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Disclaimer: Fukushima Information is preliminary especially regarding
interpretation of events; opinions expressed are mine and mine alone.



Three Mile Island Units 1 &2
March 28, 1979
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Three Mile Island Unit-2 Acudent
March 28, 1979
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TMI Core Damage Sequence
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TMI Core Configuration
~Evening 3/28/1979
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Three Mile Island
March 28, 1979
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Recovery Cleanup Actions

Phased Unique Air and Water Cleanup
Systems Created Based on Best Available
Technology

Building Remediation to Gain
Core Access (Barrett Entry)
L. Barrett Consulting LLC



TMI Damaged Core Removal
~1985-1990




TMI Defueling Sequence

Transport Core Debris Storage

Shipping Cask
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Three Mile Island History

Reactor Scram: 04:00 3/28/79

Core melt and relocation: ~ 05:00 — 07:30 3/28/79
Hydrogen Deflagration: 13:00 3/28/79

Recirculation Cooling: Late 3/28/79

Phased Water Processing: 1979-1993:Removed ~1.2MCi Cs137
Containment Venting 43KCi Kr-85: July 1980
Containment Entry: July 1980

Reactor Head removed and core melt found: July 1984
Start Defuel: October 1985

Shipping Spent Fuel: 1988-1990

Finish Defuel: Jan 1990

Evaporate ~2.8M gallons Processed Water: 1991-93
Cost: ~S1 Billion



Fukushima Daiichi Nuclear Power Station

Units 5 &6

Dry SNF Storage
Common
Spent Fuel
Pool

Units 1-4
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Tsunami Size: Main Safety Factor
3/11 15:45

@ Loss of offsite power
g due to the earthquake

Grid Line

Ts Reactor
2 Buildin
| Turbine d
Building
Elevation: @ DIG Inoperable due to Tsunami flood
about 10m
Seawater level D+®@ = Station Black Out

All Motor Operated pumps (including ECCS

Seawater Pump pumps) became inoperable
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GE Mark | Reactor Building

Boiling Water Reactor Design
At Fukushima Daiichi

Secondary Containment Refueling Floor

Spent Fuel Pool

Steel Containment Vessel Reactor Vessel

Primary Containment

Suppression Pool (Torus)
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rowns Ferry Primary Containment
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Battery Power Control of Steam-Driven Reactor Core

Isolation Cooling System In Units 2 &3 (Unit 1 Had
Isolation Condenser which Operators Stopped)

Unit 1 Isolation
Condenser

3/11 15:45to ~ 3/11
Slide 15 L. Barrett Consulting LLC 24:00 JST



Actions to Extend DC Power For Control

Scavenged Truck Batteries To Control Room Operator
Maintain Reactor Instrumentation During Black Out
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Battery Power Exhausted

Core Uncovers and
starts to overheat

3/12 ~02:00 JST

Slide 17 L. Barrett Consulting LLC



Venting Primary Containment

H2 &
Steam ?

Filter Refueling
H2 &
Steam Bay

Core
Overheated

Primary Containment Pressure™
~90psia @02:00 3/12

Uncertain Command & Control
Actions & Unit 1 Vent Valve

Operability 3/12 ~05:30 U1
3/13 ~ 00:00 U2
3/13 ~ 08:40 U3
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Hydrogen Leakage Paths
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Unit 1 Reactor Building Explosion
3/12 15:31
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Unit 3 Reactor Building Explosion
3/14 11:15
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Unit 1 Reactor Building

Before Explosion After Explosion
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Unit 3 Reactor Building

Before After

MARCH 11

MARCH 16

Rauters

L. Barrett Consulting LLC

TEPCO
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Fukushima: Reactor Vessel-Primary-
Secondary Containment Sequence

Primary Coolant System

Core Over Heats

-Clad Burst ~900C

-Clad Oxidize ~1200C

-H2 Release

-Partial Melt~1800C-2700C
-Primary Coolant System
Overpressure

Primary Containment

Vent from Primary
Coolant Sys to Primary
Containment- H2, Steam,
& Fission Products (Xe,

Kr, 1, Cs etc)
L. Barrett Consulting LLC

Secondary Containment

No Primary Containment
Cooling therefore Primary
Containment Overpressure-
Vent to Secondary

Containment )



Cores Melted, Slumped Into Lower Head&
Likely Failed Some CRD Penetrations

Degree of fuel damage - Melting starts from the central part of the core.
- In 16 hours after scram, most part of the core fell
down to the RPV battom
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| Unit 1 RPV Falled Grossly
|:|:Void(fue| melted down) and Units 2&3 Partlally
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LR T 4.8 hours after scram 5.1 hours after scram 15.1 hours after scram 16.0 hours after scram
Melted Core - . (around March 11th 19:30)  (around March 11th 19:50)  (around March 12th 6:00)  (around March 12th 6:50)

T

Unit 1 Melt: 3/11~19:00 RPV Fails ~3/12 ~15:00
Unit 2 Melt: 3/14 ~20:00

RPV Thermal Unit 3 Melt: 3/13 ~09:00

Failures
Core on Floor
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Unit 1 Core

Melt to the Floor

Loss of Isolation Condenser Cooling: Early Core Melt &

Significant Vessel

Pe

netration & Core Drop
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Unit 1 Corium Penetrated
~70cm (30%) of the 260cm
thick floor concrete

Above the 4cm steel liner
plate.

¥

There is 7M of base mat
concrete below
the liner plate
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— concrete
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Unit 2 & 3 Core Melt In Vessel

A i
LR T el AT g gt - e JC R :} Longer Core COOllng
b 4 With Turbine Driven
et | R Pumps Resulted in Less
L . .
i {:;_H Aggressive Core Melting
Tl |

Projected Vessel Breach
with some Melted core
; on the floor

Feed water
system

Minor Concrete
Penetration (if any) due
to low Melted Core Mass
and Flooded Drywell
Floor
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Core Cooling Established With Fire
Truck Sea Water Injection
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Bleed & Feed Core Cooling Established

Seawater Injection Started Using Fire Engine Pump

Shift to Fresh Water Injection: To Dissolve Possible Salt Cakes
Vapor Venting

Water Core Injection

Seawater Fresh  Rate Rate (1/12)
(gpm) (gpm-tpd)
Ul3/12 20:20 3/25 20 36-156
U3 3/13 13:10 3/25 50 87-240
U2 3/14 16:30 3/26 30 78-216

Boric Acid

VYV Leakage to Reactor
Building-Turbine Bldg-

Intake Structure
L. Barrett Consulting LLC 29
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Immediately After Unit 3 Explosion

3/14/11 ~10:00AM JST
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Spent Fuel Pool in Reactor Building
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Unit 4 Reactor Building

.

BEFORE GUAKE MARCH 16

Rauters TEPCO
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Unit 4 Spent Fuel Pool Water Sampling

Boom Inserting Probe 400ml Sample Probe

~11-04-11 ~11-04-11

L. Barrett Consulting LLC 33



Unit 4 Spent Fuel Pool

\ . v‘; . -
>~ 0 e

Sampling Indicates Little If Any Fuel Damage
Low Cesium Levels in 90Bq/ml
Water Level Lowered For Seismic Safety

L. Barrett Consulting LLC
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Units 2 & 3 Pools Have Some
Damaged Fuel- Not Melted

Building Debris In Unit 3 Pool
~ R/Hr at U3 Refueling Floor

L. Barrett Consulting LLC

-Cesium 137 Levels in
150,000 Bg/ml

-Low lodine, indicative
of older stored fuel
-High Ph ~11.3

-Al Rack Corrosion
-Adding Boric Acid

35



:H2 From Unit 3

Unit 4 Explosion
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Dry Storage Cask Facility

overhead
travelling crane

storage cask
cask trolley

transport vehicle

Relative
Low Elevation
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Storage Only Metal Cask

Body: y-ray shield (carbon e

steel)
outer shel

primary lid

secondary
lid

basket
(borated-aluminum
alloy)

VVVYVYVY

neutron shield
| (boron-added resin)

bottom plate

cask frame

Main features

Cylindrical forged carbon-steel casks

Similarity with transport casks

5-115T 52 Assy Casks & 4-96T 37 Assy Casks
Helium filled

Steel for y-ray shield/ resin for neutron shield
Borated-aluminum alloy basket for sub-criticality




Dry Storage Facility Was Flooded
But All 9 Casks Intact

L. Barrett Consulting LLC
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Fukushima Stabilized

Established Recirculation Core Cooling
— Damaged Pressure Vessel(s) & Containments

Mitigating Airborne Releases

Mitigating Water Releases

Gaining Building Access to Start Recovery
Activities

Managing Solid Wastes

Maintain Personnel Safety: High Rad Areas
Addressing Evacuation Zone Situation



Units 1-4 After U4 Building Explosion 3/16
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Units 3, 2, & 1 Looking Down
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Units 4 & 3 Looking Down
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Unit 4 Fuel Pool-Side




Unit 3 & Unit 4
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Unit 3 Spent Fuel Pool
3/16
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Water Spray to Unit 3 Pool Area
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Unit 4 Reactor Building
Water Injection Boom To Spent Fuel Pool
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B <

Established Core Recirculation Cooling
Once Water Processing Started: July

Damaged Reactor Building/

Reactor
Vessel Leak

Primary
Containment
Leak

N

Need Water Recirculation
System To Stop Feed & Bleed
Venting & Radioactive Water

Creation
~30+M gallons High Rad Water

Heat

New Chemical/Radiological
Purification System

/'/ Cable/Pipe Tunnels Leakage

—— ~ Intake S

L. Barrett Consulting LLC 49



Unit 4 Reactor Building Structural
klnte % r|ty Seismic Risk Reduction

*Explosions Weaken RB Structure

*A Large Earthquake Aftershock May
Cause Building Failure

Structurally Strengthen Building

*Adding
Steel &
Concrete
under Pool

nsulting LLC 50



Working Conditions are Challenging

Restoring Power In High Radiation & Contaminated Areas

51



U2 Reactor Building Conditions

Ground RB Floor
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Site Airborne Dust Mitigation

Before

. Barrett Consulting LLC




RB Airborne Mitigation Containment
‘Canopy Concept Design-1

| |
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Unit 1 RB Filtered Enclosure
55M High & 47M X 42M
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Unit 1 Canopy Detailed Design-2

Creative Remote
Construction Concepts

Mockup Const Training

Construction Sequence
Planning

L. Barrett Consulting LLC 55



Unit 1 Canopy Construction-3

Foundation Clearing Frame Assembly
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Unit 1 Canopy Construction Step-4

e
B

) Ir “-»—s.::;“_
i e
—— i 4
b —
e T

Vanve | Wi DA AR W A

Wall Panel Emplacement Enclosure Completed: Oct

HVAC Fan/Filter/Monitor Equipment Installed
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Contaminated Water Containment

Overflow from U2 Reactor Bldg to Turbine Bldg to
Intake Structure Wall Crack to Sea
27,000 Ci Cs-137 Released this Path 4/1-6

-Reference Chernobyl was 2MCi Cs-137 released

"a ]
Wi
il " 1'*
. i1 ;
:.._ -_.-- ' .- -. I l !!!!!
i - ' .._.—:::- =
' '-hﬁqllll'

Non-Safety Grade Radlioactive Water Leak Reduced 11-04-04
: Leak 11-04-02
intake Structure Leak Sealed 11-04-06

Sodium Silicate Injection

L. Barrett Consulting LLC



Sealing Other Leakage Paths to Sea

Concreting One of ~37 Cable & Pipe Chase Paths

L. Barrett Consulting LLC 59



Water Retention Tank Farms

Underground Tanks Under Construction

L. Barrett Consulis




Accident Water Management

!
SURGE ;f
Uonky FUKUSHIMA /
DANCHI NUCLEAR
POWER PLANT
Relative
Low Activity [INTENTIONAL
RELEASE
Released
" REACTORS
= TURBINE BLDGS.
~—_ CONPENSATE

STORAGE TANKS

Sluice Gates
&
Zeolite Bags

~ Silt Fence
Crmmiflm e

20-50 Million Gallons Of Highly Radioactive Water To Be Transferred To Onsite Tankage



Water Release Mitigation

Contain/Retard Intake Structure Cs/Sr
Contamination

Sluice Gate to Minimize Outflow Zeolite Bags To Adsorb Cs/Sr

To Ocean
L. Barrett Consulting LLC
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Water Release Mitigation

Silt Fence to Retard Cs/Sr Release to Sea
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Mitigate Basement Leakage Into
Groundwater Paths To Sea

Wall to shield water Wall to shield water

Planning Underground Barrier Walls to Bed Rock

L. Barrett Consulting LLC 64



Improved Contaminated Water
Drainage Retention Wall

Underground water drain

Exigting seawal Shielding weall

R/E Reactor building 1" SN

T/F Turhine building 'l. i

South
bre akwwater

A

| wall

Marth p
breakwater/.

Permeahle layer Landfill

East breakwater
Shiglding wall

22~23m

Lowe-permeable layer

Landfill

Permeable layer

hE A ) T
e f I
| ] T . ™1 [zl
et ) ¢ " 2 i 1) Lowepermeable layer
sy

Standard cross-section view (A-A)

KB
‘ [

h‘l \\Llwu lﬁ'

Al

I e Figure of basic plan of shielding wall
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US Fresh Water Barge On Site-April

Japanese ship hauling US Navy water barge

Japanese Tow Operators
L. Barrett Consulting LLC 66



Water Recirculation Processing Plan

Four Stage System
Reactor Building 1. Oil Removal: Toshiba

2. Cesium Removal: Kurion
3. Fission Products Removal: AREVA
4. Salt Removal: Hitachi

Turbine Building

| @ @ Temporary Tank

(Fresh water)

7 §
(1200 t .~ day) (480t “day)| (4801 day)
]
_______ g e i
Qil ; ; : I 1% O tion planned from
Radioactive material ' peraton
Centralized p| separators® |y (1200 t ~day) 1 August and October
treatment instruments I :
RW I_._._I ....... 1 Vapor N
- Cesium absorption i desg\lli?l:rions If | condensation® !
L s Il % Condensed sea water |

Instruments* (Kurion(US)) [ | (720t~ day) |
: ! ay

. . | -
Decontamination i Reverse osmosis

instrument * (Areva(Fra) i Membrane (RO)

r@ [ . P I o ..

A

i Operation planned Temporary
y from August v (1200 t .“day) tank
(Condensed
Existing water walt water)

Basement tank

storage tank

* oil separators, radioactive material treatment instruments. .. Installed within the Process Main Building,

Cesium abserption Instruments. .. Installed within the Incineration Workshop Building



Oil Removal

Separator Unit Separator Internals

L. Barrett Consulting LLC 68



Cesium Removal Stage

Individual Zeolite Beds

L. Barrett Consulting LLC
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Salt Removal Stage

U4 Reverse Osmosis Unit Evaporator Unit

L. Barrett Consulting LLC
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Underground Tanks for High
Activity Liquid Wastes

L. Barrett Consulting LLC 71



New Water Processing System

Simplified Active Water Retrieve and Recovery System (SARRY)

Toshiba Lead

2 Lines of 8 Larger (24Ton) Zeolite/Silicate Filter Beds to
Augment Initial Kurion/AREVA System -200gpm capacity

September Operation



Wastes From Water Treatment

 Water Treatment Systems Produce High Cs-Sr

Wastes
— ~200 Kurion Zeolite Canisters (90cm dia X 2.3M
high, 300M3)
— ~580M3 of AREVA Precipitation Sludges
— ~150 SARRY (1.4M dia x 3.5 M high) Zeolite
Canisters

* Onsite High Radiation Storage Area



High Radiation Demineralizer Storage

*-:

L wusget=T

744 Canister Storage Facility

~330 Cans January 2012

1.4M Dia & ~3M high each
~1,000rRHr

L. Barrett Consulting LLC
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Reactor Defueling Plans



Cleanup-Defueling Process
Step wise Access Toward Core Internals

Remate-contiolled heavy \
achineries for dismantiement e

P | A e
&5 = e:,e.'
| s =
A J 1 F

s
|t 7Tl
v Gantry | | _ .- ,;frf SR
P - L) v |
> 4 Reactor Buikding of |
55 Unit3 !
SN
- Remote-controlied
A Jlarge crane

e
|staﬁun
[
e ¥

Initial Building Cleanup  Planned Steps Toward Restore Building
Robotic Equipment Defueling Access with Robotic Infrastructure, e.g. Crane
Cranes- High Gamma Fields Capacity

R
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1. Gain Building Access
Decon & Build Infrastructure

DS pit
Spent fuel
pool

From water
treatment

Decontam|- reatn
nation acility
equipmbﬁ
(remote- Decontam ination
controlled} \ equipment
\ Turbine
'f’“\"&« A building
Torus room ——
treatment
facility

Leak i




2. Remove UnDamaged Spent Fuel
From Reactor Building Storage Pools

Near Conventional Fuel Handling

Cover{or container
Cover {or container) > el ( )
Overhead crane erhefad crane
e f' ¥

i
g

Installation of cover (or container) / crane

| I
TR==LF

Fuel Handling Machine
—

DS pit
Reactor wel|| Ppent Fuel Poo

a4
+ugt

Fuel Hahdling Machine

—p P

/]
I Fdl

Spent Fusl
Pool

l l l l l o ;{lrrer

N

Car ﬁ out >

Fuel removal work

Unit 4 First Followed By Units 1-3 Pools
Start in 2 Years & Finish in 10 Years



3. Find Containment Leakage Paths

l I

pool
PTWH
From water
paE i T
facility

i ation
hent
Cam era

Penetrdtion

'.
Observatiign
equipmen

with a camkra pressure
(remote- 5
controllef] \ Pf etration \ g

| &
Torus room
Towater
U treatment
facility

Leak

Turbine
building




4. Seal Water Leakage Paths From
Containment

pool

Spent fuel @ el

From water
[ ] facility
| O e
Rep
(remtf-

Cene ratioy Turbine
building

wo gt

ent

Towater !

.\ treatment
Po>, facility
| |
b4

Stopping the water feak




5. Flood Containment & Work

Upwards

DS pit

|
| |
Spent fuel @
pool
| !
Penetrjtio fream anf
Feparatno
efjuipment~w, /AR
remote- eacto
cpntrolled) essurk
essel

Toms room ’

v "‘

Containment
vessel

&*_ﬁ |\l

Pgnetration

From water
treatment

S ipment
Turbine
building

Towater
treatment
facility




6. Flood Further & Evaluate
Internal Conditions

DS pit




7. Preparing For Melted Core Removal

Secondary Containment Established

Remove Containment & Vessel Heads
Build Core Debris Canister Loading System

ontainer
rane

Finish in 10 Years




8. Remove Melted Core Debris
From Reactor Vessel

Crane
: 'd

Work platform Start In 10 Years
= | 1N
T —— DS pit
i teamdalar
Spent fuel Efpa si{— ]H —

pool pi " separalof

Dgbris storag

drim

L !
m“ equ

S ro0om




9. Remove Melted Core from Floor
Drill/Burn Down Through Reactor Vessel

Co

Complete in 20 to 25 Years




10. Store Core Debris For Final

Disposition e.g. TMI Experience
5

——

&

TMI Core Debris In Idaho

Dry Cask Storag e L. Barrett Consulting LLC 86



11. Decontaminate & Decommission
Buildings

Example of TMI Decontamination
Operations (Took ~10 Years)

Fukushima: Complete 30 to 40 Years
(2040-2050)

L. Barrett Consulting LLC 87



Offsite Contamination Impacts

Results of airborne monitoring hy MEXT and DOE

(Total surface deposition of Cs-134 and Cs-137 inside 80 km zone of Fukushima Dai-ichi NPP)

}'( g e = T = deporition of C2-134 and €137 (By/m®)
L i L [Converted into the valne 53 of April 29]
= i T LT

=k o -Multi Billion Dollar Government
-~ =" sponsored Cleanup for Areas >
T 1uSv/hr above background
_____ (~>870mr/yr & 500mr/yr)
" : -Limits of 500Bq/kg foods
-Impacts large areas:
~1,800 Km2 @ 5mSv/yr
PR = (500mr/yr)
e g ~13,000Km2@1mSv/yr
= - (100mr/yr)
B S -High Cost: $3B +

Offsite Cs/Sr Contamination

L. Barrett Consulting LLC 88



Offsite Decontamlnatlon

School BUIIdlngS L. Barrett Consulting LLC Children’s Playgl’ounds
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Decontamination Solid Waste
Management

Expecting 29 Million M3 LLW(
9KM2 10M deep volume) of
Offsite Contaminated Soil to
be Managed

-State Owned Forests &
Voluntary Storage Sites
Planned

Difficult Siting Issues Ahead
for Final Disposal Facilities
For High Level Waste,
Intermediate Wastes, and Low
Level Wastes

Temporary Storage of
School Playground Dirt

L. Barrett Consulting LLC 90



Human Feelings & Reactions

.

L. Barret&Acing iy 8 L
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Cleanup Standards Have Significant
Resource Requirement Variations

Contamination map based on airborne measurements

( Air dose rates 1 meter above ground in areas where measurements
\ have been taken s0 far. Compiled from Enwronmnt Ministry data. ;

¥

I Data unavailable

: _ 5 millisieverts per year
n - or more

Chiba = D 1-5 mSviyear
™, Prefecture

D Less than 1 mSviyear

92

Cleanup Level at 1 mSvly:

= 13,000 km?, or

3% of Japan’s land mass, or
About the size of Connecticut
Costs at $15.6 B

SGONNectiBul "

@1lmsvl/yr
Contaminated Area
Is about the size of
Connecticut




Government/Society Decisions
 National Energy Policy & Implementation

— Balance Impacts, Risks, Benefits & Costs of Energy Supplies
With Actions

 Regulatory Policy & Organizational
Structures

e Resource Allocation

— How Clean?

— What Acceptable Impacts & Risks?
— How Much?

— When?

— Where?

— Who?



Personal Conclusions

Fukushima Was an Industrial Catastrophe
Caused By an Unexpected Huge Tsunami

Plant Staff Established Control Under Great
Duress

Public Health Impacts Are Very Low
Societal Impacts and Costs are Very High
Japan Faces Many Societal Challenges Ahead

The US Cleaned Up, Learned, and Became
Stronger After Three Mile Island

Japan Can Also With Fukushima
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extensive managerial and engineering experiences in DOE’s Defence Programs and
private industry at both Bechtel Power Corporation, with commercial nuclear power
plants, and Electric Boat Division of General Dynamics with nuclear reactor and
submarine systems design, operation, and decommissioning.
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Cold Shutdown Safety Plan

Countermeasures for protecting Core Damage

{1) Fleoding Protection Countermeasures for sites and buildings

Installabon of bidal embankment, board, and wall and food protection of door and pensetration

(2) High Pressure Cooling Water

Reactor Corg |solation Cooling System ( RC |

Facilities (Required within 1-hour)

Loncepts

High pressure infection (3 nitily required oue to
g neactor pres T2 Case et the plant
experences n abnormal shutdown

-During T accident, S0 e moor-anven equipments
were ingperable due to he station biack out (SB0),
Henice, # sheam-ditven high pressure faciity s the
ey issue.

Futthenmare, when ehoosing motor-diben bigh
pressure codlng water injection faciites, it is
Important to select equipment with minimum

OpETating requrements B0
. steane
RCIC il °
SLC or CROD . .
HPCS oron
) Depressurizing Equipment

[Within 4-8 hours)

Concepts

-Depressunzaion of e reclor pressure v
essential in order to rermove heat and bri
cooling stage

During me Fukushima accigent, the DC power
recessay 10 operate the man steam saety relief
vave for gepressunzing was insufficiert In
addtion to securing N2 for valve operations,
SECUNNG & POwer S0UCE |5 NECessary.

(4) Low Pressure Yater injsction Facilities
{Within 4-8 hours)
Loncepts
-Low pressune Cookng water inection equipment
£ON3ISts of 3N BMETQENCY SYSLRM, 5 MAKe-LD
waler conoensate system MUWC) and a fire
protection system . In the case of the SBO, only
the desekdriven fie pumps [DOFF) of the FP
will be opersle

Sl |5
toa

Preguaring relatie low
equipment IS importas
e

sure injection
luding the fire-engine

c.‘wl)o-:oss ary Equipment

Flonoing Countermeasure for system

Countermennan i & Beible manoer

Fump/Turbine

Fload probection for the RTIC Room

Estabiring maruial sctvlion
procedurs

Wer Supply
switchgears, ec.)

Fliaod prtction o the baler; Foom nnd the
aren whers the m s bus panel i3 located o
congitenng ramangemert)

Prepanng Powar-Supply
Cars

Stand by Liguid Control Syste

m [SLC) or Control Rod Drve |

RD

Mecessary Equipment

Flooiing Countermeasire for systern

Countesm eazure in a fedble manner

Concepls

SLC pump or CRD purnp

Flooding protection for the
pump area

Water Sourcs

Establishing water supply
[Procexiune from e purified water
ank

AT Powvesr

Flesding protection for power Suely
equipment, induding E mergency
DAHE D3), deplorying power-supply car,
g s caftide perem sars g w
tomatie o the EDO

Mecessary Equipment

Flooang Countenmesasue for sysiem

CouPtrmenmIm in a fedtis = e

M2 tanks

Praparing spare tanks

OC power sLpply
(Battery, switchgears, eic )

Flesad pridretion ki the batiery e and (e
aren where the main bus panel iz loc
G0N T8MITN GRIT 80K

Prepanng portable battenes

Fire Protection System (FF)

MNecessary Equipment

Fiooding Countemmeasure for system

P ——-—

Digsal-driven fira pumps

Flood pratection
oM

he pump

Preparing fre engnes and
CORSErUCHNG water ransfer lines,
and estatiishing procedure for
SEAWAE InScon

Battenos

Fiood profection for fe battery room

Freparing portable battenas

Diesol fusl

Fasl depioyn end (inchading avery logitice)

Make-up Water Condensate system (MLWE)

Mects s5ary Equip

Flooding Countent easure for system

Courderm panen ina Seaible menner

SBO
[ p 2 Establishing procecures for
DOFF digsel-driven < MUWE pump Flogd protection for the pump room supphing E:‘rm among tariks
MILWC miator-drnven x Flood protection for power supply Preganng power-supply cars,
AL pover etuipenent, inchuding E0G or SECusing An oulsice power SOUTE

considering rearangement a5 an alternative to the EDG

{5) Heat Removal/Cooling Facilities
Mecessary Equipm FICOaing COUntem esuns 1ar Sysem Countermeamurs In & fedbie maneer

1) PCV venting (Within 1.2 days)

Concepts

Anthe case that seawater cannot be used as a
COOING SOUNCE, SURRFESSIoN chamier venting
thatutizes ar a5 a cooling source s necessary.

In Order to coNMUCt SUPFYession chamber venting,
PENING Motor-cgerated (MO) valves a5 well as
ar-operabed (A vales e necessary

2) Heat removal via Shutdown Cooling

Mode (Within 3-7 days)

Concects

Shutdown £ooling mode procecures by residual
teat remonval system (RHR) that utilizes sea
waer 33 3 conling Source 3 recessany.

~Thuss, in acdition &0 ensLring & power source,
restonng the seawater system utilzed as the
uBmte hest sink for prepanng aRemative
PUMPS, O MOtorrepars is necessary

AC power
(M O-valve, solencid valve
for AC-valve)

Flond peotection for power supply
equipment including EOG or
considerning reamangement

PPrenanng NOWer-sUpphy Cars,
ponatie AC generalor o partable
atteries

Compressed air
(For AQ-valve operation)

Portable air comprassor (or
tank preparation )

Romodaling AQ-vatve 5o that
& can be operated manusally

MNecassary Equipment

Floosfing Courtenn easure for system

Countermennre in a fedble n wner

AC powier (RHR pump)

Flood protection for power supply
equipment includng EDG or
considenng reamangement

RCWIRSW pUmp

Freparing spars motar

Preparing altemative pump
-Fraparing mobile heat
exchanagers

AL power (RCWRSW)

Flaod pratection fir powear
room

P reparing Fower.Supply cors, munisining
B3 SUREIH pOWEN SOUPCE B2 BN BRAMBIVE B
FeEDD

3) Heat removal from spent fuel pool (Within 7-10 days: Depending on decay heat from spent fuels)

Concepts

Dwring the accident, not anly was
the containment funchion lost, but
also restoration afforts were
senously hampered dus to the
hydrogen explosion caused by the
possible leak of hydrogen from the
primary contanmert vessel lo the
budding

=In light of defenss in depth, itis
important to establish
countarmaasunas in the case of the
reactor core damage, wiich
happeaned at Fukushima Daschi

B) Cemmon Countermeasures
In addiben to implamanting ¢ach
courtermeasurs, it 15 important to
reinfores the supporting work and
auxiliary equipment for safe and
aefficient activity in order to achieve
the aforemantionsd countemaasunss
affectively

Other mid and leng-term Technical
Issues

In this study, the aforameantionad

mid and long-tem t
such as those listed in the right
hand table should be considerad
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Spent fued pood cooling and Necessary Flogeing Court efor In 3 fleigle manner
leanup system (FPC) is basically Equipment L
Il"""_”l"’”;"“‘_ﬁ' A0 5""':{ t ey Paoding protection for the
acated inside tha reactor buiding pump reom “Preparing firs engines
Henes it is important to mantain -
the power Seurce FPC pump IMEEAIAT0n OF WaRer vl To establish redundancy with
CEtECTion INSIrLments or 3 fire profechion ppng
Furthammaore, in light of having a thermometer inside the pool
sufficient a amaount of ime to
, manitoring utiizing the Floocing protection for power
instruments is importart AC power supply equipment o Preparing Power-Supply cars
corsidenng rearanger ent
(6} Ei ring power supply to the
nsinin °"] injfiRequirsd within:1'haur) Necessary | Flooding C: e for c ina Mexible
Equepment system manner
During the Fukushima accident, the
mMonitonng INstruments wens Waterproofing the _
rendered inoperable and restonng battery room and the Preparing portable batteries
power to the instrumeants toak tima anaa where the main bus -Praparing Power-Supply cars
saned is located (or
Thus enswring immediate power qumpnnq ! gggrgglr‘trable B
supply for instruments is ! - -
supply for instruments is impartant reamangement)
(7) Mitig measures f g
reactor core damage Countermeaasure

Hyarogen Installng equipment or establisting procedures tor drilling
ACCUTUIE0n holes through the roof or opening the bow-out panels in
Frevention order to improv reactor building ventilation
Mitigation of E [ Injection p to the PCV via fre engines
Radicact 5 Wil e chamber venting
Material release for smeath verlivg via water fitesing)
ltems Countermeasure

i | for tacliiies,
Outside Power ] of coudd lead o
Sowrce damage, £ting Up facilities that wil contribute.

o power transmission reliability.

Debits Remaval S
Equipment <
Securing 9 ey o
toals wilkie-talkies or saellile phones &5 well 35 ensuring 3 power source

Securing Lghting
Equipment

Praparing high power lighting equipment and headiights
that will allow workeers frés Use of both hands 5o that they
will be ready to respond safely, quickly and precisely.

Health Protection
Equipment

spphy of g, masks, APDs, portable aF
refreshers, el g with the cepioy the

powes suggty Car in order bo ensure thal workers will be able 10 restore
e i COrEral Foom werenation System promptly.

ltems

Adion Plan

Isolation Signal
Reviaw

Duning the Fukushim a accident, the loss of the (zoiation condenser cooling

function was caused by the vah closing up due 1o loss of D power. Herce,

the concept conceming the [solation =ignal shoud be revewed

Venting line
mprovement

In oroer b0 Improve venting that s 2ole to signicanty fiRer cut radicactve
malerals, MEEsUes Such a5 the aggressive actiabion of the Rupture Disk
will be lpoked into while taking e accidental release of Rdicactive matenals
into consideration

Miligation m easres kr
mainnctive malenin
refzase dusrg venting

The design of a filter vent to mitigate the release of radicactive
materials will be considerad

Survaillance
Instrumert
Improvements

Given that the water lavel gauge measursmants deviated
greatly from the actual valus al the power station, research and
davalopmert in this area will be developead
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Defueling Plan

Main Schedule of Mid-and-long Term Roadmap t s the D issioning of Fukushi

Daiichi Nuclear Power Station Units 1-4, TEPCO

Attachment

(Provisional trans|ation)

Phase 1 Phase 2 Phase 3
Period to the start of fusl removal from the spent fusl pools Period to the start of fusl debris removal Period to the end of decommissioning
FY2012 FY2018 | FY2014 ; FY2015 . FY2018 } FY2017 " FY2018 | FY2019 \ FY2020 FY2021 IFY2022~
Within 2 years (Early) (Mid) (Lste) Within 10 yesrs ARer 20-25 years __ ARor 30-40 yoars
; Step 2 Gomplsted SEP Fus! el Seare Fuel Debris Removal Start  Fuel Debris Removal _ Decommissioning
Primary Targets v (Urjie 4) (Flm‘ 'urit) Completed (All Units) ~ Completed (All Units)
v v 7
Ongoing Monitoring of Reactor Cald Shutdown States (Maintain water injection and motitoring using temperature and pressure parameters etc) [— ik
L — :RR&D
'c'" “g Reagtor Lartlal ltemal POV Tapection 7 "Tlmt:chlm Switch ts Water Withdrawal MJQ Rasotor Buliding (ov lowar part of Pcvl P~
; bl s ; o e b Ciroulating Water Cooling (water withdrawal ~==="Circulating Water Cooling via Water —— Conditions for Next
—— Improving the Reliability of Circulating Water Cooling (water withdrawal from Eu_rgyp wifding | from reactor building (or lowsr part of PGV)) ez Withdrawal from PGV (short loop) e .
intaini I [ (#1): To [HP3~1]; PCV Repairs, Stogping Inter—building Wefer Leakage t*'iﬁ From (*4)] Reactor Building Container (Conaideration bassd on ormation Flow
. ﬂﬂ.:w Reliability of Existing Facilities the installdtion progress status of reactor building cpntainer)
Plant in an | L ‘ g VTarget: Complete Accumulated Water Processing in
Ongoing Procacerg via Bxeting Procsssing FeailUss Gompletion of Stopping Inter-bullding Water urbine/Resctof Building
i State Plan for Improving the Reliability of Existing Fesi ss ete. A:cur\:‘ulatsd Water Processing via Reliability Improved m"‘: Rﬁ“‘f;:gt’:"::‘;::x:‘gg;" Buildings
A lated Water | Goomio oo ommor, Crammmt Watar Pr ing Facilities Coraidration o Gradanof N, Creuiation Loon Dacrease
Pr i JLoon Docronze oroase 030 Docroaes (f nasessry) )
lc: of Subdrain Water & — Accumulated Water Reduction (lower accumulated water level inside buildings gecording to underground water level reduction) Processing of Underground and Docontaminated Water ste. |
Fetsleuon of Muft-nuside Reduction of Accumulated Water in Turbina/Raactor
Femoval Feciliues Buildings
=] G o rer
Water Shiskling Walls Installation b ¥ Tanme: ofiths, Risk of Hae Watar; - Weinr Loska
e oot * VTargst: ! of I C in
Plans to Mitigate [ o8 2 Water i the Port (below announced density)
Sea Water ibe bugie Cargl
C: inati Girculating Seawater Purification (ongoing)
[ Govering Dredged Sand at Seaway/Anchor Ground>
Plan to Underground Water and Seawater Monitoring (ongoing)
Reduce | 7 Targst: Attainnjent of Dosage Balow 1 mSv/year at Site Bt due Sources such as New Emigsions of eto. frar the Power Station as a Whole
Radiactive for Rubble
Dosage in Plans for Reduce Radiation Dose from Stared y . Continue Storage
the Power |Radioacti %% Rubbla olc. via Shielding Cotiue ot ol
Station as a |V® Waste T i f
[Whole, and entand |Weste Stored Water Pravess g vie Shisldng etc. ; Continue Storage Facility Replacements Carry
to Mitigate |7 fram Reduan Racition Dasn om Sasaedary Warte 3 Continue Reduction Efforts " = (as needed) | Ske
ﬁ" Water Water Assess Characteristics of Secondary Wagte from Water ) | (#5): Go to "Radioactive
natthe |P in | Processing and Storage Gontainer Lifespgn Plan Devalopment | Waste Process/Disposal
n Site g (Final processifia/disposal will be fered in the rafioactive waste procgssing/disposal plan) Plan”
Boundari |Gaseous/ | Fcv Gas Control System Insjallation
88 Liquid (Supprassion of radioactve matadal eeissions from P
Waste Land/Sea Area Monitoring {ongoing}
'V Target: Change Mai Bmm.nﬁ.mnmm ls are not Required
Plan for Fisld Test arget: Reduce Radi Dose at Ct Buildings (Img per partner needs)
Systematic Onsite Decontamination (Implement step—by—step from executive and working area in conjunction with efforts to reduce radiation dose outside of the site) )D DD
Circulation Cooling of the Pools (Improve y via and 1t et}
[Unit 1] Gonsideration of Fuel Removal Measures/ Investigation of umu)&i‘““;‘ﬁ? i Prepare for Fuel Removal (Remaval of Rubbls, fagity nstallation a10.] Fuel Rer /@DDD
e parion o Deg ) ity Sy, Paneira_Fanity lupaction Ropan > Fual HMAVI»DDD
SFPs of Units 1-4 | ) d_ " ‘
(3) Targat: Complato D&-W  Start|Fuel Removal (Target: in 3ysars)
Uni: 3] Remaval of Rubble Lpoer oo of oot el Mdie aciiss,  RomorlafPeagfo |>I>1>D
Plan for Fuel | 'V Target: Complete ebric Removal _ Vtart Fuel Removal (Targs]: within 2 years)
Removal ok T e eyt o e st oo DT>
Fuel Pool Site Harbor Restoration Storage of Fuel Assemblies Removed from SFP (store/manage) Carry out »D
Cask (s ) ’ i Delivery (ciflpbystap)
Common Pool T + T X
[Cemmen Pool Restoration Camman Paol Fusl Remaval and Fadify Modfizatons Detarmination of Mpthods for
for Fusl S Reprocessing and §toring Spent Fuel
Long—term Intesrity of Fuel ik | from SFPs
[ Consider Handling Method of Damaged Fuels from the SFPs [ Y )

#This roadmap will be updated in considerstion of the on—site situstion and the letsst research and davelopment results.

L. Barrett Consulting LLC

HP: Hold Point (Paints of Judgement)
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