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URBANIZATION EFFECTS ON FLOOD RUNOFF AND INUNDATION
CHARACTERISTICS IN OGURA BASIN (5)

—Proposal Counter-Measures Considering Flood

Frequency in Future—

By Mutsumi KADOYA and Yoshio HAYASE

Synopsis

The Ogura basin situated in south of Kyoto consists of three drainage zones such as the Joudan
zone composed of hill and high land of 27.4km?, the Chudan zone of middle land of 6.3km?, and the
Gedan zone of low land of 18.7km? contained the reclaimed land of 10.8km?. The Ogura Pump
Station with 13 pumps of 48.9m3/sec in total capacity is in active at the outlet of the basin.

The basin is rapidly being urbanized mainly in the Joudan zone to exceed 50% in area in the
near future. To cope with flood changes due to the urbanization, the improvement of the River
Furu being the drainage channel of the Joudan zone was began in 1971, and the Kumiyama Pump
Station with a pump of 30m3/sec was built at the end of the River Furu in 1973. These counter-
measures, however, are not enough yet to deal with floods in the future.

This paper discusses a desirable least counter-measure continuing the previous paper to mitigate
flood disasters in the future, analyzing the flood behaviour by the kinematic runoff model and the
dynamic tank model under a dangerous rainfall condition for every return period.

As the results, the following two measures are proposed. (1) Increasing the pump capacity of
60m3/sec to do 90m?/sec in total at the Kumiyama Pump Station, and enlarging the side weir to 8
times as large in length as the present to do 200m in total in the downstream of the River Furu to spill
flood water temporary into the reclaimed land. (2) Increasing the pump capacity of 30m?/sec at the
Kumiyama Pump Station, enlarging the side weir to do 200m in length in the downstream of the
River Furu, and setting a new multi-purpose retarding basin of 47.7ha in the middlestream of the
River Furu. This retarding basin is divided into three lots to expect the effective land utilization.
The lowest lot of 11.0ha is used for minor floods, the middle lot of 22.0ha for floods over 5 years return
period, and the highest lot of 14.7ha for severe floods over 30 years return period.
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Table 1 Criteria of pump operation at the Ogura and Kumiyama Pump Stations.

Pump Station Pump Capacity Water Level (m, in O.P.)
Qp(m?/s) Active ! Stop
3.15 11.80 3 11.40
Joudan 12.35 12.00 ”
2.10 11.30 ‘ 10. 80
| Chudan 410 11.40 1 P
Ogura | 4.70 9.50 | 9.30
9,40 9,70 1 9.50
Gedan 14.26 9.90 ; 9,70
! 18.91 1o 9.90
| 30.11 10.30 | 10. 00
5 11.00 9,80
10 11.10 y
15 1120 11.00
20 11,30 11.10
Gate No.1* 2 11. 40 11.20
Closed — -
30 ! 11.60
. 60 11. 80
Kumiyama 90 ”
120 y
9.80
5 , 10. 00
. 30 10, 20
Gagpz:" ! 60 10,40
90 10.60
120 10. 80

* The g;te> No. 1is opened for Hy>H, and closed for Ho<< A}, in which Ao and A}
are the water levels at the Ogura and Kumiyama Pump Stations, respectively.
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some hypothetical counter-measures

LT AT, RABRITEOEAIC, kEROS for flood in the future.
CIRIVERREFOHAERRE LTED Z00EE
TH T, VEREOBRETTMA > B LTHhid, T HHEBLLE2EE0, 5 LBRIITH,

HHEEROELEBENICEL, POBBAINCH LTHHARBRHOH 23TEE LT, Ry 7R 60m’/s
 BoKHPIER 8520 E, b L <38k 0m¥/s « SRR 6 (i LORMEZ SN b, I TRADEHLS

LT 330+ FRERER, BEOWHHHICESOTTFRINE BDTHEY, SRTFARBESAE
ENS RN, FDX S REREC S EBNAESICIR LS 3L I BLBH I ELHEBLSEE LTS
&, Ky FHE 60ms/s - Pk S ERAEFIREL, TRUEHZ L SICRI SR Y PR LR
HIRIND, COMERLMA L& SORBRETT 5K N1 Fu s 7% Fig 13 10Rd, 72T
D& EDTERARMOREHAE -OHKEM%E Table 3 IORT, HKESHICET 2R KHEFEL AR
BRL D IO/ {18, 100FEHERTIOHEERD LT 5.

5.3 #khixBER

(D Pehiith & RS

HhEEIC Ak ERE L, LRI SOREBOE—7 Ay bETE T EICLD, WAEHDED
By FORBER/NRICHL BT EEREL D, 1272 LBKMIC L - THHILOBEZRINT 5 T LICEHEE
MEBHC L, BIUOFRCHTILHOZELT, CTRENKEDILIREZE 845, AMLEIKEED
Ry 7HBE 0my/s LT AEAEREME LT, BAMHRELRTT 5.

SEKO BRI, Fig. LICRT & 3 IC&AN, BANATAMOH) b ZRIC RS % /K F g 47. Tha
T, ISCAEIRETHI > 5bDET B EHK 59.6ha £725, TORMBOTESESZ 14.5m, £0
BETHEOE/IFEIT 10.05m TH B 5, #KlDKEHKEERIFKS 5 C EEFRICT N, #K
MEEEE 11m DL EcT 52 EMBE NG, Fiodikiis LT, 2D4EEERNTNTOHKICH
HT5L013, HARBICE U THEKEREZELZAHUFRERAL, TORENBAERNEFBBRTL 5,
1L TPETEZMKMER» TS E, 3PEIPEEELONG, TLTINSEZTHA2S Ry,
Rz Ry EBESH2, COLDICTBE, CCTRINTNENRL, HEEKMOEAKRERE, MRH
KICHESER, @, HEE HEEOESEIEIREEZESITRRIORENI L ELNE, UHA,
WER G TR ALK KA B O. P. 12.13m DT ETBLILETHANE L LRI
THIE,
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(2) B TOREFIH

i) BKMOBRBEMS /D, 00FEHEDES, 47. 7Tha OKTABMLKEEKAZBEDTiCT
ZUEMESHEKMERESERAT S &, BTHELD 2.3m 8O 12.2m &705, /72 L CORAER,
R TAER I EERE + 23mm, EiE 200m & UTT-728, ChoDRERMSBICRASNEEL 52
0, ZZTELNEESSEKIE R OMEEAESOEEEEA 5T LK%,

i) kil R OMBEERAT 5. ZhICidlkith Re, Rs [ZHERE S ELIFTOH/KTIR #kZ €0 Z
EERFHRET R, 20T, KkibEFEE 11.0m, MIRSHEFES 12.2m OEEHEE L, 5EEROH
KEXRE UTHE, BIBORE 4 OHAIC OO T ET 2 &, Fig. M KR s 2 & i, #okiif 11.0
ha, #EiE 100m ORBHONSE, TO& %, H#Kitl R: DFKEE He (JIKED 3 12.78m L1725,

i) #kit Re OBBIRIKD I I KED S, Okt Rs [ZRERESVEDNT D HKEHC 13 K TH
BT LERRET R L, SOERMRBOMKICIIEAKN R, Re THILT 5 EEZEARTNIRSE, 2T
Tkt Re OMEES 2 HABOEKOBEE, S 11.30m, BEHRISMH/KHER 5 EOLMH O EIE ER
12.80m DOEFEHELE UTHRIT 5 &, kit 22. Oha, HEIF 200m OFEHHSNE, TOE &Kk Rs
DHkfr Hs 12 13.65m TH 3,

iv) kith Rs O, TTOHEKMT I00ERRDIMKICHUTEE LI ED D, HFHEIEE
B KERIOFED LMD S 13.65m, HKMET ) OFE,S 12.20m & UTEET S &, SkiiE
BRI D 2FR 14. Tha, HEIEIE 250m KEEE 5,

(3)  ErkithD Bk

BIEDEKIMETOMFTTE O T, HEkit Rs OMREHEKHERE Ts £30F L Uchs, Thk Ts=104icd
51851, Wk Ry, R TIOERRDH/KICHILTENIZL <, #kiH R, OFTRAROT: LT 5L,
R: OMSEEREIL 8.0ha TIINC &3, UAATDE FITIIIOERKRERBR 5 IHKEFICIZTNTOHK
bR T B &iTis B, O MK Ry, Ry, Ry DS Ay, Az, As, SEKHERFESE Ty, To, Ts £9°5
&, HEE TSl BIEBERTRNZETHYD, T 2RESTICHRADHZ T LFHURELTD, —
BiC T B LR Ts BRECENTEZREZNITHER A B LSRR A BREIBBZELERMRTH
3,

BKMORAES LT, BE, EIg, AR, TRUEESZOMONLRERLE, W2bEZ LN
B, T Z ORI EDBEE TOHKIZH LTHAMSRNEZ DL > THE-TL 5 L, FIRATHLE
BOKNCHIRET B0 Lich- THRMOEERES T/, HHFAHAOFECEERTRS VBN E
E18AD o HKMIZEARFNCREERRKERTH 2 LS FHEZ BT O HTIRODII0DS, #kihEEE
TBRY, 2OFFFIEZRABCELILCEIZLD, ZOMEEZELLEDECENTE S,

m
—— 597" ——
::250’“ R3:14.7ha
o1
ST
bS] .
C'IZTO R2:220ha  |gog
Re 1.3
R;:11.0hao R—7~—11.0
tdo 10,057

Fig. 14. Outline of the retarding basin and the highest water level for rainfall
of 100 years return period.
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ITHRO L 5 ik LTEDIikitiEns, BAibEELTOEAOIKEIEEROBRO—ELS DY
<, EI TS AA Lk A BEKA LT & 3 BV MR RO T T, Table 2 i2% W TRY
F 2 TR L AR BADAMLEIKEES LU T BEKM O K1 Fess 7% Fig 15
RS, B TAMDHAKEIL Table 3 IRENBLS1C, kEAT W00ERROBAICIERESLD
BHBRETE > T B,

1545 C OFKME 47. Tha OB B IO FBHBIK TRAKE NS TR, BKiOBAKERL D DT DI
K& <, 100ERERTH 60ha L2 -TW 3B,

BROBAMETE, AGLSAEE R Y FRERR 30my/s, wIIBUKHITIRRI 845, ZRRETD

Table 2 The least counter-measures satisfied the target condition in water level at the Kumiyama
Pump Station for flood in the future.

Kumiyama Pump Capacity (m3/s) (30) +30 (30) +60 ‘ (30)+90
Return Period (years) & 10 1 30 l 100 10 | 30
“Length Ratio of Side Weir in the | o ) |
“River Furu 6 8 1 ‘ 4 8 1 4
. o . g P
Type of Weir 7 Fixed P 7 ‘/ / Vs
! Area (ha) I/l 1o o/
- Bottom Elevation (m) /” 11.0 /
E Length of Weir (m) 100 / S
" Elevation of [Fixed ! ," 12,2 / / ’,'/
. Weir Crest Movab]e\ — ! / | /
/
1 Non-inundation Year / 0 / f/
. ' Area (ha) / 22.0 ‘ /)
Retarding l Bottom Elevation (m) 11,3 /

Basin | 2! Length of Weir (m) / 200 { / /
Elevation of Weir (m) / 12.8 / / “ /
Non-inundation Year|/ 5 / i/ I/

/ . i

Area (ha) VR A | //

Bottom Elevation (m) / 12.2 | / i / /
3| Length of Weir (m) |/ 250 /

Elevation of Weir (m) 13.65| / / /

Non-inundation Year / 1 / | 30 / / /
— . 3 s
Total Ponding Area(ha)| P IR P

Calculated ' 12. 07‘ 11. 97‘ 12.06] 12, 05} 12,12] 12, 12‘ 12. 12| 12,04 12. 05| 11.99

Level(m) |Nishiooike in
the Gedan Judgement! X

Zone Past | 10.62 10.78 10.94 10.62 10.78) 10,94  10.62| 10.78] 10.94
Reference | 10.54 10,70 10.87 10.54 10.70  10.87  10.54 10.70| 10.87

" Kumiyama
Pump Station Target ‘ ) 12,13 ‘
Judgement| O | O olojolojojo]o]o
Highest Calculated 10, 69‘ 10.80 11.10] 10.56] 10.80 11.13] 11.01 10.46 10.74[ 11.05
aer Target | 10.62| 10,80 11.01] 10.62 10.80,  11.01 | 10,62 10.80| 11.01
|
|

O x|oO o]x]o;o O | x

|

Note: An oblique line means an unnecessary facility.
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& & biT, BRIMOBFIRIZTNTEEEE LTH- =Eo TT30me

o CNE, ®yFHEREOmYs & U, 100 £ U8
AT S TRFANAGABBIATICTE 555 SRoh — 1 R
ISHIKMRDBS D 5 BHE 5 PICDOTHITHEE RO | | aTateet_Vater Level. Return Period
WA L& 05, BRI EEERCT 5RO % AN R
KMRZEL SNEOY, TEECT 2 8KMEIR € || =] o~
T B LD 0T, £DFEFEE Table 2 ITHERL ¢ \\
THVT, F o . =]
5.4 I, FHIOKREBIEER Mook e i
EAOREER, VTG LBRASONMED > e
—HAETRTHRMCHA L, BKSE3 /B )
URBTHBH, COMEAMMEHIET LR s

LTRESRTY S LIRVA, SESET Tt o T
RIKETE - THEHDIEADPE L > T B, Tk Hour

DHHFEICONTFROTERNEGH B, £2 T, Fig. 15. Hydx:ographs of ﬂoold \.Nat'er level at
1, AR L S oI K i Notivik o
B DWTHRE L THT, for flood in the future.

ZDHA/WIL, WKEDOBREIHRTH-T, €1
PADERRBEL SN, BKBEFHREE L2 & & Th, ZOBMMITIZEA SHBI TR~ BEICHRE
ENBZOT, AMLBKEIED R Y FHERRIIBER 0m/s BUREEED, TOREICE, 0FERRUT
DHKERITI, BAMIAETHZ, HKEEHBI0ERREBE 5 EEWRKBNBREELES,

I EFAROFIET, TR EECHELE UTHERETERENS &, KEE INEHKILEREII0FEHE
FC 47. Tha, 1004EFEEET 59.6ha &7 4 %%, 100EHERICIHAT 5 7o ICIMETAEE % 12.80m L{E<T 3
WEDBHD, fF, HEEKMIEE VST EREKOEKM LAFEELBRN I &K S,

7 CTEH KR E10~304E & F 3 7o A BIE A ROMFURERA L BEI QW TRET L TAT, C
NOOREREE ST Table 4 IRL T A%, 30FERRTIRMEKIBET 14.0ha THHE L2245 100

Table 3 Camparison between the target and calculated values.

Kumiyama P.S. Nishiootke e
Item Highest Highest Inundating
- Water Level (m) Water Level (m) Durations (hours)
Period {yoars) 0 | 30 | 100 | 10 | 30 | 100 | 20 | 30 | 100
Target 12.13 10.62] 1080 101 51 | 64 | 103
i eg 167 1Loa| 1212| 1050 | 1082| 13| a3 | 52 | e
@ 4
5 Lp,—90, T " ‘
i R o 70‘ 1L65| 1199 1057 10.77] 1L05| 42 | 51 | 66
= i i
& +Q,=30, | |
2 Ll=s |11 107 12.06 \ 10.62| 1080 1L.10 44 | 53 | 68
g | RB=477ha | |
O &=, ‘ | 10.45] 1054 10.65| 38 48 59
Rb. gslaofssii 12.01 l 12:00 | 12,071 1046y (10.57) (10.73)] @) | G | (D

‘Note +Qp Added pump capacxty at the Kumxydma Pump Station, L, Z: Side weir length in the
River Furu, present and future, RB: Retarding basin, SW: Side weir in the River Furu, ( ):
Non-operation of Gate No. 1.
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Table 4 The least counter-measures satisfied the target water level at the Kumiyama Pump Station
under the condition of no side weirs in the River Furu in the future.

Kumiyama Pump Capacity (m3/s) | (30)+90
Type of Weir at Retarding Basin Fixed Weir :‘ Movable Weir
Retrun Period (years) 0 | % | 100 0 | 30 | 10
Area (ha) / ‘ 15.9 19.9 /| 140 | 18.0
Bottom Elevation (m) | 1.0 11.0 / 1.0
1 Length of Weir (m) 200 200 / 100
Elevation of | Fixed 13.05 12.80 / 12,00
Weir Crest | Movable — —_ / 13.50
Non-inundation Year 5 o/ 10
Area (ha) 15.9 19.9 / / 28.0
Bottom Elevation (m) 11.0 11.0 /' /] 110
Length of Weir (m) 200 200 / 100
Re]taarﬁing Elevation of | Fixed 13. 20 12,80 / / 12,20
asin Weir Crest | Movable — — / / 13.85
Non-inundation Year 5 0 / / 30
Area (ha) / 15.9 19.9 /| 13.6
Bottom Elevation (m) / 11.0 11.0 /1 1.0
5 | Length of Weir (m) / 200 200 / // 100
Elevation of | Fixed | / 13.40 | 1280 / / 12.40
Weir Crest | Movable — - / 14,15
Non-inundation Year ‘//' 5 0 / 30
. i — 7 .
Total Ponding Area (ha) J - 47.7 59, 6 // 14.0 59.6
| ‘ Calculated | 12.04 | 12,08 , 12.41 | 11,99 | 12.04 | 12.02 | 12.00
| Kumiyama .
| Pump Station Target 12,13
l Judgement l O O ' X O O O O
Highest | Calculated  10.45 | 10.54 | 10.68 | 10.66 | 10.45 | 10.54 | 10.65
Voter | ;; (10.46)| (10.58)| (10.74)| (10.73)| (10.46)| (10.57), (10.73)
Level (M) Nichiooike in i Target | 10.62 | 10.80 1101 10.62 | 10.80 | 11.01
the Gedan ' Judgement O | O | O | O | O | O | ©
Zone : !
Past 10.62 | 10.78 1 10.94 10.62 ' 10.78 | 10.94
Reference i 10.54 | 10.70 ' 10. 87 10.54 10.70 | 10.87

Note: An oblique line means an unnecessary faci]ify, ( ): Non-operation of Gate No. 1.

EREET I8k Ri~Rs 122121 18.Oha, 28, Oha, 13.6ha, 43 59.6ha OERAKEL LD, HEHK
BRERZNENI0E, 304, 30£L705, COBAOBREOTHEORIEL - VEIPROEYPTH-T,
HEDHEE Table 5 D& ) icEdic, &7 OBRE SN ABUBKEE, TRIERMOKM % Fig. 16
ICRT e FERPAMDKIRZEDOHRET S BEKM LD SRIBICES B2 C EIIMRTH D05, BEEAKALL
EHEB LT HI0ERRT 17cm, 30ERERT 24em, 100FHHET 9em K ->TWV5B, R TREAMD
H/KESRAIZ Table 3 1RT EB DT, 10MEMERT 1 B/KMZ@IEST 2 L%, BIELELL632%
DEMITIE B
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Table 5 Criteria for gate operation of retarding o =
basi 32 +Qp= 90m¥s
asin. EQE - +Gate
Outside Water Level of gE30 o oo —— R@m'sdg‘”ghfaisn‘
. Retarding Basin (m umiyama 5. "
Case | Gate Opening || — T_fg“as_l»_()iﬂ p [ taet Wotee Level Target Water Level Return Period
R, E Re R3 ! — 100 Years]
l E '/A f\eA\\ [ A - 30 “
R 13.50 ! s ke A 0 -
- \
I R:| Ry | 13.50 e b
] .! r,[\
R3| R 13.50 - ¥ Tt Wa
‘ 10 + Y 4
e - - o Nishicoike
11 Rl, R 13. 80 g e . Target W.L
N =z - -
111 R, Re, Rs ‘ 14.15 Ty oA
In the case I, R2| R means the gate opening of
retarding basin R: after opening the gate of retar- s
6 12 18 24 30 36

ding basin R situated in downstream of R2. The
cases IT and III are the special cases for the steep

Hour
Fig. 16. Hydrographs of flood water level at

rising of water level in upstream. R sy
g P Kumiyama and Nishiooike under

some hypothetical counter-measures
for flood in the future.

Z TR UL, 100EMETIIRIE 59.6ha DM KMMERERERTE ST &, AEIEMSFTED L -V
TEBESOMRICEIETE S L &M LEZ0T, Pk UCOEEESHEICEA 3, 7t
BEHIKICHT AL, WITTHK, BRT AL EOBMENELI OND, LM->THKT LR
L9 BEEIIOLOLIEL,

6. » & B &

B ETREORRICE Y 3 MRS LT, HABMEERLT, £45 500 DhORERE LIk
B, KO 3EHHITE N

) ABILEKBIBIC BT, # 60mis OF Y PERRL, BIBKLEEAD 8 FICIIET 5o

B AEILEEKEEIC BT, B 90mY/s DRy FEHB L, HNBKATRED 6 i T 5.

i) ALK B Ry 7% 30mi/s BB L, H)lBkH% 8 ICikifd 2 Z L E2mBRE LT,
HIIEREIC 47. The O BREKEERET 5.

FBO3BOETI, i) FE A i) EAUERI S EBIKICH T 2 RO LD D RINDOTEOD
LEATVD, i) R FHRRSEELE TS 5, BWKEOMRKREE LD, & HICRIRS
BRSNS .

AWEEL, ERTHRAR, BRBRITHEFEROHHNERNT &, AHRMELGER, K
HARRIE, AREIASE, KRREHESIUSEBTORYDEZO L CEEMEL, BHORERT 5,
125 AR ARG5S, SOERRFHAR (BHRKE) KIAWERREO—BTH Y, FECIIEHRELS
WEFO FACOM M-160AD Af L7 C & &MET 5,

& E X &

1) AE - RENE EREERBOBHLE K, FEAENRERRTFER, H225B-2, 197,
pp. 237-256.
2) ME M BESE - EZ  ERUSTRROEN L & AKE) —BHR &Ik, JTURRFER
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3)

4

5)

6)

AP SAF IS 255 B2 (BS7.4)

B ES, 235 B-2, 1980, pp. 263-277.

AR B BESE  EREERIROTL & AKO—KERREDOE—, FEAFEHKHE
FrAEH, #24%B-2, 1981, pp. 197-208,

AR e BESH  ERUERRIROE T & RKO— RO BRI R E——, FEKFER KT
FFEREL, H242B-2, 1981, pp. 209-221,

HE b BEEH MRS (Z014) —(8FHhE v 7 = F VKK BBUKBIT—, BELAR
SpATE  AQ% M 4E, 1981, pp. 45-56,

HARLRER - MERE - BERHRERICET 2%, BETAFESRE, 835, 1979, pp. 1~8.
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