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1. Overview of work 2

<Case 1>

B Work name:

B Work period:

B Description of work:

<Case 2>

B Work name:

B Work period:

B Description of work:

Reference: Basic specifications of building cover

- Dimensions:

- Main structure: Steel framed structure,

- Roof/walls:

Work to demolish reactor building cover

30 May 2014-20 June 2017 (Planned extension to end of August)
Partial demolition of reactor building cover, and other related work

(6 roof panels, 18 wall panels, partial demolition of steel frame columns
and beams, partial modification and reinstallation of steel frame
columns and beams, and other related work)

Work to install mist spraying equipment

29 September 201431 August 2016

Planning and implementation relating to mist spraying equipment
(Mist pipe facilities around reactor building, and other related work)

47 m x 42 m x eaves height 48 m
column base pins/column-beam

rigid joints (fitted joints)
Steel frame truss/membrane structure




1. Overview of work 3

<Work to install mist spraying equipment>
After dismantling the building cover, rubble pieces accumulated on the reactor building operation floor will be
removed.
To prepare for the possibility of radioactive dust scattering during rubble removal work, a plan was adopted for

installing mist spraying equipment to suppress dispersion of radioactive dust on the existing operation floor
steel frame.

i Building cover beam steel frame
B Basic plan .
P 4/0Ps5000 Top edge ofbeam Nozzle unit steel frame
H K J Ll N ] P | Q I_I
7o - o S \ | I
East side 53 . 4 West side g Vﬂzfm)pedgeofsleemame
== o e s a P g . x i ? - | k T+
. - r— V70P54900 Top edge of beam ?
| — — [
10z ' 2 Existing operation floor
& . | | steel frame
z = E2 € .
ga [ : — { 'V OP49603 Top edge of beam -
5 X o Mist angle 60°
| bidl o "
1 ES ] D i 2
g all C“‘_?
fod [ ‘3 \8 ri%
AR ~ |
% I
s I . -—gk == Mist angle 60°
o ]
e l E5 I A_ 2 : Y/0P44203 Top of edge beam ||
o = ! Sl | - S o eeren
L I £6 | S - | cOnapsSg;umes
_____ ] | ? e | :&* o™ ) \\ y/
I th -] == Mist angle 60° it /
| - _ 1 -
Ba: : -~ e 8 \ g i
; = - & AR
T =¥ T 1 L] Ll T J‘opaseooOpere«ionﬂoor R | —_—
B e wl 1 L2 = ~
s S| gupage [l = | |1900 6550 |
' ‘ . AT | - 1 |
d I 1 |

A Mist spraying equipment (nozzle) layout plan and misting pattern A Conceptual drawing of nozzle unit steel frame and misting



1. Overview of work A

<Work to install mist spraying equipment> [Problem (1)]

B Mist spraying equipment (nozzle unit steel frame) arrangement, east side FENEEETI T R USTal Re Lo e o]y
floor steel frame for nozzle unit

installation is at a high location
with high dose, and has many
interfering objects.

I

- Steel frame for misting (H-250 x 250)

Fam)

My

B

A Y

Water supply/air hose

Existing equij pipes

A Rooftop of lower section

Nozzle unit steel frame i
on east side

W support points
O 60° above collapsed slab (GISM60150 II): 7 locations
N | ] [Problem 2]
ozzle @ 50° below collapsed slab (GISM60150 Il): 3 locations The roof of the lower section on the

arrangement @ 60° below collapsed slab (GISM60220 II): 4 locations east side, where there is a need for
non-remote, manned work, such as

connecting pipes, has a high dose.




1. Overview of work 5

<Work to install mist spraying equipment> Solution to [Problem (1)] =

® Plan to remove interfering small rubble pieces and obstructing steel Implementation of remote control
frame for installation of mist spraying equipment (nozzle unit steel
frame)

e { i -
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i'i LA
Small suction machine e i 1 | ‘Small suction machine
Removes interfering rubble ~E‘ -;_C _{I'\:en]oves interfering rubbles )
S B Small
;v cutter/grippers or
= 1 f 1 I small suction
EEAys 1OAY VA TATAVATAY\YAVAY Vi r machine -':
r] { \ L} '
h--ti ' ' . . . .
H, o i o e s i ' ' | Holding and cutting with small cutter and grippers
oo N YAV AT ATA VA AVATAYA i ' '
1 | A [ ' .
el el : : A Conceptual image of
] ] . - . .
—— J removing interfering material
Unit No. 1 building Northwest yard , .
tem porary Storage area Today's Work, Tomorrow's Heritage
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2. Overall process 6

2014 2015 2016 2017
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<Dismantling work for reactor building cover>
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[ I 1 [ l ISuction rubble guch as roof | | Stction ¢ | H
I I I I ! I blocks on opefation floor 1 floor apain I 1
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. . I | 1 | ' 1 | 1
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I | 1 I I 1 Démolish I 1
I | 1 I I 1 a’ I 1
I 1 1 [ 1 1 | panels I 1
« Demolishing wall panels } | H | | H : ' !
} } : I I : : Partiblly demolish stdel frame
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. e I | 1 I I 1 1
« Partial demolishing of steel frame | ! ! ! ! I I ; ;
columns and beams, ! ! I l l I : l :
modification, reinstallation I I 1 I I 1 1 I 1

<Installation work for mist spraying
equipment>

Preparation work, related work
(Including work on mechanical
and electrical side)

1
Remove interfering rubble (r}at
obstrugts steel frame 1

Start operation of mist spraying equipment

Removing interfering rubble that
obstructs steel frame

Suction
small rubble

Removg obstriicting
stepl frame
Improve

Installing mist spraying
equipment
(around reactor)
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I Remove rubble and blocks
! from lower|section roof, . .
I Install mist spraying
| equipment
1
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1
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1
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1
1
1
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1
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* Improving environment

« Installing nozzle unit steel frame Ihstall nozzle unif steel frame

Cennect pipes

af other work

+ Connecting pipes for misting, etc.
Test operation |
and adjustment]

« Test operation and adjustment

4= £y plained this time (exposure reduction measures)
<@ Same as above (implementations afterwards) Today's Work, Tororrow's Heritage
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3. Measures to reduce exposure in each type of work 7

1) Suction of small rubble pieces using rubble suction system “Karuwaza-1"

Due to the reactor building explosions which occurred after the earthquake, many pieces of
small rubble, such as pieces of concrete, were present on the existing operation floor steel
frame. These interfered with the installation of mist spraying equipment (nozzle unit steel
frame), and had to be removed.

Since this is an elevated work environment with a high dose, equipment was developed to
suction up the small rubble pieces through remote operation, and work was done using a
remote guidance system developed at the time the cover was installed.

Duct rotation
| Left/right 90°

= Duct extension
L and contraction
0.5 m forward and back

A Rubble suction system




3. Measures to reduce exposure in each type of work 3

2) Removal of obstructing steel frame using obstructing steel frame removal system
"Hitokuchi"

In addition to small rubble pieces on top of the existing operation floor steel frame, bent steel
frames, pipes and other members are entangled, and present as obstacles.

An obstructing steel frame removal system with a small cutter and grippers function was
developed, and work was done through remote operation, just as in small rubble suction.

Small cutter ¥

. Drive/control

Arm section
- .

Attachment

AFull view of equipment

(Used by suspending from crane)
Weight: Approx. 18t
Drive system:  Hydraulic




3. Measures to reduce exposure in each type of work 9

3-1) Installation of mist spraying equipment (installation of nozzle unit steel frame)

Basic assembly and unit integration of the nozzle unit steel frame of the mist spraying
equipment (with pre-installed vertical pipe) were carried out in an area with a comparatively
low dose, and in mounting to the existing operation floor steel frame, all work was done
remotely using a remote guidance system.

A Basic assembly of A Nozzle unit steel frame installation
nozzle unit steel frames (East side) (East side 7 locations, west side 6 locations)

1]

] -
(B 5
% 1 X
1#'{'.:
1P

] S ]




3. Measures to reduce exposure in each type of work 10

3-2) Installation of mist spraying equipment (connecting pipes and other work)

Some non-remote manned work was necessary on the roof of the lower section of the
reactor building, such as installation of a horizontal pipe unit and connection of pipe with the
nozzle unit steel frame.

On the pertinent rooftop, the atmospheric dose was high due to dispersion of small rubble
pieces in the explosion after the earthquake, and thus the environment was improved by
removing small rubble pieces, roof blocks and other material on the roof. This was done as

far as possible through remote operation, using the machinery developed in 1 and 2 shown
before. - T -

Solution to [Problem (2)]
= Improve environment

A Roof of the lower section
(after improvement)
Removed small rubble pieces and roof

_ e o blocks, laid steel plate, and installed lead
A Suction using rubble suction machine plate

A Roof of the lower section
(before improvement)




3. Measures to reduce exposure in each type of work 11

3’) Results of improving atmospheric dose on roof of lower section on east side

‘ 1u T/B

(24 points) : =
OP+23500
Measurement date 15 Apr 2015 2 Apr 2016 1u C/B
: After improvement OP+17100
- Before improvement S O
Measurement condition (Before rubble removal) (After shielding i
with lead mat) - / +22100
| N7
Geometric mean value 11.24 mSv/h 3.04 mSv/h A Cover side | | |
DB
- . ] 11u-Rw/B
(Transformer 7 = N, N
equipment) u RB  fvew -2 /k Al A
. - Before improvement/after N N iR
Comparison conditions .
iImprovement
Percentage reduction 73.0% reduction

: Steel plate laid

I Lead mat

[No. 1 R/B east side, lower section]

: Approx. 4000 mm : : : : : :
_ : 1= : | : H :
OP+17100 [N i i i LTI opiqaz00 1
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oo 3.0(%0.Q)_ 3.0@.5.0.)____R_Z.Q(_ll.l)___;.}(2,5(1.6.0.)_4__* 2.5.(].5..0____} 2.5(18.0) _ _ 5(%5.0) _ j 3.0(11.0)_
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| » : : 1]
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Legend Before improvement |.----- {._4.5(15-0 T.:<._3..5.’-§(2L§-9). ___:X_3-5(J.3d0.)___34<_4..5(15..Q)_.§__,'<_4.5 (.ZL’D___; _5.5(21.0 =il 6.5(22.0)_ 1-6.5(20.0) _
9 (after improvement) L ! i Pl ! :
Measurement conditions: After improvement: 2 Apiil 2016, after piping and § . ' o I ' '
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(Before improvement: 15 June 2015, before rubble removal, no rainwater) / | | / | y \ | \ h
| X / 1 i 1 Vs i :
_I—l 1 1 ' Hvew -7 1 %’ 1
Vehicle for work HVCW -41 Csel =TT
at high locations T T .
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4. Implementations afterwards 12

4) Suction of rubble pieces such as roof blocks on operation floor using the large
rubble suction system "Karuwaza-2"

Prior to dismantling of the building cover wall panels, a plan was adopted of suctioning up
small loose rubble pieces such as roof blocks on the operation floor in order to reduce, even
a little, the risk of scattering radioactive dust.

In order to efficiently remove small rubble pieces over a wide area, a large rubble suction
system was developed, and all guidance and operation were performed remotely.

i B < .

A Obstacle removal A Discharge of small rubble

using small grippers (moving) such as roof blocks using large pieces using the large rubble
rubble suction machine suction machine
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4") Results of suctioning rubble such as roof blocks on operation floor

Results compared to a total planned suction amount of approx. 90 m?3 were: approx. 70 m3
suctioned (about 76%). Dosimetry values in rubble containers (holding 1-3m3 of rubble)
were 4—70 mSv/h (geometric mean of 15.3 mSv/h). (As of 3 August 2016)

Following dismantling of cover wall panels, | Steetvaterprooing |

suction work will continue while making [Crspmatvatermrotng | N\
adjustments between work steps. N Kot ey

s & = = = Bodyconcrete (surfacelayer) o o o o a
Body concrete

A Before suctioning small rubble A After suctioning small rubble pieces

ieces color-coded diagram P N
srimizu conporanion (2)
SHMZ



5. Radiation exposure levels of workers and effectiveness of measures to reduce exposure
14

For the work described before, remote operation and environmental improvement were priority items among measures for
reducing exposure (@ in the first table). However various other reduction measures were also taken (O in the first table).

Measures to reduce Removal of o
o o e Work efficiency
radiation exposure eparatio Shielding radiation . Management
improvement
sources
>0 = = @ P @ o =9 ©
S =8 c® | @ 3 3 8% = - woed 28 |Be=
: g =2 | 2=za = < 20 cEs £ 28| g (S8 G
. =F. TS | LeD = 5 =35 558 287 ERIEBENEEEE
. S S £c S5 8 =] = I=QSET 558 =25 FEREIEEEEERE
Work item o S S 2o | 2aT ) 2 59% =22 <9+ IEEEAIEEEEEFN-PE-
a = S® g&’% % 2] O 5 <3 D 'Ego _c%-cw %O %'Uqc)g-
= g 3 = D = =3 = 0 E.E ST SRR = =30
[l 172 — = o9 SS = OS'wX'D D = SEFH
§ S g ne | = 5 T ES 3 = T§2s| €8 |25
) = - ; n [ag = ° o 8— —
1) Small rubble suction ® O O O O O O O
2) Obstructing steel frame removal ® O O O O O O O
3-1) Installation of nozzle unit steel frame O, O O @) O O
3-2) Rooftop work for mist pipes, etc. ® O O O) O O O O O

The second table compares the results of these efforts (® + O in the first table) and estimates for the case of limited measures

(only O in the first table).

Number of operators and

exposure doses

Actual results this time

Projected increase in case
of limited measures

Projected total
limited m

in the case of
easures

Percentage reduction

1) Small rubble suction

Affiliated contractors

2) Obstructing steel frame removal

Affiliated contractors

3-1) Installation of nozzle unit steel frame

Affiliated contractors

3-2) Rooftop work for mist pipes, etc.

Affiliated contractors

Total

Affiliated contractors

(All workers)

Grand total

1,030

2,829
4,788

108.70

99.40

97.30

5717.05
1,277.70

386

1,476

2,242
3,248

119.39

86.63

31.55

947.62

1,185.19
1,743.29

* 1 person-day is 1 person working 2-4 h in 1 day

1,121

1,303

1,995

5,071
8,036

228.09

186.03

128.85

1,219.27

1,762.24
3,020.99

, @) (b) ()=(@)*(b) (d)=(b)/(c)
Work item
Number of operators Total exposure Number of operators Total exposure Number of operators Total exposure Number of operators Total exposure
(Person-days) (mSv) (Person-days) (mSv) (Person-days) (mSv) (%) (%)
JV employees 277 49.80 114 56.44 391 106.24 29.2% 53.1%

34.4%

20.9%

16.5%

74.0%

44.2%
40.4%

52.3%

mm_m-:mm 87.39 24.0% 47.0%

46.6%

m 37.65 -n-@-mm 18.9% 30.7%

24.5%

) T BT B ) T
“vewows | | e tos|  ssed0|  2ees| aseas|  men|  smw

67 3%
57.7%
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5. Radiation exposure levels of workers and effectiveness of measures to reduce exposure

1) Small rubble suction Exposure amount: Actual results, projechd increase
JV employees:
Aftiliated contractors:
2) Removal of interfering
steel frame
3-1) Installation of nozzle unit
steel frame
3-2) Work on roof for mist |
pipe, etc.
1,258
Total |
|1,762
Total number of workers : : . 3,020
0 500 1000 1500 2000 2500 3000 3500
mSv

Actual dose was reduced by approx. 57% compared to
the projected dose when using limited measures only.



<Reference> (1) Specifications of "Karuwaza-1" and "Karuwaza-2" 14

Item [Karuwaza-1] [Karuwaza-2]
oz -
5 =% 1 \ | ™ |
2997 | S | #i — Pl f R
rﬁ’&ﬁ g 3
A\ | P/
H= g
S t
© =
g ¢ 53 b )
Q \
< T = '_vv ¥ 5 m.m D
bd + e h - l
2922 | 272 g P
— ) - -1'1-:.{1 : E
2,500 : ...P
L 6000 + 396 .
L 9916
Rubble suction section
($450) t
= 39 |® Concrete rubble pieces on perimeter steel frame (approx. 20 kg max.) B Roof blocks (approx. 3.5 kg, 200 x 400 x t30 mm)
‘= @ g |m High dose rubble pieces in dust form B Concrete rubble pieces (approx. 40 kg max.)
Qe 3 . '
cE‘E 238 B River sand for water proofing
()
B Operation method: Suspended from crane and operated remotely B Operation method: Suspended from crane and operated remotely
B Approximate dimensions of main body (not including hand railing), weight: L13 x W2.5 x B Approximate dimensions of main body (not including hand railing), weight:
H5.5m, 22 t L10 x W2.9 x H6.6 m, 35 t
® B Suction air flow rate: 360 m3/min (adjustable air flow rate) m  Suction air flow rate: 630 m3/min (adjustable air flow rate)
_5 B Suction air speed: up to 100 m/s B Suction air speed: up to 65 m/s
§ B Filter configuration B Filter configuration
= * Rubble trap section (rubble pieces several mm or larger) P * Rubble trap section :
é * HEPA filter (99.97% or higher) x 6 sheets x 2 levels Recovery cap aCIty' (rubble pieces several mm or larger) Recovery cap aCIty
2 B Rubble bucket capacity: 1.5 m3 (disposable) 1-2 m3/d ay * Backwash type bag filter (99% or higher) 3-4 m3/d ay
® |m Operating range of suction duct: Rotate & 90°, (4 h work) * HEPA filter (99.97% or higher) x 9 sheets (4 h work)
= extend/contract 1 m B Rubble bucket capacity: 2 m3
(with shielding t=22 mm)
B Operating range of suction duct: Rotate & 90°

Today's Work, Tomorrow's Heritage
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<Reference> (2) Specifications of "Hitokuchi" 17

Small steel frame
cutter/grippers

"Hitokuchi"

® Operating weight: 18 t
(including attachment weight)

® Power: Diesel engine 22 kW
® Installed power
(1) Hydraulic pump 21 MPa
(2) Hydraulic motor 25 MPa x 2 (fan rotation)

(3) Generator for survey equipment:
AC100V, 3.1 kVA Suspended

® Attachments type
(1) Cutter FE-350 x 1 (0.85t)
(2) Grippers FE-350-PC x 1 (1.13 1)
® Network cameras
(1) WV-SC385 x 1
(2) AXIS M3027 x 2
(3) AXIS M5014 x 3
(4) Equipped with sound-focusing microphone



<Reference>
(3) Specifications of nozzle unit steel frame of mist spraying equipment 18
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Thank you for your attention.



