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"FY2019 Project to Enhance the Radiation Exposure Dose Reduction Measures
for Works Relating to the Docommissioning of
TEPCO's Fukushima Daiichi Nuclear Power Plant"

Good Practices
in Radiation Exposure Dose Reduction Measures

Demolition method of
exhaust chimney

Area to be demolished

Reactor building

Demolition method of
exhaust chimney

Cutting from inside of the chimney &

The cutting part is fixed to prevent it from falling and then cut
from inside with a metal cutter.

Demolition of Unit 1/2 exhaust chimney by remotely-controlled robots
Source: ABLE
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Principles for Radiation Exposure Protection

(1) Reducing external exposure

To reduce external exposure, itis important to understand the following four
principles of radiation exposure protection.

Ml JCRA Maintain sufficient distance from radiation

If possible, move away from the

radiation source and do not get any

closer to it than required (also

remember where the waiting areas ..‘

are). a

| Ml Remove radioactive materials

Move radioavtive materials or wash
out them from the inside of piping

(flushing). (/

MUNECE  |nstall shielding

Cover radioactive equipment, piping and
others with shielding materials such as
leadwool or lead plates.

W' Reduce working time

Ensure sufficient preparation
before conducting work, such as
discussing procedures involved
or inspecting tools so that work
proceeds smoothly.

(

(2) Preventing internal exposure

To prevent internal exposure, it is important to wear the required personal protective
equipment so that radioactive materials are not taken into the human body.

Measures also need to be put in place to prevent radioactive materials from being blown

around in the air, as well as to contain (and limit) any contamination and stop it spreading
(dispersing).

ilavle]CIMll \\Vear protective equipment Sllel[o]l:I7A Utilize equipment and materials

Wear the required personal
protective equipment and fit the
respiratory protective equipment
properly so that there are no
leaks in.

For work where there is the risk of
dust being blown around, utilize
temporary shelters or exhaust fans
with filters.

NI \ove to safety

Move to a non-contaminated area
immediately in the case of injury.

M CR:M Clearly outline contamination zones

Clearly outline contamination zones
and ensure full control and
management of access to the zone.
Cover any objects being taken out of
the contamination zone with a sheet or
similar material to prevent spreading
(dispersing) contamination.




1F Site Operation Zone

(1) 1F site operation zone status

Control

Zone

Protective Equipment

Red zone (Anorak areas)

- Inside unit 1 to 3 reactor buildings
- Area with stagnant water around unit 1 to 4 buildings

- Full-face mask

- 2 layer coverall or anorak
- Work boots (for R zone)

- Helmet (for R zone)

- Cotton gloves + rubber gloves

- Inside buildings that include water treatment facilities (such as |- Full-face mask
desalinization units, multi-nuclide removal facilities) - Coverall
Yel | ow - Work in areas around tanks that contain concentrated salt water, | - Work boots (for Y zone)
strontium-treated water*!, and work that involves the handling of |- Helmet (for Y zone)
Zzone transport lines to tanks - Cotton gloves + rubber gloves
. - - Half-f k
(Co ver a-l I - Around unit 1 to 4 buildings ] C:verifle mas
- Specified as required to suit work environment (such as inside
ar eaS) unit 5 and 6 buildings, parts of storage areas for high-radiation |~ Work boots (for Y zone)
exposure dose rubble) - Helmet (for Y zone)
- Cotton gloves + rubber gloves

Green zone (Regular uniform areas)

Areas except the above: Changed from Y to G on and after March 30, 2017.
Part of peripheral area of Unit 1 to 4 buildings and slope faces of Units 1 to 4

- DS2 mask

- Site clothing, regular work clothing*2

- Work boots (for G zone)

- Helmet (for G zone)

- Cotton gloves + rubber gloves or work
gloves

- Inside important anti-seismic buildings and inside rest areas

*1: Excluding work that does not involve the handling of concentrated salt water, tank patrolling, field surveys in

the work planning phase, observation visits, etc.

*2: Certain light work (such as patrolling, monitoring and transportation of items brought in from outside the

premises).

(2) 1F site area map

[ R zone [Anorak area]™?
Y zone [Coverall area]?
1 G zone [Regular work clothing area]’®

(o) Continuous
dust monitor

(Material provided by Tokyo Electric Power Company Holdings, Incorporated.)

Uni
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it 3
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W

s e a

Former entry and exit control
point for units 5 and 6
- & -t )

Slopes for
units 3 and 4

-
ol ]

-

Y

*2: The Y zone shown in dotted yellow lines is for when working with concentrated salt water or work related to contamination, and requires G zone equipment during patrols or
when conducting site surveys for creating work plans. When performing work under high dust concentration (such as demolishing buildings) in the G zone, or working with

concentrated salt water or work related to tank transfer lines, those areas will be temporarily specified as the Y zone.
*3: In addition to the G zone in the map, also applies to some areas of the common pool building 2F and 3F.




Contents List of Good Practices in Radiation Exposure Dose Reduction Measures

Radiation exposure dose equivalent (mSv)

No. Location | Category Title Notes
Before After Reduction
Implementation | Implementation amount
01-01 RB 3 ‘Unlt 2 refactoAr building 1FL: Removal of obstacles to carry 2544 899 1,645
in machines in front of X-6
01-02 RB 5 Remote operation of heavy machines and robots 3,907 2,189 1,718
01-03 RB 5 Heavy machine operation by robot 3,907 2,189 1,718
01-04 RB 5 ‘Unlt 2 re_actoAr building 1FL: Removal of obstacles to carry 626 63 563
in machines in front of X-6
01-05 RB 5 ‘Unlt 2 re_actoAr building 1FL: Removal of obstacles to carry 450 08 422
in machines in front of X-6
01-06 RB 7 Gantry st(_ael frame assembling with prefabricated 3.907 2189 1,718
construction method
01-07 RB 7 _Unlt 2 re_acto_r building 1FL: Removal of obstacles to carry _ _ _
in machines in front of X-6
01-08 RB/TB 3 T_entatlvg shleldl_ng before installation of retained-water _ _ _ 2.0 10 0.45 mSvih, etc.
discharging equipment
01-09 RB/TB 7 T_entatlve_ shleldl_ng before installation of retained-water _ _ _
discharging equipment
01-10 RB/TB 7 T_entatlve_ shleldl_ng before installation of retained-water _ _ _
discharging equipment
01-11 R 4 Decontamination of the entire building areas to reduce the _ _ _
dose rate
01-12 R 4 Decontamination of the entire building areas to reduce the _ _ _
dose rate
01-13 Y 3 Unit 1/2 stack disassembly using robots -- - - 0.7 to 0.01 mSv/h
B ray shielding at the bottom of the tank due to 5.71 to 0.90 mSv/h (By
01-14 Y 3 . -- -- --
disassembly of flange-tank ray)
01-15-1 v 4 Utilization of laser decontamination when disassembling 179.7 1270 527 Exposu.re of eye
flange-type tanks lens/skin from (3 rays
01-15-2 v 4 Utilization of laser decontamination when disassembling 179.7 1270 527 Exposu.re of eye
flange-type tanks lens/skin from (3 rays
01-16 v 6 Remote—controlled contamination containment in 2a.89/tank | 0.00itank | 24.89/tank Exposqre of eye
disassembly of flange-tanks lens/skin from (3 rays
01-17 Y 6 Unit 1/2 stack disassembly using robots -- -- --
01-18 Y 6 Unit 1/2 stack disassembly using robots -- -- --
01-19 VA 7 Visualization of exposure / Visualization of contamination -- -- --
01-20 VA 7 Exposure simulation -- -- --
01-21 VA 7 Remote monitoring system (RMS) utilization (1) -- -- --
01-22 VA 7 Remote monitoring system (RMS) utilization (2) -- -- --




Location Category

i 1 [Time Good Practices in Radiation
Inside turbine . .
A i 2 |oistance Exposure Dose Reduction
R ZONE R (3| shielding

Y ZONE Y R B 3 4 SR:choeVing radiation M eas u reS

G ZONE G 5 S:g:;tiz»ncomrol,robot

6 Prevent.ing .spread of
Other ( zZ contamination N o . 01_01
) 7 [Other
Title Unit 2 reactor building 1FL: Removal of obstacles to carry in machines in front of X-6
Work location Unit 2 reactor building 1FL

Overview |[Obstacles are removed to carry in machines in X-6 on Unit 2 reactor building 1FL.

Before Implementation After Implementation

Assessment Radiation exposure
o 2,544
(qualitative/ Efiects dose (mSv) o 899
Q ) Person time (person- » B
days)

Good Practice
Description

Before Unit 2 reactor building 1FL, the main working area, had a high dose rate and there was a concern that people
Implementation  could be severely exposed to radiation if machines were moved manually.

Implementation . s L
pDeta"S Various shielding measures were taken as shown below to minimize the exposure of workers.

<Engineering-type exposure dose reduction measures>

Ve | Heavy machine shielding, shielded carrier | ™
Shielding glass [Shielded heavy Check of shielding effects
A camera is installed for monitoring from a Opening for | " machine]
monitor at driver's seat. work \ N - ~
\ (1) Backhoe [ (2) Fork lift

Measurement place:

North-west area [Manned shielded heavy machine]

[Manned shielded
heavy mach
——

Measurement place: Entrance area_
for carrying-in large objects #L5

=i} M W
a— 040 [ |
] BEIOTE . Before Implementation: o
Shielded heavy Shielded fork lift Shielded carrier for thbl'(ljed ;Tgéemgc;ﬁtnon. Reduction |1.50 mSvih - Reduction
machine (backhoe) high-place work ialr?ief After Implementation: :>rate 60% gf“l%' %’gﬁ/‘lehmema“m [> rate 73%
/ .00 mSv/h NG /

L &
<Engineering-type exposure dose reduction measures>

/4| Waiting area shielded |— | Check of shielding effects

'(5) On-site headquarters (" (6) Entrance area for carrying-in

. Entrance area for carrying-in large
On-site headquarters "
a objects e "D

9% 4
Before Implementation: Before Implementation:
0.10 mSv/h Reduction ||:0.10 mSv/h Reduction
After Implementation: rate 97% | ‘After Implementation: rate 85%
10.003 mSv/h /10.015 mSv/h
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Location Category
rade o o) 1 [Time Good Practices in Radiation
Inside turbine . .
A i 2 Joisance Exposure Dose Reduction
R ZONE R 3 [Shielding
Y ZONE Y R B 5 4 SR(;elzrrlcoeving radiation M eas u reS
G ZONE G @S:g;tiz-ncomrol,robot
Other ( 6 Prevent.ing .spread of
Z contamination -
) o P No. 01-02
Title Remote operation of heavy machines and robots
Work location On roof of and around reactor buildings of Units 1 and 2

Overview [Heavy machines and robots were remotely operated to reduce human-power work.

Before Implementation After Implementation
Assessment Radiation exposure
(qualitative/ Effects dose (MSv) 3,907 2,189
W Person time (person- B B
days)
Good Practice
Description
Before The areas on the roof of the reactor buildings and around the buildings had a high dose rate and there was a

Implementation  concern about people’s severe exposure to radiation.

Implementation

Details Heavy machines and robots were remotely operated if possible to minimize human-power work.

Overview of remote operation - Remote operation from a remote room in the important anti-seismic
system building

- Installation of LAN cable to container house of the site
- Communication operation via wireless LAN cable from container house
- Reduction in exposure of operators

Remote
equipment

Remote room in important anti-
seismic building

Important anti- o N
seismic building n

Edited by: Japan Environment Research Co., Ltd.



Location Category
e e (o) 1 [Time Good Practices in Radiation
Inside turbine . .
A i 2 |oisance Exposure Dose Reduction
R ZONE R 3 [Shielding
Y ZONE Y RB 5 4 SR(;ell‘:lcoeving radiation Measures
G ZONE G @S:g;tiz-ncomrol,robot
Preventing spread of
Other ( z 6 contamtingtioz NO. 01_03
) 7 |Other
Title Heavy machine operation by robot
Work location Outside Unit 1 and 2 reactor buildings
. Heavy machines are operated by using robots around Unit 2 reactor
Overview oo
building.
Before Implementation After Implementation
Assessment Radiation exposure
(qualitative/ Effects dose (mSv) 3,907 2,189
W Person time (person- _ .
days)

Good Practice
Description
Before The areas on the roof of the reactor buildings and around the buildings had a high dose rate and there was a
Implementation  concern about people’s severe exposure to radiation.

Implementation . . . L
P Details Heavy machines and robots were remotely operated if possible to minimize human-power work.

Sustainable
Artificial
Muscle

- SAM

Ordinary operation

Remote operation from the remote room
Demolition operator can have sufficient work time
without restriction due to radiation and contribute to
exposure reduction.

Edited by: Japan Environment Research Co., Ltd.



Location Category
e e (o) 1 [Time Good Practices in Radiation
Inside turbine . .
A i 2 Joisance Exposure Dose Reduction
R ZONE R 3 [Shielding
Y ZONE Y RB 5 4 SR(;elzrrlcoeving radiation Measures
G ZONE G @S:g;tiz-ncomrol,robot
Other( 6 Prevent.ing.spread of
Z contamination -
) o P No. 01-04
Title Unit 2 reactor building 1FL: Removal of obstacles to carry in machines in front of X-6

Work location

Unit 2 reactor building 1FL

Overview |[Obstacles are removed to carry in machines in X-6 on Unit 2 reactor building 1FL.

Details

dose reduction measures>

Before Implementation After Implementation

Assessment Radiation exposure

(qualitative/ |  ETects dose (MSv) 626 63

O S Person time (person- _ _

days)
Good Practice
Description
Before Unit 2 reactor building 1FL, the main working area, had a high dose rate and there was a concern that people

Implementation  could be severely exposed to radiation if machines were moved manually.

Impl tati . . o
mplementation s 1achines shown below that can be operated with a robot or remotely were used to minimize human-power work.

<Engineering-type exposure

Making a heavy machine unmanned and

VS its remote operation \
Remotely operated i o
heavy machine Remote transportation Remote monitoring robot
carrier
Husqgvarna
. 9
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Location Category
I &3 1 [Time Good Practices in Radiation
Inside turbine . .
>t TB 2 |Dist
istance Exposure Dose Reduction
R ZONE R 3 [Shielding
Y ZONE % R B 5 4 SR:L:?::ing radiation M easu res
G ZONE G ®§:enr\;tlii-ncomrol, robot
Other 6 Prevenlving ;pread of
( v contamination N O . 0 1_05
) 7 |Other
Title Unit 2 reactor building 1FL: Removal of obstacles to carry in machines in front of X-6
Work location Unit 2 reactor building 1FL
Overview |Obstacles are removed to carry in machines in X-6 on Unit 2 reactor building 1FL.
Before Implementation After Implementation
Assessment Radiation exposure
o 450 28
(qualitative/ Effects dose (mSv)
Person time (person- - -
days)
Good Practice
Description
Before Unit 2 reactor building 1FL, the main working area, had a high dose rate and there was a concern that people could be

Implementation  severely exposed to radiation if machines were moved manually.

Implementation  Various remote monitoring techniques shown below were used, and work construction methods to use, if possible, low-
Details dose rate areas were employed.

Remote monitoring system, remote monitoring N

(Monitoring screen in
the headquarters) (Remote monitoring
Q== screen)

gtatus of RMS
installation)

- (Remote
# monitoring
camera)

(Personal control

M .
(RMS monitoring screen) board)

(Remote phone
equipment)

oA

\ Use of low dose-rate area ‘

Area for inspection of heavy
machine and preparation of
materials and machines

i v
; :Bmuwlml

Cask storage Panel gate

=

Y zone

AbOUt  Carrying-in
5uSv/h  entrance

T

1

1

|

|

|

1

|
exchange

[ area

|

i

|

|

|

b

1]

1]

1

1

l

|

Local
exvaust T

3 \
About 1 pSvlh\W

Y zone

(designated by the
company)

tentative
aterials and

Confidential information. Use, copy, or release for other than the original purpose is prohibited. 13
Tokyo Power Technology
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Location Category

b (&5 1 [rime Good Practices in Radiation
Inside turbine . .
= 2 pistance Exposure Dose Reduction
R ZONE 3 [Shielding
Y ZONE RB 7 4 SR:ller\:eving radiation Measures
G ZONE 5 S:;:;J:ii:omrol,robot
Other( 6 Prevem.ing.spread of

Z contamination -

) o No. 01-06
Title Gantry steel frame assembling with prefabricated construction method

Work location

Seawater pump area => Around Unit 2 reactor building

Gantry steel frame was assembled in a seawater pump area where the dose ratio was

Overview low, and the gantry was moved to Unit 2 reactor building by using a super-carrier.
Before Implementation After Implementation
Assessment Radiation exposure
- Effects 3,907 2,189
(qualitative/ dose (mSv)
Person time (person- B B
days)

Good Practice

Description

Before

Implementation - was a concern about people’s severe exposure to radiation.
implementation Gantry steel frame was assembled in a low dose-rate area and the gantry was moved to Unit 2 reactor

Details

Base assembling ->
Transportation plan

30.000

[Overview of a plan to use base
assembling yard

57,500
Area for cargo handling,

tentative storage, tentative 1
| arrangement, base assembling = |

S Aunit 4 sets

¢ Scaffold changing

30,000

57,500

Area for cargo handling, He s
tentative storage, tentative e
arrangement, base assembling

e :
T | B unit: 2 sets

(.
THAHH

building, in order to reduce exposure during the assembling work.

The areas on the roof of the reactor buildings and around the buildings had a high dose rate and there

Base steel frames are assembled in a low dose-rate area and
carried to a reactor building where the frames are installed. This
large unitization construction method can reduce unnecessary
exposure.

iy

0.05 mSv/average
- [T & )

[First base assembling
yard]

i i_|

ip=g]
apa

2 b+ ey

Cross sectional view of a super
carrier when it carries an object.

[Transportation route on
the site]

El [Building yard] ‘|>
FEE—r— —
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Location Category
F;zg;;eacmr @ 1 [ime Good Practices in Radiation
Inside turbine f M
T 2 |Distance Exposure Dose Reduction
R ZONE R 3 [Shielding
Y ZONE Y RB 7 4 SR:[:?:eving radiation Measures
G ZONE G 5 5:22;2::ontrol,robot
Other ( 6 Prevent.ing.spread of
Z contamination -
: o= No. 01-07
Title Unit 2 reactor building 1FL: Removal of obstacles to carry in machines in front of X-6
Work location Unit 2 reactor building 1FL

Overview |[Obstacles are removed to carry in machines in X-6 on Unit 2 reactor building 1FL.

Before Implementation After Implementation
Assessment Radiation exposure
- Effects dose (mSpv) B B
quantitative) Person time (person- _ _
days)
Good Practice
Description
Before Unit 2 reactor building 1FL, the main working area, was contaminated with alpha-ray emitting nuclide and it was

Implementation  necessary to completely prevent internal exposure.

Implementation  Training to wear and take off protective equipment and to experience contamination was conducted in advance to
Details prevent body contamination and internal contamination due to taking off the protective equipment.

/ Implementation of table-top education \

-What is alpha ray?

Implementation of contamination
experiencing training

[ ol
=19

e
-External exposure and internal exposure

- -

-
| = Inhaling (internal exposure) gives

o, - A&, - alarge burden on individuals.
el B " -
-

..,! I

M= Tokyo Power Technology
2R Radiation control group

Edited by: Japan Environment Research Co., Ltd.



Location Category
g (&5} 1 [Time Good Practices in Radiation
Inside turbine i H
@ 2 |Protance Exposure Dose Reduction
R ZONE R RB/ (3)shielding
Y ZONE Y 3 4 SR(;e‘?:coevingradia\tion Measures
G ZONE G TB 5 S::;Jltii-:omrol, robot
Other( 6 Prevent.ing.spreadof
Z contamination -
) - No. 01-08

Title Tentative shielding before installation of retained-water discharging equipment

Work location Unit 1 to 4 reactor buildings, turbine buildings, etc.

Overview |conducted before installation of retained-water discharging equipment in various

Training with mock-up, improvement of accessibility, and shielding of pathways were

places including Unit 1 to 4 reactor buildings, turbines, RW/B, etc.

Implementation
Details

Shieldin
i

front'of

Before Implementation After Implementation

Assessment Effects Radiation exposure 2.0 and others (see 0.45 and others (see

G D dose (mSv) below) below)
quant|tative) Person time (person- . .

days)

Good Practice

Description
ImpIeBnL:fSr:teation The work was conducted in various areas, some of which had a high dose rate.

Atmosp'hereln M Reduction

13 5038 mSvih

Shielding was installed mostly in work areas where a high risk of radiation exposure was expected. As a result,
the dose rate was reduced by up to 78%. In addition, reduction in exposure for workers to walk on the pathways
was also cared for.

g in work areas with high dose rate

Reduction
rate: 40. 0%

oye
4 Reduct|0n

rate: 72. 0%

Reduction
rate: 77. 5%

Reduction
rate: 50. 0%

rate: 73. 1% R

Exposure reduction measures not only for work time

but also for people to walk on pathways

Edited by: Japan Environment Research Co., Ltd.



Location Category
rede e (o) 1 [rime Good Practices in Radiation
Inside turbine . .
© 2 |Drstance Exposure Dose Reduction
R ZONE R RB/ 3 [Shielding
Y ZONE Y 7 4 SR:[:Tr\:eving radiation Measures
G ZONE G TB 5 S;gr\;tiz::ontrol,robot
Othe I'( 6 Prevent'ingvspread of
Z contamination _
) O No. 01-09

Title Tentative shielding before installation of retained-water discharging equipment

Work location Unit 1 to 4 reactor buildings, turbine buildings, etc.

Training with mock-up, improvement of accessibility, and shielding of pathways were
Overview |conducted before installation of retained-water discharging equipment in various places
including Unit 1 to 4 reactor buildings, turbines, RW/B, etc.

Before Implementation After Implementation
Assessment Radiation exposure
‘W Effects dose (MSv) - N
guantitative) Person time (person- N B
days)

Good Practice
Description

Before

Implementation The work was conducted in various areas, some of which had a high dose rate.

implementation FOr higher passage efficiency, corridors were reviewed and newly installed and vertical ladders were
Details switched to stairs.

Corridors and stairs were installed in the areas.

‘ Changing vertical ladder
PP to stairs )

Work efficiency and safety were improved.

Edited by: Japan Environment Research Co., Ltd.



Location Category
I‘Jj‘.ﬁ‘,?n;e"‘“"' &5 1 |Time Good Practices in Radiation
Ins_id_eturbine B 2 |Dist .
S © i Exposure Dose Reduction
R ZONE R RB/ 3 [Shielding
Y ZONE v 7 4 S:l:rr\:eving radiation M eas u reS
G ZONE G TB 5 Spegr\;tiifomrol, robot
Other ( 6 PrevenFing 'spread of
Z contamination -
) oter No. 01-10
Title Tentative shielding before installation of retained-water discharging equipment
Work location Unit 1 to 4 reactor buildings, turbine buildings, etc.

Training with mock-up, improvement of accessibility, and shielding of pathways were conducted
Overview |before installation of retained-water discharging equipment in various places including Unit 1 to 4
reactor buildings, turbines, RW/B, etc.

Before Implementation After Implementation
Assessment Radiation exposure
Effects ose (mspv) - -
quantitative) Person time (person- _ _
days)
Good Practice
Description
Before Increase of the work time was concerned because there were many kinds of work areas and because

Implementation  of poor workability.

Implementation  Training with mock-up was conducted in advance to shorten the work time and check the operation
Details procedure.

Training was also conducted for removal of obstacles other than by using robots and for installation of
pumps. :

Reduction in work time by training

Overview of muscle robot

Edited by: Japan Environment Research Co., Ltd.



Location Category

R 1 [time Good Practices in Radiation
= 2 |istance Exposure Dose Reduction

R ZONE 3 |Shieldin
Y ZONE Y R 4 @ Remaving ’ag““"" M easures
5

6

7

Ilnside reactor building

Ilnside turbine building | TB

source
Remote-control, robot

G ZONE operation
Other ( Prevent-ing.spread of
z L -
, T No. 01-11
Title Decontamination of the entire building areas to reduce the dose rate
Work location All 1F building areas

Dose rate was high in all 1F building areas, so decontamination was required to improve the working environment. We
Overview established the decontamination targets, designated the areas, took measures, such as decontamination/facing, and
reduced the equipment.

Before Implementation After Implementation
Assessment Effects Radiation exposure _ B
(Qualitativsy dose (mSv)
guantitative) Person time (person- _ _
days)

Good Practice

Description

Before Dose rate was high in all 1F building areas. Especially the areas around Units 1 through 4 were high, and dose rate reduction was urgent in

Implementation  order to reduce exposure.

Implementation We established the decontamination targets, designated the areas, and took measures, such as decontamination/facing. As a result,

Details 5uSv/h was achieved by the end of FY2015, excluding the areas around Units 1 through 4 and waste storage areas.
. : Dose rate (uSv/h
April 2016 April 2017 SV
B 1000~
I 500~ 1000
100 ~ 500
50 ~ 100
20 ~ 50
5~20
W o-s
;\—\Eﬁ_czxn 3K " o ?
Source: Japan Space Imaging Corporation, ©DigitalGlobe Source: Japan Space Imaging Corporation, ©DigitalGlobe
April 2018 April 2019
- o g i
Source: Japan Space Imaging Corporation, ©DigitalGlobe Source: Japan Space Imaging Corporation, ©DigitalGlobe 3
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Location Category

Ilnside reactor building

- 1 [rime Good Practices in Radiation

Ilnside turbine building

B

Distarce Exposure Dose Reduction

Shielding

Y ZONE

source

G ZONE

Remote-control, robot
operation

Other (

2

[Fzone ® R|4 o Measures
Z
7

Preventing spread of

contamination NO . 01'12

Other

Title Decontamination of the entire building areas to reduce the dose rate
Work location All 1F building areas
Dose rate was high in all 1F building areas, so decontamination was required to improve the working environment. We
Overview established the decontamination targets, designated the areas, took measures, such as decontamination/facing, and
reduced the equipment.
Before Implementation After Implementation
Assessment Radiation exposure dose
(@aarpy | M0 (me - -
guantitative) Person time (person-
days)
Good Practice
Description
Before ) - -
. Full-face mask was required for all 1F building areas, and workability was extremely poor.
Implementation
Implementation We established the decontamination targets, designated the areas, took measures, such as decontamination/facing, and reduced the
P Details protective equipment by area. Due to this, most of the building areas became G zones (excluding R/Y zones), and we were able to

1) At the time of the accident -
| Full-face mask was requried in all
building areas.

reduce protective equipment.

2) March 8, 2016 -
Site Operation Zone operation started (Green zone:
Approximately 90%)

3) March 30, 2017 -
Changed the ocean side, etc. of Units 1 through 4 to
Green zone (Green zone: Approximately 95%)

4) May 8, 2018 -
Changed the surrounding roads of Units 1 through 4 to
Green zone (Green zone: Approximately 96%)

Source: Japan Space Imaging Corporation, ©DigitalGlobe
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Location Category . ) o

Ilnside reactor building | RB 1 |Time G OOd P ra.CtI Ces I n Rad Iatl 0 n
Ilnside turbine buiding | TB 2 |Distance Expo sure Dose Red u Ct| on
IR zone R ( 3)[Shietding

Y ZONE Y Y 3 4 |Removing radiation source M eas u res

G ZONE G 5 :;:::ieo-;:onlrol. robot

Ot , 6 o No. 01-13

) 7 |Other
Title Unit 1/2 stack disassembly using robots

Work location Outside of reactor building for Units 1 and 2

. In order to disassemble the stacks for Units 1 and 2, we used remote-controlled disassembly robots. We also
Overview . ) . .
installed portable shields near the robot inspection areas to reduce exposure.

Before Implementation After Implementation
Assessment Radiation exposure dose
Effects fation expost 0.7 0.01
Q O (mSv)
quantiative) Person time (person- _ _
days)
Good Practice
Description
Before The dose rate for the disassembly robot inspection areas was 0.7mSv/h or less.

Implementation

Implggg ?ltsatlon Portable shields enabled free movements depending on the operation, and additional shields were also freed.

Demolition method of exhaust A
chimney £

Area to be demolished

l Reactor building

/ e -

A crane is used to insert a demolition machine to the upper part of
the chimney.

Demolition method of exhaust
chimney

Cutting from inside of the chimney

The cutting part is fixed to prevent it from falling and then cut from inside with a
metal cutter.

Edited by: Japan Environment Research Co., Ltd.



Location

Category

Good Practices in Radiation

Ilnside reactor building | RB 1 [Time
Ilnsideturbine building | TB 2 |Distance EXpOSu re Dose Red uCtlon

R ZONE R 3 [shielding

Y ZONE LY) Y 3 4 |Removing radiation source M e aS u reS

G ZONE G 5 OR;;:::‘i’-:omrol, robot

Preventing spread of
Other ( z 6 contammagxtlo?\ N 0. O 1 - 14
) 7 |Other
Title B ray shielding at the bottom of the tank due to disassembly of flange-tank

Work location

Flange-tank installation areas

We have manufactured remote-controlled coating equipment in order to contain the contamination produced

Implementation

Implementation
Details

Overview during the disassembly of 17 flange-tanks, and have been containing contamination during disassembly.
Before Implementation After Implementation
Assessment iati
Effects Radiation exposure dose 571 0.90
6 (mSv)
quantrative) Person time (person- B B
days)
Good Practice
Description
Before

B+y rays were high at the bottom of the tanks, and B ray exposure became an issue.

We installed rubber boards at the bottom of the tanks and plywood panels + aluminum boards on the sides to block {3 rays.

Dose equivalent rate measurement result within C10 tank
(Measurement location: 50cm from the side board, 1.2m
from the floor)

Black: Before implementation Red: After implementation

Measure: Installation of shielding

- Install shielding rubber at the bottom of the tanks.

- Install plywood panels + aluminum boards on the sides
of the tanks

Unit: mSv/h

7.5
1.0

Reduction effect (B+y ray dose equivalent rate average)
Before implementation: 5.71 mSv/h
After implementation: ~ 0.90mSv/h: 84.2% reduction
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Location Category ) ) o
Ilnside reactor building | RB 1 |Time G OOd P raCtI Ces I n Rad Iatl 0 n
Ilnsideturbine building | TB 2 |Distance Exposu re Dose Red uction
Ir zone R 3 [Shielding
Y ZONE LY) Y 4 Removing radiation source M eas u res
G ZONE G 5 :;:::E-I::ontrol. robot
Other ( 7 6 |conaminaton No. 01-15-1
) 7 |Other
Title Utilization of laser decontamination when disassembling flange-type tanks

Work location 1F building tank yard

We are performing laser decontamination in order to reduce B ray exposure when

Overview . .
disassembling flange-type tanks.
Before Implementation After Implementation
Assessment Radiation exposure dose
(qualitative/ Effects (msv) 179.7 (B ray) 127.0 (B ray)
) Person time (person-
days) B B

Good Practice
Description

Before Inside of flange-tanks was contaminated with nuclide emitting high-energy B rays, so 8 ray exposure was an issue when disassembling

Implementation  tgnks.

We used modified laser decontamination equipment to decontaminate the entire tanks in order to reduce exposure to 3 rays adhered to

Implementation
the surface of the tanks with the aim of reducing exposure and preventing contamination expansion during tank disassembly.

Details

Before tank "

decomam'nt'on [Specifications of the laser equipment]
= ' ‘ Laser type: Fiber laser

Oscillation method: Continuous wave (CW)
Irradiation unit: 3D galvanoscanner

Laser output: Max. 2000W

Control room

Filter booth

Filter box

4

Dust collector for collecting
transpiration materials
(100 m?/min)

Dust collector for
ventilation for the entire

tank
(30m/min)

Differential pressure
gauge for inside of the
tank

Transpiration material collector

A

Main shaft Transpiration material

collector

f

— Laser Laser arm

Laser arm Laser

After tank
. decontamination

i WS
IR
¥ Vel

Filter booth

Filter box

L

Dust collector for collecting
transpiration materials (100
m?2/min)
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Location Category

Good Practices in Radiation

Ilnside reactor building | RB 1 [Time
Ilnsideturbine building | TB 2 |Distance EXpOSu re Dose Red uCtlon

R ZONE R 3 [Shielding

Y ZONE LY) Y 4 @ Removing radiation source M e aS u res

G ZONE G 5 OR;::aozz-:omrol, robot

Oth 6 Preventing spread of

er z contamination N 0. Ol_ 15_2
) 7 |Other
Title Utilization of laser decontamination when disassembling flange-type tanks

Work location

1F building tank yard

Overview

We are performing laser decontamination in order to reduce [3 ray exposure when
disassembling flange-type tanks.

Before Implementation

Assessment
Effects

Radiation exposure dose

179.7 (B ray) 127.0 (B ray)

Q 6 Person time (person-
antiativd) ime

Good Practice
Description

Before

Implementation  tgnks.

Implementation
Details

=> move was repeated.

laser rotating by approximately 180 degrees.

Laser arm

Laser arm

range

Laser irradiation range

Tank side

Inside of flange-tanks was contaminated with nuclide emitting high-energy {3 rays, so 8 ray exposure was an issue when disassembling

We used modified laser decontamination equipment to decontaminate the entire tanks in order to reduce exposure to 3 rays adhered to
the surface of the tanks with the aim of reducing exposure and preventing contamination expansion during tank disassembly.

»Laser irradiation to the tank side was 1 block (600x300mm). Irradiate => move => irradiate

»There are 2 laser arms, and laser irradiation to all of the tank sides is made possible by each

300

600
|
1
T
T

Laser irradiation order
300

600

Laser irradiation per block

Laser irradiation

Number of blocks per tank:
Approximately 2,500
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Location Category

Ilnside reactor building | RB 1 |Time G OOd P ractl Ces I n R ad Iatl O n
Ilnside turbine building | TB 2 |Distance Exposu re Dose Red u Ct' on
Ir zonE R 3 [shielding
o O Y | O e Measures
- I, rob
G ZONE G 5 5:3:‘22:0mr0 robot
Other ( , O Fii NoO 01-16
) 7 |Other !
Title Remote-controlled contamination containment in disassembly of flange-tanks
Work location Flange-tank installation areas
Overview We have manufactured remote-controlled coating equipment in order to contain the contamination produced
during the disassembly of 17 flange-tanks, and have been containing contamination during disassembly.
Before Implementation After Implementation
Assessment Radiation exposure
(qualitative/ Effects dose (mSv) 24.89/tank 0.00/tank
) Person time (person- 5 5
days)
Good Practice
Description
Before . .
Implementation B+y rays were high at the bottom of the tanks, and B ray exposure became an issue.

Implementation For coating the inner surface of the tanks with paint with the aim of shielding  rays and preventing dust, we used the special
Details coating equipment for flange-tanks to contain contamination and also reduced man-powered work as much as possible.

Exposure reduction effect

*Average geometric mean dose rate in tanks before coating (B + vy
rays)

2.54mSv/h Spraying completed

- In case of man-powered work (2 workers)
2.54mSv/h X7h x 2 people x 0.7 = 24.89 people/mSv
*30% reduction by wearing Anorak is considered.
- In case of unmanned work using spraying equipment
Actual radiation exposure dose between the installation and
removal of the spraying equipment
B+y 0.00 people/mSv
Per tank: Reduction of 24.89 people/mSv

= Achievements

(1) Reduction measures finalized in ALARA and other meetings are being implemented as common measures for radiation workers a nd site
workers.

(2) The relay yard, which had a relatively low dose rate outside the high dose work areas, could be used and this was effecti ve in reducing
exposure dose.

m Future challenges

(1) Even with rotating shifts, worker allocations remain uneven due to differences in the skills and experience levels of ind ividual workers.
As a result, dose exposures are distributed unevenly among workers. — Continue implementing worker allocation plans

(2) Scheduled work could not be completed due to many equipment failures, resulting in unexpected increases in exposures.

(3) Although worker movement flows were decided, there were a number of cases where workers did tasks under staff's instructi on not in
line with those flows and had to move through areas with high dose rates during an evacuation time. — Continue managing movement
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Location Category ] ) o

Ilnside reactor building | RB 1 |[Time GOOd PraCtlceS In Rad Iatlon
Ilnside turbine building | TB 2 |Distance EXpOSU re Dose Red u Ctlon
R ZONE R 3 [Shielding

Y ZONE Y Y 6 4 |Removing radiation M easures

G ZONE G 5 ?pe:::ttiz-:omrol. robot

ther 2 O R No 01-17

) 7 [other )
Title Unit 1/2 stack disassembly using robots

Work location

Outside of reactor building for Units 1 and 2

Overview

In order to disassemble the stacks for Units 1 and 2, we used remote-controlled disassembly robots.
We also installed portable shields near the robot inspection areas to reduce exposure.

Assessment

Effects - -
@Eﬂ/ dose (mSv)
quaniifative) Person time (person- B B

Before Implementation After Implementation

Radiation exposure

days)

Good Practice
Description

Before
Implementation
Implementation In order to cut/disassemble stacks, we coated the inside with dust scattering preventive agent in advance
and monitored the dust concentration at all times during the cutting work.

Details

Scattering of radioactive materials was a concern when cutting/disassembling stacks.

Measure to control scattering of radioactive

materials

Spraying dust scattering preventive agent

Spraying equipment

Measure to control scattering of radioactive |
materials

Dust monitor main body

Spraying on the inside of the stack

Cutting position Dust monitoring position
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Location Category
Ilnside reactor building | RB 1 [Time GOOd PraCtlceS In Rad Iatlon
finsice wrbine buitding | TB 2 | Distance Expos ure Dose Red u Ctl on
R ZONE R 3 [Shielding
Y ZONE v Y 6 4 SR:LT::ing radiation M e aS u reS
G ZONE G 5 E:gr]aottieo—:omrol, robot
Oth 6 Prevent.ing.spread of
er ( z c contamination N 0. 01_18
) 7 |Other
Title Unit 1/2 stack disassembly using robots
Work location Outside of reactor building for Units 1 and 2
Overview In order to disassemble the stacks for Units 1 and 2, we used remote-controlled disassembly robots.
We also installed portable shields near the robot inspection areas to reduce exposure.
Before Implementation After Implementation
Assessment Radiation exposure
- . Effects dose (mSv) -- -
quaniifative) Person time (person- N B
days)
Good Practice
Description
Before

Implementation Increase in the work time was a concern when cutting/disassembling stacks.

Implementation
Details

In order to cut/disassemble stacks, we performed thorough mock-up training to master the skills.

Scene from the mock-up training
in Hirono Plant

Demonstration test for
Demonstration test for disassembly work
disassembly work 1

= il

preparation for the disassembly work implementation. g /' We improved the working method and equipment.
- e ~ T -

o r—

We considered the working method and developed equipment in
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Location Category _ ] o

Ilnside reactor building | RB 1 [Time GOOd PraCtlceS In Rad Iatlon
fosice wrbine building | TB 2 |Distance Exposu re Dose Red uctlon
R ZONE R 3 |Shielding

Y ZONE v Z 7 4 SR:LT;W“Q radiation M eaS u reS

G ZONE G 5 S:;?E(:tti:::omrol, robot

ot e 6 Lo

, (2 Dot No. 01-19
Title Visualization of exposure / Visualization of contamination

Work location

Naraha-machi community center, others

With the aim of giving exposure/contamination simulation to workers on 1F, we made “Visualization of

Overview exposure” and “Visualization of contamination” videos for exposure reduction training.
Before Implementation After Implementation
Assessment Radiation exposure
@W‘, / Effects dose (MSv) B -
quantitative) Person time (person- B B
days)
Good Practice
Description
Before Issues in the field that arose along with the progress of the decommissioning work of Fukushima Daiichi Nuclear

We made “Contamination containment” and “Mask fit test” videos for exposure reduction training.

Contamination containment / Mask fit test

Implementation  Power Plant were difficult to comprehend.
Implementation
Details
Contamination
containment
Project commissioned by the Ministry of Health, Labour and
Welfare

"Project to Enhance the Radiation Exposure Dose Reduction
Measures for Works Relating to the Decommissioning of TEPCO's
Fukushima Daiichi Nuclear Power Plant "

*Actual usage on site
Source: Tokyo Electric Power Company Holdings, Incorporated.

Peel while rolling inside

Mask fit test

Project commissioned by the Ministry of Health, Labour and
Welfare
"Project to Enhance the Radiation Exposure Dose Reduction
Measures for Works Relating to the Decommissioning of TEPCO's
Fukushima Daiichi Nuclear Power Plant "

o W

S
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Location Category
Ilnside reactor building | RB 1 |Time G OOd P raCtI Ces I n R ad I a-tl O n
fisice wrbine buitcing | T8 2 | Distance Exposu re Dose Red uctlon
R ZONE R 3 [Shielding
Y ZONE v Z 7 4 SR;LT:eving radiation M e aS u reS
G ZONE G 5 E:érséiﬁomrol, robot
Other ( ‘ 6 Pre\[/entAingrspread of
z contamination N . 1_2
) :) [ 7) Other 0 0 0
Title Exposure simulation
Work location Naraha-machi community center, others
Overview With the aim of giving exposure/contamination simulation to workers on 1F, we proposed/established
the “Visualization of exposure” system for exposure reduction training.
Before Implementation After Implementation
Assessment Radiation exposure
Ffects | ose(msy - -
quantitative) Person time (person- B B
days)
Good Practice
Description
Before \ s . . L
Implementation There was no video (system) to “simulate exposure” in exposure reduction training in Japan.
ImpIeDn;; r:lgation We proposed/established the “system to simulate exposure” for exposure reduction training.

Created simulation system to show that light = radiation source

Camera

llluminance

Light meter

Example of camera image display (Inside of the
black box is the projection image)

(Projected using a projector, enabling many
people to see) Exposure
amount (mSv)

Exposure rate (mSv/h) or E

Nevé\(vu;ter "le exposure amount (MSv) ;
used to the work || Exposure rate changes over Sound the alarm if the

(green) time and working time (T) exposure limit is
T exceeded

Experienced W\‘ Exposure limit (mSv/day)
worker used to [
the work (red) P

Exposure amount and
working time (T)

™~

Exposure amount (red line) by different jigs =
mSv

- Short distance = Large exposure

- Long distance = Small exposure

‘

Exposure rate (yellow line) by different jigs = mSv
- Long distance from the source = Small exposure rate
- Short distance from the source = Large exposure rate

\
\ Working time (T) \
1 s \

1
\ Closest to the
Instantaneous exposure [ 2 diaion source
ce

rate (mSv/h
( ) Slight distance from the radiation sour

Longest distance from the radiation source, using a long jig

We are able to display the exposure rate, etc. according to
the working situation by also displaying images of the
working scenes within the black box.
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Location Category _ ] o
Inside reactor building | RB 1 [Time GOOd PraCtlceS In Rad Iatlon
reide e bidng | TB 2 |Distance Exposure Dose Reduction
R ZONE R 3 [Shielding
Y ZONE v Z 7 4 SR:LT;W“Q radiation M eaS u res
G ZONE G 5 Zjegg;:omrol, robot
Other ( ) 6 |comaminin " _
) \Z) @Other No. 01-21
Title Remote monitoring system (RMS) utilization (1)

Work location

Main processing building, etc.

Although RMS is effective in reducing exposure for managing personnel, etc., conventional RMS was

Overview large/heavy and restricted the installation site, etc. However, we developed compact/light RMS and
also improved the usability.
Before Implementation After Implementation
Assessment Radiation exposure

Qe
quaniifative)

Effects

dose (mMSv)

Person time (person-
days)

Good Practice
Description

Before
Implementation

Implementation
Details

himself

Although we were using RMS to reduce exposure, the equipment was large/heavy, etc. and could not be easily
installed.

We developed compact/light RMS and used in place of the conventional RMS. As a result, we confirmed that it was
easy to install/remove and was effective in reducing exposure.

Due to having weight and requiring installation space, it
is not easy to install

Wireless APD battery exhaustion / Lack of a function to
enable a user to check the radiation exposure dose by

Size of the communication equipment main body
Need to establish networks separately for APD and

communication equipment

A dosimeter operates for approximately 4 months on one battery. Information

Software/equipment display in English

.

One set consists of one monitoring PC and 10 units of information

terminals are charged using special stands.

A user can check his own radiation exposure dose with an information terminal on site.

Wireless communication of various devices is uniformly established through Wi-Fi.

Equipment installed on site (cameras/relays) has dustproofing and waterproofing

Support system in Japanese
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Implementation

Implementation
Details

Dosimeter

Communication equipment
(inside of the gear)

Location Category
—r— 1 Trime Good Practices in Radiation
fsice wrbine building | TB 2 |Distance EXpOS ure Dose Red u Ctl on
R ZONE R 3 [Shielding
Y ZONE Y 2 7 4 |Removing radiation M easures
G ZONE G 5 Remote-control, robot
operation
Other ( 6 Prevent.ing.spread of
z contamination N . 1_22
) O (7)Other 0 0
Title Remote monitoring system (RMS) utilization (2)
Work location Main processing building, etc.
Although RMS is effective in reducing exposure for managing personnel, etc., conventional RMS was
Overview large/heavy and restricted the installation site, etc. However, we developed compact/light RMS and
also improved the usability.
Before Implementation After Implementation
Assessment Radiation exposure
Effects - -
1@@: / dose (MSv)
quaniifative) Person time (person- __ __
days)
Good Practice
Description
Before Although we were using RMS to reduce exposure, the equipment was large/heavy, etc. and could not be easily

installed.

We developed compact/light RMS and used in place of the conventional RMS. As a result, we confirmed that it was
easy to install/remove and was effective in reducing exposure.

and dose display (smartphone type) are equipped on the chest,

and communication device is equipped on the inside of the gear.

AT CERTRUNN )

Dosimeter

Smartphone type
dose display
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Entrance area for carrying-in large

On-site headquarters objects

Shielding glass

A camera is installed for monitoring
from a monitor at driver’s seat. Opening for work |

Shielded heavy Shielded fork lift Shielded carrier Mobile shielded
machine (backhoe) for high-place carrier
work

Good Practices

Issued in January, 2020
Commissioned by the Ministry of Health, Labour and Welfare
"FY2019 Project to Enhance the Radiation Exposure Dose Reduction Measures

for Works Relating to the Decommissioning of
TEPCO's Fukushima Daiichi Nuclear Power Plant"

Assignee: Japan Environment Research Co., Ltd




