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Experimental Studies on Valley Headward Erosion due to Groundwater Flow

By Yasuo SAKURA, Michihiro MOCHIZUKI* and Itsurou KAWASAKI
Department of Earth Sciences, Faculty of Science, Chiba University
( Received November 25, 1986)

From hydrological observations in the valley head area, it has been reported that headward
migration of channels is closely related to the mechanism by which runoff is generated. The present
study carried out the artificial rainfall experiments using an earth-fill model, and also the measure-
ments of changes in groundwater heads and valley topography, to investigate the relationships
between development of valley form and groundwater movement.

As a result, it becomes clear that the area where headward erosion occurs agrees with the
groundwater discharge area, and valley head failure and fluidization of failure sand in valley floor
occur usually when the normal component of the hydraulic gradient to valley floor exceeds the critical
value. Under the uniform slope condition where only subsurface flow occurred, initial small V
-shaped ditch developed into the horseshoe-shaped valley with steep side slope and flat floor. On the
other hand, under the concave slope condition where surface flow is superior to subsurface flow, initial
ditch developed into the narrow and longer U-shaped valley with gradual head slope.
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RENERMIEO ERBERRIC B 2 BWEO KRR ERBCET s HERRC LU (Kirkby,
1978 a), HWERRNES & LT, BRMMEFTENBRERL D RE (L b2biIchT 5vHW 5 Horton i
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S EME 2 BHERS L, FRLDEBERBOERER : LT, iR bichRoE#HNEEE
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Fig.1. Schematic diagram of experimental apparatus.
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o, FRB—CEE L LI, KEfR LI Fig.2. Grain-size distribution of the
M EHRAL, DEBRTHOED L HYWBHK experimental soil.

HHFRLIRA L 2. MESHUSME, EBRRT _ N
e LB £ AL Citme Tk Syl Wit condueiy end
fTote. ZOR, BHOBBERIIL 40% TITiTH ‘

; - n(%) K
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TEDEHICEERITILNT, ZIIWPERT L. 20, 2OWERREHTLENKRET S
ET, TOREERLZTE L.
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Fig. 3. Disposition of piezometers (left side) and observation wells for groundwater table (right side).
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nre, 7z, BEMEA T2 WHE T, BHFEIFMEICEFCTH» b EA~RELE., L2LENR
BRI BT, Skt BT 2o 8 3380 b e b - 72, BeMIBEAE 25 514 Tld, T KIREOE
HLIZ L b WAENBBAEIE L, ZOMLBRICE VT, BHLABTKRE ZZicBo 2RI
E¥ 2 R & 2 M5 2 THRMAHEA, KENLE b —F T3 %  BBTRIC BT 5 R ot
WA LH TR & Lz,

MEFIBIth B & & 1.8 BiR1E, RE % —RHELL L TR £ 23 mm/h it R S TERFBEHALL. B
B 15 4%, BUBENKBICL - THRREMSMIRL A, Lo L Z0%Es#%icid, MTKRENOEEICE >
TRENHBIIEFLL 72, '

—BSHHIC BT 2 BT OBIEBR Y 2 TV ABERE TR L c0d Fig. d TH Y, Bz —RELL Tl
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Fig.5. Stereogram of development of the valley form in the case of concave slope and rainfall intensity
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Tt L 2ok 8, Fig. 6 Th . /2, BMMSE 20 mm/h (2 81 2 T REEHZELOBEFIE Fig. 7 iz,
F 0tk 23 mm/h TEFEKREE L o - 72 25 3 HOBT % Fig.8ic, 2N FHuRL .

ZORR, —HHEE2ALVERY LIZ, BRUTREZIOEIEREINLGZE, ZLTRERID
#E EokSEEZ, A—8E0—BHENFNERNTSLWI L, Thbb, GENERICLIBKE
FHROBMTHT KR KREL 25728, BERLBAOKIIHTKE LTHAINGWZ L YL
Pl o712,

2. MBHEOGS

MFRGRE 23 mm/h OBEMBRERY> LT ARBIIEAL, 25B R VFEOMNETRESREEL
T2, —F, VERBEALIEBTKOLABLIC K » TEROEMEFFERINTZ, SHRICEIFRERRTD
gL, KFRRES LAY ) MERIBELRET Z2OFBRESI N, VFREI—BMENS
BEHNRD ERRMB VBTN L, Fe, VEBLRGE LR L 3BMRL (, SRokim
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Unitorm stope
vainfall : 20mmih
40q tsSmin.

------ Equipotential line
+—— Flow line

5.  Water table
——

Relative intensity of hydraulic gradient
normal to the surface

Elevation above standard datum in cm

Elevalion above standard datum in cm

Elevation above siandard dalum in cm

Elevation above slandard datum in cm

Elevation above standard’ dalum in cm

Fig. 7. Chnges of groundwater movement.

Elevalion above standard datum in cm

(Fi_gures on left and right sides show the cross sections in the center of the valley and the non-dissect:
point 20 cm away from the center, respectively.)

Unitorm slape
raintall: 23 mmin
1=25 min.

Elevation above slandard dalum in ¢m

------ Equipotential line
<+—— Flow line
Y. Water table
Relative intensity of hydraulic gradient
== normal to the surface

Concave slope
raintall : 23 me/h
t= 25 min.

Elevation above Standard datum in cm

5
3

8

~
3

S

Elevation above standard datum in cm

Fig.8. Comparison of the groundwater movement
minutes of rainfall intensity of 23 mm/h.

Elevation above standard datum in cm

in uniform slope with that in concave slope after 2
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HWOFRTE T LWOBEE A LTz,

MErRBALE 10 0% T, SEPEHROWOBE1EEICL ), THLALMEL CE-FE LFICEEL
HEEZHE L 2. ZoRER»LFBH L KK & ) AERIREI N, BericfEmico%h s ME
WEMESTERE N, FOMELFRERALZ ST AR BURBEE o2, 25045 T3, B
& AMBEICUIEILL L T 2, 72 LARTRES L ) TR X, KKk 2 T E» L Ty
2. ZOOEERZ, MBS 25 0% THRT Lz, SHEOEbHB~ES Fig.5, 62, EFREBIZELR 25
SHROMT KB OBETF % Fig. 8 lcRk L7z,
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1. #TFKEH L BERE

ATEMER CHEINLGBENEERERIT, MTRESHHOL(LERE - BELTCEFEER L2, E&B
BAIAE %D HIEE 2 AR, SEMEICBWT, MTKED L LTRkOBHICLD, w2 BG
HHBAL o BiHEH 2 E0l - 220 £ L 2SERERE TH S, TR, VEROREI T,
RICHTREHIC HEAE L TR E L e VEBEOREY RN S &, UBREFERNA THREIETL, &
W LFEANEBRELL, Thbh, JOREMEN LRFE~DOHERIL, HTAED LAERE L MG
LTw3, F72, WTKEFG LR 2ELETIHTREHOEELIC & DL - TREHBELELEL T3,
BLI—RAENBEAN L S, L IBRTBENOKE ML ERE L 2RIci, SERORESEURE,
HERA~RET A2 L ML 2.

=7, BB VARICHEE LRI, SRNBELZBTKERAL TREMEGKE & 40 ) Sk~
EMMLZ. ZoORMbDELRE, TEREEMULZINT, Fig T TRLUZMTRES LBIEL T3 &
EZbHND.

Fig. 7 T KB NE(LD 5, BELOMBEMEI M TREN LR & & 4o BRI~ EHT 2 = & i,
HWTFKHER TV ) TAREE, T%bbib TR EFFEDFERD ERA~OBGICEE TS 2 & 2R
BLTW5, ¥/, MTKENLERICL ) SEMTZ?BEBIHEYL LIk, BFRTOBMTROBH
PETZ LI, ERIEOTUEREERNKD Fig. 7 TR LU ZHBRICH > TE~EPT 5 2olz, Fig 4,
5 6 TRl BHOErERBLIEEZ NS,

Fig. 7, 81cid, WTRDRBIB TERT KEROER D & KD 2 BK D EROFHE 12 T % Kar 05, ~7
FUVERLTCH D, ZORKER, BLZ 0.7 TH-72, Fig. ToEMIBICH - 2 2EbRoME T, &
MoORZ s b 20 cm BN - kEMAEOMEIC B 2 TREEEZR LTV, INL2HETS
&, BkBEOKRE 31T, FEREEN ] ~3ERENELRL, Tk, fEEEIBDORSLOET S
BENFH, FNEELET 2 EHREBIHICHANCETRELERZRTI E L EH»RH LN,

Cedergren (1977) i3, HUToKIRBI " BEAKME L ) 0B RIZTHERANTEL 2.

F=pg(An/Al) oy

ZZTlE, p BT ROEE, SIZTENIEE, AR/A LW TKOBKIBTH S, £-T, Fii,
HRAEE B TB Y, SROWEMEDEIKDER > BT OB EMEIC D W T ORE I EE L RIE
&% B, 72 Dunne (1980) i3, EEHIRICBWTKRBEEREICLTEL##E L | ¢, spring sapping
NEEUZETET 2 & & Hic, BATOEKIEBEORED L, Terzaghi (1943) % Zaslavsky and Kassiff
(1969) i & % piping 7" %4 T 2 EER4&M 2z L2541, pipingic k& » TABESELIHBL-Z L %
BLTWG, BLHHEE L AT ERTE 20 NBA piping DREEFMEER, KORTRENS,
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—p; 8 hn > (ps—ps) (1— D) & cosd @)

ZET, pe o BWEKOBE, VhRMEEEOSKGE, 7 BHECEETECS L, W
ORI, 6 IMEOMERA, SIRENMEETHS. ' ’
QD&M % AERICERAT 5 &, piping »4ET 2 EREKGENMER, BLZ0.9 %5, ERERD
BKMEIX 0.7 BETH 505, piping DFBEM£H2 L ThWa 2ok 5. RERMICIT-> L AEROB
NEE LA HBEOBIKIER, BHEOHETO0.5~1.0 £3F Y XabiLids, 1.0 LT3 §
BIBE BT, —HE S Bic boiling RABIZ % 3 = & AHER S iz, $ - T, RERIC BT 2BIKBE TIZ,
ZOREHEICHEIIS2INE Y, AHRERE (ELSE2ERNLENTHL EMETLILIRT
X,

2. EF & SEBEOBR

EBRIHOKBICHREL 2 VEE» LHELLTOREICL ), —BNE»LEIEER L OERHENSE
A%, MIESHE D 5 IIEIC B2 52 DR B A BHET & AR BULAEL L DR WEITIRS L,
FERIFNFNEL), —BSHE TCREONBMEOKG RIS % CHRFRDEL L nizs, HTKD
BHTH L5, MEMNE TR, SONENEOLEH CREFENREIEL wiHREL LRRNERTH
L EREOT A ENTES,

Kirkby (1978 b) i1, MHELHERNOE L L LHERT 2BET, KBEOZRTBRIEELD, T
NOPORNOXE T CRLMFBHLTR L2 2#RL TS, T4bb, RERTERE N AR
W12 Kirkby (1978 b) n#dR &G LTHE D, RETERAENSEE* L5 L1 BEOENE A PEL
A, HAPRERTH), —F, XL EESEIC Oy REREETHHANS 3 BENHSE
Lh, AENEMERLATEL Y MEZRTHEEEE, BWERERRTHIL LW I EPTES,

72, MR & MR RO FEICE L T Dunne(1978) 12, BiEIX#%E M 1000~5000 1% & %5 Z & 27R L,
R L Y HEROFHSHEAMERIVNE Wiz, LD ELRICERPICHTT S22 L 2BHL T3, &
HIENOTEBREIL, KEBORA» LANE, TRICBI 2K AT LOMBEBRTH 2 LA LT L
WTEB, FITRNDE I BEKS AT LDOTEBEHEIC OWTRETL 72,

—ERRE TR L7258, MTAKEN LA & LICBHEHOMRIZIERIC L 205, TOHROMT
KEBOBEILICHE L CHAENMMERELELET 2, SLICRREBENKELRE2ELE 2 LRKRTARRES
BYEY, Thbb, TAESHOEE/Y, BAREL D OXkOEBEICH L TRBZOFERICIRFD
HEZEETRRLTWS, -7, FETRENSZE L GERICEHE 3 KL, REBOA~FHEN
LI Eich B, FORE, FEOLOPKENIEEKBICHEL 2R vE, SEHORESRELT, &
N SERENCHEAKASTE B L ) ICHERFBEBDIEAL, HLWEIKS AT LHHENLNTH S, -
T, BEERR, KROBEKES 282 THES N2k E & D RN FREAASK S ¢ 2 2 i R
FEBPHEEICIARTH- T, TN L > TERENLSEREIR, BERBEBOWIR, KL MHE
BN R T 2R ERL TW20TRTwWh LRI N,

V. $eHSENFE

AR T, BHBEL T RESOMRLIEET 2 8026, FHUELDREL» L% 3 ARAET
TNEBWIALEMERZIT-> 28R, ROZ erHbdick o7,

1) BEOMEE, WTFRBHOEMICHELTEZ S, Thbb, SERANET 5 BRI T ANK
FOKESAICBREL T, HMTRREETH DT RO EARBEBICEEZI NS,

2) MTFIBESS bIEE 5 BEOREE, SEMECEITIEEROMBETH Y, HTKEN LR LM
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TROBHIZ L) L WEAH L WHER % Rl - 22dic A U 2SERERE TH S, T2, BESR
BRBRNAWOTHELE S, BRAOBMEMEIC BT 2HKGENMEHEERT DA E X LEEICH
LT3,

3) WTAKEI B8 L THES N AEIEIR SEL LI OBHR L 2 2EM»H 5. —F, WTKNE
MEEDE LA L MERVGEEEN L L TE8 L TR I N HAICE, SEFESEZ L oM
BWARZE 72 5 Z @B L,

FRFOMT KES) & RERWD L% 5 EMEFITT 2 BB OBAEELERICH ), HTANL
ARPBERBENELREBR L L > Twb 2 D BLPIC T o7, L L, BREEENEEZBCOW
T, BREDPA+o2mb %o, FEBBOREICOWTL, HFOMREE S I L TE LD,
HRNLETE CICRE - Tk v, o7, $HROBREE L TERZIT TR (BB TYH, FE
iz BT 2 KRRERES L O BBIBRSF L T (LESH S ).

BE AWRO—EHIIEM 58 FETHATEM REMN & B AR RERINMEQ) BiRARSE @ Hiks
xR, BREES 1 58020010) 2 & > TiThbi, L TEBHW2ZLET.
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