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Optimum Operational Strategy
On Storm Water Discharge Systems Using Rainfall Radar Information
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Abstract

Comparison of rain gauge data collected at three locations that are some 2-km apart from each
other showed different rainfall characteristics; implying that rainfall radar information which is
collected at 500-meter interval has an advantage over the more coarse rain gauge data.

In the study, actual flow rate of rain water concentrating into a pumping station (PS) was
obtained by adding lift-up flow rate of pumps determined by the head-capacity curves and inflow
rate calculated from changes in water level in the grit chambers.

A simplified sewer network model for the catchment area of 48 ha and conduit size of only
1000 mm or grater was used for reduced execution time of the SWMM (a USA product) and
Hydro Works (a UK product) on personal computers in order to evaluate the validity of rainfall
radar information.

As the results, both simulation packages were found to be well applicable to rainfall/runoff
analysis on Japanese urban area except for small rainfall.

Key Words : Urban Drainage, Stormwater, Radar Rain Gauge System,
Rainfall/Runoff Modeling Package
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Fig. 1 Systematic Flowchart on Optimum Urban Stormwater Drainage Strategy
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Table 1 Radar Rain Gauge Systems in 6 Cities for Pumping Stations
Observation |Observation I;a:g Transmitting .R;‘“’f’?n
Name./Institution unit mesh range upcating frequency o enst_ty
(m) (km) time Band calculation
e (min) (mm/hr) |
SNET
/ Sapporo General Information Center 1,000 100 5 X Band -
Tokyo AMESH 500
(Tokyo Area Radar Rain Gauge System) 500 40 2.5 X Band 0~250
/Sewerage Bureau, Tokyo
Rain-Net Kawasaki
(Kawasaki Area Radar Rain Gauge System) | 500m/1,000 100 2.5 X Band 0~255
/Construction Bureau, Kawasaki|
Rain-Eye Yokohama
(Yokohama City Radar Rain Gauge System)| 250/500/1,000 50 2.5 X Band 0~255
/Sewerage Bureau, Yokohama
AS Eyes
{Osaka Rainfall Data Information System) 250/500/1,000 80 2.5 X Band 0~255
/Sewerage Bureau, Osaka
Rain-Map Kobe 250
(Kobe Rainfall Data Information System) 250/500/1,000 80 2.5 X Band 0~255
/Construction Bureau, Kobe

Notes :

X Band : Prepared for meteorological observation by the Japanese Radio Wave

Act. The range of frequency spreads between 9.3 G Hz and 9.5 G Hz and its

central wavelength is 3.2 cm.

Rainfall intensity is calculated every lmm/hr unit.
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Table 2 {1) Investigating Drainage Area and Pumping Station

Investigating Drainage Area (ha) 317 Drainage Area-A (ha) 47.6
Design Flow (m3/min.) 1,498 Pipe Diameters (mm) 250~2,000
Pump Unit (units) [ Total Sewer Length (m) 13,330

. Computed Sewer Length(m)
Pump Diameter (mm) 1,500 1,000mm and more 900

Table 2 (2) Specification of Water Level Gauges and Flow Velocity Meter

Pumping Station Sewer
Type Accuracy Type Accuracy
Semiconductor Water Level +0.1%
Gauge Radar Water Level Gauge 1.0mm Gauges ’Sﬁge . .
upersonic Flow  Velocity +25%
Meter -
Measuring Point — A Area - A
/ Water Level Gauge . 47.6 ha
L’}; 4/ Flow Velocity Meter |.3¢] == Calculated Sewer
— L 0 BT o8 e X Diameter 1,000 & more
A — Pumping Station | "= DS PR ( d mm & more)
/ Rainfall Gauge | sty fod Raaglis Jeq-4 s
3 X , C - STP
e z e Y By / Rainfall Gauge

Receiving Water Body
River - D

B - STP . -] A-PS Catchment. Area
/ Rainfall Gauge 317 ha

Sl

Fig. 2 Investigating Drainage Area (IDA)
PS : Pumping Station, STP : Sewage Treatment Plant
Measuring point-A is the location of manhole where the flow velocity
meter and the water level gauge were tentatively instalied.
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Fig. 4 Rainfall Intensity & Inflow Rate at A-PS
(1) Top : Rainfall Intensity & Inflow at A-PS
(2) Middle : Measured Water Level at Grit

Chambers
(3) Bottom : Stormwater Lifting-Up Flow
Rate
: Inflow Tate
-------- : Nominal Lifting Capacity

[ : Rainfall Intensity
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Table 3 Selected Parameters for SWMM & Hydor Works

SWMM Hydro Works
Items Area A Items Area A
Drainage Area 47.6ha Pz;bc)entage Runoff; RP 04829PIMP+254-025007IL+0.078UCWI
Percentage .
Sewer 1000mm and more Impermeability; PIMP fﬂ A 18 equal to 'Land Use
(%) ndex times Surface indexes
Impermeable Ratio 63% Land Use Index 1.0
Catch Basin Width Mean Value Surfacel 10; Paved Surface
Catch Basin Slope 0.005 Surface2 20; Sloped Roof
Imperme?ble Area 2.0mm Surface3] 21; Pervious Area
Reservoir Depth
Impermeable Area . 3; Normal Level Permeability
Manning’s Coefficient 0.014 Soil Class in Pervious Area
Direct Runoff Ratio 50% Soil Index; SOIL 0.40
P ble Area R N Urban Catchment
ermeable Area Keservoir 6.0ram. Wetness Index; UCWI | 144 (=125+8API5-SMD)
Depth (%)
L, 5-Days Antecedent
Permeable A'm? Ma g 0.030 Precipitation Index; . .
Coefficient These indexes are determined
API5 (mm) P »
Soil Moisturs Deficit; to be “UCWI=144".
Initial Permeability 20.0mm aMD
- _ Manning's Rough
Final Permeability 10.0mm Coefficient; n 0.013
D ding Coeffici 0.0001
SWMM
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Fig. 5 Simulation Results for Large Intensity
(Rainfall No. 32} Using Rainfall/Runoff

Modeling Packages.

Bar is expressed rainfall intensity. Solid and
broken lines are calculated by two models
and measured respectively.

Fig. 6 Simulation Results for Medium Intensity
(Rainfall No. 34) Using Rainfall/Runoff
Modeling Packages.

Bar is expressed rainfall intensity. Solid and
broken lines are calculated by two models
and measured respectively.
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