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RUNOFF PHENOMENA AND SUBSURFACE WATER BEHAVIOR
DURING A STORM EVENT IN THE HEADWATERS
OF THE TAMA HILLS

By Zadashi TANARA, Masaya YASUHARA and Hitoshi SAKAI

Synopsis

The study describes overland flow phenomena in relation to dynamic responses of subsurface
water in a small forested watershed located in the western suburbs of Tokyo (Fig. 1). The field
evidence showed that the major portion of overland flow was produced by outflowing water from the
soil surface through decayed stumps and soil piping outlets, Outflowing points were found in small
restricted areas on the valley floor where hydraulic gradients of subsurface water showed upward
flow toward the ground surface. These phenomena were largely controlled by dynamic conditions
of the flow system within the subsurface zone.
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Fig. 1. Location of the study area.
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Fig. 2. Grain size analysis.
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Fig. 3. Longitudinal profile and geological section of the valley floor.
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Fig. 4. Map of the valley floor studied.
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E3ETL), (2 9H9A~12H DR 195.0mm (R-2), sof
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Fig. 7. Occurrence, expansion and contraction of overland flow area and depression
storage area during the storm event, 14-15 QOct. 1980.
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D 5~T), REFEBEMHRR 2 FARE LS TRNBBDEIOREBICEE LT3,

T3 LIokAHBHORER, BRLALSCCORBICEVTRAED—BICRONZ XTI THD, LK
HFECBOTROTNORROES bHREROBERMRINLEL -T2, THOOBARRD S, AFKIC
BOTRBEKED 60mm FHEDOBAIIT, BRI ICHET 2KABHBRERBOERE LD T
3bDEELON5,

3EOBEHFID S B, BEICED 3 HRBOMELESHAL, BEFLREAHH R-2 OREFORICE
HlX i, Fig. 8 3T OBOMERORERE (9 AL2H 2L 2R LAHDTHS, R-2 RIAL
H19H0 5120 1 By TO 6 BERIORIC A3 60mm OREFZTHL, MEBKEDOK 1/3 3T OKRNICHR
RICHBINZ EMEERAT, Fig 8 JEHSR LK LABORRER LTS D LEZL TS
LoOMARBOTHEA S,

R-1, R4 OHEEOFRERICHHELT, Fig 8 TRZOREESAED LHEMICHER L TN S DH%E
BTh B WEROREDHFICIE, #B UIBEAABHEMBZ DEERELS LT D LEDbNS 4
CORHE— 7 BEROBETOMENREZ O LA~ LB LCECS, TORERFI/ A TRORZEL
TOHEEPSDKDKREHL, BEVRFTEAARDTOHPSDOKDOKREH L TH -7z, Fig. 8 TOH
1394 P 50K E M LOMER, XAIRADTDH»SOREH LOMEEZRL TS, Fig. 8 THE
WIS 1L, 284 FRORDE Y BAEE L THEE D SR E MTREY, H5—E0FEEHECHHLT
WBCETH B, TIbb, 5 147.5m, 150m XU 160m fED 3 HFHTH S, E5 150m 1A
KT BR B I ARDE D D ESES L CEEMEER L0 Table 1 THz, ThofTbiokOs
SRYBEEFELEDON, T 0cm FIERORHBEELHF LTS,

Fig. 8 GRS N B RO RE S - BB 2 2 EKRY 700m? Th3, ThRRFEAERHO
¥43%, HEREREOK 3 BICHYT S, R-2 OEBERHBIZFAD X S ic 1800~2000m® LHfEEI Nz,
fRic, Fig. 8 ORI Nz hE RS R-2 OBBERD SRS N, < OMAICHE > ERST X TRER
HMETZ60ET2E, ZORBRK 137m® THE, REBAOEERLRS & L TR OMICEEMERRN
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Fig. 8. Areas contributing stormflow and the distribution of outflow points
at 0200 h, 12 Sept. 1980.
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Table 1. Measured values of major and minor
axes of decayed stumps.

Decayed stump Major axis 1 Minor axis
No. (cm) (cm)
1 30 15
2 18 | 12
3 25 ‘ 18
4 25 , 19
S 50 30
6 25 18
7 30 1 15
8 9 ‘ 9
9 45 22
10 42 22
11 22 | 22

3.3 JKEEIKEADERIMZEL

B, BERHE UTOESERK MRS, E¥BIC
RBhtDHRAEDIRDENITTHS, Fig. 6
RINERERRD AT LOMIGEGE® S
13, FAGHICXZEERBEN A Fes 370
FRICKE SR LTOE Z ENTFRINS S,
3RO & S i REFIC X BEERLRAZT T
B OFE» S DOWHMBERAT S LBTER
28

Fig. 8 TR LicbRBORERIL, 51 7|
(pipe flow) TS0 UI3TERRIR (return flow) &IEE
N360TH5B, R-2 BEOHEOAFEICO
A BBFCRES N TERRICZOBDFHN L
RSB TR, KRBICE T 2 itk DZEE) L
COBOBEERAEICKEEELTVA T EAER
®BLTh5,

Fig. 9~12 |3 R-2 OBFRIRICE 5 HHUKOKE/KEE (&7KHE, 4 ORMIZEILERLI-SDTSH
5, ThZNOREMSIE Fig 4 IRINTVE, ENIKE @) 37 vt -2 TAEL, ENKR
(2) 13, Fig. 9 TIIEX 140cm RFHHEFE L, Fig. 10~12 TEES 100em ZE#EHRE L, WIhdz
THhoDEITED LTHB, KHPIOR U EHERRTORTKEPME (VA F, Z0Tn0AlEk
FUCBERE U BRI DKM AR LA b DTH B, 72720, Fig 10 iR L B-1 Mgt W TIRBEET 2

BRIF DO, BTKEOHBERIEAIN TR,

Fig. 9 BAEOR TR, BKECHEMCMET ZETOKBEKES 27 A VERLILSDTD
3. BRIRIIOBTAEREEET 138cm UEL, MEOAERTRHEKEIESFE MY
BHIETH B, 9H 6 BI0B303D 707 » 4 v (OH) TIZEE 40 cm » 5FEE/Kg EIBO EE 120 cm
F TOHKAEIZIZZ L 0L, FEIABICHE UKD THE 7 5 v 7 ZBEEL TN S, HHE

Hydraulic head (cm)
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(cm)
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Fig. 9. Time variations of the hydraulic head
profile at TA-2 site during the storm
event, 9-12 Sept. 1980.
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Fig. 10. Time variations of the hydraulic
head profile at TB-1 site during

the storm event, 9-12 Sept. 1980.
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Hydraulic head (cm) Hydraulic head (cm)
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Fig. 11. Time variations of the hydraulic Fig. 12. Time variations of the hydraulic
head profile at TC-1 site during head profile at TD-1 site during
the storm event, 9-12 Sept. 1980. the storm event, 9-12 Sept. 1980.

— /7 E%O12H 115305315 (@) O T/AKERBAERF 4lom DEIAFTLERLTVZ, WTFKE
&0 OB KA 1.0 DEE#E L, HBAETREROBRBICHES THNOHASTELATNS,
LOMEDT T 7 7 4 MCBOTHERNREC LR, FE ln DECSOTHEEDOEHKIEMEEINT
WBLETHB, COTER, TOBMAKBOTH TKO LHEDHENBEEL TN I EZERLTV S,
Z DIEFZI3H OBR203D 70 7 » 4 v (AFD) = THS, BRETHL BERE U0 THl
TAROHHBATHRE I N TN Edbh b, HEFFETRERKTREE 40cm T TOEIKEIR
RICIEFL, BRNETH258ERELABO a7 40 (B, XH) TREE 20cm DEIKENT
FHKOFENZ RS IKED > T 5,

Fig. 10 BAJIICE A NET 2B TORMMETS D, CORDSIZAIIKE BT AED
RHBRICE D, EE 80cm DEOMAUKOHENANRBET ST EERALLTLENTES, k72, B
B 8cm & 100cm ORTREHYE—ZHEIRITED

THITFKD LR EDHENBEFEELTHE T LD 5, Pressure head  (om)
Fig. 11 35 47m T > THBERINTWNWEF Vv gL v o UM BN 0 ou w
VAA—BBDT 0T 2 A NEATH B, TOHBICE W ehee
W, BWETRICE T SRR OZEBIEIVNE <, nio | eew
FRREH RO, EIKHOESHEWNRIR TS D ul

KELSEH LR, SEMICEHZLT L& OKRDOFHN
PEUTOIEHTH S, BIETROBTKEDET ur

(em)
]

EREBSC, FE 20em DEOESAFERROL, KB 5 #f o s roee
KBRSEEERT gt

Fig. 12 3 R-2 OEEFICHE - THERRORERE I : ’ "

o T2t 4 P LOFTB RO D Bds & DADKRE wl e e
U LU 7 B C O /KB KO Z L T B o

B (OH) OHT/KmIZAERE 40cm ALEIEEL, PRGN
CHPBICB VT HBKOENR & TH -7, Fill AN

Y— 7% (@F) KBTI, FEE 80cm Pl gipy Fig. 13. Pressure head distributions at TD-1
BT L& OKDENIEE LTS, % DEDK: site at the time of maximum dlsch?rge
for each storm event. Blacken circle

MEERS &, BROFEICHHD S TER 80cm indicates pipe flow occurred and other
WO TKEOEAICH > THIC LR & DKkOENL symbols indicate no pipe flow occurred.
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HUTW3, Fig. 12 K RONBKEKE 0 7 » 4 VORBIZ, MORNEHEITLE L CRERBIRICE D
BENKHDOEMMBKENC L TH L, COHEICETY S R-1, R-3, R4 OFl £~ 7 BOKEBKES o
7 7 A NMTER, Fig 12 RSN Z X5 BERICHES KO AR EINIED S hilv, £/, R-2 P
AOBEFRTI, COMERTICENTHEREREIEDZ LI/ PRV LRBERBHIERIATHES
o

Fig. 13 Rz OEICE T 3 8BRBORL C— 7B B 2 [EKEDO 707 A vE R LIZHDT
H5, Mbhd @iz R-2 BED/o 4 FHDHkEE L TOHIIhOFEIKED 7w 7 » 4 L THDH, Fig. 13
k0, TOHEBICENT A FHRBFEE L TOIEOESIKED, MOBROFHH E— 7 BickiRLT
EOBEBICBOTHEBICHMML TV IENESLTH S, R-2 BEOKEKRICENT, ZOMAEH
DHEFKED AT RENT 3 BRI OO TIRIES HTRIEVD, ZOHASHIKICR 5N 2 Rt DB
TS LTWA Z &0 SEAT, HhABERLEVERTH S CEMNZORRNDO—DICEL OGNS,

Table 2 {3 R-2 OBFBBUEAHE E— /7 BHOR L/ A — # BRAIEICS T 2 TF/KE TR 1
mORFTOKIARTEAE, CHCESOTHES NHEFNOEKAIRDOEEZR LI 6DTH5, EN
KB TV * — Z PORMERKIC X >~ THE L, ESKEZ PG KEERERE LTZ2 I oDHES
THEDLLTH 5, BROFECHPD ST, FBKELED A-2, A3 HSSIUES 4Tm 80 C-2
HEDOEKARIINT N SFHELRL, Ih5OHAIKEBNTIIFICH T ROFBEBIHEEI LTS T
EBbhb,

D-1 HiAI3EBRMEICIIEEIRE S > TWVB DS, R-2 BEOH/KBICIZRHIRICET 5, iR
ORI 5T OTROBE DI T ROBMBHICHY LTV,

Table 2. Hydraulic head measurements and vertical hydraulic gradient calculations.

| |
Piczometer. Svmbol epth l 1000 h, 6 Sept. 1980 ‘ 013(? h, 12 Sept. 1980
nest ymbo (m b g.s.) Hydraulic head |Vertical hydraulic’ Hydraulic head |Vertical hydraulic
(m, a.m.s.l.) gradient (m/m) | (m, a.m.s.l) gradient (m/m)

PA-1 a 0.9 146. 37 0.100 146. 88 0,082
b 2.0 146. 26 i 146. 79

PA-2 b 15 143.10 —0.021 144.07 0,029
c 2.9 143.13 144.11

PA-3 b 1.8 142, 72 ~0.143 142,74 ~0.229
c 2.5 142,82 142.90

PA-4 b 1.9 142,99 0.075 144. 24 0.175
c 2.3 142.96 144.17

PB-1 a 0.6 144.56 0,000 145.16 0,067
b 1.2 144,56 : 145, 12

o | 4

PB-2 a 0.6 145. 48 0.050 145. 64 0.017
b 1.2 145, 45 145.63

PC-1 a 0.8 146. 77 . 0.110 146. 85 0.130
b 1.8 146. 66 146. 72

PC-2 a 0.8 146. 33 0,100 146. 47 0,100
b 1.4 146, 39 i 146, 53

- 14

PD-1 a 0.8 148. 95 0.017 ‘ 149. 29 0,033
b 1.4 148,94 ) 149, 31

PD-2 a 0.8 149,01 0.017 149. 49 0.000
b 1.4 149. 00 149. 49
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34 BEMBECHIZHRTVY » VDK

CE TR ERRERD S, KEHKEBOEHBRSICHIKOBEH SR E SERLTOE L%
A3, kKOREIIZRTNTH O, IO EITHMER FICERITEORT v ¥+ VEBEEL TS T
EERBERLTVD, BRAIRICET 2HPRD AT v ¥ v VBHBEDI DB LT 3 hERLMCTS
CEMTENZ, HKBCRTHikOBREE X DIARICT 2 Z EHTRETHA D,

Kk OFHEE TR T 2 BT v Y v MIKEKE () Thb. TOKBEAKEOZERESG, THLEER
F v ¥ e VERIDE S UKD FHE HHE M5 C L8 TE S,

Fig. 14, 15 @5 vvAA—4 -y 2~ 2 DREBICESOTERS W R-2 BRETRICET 28
ERFEOEZERT v v » VR TH 5, ERDO LHICREHKAOZEMAHORINTN S, Fig. 14,
15 {OR U7e ik O BRI, ROREORREEZR LU TEALTH D '?, NOWHRICK T 5 EKE
FHHERLTWA,

Fig. 14 ([IFERIBAMET 9 A 6 HI0RDIESICEIT B 2T v ¥+ VB XU Hiduk D B HI%ER LT
W3, 10E/NCK 62mm ORENLH D, ZOFELZT TLHKFIEHOREILS ~7co 20D, +
BKEDHEATRPE T HNDKDREHFTILON TN B, bEhICES 150m HITic BT ERBRIER
WERT 2 EREOKOBENIBEL TS, HITFKFICBOTE, EELHERED3 HFrothaics O TER
BNTWD, 20— 145 m LY FHEBT, CORETIHTKOKEBRIEEREN, BKE~D

155
— - Pressure head (cm) distribution -
€ at 1000h, sept. 6, 1980
- 155
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Q@ s ' 4
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< ._ —_
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- n X
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c - - A
] - - g
- = i
o 1780 5
> L ~
> 5 .
w - ! 5% Hydraulic head (m) c
B I distribution at 1000h, et
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- _ ©
water table ;
L 145 =
Equipotential line and i w
value of hydraulic head
\ (m
150 -
Direction of subsurface
water flow ]

( vertical exaggeration 5:1)
1 l 1

1 1 1 1 )
0 50 100

Horizontal distance (m)

Fig. 14. Pressure head distribution and flow pattern of subsurface water determined
by field evidence at 1000 h, 6 Sept. 1980.
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BEHNE LTOBTARHOBEZEZRR LTS, EE W4Tm MRS RBBMERENL TS, Th
122 OESRICBOTEETFRRIC G EET 59 728 LTOH TKRHOBEREM T T b, $70, B8
150m AHRICBOTSHEBAHRINTEY, ZORAECBOTI EREOF Tl Tkifila fTobh
TVB LD EHEIND, SEMCEETRFRSERES - THD, COBATOET v Y v AGHIIRIE
BHHEMTH 5,

Fig. 15 Rl € — 7 HBIC B 2 E KBS KOS RT ¥ ¥ » VBEOZBSHER LTS, Fig. 14
EHELT, COBETORT ¥ v VARRDPEDEHICEIL LTV S T EMbh b FIC, BIEOTHH
KBNTZOERREETSH B0 THASICENTREBROBRBEOLELZY, SOMMCBOTHHET
FADOHHRABKRITH Y, TOR SRS 2 BREREONHRBROFEE D PR
B EIRTEIT, 5 150.5m » 5 FHMIENTIR, BFEE L5m fhmicFed 2H1E (Fig. 3)
EEICH TR EHE ORI E FAXOHEMCZAINTOEODBBFHNTH 5. KRHKKIZIZZED
EEAEHIUT 570w, BEELECH - TAROENSEREL, L OBAEOROMREIC L& O
NEL S THAES MG D, TOXILRTF vy » MEBHRINE DO EEBbN M, ZOAIDY
TRABS SICRNEET S, WTFHICLA, T LE®RT vy » VEOTRIC REREHERPIO TEICBK
AN LBOFADSKEREREE >TWEXDITH S,

= Pressure head (cm) distribution _
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