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All Units continue to be in cold shutdown

% Cooling water injection

Building cover

Fuel removal cover
Fuel removal completed

1535 11535

Dec. 22, 2014

Blowout panel (closed)

Reactor building (R/B)

i

Primary
Containment
vessel
(PCV)—___|

Spent fuel pool
(SFP)

i
Ll
1y

|
=

Suppression chamber Unit 3 Unit 4
(S/C)

Reactor s
pressure

-
\_
| |

Values as of 11:00 on 29th January 2016 : Normal cooling systems
e " Reactor coolant pump g E
fpolria PCV intemaltemp.  Fuel pool temp. Water injection Cooling 2 perunit < Cooling multiplexed >

temp. to the reactor water
injected into

Unit1 | ~15°C ~16°C ~13°C | 45m/h | "
Unit 2 ~20°C ~21°C ~29°C 4 3m/h
Unit3 | ~18°C ~18°C ~19°C | 4.3nm/n

Various auxiliary means have
been readied to inject cooling
water into the core to maintain
Units 1~3 in cold shutdown

Even if power sources fail, cooling
water injection can be restarted
using fire engines within three
hours.

. Mo fuel, so No fuel, so o
Unit 4 monitoring not monitoring not ~8°C —
required required

Also, multiplexing is achieved with
multiple tanks ready to serve as
sources for coaling water injection

Plant parameters, including RPV and PCV temperatures, are
monitored continuously 24 hours a day.

pumps.

Image credit: TEPCO
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22| Building cover installedctober 2011
gg Removal of building cover to allow removal of fuel |, sy afier e cartnquake
=] from spent fuel pool
Identification of debris on operating floor and inside
o | spent fuel pool _ _ o
= | Countermeasures for dispersion of radioactive
materials during removal of building cover
w O
55 Blow out panel closed o
a3 | Very high dose rate inside building
g)' Radiation dose reduction measures
7}
o Debris removal from top of the reactor building
2c| competeddctober 2013 _
£a| Installation of fuel removal cover and fuel handling
? 2| facility planned
5 | Radiation dose reduction measures _
= | Installation of remote controlled heavy machinery
o | Fuel removal from spent fuel pond completed Immediately after the earthquake
% Start: 18 Nov. 2013, finish 22 Dec. 2014
=
@
o
@
Image RE0
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Roadmap Targets (formulated Dec. 2011, revised Jun. 2013 and Jun. 2015) 30~10

Dec. 2011 Dec. 2013 years later
Stabilization Phase 1 Phase 2 > Phase 3 >
efforts

Period up to the .

commenl::ement Period up to the ::;::?elt‘i';;ootfhe
< Cold shutdown achieved > of the removal of commencementCtUiEa, decommissioning
-Cold shutdown the fuel from the removal of the fuel debris measures (30 to 40
- Significantly reduce radiation E;:;:;:uzel ::;I:I (within 10 years) years in the future)

releaseas y A
Started at #4 unit on Nov18.2013. #Fuel debris

(Fuel, cladding and other material that melted and hardened again)

Fuel debris removal (Unit 1, 2 and 3) Spent fuel removal plan (Unit 1, 2 and 3)

In terms of reducing radiation exposure during work EY 2005 2016 2017 2018 2019 2020 2001 2002
process, the most reliable method of fuel debris removal z
is to remove the fuel debris while submerged. But Unit 1 | . Demolition Fern L DT SEEILLES
. . L building covers rubbles covers removal
depending on the results of future investigations, we may | _____. | " j N p——— S E—E— R —
adopt a substitute method of such as taking fuel debris N > Demboulhtlc(l:::guspper >
without filling the primary containment vessel with water. L T | Installation
Unit 2 reparation Plan(]) containers > \}
Construction method for fuel debris removal (image) ‘ | ~ | | Spent fuels
] i rempval
Removal rubbles F'Ian@ Insctéaxl’lsrt;on > %’

Installation %  Spent fuels
building covers removal
| |

To facilitate the removal
of fuel assemblies and
debris in the Unit 2
spent fuel pool, we
decided to dismantle
the whole rooftop above
the highest floor of the
Reactor Building.

FuelDebis In the water | In the air
Removal Chanel Upside | Side

®

L

: s Equipment
Frame for Unit 1 pool  Cover for Unit 3 pool for Unit 2 3

o Water proof and
Earthquake proof

Image credit: TEPCO

‘ Shielding radiation and radioactive dust
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B Water to cool fuel molten during the accident and groundwater have mixed, generating approximately 300 tons of
contaminated water per day. Countermeasures are being implemented based on the following three basic polices.

Provided by Japan Space Imaging Corporation, (C)DigitalGlobe

Policy 1. Remove source of contamination

(1) Clean up contaminated water with Multi-nuclide removal equipment (ALPS)

(2) Remove contaminated water in trenches (Underground tunnel with piping) - .
. . . . & | - . . (8)Sea-side
Policy 2. Isolating groundwater from contamination sources ! ggzgh;q;v;.;gfwhggym i < - _"“-

trenches ‘ e b - - -

3 Pumping up groundwater through groundwater bypasses
4 Pumping up groundwater through wells near buildings

5 Installation of frozen-soil impermeable wall on the land side
© Paving of site to curb permeation of rainwater into soil

(@Wells near buildings
(sub-drains)

Tank installation
area

‘5 (®Paving of site to
- curb soilinfiltration

Policy 3. Preventing leakage of contaminated water

(7) Ground improved with water glass
8 Installation of impermeable walls on the sea side
© Augmentation of tanks (replacement with welded tanks, etc.)

(9)Site for planned !
tank installation '

9 Tank Storage K
g

®Site paving

3 Groundwater Bypass

Pumped up +Cesium removal
A\

+Desalination

@)Sub-drain

7 Foundation improved

E‘? Pumped up with soluble glass
%_: U \ Ly

'Pper \
g ; Perpermeabie faye, \ | [/ —f== : R

OW-| % i ) \ - W b L
= Toi "Pemeablelayer Pump well T =

" permeaje layer
Low-perme,
able layer Well point

Groundwater
drain

(6 )Land-side impermeable wall (SLand-side impermeable wall (BSea-side impermeable wall all

Welded tanks Welded tanks L3

Image credit: TEPCO
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EM (1) Removal of highly radioactive
contaminated water inside the trench

EM (3 Ground improvement of the contaminated area,
pumping up of groundwater and paving of the ground surface

¥0.0. Of :
O\W‘l = 4 .
: O | 1870 _HEM @ Sea-side impervious wall ]
0 “Q0 00 TR

FM (3 Pumping up groundwater through sub-drains

Management of contaminated water

To control increase in
contaminated water

Emergency Measure@ To pump up groundwater on mountain
side of buildings (groundwater bypass)

Storage and
analysis

Temporary storage tank analysis results (collected on Feb. 24)

B Groundwater inflow into the

TEPCO ND (0.66) ND (0.60) ND (0.92) 180 buildings is reduced by
Third-| : :
;;Jg;‘y ND (0.59) ND(0.55)  ND (0.53) 170 pumplgg lip agd b.ypafssmgh
TEPCO’s limit 1 1 5 1,500 groundwater, flowing from the
T land side, on the upstream side
ega agian
notiﬁa%[e'yﬁmit 60 20 - 60,000 of the buildings.
WHO drinking m  Start of water drainage on May
water quality 10 10 - 10,000 21, 2014.
guideline

*TEPCO; Tokyo Electric Power Company
«ND indicates “not detectable” (below the limit of detection, which is stated in parentheses)

Emergency Measure @ To improve foundation of contamination
area, pump up groundwater, pave surface

Between Unit2 & 3
water intakes

To prevent outflow into port

Between Unit 3 &
4 water intakes

Between Unit 1& 2
water intakes
1

© Shaft A
Tunnel A

unnel X

a—_
shato© ShaftB
Tunnel B

¥ Highly contaminated water from immediately after accident remains in underground
tunnels (trenches) on sea side of buildings

Highly contaminated water, which poses a risk of infiltrating or spreading into

surrounding area, will be removed (Finished removing the water - Unit 2; June 2015,
Unit 3; July 2015, Unit 4; December 2015)

Image credit: TEPCO

B Chemical grouting will be used to improve the foundation and control outflow of
contaminated groundwater
B Toinhibit infiltration of rainwater, surface will be paved with asphalt or other material



The

University M .I: ' d
of anagement of contaminated water
Sheffield.
Fundamental Measure@ To control increase in contaminated water
Install land-side (frozen soil) impermeable wall and prevent its flow into port
EM (1) Removal of highly radioactive JEM (3 Ground improvement of the contaminated area,
contaminated water inside the trench Jpumping up of groundwater and paving of the ground surface -
FM 2 Land-side impervious wall
(by soil freezing method)

- . i |l R el
FM 3 Pumping up groundwater through sub-drains ;
- - — Drilling hole
: b Pipe insertion
Coolant cireulation (to create frozen soil)
Circulating coolant
By T N\
ST MJ
Pipes Frozen soil Frozen soil

=) Buildings will be enclosed by ice wall to curb inflow of groundwater into buildings
@ Full-scale construction began in June 2014

®  Construction of the mountain side was completed in September, 2015. As for the
sea side, freeze pipe etc. setting construction was completed in January, 2016

i SR Curb inflow of groundwater into R/B, etc.
To pump up groundwater from sub-drains

T "'Imp‘e;rmeable wall

S L r
Existing seawall : =

‘,q

|

Water SRS
collection
tanks L THsament
LN

Aquiclude layer

Sub-drains

‘Q{ﬁiiége
oo, meemeable @ |mpermeable wall will be )
constructed along the sea side >
of Units 1~4 to prevent outflow Ses®
of contaminated groundwater - - >
into sea “....Groundwater
®  Construction of steel sheet-piles -drains r——
comprising impermeable wall

was completed in October 2015. T o ) i
The radioactive material B Wells (sub-drains) installed near buildings will be rehabilitated and groundwater

concentration inside the harbor around buildings will be pumped up to control inflow into the buildings
|mage credit: TEPCO has become lower B To start pumping up groundwater and draining cleanup water from September 2015
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Reactor bldg.

Primary containment
vessel (PCV)

Reactor cooling and water decontamination

% To stably cool the fuel debris, cooling
water is continuously recirculated inside

Spent fuel pool
Reactor pressure the PCV.
vessel (RPV) 4 Approx. 150m? (evaluation value) of ground
Turbine water flows into the power station
Inflow of ground water bldg buildings per day; therefore amount of
Approx. 150m?3/day | contaminated water increases daily.
(evaluation value) :
Drawn from we[JI-pomts etc.
s (Approx. 250m*/day) Cesium absorption apparatus
A Contaminated water oA :
| I L inside R/IB
Il

Reactor cooling water
Approx. 320m3/day

Treated water from multi-
nuclide removal
equipment
g :Several hundreds Bg/L)
Stored volume
Approx. 600,000 m?
(as of 28th Jan.)

Storage tanks

Remove 62 radioactive
substances except

of tritium Multi-nuclide removal

equipment (ALPS)

Image credit: TEPCO

Cooling by recirculating
cooling water

Cooling water tank

Added strontium removal function

=3 _- Approx. TZUm’IdayI

Reverse Osmosis
Concentrated salt water
(Gross i : Several hundred millions Bg/L)

Strontium-treated water
(Gross f§ : Several millions Bq/L) Approx. 400m3fday

Stored volume Q E_,.............p[
Approx. 162,000 m?

(as of 28th Jan.)

Stored volume 0 m?
(as of 28th Jan.)

]

Storage tanks

# Remain volume
Approx3,400 m?

Mobile strontium removal (bottom of tanks )
equipment, etc. .

Storage tanks

Reduced risks
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High Dose Spent Adsorbents

Challenges associated with High Dose Spent Adsorbents

A Several iorspecific microporous materials

A Key nuclides includé&9Sr,137Cs 89Co

A Granular dispersible materials

A Self heating; steam production

A Radiolysig hydrogen production

A Stress corrosion crackimgsea salt aggravated

U HDSAs require waste conditioning process

Air-H2 RctiE
ent tube
Pl
ug\;' /

0,
(K) Max 210°C {mol/mol Max 1.1% 30
eal2 1040 02 [ 4 submerged in seawater
73000 9000 03 I @ submerged in pure water
§ 64040 2 0 25 [ (water content: 54.6 wt%)
! 456040 B aste % 0O hydrated at 80%RH
TP 030e 0 ] I (20.7Wt%H,0)
4270w Be £20 |
2004 (X e 0 3 [
400 lx L PN ) : b
FET 62200 o r
. 15
40000 - S0 - [
o e i - ]
380040 Gle & § [
3 120 - 150 & B 10 |
364000 T s :
e o [ Itet f [
. ™ f‘x ¢ 5 :
«Wied b
1560 F
[ 104 & [
3 000s (2 $10e 04 0
J00e 02 0000 400 0 2 4 6
Hyd rog en Absorbed dose, D/ kGy=Jg"'
Vessel Temperature

Yamagishi INST 51 (2014) 1044.
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CslkrexchangedNatitanate ¢ HIPPedvithout additives, i.e. 100 % waslaading
SPFTog g/S =7.0, 90°C

7.E-03

6.E-03 1

—+—pH2

5.E-03 - —a+ pHI0

4E-03 1.
3.E-03
2.6-03 |

1E-03 -

Normalised Elemental Loss Rate (g m2 day?)

0.E+00_‘T'|Tr-|||\\||\\\\\\\\|
0 5 10 15 20

Figure 1. Sr Treat granules with layered titanate structure (Na,TigO,s), Time (days)
transformed into dense ceramic wasteform as shown by back scattered

SEM. Bright areas correspond to Srrich phases, the inhomogeneous

Sr distribution reflects the different Sr uptake during ion exchange.
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Site improvements for decommissioning

B Efforts are being made to secure personnel over the long term while being sure to manage workers’ radiation exposure.
B Further efforts are also being made for continuous improvement of the working environment while understanding the needs of the site.

Changes in the number of workers

B The number of workers per weekday (employees from TEPCO and
contractors) engaged in work during January is assumed to be
approximately 6,460 people.

B The percentage of locally born workers is approximately 50% in Dec..

7000 MTWm%
6000 wmm ﬁvmssm“ﬂm
6220

5000 2

4000 130 31 L

=

1000

Ol
e R EE P AT PR

FY.2013 FY.2014 FY.2015

Change in the average number of workers (actual value) per weekday in the months following 2013.

Workplace environment improvements

s Before work
Before work

D Full-face mask necessary area

Full-face mﬁsk or Half-covered face
mask necessary area

D Full-face mask unnecessary area

Improving the work environment

B Improving convenience

® A large rest house with a capacity of approx. 1,200
workers was established and its operation commenced
on May 31, 2015.

® A new office building was constructed in 2014 allowing
for smooth communication with areas close to the field.

Former offico buiding 1
— ;

New office building and office

B Fukushima Revitalization Meal Service Center

Construction was finished on 31st March, 2015 I 1 -
® Providing warm meals i A

@ Creation of employment opportunities in association with
the construction and operation of the meal service center

® Dispelling of harmful rumors through the usage of
Fukushima - produced cooking ingredients and the local
employment.

Ensuring stable employment over the long term

B The importance of arranging for an environment in which the people from
contracting companies can work over the long term was confirmed in order to
steadily move forward with decommissioning work for 40 years.

| Currently, approximately 90% of orders are fulfilled by negotiated contracts.

B By securing long term workers, more deliberate personnel assignment and
human resource development is possible.
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Image credit: TEPCO



