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Runoff Characteristics of Tsukuba Experimental Basin (Part II)
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Abstract

This report is the second paper on flood runoff characteristics of the experimental
basin in Tsukuba Science City.

The experimental basin consists of two basins where arc the Hanamurogawa and
the Hasunuma-gawa, is located on the Inashiki terrace in Ibaraki Prefecture. The basins
are classified into five land uses such as impervious areas, compacted arcas, rice fields,
cultivated areas and forests.

The authors observe low flow discharge, flood discharge and rainfall amounts of
every ten minutes in Uenomuro-Bashi of the Hanamuro-gawa and Yachiyo-Bashi of the
Hasunuma-gawa, '

First, this report shows fundamental parameters of the flood runoff which are
runoff ratio, runoff coefficients of the rational formula and concentration times. These
values are proportional to the impervious areas.

Second, authors analysed runoff characteristics by newly modified three runoff
models. The moedels are made taking into consideration of the runoff characteristics for
cach land use.

These models are exponential type unit hydrograph, kinematic wave method and
tank model.

The results of the calculation by these models give good agreements with observed
hydrographs.
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Table 2.1 Classification of land use in the experimental basin.

UNIT : ha
B (B
impervious areas @R
discharge gaging
station roads, park- | buildings, play ponds river |sub total
. o ings, ete. pavemnent, etc) grounds
RRBHD | o, grugs | wm, su% | 285 | w0 T
Hanamuro-gawa 177 74 17.3 5.2 4.5 278
Uenomuro-Bashi
I =4 (14.2) (6.0) (L.4) | (0.42)] (0.36) | (223)
Hasunuma-gawa 161 57 1.0 2.4 6.6 228
Yachiyo-Bashi
BB ATfCHE (10.8) (3.8) (0.07)| (0.16)) (0.44) | (153)
discharge gaging| compacted cultivated basin(ha)
. rice fields forests sub total
station areas areas area

= I I @ os | ok M| Al - BT | 4k Mo il |o i & Et

Hanamuro-gawa 482 113 239 134 968 1,246
Uenomuro-Bashi

BN L A (387) (925 (19.2) (107) (77.7) |(100)
Hasunuma-gawa 374 126 481 277 1,258 1L486
Yachiyo-Bashi

TN AT (2 5:2) (8.5) | (324) (186 (84.7) | (100)
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Fig. 2.1 The Experimental Basin and Cross Section
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Photo 2.1 Surface profile at Kise in Inashiki
terrace
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Table 3.1.1 The number of the analysed flood data

Name of River &
gaging station Hanamuro-gawa Hasunuma-gawa
[l it iR i i
P & e SR S Uenomuro-Bashi Yachiyo-Bashi
Total Rainfall EENLE D=8 ME N AT RS
AR (mm)
15= 2% 16 16
25— 50 28 28
50—~ 75 3 4
75=100 2 2
100RE 2 2
Total & 3 | 51 52
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1
szﬁ'fp‘rT'A .......................................... (3—-2-1)

TTT, Qp 'E—oiHE (m®/s), fp  ikth@EH, ro @ BkEERERA
LERENTEE (mm /h), A HEEE (km?)

6 t
Tm = — rt)dt ....................................... (3f2_2
< n.ﬁ—n ( )

ZZC, rit):104rds (mm /10min. ), T, ' #t/KELEERI(1/10min. )
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. 3.6 '
t
rT[t): 9 f Tlt) AL cerrerermrmmme e (3—-3-2)
Tc t’T{,

CTT, Q) FRkl t LB 2 IFEERE (m®/s), A jldmRE (km*),
re (t) Rt T, 5t £ Tt BEICBH 2 FEERMEYE (mm/h),
T, t HaRELERS (1/10min. ), rit):105WE (mm/ 10 min. )
TOF A TRNFRO 2ZRE A & PR 8 oy (t) OBIFRARYM 5 L1 3.3.
1, 3.3.20k9iiss. 2T, HKIAERMIERI Lo=g, EAINATFREBICEY
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Fig. 3.3.1 Relation between TC Runoff Coefficicnt and Running Average Rainfall
Intensity during the Time of concentration on the Flood in Oct., 1981
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Fig.3.3.2 Relation between TC Runoff Coefficient and Running Average Rainfall

Intensity during the Time of concentration on the Flood in Sep., 1982
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KENRHO 2 5& LTHEL /2. 2Bk &4 L kBRERRTEIEE) LoEET 100
5, HBINATRETI1200L715,

[ 3.3.1 131981108 D KR, [ 3.3.2 1319824F 9 H O KWIC 3517 A BERH R L5 %
DLAELDTHS, RS/NED I fch, —BED AR DT 2L, BhERLRHFILFE
PR O RUICK LTI 2 M 505, T SOMS %R ¢ & HERNLE Licf
HHOHLELZRT. L5 Lo =8 TEEAREMRERE N & ORI ELEEERHFRE 0.1
~0.2&/hEl, CHEREBWREEL2HBICAEEL > TS, EEEFREEHH10~20
mm/ hiZ/5& 0.3 ~0.4 1ZHENT 5. FEHEBRRERES25mm/ h 2L Bic?E 5 & 25 ke ik
W3 ik 2 s 2 ERAZ AT, EBNDUATRE TR R A5/ & O f53 BlEIER
FREIL 0.05~0.1 &/NE L, THhiEF 32 THE LI ARSBEFAELS ~ 1081V E & 75 -
TVWa . FLEREEM20mm/ h 2 2 & B MM EE 015 ~0.2 ic Bt 5. F
HRERN ERE 427 mm / h Pl B 72 5 & BEER R HEIL iR L T BINd 2. O KL DI H| R
R EE Licld e mg s, BREE LS RORERERIcH S, £, HHbAHmRE
FeEE—EDORFICH S EEL ONAEETMFIATORmHLOFAETNS &R EREOE
HEEASARLZE LS, BRIFHLE-THIL,

3.4 HKENFFR

HAENELE (SEREERMO 1/72) 3T s 1 2 kS ER N E L FR e 4
HTT20CEERMETHY, i, REBOHAEHLICL - TZOMEIFRL L5 LEMEAT

%5 (OKUDA, 1975) . ZZCTRERELITH A FEHMTOMKENESRNE L THUBMH &
NAHEF/N EOEE, #HENATREORKENEBEIC OV TIE~NE,

3.2 (K3.3.3) TEli~xick i, SHEEHORS OMKENIFIZES)I LORBT0
%, EBNAFRIBTHO~T05 L1 - T3, THhSOIKENKEIZEARKOED W/
DR (30~80mm) Mz EY 2Kk ENEREEZONS. K341, 3.4.23TEE)
Lo=RE, HENATRBICEBY 2k BNERR L LEBREE S OMELEXbLALLOT

H 5. BKENER I ELBERTEED & Tk, MK MMtiSEo R, BRsy—
FRES>TOHRIET B2, RICRT & 5 doRkE A & SR sy o R ic — B %
KH BT L TELY, Lpl, EEEmMEESE ST Licdi- T, kBB 3E L
SEEEHBT L, EbHiT, ThoREE—EHIE I TEMRATE5,

SEY WA R HRRE S 20~30mm/ h DA, BAGENIFRILTER N Lo H4E T 20 ~ 40 S}
HENATANE T~0E LN - T d, EFE EOEBCORBINRAIREISS
km, {EREE 5. 8km. HBIINATRBETORBEEORAAREE 10, 3 km, fA#EKZE 6. 5km
LT ->TWA T &, BhkE|ZREE A KENEE D 2 5 & U, dtkig,sSdE cnifd
BEOET AL, REilbkols. #kiko FEEEEE G, B2 LoZBTREKRK
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Fig. 3.4.1 Relation between Average Rainfall Intensity and Lag Time at Hanamuna-
gawa Uenomuro-Bashi
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Fig. 34.2 Relation between Average Rainfall Intensity and Lag Time at Hasumuna-
gawa Yachiyo-Bashi
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&85 ERNAFRBOUKE SN TR SN e m P EFEE 1. Am /s TH Y, bl
CHERKEOEIBEHEIE 1.9 m/s &5 DT &St KENEENERLE IZ B B kil o
ERRIEMOEE 1 /25 - TOAHEEZLRS.

B3.4.1, 342 RBHALATRFORER, HE - REBORBRAZHOVLTHELL
BRENBB & 050 Lz, £ ANIEROZRIL (3 -4 - 1) ROk 5wzt
BEEAER V.

T, = = { 0.00024 X (L/4/T )07} /2 wrvevees (3—4-1)

2z, T, dKENIER (hour), T, : #t/KELEIEHE (hour), L &
FfEEE (m), 1 FERELE
il - @ROBRAR (3-4-2) XD LS CHEHMCES, 90& L, MR %k
EN LoEFT0.35, FBRININATRET20ELTHELE,

T. = = Coo o1 M e APZZ/ 2 e (3—-4—-2)

TCTT, Te="fpe ro, C=50%7:1390, f.=0.35 GEZ/), 0.20 GHEBID,

Ty ¢ BB AR (min. ), Te @ #ERKELEEERE (min.), e T3P (mm

/), Lot FEHREL, rot BIEERS RN E XM RT AR (mm /h) , ALK (km®)

CNoOERREFEHEEELE T A, Bl o X5 K dhKGBN R 2 MR o/h

TMARERE CUIHHE) OBk - ThE {35, L L, ®ABHEER [z

55 ERMEEI LARLINE LY, FRER, KB, REmBCHET s —EH

T 5. KO, RILEESTEEN Lo SE, #EINAFRIBT 28R 50, it
KENFRIZIMFARTIZER LML - T snEcoBiic L 3LE2A 00 3,

4. THFRESTHKRHEETIN

ALETR 2O MFIHE LB L7 3 oMK €7 vaBKT 5, KGR EFLE
T Sailic, $TEHIFIASREECEICLDEDL YK T A -7 pBRITD, B
HBETHLIMEFIATBLRETE 6T,

Bl A, SRR Ep & S 2 RIAlICEH T 5 &, BREERTIIRKOEESRIZL
AL, BYMRBEZO. ticMii T, T0RBEBERVERROS O+ GER
ABLIFEND) THbh, WKOBEALHMTABET SO THEYRRERIDLNL L3,
IRICEDMEEE > KO H TEE ST, EBRmEACIL, WKOFE Fektd 2
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BRI HIA NS W cdh, MTHEEEAE O,

CDEHEENENO THFIARFEOREREM N REELET L. £ THIFIHCE
OHKFEHEROTADICIEREREFATETLEROT KN A -9 2ETHETNVEE
ARy, &6, 2hThd RN, OB oA HE» o OkFHIc EEr 5
AT, MVKBASbDET S,

AFTRIGHMBEMNR, SMEEREERY Y v 7 =700 3 EEO ARG =7 20D
Lo, EREBIIEARICEB O TRBBRE LRGSR, BIRROZELICHE - E0HR
EXEL, @TRER, EREHREMESH ShD . SMHEERcE LT, ARkCHH
LiRifithi =, fafRia, FOfnml R o £ 2 IR T B EXIE L, HEd S M &
e s, 2BENY » 7 2WH Ly v 7 EF VA EYRE2EABNC =S vicHla T AT
BY, RTEEICIHEHILOBREIET S,

TSI, HAeOLMANALINTO S FE» o 0REEEEho [T S0k
DM ELTEZBZHLTRLI CIETS.

HIFOWIRIC BT, H5 R, #AERSEXEL, ZORuE0dH 2 icEd
LT, 55WBEHOTOADTHLRBEKCES A 7 IRCHEL TV, 2LTEA7
NOARBXED O ORI A D BEFHCEET 5. Db 5 HEO NRBR D O
AT £ TOR TR (RTEEREH FEE) 3, ATERESRELIOTEHLThOL
BEOHLMPIC LIRS, 2 TARBXBORTHMLES 788, ThENONLE
KEOR THEZHRE&FICO OV TRESBLELELS,. 5T HFHOESRIL>VT
LMESFIC DO TREBESHAMELEZD, 2o LS, 2RAFhOTHAIAC oAk
BlfiddsE LT, TNFNOEFVTHMAACLEORMETEL, 2hA0ENAED
BTHNrOREZHFE I L LT T 5,

IR IR, 7 v s =70, WHEHBEROBEESHY, COT EDQFHHIC20T
B OORT, 19%67) KhEnTHEshTVE,

KD 1 EiP S 3HE TOUWKRHEEF VERCTHITG 370 BALEKIE, BiTES
DREVUIK2HITH D, ThoD - 7HERCREEOEIIER 4. 1. Licnd . EillRa
2, TR LOEMBFEICH L TH, bo%EHMao, ST R L Tid, A
FR\BAEDEENNT, Zh5E2ZNFNORKOEBREE L.

4.1 IEHEBHEAR

9, 1T0WE (r) & LTE, LREHER (f,), & (R,,), (TCT, i
THIFROFS, 1=1 @ FERBEXE, 1=2 @ #Eat, 1=3 :/KH, i=4 4 - Zh,
i=5 i) TEhFhOLMFACHLTEAL 5, bbb AA, BRWERE, & 5L HF
MR- Tb 20 LHIFIH EORETRESELET 54, PEMITHILT 28555 &K
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Table 4.1.1 Dimensions of flood for model analysis

——
\u?ensmnuﬁm {Flnnd Na Date of flood Peak runoff ‘'Total rainfall
~ Fiptin: (R P
Busin o0 | RER | B KEEFH 6 | L mRGTD 6 )
Hanamuro-gawa . & 9 @ 7
o= o UE1 1981, 10. 22~10. 23 2.6 7 173.0
[aototoa Basbl) | oo | 1082, 9 1150 0,18 157 1845
(L o) : we s ‘ e
R |t | sehy o Seernams 1.2 1 1735
E f’; JIH 2 belol B8 A iy % B+
(YaekiyoBashi) vaz | 1982 9 11~ 9 13 0.8 4 186.0
(AT R 8) ‘ - % e ' '

LTS,
iz, TOMBHEERACT, BFTORHR Q) 258 27 h 0MANE LT
HER (o) 2805, $1bb,
u; (m=n+1) =(1/Kd« exp [ = (m—n+1) /K; ], (m—n+1>0)

ZZ7T, mitEEESSmBEH (10min. Z14) OFZE, n : BElmicsd 20%n (10
minXADMET, 1<n<m) @Y ZA+ (Fibbu, D) 2K 5 &= OHEHEH
LOFF, 1/K, @ THIFIH i oEEFEE (1/10min. ).

4.1.1 FEHBIEEATEIE D T

Ll Lofwhma, EEEARERWTREOUIKBEZHES 3 TIELL Tos B0 &1
5.

@© F¢, EL0+MAMBCLOBFYHE (r,,) 2ilET5.

i
t; + rlj} (10min. k2f k) <Ry )
—1
Ty (i)l = e (4—-1-2)
]
rij) (10min. kZ'] r{k} Ry )

CIT, 1y HINE (mm/10min. ), | @ HEELELS | FE (0min. A13) D
I (1< j<M), r :#HAlHE (mm/10min. ), R, :MAFNE (mm), M : FEKT
DEF%] (10min. %|&4) OB,

& OTRDIEYNRICIEHBEHBENR AN T, A TMFIA i DR q (mm/
10min. ) #3IET 5,
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ZoiehEd, FAIEEIE1BOLGIEIC (4 -1 —2) Thdf- GRS BN
iz & »THHED RilicEHd 5,
CoERAXTEATEE, FEFGHALmBEE (m> 1) OFHEq, mid,

g;m = rei(n)- U; (m—n+ 1) e (4—1-—3)

| b8

FERTF 5,
@ @TKDIq; mic L HFIFAOEER (s;, £21) 2FALLTHY, £RFHD
THF AR SOFHEEMAGHET, BHIFTORHEQ mEHET 5,

4.1.2 fAHNERFIEHBIHHARKD N5 2 — 4 Off

ATl fo Fkic il - Tk 25 E T 5 548, BORREO 72 —%, f,, R
R HEHBEH I DN 5 4 — 5 K, OEZ D 50BN 5.

LiRFmEIT 20Tk, (B« dE)1, 1982) S CUNEA 7 & B , KENR
O A« &), 197D BEEEN (TR , BRI, AfEicBuThithe 7 s
AOTHRBIC L KD IEEBEL TS, 2o, K, M (ERE@mTiilit iR
Fe) , M- Szt LT2hEHh 0.0, 0.2~0.5, 0.156~0.3 CTHL. REERKEITHL
TiE, EEAKE, 1963) OERRUBROHHEHOM 0.7~ 0.954 8% & L,
HWic>0TiE, 0.1 ~0.3 &RELL.

IRl EIC DWW T, WU CATEL 2 XX 5, KHE, i @R 2@/, it E
) , - Fihicd LEhER20~50mm, 100~150mm, 300mmblLbd L, AESEK
B2 Tid, REBEMOENAA b0y 5 7O ED I TORMHAEDE 1 ~10mm & L
fo. ErEHIE 30~ 150mm & RE L7,

TEEBAR M XD RRE (1/K; ) O (K;) OKXE Xid, Rt KR8 O IE
ELT, AEERKE, S, KE, M- Bl EAGE L, K OfF (10min, Bf) 2£h %
#, 1~30, 20~40, 30~50, 60~ 150& L7z, #Hiic>0THE, Kl Fof 570K
— 7 fi e 20~ 500 M B O EREBOAE D, S, ZOKOfER 200~ 30052 SRE L /-,
4.1.3 GtEHEH

AIET /N7 A =5 DEEAMNOCTEMNA A Fuds 7878, Fod 7 758 LD
N Ko7z 7eE(e— 7REH, 7 EOSRTIERR AR REKEA11)IKEEES
L OBRD N T A — s EEASHRBAROE LI, 5 A -5 DN, RZBEXFOM (L,
Ruar, Ki) 20T, ElA Fod 570 -2F07T, d8 Foys7 L#S
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TEHELO LRSI, MWD (fs, Res, Ks) 20T, FHilllond Fas s 70055
(=7 FE®H0~5000) LHANA Fo s 78855 LTkDE. CoLS5ick
RBPIHE MDY 5 A — 5 ZIEHNTIRYD, 2OHRMOEHFIN D5 2 — 5 2KDT -
7

COFER, B4OTHRHT EDNG A —sDERZE A L2ICET LINEELE, /v5
A=y DN, BLZOITHFHACLOK, DEEFNLOMMRER A 1.1 IZRL, Flb 4 F
ufﬁ?&ﬂﬁn4Fm¢a7&0§&®tmﬂ%m5@ﬁﬁ%w412~M415KET.
Bl4.1.2 ~ 4. 1.5 iRg B Bo M, SR (OANTFRIB) wEo REEEERIEZ 0.153
Thah, COEEHOTHIHBERD AL E— I/ fHATEAFR L DAETHASWES S
5. TLTHADARBORETIHHE LR, 0.06 & LA RLLES HENE
ohifz. ZhE, ERIIFED -BOTAELRO ARBXE, ORI, T0OE— 25E
Wb EhBEKEITIRA L, ZHicilz, BNED AZSEXg SO KT, Hikikic g
MALLWEEA o, EENLAZEODERE, 006LB5LEL505, LBERE
DOFFED M5 (138 ha) i, SR A HEEH RS 25 5 i it T By & Lz,
EifE LG FEOMIMOEIC>\WTHE, M4 1.2~41.5EH450hak91C, ©—7%
TOXMEEIMEETEEICH L TESPIAELLLTVS, CoZ L, Bt TiE
THEZ S SICPB T 2HARBH A2 LT 5, £7, B4 1.2 D UEL KD E— o %
C&, Hal12~4 1.5 D0FhoEkflickTs, ERERFEME D20~40min,
KEEZEhGH L. UE1HKO -2 HEL D/ S0k e}, HEbics siekiiEn %
BRALUENHAT LIS,

F4.1.2 BHEAEHRAGK G x -5,
Table 4.1.2 Parameters of exponential unit hydrograph

land use LRFIF '
impervious cted| . . Cultivated
PEEVIOUS| Comnacke rice fields Forests
~— areas areas areas

TRERS | ER M| K OB | M-St | Rk i

Parameter +¥74—%

Ki (10min.) 5 20 40 150 250
fi | 0.9 0.3 0.0 0.25 0.2
Rsail (mm} 5.0 1200 500 3000 1500

area ratio of | Hanamuro-gawa

ey 0223 0.387 0.091 0.192 0107
it =

land use
A OmE i

i asunuma-gawa
ki @ BN

0.060 0.345 0,085 0.324 0.186
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Fig. 4.1.5 Calculated hydrographs by the exponential type unit hydrograph (Flood YA2)
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T 52 T memmsssemesnsnsen s evruseenta sesse g (4_2_4)
at dx
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Table 4.2.1

UNIT : METER (m)

e v (LOEFT L),
Bk & ZHE RREO R

i e Eires o

Basin model for Uenomuro-
Bashi. White arrows indicate

direction of flow,

(4.2.2

Fig. 42.2

LOEBOFETILD T 4 — 5

Area, inclination of slope and percentage of classification of land use of a basin
madel for Uenomuro-Bashi.
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Bashi. White arrows indicate
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NAME OF SUB AREA INCLINATION | IMPERVIOUS | COMPACTED | RICE FIELDS | CULTIVATED | FORESTS
RASIN AREAS AREAS AREAS
13 B i B (km?) ) i ARERE(%)| H (%) kB (%) iAo~ GiHe (%) ot (%)
U 8.65 B Px107 238 49 5 8 9
! - (1715 0) &
u 381 Lk TR0 8 15 15 45 16
¢ | : (1/68) ?
) \ _ L43x1078 _ _ _ _ B
Ry (147003
TOTAL &ft | 1246 = 22 39 5 19 11
| =
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£4.22 ATREBORHEETvONF2—F,
I OEMAOETE, FEETRIZE O CEYM R S HEOL0 EE CitEE %
ElFRIGISFeniGuniznic, THFHORSE2ET LAHETH A.
Table 4.2.2 Area, inclination of slope and percentage of classification of land use of a basin
model for Yachiyo-Bashi.
The numbers in parentheses are modified valucs, because calculated hydrographs

can not be closely resembled to observed hydrographs by modifying only effective
rainfall and roughness coefficients.

NAME OF SUB AREA INCLINATION | IMPERVIOUS =~ COMPACTED | RICE FIELDS CULTIVATED = FORESTS
BASIN AREAS AREAS AREAS
Aol S it (km?) & & FEARE (%) & m (%) *HEH (%) 0« Bih (%) o (%)
2s50%x10
] 903 ; ; ) 27
Yi 2.03 ti 1000 | 12 51 0 0 7
588x107 L& 21
; 7 -
e 791 (/170 (&) (i 5 T 1o
9.52x107 18 21
4.8 4 ) g
T i f1/105) (s} (213 4 3 e
- _ 200x107 _ -~ _ _ _
¥ | (1./500)
TOTAL &7t 1486 = 15 (6) 26 (35) 8 &2 14

49% L28%icE . Thoid, FURMIFRERMTOMEN &SR RCTE « M EHL
BELA-AGHESH ISR EEEETHS. ATRBEF MTBWT, 2FRiICHd 3
FiR BRI & ERMORFEITENZE NI E26BIC1L 0 LOFEBEF VLD /X,

(4 —2—5) RICHHLNAFFOHNE sin 03, =7 AFHEO Lk & FRmicd s
AW L OEEEEESE 1/25000 BN, SHEAND, COMEFERETH - TR
EDEEDOR (4 -2 —3) OEMK L PERTEE)eFvicxf LK= 233, P =0.635
HANET M LK =117, P=0813Elians. BT, EZ/NEsFriflicBfl
HEEld, L OZBHEAOERD LOFBEFLOMEDERE=RETI6DET S, L
D= 78 M O REWT B A c ARG H & T BTEW & OB A Fbd X 4.2 3 2{Fmd 5.
MR S5 on LOSBoOKLFRDHEQ= 7.817x (H— 0183)*h» it & Q; 1 Xf
THKUH; ZkH5E. COH; KXTAW; K42 3ZHVTRHE. Q; &W; £ ixt
BOTRRIc 7o y L, CHAERBEBTEMUT 5 (®4.24) &K= 233, P=063570K=
L. LOEBEATREBOK, PEILET 2L HESm /s LT TR, [O—H THHmED &
3, HANOBREBERZNORELDENT Ebhad, BB, ChbDK, POMIEEH
HIFrOAEDETHY, ERTRINNESENELZ-HENELRLEEDbNS, LrL, il
CHEVWTREHAPLBENTELTK, PEEHT A7 —s0iE ), LRI LTS
b EA .
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LOTH 5,

Fig. 4.2.3 Water level and cross section area of river channel
(Uenomuro-Bashi). Black dots mean the valuc cal-
culated by measurement data of cross section and
white dots mean the value obscrved at current
measurement.

424 FAERERTWHES (LOZERH).

AAEERED &k BT H 5,
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Fig. 42,4 Discharge and cross section area
(Uenomuro-Bashi), White dots are
calculated by using observed value
and a solid line is an approximate
by a line in order to estimate con-

10 100

DISCHARGE ) { fsuc) stant values K, P for a river channel.
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4.22 HEIRELIHEEORE

4.2 1 THRDINZ A = DMCHANEEHEOESEZSHALE (4-2-1) b
(4-2-4) OiBERESZ 0N BSR G EEREHEO T TRET 5.

VIS RHIC B O TENKROKEESIZ L, AECE W TRAESEORE 21 E
FREGHXIOBRF OFAEEQ; IKEL L. SHHoEREtR EkErcOmARE
Tz Ufz, FLECXTd 2R L M, FOBEE R LT Likis 5Q, A L & i
5b0&L, ATREEFALHLTIEQ, kB ) » SOREREMA bOM bk
AT 260 & L1,

NS HERAERESEIE A L5 cFHTHRETHE L, BYRMIE4 -
il 1 — R, EFAAH WAL EDET A, FHBROTEM 41 8HERL 3 120,
fi — R, E7VOEFT4 IEHELFAUBEICHEEENALERLEV. KB, WE E8F rid
ST —HRBERE L, LOXUBEFACH LTI ELOSEoRNRE, A\TREE T VT
H L TEATEOERF&EE .

FES NIt HAMACED {1, Re, [ EHENEZRA2 3RS . BiEHE 1 &
f1, Ry, o 2oROLFBLAROEIHEDORBER, (r, ) EOBHFEA FH iR IZK 4,
25 EMA26ICRT. £, CHhoOEOKLICAEOGIEIC IR~ I Rk ot
VIAD 2 k7K, 5t 4BKOBN R LB EEREN S OMROAHETRLE. R, (1,) i&

@

Rl = & euley »
1
Thobatld. (*HiH4 L LB TIEENME ro @M sf s L Clifzs Y 7n %
Huovteds, AHTENFCEMART, LOMBRERAT LD L 2T EAHE LT3, ¢
T, ry () BERFE 1 OfmRE, s 3 FHRA 1 o aEic i+ 2GR TH 5,

F4.2.3 THEN 74 =% 11, Rea, faa & Manning @R
Table 4.2.3 Values of f,, Rsa, fsa and Coefficient of Manning’s Roughness.

IMPERVIOUS | COMPACTED RICE FIELDS|CULTIVATED FORESTS
AREAS AREAS AREAS

iz B E R # OB A * - H & o B L

f, 100 0.20 0.00 0.15 | 0.10
Rsa (mm) 0.0 5 0.0 50.0 1000 2500
fsa 100 0.6 0 100 0.6 0 0.4 0

COEFFICIENT OF
MANNING'S ROUGHNESS 0.01 0.15 1.00 0.70 0.80
T=vISOHMEGRE




(7B R BT 2 v & — BTFEEE  E332  19844E11H

B, BHRETREN B EKIIRITHRBKIAD & DT, 198244 A1411 £ 10834 7 F27
HICEE LDk THE. FosEBics o, 19824£4 A MAHEKIZAEH R 66, 0mm, 4
fiiE 10. 2mm, £ — 7 RIS 12. 5mm/ 10 min., ©— 7 &S 0. 48 mm/ 10 min. ThHY,
19834 7 A2THAUKBHEME 90. 3mm ., BRI 39. 9mm, £ — 7 fR#IE 7. 0mm/ 10
min., E—27{f& 162mm/10min. TH 5. ATHAEICE VT, 19824 4 114 H #rkidie
M 63. 5mm, EEFHE 13 lmm, ©— 7 fEHE 7. 0mm/ 10min., ©— 2%EE 0.96
mm/ 10min. THY , 19834F 7 H27BH#KEHAHR 77. 0 mm, EERES 49, 8mm, ©— 7
WEMHE 11 5mm/ 10min., ¥— 2% 0.9l mm/ 10min. TH 5.
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THbB.

Fig.4.2.5 Total storm rainfall and accumulated cffective rainfall
(Basin model for Uenomuro- Bashi). The solid Iinc shows
total storm rainfall and accumulated effective rainfall
calculated by using estimated parameter fi, Rsa, fsa
and areal ratio of classification of land use on Table
4.2.1. Dots are the abserved total rainfall and total direct
runoft height (white dots are analyzed floods and black
dots are others.).
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DR HOMERCL 3 bo AR L, HRIELROMER
2 kB boAERd, AN T HIBK OB & EER S £ R
L, 2056, OQAHNRBRITERIEKTH 5.

Fig.4.2.6 Total rainfall and effcctive rainfall (Basin model  for
Yachivo-Bashi). The solid line shows total storm rainfall and
accumulated effective rainfall calculated by using estimated
parameter f1, Rsa, fsa and areal ratios of classification of land
uses on Table 4.2.2. A broken line shows same one as the
solid one except by using modificd areal ratios of clas-
sification of land uses on Table 4.2.2. Dots are the ob-
served total rainfall and total direct runoff height (white
dots are analyzed floods and black dots are athers.).
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B4.2.7 SHHEELTE IR Faysy (UE1#K).
Fig. 4.2.7 A calculated hydrograph of flood runoff for Hanamuro-gawa by using
Kinematic wave method (Flood UE1).
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Fig. 4.2.8 A calculated hydrograph of flood runoff for Hasunuma-gawa by using
Kinematic wave method (Flood Y Al).
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Fig. 4.2.9 A calculated hydrograph of flood runoff for Hanamuro-gawa by using
Kinematic wave method (Floor UE2),



[EN B RMERf v 4 — RS W335 1984%E118

Hasunuma-gawa Yachiyo Bashi 1982 © 11 14 -+ 1982 9 13 5 UNIT: (MM/10MIN,}

————rcalculated hvdrograpn through the river channs!
—1 i from I,

9

i from Ce, Ry, Cu and

“ Tram T 1 Fo
— ” From Cu o=nd Fo

g from Fo (hut doss nol aposar)

where, Im, Co, Hi, (4 Fuo are the
areas, rice fielzs, cultivated arsas and

CTVID:

1
1

DI1SCHARGE

o

Tl Tl T TieTaa Tar Tea Tas Ta T Ta Ta T T T Ty Ta T Tig Tin Tiz Tia Tva Tas Tag 17 Tan Tis Tao T Tz T o 11 T2 1o T 157
13

RAINFALL

o- AN R T T T S Y S N A
v
w4
i !
old d
e ——  Observed
€T
2 —=-=-- Calculated
u'*- -
@ o
i
o
Tl u'w'u’m]zu‘zﬂu‘a‘u‘:‘z]s‘.‘s‘ﬁ:"u's'm‘n'1:'xs'u'u'm'ur;-’mwm‘z(‘nwuun;w‘z's

SEP2

E14.210 FMHEECLLEA Fosr 37 (YA 2HK).

Fig. 42,10 A calculated hydrograph of flood runoff for Hasunuma-gawa by using
Kinematic wave method (Floor YA2).
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Fig. 4.2.11 A calculated hydrograph of flood runoff for Hasunuma-gawa by using
Kinematic wave method (Date: April 14th, 1982).
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