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Partl 3.11#8EB&LER
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PartVl JFEADERE

F o Unitl: 524 MW, 1984-
) Onagawa | Unit2: 825 MW, 1995-
J Unit3: B25 MW, 2002-

/

Unitl: 480 MW, 1971-
Unit2: 784 MW, 1974-
Fukushima I| Unit3: 784 MW, 1976-

Unitd: 784 MW, 1978
/ Units: 784 MW, 1978-
Units: 1,100 MW, 1979-
Unitl: 1,100 MW, 1982-
Unit2: 1,100 MW, 1984-
Fukushima 1| ynie3: 1,100 Mw, 1985-
Unitd: 1,100 MW, 1987-

Tokai T (1,100 MW, 1978-)
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RCIC (Reactor Core Isolation Cooling)
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1Fukul

IC trip (March 11.15.37) Start of injection via FP line (March 12. 05.6)

I Water injection

[kPa] LiLL]

900 1500
Radiation *- Start S/C Venting

500 level operation

increase gt :
turbine blfig.
—
Increase jin
0071 cv pressure. ‘ L

40— |oss of|ECCS /
function ‘

300 1'\/ 1 Sea water injection

via fire extinguish line
200 —3/41-14.
Reactof Shut Down :
100 L2111 18 Reported High -2000
Statlonflack out radiation level
0 T -2500
3/11 000 3/12 000 3/13 000 3/14 000 3/16 000 3/16 0:00
D/W Pressure[kPag] == Reactor Pressure #—5/C Pressure[kPag] —@—Reactor Water Level (A)
[kpag] [mm]
[BasedianiSA slide;dAEA Safety Convention Meeting, 2011April4 and Gov report to IAEA] 19

TMI (RU—TAMILE) 2B HLE DERERLE

| TMI | | Fukushima |
Day1 00 Tb trip, Loss of FDW 00 Earthquake LOOP, EDGs start,

03 sec SRV stuck open IC/RCIC operation

3 min HPI stop 1 hr Tsunami Blackout &loss of UHS

100 min Coolant circulation stop

174 min B pump start (fuel collapse)

113-174 min Core uncover

200 min HPI restart (1F1) (1F2) (1F3)

224 min Slumping to RPV bottom

4-15*
hrs
Day 2
*Estimated time from start of core uncover
to staft of succegsful injection
Day 3
40 -43*
hrs
Day4 75-77
hrs
A. OMOTO, 2011Aug6 AESJ-SNW [SOURCE] Based on Gov report to IAEA 20
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MAAP (TEPCO), MELCOR (JNES),
SAMPSON (IAE/NUPEC)

» MAARP calculation by TEPCO in the
Gov. report to the IAEA (Ex.)1F1>
» MELCOR calculation by JNES

Approx. 4.7 hours after SCRAM Mhpprox. 5.3 hours after SCRAM

T T

Time of RPV melt-through (M/T) after the earthquake
MAAP(TEPCO) MELCOR (JNES)

1F1 5-12 hrs 15 hrs

1F2 109 hrs or no M/T 80 hrs or no M/T

1F3 66 hrsor no M/T 79 hrs or no M/T HE T

hpprox. 14.3 hours after SCRAM hpprox. 15 hours after SCRAM

Fual Area
Fuel Awa

|—
l—

[SOURCE] Based on Gov. report to the IAEA and TEPCO May 23 report

Model of Fuel Damage
NoFuel (Shumped)
Normal Fuel
Accunmlation of Slumped Fusl
Accunmlation of Melted Fuel

Flow Channel Blockage with Melted Fuel
Molten Core Pool

ral RFFEENKRIRERE

KFRE AR BESEMBRIIDF— VAN LD RER R
KFRE/NR2LAVIE S SGTSO R FIFRZBIMRER R (NUMEXBHESHEN D

DAVEELEETR)

1F2 blowout panel opened by | SFP zone
AXF3oblast, whickreleased H, 22
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Cumulative exposure to adult
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o RAICKHINTIIENROONDARENHYBIECPENEROBRRAEREZ . RAELT.C hFET

QIERBRREITLERET. OIS EMEERECRATOREUNOREEIR A ERRE I
®E

T AEEFMOD BHAEME DK
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i

o RIUTIIBTELM, mﬂmg H At , o, COH
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[SOURCE] http://www.kantei.go.jp/saigai/20110411keikakuhinan.html*

httpA/{j\?\/A%\TNorrzlgltlli‘gép/{ﬁ?rStNh\%uake/nuclear/0417roadmap html

BaICE TS EYE O 8 e i HliE

> 3198 LIEEE

> HARSAY
(1-131)
1-131 Z i T 7K /431, < 300 Ba/kg (/INR: 100Bg/kg)
I-1315{li TEF S E Y < 2,000 Ba/kg

(Cs)
Btk /42, < 200 Bg/kg
BY < 500 Bg/kg

> Rl (RERB =
BA LS AL ST RAROERICLSNHRIZ O EMRBBE 5msv
BV RESCRARORONERCLEABRIEDEMBEBRE  somsv
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i (a) Bt DM RE T
[EFRITH-HDIEAE H100mSv/E L FTIRBEAD
ua Zpraa o
&E  :50msv BYEQZEELTLS,
(b) BREFO IR (B

) IChITHEAE

20-100mSv/ 4 3%
(o) BRUREE DB R
EDHMIFL DI

1-20mSv/ &
“M"."“H||D||||||||nn

#BAK
RERARDERS

[SOURCE] NSC, http.//www.nsc.go.jp/info/20110411_2.pdf

EEE - Imsv/E

RFARBROBED
Binlc L OB O
EETELEIHENNR
Af-HhMHAE

EHAMAG B 1mSv/4&

AEADEEIZDINT

WEHRDOEEIAMDNREMBEHEMESRD2D
> 2 250mSvEL ETY 2/ RERDE V. 3000-6000mSVTREE ., K [E D 24

> BRI A& Iukemiafi s

M1 E/MIZ100mSVETIE, BEMFELVLSWIILI-EEITERMICREN S 5KH
EEIDHONT  FT-RUMICRET SHBFEAEEIZDOVNT HFITHAVRID

HEICAWSEFENAEE. BELZ, 100mSVETOREHFE TONAD)RIEZE
BHLMCTDHEIFLENENSI—RIUBEELNHD I (AEREEER)

ELER IAEAE A D)
v BARAEMNS 2.4mSv
v CT AFxvy 10mSv
v HEIXIRIRE 0.5mSv
AKIZH LS EME
K-40 4,000 Bq
C-14 2,500 Bq

Pb-210, Po-210 20 Bq
BWIZHEXRAD K-40> AMKIZETREN TLVHK-40(33600Bqg
£l 19-63 Bq/kg

+7
[FINAE 89-220 Bq/kg

A. OMOTO, 2011Aug6 AESJ-SNW
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FINITAINREERBREICEMS N ERIBEENR - S2.
SEOBRICLDRIFFRE DR

3. ERORE (MU ERSHYDRR
F/TAY)

IAEAM & “STI/PUB/1239" (2006) &Y

T BRLALBOEE .
37-185kBa/mz  : 162,160km: a  3F
185-555kBa/mz  : 19.100km: | @R
g BEnes zewm
4 EATEHLY

[SOURCE] LU, HE21RIREFHEEKEH. 2011Juneld

Partl 3.11ihEEL K
Partll [EFHREBMOILE

Partlll PRiEE
Partlv IRIEZE

v PartV FEELEF
PartVl fFEANDRRE
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1. WERFELGEBARKEOER
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> 2KkEEEL-EERT
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> REHERDADE—L VY KR, EROEHEEREGF
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BEHEIBDIRY
BREBICHITEIZHRE]
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> RER#RT L
> BREME
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FELGHBENEE
6. FULTFURRRTAVE

> 19NFLR. BEXEEOBIFEHBEOMAEDT
> FTAVPEKEEE A —F(CEETHRAEIEAELIIE
> FIMEGEROMIFHRIRET TOIARI AL
> BERNKFEH AR (SGTSED R, BETRIMASDAAUL)
B ECEREFOEMSIR
» Real-time/faster-than-real-time simulation system
REREX/REARG/FHRREL
» Whoisin charge?
> A7 Ahra2—0OHEE. BREE DR D& EIS 18, SPEEDIFIES
9. FRFIFTEL
> BHEMBEH LI
> uﬁnﬂaﬁd)ﬂ“IE(/I:777/7'->I~%E%|l
[CEITHHERRNREFTMmPsAL B
10. EFREN
» Peerreview
» Complianceto IAEA SS
> WANOiMhIZ B 2B XI5
> HuiEk(ZF [+ Sconfidence
building/Trust
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Root cause built in historyMD &R EE
VIREBESUE ., BIE ., TR DAV
v'CAIB report “The Board recognized early on that the accident was probably not an
anomalous, random event, but rather likely rooted to some degree in NASA’s history and
the human space flight program’s culture.”

> BRABREVDSTFEEEOEVEDADEZ A, SAMEHER, &
ET7T7O0T oMY SHED I EL TR DA MR st
MHEESREBRIESTHo-HIFDHBET 2L
> 20024 LIFE M QA + Compliance EtR DB D F TH L LE
> BREBREIHMRHT, ERNGEF~NOBERIL. AAFOZEHE
HE(EWNTIEONAKRENECA, ZHREREEDHYN =
> RGBSl ERIFERRE Ot MEGESOPTOHERM M
HER. URVIER EDRFIDEZE)
> HEDOFETHDIIRT 1D
v R DIEUNE T (E AR
vV JROZEBRLIRVBEEEZEEDIRIEEA

BIoERERICESEFFERERRICHSIZIE
NOEDBERERDRILEA RN EER

45

What is culture?

Most of the culture is below the surface

Above the surface we find the visible
aspects of culture: artefacts, people’s
actions, language use

Below the surface we find

* norms

e values

e fundamental assumptions of reality

[SOURCE] K.Dahlgren Persson

46
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Safety Culture

Three-level model of Safety Culture

Artefacts-Visible Signs
(greeting rituals, dress, housekeeping — visible)

Espoused Values

(values that are adopted and supported by

a person or organization based on Espoused Values

strategies/ goals) visible / \
Basic Assumptions invisible . \
(Such as “human nature good or evil”) Assumphons

“Social Fabric" \

[SOURCE] Edgar Schein, former professor at the
MIT Sloan School of Management, expert on organizational culture

47

ASSUMPTIONS (BELIEFS) MATTER

HAZARD

Lack of a sense of urgency about ., PHYSICAL Barrier
fixing defective equipment I

Don't follow all the procedures —> PEOPLE Barrier

Don't report minor problems or  ===) | EARNING Barrier
unusual observations I

Make non-conservative decisions

in situations of uncertainty e==) LAST-CHANCE

Barrier
INVISIBLE
ASSUMPTION
“The plant is robust, ACCIDENT

it has safety margin.”

[SOURCE] Charles Packer, Cherrystone Management 48
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Partl 3.11ihELEK
Partll [RFHEEFRORE
Part Il PRIEIR/E
PartIV BIFFE
PartV FE5ZEE

v PartVl f#EADEE

RERADHRE

& T DR, BHL TS AR, BTOEEEH
ORELELTORE

S EBih/EILEPDORFFORLEHER
ORTFHES/BEE/ (K DHRTE

SEERE

& I R)LX—HLIGHER
OIRIILFT—HEDODRELEERDERRE~ADSH
O KETELREHE—RDURIEEDFA L
QFEEFEANDAIND FEAR
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Phy5|cal Chemical Biological

settling basin
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BEERDFEFABKRFLR)

1L EEYARZOREDOHEIL LT R 1T(EERFEA (4.5, 5.10))
EHOWK, THRALGEFBRENISG T -REHR. RRRASHRAES

2. IRILF—IVIRADFFE

> BRFABEEIRILE—BED—L

> IRLE—EAHERI /IR E—IBELSBLEFHES S KR

> BANXEER (DM (Hi#. $E) EER/NSUR, #idtFaUTA B
REL. BETHEIRLE—OR-$8E, ERZFEE, THE0E
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BRFADOREFIRLF—TEDHLAEH (LIHEE, 110404)

ESHH (W) KIEEHTKWhEE  EARECTKWhLE
OAIEEDE W, (BRI AZE12%) (EHFAZE20%)
B {fH HEs50%)
BB 1-484 28175KW (210fkWh) 19935kW 196 TKW
BEEI2KG, 688 4TOFKW (3504kWh) 3327HKW 1997 HkW
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@RFHEESL 201156A9AR
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UK Pathway analysis®D {5l

v BEIISOATHIVMIBITEEE (2050 1255 E E IXGHGHR B Z80%HIiE) &
EHIE
v 6 DMERBEERET

Pathway Beta
Pathway Alpha P (CCSHRIRIEZ A D FLELNEE)
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= 400 | 400 =
200 200
™~
0 0 [ et
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M Combustion + CCS M Combustion + CCS
A. OMOTOmAfKLbAted G FmsiSheHeration Unabated thermal generation 57
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High-high fossil fuel prices
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Never, Ever Again

anywhere in the world
Ien 0 o o i, ot ._-._;

3.11 Tsunami

Ground Level | Tsunami height | Location of Electric Type & location of
m Equipment Room Emergency Diesel Generator

FENEE o: Mod 311 (U4AS P/C, SC: Seawater-cooled

Tb/B  estr. (2002 Battery) AC: Air-cooler
[m]  [m]

1Fukul,2,3,& 4

1 AC-EDG in new EDG/B (SAM)
(battery:T/B MB1F)

R/B 1F, B1F 3 SC-EDGs in R/B B2F

Th/B B1F

13.2
2 12,

Fukul,2,3& 4 [] 7 3.7

C/B B1F B2F
14.8 91 - 13 R/BIF 3 SC-EDGs in R/B B1F
80 3 15 486 5.1- R/B 1FB2F 3 SC-EDGs in R/S B1F
5.4

Tsunami flow path @2F

1. One of the offsite power lines for 2F stayed
alive during & after the Earthquake/Tsunami
2. What mattered was the elevation of air
intake/exhaust of EDG room & location of
Electric Equipment rooms

2011/9/1

30



2011/9/1

VAT LIKEFHE

1. R FIRHHRK AT LG MEEER-F (21X

vERE)H (BEA[ACRDC], EAZEDERIN-IRIILT—, HEER)
VISR AINRKHINIER)
v KR

2. EEDRFIRHHRK AT LOEREEZR-FIZ(X

VERLREFICEBRFIFRE. ZDRAEBHDI=HIZIE
DCEEMEAR (N2/air)
BHBRBREENDNLEYESNSAICITRNERRETE

3. FEAREMARLMBICACHIGHEER-TICE

V(KM ZERIZED) 28 AN
VIRIEEBITAER

v IRFHE A
VIRD—tUA—FERER

IC/RCIC/HPCIIZ
o SEACEI HICREFEE T (B ARTERER)
- BEFHTHES

Was there re-criticality?

b)

Only one MP recorded neutron at threshold level signal, but not
recognized as evidence of re-criticality

Detection of CI-38, I-134 : mistake in measurement by TEPCO

Considered as remote from reality, but theoretically chances of re-

criticality may exist;

Reactor: In the process of melting when Fuel is self-standing, CR is

melted and re-flood (physically not easy at narrow time-window)

Optimum moderation of over-cooled SFP:

» Physics calculation revealed only relatively fresh FAs (high
reactivity) in 1F4 SFP have such a chance when dry-out or
bubbling occurred

» Nevertheless, no evidence of fuel failure nor re-flood after dry-
out (explosive steam generation) of 1F4 SFP
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Core damage

Melting Temperatures Liquefaction Regimes Core Damage

uo,

Meiting of the ceramic
materials UQ, and ZrO,
as well as formation of »> Complete

_ceramic (U, Zr, O)melts

Meiting of metallic Zircaloy

and a-Zry(O) results in fast » Extended
dissolution of UO,

2000 Start of rapid oxidation
!“_ _of Zircaloy by steam and
macroscopic liquefaction .
by sutectic intaraction of P Localized

B,C with stainless steel or
Stainless Steel I stainless steel with Zircaloy

1450 °C
Ballooning and bursting of
fuel rod claddings, release > Initiation
' of volatile fission products

1000 °C -

Source: KIT, GRS, 2011

BWR/3,4 generation plant

BWR/3 (460MWe, 1Fukul)

» Mark| Containment (Drywell + Torus-type Suppression Pool, Pd=62psig)
> SFPon top floor of the R/B

> lIsolation condenser for passive core cooling (@Hi Pressure)

> Core Spray system (@Lo Pressure) after depressurization by SRV

> Battery capability: 10 hrs

BWR/4 (784MWe, 1Fuku 2,3,4 &5)

» Mark | Containment (Drywell + Torus-type
Suppression Pool, Pd=45psig)

> SFPon top floor of the R/B

> RCIC (Reactor Core Isolation Cooling) &
HPCI (High Pressure Core Injection)
(@Hi Pressure)

» CS (Core Spray) & RHR/LPCI
(@Lo Pressure) after
depressurization by SRV

> Battery capability: 8 hrs
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ERFELSADBIT(EHR)

B 7rsLosa)

million ton —CO, equivalent ton

\ 1486
W 1358 +9% T ~100 M TonZ R F 5 CIEE
+8% 9 HiEy
1261 Z@*E: 60-70%—80-90%

19904EL R )L A 525% 1B
(315 M ton)

“Long-Term Outlook on Energy Supply and
Demand” (August, 2009)

1990 2005 2020

CO2/ Hi 8 R B I LE#%: Nuclear=22g/kWh, Coal-fired=930g/kWh, LNG-fired=434g/kWh
[RFHFHEEZ(278 TWhr, 29.2%) BNERKBRELEEDLRRBTEBRINL LTI
278x10(9)kWh X (660.5g/kWh—22g/kWh)~178 Milliomton-CO,® T E &N

A. OMOTO, 2011July21 EnergyForum 65

CO,BREIBMIARNI—T, 20204 (BARTHILXE—EHTHIEA)

BIEEECoI0EIHIsE)MSDTEES:
FEFhiEBEAL BT HHRESORFEHERSEN. BHEEORFYHEREADREOREERE
KB FEEIL. 2005FH20f% (2800 5kW) ETHA.

$/CO, 1400 —
1200
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sl B B 3
R
600 (F1—IT) N
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(FRBER) zHL¥— t
400 T sasneag =] y EThEE
rFSL—RE BREE EMELER
200 ®Zh . t gzxsrozTLg
Eﬁ$?§ﬂﬁ\ (ﬂﬁf}ﬁiﬁiﬁl} . - Kﬁg ah BEMS
0 — i - : 5tco,
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200 I3 2 i e
shEzen|
2 B (IR )
-400 -

[SOURCE] 2010 24BIRFHEERERENA—X
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Why INES level 7? Declared by NSC/NISA on April 13th
Chernobyl: 1-131eq. 5.2x [10(18)] Bq
Fukushima: 1-131 eq. 0.3-0.6 x [10(18)] Bq

Estimated by reverse calculation using SPEEDI and ground contamination (outside)
and Severe Accident ST Analysis (inside)

INES 2.2.2.Definition of levels based on activity released
Level 7: An event....

equivalent to a release to the

atmosphere of more than several

tens of thousands of

tera[10(12)] Bq of I-131
(SOURCE: INES User’s : Ac h ¢ i
Manual 2008 Edition)

Accident without off-site risk
O &

3
Serious incident
The International Nuclear Event Scale

For prompt communication of safety significance

A. OMOTO, 2011Augb6 AESJ-SNW

0
Deviation, no safety relevance
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The Fukushima Daiichi Accident AV | =

POWERTECH

> Question: Is this accident a matter of residual risk of nuclear energy?

ting the coasts of Japan and t slands {Russia) ove pars » Simple Estimation:

Date and Co Affectsd Region  Earthqus ; ot Within the past 513 years
11.03.2011 | Japan Japan M=90 2am >10 000 16 tsunamis with maximum
04.10.1884 | Russia Kuril isiands M=83 itm ot specified amplitudes above 10 m and
12.07.1993 | Japan Sea of Japan M=77 MHTm a30 induced by earthquakes of
2605.1983 | Japan Noshiro M=77 14.5m 103 magnitudes between 7.4
07121944 | Japan | Ki Peninsula M=81 10m 40 and 9.2 have been recorded
02031833 | Japan Sanriku M=84 30m 3000 for Japan and the adjacent
01.09.1523 | Japan Takaida M=78 12m 2144 Kuril Islands (Russia).
07.08.1918 | Russia Kuril lstands M=82 12m 50 » Experienced Frequency:
15.06.1886 | Japan Sanrku M=76 38m 26360
24.12.185¢ | Japan Nariaido M=84 28m 3000 f=16/513a=0.0312 g~
29061780 | Russia Kuril Istands M=75 12m 12
24041771 | Japan | Ryukyu lslands M=74 85 m 13500 Thus, within a thirty years
28101707 Japan Japan M=8524 11m 30000 pgncd one _saver‘e tSUI_'IamI
31421703 Japan Tokaido-Kashima M=82 105m 5200 with a maximum amphtude
02121611 Japan Sanriku M=80 25m 5000 of more than 1 0m has to

: be expected in Japan!
20091498 | Japan Nariaido M=86 17 m 200

> No, it is rather a matter of obviously having ignored a high specific risk!
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What international supports were provided?

< International Supports for disaster recovery >

135 countries and regions as well as 39 international organizations have expressed their intentions to extend assistance.
Rescue and medical support teams from 20 countries and regions (Australia, China, France, Germany, India, Indonesia,
Israel, Italy, Mexico, Mongolia, New Zealand, the ROK, Russia, Singapore, South Africa, Switzerland, Taiwan, Turkey, the
U.K., the U.S.) as well as and the UNOCHA, an IAEA expert team, and the WFP have arrived Japan and have been operating
in disaster-stricken areas.

< Support from Governments>

[Australia] a special pump needed for cooling Reactor

[Canada] 154 radioactivity survey meters, 5,005 personal dosimeters

[Finland] 50 Radioactivity measuring monitors

[France] protective suits and masks(approx. 20,000 sets), 250 radiation measurement equipment, 10pumps, 5 power
generators, 5 compressors, 3 environmental survey vehicles, an environmental survey towed vehicle, approx. boron(100tons)
[Korea] approx. 52 tons of boron

[U.S.A] Technical support from DoE, 10,000 radioactive-proof suits from USAID; 2 fire trucks, 5 pumps, 99 protective suits
againstnuclear, biological and chemical weapons, approx. 9 tons of boron, 1 large water spray pump unit, fresh-water
transportation by a barge for carrying fresh water from the U.S. Forces. 31,000 Radiation dosimeters, NRC’s experts support

<Support from Industries> (Examples)
[Areva] Protective suits (approx. 10,000), protective masks(3,000), 2 experts, 2 monitoring cars etc
[iRobot in U.S.A] Packbot by iRobot worked inside the reactor building of Unit 3 on April 17.
[Rosatom in Russia] 400 Radiation dosimeters, protective masks(5,000)

[Sany Heavy Industry in China] 62 truck mounted concrete pump

[Putzmeister in Germany] Several long pumps includinga 70m long pump
[Westinghouse/B&W/Shaw, GE] Proposal of the mid-term & long term plan

Putzmeister pump

Packbot in reactor of
Fukushima Daiichi Unit3

Sany Heavy Industry pump
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Comparison with TMI-2
Lessons Learned from TMI-2 :
* Man-machine interface
(valve position indicators, [
water level)
* Operator training / operator aids i llolsiolll —
* Hydrogen control bt SERRBRR I | | £ © oot o cony
* Containment isolation . ﬁ N{Z// //.......n,...n.m
* Need for analysis of multiple failures™™—~—L1 ﬁ -

1c1 Hole in batfts
9 plate at core [ 1 [ Crust
revisit PSA pmeno | A
material
Vain ol consalidated
core material ai core | |
positions K8 and R6 ~<t—- |~

core position 014

Lower plenum debris

Possible reglon with
tow uranium content

Abiated incore
Instrumeat guide
below cora positlon A7 U

TMI-2 end-state configuration
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[ Previously malten
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core material befow
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Comparison with Chernobyl

RBMK (Boiling light water coolant reactor with graphite moderator)
RBMK design features
» Positive void coefficient at low power operating condition
» 4 recirculation pumps in each (2) loop: normally 3 of them in operation
» Graphite displacement rod at the top/bottom of B,C Control Rod
- Positive scram effect (as displacement of water by graphite

displacement rod
when CR is inserted, reduced neutron absorption bv water add

ol RBMK 1000 gmm i ."‘..:'*..‘
cowmoL (Cageammatic| e WATERSTEAMALOW FIGURE 11
Void reactivity coefficient of RBMK reactor design

[K/[Noid Reactivity
- AODERATEDY OVE Ir D

LWR design for operation with
negative void coefficient, so that *

‘ increase of power ‘
¥

‘ increase of void ‘
¥

‘ Decrease of reactivity ‘

Increase

Increased Nm/Nf

ofvoid

4
RBMK design + | Void coefficient of RBMK reactor
Moderation by graphite and Cooling by water Condition before accident

Decrease of water has two effects

a) decrease of neuron absorption
[K/Void= +

b) increase/decrease of moderation u

depending on core lattice design , Notsignificantly negative even at
[K/\Woid= + or - = High void condition (NUREG-1251)

* Very low void condition
* CR all withdrawn
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Chernobyl forum : Study on health effect

The Chernobyl Forum

® |nitiated by the IAEA DG
Dr. EIBaradei in 2003.

9) (&) @ e > n
%;f ‘:f% une gt:?%’éf ® 8 UN organizations + Belarus,

- : Russia and Ukraine.
UE%*M u%ﬂ %D SR ® More than 80 experts from 12
countries and 6 international
organisations, such as UNSCEAR,
WHO/IARC, IUR, etc.

Belarus ® The results considered by 60th
E UN General Assembly, November
2005.

the Russian Federation

l

Ukraine
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Chernobyl forum : Study on health effect

1. Acute radiation syndrome mortality

Acute Radiation Syndrome in 134 emergency workers

28 of them died in 1986

19 more died in 1987-2004

Two more persons had died at Unit 4 from injuries unrelated to radiation

One additional death was thought to have been due to a coronary thrombosis

VVVYVYVYY

2. Cancer mortality — predictions

» The WHO predicts that among the 600,000 persons receiving significant exposures
(liquidators working in 1986—1987, evacuees, and residents of the most ‘contaminated’
areas), the possible increase in cancer mortality due to this radiation exposure might be up
to a few per cent

» This might eventually represent up to four thousand fatal cancers in addition to the
approximately 100,000 fatal cancers expected to be due to all other causes in this
population

» Amongthe 5 million persons residing in other ‘contaminated’ areas, the doses are much
lower and any projected increases are more speculative, but are expected to make a
difference of much less than one per cent in cancer mortality

» Such increases would be very difficult to detect with available epidemiological tools, given
the normal variation in cancer mortality rates

» However,among the more than 4000 thyroid cancer cases diagnosed in 1992-2002 in
persons who were children or adolescents at the time of the accident, fifteen deaths
related to the progression of the disease had been documented by 2002
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Machines/Robotics in harsh radiation environment?

Removal of debris

Taking samples

Remote camera

Remote radiation monitoring

TRSHRRIE RUEFE DS

1. 2000-2600 A DYEEE
v ERIBE FE: 250mSv
Vv REDAH +HLTBERROEANS, 170mSvERY!)—
—LR)IL

2. MEBE(NBHEIEIENBEIXDEEHE)
& K:670.4mSv
250 mSv> 6 (BRE)
250-200 mSv: 2(NEE 0)
200-150 mSv: 14 (REE 12)
150-100 mSv : 86(NERE 69)
100-50 mSv : 313(AEE 193)
50-20 mSv: 948 (NEE 520)
20-10 mSv: 1287NEE 523)

>10 mSv : 4427 (NERE 2272)
(BAXIFAAICERERIIRELI-FOGT 7H25BETICWBCRIEER TL=%)

80
A. OMOTO, 2011Augb6 AESJ-SNW

2011/9/1

40



FNCA (2011 July 6, Jakarta)

After Fukushima, FNCA member countries observed decreased public support for nuclear
power in a varying degree from country to country. The public naturally feels uneasiness on
nuclear safety in the light of the Accident. Many energy experts are thinking enhancement of
nuclear safety must be addressed fully and public trust in the Government activity to assure
safety must be restored, although they feel the unique role of nuclear power as low carbon
energy and as a tool for enhancing security of supply remains unchanged. In countries located
in the “Ring of Fire”, it is understandable that people are thinking that similar thing could
happenin other countries if not protected adequately by design and emergency
preparedness. Industry is concerned that publicis not necessarily aware of the projection that
converting nuclear option to renewable would lead to significantincrease in electricity tariff.

Althoughthe view of the Government with regards to the viability of nuclear power is
unchanged, there are cases of delay of implementation plan or reconsideration of safety
requirements for nuclear power in the light of Fukushima Accident.

Kazakhstan encouraged Japan for continued use of NE in Japan after enhancing safety, since
this sets an example that nuclear safety issue can be appropriately addressed. This could also
be meaningful in reducing energy-related tension in Asia, which could potentially be created
by reduction of dependency on NE in the region. Touching on former Semipalatinsk nuclear
weapon test site, Kazakhstan suggested that Fukushima could become a scientific center for
scientificresearches ...Indonesia and the Philippines supported the suggestion.
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level 1 PSA (BWR5)

Core melt frequency (AE)

[/reactor-year] Failure to High Pressure Makeup Failure
Remove Decay & Failure of Depressurization
Heat (T

(TQUX)

Anticipated
Transient w/o?
SCRAM

Blackout

Low pressure
Make-up failure

BWR : Transient initiated event dominant
PWR : LOCA initiated event dominant , V-sequence important
(V :pipe break outside of containment but not isolated from
reactor coolant boudary) 82
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Event Tree in level 1 PSA (BWR)

Required safety function

pimary
Initiating reactivity boundary .o cooling decay heat sequence
event control  integrity removal
reactor R S/R  FW HPCS ADS LPCI RHR #:corein

safety —>

protection vajve  valve

safe condition

systems system opening closure
#
C
YES ™
Probability is |: #
attached TT‘ZUV
for each branch YES TQUX
(from Fault treg \ — %
analysis) L qw
#
res —
NO ™
turbine ,—|
trip ™
TQUV
AE
#
Emergency procedure to control reactivity —————— T™W
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