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Battles of Soil Scientists in Fukushima, Japan



Accident of the Fukushima Daiichi Nuclear Power Plant

Nuclear Regulation Authority, Japan

Fukushima 
contaminated 
with 
radionuclides 
fallout by the 
accident of the 
Fukushima 
Daiichi Nuclear 
Power Plant.

Radiocesium
deposited on the 
ground surface.

Monitored on April 29, 2011



Objectives

First objective：
Field monitoring for radiocesium runoff from 
watersheds
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Second objective：
Numerical simulation of sediment and 
radiocesium movements



Location of field monitoring watersheds in Iitate Village

Hiso River watershed

Mano River watershed

Hiso River watershed:
Area:25.6km2

Start date: May 12, 2013

Mano River watershed:
Area:10.8km2

Start date: June 2, 2013



Distribution of radiocesium in Iitate Village, Fukushima
Airborne Monitoring on March 11, 2013

Hiso River watershed

Mano River watershed



Landuse

Hiso River watershed
Area:25.6km2

Mano River watershed
Area:10.8km2

Both watershed, forest account for close to 75%
→ Difficult to do the decontamination work such as taking top 
soil away in these mountainous area.



Instruments for field monitoring
Velocimeter

Water level sensor
Sampling inlet

Turbidity sensor

Rain gauge
Water sampler



SS runoff

Water discharge

Velocity
2-D Velocimeter

Compact-EM (JFE 
Advantech) Flow area

Turbidity
Turbidity sensor

Compact-EM
(JFE Advantech)

SS Cons.(continuous)
Calibrated equation

SS Conc.
Suction filtration

Water depth
Water level sensor

U20-001-04 (Onset)

Leveling
Total station

Water sampling
Automatic water sampler

6712（ISCO）

Cs runoff

Cs conc.
Germanium semiconductor detector

(SEIKO EG&G)

Precipitation
Rain gauge

RG3-M (Onset)

Methodology for field monitoring

Continuous measuring 
(Int. 10min.)

Discontinuous working
(Int. 1 or 2 hour)

Cs conc.(continuous)
Regression line

Filters with SS



Flow direction



Observed results (Hiso River) Raw data

Date (mm/dd)2013

Abnormal values
(excluded)



Observed results (Hiso River) Water discharge and SS

Date (mm/dd)2013



Observed results (Hiso River) Water discharge and Cs

Date (mm/dd)2013



Relationships between SSC with Cesium conc.(Hiso)

SSC vs. Cs137 SSC vs. Cs134

Relationships were approximately liner
→Cesium is attached with suspended sediment and organic matter
Ignition loss (fraction of OM) was about 30%
Particle size distribution was 
<2μm (Clay): 3-4%, 2 to 50μm (Silt):75-83%, 50μm – 2mm (Sand): 14-22%



Cesium content in suspended solids (Hiso)
Cs134

Average of Cs137 content was 76 kBq/kg-SS and that of Cs134 was 34 kBq/kg-SS.
These values were twice larger than the content of the top soil around this watershed.
→It may be the enrichment effect.
Referring from official reports*, these values were 5 times larger than the content of 
other rivers in Fukushima.

*Japan Atomic Energy Agency (JAEA) reports, 2013

Cs137



Cesium concentrations of two watersheds
SSC vs. Cs137 SSC vs. Cs134

Hiso
Mano

Hiso
Mano

Slope of Mano was smaller than that of Hiso
→ Surface soil Cs contents were different



Total values of two watersheds

Water runoff and SS runoff were almost same.
Cesium runoffs at Hiso were larger than that in Mano.
Cesium runoffs were very small comparing with reported cesium radiation of 
250 – 2000 kBq/m2.  → Weathering reduction of cesium is not effective.



Water Erosion Prediction Project (WEPP)

Developed by USDA National Soil Erosion Research Laboratory 
(NSERL) in 1989 as a hillslope erosion model.
In 1995, the model was expanded to the watershed scale.

Process-based model
Erosion, climate, hydrology, daily water balance, plant growth, 
residue decomposition, etc.

Different from the USLE, the WEPP model was constructed for 
the purpose of estimating soil loss at every rainfall event.



Geo-spatial interface for WEPP (GeoWEPP)
Developed by Renschler in 2001.
WEPP ver.2012.800 and GeoWEPP for AecGIS 9.X were used.



Preparing GIS data (DEM)

10×10m grid, Geospatial Information Authority of Japan



Preparing GIS data (Landuse map)
100×100m grid, National Land Numerical Information, Ministry of Land, 
Infrastructure, Transport and Tourism, Japan

Set the WEPP management as 
follows, 
Forest → Forest (default)
Upland → grass (default)
Paddy → grass (default)
No use → grass (default)
House → grass (default)
Others → grass (default)



Preparing GIS data (Soil map)
Soil map (1:50,000), National Land Numerical Information, Ministry of Land, 
Infrastructure, Transport and Tourism, Japan

Soil properties (fraction of clay,  
sand, and OM etc.) were used the 
values measured by Japan Soil 
Association.

Erodibility, Critical shear, and Eff. 
Hydr. Conductivity were not 
calibrated (The model calculated 
values were used).



Preparing climate data
Observed by Japan Meteorological Agency (JMA)
Daily climate data in Fukushima City for 30 years
Sub-daily precipitation data in Iitate Village for 15 years 
→ CLIGEN PAR File 

Daily climate data in Iitate Village from 2011 to 2013 observed by JMA
Sub-daily precipitation data in each watershed from 2011 to 2013 observed 
by us
→ Actual Daily Data from 2011 to 2013 was generated using CLIGEN Ver.5.X



Calculated soil loss and deposition
Result of Flowpath method in Hiso (Soil loss in each cell can be calculated)

Result of Flowpath method in Mano (Soil loss in each cell can be calculated)

The amount and place of soil 
loss or deposition can be 
calculated.



Result of Watershed method in Mano (Sediment yield in each hillslope can be calculated)

Calculated sediment yield
Result of Watershed method in Hiso (Sediment yield in each hillslope can be calculated)

Sediment yield in Mano was 
smaller than that in Hiso.
It is mainly due to the 
difference of slope angle.



Calculated sediment runoff and observed one

Total sediment runoff at outlet for observed 4 months (Jun. to Sep.,2013).
The calculated sediment runoffs were in approximate agreement with observed.



Simulation of the effect of cutting vegetation

Result of Sediment yield in Hiso
Trees and grass were cut on all of forests and grass lands.

Result of Sediment yield in Mano

Soil erosion was accelerated 
dramatically.

Average:
118 t/ha/y

Average:
108 t/ha/y



Estimation of cesium movements in a watershed

 
 

: cesium erosion rate (Bq/m2/y)
: cesium radiation (Bq/m2)

: sediment yield (g/m2/y)
: soil bulk density (g/m3)
: layer depth of cesium existing (m)

In this study, we assumed 
bulk density is 1.0 g/cm3 → (g/m3)
cesium is existing uniformly within 0 to 5cm layer

→ (m)



Calculated result of Cesium erosion (Hiso)

Distribution of Cs137 radiation (Monitored on March 11, 2013)

Distribution of calculated Cs137 erosion (Erosion acceleration scenario)

Average:
1021 kBq/m2

Average:
248 kBq/m2/y



Hillslope sediment yield and cesium yield
Sediment yield Cs137 yield

Present case will not expect cesium yield.
→ It can be considered that there is no effect of spreading of 
cesium in downstream area.

Cutting vegetation case will accelerate cesium yield.
→ Practical management plan and sedimentation technique will 
be required for safety and effective decontamination.



Conclusions

 Monitoring system for sediment and radiocesium
runoff was developed.

 Relationship between suspended sediment conc. 
and radiosesium conc. was almost linear. 
Radiocesium were flown with suspended sediment 
and organic matter.

 Radiocesium runoff was very small comparing with 
deposition density. Weathering reduction of sesium
would not be effective.

 WEPP/GeoWEPP model was employed to estimate 
sediment and radiocesium movements. Accuracy 
was satisfactory.

 WEPP/GeoWEPP model estimated the much 
amount of cesium erosion under the case of cutting 
trees and grass. 
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