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URBANIZATION EFFECTS ON FLOOD RUNOFF AND
INUNDATION CHARACTERISTICS IN OGURA BASIN (7)

——Flooding Processes Caused by Record Heavy Rainfall in
July, 1986 and Counter-Measures against its Food——

By Mutsumi Kapova and Takao MASUMOTO

Synopsis

Part of new residential area and low-lying arable land in the Ogura basin located in
the south of kyoto suffered inundation damages caused by record heavy rainfall such as
257mm (return period: 1/50years) in 24 hours and 332.5mm(1/100years) in 48 hours, in July

21-22, 1986.

To cope with changes of flood runoff due to the rapid urbanization of this area, the
improvement of the River Furu begun in 1971, and the Kumiyama Pump Station with a
pump of 30m3/s was built at the downstream end of the River Furu in 1973. In addition
to those counter-measures, several promising measures have been propsosed in previous

papersde,

Almost all of these plans, however, are based upon the states that the improvement of
the River Furu had been completed. It seems as if the heavy rainfall of this time struck

this weakness of the area to bring the disaster.

This paper discusses the flood behavior of this occasion analyzed by the kinematic
runoff model and the diffusive tank model, and effects of urbanization on this flooding to
show the existence of the weak points to be improved. Moreover, several flood control plans
which are expected as the emergency measures are examined by using the rainfall pattern

of this time.
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Table 1 Land classification in the Ogura basin

Zone Joudan, Area(km?) Chudan, Area(km?) Gedan, Area(km?)
Classification 1959 1983 | Future | 1959 1983 | Future | 1959 1983 | Future
Urban Area, Total | 1.24 | 14.13 | 15.85 | 0.44 | 3.28 | 4.01 | 0.30 | 6.41 | 7.02

Pavement 70% 0.441/[15.09 4,01 0. 66 6.43

602, 0.39 3.56 0.48 0.10 0.10

502, 1.89 0.20 3.06 4.72 0.17

409, 0.85 7.45 0.44 0.22 0.30 0.93 0.32

302, 0.79 0.08
Paddy Field 8.00 3.81 3.57 6. 29 2.37 2.26 | 18.40 | 10.44 | 10.38
Dry Field 1.45 1.36 1.33 0.06 0.03 1.03 1.03
Miscellanious land 8.18 2.66 1.46 0.60 , 0.01 0.82 0.21
(Bare land, Bamboo)

Forest 8.48 4.59 4. 40
Total 27.35 | 26.55 | 26.61 6.73 6.31 6.31 | 18.70 | 18.70 | 18.64
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Table 2 Criteria of pumping operation at the Ogura and Kumiyama
Pump Stations

Pump Capacity | Water Level (m, 0.P.)
Pump Station
(m3/s) Active Stop
3.15 11. 80 11. 40
Joudan

12.35 12.00 11. 40
Chudan* 2.10 11.00 10.50
4.10 11.20 10.50
Ogura 4.70 9. 50 9.30
9.40 9.70 9.50
Gedan 14.26 9.90 9.70
18.91 10.00 9.90
30.11 10.10 9.70
5 11. 00 9.80
10 11.10 9. 80
15 11.20 11.00
Gate No. 1 Closed** 20 11.30 11.10
25 11. 40 11. 20
30 11.60 9. 80

Kumiyama 120 11,80

5 10. 00
30 10.20 9. 80

Gate No. 1 Open 60 """""""""""" 1040 """"
90 10. 60
120 10. 80

* In recent years, runoff from the Chudan zone is apt to be drained with
runoff from the Gedan zone.

** The Gate No. is opened for Hy=H, and closed for H,< H, in which H,
and H, are the water levels at the Ogura and Kumiyama Pump Stations,
respectively.
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Table 3 Key facilities in the basin
(a) Gate and Side weir

Elevation (m, OP)—Length (m)
Name
Past Present
Joudan Gate _
(Ogura P.S.) 12.0 9.0
12.0 — 20.0
Gate No. 1 | 1979)
Chudan Conduit 11.45 - 13.2
12.732 — 25.0
Kanze S.W. 11.830 — 24.3 (5986)
R.1 S.W. 12.921 - 12.2
Chudan S.W. 11.436 — 10.7

(b) Siphone

Height(m) xWidth (m) x Length (m), Number
Name
Past Present
Oouchi 1.5x3. 0 x50. 2 3. °>(<12§768;<11°- 2
Nakauchi 1.5%x2.7%x50. 1 2.5 >(<1%8%3>)< 105. 1
L.75x1.75%97. |
Kanze 1.2x1.2x50. i 1 (1983) . |

Note: The numbers in parentheses are the years in which old facilities
were improved or new facilities were installed.
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Table 4 Water balance in July 20-24, 1986

Rainfall (mm) 326.2
Retention Area Ratio Retention Ratio* Runoff
(mm) (%) (mm) (mm)
Urban 22.0 46.2 10.2 140.5
Paddy 34.0 32.2 10.9 94.2
Dry Field 80.0 4.8 3.9 11.7
Miscellaneous** 167.0 7.9 13.2 12.6
Mountain 218.4 8.9 19. g 9.6
Total 100.0 57.6 268.6
Drainage Area Ratio Drainage Ratig¥*ikk*
(mm) (%) (mm)
Drainage**** Joudan 191. Gerrx 51.5 98.6
by pumps
Y pump Chudan
(mm) 350, grriek 48.5 170.0
Gedan
Seepage 6.5
Total 100.0 275.1
Note: This table is based on water balance from 20 through 24 in July, 1986.
* Retention Ratio(mm) =Retention(mm) X Area Ratio.
*k Bare land and Bamboo in hill side.
Fkox The value is estimated by the ®-index method considering the water balance of
the whole zone.
Fok Drainage by pumps includes the amount of natural discharge in the Joudan zone
before the pumps were started.
#kxx%  The depth of drainage in this column is calculated in the Joudan zone.
skokkkskk

The depth of drainage in this column is calculated in the Chudan and Gedan
zenes.
#Fokkkkk Drainage Ratio(mm) =Drainage(mm)/Area Ratio.

EHEH N, WRICHSTEERBXKE/D, t TRHEBRERENS T LiCE5, LEBHNIDIREKRDEK,
Bk A, EREEKEBE ORI 1 BAM Lolkick b, ZEROKNTRICHAL T &ITE B,
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Table 5 Areal water balance using the simulation model
(Unit: mm)
Joudan Gedan Chudan
Drainage 100. 9 167.3
Chudan Gate ¢—— 22,6
Side weir 0.1 (Kanze) ——> «— 13.5
53R.I) —m—
Overflow* 3.1 (Kumiyama P.) —»
29R.I) ———
Gate No. 1 — 8.0
Total 111.3 120.8 36.1
Note :

*  Discharge over the top of the sluice and the Gate No. 1 at the Kumiyama
Pump Station and discharge over the embankment of the River I.

(+) Values(mm) in the table are converted to the runoff from the total drai-
nage area (51.56 km?),
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present drainage facilities.
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Fig. 11 Change of stage hydrographs for dispersed
drainage with newly built pump station
(Haccho).
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Table 6 Comparisons of maximum flood levels for several flood mitigation measures

Case A B C D E F
Haccho Pump capacity (m?/s) X X 15 15 15 15
Channel Upstream X O X O O O | Target
.............................. * R R T I L e s [ D
Improvement Downstream X O X X X O
Kumiyama Pump capacity (m3/s) X +90 X X X +75
Ogura P.S. 10.95 | 10.67 | 10.91 | 10.92| 10.62 | 10.69
Gedan
Nishiooike 11.03 | 10.80| 11.00 10.98 | 10.72 | 10.80
Highest Kumiyama P. | 12.38 | 12.05 | 12.33 | 12.35 | 12,20 12.18] 12.13
Water Confluence 12.92 } 13.20 | 12.83 | 12.86 | 12.69 | 13.00| 13.25
Level Hayashi 14.92 | 14.34 | 14.82| 14.86 | 14.65| 13.95| 15.00
Joudan
(m) Haccho 16.28 | 15.82 | 16.00 | 16.32 | 15.99 | 16.14 | 15.90
Hijiri 16.87 | 16.40 | 16.76 | 16.66 | 16.40 | 16.57 | 16.35
R.I (S.W.) 14.05 | 13.95 | 14.05 | 14.06 | 14.02 | 13.93 | 13.99

Note : Rainfall patterns used here are the storm in July 20-22, 1986. for A, B, C, D, F, and
the designed rainfall (1/10year) for E.
* Channel improvement upstream or downstream from the newly built Haccho Pump
Station.
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