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- To develop a full-3D nutrient transport model
using surface and subsurface coupled fluid-flow
simulator

- Water quality modeling for the whole catchment
of the Lake Kasumigaura in Japan

- Quantify water quality impact of each inflowing
river to Kasumigaura




Conceptual Model
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Evapotranpiration
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Hydrological processes incl. water flow and mass transport

Full-3D modeling for these phenomena with SW and GW coupled flow




General Fluid-Flow

Generali zed D
multi-component fluid-flow
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K : Absolute permeability(m?) Bp
krp : Relative permeability(m?) Rs
D. : Dispersion coefficient(m?s) Sp
Y : : Hydraulic potential(Pa) d,
M, : Viscosity(Pa s) p
f : Effective porosity(-)
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: Formation volume factor(m3/m 3)

: Volumetric concentration(m 3/m 3)

. Saturation (-)

: Injection or production rate(m ¥/s)

: Fluid phase index(water or gas=air)




Surface Water Flow

Law of conservation of momentum with the
diffusion wave (DW) approximation
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i, : Slope of river bed(m/m)

h : Water depth(m)

g : Angle of slopefad)
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V : Averaged velocity (m/s)




Surface Water and Groundwater Coupled Flow

Anal ogous expression betwee
fl ow and Darcyos type groun
to solve in simultaneously
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Nutrients Transport

Conventional advective-dispersion equation is applied to
the individual chemical species in nitrification and
denitrification.

Only ammonia-nitrogen(NH4*) and nitrate-nitrogen(NO3")
were considered

akkr, R 0 R .0 o
Da s,NHz*" PpY (0} ‘D@ ‘D s,NH4* O qW + f Nitrification —
W +
x %BW O 8 NHg" a, s,NHg* NH4
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f Nitrification f Denitrification

NHa* NOg : Volume flux (m3/s) by nitrification and denitrification, respectively

These equations can be coupled with water flow equations
In explicitly or implicitly
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Atmospheric Layer

Largecapacity
. Atmospheric pressurechange can be considered

Surface Layer

- AT 1 El&mG 6 O

. Multi -phase and multi-component fluid -flow A8
., 3D terrain data
, Fully coupled with subsurface fluid flow 3D Grid-Block system of a Basin 2D Grid-Block System

Thermal and mass transport

Subsurface Layer

Generalized$ A O Alad O ==
. Multi -phaseand multi -component fluid -flow
. Complicated 3D hydrogeologic structure

. Fully-coupled analysis with surface fluid flow
Thermal and mass transport

1

\
1]
|




Numerical Solution

- Preconditioned conjugated residual(PCR) solver for
the nonsymmetrical Jacobian matrix

- Fully-implicit upstream-weighted discretization

- Severe non-linearities in fluid behavior are
converged by Newton-Raphson iterative scheme

- Successive Locking Process(SLP) which can
exclude the converged grid-block during nonlinear
iterations Is adopted to save the computation works

- Parallel computation using Domain Decomposition
(DD) method on PC cluster
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Case Study to Lake
yumigaura




Kasumigaura
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S Watershed area 2,156.7km
2
0 Lake area 220km
Water level T.P. 0.26m*
Water depth Avg. 4m (max.7m)
. Inflow rivers 35 rivers (56 sub-basins)
Tokyo . -
- %
: *ﬁ%@@ o)
" o b & e &
(34;,“?. = O %*8. g’% %
af?,- Hishik' : %‘ = oHOkOta
B I»e'_ [elll'qo 1 R,‘Ve,’
'9,)‘9 Se‘?l,',er
29 River ) : P
o £ - Kitaura
Tsukuba E Nishiura :
O%IP,})@
Kokai Riv.
Tone Riv.




Nested Grid-block System

East-Kanto Region

T 7777

T 77

Hokota and
lomoe River Basin




Terrain

Basic Conditions

10m DEM (Stage 3)

Grid, Geographical
Survey Institute,
Japan

GISMAP Terrain
(Hokkaido Chizu
Co,ltd)

Meteorology

Precipitation
Standard pressure
Temperature

Solar radiation, et al

AMeDAS, Japan
Meteorological
Agency, 19792000

Surface soil, Quaternary,

National Land

Tertiary, Bedrock, et al(See Agency
Geolo
% Table 2)
Paddy field, Dry field, Forest, [ Digital national land
Waste land, Buildings, Arterial | information,
traffic, River, Lake, Seaet National Land
Land use al(L03-09M-8, L03-09M-12) | Information office,
Japan
Surface water intake and
groundwater pumping (life,
Water use Irrigation, industrial water,
etc.)
Point and non-point source Ibaragi Kasumigaura
Unit value method, See Table | environmental
Pollutant ( : :
5 5) science center
Municipal Census statistics by
Ministry of Internal
. Affairs and
Population Communications

Alluvium formation :1.0<10°
Kanto-loam :1.0<10°8
aa JosaeClay formation 0 1.0¢10°
rermeability.(cmis) Simofusagroup 0 1.0¢102
Kazusagroup : 1.0<10%
Tertiary 0 1.0<10°
Bedrock group :1.0x107
Surface soll 40
Alluvium formation 120
Kanto-loam 120
: : JosaClay formation : 20
Effective porosity (%) Simofusagroup .20
Kazusagroup 120
Tertiary 10
Bedrock-group )
Molecular diffusion Coefficient 2.310° (cm2/s)
: 2 Longitudinal s ~L/10
B peisaE gl Transverse s &s ,/10
Unit Value
Sewerage 1.24
Miscellaneousdrainage 2.55
Sewagdreatment tank 6
Individual sewage 765
: treatment tank ;
Human life Rural community g/person/d e
sewerage :
Human-wastetreatment
plant 0.02
Selftreatment 0.65
Industrial (kg/d) 488
: : Cattle effluent 28.7
Animal industry Piggeryeffiuent (g/head/d) 389
Breedcarp (g/ton/d) 51.7
Lake Sediment contaminant 2 25.5
Precipitation (kglana) 3.08
Forest 1.56
Nn —omt r |eId (kg/km 2/d) 3.7




Field-Initialization

Rainfall
Starting from fully water saturated

condition without any surface
water, air/water two phase fluid- 9’
flow is traced using averaged daily
rainfall. Human activities such as
GW pumping are not considered.

Initially fully-saturated
without surface water

Surface water such as
rivers or lakes are formed,
gradually.

Air intrusion with
water-air displacement

In unsaturated zone
GW table gradually

decreases

discharge discharge

Surface water and groundwater fully-coupled equilibrium state will be attained




Stage-1: East-Kanto Region

10m-DEM: EW63km NS64km 3D grid-block system

[ 1 50m-DEM

A Total grid-block number is 971,712
(EW241 SN224 Verticall8)
A Spatial resolution is approximately

" Analysis area: 8,740km2  100-500m

EW 95km, NS 92km A Bottom elevation is TP.-3,000m
A Boundary conditions;
Ocean area: sea level at TP.Om
Other: constant head boundary




Stage-1:Calculated GW and SW

Groundwater Level Distribution of surface water

(Iso-elevation contour) (Iso-depth contour)




