Ly IRBs s oM EES A, & L TR LN EBRSEOMERE v, % Table 51277,
COMEIREREACHIE S HE.5~ 3em/s LIFIF-HLTWEDT, ZOHEREHFND/ A 7
HOMEE LKL TWBLEERZOLND,

3 7z, MANNING R,

n= ya R

LY, MEGEEn (270, m—sH) 2RDBH L, Table 5DELFUIR LA L IR B, RDLIHIC
n OEIZ0.036~1.36 TO.MTEDEL S h o 72, T OHEIZTERM STV BMED0.01~0.02, HRA
MD0.03~0.10k Y e h K&V, T/, ZOMEIZZ T TMannne Bl # B FikEEC BT
FATATRS LN EMBE.15~5 EERENEELRL TV 5, MKEG, IWEAEOFHRT Z i
KR E LTHESZER L TWAD, /51 7OHE Y AVIEHA LB ORS¢ b HBIXmTikT



HERTEBHOKBHIZEITE/f FILBOKEICEAT A% (LE)
057 No. 1 031 o 0.5
-1 ’ i
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0.5 T -
i 6.5
. ey
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EE 15 057 o o 0.5
0.5+ .
4 T
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0.5
12 ok
= Velocity
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Fig. 22. 784 TERGT D KEBEERAE R

Hydraulic experiment results for pipe

H&g(2)XNERY

Curved lines indicate Eq.2

BhH, ZOnDEHIKEVERIZEICEST THOARLICE B D EEZ Hh, EBRIC o OfEH
KE VS Tk THORK T O EEGRESRIKEVEARNDH S, T, /5 THOREIER
NS4 TOWERE /ML (L TWAEDIFT, nOfid/ 4 7HOBRLDHEORIVEFCHE SRS

EERLND,

K2 THROADOEBR & HEET L0 RORFEIT ). T3, 2 7TRCEHBIL L LS
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I S TWERE LB ED R, ICDOWT Table 513787, 5HEIL
R.=v.d/y

EL7e 22T, diZRICKRDA A THOLD dso, v IZBHEMAKT, REM OB T KIEAB.5CT
072D T0.0160em%/s & Lz BIRLAZE DI, 754 7RIS AH%IC100%E > T EREL
7294, ReASDarcY QIO BB THDI0TIZ LD bDONH D, 6o T, BHTHAIRI/DE L,
LA 7RI - T AHEICIE, I/ S1 FTPTH Darcy BIATERI L T 5 i fetE ¢
Bb, T/, R.A0~40BED/SA THE VDT, DARCY HI| & DARCY-WEISBACH D3 (DI RAAK O E
B TR TV EHEFHLILIZEZ LGNS, LaL, KIZdl~L )T THOLIIEF
0% T THHDT, DarcY BIC L AHNAER I DHF XTI THH L EL LR D, —F, /54 THIC
EBELBVBEDORACDVTE, dOfEE LT/ 7OFIERE (Table 4 DEELREDOFY) %
BWTEHE L7 (Table 5 8H5). RIRLA LI IZ, R 2100~2 900F2HC, BHIZ 313 % Darcy.
WEISBACH DR DB EHH F R L Tz,

BED XSz, 734 7HITERIZHIT S DARCY-WEISBACH DR L CBATEL LD EE L 5N E,

3.4 AT ROEHEOLEE

ZITR, BUREBERBHO P L Y FIIBT B T, ShEITHeN TOKEREY
WAL TR, 73, 734 7ICI3 DARCY-WEISBACH O 2SEH T &, HBHEYHBLIKE LB
@ MANNING OHIEER S n (m—sB&) 2UTORTRD B L,

Table 6. EUNEHBRABRO ML FIIBIT B3] TOKEEY

Hydraulic properties of the pipe (C type) in the simple trench at Jozankei experimental

watershed
T R FEed RN R 2 HEFR REYNOLDS 3 *
Pipe Discharge Velocity Estimated cross Hydraulic Coefficient of REYNOLDS’ number
No. sectional area radius roughness
(em®/s) vp(cm/s) (em®) R{cm) a(s/m'%) R.
1 0.733
4.56 6.22 0.705 3.96 129
2 | 0.733
3 8.43 0.733 11.50 0.955 4.85 175
4 7.11 0.788 9.02 0.845 4.15 166
5 9.43 0.896 10.52 0.915 3.85 205
6 10.05 0.733 13.71 1.05 5.16 191
7 1.58 0.733 2.16 0.415 2.78 76
g 5.88 0.764
CHE T AR L ARE L HE 0

Cross sectional shape is presumed to be a circle.
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Table 7. #J - WEDOR%ED 2 »FIIBIT 531 7ORFHOKE

Comparison of pipe characteristics between two sites with differing topography and geology

FHEE —&Y 7 ) ORE EBER AW i R
Average diameter Average discharge Number of pipes Ratio of total pipe Velocity Coefficient of
{mm) per pipe per lm flow discharge (cm/s) roughness
(em¥s) ( /m) (%) (n,s/m"%)
EHEGH* A Type 21.7 1.84 6.95 91 0.535~3.077 0.036~1.364
Experimental B Type 3.5
Forest of
Hokkaido Res.Ctr.
AT A F S 8.3~20.9 5.88 2.7, 6.3 72 0.733~0.896  2.78~5.16

Jozankei
Experimental
Watershed

A, BB %8G, /2721, HERKIIAROMH,

The values are A and B type combined. Coefficient of roughness is the value for A type.
“HEHEGHEKRANO A THRBOEEHE, BIKRBED/ N THOADE,

Ratio of discharge is the total discharge of small and large pipes in throughflow.

The others are values of large discharge pipes

n= R2/311/2/vp

Thb, ZORIZTable 6DRE v, %, TLTIHEHELENAT L L Table 6 Dn DL B o7z, F
WRLZEIIE, nDEIE2.78~5.16 T4 itk & & »7-4%, ORI CHARETILBSEHOE
ffiffRE & L CEb T 3726H0.15~ 5 & LRRIZEW,

KIZ, ML F D34 T O REYNOLDS B % ¥estd 2, BRI L72L D12

Re=v,d/v

Thh, ORI, WEHDOKERIZ.5CTH DTy #0.0160cm?/s, d F/54 7OWEE M L
Lt%%wgﬁttrﬁk1%t,RQM&%%&&&&h%%#unumm@ﬁmﬁ@&<mgg
A TWh, £-T, RFIRAERMD 1 7 & DARCY-WEISBACH DX DSEHTEX A LItk B,
DEDOWE - EORL L 2HFICBTH3 THOERLEBFEL I LD L DD Table 7 TH
5, BAMETI2 2R E b ZORBBEI A 7HSERL Tz, IIHEBKO L H 2, KE#L
AP TEBMTH 2 L O L ENLERBTE, FRIEPICHTAEFEE, EALLTL, BE
RATHRELBEL TV ANRENEND D, —H, EWEFBEBRRO LI, MEFREVeYFLLRYE
KECE % DER & T 28T — ISR ILERHFCTHY, HTAUEDOLRRZ LTI THL:0D, #
BELICEE S THARETALEIONS, WTHIZLTY, REOHFKLIEH TEBTREDEIK
HEICL LB, FEFIEOWHETHRHETAELNEEZOND, ZOLIIHOECTH DA, /81T
FIX B R EE L FHEHESKE L B2 s T TORD LN, FHEE, 1KY )0ORE, &
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BEE, BE»SORREIIHOLHEE, HALEPL)ORBANEOON, 72, o DEILEE
DEBADn LN BXDPIIKED o7, 7 THRE VI,

v, = RZ31V2 /

TERENDDH, 7 TOFFRRLEKAA | I T THRE Sh/BEMETHILE, /¥ TiiEIE
nCREBI L TRESEILT B, Thbb, /5 THREIHEIZL > TRESHEESN D, n DEIET
RBMH TR ELESED LN, TOREE, ML FO1 TOn 4 TN ERHOTKBER
PHORDIDTIE R, MLy FWHO A F7OMHEFKZ RS HEPSEH LI LX) BRELE
E ol ESLEZ LMD, WTRIZLTS, 40 OEICOVWTRHMER LML L, £0EHE
WHIZL S LDLDH, TRESHEHEZHLIOPEHLNIILTHINETH S,

R BE 35 T
Sideslope V/

Stream

Fig. 23. KL L F OB

Outline of trench for measuring throughflow: pipe flow and matrix flow
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BED XA, 3 TOFEE ST E RS - T AR (, AR ) VRBAIZBIT A
A= FYRAIO LD ZHAMASHD Z EXEESND, 7, KEERNIII ] THEEIB KB OFES
HBICHBIT 5 &9 DARCY WEISBACH ORI T 52 &, 4 7HOHABERIEFEICHE I LABEL
oo THEOEME, WL VIEBBOKE L 3T AL HEMHEBEHALE (DY, A Fis
N ViRERB & MBI IR R BATREME 2R LTV 5,

4 N TREOBRIINEL

41 MAPLOFICLZHM

FERTIC T %784 7O KIG 2 BERFIM BT 5 729102, diik L7z b L o FBiiE Ofl 2 0241989
02, FRENI0MTFRICT S 20— FEOEA R L FEERL, /91 7R OBEEG 1R 24T
7o (AEIEIT A, 1991b), F-ARKBMOSHEBEKSICIXEKIE L RE L (Photo. 3 ), HKEKIEE (Photo.
4) OWELERENL T GLEIEA, 1992),

BN F ORI Fig 23R L2 L 9, BELFEORTHROMBEID > TER L, £XK
Loy FORIESnT, BRVPALLWVWEIIZEBIREDITTHS (Photo. 5 ). ZOFHOHE (Fig.
24) RFEKEEHEMET, FHEFLE, HFERIT.6mThb, 2 BAFHEOFMEE L, MEEH
HOFEHEERES.2m D64A% T L TR REH Y, LA LA EHETH ), FRLEHOKIESR
HLVEFHT E LS ERFHERLLVWEEZ GNAOT, MEAEOMUEZED S OB O
EHUEZR L A EEE L7 FPEOLRBEIITHTI8em, HHT57cm, LI T103em Th 5,

XKMLy FTHEOONATBHESEICDREERBEREEHTHI LTS, T4abb, BEF
WS4 TiE~ b v 7 RROEETH I BEEHROBHBIEE T T+ AV QOFHEBTRIE L7,
EHITRCBESTAEL, ERKMLYFLLOKF TSI’ 0EHITTHEL, K TERL
DHEH L 72K % & 5121 000cm® D#EE 3 CRIET H4EM AT L7 (Photo. 6 )0 TOHMAICLY,
HEOKNDHPDOOTHELCHET S I LHTES, HICANOBEIAREE LY, 15.7cm® O
HEFTTRINERMFELLZLELH 7275 100 DEHEIFTTEREH) ZLEHNTE
72

E£XKML Uy FOTRBEEICIE, BREICIBRD N THRD LN (Fig 25), 1TEA LD/, T
BALBOXEE FIZi o THE LA, No3ZWWRESFORITATH 72, 1 TO5HE I EK
PHOTRELZEZS, REFBEBOERFHMTH 72, T8 THAEEE (3.68/m) RU%S
fiRlid, ThECRIDIRUARKEEO ML o FIE THRE S N BR LARLZEMTH 5, /31 TR
BOWEIZI990FIZI8ED ) LD 3RO, T TiT o7z, 3D/ TOFEER, BRICEHBETH
EUNFDBNZILRLDOERAL, EXKFL I FRONS, ZIZRTHRAD SFES E2HII2A, 2095 il
E L7231 7 3KIL, No.3, 12, 15TH o720 784 7ORULHARD b L ¥ F L FROEIE 1 TTh b,
mB, EAMLIFICONTIE, FLYFORMED AV UTICEAT BURENAS B 2 L ORES
PR S Tv b (KRKBY, 1978), L& L, BRIFL Y FOBFEE, FLUyFORENF S mEREVWIE,
FHVPBHEFTHHZ L, REBFPFARETEEOBR L TR THLI LD, T DOMER
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DERIIWOTHINEEILRD,

2 THEOUEHFER, 754 7ILOHBOISKFFEY FTEFMEEELL, 1E#815.7cm® DEH
FIZBIA L 10 DS Er EEt Lz, T4, /3 THOME L ET L CHEESE 5 2P0, EHERN
FUrYAA—F BB L (Fig 488), TOHEREIIITO0m BB E L, BEDO S DIIEEKEITE
LTWwb, BERAOTRAGOMESLELRERIZ, AFEO L ) ICOELAME TR T KIS LR

T-5 703 4x—-%—
m Tensiometer

20- T-4 <
OEE
Bed rock

.-}
Soil layer

T-1
5E

Stream

L) ¥ ¥ J L] )

[ ¢4
N2 10 20 30m
Trench
Fig. 24. #£K ML v FOEBTER

Cross-section of sideslope above the trench

L.

BALR
Weathered

HERE

Ground surface

‘{ 74

rock
im
LIpT:}]
Stream
l I [ 1 I 1 [ 1 l 1 0
0 1 2 3 4 Sm

Fig. 25. #EAK L FLBWE O A T A

Distribution of soil pipes in trench
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Licd Wit dsh, MKEIEEREORILIBHRERT I 2LEZZONIPOTH D,

DEDEKI Ly FREICEHMEL BRI, BEOEKARFREDOBEEZOEKERZ S #E Lt
L, £BXTR, AEXBKBETOFREZAMNAE LB T A LICT S, BRKAOKRERIT
1.098ha T, HERDBAEORREENS.6% 12475, WEREE (0.3mm/day BE) 72T EHHE
EEHICMR S ALHIC, MIIERICEO2EKEOREHE1360% L %) (LFEED, 1989a), %
DOFRBEEHEG EITIF L TH S, o TEKAD

BAETH, KBEORMIZLEAEZWEFEILN ﬁmﬁﬁ"\ BB

. . ) L FHead slope FH Sideslope
b, ARBIIARIAL 1 RET, Fig 2612RL7-E & b T
SVRVE I, BEE D EROKKSE L i R Tt
. . ; . Lo Soil deposit 17 Stream
HOEEIZH AMEMEICKN S NG, 72, Gl psiEs 0 SEEKA
L7z & 5 IRBHE O 5 b A LI ISR #4532 Sering in valley head
BSOS, FEEFEOEEL0.89%a (FIKEHED Fig. 26.  EIEHEARL (1 OR)
44.7%), FEERIZ0.017ha (AL {0.8%) Tk WIS

Topographic division of Jozankei
experimental watershed (Ichinosawa)

%o

I mm

F 20

1 - 30
40

Daily precipitation

H K&

100

50

Daily discharge

BiftE

19904

Fig. 27. 19904E 5 ~10A il E (E&H) LEXRLHE (R)
Discharges of stream (solid line) and spring (dotted line) from May to October in 1990
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Pk kyicmBElER, ERAKRE, TIKRE BEHRE, /9 TNo. 3, 12, I5OKHAIZOW
T otze 72730, BERER, 18KD/ 1 THE L HHRLRBHE» SO MY » 7 AREEEDL
BEEED 5> DRRETH 5,

4.2 fERR

AHRBREHOWM F BB 2720, Fig 27121990EDERSHM IS B 5 BEMOFINFKE & ERS
HEONAFOTT7%5RT, TTRIREONA FOr s 7% R 5L, 1990F LHEE, OERICHE
AHZ7ONRS5A3IETHY, 5 A LHIREKOEB[IZL ) BREIKEVD, 5~ 7 RN ED
Lhh oD TEMMICGEK L2, #0% 8 ~10A XABRHNEOmnl OB D20 UH B LY
FATHRTRVEL, BREHE S FHLEMERTA, AHHEENEIZHAD £20mmBELT
DOHMEMERICHT RIS v, 72, 6 ~8ALBIILTTELELEEKSRKENSTIIRE L D
FEY, H1 A BERELRLLENDDLY, TREAERRIILLIEELEZIONS, DLEDX
3 ZIGVERBEMOHGE NN Fur s 7oEmiz, BFEOEZRLEDGL R,

Fig. 2842, 19904E 9 A15H ORI &E39.0mmiZ 3§ 2 @E A A E, AIKEE, RUCSRHAORANKE
Do FOBAOBEBKESKEEZELIIVAABEREY R, MIIKE, BKAKELd, EETESH D
BRI o BRI L - THW RS LREENT 2. LAL, TITREDERNZS#IIET
12, BIZEBEOE,LAIBFREY RS, FAN T, BRE»LHKDOEKESE TIS.1m, AKRIA
16T, BAKEPSDOFEAFAELHTTL2OIIETA2HBIEIDTLTHLD, WEDN N1 Ny
FGIDIALTTIEBLRLTEIVWEEZEZLNRS,

BROEIIZZOBRTIE, @IRELBKEHREDNA FOr I 73 R, MiELEMRLE
BIVDTERLTWADIZH L, BEIIHMES LTS, £/, ¥— 7 I3F1E Tid 5 B505 & 116F

X 10cm®/s ] [ H _
1 mm/10min AN
2] 2 - Stream discharge
g 3 . .
3 & & FERERE
g£g 000000000 T Spring discharge

_ mERE

Discharge from sidesiope

Discharge

R

19904F 9 /15 9/16

Fig. 28. 19904F 9 A15H O FM39.0mmiZX§ @K E, EKSHE, QBHEORFBEL
Changes in stream discharge, spring discharge, and discharge from sideslope with a rainfall of
39.0mm on Sept. 15, 1990
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(«
100% {f

RUEEHL R, W)

Discharge from sideslope / Stream discharge

2 A TR BB

< .

- Total discharge of three pipes /
X Throughflow discharge

=

2

a

0 & {{
L L L L L L L L L L L L e L 7 AL ¥ 1 I 1 I 1 T
8 12 16 20 24 8 16 24BF

19904 9 /15 9/16

Fig. 29. {fMHEIC SO LBRAROAGLEEERBICED D31 T IRKOEGRHFEOH S
The ratio of the discharge from the sideslope in the stream discharge, and the ratio of the total
discharge of three pipes in the throughflow discharge of the trench

Throughflow discharge
Pipe discharge

3
em®/s N
g o] N ow
Throughflow N :; :
= 7%4 7 No.15 Pipe No.15 ===
20 +«+\y T === 734 7 No.12 Pipe Nol2 g4 1—2
—+—" %47 No.3 Pipe No.3 m\w
g
10
0
4
19904 9 /15 9/16

Fig. 30. BB E /1 THEORHEIL
Change in throughflow discharge and total discharge of three pipes
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00AD 2[PB S 7-DIZH L, BETIIHEENOY —27i3%<, 2BHOY— 2 bFIE LY 1 B3053

(BRAELTVD, BFMEIICL - TIEE T CICRIET 545, 20BN, HhtBd 2
BHLTEALEZ LRI KICL ZAREMLANREOREIN S ZHHITE %, 128305 LA ORK S &
WowTik, MIIREIL SO 2FEKEHEOEEHHR A IHML (Fig 29), BRATEEZEOIHO7%
o 24RFHENDTI%, ASFEHIGDE2% 2% 572, BEM AR L COHERBBULIEL, BIZI
HETHIL0HDBY, TOLILHEFEBLALABILOFRBA RN LI E, 2D, O
HWOBBFA DKL, BHEOEKMNIEAETHEORERFT L LRV,

fBEFHEDONA FUu 25 7%, ERHSTEIIRE L AFERFIZLREL, Y- 7 505mIwEN
AFars 7k Bh D, $-RKRGSTIE, WIEEN A Fu 57X 08875, 2h%Fig
29k W RBE, WIKED LREBZIILEALHBHEED D, TRERRLICEKSHEEOE GRS
DOHGhb, |ETHE, BHREKLBAOMUERE M FO /57 LERBLRRREKREONA Fa
T3 ITDEBIIX o TERANDNA FOF T IRTEEFT-TWDIEIIE D, LEDOL I RSN E
DBRE—BHTHEOPLHETH DS, Fig. 261K L7 L S IIBEIREREO | REOBHEEHIZIH
BEToEWHEHMITRONSZ LAEC (B, 1974), RO LD 2 EREFANNTIE2 VL
EXOND, TDEH I ELS LRBEORBEBICOVTIE, £KHMETHRICHSED 2 FoRETS
&, EEABE CHER AL VHE THE SN AABETSICTE L (ELDLENLLLEEL LN
%,

4.3 ANRBCEDHB/1N1 TROBE

Fig 3042, B &R LBMEBOBERE S 3RO 7ORRBELELRT. HROX H 12, BER
NA RO T 7 L&A THNA FOFS 73BN -EBER L, Thbh, BEREIE
DENRALTHREDL, LR, ¥—2, BKOBERDOZEIZO ~200UATIELALRAETH /2, $72, &
EREIZED D 3RO TOREHEOEEIZ, Fig 20127RT & 512 8B TH LR &L 158 LUE
DEAKIEFTO~27%, ¥— 7 B{HETIO~TBELTREDVRETIINGBETSH -7, TL4bB,
BEREOELELD, N THEOELDITIVL VB LENSSH 525, WEDNAL KOy s 713k
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A Study on the Characteristics of Soil
Pipes Influencing Water Movement in
Forested Slopes

KITAHARA, Hikaru®V

Summary

It i1s well known that pipe flow in the soil layers of forested slopes has a great influence upon runoff,
landslides and erosion, etc. However, its characteristics, for example, distribution, velocity and hydraulic
properties have not yet been clarified, and no soil pipe model based on pipe flow characteristics has been
proposed. Until now, saturated -unsaturated flow based on DARCY’s Law has been commonly used for
analysis of soil water movement, but this is not appropriate when using the coefficient of permeability of
practical soil. In order to estimate runoff from the watershed, the real movement of soil water must be
clarified in detail. Therefore, pipe flow characteristics were investigated and a soil pipe model was
proposed.

Two study sites (H, ]) of pipe flow with different bed rock and topography were examined. Site H
was a gentle hillside (13 deg.) of quaternary accumulation layers in the experimental forest of Hokkaido
Res. Ctr., while site ] was a steep slope (38 deg.) of quarz-porphyry layers on the side slope of the
Jozankei experimental watershed (Ichinosawa, 2.01ha, natural forest). Five trenches 5m in length and
1.2m in depth were along the sideslope in H during the snowmelt season when the groundwater level was
high, and pipe distribution, diameter, discharge and flow velocity were observed. The velocities of many
pipe flows were measured using salt and an EC sensor. Non-disturbance soil samples (8.5X9.5X30cm)
including soil pipes on these slopes, were collected and the hydraulic properties measured by means of a
saturated hydraulic conductivity experiment, as follows: 1) hydraulic experiment with several hydraulic
gradients, 2) collecting soil from the pipes, 3) pouring plaster into the pipes, 4) further hydraulic experi-
ment with several hydraulic gradients, 5) measuring of volume and diameter of the plaster molds of the
pipes. Ten samples were subjected to this treatment.

A trench 5m in length was constructed at the bottom of the slope in J. The throughflow and each
pipe flow were measured by tipping buckets. In this paper, the throughflow was defined as all of the dis-
charge from the soil profile of this trench, in other words, the total of matrix and pipe flows. Eighteen
pipes were found along the bottom of the weathered rock in this trench during periods of heavy rainfall.
Among these, 11 pipe flows were measured in total, with 7 being measured individually. The measuring
interval was 10 minutes. The pipe distribution and pipe flow velocity were measured in the same way as
site H.

Results of observations at site H were as follows. There were two types of pipes (A, B) with differ-
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ing in distribution, diameter and number. The A type, centered in the B-layer was large in diameter
(21.7mm) and few in number (0.60/m). It was considered that the reason for this was in related to
plant root. In the lower part of the slope, there were large-diameter pipes of the A type. The B type was
centered in the C-layer, with a 3.5mm average diameter and was numerous (6.35/m), with an aggregated
distribution of small groups. The discharges of both pipes were 12.9ml/s per 1 m of trench width. This
made up 91% of the total discharge of the entire soil section. The pipe flow velocity was 0.535-3.08
cm/s. There was no difference between types. The vertical sections of the pipes were approximately ellip-
tical, and their eccentricities were 0.39-0.84. The soil in the pipes made up 10% of their volume, and
contained much humus. Pipe flows matched the DARCY-WEISBACH Equation well and matrix flows from the
non-pipe parts were in accordance with DARCY's Law. The coefficient of roughness(n) calculated using
MANNING’s Formula was 0.036-1.364 with the REYNOLDS' Numbers being over 10.

Using the results obtained, the following soil pipe model was proposed:
Q. = 4.15Nn?/5 k&5 48/5 ¢8/5 | ~3/10 (1)
o .

where Q, was the pipe discharge per unit width from the bottom of the slope, N was the number of pipes
per unit width, n was the coefficient of roughness in the pipe obtained with MANNING's Formula, k was
the coefficient of permeability of soil, d was the depth of groundwater over the pipe, x was the distance
of the groundwater from the bottom of the slope, and I was the slope inclination.

Response of the pipe flow to rainfall in site ] was as follows. At this site, there was another type of
pipe(C), which was invisible. The boundary of the outlet zone of this type was indistinct, thus, the pipe
could be seen only in outlet periods. The C type was distributed along the bottom of weathered rock with
an aggregated distribution of large groups. The average number per 1 m of trench width was 3.6 and the
average diameter was 16.0mm. The velocities were 0.733-0.896cm/s. These characteristics were similar
to types A and B. MANNING's n calculated from the velocity and discharge of each pipe was 2.8-5.2.
REYNOLDS' Numbers were over 10. The shape of the pipe hydrograph was similar for each in spite of the
difference in discharge, and was similar to that of the total pipe flow from each pipe.

The following considerations about the effects of pipe flow on runoff and landslides were noted. Pipe
flow has a great velocity and shows a rapid response to rainfall, therefore it is considered that it causes
a sudden change in streamflow discharge. Although pipe flow does not produce a surface runoff, it be-
haves like a surface runoff of high roughness. The coefficient of roughness in the pipe indicates that an
equivalent roughness (0.15-5) of the kinematic wave method has a high value. During the rising period
and that of large streamflow discharge, pipe flow is important. Since the coefficient of roughness in a pipe
differs for each section, the pipe flow velocity increases and water pressure increases greatly at parts
with high roughness when the groundwater level is high. On the other hand, the high velocity flow in the
pipe may transport soil to a certain part. Therefore, these high roughness sections of the pipe will be sus-

ceptible to landslides.
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Photo.l.  CETEBM OERBIF

Slope observed in the experimental forest of
Hokkaido Res. Ctr.

Photo.2. 734 75 OF MR
Pipe flow

Photo.3. EIRFIRAERM D EK EKIE
Weir at spring point of Jozankei experimental

watershed
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Photod. EIEFINEK OGRS KIE
Weir at stream end of Jozankei experimental

watershed

Photo5. %KL F
Trench for measuring throughflow {(pipe flow
and matrix flow) at the bottom of the side-

slope

Photo6. I EEREDHIED /2 DIRE
32
Tipping bucket for measuring throughflow
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