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URBANIZATION EFFECTS ON FLOOD RUNOFF AND INUNDATION
CHARACTERISTICS IN OGURA BASIN (8)
——Effects of Arterial Roads Concentration

and Related Urbanization——

By Mutsumi Kabpova and Takao MasumoTo

Synopsis

A peculiar type of urbanization due to the plan of arterial road networks is
forecasted in the Ogura basin located in the south of Kyoto.

Several countermeasures against changes of flood runoff due to the urbanization
in recent years have been completed or are continuing in this area, such as the
construction of the Kumiyama Pump Station with a pump of 30 ni/s in 1973 and the
channel improvements to the River Furu since 1971. In addition, as a momentum
with the flood disaster caused by record heavy rainfall in July, 1986, a pump of 30
m/s was added in the Kumiyama Pump Station in 1987 and the construction of a
new pump station is being planned at the upper stream of the River Furu. These
measures, however, are derived on the basis of the present urbanization of the area.

This paper discusses the influence of this peculiar urbanization on flood risk by
setting several urbanization stages such as Future I ~IV, on the basis of flood
simulation by the kinematic runoff model and the diffusive tank model. Further-
more, several countermeasures for every stage of the urbanization are examined by
the simulation model.
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Fig. 1. Drainage system in the

Ogura basin.
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Fig. 2. Land use forecasted in the
Ogura basin.
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Table 1. Watershed area by land category in the Ogura basin (ki)

Category Urban Area Paddy Dry
Zone Stage (Pavement, %) Field | Field | Forest | Others | Total
1959 1.24 (46) 8.00 1.45 8.48 8.18 27.35
Joudan 1983 14.13 | (4D 3.81 1.36 4.59 2.66 26.55
Future 1 15.85 | (69) 3.57 1.33 4.44 1.46 26.61
1959 0.44 | (40) 6.29 6.73
1983 3.28 | (49 2.37 0.06 0.60 6.31
Future 1 4.01 1 (70) 2.29 0.01 ”
Chudan ” m-1 | 4.08 | ~ 2.22 ” ”
’” o-2 4.23 #” 2.07 ” 7
” m 5.35 ” 0.95 ” ”
1959 0.30 | 40) 18.40 18.70
1983 6.41 (51) 10.44 1.03 0.82 18.70
Future 1 7.02 : (68) | 10.38 ” 0.21 18.64
’” Ir-1 7.39 ” 10.01 ’ ’” ”
Cedan ” I -2 8 . 27 # 9.13 ’” ” ”
” -1 8.75 ” 8 .65 1” ” 7
7 -2 9.32 ” 8 .08 ” ” ”
” V-3 10.87 ” 6.53 ” ” ”

*

Pavement (%) means the average impermiable coverage in urban area.
* Future 1 :  Completion of urbanization in urban planning zone.
(Impermiable coverage 70%).

Future 1I-1 Completion of three arterial road works.

I-2 : Completion of roadside facilities (50 m width to both sides of roads).
Future M :  Completion of “Science Town” in the Chudan Zone.
Future IV-1 : Urbanization of the south to the Furu River surrounded by the Route 1

and “ 2 nd-Keihan” Road (especially, Nakauchi sub-basin),
IV-2 : Urbanization of the north to the Furu River surrounded by the Route 1
and “ 2 nd-Keihan” Road, in addition to IV-1.
V-3 : Urbanization of the north to the Main Drainage Channel No. 8 (MD8)
of the Gedan Zone, in addition to IV-2.
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Table 2. Criteria of pumping operation

Existing Pump Hypothetical Pump
. Pump Water Level . Water Level
Pump Station Capacity (m, OP) Pump Capacity (m, OP)
(ni/s) Active | Stop (mi/s) Active | Stop
Joudan 3.15 11.80 11.40
12.35 12.00 11.40
2.10 11.00 10.50
h
Ogura Chudan 4.10 | 11.20 | 10.50
4.70 9.50 9.30 45.11 10.10 9.70
9.40 9.70 9.50 50.11 10.20 9.70
Gedan 14.26 9.90 9.70 55.11 10.20 9.70
18.91 10.00 9.90
30.11 10.10 9.70
5 11.00 9.80 90 11.80 9.80
10 11.10 9.80
30 11.60 9.80
60 11.80 9.80
5 10.00 90 10.60 9.80
gateenNO' ! 30 10.20 | 9.80
P 60 10.40
5 9.50 9.30
. 10 9.70 9.50
Ouchi 15 9.90 | 9.70
20 10.10 9.90

The Gate No. 1 is opened for Hy=Hg and closed for Hy<Hk in which Hq and Hy are the water
levels at the Ogura and the Kumiyama Pump Stations, respectively.
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Table 3. Design rainfall

200 e —Jf o |
Return Period 24 Hour Maximum z 003\»“’““@/
€ @ hs
(Year) Rainfall (mm) < /\
g 0 Dry Field T
100 288.8 é Bore Land{Urban)
Paddy Field
50 250.0 ;
30 225.0 0 100 200 300 400
Cumulated Raintall (mm)
10 176.3 Fig. 3. Retention curves for
5 145.4 .
direct runoff.
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Kumiyama Pump Station.
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T eir Croo i Fig. 11102 5h 5 & Hic, EBIEE TR AT
T s S 10O EREE B, ThER Y THBEDS TRIX
s Li3&LTh, Ry 7BknEs oFHRAgEL S
e T T T s I, 20 Bk, BIFEN 2 BRIk ORRIE LIRS 5
T e s a0 o & 18ni/s DRy THRTHEKNE TIREENAS
Side Weir Length (m) Z EHTREE 12 B, Fig. 1112 ZOBADORRETRT .

Fig. 10. Changes of highest 2) WEskEBORLAE
water level by several HRIAKBBASROLKITH 555, LIS
countermeasures in the D ABR L - TS kic, ENKRL TEKEEE
joudan Zone, at the BLE#TV3, Tk ohBEKE & » Bk EZ
Kumiyama Pump Station. FaEmEY vy 27012 (Fig. 1) FTeRIbi-T,
HEEAL1:0.50 70y 2 BRKBCBLSET S L, T
et 52, GkmHh S Tk EEIE23 m, EIE20 m 1B & h, KM 1. 3051078 B0 & 7o, B SHIIAKER
FBEE S v 2 O 12 [3KEEIRL7. Tm, EE14.3mic 75 5,

6.3 MH{LEREIICHTIAKIE (Y4 TRy VRRETHRORNR
BEAMICRPBOMELER 5, ChEYA T YR 5 Y VHRATHRO 2 BEICAT TER S, BRATS
i3, AR OfEE LTID L 3~EHEObOTH B4, ThEnofifi{LoELikcy
2N H T, LRI TR bifbsl &t

(1) ¥4 xvRyy vBERIONE

_go_ oo jese a) hEE/KERERSE & ks
I TG Vel ok, THR4H0 D FRAOH FRENL, H
%2 QST K RIS S ¥ 7 O 13 DYKih & FRICRAS

| Nishiooike
T

HTE, CORDESOBHLRRICE CHROVELE
BcEONB LD 21, £TT, BKHIEL OFES
vr042, O43%ERTm, EHEAR1: 05 FAKY
AC 1/ 6000 OI2E I ER&E L, dknlmzE, &5
1.10 m, 1E108 micET 2EOERFLTAHBL, W
Fhoy voTh, FRLHLTIE, 60l LORKE
MhHbHIEBNhoT,
° 2 24 Tim:'e(hour) a8 L L, Si{LEps I oREE $1RbBHHEO 3 BE
Fig.11. Changes of stage hydro- BB L U7 OIERERME T LIREERET 5 L, ik
graph at Nishiooike due KM% Tk D 6 knXRO 2RI b7 - TREELSIRD
to the countermearures OBFHIEEIT-Thd, Table 4icdondEHiE, £
against Future I C OHUS TR ISy, KEY 20189, D161 T

Water Level (m)
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Table 4. Comparison of highest water levels in the Chudan Catch Canal for several

measures
Highest Water Level (m)
Urbanization Channel Spillway Roa.d.51‘de Channel Tank Number
Improve Facilities
38 39 40 41 42 43
All O 11.73 | 11.82 | 12.21 | 12.57 | 12.57 | 12.50
All Improved O 11.29 | 11.66 | 12.07 | 12.30 | 12.54 | 11.34
Future I
All Improved X 11.27 | 11.59 | 11.80 | 11.93 | 12.13 | 11.29
Part |Improved X 11.22 | 11.60 | 11.89 | 12.07 | 12.18 | 11.30
All New (39 X 11.29 | 11.69 | 12.32 | 12.33 | 12.35 | 11.40
Future I
All New (40 X 11.40 |1 11.93 | 11.93 | 12.03 | 12.16 | 11.37
Target 11.49 | 11.62 | 12.01 | 12.13 | 12.24 | 11.97

Channel improvement, All : (O38~(045 (Fig. 7)
Part: O43~044
0cm, C164 TIRA0mdbHKT B EHENDD 1, THLD, MEHROBBRIHETDICOKRET
Eoh o, HBEMX ClRinERROMRRBED NN LT 5,
b) TFEH v 7R E A S RIKERDOHER
WMRDI ERHES, FEOMEICLE LOFTRTRICHTET, BAMMSORSKIE, LBXIRE
THAELD 6emDKALEREN S, TO&EFOhBIUKHOHKBDOMASTZ 16 AntLly, IhnER
YyTHROSTRIRL &S ET 5L, BHKHMS CORARMSKEST ES/2, 10 /s DX ¥ 7HRT
LR TEIV (E—2KkiL, 1081 m) T &Mt £IT, HFRGH/ A S 2BRTICTHIKER
(N4 2KE)® ARIBL, TRICSni/s DXy 72T 2L, hBEoMHk], TOREITNT
TN TX, PEAMRE/KRALIZ 1078 mERB, £-T, 62 THELLIBTREAEOET, TBIC 20 ni/s
DOFy FEEBAEL T LTS,
(2) H4 xRy BREONKMNE
a) B TFHRBKHOHZ - FEA Y708 %0
# (M-a%) -
FATVRY O VERETIOKBEMS TRBZ O
WxiTS &, BEEY v 7 OFEKLLE, WFhd
KL D 05~07 m&<, LEKEICs, 4
hE TR OBk TR ICHB L TLE S,
2T, £FEpES v 7O 39 Ik 2 RES
ZERERFAT AL, Fig 1210RT L1, HEIE30
mPlt, ESl2moEBESHSE, ZFooh
BRELE Y v 7 OEEKA%E Table 41ZR9, 7
12U, PEAKEEpRAKkE L D TieRich & 0 20 30 40 50
12> TRIESRBEESRE Lz, T, TOTFFEK Side Weir Length (m)
Hb o oFtikid, HEO/NMEKBESEL, Zh
ERTHEESY v 7 OQA KT &EICT B,

0 Weir Crest =11.6m
AN
3 N

Water Level (m)

120

T T T T

Fig.12. Changes of highest water
level at the channel tank No.

O L E2FES v 7040 K>V TR LA 39 due to the newly
&lh HES A EEO U EEGE constructed side weir (No.
(Table 4), CO&ETRICESOIKE, @®LE 201, Fig. 7).
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¥ v 70O 40 fhfEicd 2/MKEEESUEL, w7021 WRAT A &I2ii 5,

LEDO39, O40 OMBEHKT 5L, MHECRIKELERINLOVY, FIEOHBRERERNIEL,
FHEB BILRIETHEBRIPIVWEEASNEDT, TR, AIHOMKRERATEILLET S,

P Pk OFRICHES FTERAO LLFLHE2BINT 3}, TRICE S5 m/s DR v 7%
PBEI B, Fig. 131D & DKM Fod5 7 %KY,

b) FENER (H-b%)

HA T VR VERETERRNICHHOBKEE ZHHIL, PkRREDREIIEINCTEIEEEZID L,
FHEBKBTHO € — 7 B3 106 ni/s, #FxPIKEEEER, 5 n/s THac¥lian s, RO
RS, FBRICHT 3494229y vORBRIBES L, BAMRESKAIEZ 1077 m& 5,

a) £, b) BEELOBRICKERR VY, FRIVOWELOKAEEET 5L, b) BBIVA LA
g, TITR, —ibb) BEEHET %

6.4 ALEBRIVIC ST B AkstR

WA LERBEIV, &< IKIV-2, 313, CoHBOBROPIKRHERANICRT LETLEDS S, 8
KED SATERERO LBEDRETH S, LI LEABKOIIHETELVWOT, ZITE, BiTo
PkHg (IV-A) EE, iy« KRS 1 7 + v 2B L, KANITFRICKRBEKEE 28R T 5 78
Pk (IV-B) BAERHT 5, BEMSRIRE N B L i3, HHLV-1 ZARNIFHOME, V-2, V-3
RBBEIKERIRO A ORIE & BB T X B,

(1) $5RIV-1iowd 5 RkEsE

a) BiToHaHIKkE (IV-A %)

FRMICHT 5ERETLTWE60ET 3, BEOPHNY A 74+ YOFRFRENR IO m/s 25m
X 32 mWiED THBH, TFTHRAKLMICHEEINBVLELLLEEZONRVOLY -7 HBR 75 /s THED
T, FFRLTDICHEEEL 5 5,

LIAT, fFRN-1HT B0 TEMRETOLVESIR, FEAMEERS/KAIEZ 1083 mic
#ind 2 (Table 5), COHEMIMNE, PRV A 7+ YiFENICEKBEZHEL A LI LT
&, FOLERFRITA6000 fLl EEHEEENS, £CC, WES 7O 1BOREKMEZRELT, #

kiR E e, EEE 1059 m, IS 100 m, EE

10000 nf & L C/BEHE%/TH &, Table 5iTRT &1,

™, - EZ”“S‘:' g‘g’éﬂ FERHMOREEKRAIZ 2en LMET LV, —F, FBRTO

ond +Qp=5m¥s Hy 7P TCINETRRLESETEE, S5ed/sDOHEYT

BYRBENLD, COLEOFRMICEY 2REKA%E
Fig. 14 ISR L TH B,

ok, BNH A 7+ YRBOMEE LTI, FE
ikt 2 RBT 5L 013, FTRTR~O® ¥ 7HEEO
HFHHRATHBLEVR B,

b) SEHKE (IV-BH)
oL , , , FERIV-1 THHLS W A5 (BRI A 7 2 550
0 12 2 imethour) B HoOWKE, REEEICLOKANIICEASELLET,
RPIT R cHRBS =R L, KA« hAMS 1 7 #
VAT 2REEZ 5,

ZDEEDTERE Yy 7ARIE, Table 58T XIS,
SR MOMERETHS LD 20 /s 2 C 8N, THb
BREDE Y TEETLIVLI LN S,

o
T

5

(mm/30m)

Rainfall
n
o
T

Nishiooike
T

Water Level (m)

Fig.13. Changes of stage hydro-
graph at Nishiooike due
to the countermeasures
against Future 1.

— 12__
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Table 5. Comparison of highest water levels for several measures against Future IV

Plan—A** Plan—B**
Urbanization Target
Pump | Retard. | Chann. | Highest| Pp Pump | Retard. | Chann. | Highest (m)
(nd/s) | Pond | Impro. | WLm)* | St (rd/s) | Pond | Impro. | WLim)%
— X X 10.83 —20 X X 10.78
+ 5 X X 10.78 | Og | —10 X X 10.70
Future IV-1 — O X 10.81 — X X 10.66
+15 O O 11.67*
Uc | +20 O O 11.39%
+25 O O 11.22*%| 10.78
— X X 10.81 — X X 10.78 11.49*
Future IV-2 — O X 10.80 + 5 X X 10.75
+ 5 O X 10.79 o +10 X X 10.73
g
— X X 10.82 — X X 10.81
Future Iv-3 +12 X O 10.78 + 7.5 X O 10.78
+15 X O 10.76 +15 X O 10.74

Note : * Highest water levels and target water level with 3t are the values at the hypothetical
Ouchi Pump Station.
** Plan-A means the joint drainage system for the Gedan Zone with the Ogura Pump
Station as present, and Plan-B the separated drainage system with the both Ogura
(Og) and hypothetical Ouchi (Uc) Pump Stations.

—F5, MROT LD, KMIFHScE, Fic & Compl. Meos, I
S8 % T 250 m DPKEEOBINI L BRI OB SE | \@ T e
BLuB, COLEOKMIEE, TRASERCHNTS oo —— Separ. Droinoge
ReHOkBRIRE KA TR B s e Tk, Bk [ ' ' '
BROBIERGE, ERIPKESEEECLTTable 2 E | )
DESEDBE, DEEINERY7ERENm/s T
L1355 (Table 5), 72 LIo&s, BFRICHEST ~
B (Fig. 77O 120) ZEMPKERICA - ikt £ o 7
UCRIAT 34805 5, =

fPRIV-1 OBETABE, BER IRI~T0LE o . . .
HHEE &3 ERIKEIS TO R Y FHES « FBO ° . 2 et
PokigekE%, RPNIRBICHBL-C & & I3IFR%EO%  Fig 14. Changes of stage hydro-
FILE->TW3, graph at Nishiooike due

(2) FRIV-2.109 2 kHdE to the countermeasures

RO LR OERBOESHKREIT) ARLE, against Future IV- 1.

Sk ET 2 BEETI, FBREN-2LBEONE (WEX Y 7EEE) KBEWMTTL %,

ARTIR, BRI THEL £ Y FTHERBPREEE0D, HRASHIKO 20 I 3BRREEK
BOBNBESHSLEELL S, 20T, HiE 1 58 - F 2 508K - &)1 - BRP0KERTHEEN/OKEY »
701103, 0104 ZEOKBErOMKkith GEES 106 m, HE#8 50 m, [ 68000 nf TIEAZR 10.00 m <R
BT EICT 5L, Ry 7HEEBIZ 5 ni/s (Table 5) &3,
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— %, BRTRABEEOHKENSS CBE L THRELEL LTV, JoBA, ANFEKBIGTOR YT
BRORERERVHIFTHEL,

(3) 1gRIV-3izxfd 5 ARKHE

ALT, FHESE/KKEEIIE106m, LIE156 moOfkEciiEL LT, TRRY72E5I12
/s T BREALL B, L L. BEHOKEO@EKEENR, 28 7K HAMIEL 20T,
mxmm&@ﬁﬁguaéotmbé,ﬁ%mmmﬁﬁfu,:@&%@%ﬁmifmuga,ﬁg@u
LB OMESS B L O IEBbNh 5,

BETE, EHHIKEIEC 75 m/s DRy 72 MBI HILT, CORBOBHICHIGTES
(Table 5), &5A, KNHUKESE, EBHTHZ, -ORBOFHILE, ARFEINLINELD
TRV, b URICZ D & 5 BEAEAEL 5 &30, SEPKED & 5 S RARRIENKBERRE HE S
SEEHBEVAZESITH S,
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