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@ Location map showing the 137-Cs concentration
and our study sites
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@®Governing equation for water flow

The governing equations of hydrodynamic model can be written in simplified

form as
oQ
oxX -4 @
1 0 2)  OH
QT&[QTJ+F+IE=O (2)

Eq. (1) is a continuity equation with no lateral inflow or outflow, where Q is the
water discharge in the x-direction. Eq. (2) is a dynamic equation of gradually
varying flow without local losses, where Q is the flow volume, A is the cross-
sectional area of the stream, g is the acceleration from gravity, |, is the energy-loss
gradient, and H is the water level evaluated by the equation below, using
Manning's coefficient of roughness when considering the energy loss.

@®Governing equation for sediment transfer

The governing equations of sediment transfer can be written in simplified form.

The degree of riverbed change, sediment volume, and grain size distribution
as a result of the interaction of debris flow, bedload, suspended load,
and wash load fractions is depicted by the following formula:
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where Bs is the width of the flow of the particle, g, is the quantity of
sediment, E,, and E,, are the pickup flux, D, and D, are the
depositional flux, and Ay, A, As, and A, are the gap rate of the particles. e Mottt
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@®Governing equation for ceasium-137 transfer

The river channel cesium-137 concentration incorporating the effects of porosity
as

oC

#137: K-.CW.¢_CQ _Crh

Where A is the decay for secium-137 (s'), k is the irreversible adsorption rate (s),
® is the porosity (Qb,Q=0.4, Qw=0.6), C, is the concentration on to soil surface

Concentration of cesium-137 in the river channel as activity is transported downstream
cesium-137 according to:

CW(x) :Cw(x:o)!—ﬂx
where B is 6.94 x 10 (m™"). The characteristics length for

cesium-137 adsorption, 1/ is 1440m. Clay material

JOOOO
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The plume is well mixed across the river, the total cesium-
137concentration will be given by:

C g:‘ p(l-¢) = Irreversibly s
= () (= (e o) ©)
where A is the cross-sectional area of the river. This activity will be

partitioned between that in the water phase and that associated with @ (Ciffr@et al., 2006)
suspended sediments.




Case study of Kusaki Dam basin: calculation

parameter, boundary condition and internal variable

Category | Original data Material Study area
) 1975 and Vertical section | Dam site - 0.0k - 5.2k
River survey | | o0g Cross section Watarase R. 82.8k — 84k

Desianed flood
Water and

Sediemtnt Inflow.
Water discharge & Sediemnt | Design flood wave form

discharge

| Design flood wave form

1975 - 2012

Temporal inflow data

Provisory operation

Sediment inflow

Kusaki Dam site
(Catchment area: )
253.3km2)

Specific sediment yield
1998

Suspended

Wash load con.

1982, T8210 | sedimentation ratio

| Sawakiiresi site

~*Dam capacity

-

Overflow level E.L. 457.0 m
5/ Top level water E.L. 454.0 m
\iFlood season water level E.L.440.6 m (High Water Level (H.W.L.))
T Flood control capacity 20,000,000 m3 R :
:Water use capacity 30,5000,00m3:{Water use capacity |
low water level E.L. 403.7 m :150,5000,00m®

Sediment storage capacity
10,000 x 103m?

Dam foundation rock E.L. 3117.0 m

Data: Japan Water Agency

@\Vertical sectional river survey data (1980-2011)
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@Cross sectional geomorphology

from river survey

w T — T — a ——— — T T
"o Hi3_ 1600 W HE3 20
sl N E w . o
w | P H21_IBW — T ax VI HP_240
m o} = ~— N wooam —
! : ., 4 a0
boodl R S R S S e NS R ¥ ST SOOI SUSOORS SO eS| 1 i
100 0 10 M0 A0 40 S0 BN 70 80 90 000 10 10 A0 0 100 X0 WO A0 S0 B0 00 A0 WD 100 100 10
xim) a i
w T T T T T T mor T — — T T
o 231800 _ : HI3 2600
g E w0 ,
- . o H21_tE Joam b SERMNSSEID HP_26m
oW} Y i W b
0y A _;':': -
- ¥
0 0 0 A X0 40 0 6N 0 M0 W0 00 NI 10 w0 0 X0 H 40 0 B0 0 @0 50 o 120
xim) iy
ﬂ T T T T T T ﬂ T T T T T T T
H ! HE3 0 _u HE3_260
440 E 40 -
I ~ Vd H21_20m T Am e H21_2E0
400 . w 4m
W ]
w0 L g g L L L L H g gl gy i g L L
100 0 10 M0 A0 40 S0 BN 70 80 90 000 10 10 0 0 10 X0 M0 40 S0 B0 S0 AN SO "o 1200
xim) a i
m r v 4 T 2 v 4 v v T g 4 T m v T v 3 v v v v
w L HE 20 owm | HE K
i N # T N
0 ol f L] 4 4m ‘ M2
0 — [T
k- =
¥ I i i i i i L L ¥ 1 ! L i L i i 1 I 1 1
W0 W M X0 M0 M0 N TN W0 M0 0 nl e w0 W X0 X M M0 W0 o e w90 new 12

Data: Japan Water Agency, MLIT
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@particle-size distribution of stream-bed material
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The particle-size distribution of stream-bed material. Data are from the Japan
Water Agency (JWA) and the Hokuriku Regional Bureau of the Ministry of

Land, Infrastructure and Transport (MLIT).




The regulation of the reservoir operation.
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The regulation of the reservoir operation. Data are from the Japan Water Agency
(JWA) and the Kanto Regional Bureau of the Ministry of Land, Infrastructure and
Transport (MLIT).

ervolrwaterbevel (I21.))

@ Relationship between the water level, reservoir
storage at the dam site and the reservoi [ ceee v
current and projected conditions.

o sediment pply [ presesn condition e puedicred condition (2090y

o,

reservoirvolume (m') ./

=The agreement of water level and storage capacity experimental result indicates
that the model was validated very well.

-The model used in this study also showed a limited ability to express
incorporating the effects of complex phenomena occurring flood and the flood
control by dam operation.

The relationship between the water level at dam-site and the reservoir volume for
the present conditions and the future projection.

@®boundary condition for the dam operation of
Kusaki-Dam

The calculation condition was obtained by the regional dam regulation (JWA).
* Flood wave --- Designed flood wave as 100 years return period
+ Initial water level --- E.L. 440.6 m (high water level (H.W.L))
» Dam regulation
1. Preliminary operation
Term 1: water inflow < 500 m%/s, water level = E.L. 440.6 m (inflow =discharge))
=E.L. 440.6 m
2. Flooding times
Term 2: water inflow = 500m?3/s, reservoir water level :
= EL.451.8 m; maximum discharge=640 m?/s by using gate H-Q
3. Extreme flooding times
Term 3: water inflow < 500 m3/s; water level = EL.440.6 m;
discharge = 500 m?/s as steady flow with ramp down until E.L.440.6 m.
4. Water reducing operation: inflow < 500m3/s, water level > E.L. 440.6 m
=maximum discharge = 500.0 m3/s
5. Normal operation
=water level < E.L. 440.6

@® The regulation of sediment inflow for Kusaki-dam.

| w==bed load, suspended load wash load s==rotal sediment
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The regulation of sediment inflow for Kusaki-dam. Data are from the Japan
Water Agency (JWA) and the Kanto Regional Bureau of the Ministry of
Land, Infrastructure and Transport (MLIT).




@The relationship of washed sediment and water flow
in the Kusaki Dam
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The relationship between wash-load quantity and the water quantity for Kusaki-dam
based on Egiazaroff, 1965, and Ashida and Michiue, 1972. Data are from the Water
Agency (JWA) and the Ministry of Land, Infrastructure and Transport (MLIT).

@®Modelling components considered in the

catchment framework for Kusaki Dam basin
Conceptual diagram

Sediment transport model of Catchment Simulator was applied to the Kusaki
Dam basin , a tributary basin of the Tone River, Japan. Bottom figure provides in
formation on the Kusaki Dam basin, which has a catchment area of 254 km2
and main water course length of 107km (6.4km). The model incorporates the
Watarase River as main channel, Kuraosaka River and Oshite River as
tributary.

Kurosaka River (trib

( =
e |

B Oshite River (tributary)

Calculation distance: Dam site (0.0k) ~
Upstream end (6.4k)
Total: crosection: 46

@®Dam sedimentation’s condition

(selected 13 terrain)
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@A vertical section of the riverbed variation. Data are from the
Japan Water Agency (JWA) and the Ministry of Land, Infrastructure and Transport
(MLIT).
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-The agreement of sedimentation form, flux with experimental result
indicates that the model was validated.

=The model used in this study also showed a limited ability to express
the complex phenomena occurring the sediment control dam.




@ A vertical section of the riverbed variation and current and
projected water levels.
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Although the form of delta formation is clear in the present condition, but the predicted
future tendency is extended to the reservoir front comparatively gently-sloping due to
increasing fine grain such as suspended load and wash-load.

Data are from the Japan Water Agency (JWA) and the Ministry of Land, Infrastructure and
Transport (MLIT).

@ Long-term variation of caesium-137 concentrations and the
sediment volume for current and simplefied projected condition.
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The amount of their cesium-137 discharge was
approximately 116.5 Bg/kg for MRI-GCM scenario and
135.9 Bg/kg for MIROC scenario. The comparison of
cesium-137 deposition ratio with present is 79.8.1% —
82.0% decreased

The dataset was partially provided by the National Institute for
Environmental Studies and Japan Water Agency.
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