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Numerical Simulation of Water Purification Process in the Closed Water Area
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Synopsis :

A numerical simulation method is developed to analyse the surface wave flow and
nutritious processes in the closed water areas which include a bay area, marina,
channel and lagoon in order to make a plan for water purification and quality
preservation. The applicability and efficiency of this system are shown in the numerical
examples in the Tokyo Bay area. The present method adopts a multi-level ocean wave
model to simulate a marine water flow, water pollution and nutritious processes which
are erected by wind forces, tidal residual flows and water inlet flows from rivers. In the
planning stage of new water treatment plants located around the bay area, this system

can provide an analytical tool to estimate the efficiency of the water purification system.
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A numerical simulation method is developed to analyse the surface wave flow and nutritious processes in the closed water
areas which include a bay area, marina, channel and lagoon in order to make a plan for water purification and quality
preservation. The applicability and efficiency of this system are shown in the numerical examples in the Tokyo Bay area.
The present method adopts a multi-level ocean wave model to simulate a marine water flow, water pellution and nutritious
processes which are erected by wind forces, tidal residual flows and water inlet flows from rivers. In the planning stage
of new water treatment plants located around the bay area, this system can provide an analytical tool to estimate the

effciency of the water purification system.
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Fig.2 Coordinates of the multi-leveléd ocean wave model
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Temporal and spatial scales of ocean waves
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Table I Compartments of nutrition process model
Classification Compartments Symbol Unit
Organics Phytoplankton P mgC/m®
Zooplankton Z  |mgC/m?
Particle organic carbon| POC |mgC/m?
(detritus)
Dissolved organic DOC |mgC/m?
carbon

Inorganics Dissolved inarganic DIP |ug-atm/!{
phosphorus
Dissolved inorganic DIN |ug-atm/!
nitrogen

Oxygen Dissolved oxygen DO |mg/!

Water quality {Chemical cxygen COD |mg/!
demand
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Fig.3 Circulation process of nitrogen and phosphorous in the ecological system
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Tabie 2 Boundary condition of tidal wave level

Amplitud Ph
Location Latitude | Longitude mplitude ase
{cm) (degree)
Jouga-shima 38N | 1397 3TE 38.0 146.0
[wai-fukuro 35" 6 N | 13% 50°E 35.0 148.5
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Fig.6 Spatial profile of surface displacements

Tahble 3 Rivers surrounding Tokyo Bay area

Name of river

Flow (m3/day}

Edo River
Sumida River
Arakawa River
Naka River
Tama River
Shinagawa area
Oomori area

6.022 x 10¢
4.087 x 10°
2.954 x 10°
1.986 x 10°
1.782 % 10°
1.841 x 108
1.010 x 10°

Table 4 Numerical modeling data

Ttem

Value

Mesh of horizontal
components

72 (length} by 46 (width}

Mesh of vertical

Ist layer ! surface to — 2m

44444
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Fig.7 Spatial distributions of flow velocities

Table 5 Comparison of flow velocity between the observed

components 2nd layer : —2mto — 8m
3rd layer . — 8m to sea bed

Mesh width 1 km

Time step AT = 10 sec

data and numerical results {em)
ivision | Datichi | Chiba | 1 oo | shinkou| Yokosuka
-kaiho |touhyou
Calculated 4h.7 52.2 52.2 48.0 43.7
(Observed 45.0 50,9 50.1 46.7 41.2
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Fig.10 Spatial profile of water purification
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