Present (Completion of Step 2) Within 2 Years Within 10 Years After 30-40

Step1,2 |  Phase1 >> Phase 2
<Achieved Stable Conditions> | Period to the start of fuel removal Period to the start of fuel debris
from the spent fuel pool removal
-Condition equivalent to cold (Within 2 years) (Within 10 years)
shutdown
Significant Supp -Ct e the removal of fuels from | “Complete the fuel removal from the spent

the spent fuel pools (Unit 4 in 2 years) | fuel pools at all Units

of Emissions

-Complete preparations for the r I of
fuel debris such as decontaminating the
insides of the buildings, restoring the
PCVs and filling the PCV's with water
Then commence the removal of fuel
debris (Target: within 10 years)

-Reduce the radiation impact due to
additional emissions from the whole
site and radioactive waste generated
after the accident (secondary waste
materials via water processing and
debris etc.) Thus maintain an effective
radiation dose of less than 1 mSviyr at
the site boundaries caused by the
aforementioned.

-Continue stable reactor cooling

plete the pr ing of
water
-Maintain stable reactor cooling and
accumulated water processing and -Continue R&D on radioactive waste
improve their credibility. processing and disposal, and

commence R&D on the reactor

-Commence R&D and decontamination taciili=s decommisaion

towards the removal of fuel debris

-Commence R&D of radioactive waste
processing and disposal

Actions towards systematic staff training and allocation, improving motivation, and securing worker
safety will be continuously implemented.

Figure 1. Mid-and-long-Term Roadmap Summary
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Soliciting ideas for model-case decontamination demonstration (decontamination
demonstration in 12 municipalities)

Group Adopter Municipalities
Group A Taisei Consortium Minamisoma-city, Kawamata-machi, Namie-machi, litate-mura
Group B Kajima Consortium Tamura-machi, Futaba-machi, Tomioka-machi, Katsurao-mura
Group C Obayashi Consortium Hirono-machi, Oockuma-machi, Naraha-machi, Kawauchi-mura

Soliciting ideas for demonstration of decontamination technologies (select 25 entities)

Macoho, Co., Ltd.

by wet-blasting

Entity Themes for demonstration Entity Themes for demonstration Entity Themes for demonstration
Volume reduction by thermophile Takenaka . ] i T
JAXA biaes s bt a Corporation Multi-step washing of soil Tokyo Institute of adsorbing/coagulating/precipitatin
= Technology g agents compounded with iron
o i Decontamination and volume i
Decontamination by mole-cluster Koriyama Chip reduction by washin, ferrocyanide
Natures, Inc e Industry Co., Ltd incinerating wood and tree bark
Decontamination by surface
Decontamination of road surface Toshiba Corperation Technique to retrigve Cs from soil Kictec Inc. processing with ultra high-

pressure water

Wash-off of Cs by nano-bubble

i Kyoto U i
Rohto Pharmaceutical, yoto University e

Volume reduction of radioactive
Co.,Ltd. il

material in 5o Taisei Corporation

Surface decontamination for
making woody waste into chips

Increasing efficiency of

Obayashi Corporation | 4o contamination of woodland, etc.

Decontamination of soil; volume

Sato Kogyo Co., Ltd reduction

Konoike Construction
Co., Ltd

Decontamination of wreckage and

Kantechs Co., Ltd PR A

e Removal of Cs from soil

Velume reduction by wet
classification of soil and surface
grinding

Corporation

Hitachi Plant
Technologies, Ltd.

Mikuniya Corporation Organic volume reduction system

Nippon Steel Volume reduction of removed dirt,

Volume reduction by dlassification
of soil and heat treatment

Engineering Co., Ltd sludge, etc Kumagai Gumi Co.,

Lid

Volume reduction by special
washing equipment

Maeda Corporation

Toda Corporation Volume reduction by washing

Fukushima

Development of dose reduction

Decontamination of street gutters
in the housing land by artificial
zeolite blocks

Decontamination technique of

Sty e Prefectural Forestry

Research Centre

Necnite Corporation

technique for woodland

Shiga Toso

Decontamination not by washing
with high-pressure water;
mitigation of contamination by
hydrophilic coatings

=
5 EEhE
fenir 4
Fii e

P PRHRL o s U R 7 SRR
B SR RLT I Hame s
[ I PR Y RO PO SRpRy 4 S50 o e
oo TR fol i 155 IR ] M P IR P
AR TS~ R B SR R

¥ £ R -

o

%

e
f%
Yl
B

HE

fﬁﬁﬁﬂﬁi

4. eIl

ikl
WO A ol = R M B o
LA SB[ 12 -
AR ST AR YN I A

.,_‘\

A i ik

48

&

> PRI i A 2 s

P14 R SRR RIE S -3 WS R

i)

YRR

"=

R

’\7‘1{{%\& IE[\jl'ﬁ

P TS  YSYAGEE P R PO [ T O -




[Temporary storage facilities] [Decontamination]

| Overall schedule of decontamination project | ;;;';;),‘;Zm” schedules for Group C will be

| «++++Monitaring method and monitoring points

| Draw up monitoring plans will be determmined.

| Briefing sessions for the residents and municipal staffs | «+++Overall schedules and monitoring plans
T will be presented.

=+« «Effects of the sarthquake and the tsunami

N i o
Ascertain the current condition of the (collapsedidamaged houses etc.) will be

residenti'al areas ascertained. .
Conduct survey for the temporary ¥ oot  dose rates before canducting
storage facilities | Conduct pre-decontamination monitoring | dec on will be .

=ss+Decc ination plans are prep

L ‘ based on the current conditions of private

repare plans Tor the temporary | P | houses etc. ascertained and the result of
torage facilities Prepare plans for decontamination pre-decontamination monitoring.

i ‘, === =Current conditions of private houses etc.

= - - - ascertained, the result of pre-
[ Briefing sessions for the residents and municipal staffs | decontamination monitering, and

+ * decontamination plans will be presented.
«+++Dacontamination will be conducted in

StartTonst “c‘:G‘r'iml_lﬁe‘,:e"mm ary | | Conduct decontamination | accordance with the decontamination

plans. Monitoring will also be
* conducted when necessary.

‘ Carry decontamination waste in to the

temporary storage facilities | Conduct post-decontamination monitoring | === -Radiation :::? rates will be. |
l =« ++Pgst-decontamination monitoring data will
‘ Close the temporary storage | | Evaluate monitoring results | be studied, and the effectiveness of
facilities; conduct monitoring decontamination method aleng with
* radiological conditions after

P - - - decontamination will be evaluated.
| Briefing sessions for the residents and municipal staffs | «++=Results of post-decontamination
[ | monitoring and the effectiveness of
¥ dece 1 will be p d
| End of project | *1: Schedules for presentation sessions may change slightly
due to unforeseeable events.
*2: The progress of decontamination will be posted for the
residents and municipal staffs on an as-needed basis.
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Object Technology Demonstration Test Result Remarks
=
Rotally Sublimation System GI],DDl]Bqﬂ_(g _ < _leIJBq;‘kg Taiheiyo Cement
D =>99.9% Corp.
. 15,000Bq/kg = 330-390Bq/kg Rohto
Blend Air Tornado Pump and Cyclone System Scavenging ratio; >98% Pharmaceutical) Cos
5,400-12,000Bq/kg = 1,100-1,300 Bg/kg
Multistep Soil Washing System Scavenging ratio; 79-94% Takenaka Corp.
Soil Soil Diameter Ratio; >5mm(20%), 0.075-
D i . Grain Size Separation System (Volume 5mm(72%), <0.075(8%) Kumagai Gumi Co.,
econtamination |, tion) Activity Ratio; >Smm(1%), 0.075- Ltd.

5mm(12%), <0.075mm(87%)

High Pressure Water Jet, Micro-Buble Voltex
Breakdown and Turbid Water Treatment
System

6,000-7,000Bq/kg => 800-1,000Bq/kg

Sato Kogyo Co., Ltd.
Decontamination Factor; 76-87%

5,0008q/kg = 450Bq/kg

Elution Factor; >91% STz,

Retreve System By using Oxalic Acid

Roof Tile and Wall [pust precipitator Type Sander(1), Strippable  [Surface Decontamination Rate; (1)35-56%,

Decontamination [Paint(2) (2) 50-68%
Decontamination rate; (1)Hard Concrete,

Shiga Toso

Con;rrlete and Decontamination by Mol-cluster Ozone water 50%, (2)Asphalt, 70%, (3)Building, 70% Natures, Inc
Asphalt Concrete Surface; Decontamination rate;
P . . High Pressure Water Jet (J-Remover) ONCReLe Surrace; L econtaminasion rate; Kictec Inc
Decontamination 94-99%
C te, Interlocking Brick and Asphalt
etc. Wet Blast Decontamination anerets, _n er CEALSERESELIEE AR e Co,. Ltd.
Decont ion rate; 60-70%
Water Artificial Zeolite Brick Purification Factor; 47% Maeda Corporation
. . Iron ferracyanide Purification Factor for swimming pool Tokyo Institute of
Decontamination g water; >90 % Technology
Stirring device with water Sec{ft;mln::nni:acmr;(l]E.u:srireen :(:rw:mac?lft d
Tree bark ree; , (2)Deciduous Tree; ndustry Co,. 3
. . (1)High Pressure Water Jet and (2)Purification |Decontamination Factor; (1)75-
Decontamination of collecting water by absorbing 94%(Depend on kind of tree), Neonite Corporation
material(Neonite) (2)>99%(under detection limit)
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Pulverization by tractor
~ equipped with a vertical
harrow

QO Concentration of radioactive cesium
within soil
10,370 Bq/kg = 2,600 Bg/kg
(reduction :75%)

Q Air dose rate on the topsoil surface
7.1 uSv/h = 3.4 uSv/h

Scraping by tractor

equipped with a rear
blade instead O Volume of disposed soil

approximately 40t/10a

O Time required for removal
approximately 55~70min./10a

Disposal/ sandbagging
by tractor equipped This method is applicable in agricultural

with a back hoe land regardless of dose of radioactivity
and land category.

Volume of disposed soil is larger.

B=H s PR BRI R R SRR G- )

O Concentration of radioactive cesium
Spray of solution by within soil

dissolving magnesium 9,090 Bq/kg > 1,671 Bq/kg (reduction :82% )
hardener in water

QO Air dose rate on the topsoil surface
7.8 uSv/h = 3.6 usv/h

O Volume of disposed soil
approximately 30t/10a
(less than topsoil removal without soil
hardener)

Hardener solution
permeates and
topsoil hardens

( 7 to 10 fine
weather days)

*Hardening of soil prevents scattering of soil dusts,
so it is effective for safety of operator.

Topsoil was colored white, so it facilitates visual
checking omission of removing.

*Cost of hardener is approximately 170,000 yen/10a.
*No harmful effect to soil after decontamination.
*The same result is expected when polyion or
molecular polymer is used.

Removal of
topsoil

H=H 7 PR ER I RS R T EREH -G O )
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Short grass in
grass plot

Shovel up turf by a front
loader and carry out.

Turf slicer, Sugano
Farm Machinery Mfg

QO Concentration of radioactive cesium in soil
13,630 Bg/kg = 327 Bo/kg
(reduction : 97%: scrape thickness 3cm )

Draw and remove by a front
loader and carry out.

Decontamination efficiency is high, it is possible

combining weeding and decontamination as one

O volume of soil to dispose(including glass) )
task.

approximately 40t/10a
This method is applicable in a turf, grasspasture

O Operation time and weed where root matt is well grown.
250 minute / 10a (approximately)

= A e~ B R A U SR AR (S )

O Radioactive cesium concentration (dry soil)
Paddle soil 15,254 Ba/kg > 9,689 Ba/kg
(surface layer soil) (reduction : 36% )
O surface dose rate
7.6 uSv/h > 6.5 uSv/h

QO volume of soil to dispose
about 1.2~1.5t/10a

Pump mud suspension

to drainto a O Concentration of radioactive cesium in
sedimentation basin top layer clear water is below detection
limit

Reduction of concentration of radioactive cesium
within soil differed from types of soil and in a range
between 30% and 70%.

Facilitate separation of
soil and water in
sedimentation basin

Desirable results are not expected where clay
content in the soil is small.

The advantage of this method can reduce the soil

Top layer clear water wastes after decontemination.

I FIb R AR YR T BB ()
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10-15¢m

Plow with a jointer (Plowing depth  ..r
30cm, tow by a tractor)

25-300m

Plow cultivation

topsoil was buried in
the layer of 25 to 40

B, i al
Madified 2 layered plow (Plowing
depth 45¢cm, tow by a tractor)

% topsoil was buried in
¥ the layer of 40 to 60

g

Rotary cultivation

Depth distribution of radioactive cesium after plowing in{(30 cm)

Plowing in (30 ¢cm)
O Surface dose rate
0.7 uSv/h - 0.3 psSv/h

O soil to dispose:no

QO Operation time
30 minutes / 10a

Before operation, risk assessment of
ground water contamination and
assessment of soil are essential.

Two layered plow(Plowing depth
60 cm, tow by a D6 bulldozer)

RPe -~ B EE I EBURERE RS - BT ()

water purification . .

B R R e 100% 600
80% 2
400
D 0% C
g \\_“*ﬂ\- - 300 p
O 40% =
g 200 M
" —+ decrease, %
20% ) 100
\ -= counts per minute
3 0% ; : 0

50 75 100125150175 200225

water pressure, MPa

B 2 AR R AR SEER - )
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DEMONSTRATION of DECONTAMINATION

- Decontamination Pilot Project: Concrete, Asphalt -

® high pressure water

" Ice blasting

DEMONSTRATION of DECONTAMINATION
- Decontamination Pilot Projects: Building -

P P4~ B B RS R T AR RS
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Examples of Temporary Storage Facilities
-Safety Measures of Temporary Storage Facilities-

Shielding by
conbrete
Vents (for the storage of fallen leaves etc.) | | Cover soil or sandbags Scm Reduced by 51% Reduced by 57%
+Preventing spontaneous combustion 'Sh'9|d'"_§l ] g 4 10cm Reduced by 74% Reduced by 79%
*Preventing dispersion, spills,

offensive odors 15cm Reduced by 86% Reduced by 89%

Drainage tanks 30cm Reduced by 98% Reduced by 99%
-Storage of seeping Protection soil Impermeable layer or impermeable Signs efc.

:Preventing the degradation of || liner sheets
impermeable liner sheets -Preventing the intrusion of rain water

-Displaying the summary of
the facilities, the contents,
emergency contacts, etc.

water (retained water)
*Checks on radioactive
concentration

Collecting and draining
| lines for seeping water
*Collecting and

draining water

=5

Integrating dosimeter
etc.
*Monitoring air dose

Groundwater
Impermeable layer or impermeable liner
sheets

- Collecting and draining water
-Preventing the contamination of groundwater

Protective layer

Groundwater and stream water - Assisting to collect water Fences etc.
*Monitoring groundwater quality and *Preventing the contamination of groundwater -Defining boundaries
radioactive concentration (adsorbing cesium) of the premises

* Protection for the impermeable liner sheets *Preventing intrusion

(Example: mixture of sand, silt, and clay)

RIDY 2~ FUR AR R E S RIS SRR EE R R TG )
DEMONSTRATION of DECONTAMINATION

- Temporary storage for radioactive waste -

Embankment or sandbags .
Tank for checking of for shielding I el Tank for checking of
radioactivity concentration mpermeal_ b : ayer radioactivity concentrafion Impermeable layer
ofiseding water Gas discharge or liner sheet of seeping water  Eropankment or sandbags or liner sheet
‘é»-. for shielding

Fielible tontziper bags
Flexible containes bags

Embankment for Tank for checking of

Tank for checking of
radioactivity concentration
Impermeable layer of seeping water

or liner sheet

Embankment or sandbags

shielding radioactivity concentration for shielding

of seeping water

Impermeable layer
or liner sheet

Sandbags

Protective layer
{Supplemental layer for
water collection

P - B R A RIS RRE T SRR RS )
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FH RIS PR A | d A 3V 20 pERES A B (4 FUE) 0.1 = 0.2 micrometers » JEZEI [
TRH]GES T RAIEER D (B SR IVES 12 [ A o AP RNRE ISR =
15Bq/Cm” = EAEFR N TEIEIATS 305 [l A yS 0 iRy R0 RS ol i
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1 = - BRIFEYR

Fitness Main characteristics
Satisfy a decontamination target.
Must treat a waste fluid.

Satisfy a decontamination target.
Blast x  |Must set up a Blast system.
Must treat a spent bit.

Satisfy a decontamination target.

Wet process |Asid cleaning x

1 x
Grind Must set up a dust catcher system.
Aspigel A Satisfy a deco_ntan_aination target.
D Must neutralization a spent gel.
Ty process Neorever x Not satisfy a decontamination target.

Not satisfy a decontamination target.
Gel |Alaradecon x Quick-drying and good strippable
Spent gelcan be incinerated.

Satisfy a decontamination target.

DECONGEL O  [Slow-drying

Spent gelcan be incinerated.

Al g N 2 % DECONGEL £+ EI?Y’EE'[‘?F/WJ » 2 Alaradecon fﬁ@?{ I
RS ROt - TR T TR D e - SR - R
BN SYRISANEL AT - TEPRIR TS AR IR = o B S ﬁ'ﬁ'ma% P AEEYR
@?x%‘ﬁ:ﬁ%% [TF* 0.1Bg/cm? °
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Survey of before decontamination
(Direct & Smear)

v

Wipeup surface with wet cloth  fp=====——————————

v

Applied DECONGEL to the surface

¥ I ——

v

Wipeup DECONGEL with wet

cloth ===> Incinerate

v

Survey of after decontamination-1
(Direct & Smear)

v

Applied Alaradecon to the surface

v

Strip Alaradeconto thesurface [r=======sm==a===

07

Survey of after decontamination-2
(Direct & Smear)
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protective clothing 54 kg
Rubber glove 27 kg
Wet cloth 148 kg
Spent DECONGEL 10 kg
Spent Alaradecon 32 kg
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