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Abstract

This research aims to develop capability of on-site staffs that can respond to beyond “design basis accident (DBA)” in the
sophisticated socio-technical system, in which ensuring safety has been more complicated. Fukushima Daiichi nuclear accident
is therefore considered as the actual case of “beyond DBA”. The authors focused on the actions to prevent the accident
progression undertaken by on-site staffs, which were hardly evaluated in existing accident analyses and reports. With reference
to the concept of resilience engineering, “Responding” of the four comerstones was particularly analyzed. Based on the
precedent studies, causal factors of modeling “Responding” where pointed out the importance of “Attitude” that is a new lesson
learned from on-site response at the accident. In addition, new lessons learned on improvement of skills indicated the limit of
the concept of risk removal type safety as a safety goal that human is defined as ““a safety hazard element”. This led the necessity
of'the success expansion type of safety as a new safety goal that human is defined as “a resource necessary for system flexibility
and resilience”. Focusing on “Responding” on-site enabled to deduce core competence by extracting causal factors. Thus, new
lessons learned successfully derived introduced for human resource development of the next generation to lead technologies in
the society.

Keywords - Fukushima Daiichi nuclear power plant, Severe accident, Resilience egineering, Four cornerstones,
Responding, Attitude, Skill, Accident management, Human resource development
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W o To Dl TIERW. B — R /I EITC b, BREHEEL X 1257 ) A7 BT L LT 2 BE L,
N RBIY 7 MR EIT> T e, LavL, 1F FUS, (N0 EEBAT5RF Y A7 NBEl L7k
%%@%%%(HF,ﬁi%ﬁiﬁm#gﬁﬂ$ﬁﬂfﬁot F DI A B 5 LTS ,m#%E%EQ
D X T2 R D2 DICHE L Th o 7o B HoOBERSE, HEIL - SEdTED /Ny 77 v THE BB R 22 5
R Thivz. Zhicx L, #rsomEEIch s HEFENILE - %ﬁ%%@A/&7/7%%wM%kﬁé%
BLHDH. ZOX D RREMRY KT Z LI 0, BRI A7 3T AIVATREIR L~UZ 72 B33 Th 5. |
LDFEZ ,uﬁ%ﬁ%ﬁzt%f)xﬁwﬁfmbthﬁ JHETE D Z L AR, EEDIE - BEdE O
Ny 7T THEEEZ RO TND LT, Zb% L THMEXSL A2 G E TE 2w HEEZ#E A
_mﬁ%ﬁﬂiﬁJ&w9)17~®ﬁfﬁ_ow1@@ﬁi%rm 272> TV BEPEIROm AL -
bR, VA7 OTRBEEL ST, AMEBERIZIEW TS U X7 2488 LEIUTKHET 5720 Tldz<,
[FEEZ A TGRS TS BNEE T, T ANRTZWEENRAE LI 52T DGR o v
S TR EETIZARNTEA 9 D,
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~OWFKEIE (13 B 2:42) 735, 13 A 13:12 F T FF~OEKZEEMICEE T 5 Z LI L TERY, =
DO ORRT D BISDIT A1 O TIE, FIFRERT — 2 RS FEL TS, FRT, HEoIREESE £
LD ET, ARV Y —CCEHELT.

2:3 LPUYIVRIVO=TFYUIDOBRA
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b5, LYV R, TN R M) TEHET)) EIREND D, TOZENL LML LY, BiEETX
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B, AZFTEDR - BRI & BICHAREL 20, 3 SR TR ATRE CTdh » I EIACRICH S § D HERE 2+ >
ez TR 5 2 LN TEY, P OMAEEN R Kbz, 3 SHEE Y & VBT
BZESTWD. —77, 6 SHITIEF BB OWE 2 A TRETH ~ 727, ZoOEREZHMM 5 Z
EETHRFIFMAREZ L L, P OBREBICED Z L UFIRITREI LTV 5.

Table 1 Status of unit 3 related functions of injecting water into the reactor core after the tsunami attack
This table shows physical destruction and the loss of AC power supply due to the tsunami led to the loss of many functions

of the equipment designed in advance, and it was necessary to deal with only limited equipment available on site.

Not
. .| Status after
Objective Facility Name Abbreviation Main Function SNgte(r)r]:s Requiring %
Y AC Power Tsunami
HPCl is one of the systems of the emergency core cooling system
B (High Pressure capgble of |njec_t|ng cooling water into the reagtor by m_eans (_Jf steam Operates on
L HPCI turbine driven high pressure pump when there is an accident involving a 1 O
Coolant Injection System) . ; ; DC power
) relatively small pipe rupture so that the reactor does not undergo rapid
High Pressure decompression.
Wiater Injection . . L
RCIC is the system for removing fuel decay heat by injecting coolong
JFT-AF B BERE 743 205% (Reactor RCIC water into the reactor using turbine driven pump running on reactor 1 0 Operates on
Core Isolation Cooling System) steam in case the main condensor becomes inoperable. The RCIC pump DC power
flow rate is relatively small, approximately one tenth that of the HPCI.
CRD is the facility used for withdrawing and inserting control rods in
il kB Eh R (Control Rod order to control the reactor power. Also, in case of emergnecy, it can be Loss of
. CRD . . 1 .
] Drive) operated by means of an automated reactor protection system signal to function
Alternate High quickly insert the control rods into the reactor .
Pressure Water
Injection SLC is the system used as a backup to control rods whereby sodium
RUBAKENSR (Stand by sie borate solusion which has high capacity for neutron absorption is 5 Loss of

Liquid Control System) injected into the reactor to stop the reaction in case of the control rods function
fail to insert for whatever reason while the reactor is in operartion.

SRV allows steam to escape into the suppression chamber in order to

Pressure [ %477 (Safety Relief protect the pressure vessel in the case that the reactor pressure rises Operates on
. SRV . . L .

Reduction  |Valve) abnormally high, and in addition, it also functions as an emergency core DC power

cooling system and an automatic depressurization system.

CS is a type of an emergency core cooling system that in case of loss of

FLAT AT : :
IRDATL AR (Core Spray CS coolant accident, coolong water is sprayed from the upper part of the 2 Loss .Of
System) function
reactor core.
Low Pressure
Water Injection RHR is one of the sub-systems of emergency core cooling systems for
PR B R  (Residual Heat cooling the coolant removing fuel decay heat and for regulating the Loss of
RHR P . . . 2 .
Removal System) reactor water level by injecting cooling water into the reactor in function
emergencyes.
MUWC is the system for supplying various kinds of water needed for
AR KR (Make-up Water MUWC operation of the power station via pumps. Its purpouse is not for 1 Loss of

System (Condensate) ) emergency use, but from the stand point of acident management(AM), it function
can be used for injection of cooling water into the reactor.

Alternate Low
Pressure Water |3« % (EEIEH)  (Fire
Injection  |Protection System)

FP is installed inside the power stations with the motor driven pump and
FP is capable of injecting cooling water into the reactor as a part of accident| 1
management(AM).

Loss of
function

Operates on

HIGR (T4 —EVERE)) DDFP is automatically start up when FP motor driven pump cannot be

(Diesel Driven Fire Pump) DDFP operated. ! 0 D.C POWEY
Diesel Driven
Fire engines were distributed to strengthen in-house fire brigade Engine
Self-protection Fire Engire N framework, as a result of lessons learned from the response to the 3 0 Driven, only
Fire Fighting transformer fire during the Niigata-Chuetsu-Oki Earthquake which one out of 3
occurred in July 2007. is available

% 1 "Loss of function" means not only loss of power supply but also loss of other equipment functions at once.
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AR RV U —FHNT 3 SHEOEKICRAHBZHIT 5. CEPFOF L, K 1L THHETIC
HUTHLOTHY, BRTAHLIY LA U=T ) LAk ER T AITARE R

XU, ITAHOIZOWTCERRS., BREXK, R 1IORLEEY 3 SHITSRMEREIREL -7 3
H 11 H 15:42 [+ 1 SEERPRFHIRTENESS 10 REMESR) . L L2nb, ERERMEHAFECh 722 &
MNB, ZHUZ X DIEERS ATRE/R R ETEACRIC T, R ~OEAKNE G S, 2 OITARETIEZORIZ SLC O
BIRZRARTD, 1 BHOBRCTERy—7ABMEE L, BREBAARELE R VKR LTS, 1TAROIE, B
WCEDEEHKROMRFTH D, U, REFKREEIRT 5 ) 2 CHEREREBROEMREZ S EIFHT
THRERE L CHREE o7 b D TH D, [TAHOL, AEAKROELETHS. JFHHFORREBEEOHREEIC L VR
FIFFESDME M & 720, HPCI OIEAFHIR A X TRAE L 72 > T 2 L&D, R IE 13 H 2:42 12454
R FEE L Uz ARERAROME RIZ B RN -2V RIL T o - 72720, EHE B 1T B R AR RIE 2170,
TIOUT bR YA b E LTS T2 DDFP IC X AIREMREEAKICHI D Bz X 5 & L=, RFEoy)
DEREZMBENZAEDT, SRV IZXDBESEIRERNSAE L TBVIER L2 o7z Z &b, 2 ORESTHAN
HErT 2 HREL feoTe. 0%, TAHDIZLY, KEMREEKIL, DDFP CHBHIC L VLS, 1TAIEG
TlE, fHEOED/ Ny T U —E24ED SRV OEIHXHG (8:58 EEHFAIMER) AL TW\D. I TAR®,
OIZ &0, REMRREAOFE (9:08 £V) , WK SLHEAR~OAKIEOY] Y B 212 L DGR 72 1-HF ~D 1K
remmE (13:12) MeERE S 7=,

Off-site Power, DC Power Restoration Continuous High Pressure Restoration of Alternate Low Pressure Water Continuous
Emergency RCIC, HPCI SLC . Low Pressure - SRV -
Supply of AC Power Water Injection - Injection \Water Injection
Power Supply Water Injection

| CaseofUnit6

Success

1
|

Failure

=0 EEE—

x O x O x O

|

. N,
——>| Caseof Unit1 "

x O x O x O x

P <@ S X

0@ : Focused Points of Accident Investigations &1 : Focused Points of This Study

Fig. 1 Event tree of unit 3 restoration of the reactor core water injection system and differences of the focused events between
accident investigation reports and this research
Analysis of the event tree shows both of the success and the failure groups of actions including in the unit 3 events. In
addition, this analysis represents the difference between focused events taken from the accident investigations and this

research on resilience engineering aspect. Event tree after the earthquake also clarifies the differences between other units.
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K 1DAR MY Y —ICXBHEHICLY, BIGOITAIZE, BEhERBROMENREENTWD Z ERRENT
W5, FOHT, VVUIVXIVV:TUyﬁT%ETéﬁ%ﬁ&Lfﬁmbkﬁﬁ%ﬁ,@,@,@ﬁ&*
% RN AT A8, OISO BSOS X 230K &2 FZH T 5720 D748 GERITED RN T20, &
A =B OEE 7 B TIRBUSIW T, as O RIEITESIAR 2 W TN L@ T 5 Z &b IER L),
OIFIEKIZBE L T D72 03> TV D 6 DD, BEEROREIZIER L72FHI Tl & W2 1788, Th 5.
Bl 11z, ZNoOfTafts, FEEHEREEICBWVLTRY EFo TnaiTaltsabe O 2 LT, RA%
HIZ L H5H5bGIEE B L T 2 FGREREE L, BREEIRAITARICOERT ALYV m U Ao y=
TV 7 O E A GE DB BRI 5 Z &N T 7=,

3-2 “Responding” #H{EJ HEREROHH

LYY I RIL V=T ) IO 4SO AT RENOHRT, B TR T & H0i% [Responding: 3L TE 2 |
L%, ZZCH, SATRRE ORI DN —EE O I O RBRIC IS TR L 72 Responding 757 BEIA]
OREELET L (K2)  (Yoshizawa et al.,, 2016) ZHWT, M1 TRLEL VUL AL P=T Y v 7 O
Z T AMIZED 35 B LTATAREOEHRER 2 L, 98417 5. 7235, Responding [ZEAN THIHZNLD H D
kL L TRIESND bOBIFET D, AR TONI Z1To72 IF FHOT—4 Y — A1, EAMICHEE L
T Responding Z 34 LI=fER AR LIZ b D E 2o TN DT80, AFFEOOHTbkE AL 3508, AL L
TOFHNZIT> THND B DL, TOEMEZITH.

(1) “Responding” D% ZRIZEET 251 THISE

LY AP =7 ) 7 OFER T Responding 12OV T D BARHI 225 4 BN 254 L TN 5 S 7RISR &
LT, Erk Hollnagel ® RAG (Resilience Analysis Grid) (Hollnagel, 2014), Jouko Heikkild 0 L 37V =2 Z ] Rt
(Resilience Enhancing Properties) (Heikkili etal., 2010) , /M2J50 RMS (Resilience Management System) (Komatsubara,
2011) & 5. 7= & x1F, Hollnagel IZ, RAG D CTENENDRES ZIRD T O DERBEC L D LY =2 ZDH)|
EZRATIEY, Responding ([Z-OVWNTIE, Mk, Fdak, *LOFEE E, VY —RE VST NELZEBELTW
5. %72, Heikkild 1%, VYU ADREN L LT, ks A%/ (Capability), Bilb & (ZRHLd 5 LH
(Motivation), U ¥ —ARE#HE (Condition) DWMEMEZFR L TV D. I HIZ, /IMARIE, IF FlbiE 2 &8
T REHERX & LT, miA 7288 (Positive Attitude) , A =F/L (Technical Skill, Non-technical Skill) , &5 (Mental

and Physical Health) #4231 T3 Y, Resilience Resource DMEMES fEfii LTV D

Responding: Responding to events
— Resilience Engineering : Learning: Learning from past experiences
Four Comerstones Anticipating: Anticipating threats and
N opportunities _
Monitoring: Monitoring event progression

Attitude: Attitude and sense of responsibility
that seeks out change in a positive
manner

A
Skill: Technical and non-technical skills
He,m, including knowledge and recognition
Health: Emotional and physical health
Working Enm'm]ment . . . . .

Working Environment: Resources, habitability,
operational pressure and other elements

Fig. 2 Hypothetical model of causal factors of “Responding”
“Responding”, one of the Four Cornerstones of Resilience Engineering, is set up from the investigation of previous studies
and on-site experiences at Fukushima accident. This model shows those important factors to enhance and to manage

organizational resilience.
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(2) “Responding” D54 EKIC AT 2 &7 /L DRk

FATHIFEOFA D5, Responding DEFHZR R & L THRRMINLTWD L DIL, REUIRL->TnDH o0, Ha@
L72ER LN EDRENTC. ABFJETIE, Responding 4 Teig 1% Hi[K %, Attitude, Skill, Health, Working
Environment & L CE & 7.

BHERIZHOWTHAT . —fRAC, A%h72 Responding & F&HH4 HI121%, Mk « RARCHRENMLETHD Z &
1%, #H%2S, Responding ZFHH L TER LW EB X HRIREFICH LTHE « JHEZIT>TNDH Z Eb HEMET
L9, 2T, MEESCREEEDHEE) & “Skill” L7z, SkilliX, LY VT ATV =T U IO
4 DDA THEND Learning (Z5< & ZANKE . HHEZ M2 -G L/ F5:) (281 % Responding %5
21256, ZOSkill ZH5FREMA TWAD Z EIFHEATHY, Z 2 TCORHNXINERHEET 5. LavL, Skill
ZHLTWAHEA - M TH-TH, IEEEMR KT TOIUE Responding OFEFEITAE TN, Lo T
Responding [ZE#2RH 53 2% K & LT, Skill Z 2 72BN « #fkD TxHcEE ) NEEE 70 5. HHERET IV
D Attitude & 1%, ZD LD REEERTHOT, THREEZRRD TIZIWNT S AR & LT 588, flidqk L&
#TXD.

—7J7, Responding DF&H A L0 SR L T < 9 2 CEHEZRZERIZIE, A Health 35 J UHEFEAE 5 Working
Environment 235 2. ZAH1E, WIDNNTHEEL TV E LT, Skill 3L Attitude 237217 713 Responding D#
FITAE TR, HHE A % -G RESN 5 DSBE L Lok LUK C, Responding 235 S 41512
1%, BT AT LOREEH D FAREA [Skill X° Attitude 2 X X HEK ] THD ZNHIZOWTHEFREL, BEpkd
_R&EThAH9. Working Environment | %, /IMAJRAEH#T T 5 Resilience Resource (B, 7K, ~A L, WfEFES
BYAT (v 7, (EECBERRECHESE) (TINA, B35 O IF FECHEORER) bRk E LT,
2, RS L Voo BRERAM:, B, M & OMEES DR E MRS 28O RN, BRIk,
T DY « SIS EORRFRE Lz, X213, Responding (ZxF9 2% Z4L 5 OHERDOEFHIZOWT, EfRH) 72
Btz LceT v Th 5.

LR LTz, VWU RZ V=T Y VOB T L7eE B TR ET4HO~OOERERD 5 b,
22T ML &= ER O, Skill I ONZ Working Environment 3£ 2 (2F &7z, & 213, FEWH OB,
HERGIE - BHEE O/ Ny 7 T THEE DB R 2T 5 BT\ T, HKOEIEN E D X 5 72 Responding (&
LoTHEIASN, FEENLOERERNNED L IR > TNWENnEE Db OTHSH. 728, Responding D
A AETIR Y OFER D H 6, Attitude (2 OV T, BEFOFHEFHEREIZHBW TR TV TS, b0
PR IXME % @ Responding Tix72 <, 4f&D Responding DFIEIZXTHHLDOTHD ZENnD, £ 2 OEHEHNHGIX
FRAML, WEIZTHMT 5. £72, Health IZOWTIE, FMIRICBHIC A S T2 ERTI HIZ L H8d (KB, 2012)
BB TIIRERE LRI TH - 72 2 ERE S DD, BRI CATEEZ2T — 4 Tl Responding & o> B
AT D 2 LIXREETH D720, ABFIEOHTRRD HITERI LT,

Table 2 Classified results of the focused events based on Hypothesis of causal factors of “Responding”
This table summarizes “Skill” and “Working Environment” as the causal factors of the focused “Responding” D to &),
which are selected from the aspect of resilience engineering showed in Fig. 1.

Events
(The number represents action Responding Skill Working Environment
numbers in Figure 2)

(DSLC recovery *As a result of equipment damage verification at Unit 4, a cable was installed by using *Decision to use SLC as an alternative high-pressure injecting  |Advantage

Efforts for ensuring alternative  |applicable power panel and thermal cutting of walkway shielding door connecting a power  |water *Seismic Isolation Building was available (The following

methods of reliable high pressure [supply car. [TEPCO Report] *Utilization of Unit 4 equipment events are in common.)

water injection, even though it |*Low pressure alternative water injection was also maintained until SRV was operated. *Damage verification of Unit 4 equipment *Power supply car (procured), cable (partly procured)

failed [TEPCO Report] *Cable installation connecting a power supply car (Ex.Thermal ~ [*Thermal cutting devise for shielding door (resource
*Due to water shortage, MUWC water source system was planned to be restored at the same  |cutting of shielding door) from a subcontracting company)
time. (However, it failed to use because Unit 1 hydrogen explosion damaged the cable.) [TV |*Restration plan for both of water source MUWC and SLC *Station blackout manual was available (Preconditions
Conference] that monitoring function must have been maintained.)

Disadvantage

*Debris brought by tsunami (The following events are in
common.)

*Outside work after Unit 1 hydrogen explosion (The
following events are in common)

*Two employees were missing (The following events are
in common)

*Unit 3 relevant equipment was disabled.

*Power supply cable was damaged due to the explosion
of Unit 1.
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Events
(The number represents action
numbers in Figure 2)

Responding

Skill

Working Environment

@Maintaining high pressure
water injection

Enhancing “Responding" actions
to save battery consumption and
time at plant

Battery saving operation was conducted as below.

To maintain operation within the range of operating water level without repeating stop and
restart of RCIC and HPCI, test line and flow rate were adjusted. [TEPCO Report]

Two monitoring systems were winnowed to one system, while use of the light was minimized,
which enabled to minimize battery consumption. [TEPCO Report]

RCIC was used as much as possible. [Yoshida Interview]

To smoothly operate HPCI as a next water injection method, the operator made sufficient

preparation such as sticking tags on control panel, even if RCIC stopped during its operation.
[TEPCO Report]

After RCIC was continuously operated over 20 hours and then automatically terminated
[TEPCO Progress Report] , HPCI started operation and continued injecting water.
[TEPCO Report]

DDFP was confirmed to start operation in suppression-chamber spray mode. (However, it was
difficult to arrange fuel to be required and transport to the site). [HMS Report]

*Decision that equipment restoration required time
*Recognition of the need for saving battery operation
(Knowledge that RCIC and HPCI repeatedly started/stopped
without effective ways)

*Implementation of battery saving operation

*Knowledge of equipment reliability (Knowledge of RCIC and
DDFP; RCIC continuously operated and alternative method
DDFP was relatively lower reliablity).

*Decision of priority; RCIC, HPCI and DDFP in orders.
*Recognition of the need for verification of DDFP operation
(Knowledge that RCIC and HPCI would not be able to operate.)
*Confirmation of DDFP operation (Suppression chamber spray
mode)

Advantage

*HPCI was available (Design capacity: 4 hours)
*Station blackout manual was available (Preconditions
that monitoring function must be maintained)
Disadvantage

*Relevant equipment was significantly damaged due to
tsunami

(@ Termination of high
pressure water injection
Termination of water injection,
considering HPCI operating
conditions (possibilities of
damages of equipment),
Possibility of SRV operation and
establishment of alternative
water injection system

According to the following conditions, HPCI was manually stopped. [TEPCO Report]

(D HPCI had not stopped for any reasons, although the discharge pressure had already been
off its operating range. (Prominent concern of equipment damage)

(2) The depressurization of the reactor was possible, which was required after stopping high
pressure water injection (Indicator lamp of SRV lighted up)

(3 Injecting line switching operation from DDFP had already conducted.

* In fact, battery capacity was not enough to operate SRV and water injection line from DDFP
had not yet completed (Miscommunication between on-site workers and operators caused a
wrong perception at the time of the accident).

RCIC and HPCI failed to operate due to lack of battery power, however, battery arrangement,
including same type of battery used in another unit, was consequently an solution

*Knowledge that equipment might have damaged when HPCI
operated in low discharege pressure.

*Judgement that SRV enabled to operate as SRV indicator lamp
lighted (As a result, it was a wrong decision.)

*Recognition of the need of establishing low pressure injection
system before HPCI suspended.

*Recognition that the conventional low pressure injection system
was unusable, so that it was necesarry to establish an alternative
water injection system.

*Judgement that DDFP line, an alternative water injection
system, might have completed as time had passed since the

I ¥ 1. (As a result, it was a wrong decision.)

(The above-mentioned SLC, an alternative high-pressure water injection system, had started
for restration work). [TV Conference]

Depressurization of SRV failed to operate, therefore, attempt to inject nitrogen gas was
performed to activate the system. (However, it was not successful due to a structual
problem.) [TEPCO Report]

*Knowledge that mobile battery enabled to recover water level
gauge based on accident response at Unit 1 & 2.

*Arrangement of battery to be required (Arranged battery from
Hirono Thermal Power Plant)

*Suspention of HPCI related equipment in a result of judgement
that HPCI was unusable. (This events enabled to possibly save

Injection line using DDFP had completed.

HPCl had a dificulity in starting operation, therefore, related pump was suspended to decrease
the battery loard. [TEPCO Progress Report]

In order to restore a water gauge that was not able to monitor, 24V power source was
recovered using 12 batteries (2V) that were delivered from Hirono Thermal Power Station.
[TEPCO Report]

(A water gauge was successfully recovered, however, it was too late until HPCI was manually
suspended.)

battery and operate SRV at the early satage.)

Advantage

*Battery arrangement (from Hirono Thermal Power Plant)
*Instruction manual was available when water level
gauge was not usable (However, occuuence of station
blackout was beyond expectation).

*Preparation of alternative water injection system as
Accident Management (AM).

*DDFP was available.

Disadvantage

*Lines of communication between Central Control Room
and on-site were not available. (Only limited number of
usable mobile phones)

*Water level gauge could not be monitored.

(DEstablishment of alternative
low pressure water injection
system

Utilization of fire engine (in two
series) and multiple water
sources, and solution to reduce a
loss when changing the system

Soon after (@)actions, DDFP line was established. However discharge pressure was low.
Therefore, a creative method was devised to increase pressure, which two fire engines were
arranged and connected. [TV Conference]

Two fire engines were secured to be connected in lines.

The lineup of seawater as a water source was constituted on-site.

*Knowledge of design in which water injection into the reactor
from FP line was possible as a countermeasure against AM
*Establishment of DDFP line

*Lessons-learned that a fire engine was able to use as backup of
DDFP (from accident response at Unit 1)

The Japanese Prime Minister instructed to inject fresh water instead of sea water. According
to the following situations, swift steps were taken to switch to sea water. [Yoshida
Interview]

(D Fresh water was available.

(2 Boric acid can easily be put in fresh water.

(3) We thought that less time was required for switching since lineup time for seawater and
pure water was estimated. (The situation was different from Unit 1.)

*Idea of using two fire engines in lines to increase pressure.
*Idea of using hack wash valve pit as a source of water injection
(fresh water / sea water)

*Use of both fresh water and sea water as a source of water
injection (Lessons-learned from Unit 1 accident response
regarding sea water injection)

*Decision of boric acid injection to prevent criticality (fresh
water injection at the same time)

Advantage

*Arrangement of two fire engines

(One is from 1F and the other is from Kashiwazaki-
Kariwa via 2F)

*Transportation methods of fresh water (water tank truck,
sprinkler truck and vacuum truck)

*Application of fire protection water tank and reservoir
as a source of fresh water

*Use of accumulated sea water due to tsunami

(Use of accumulated water brought by tsunami in back
wash valve pit)

*Application of back wash valve pit as a reservoir for
water injection

Disadvantage

*Misreading of water level indication

(Water level indication is different between wide-area
and narrow-area.)

*Securing fresh water was not sufficient.

(We had no choice but to swtch using seawater.)

(5SRV operation

Additional action for saving
battery, gathering car batteries
and depressurization

Due to run out of battery to operate SRV, workers at Fukushima brought in car batteries into
the Central Control Room. At the same time, they went out purchasing for car batteries with
cash collecting from workers and took an action. [TV Conference]

*Conclusion that run out of battery disabled SRV operation.
*Knowledge that 125 V- DC(Direct-Current) was necessary and
car battery was an acceptable alternative. (Lessons-learned from

Thanks to battery saving measure conducted by operators, logic of automatic depressurization
system was established. Therefore, multiple SRVs were ready to operate (at about 9:08) to
depressurize sucessfully before SRV was usable at 9:50.  [TEPCO Progress Report]

accident response at Unit 1 and 2.)

*Gathering car batteries (from workers car or offsite
procurement)

*Possibility of nitrogen gas operation was evaluated.
(Eventually, it failed.)

*Thanks to battery saving operation by operators, SRV possibly
operated in an early stage.

Advantage

*Battery procurement (from workers car and cash for
procurement)

Disadvantage

*Battery charge remaining could not be monitored.
*Vehicles on-site were in short since the batteries were
removed.

Z T,

4, BHEEETIVIZK B“Responding”DiREt

2 ONCFE 2 #5 M LT, Responding DFAEZEATZIREIND 5 b,

MRS LTEET R

x Skill & Attitude (ZFH L, ZEI%2EH4 5. $£7=, Working Environment [ZOWTIEAMBERRICEE & AU
DNTHETT 5.
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4:-1 1FZEHA~D “Responding” [ZR S Skill

(1) BATABETE END Skill DT

1T2HOD SLC DEIHTIE, SLC B &4%Th W EHMERE <, MERORELE LTI TE 5 &) FA
RN %, AR BV TZDRIEAKIRE HET 2 MRS D L\ o T3 if ORI & % 72 Responding 3%
HIN TS, BREZMET 572018, XA —VEZIT TR 4 SHER O 218 % Responding % %&4# L
7208, 1 BHEDBER CRIGEEIIT D Z LI TE oz, L LARE, RITAEREO BRI, AP OREDN
TERWATREEICE A 72U AR TH Y, EOBPREICH VAT B3 T, BEENIEIE Y A7 O
BRI 2 & 5 & T DAL EZ 5.

1T 2HEQ O EEEARME TlL, AZIEOZERER CamEEKE TE 72T RIS 572012, #@HE T
OIUTEACRIE DS RALDOEAE AL T ISP EENF L2 0 IR L, Ny TV —2HETLL 5%, TARTIA
B EDLED Ty T U —{EEZREHEE L. AT, BEARES Y A7 20> TRIKIRED 1 RHITES
VIABEATS> TS, ET2, HECRMDPHKIZT G TE RN Sl L72%IE, fEdm < B LWBREOH T, JE
IR E BD TRKRBAMEE E LTS, ZOX 273y T ) —O/IKIN, NyT7 U —OIEMmIZENR Y, AUk
D> I O FE S 2 FF G- L7z

ITARQOEEKDEIL T, WAk A LT iud7Ze 60, 3 ClOEisiEk A 8 2 TV HPCI 23
HT 2DV X7 PRBATEAT 5 2 & ZlahkE L, aRE 2 TV O DIRDOFEICEI VR D 20 ) T U A &R L7z,
FERY, BEERGEIIIRII L2 00, IROBKFE~OUIVIEZNIATTET, HAMELETLEWVWH U RS
DEEL LTS, ZD U AZ1Z%3 % Anticipating Z0RA L TWE72TIZ, £ OREREEFEI L O ORI 2
kL LTHATLIRETho T

IREDREEKZHENLT DDDOITARETIL, OICTHENL TE RN T2 KT A VB U=, IR OE N
TRV X BRNY A7 3T 5iEY)72 Anticipating 73, HKES1ZE D D 72 OOEBLEZ BN/ EEK T
A ORERL 2 D D Responding DFEFRIZEEN > T D. 72, EWHHEO Anticipating (2 XY, HKMHHfEK
DY 2 % 5D T KIRDOREIR D Responding 234 ST 5.

Fiz, ITAHOOWBIEERIEICE L TIL, AT OENCINT Leaming 23648 L, EIRERMERSHR S LT,
HEOHED /Ny T U —%1EH L7z Responding Z FIZ R L 72, @ TON Y7 U —IEMOIEERNDZRZL,
JEZRENT % & & I, /KON Z R L TV 5.

(2) MHEZR X TG HEMESNN 5| |Z81) D Responding O FAHEIZ 4 F 7 Skill

HHEORFER, HONIBELH R RGN FL O TIE, TA [TRkDHD Skl 1F, EDHiL
T=FNEICHE - TRAY R ATEN TE DD E VS T2V AT AR5 —oDEH# L LTOXKEITHS. L,
FK2IZFELDZEY, HBAKOEHEE VD IF FHOBIGXHED 1 DOFEHFZ L TH, Hix 2@ ke o0, U
AT Dk — RA 7 &R ENTER & RO R TEE Lo, FiflZ Responding 2584 L7- 2 &, FRHIERIZY
27 NEEELL, izl n e LB L T HITABIFEL TCND Z EBMERTE S, ZnbiL, VA Z#ETo
DU EEET H7DIT, B ONHERICENZIES LT ud7e b7 W BERE RO FREA R L TR
0, ZOXI7e Skill 1%, EEORFES, HOWVIIHEEEZ B RVEFHEEAFEZRICB VTR HND Skill &
TR > TS, BIFEMGHORE R CTH DAY, 1F FHEISL TR Sz SkillliaonW <, T (Filg) 4Rlo
IR 2R S0 % o728, 7, 728 ZIFEBICH - - ABHED Ny T U — 2 0 & ED USRADE
JRE L CRHlgR 28 L, MER/NROT—X ZIWEET 572 8, RO TR W CHEAFIBIT 5720055
MIRENTBIH L. ZD X9 725 E, B Lz A=B, EHRLZWERICHITTH %X, WL, 178
THZLIZLSTHREE 2072 b D TH 5. | KBRS T 13BN BT 5 FHGRA - MRrZ B4, 2012b)
EIRRTNDA, IF HOBILTIE, MREEB A I-sREHEENF S [ CWEE 72D Skill ZHE L7,

ZD X )7 \FFHOFEFZ L TH, HELH X CiEHEMESN RS 1281F % Responding 121, BEfFDORHS
~=a 7 NVEZOEFHEHATE DA MHEIETH Y, Ek7e Working Environment O % &, BR S A7 RE]OHC, IR
DLHIWHZ RS < BB ORI E OISHENE L METH D rIREtEN @V, £, BEFOREC~ == 7 V03l <
ERWELTIE, FETHENEOWTNOEN Y AT E21E) LB 20U THAH. EHHb U AT EAL
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TWDIERIE O T, kFEE %2 DN Z2FEITTDI1E, ZOIT4ADET Skill & [FFFHS, IR L7 T4 A
7 OBEIEALIZ OV TS Anticipating Z3HE L, BIE L T2 25T 570D FEZH# U5 Skill & RIFFZARA
THZEMMEITIRD LD, BT RBENNE)ND.

4.2 1FEHEHD “Responding” IZR 3 Attitude & FDEFR

(1) FESGOIT2E BT HR0d

3 FHEOTKBIERZ OGN OIE, Z< ODREEZE R TICIBNT, VAT LARZITIH A= H0[H
TR R DR 2B T2 DICBERBEN ZA L TW=DIE TA] Thol=Z Lvbins. 1IFFEHITHOWTHHT L
72 INPO (Institute of Nuclear Power Operations) 1%, Special Report (2, [HRESDSEHETEL KIRA R L AELED
KUz - T, FEFIREIL, HURE, \EERZPHELEIBT 2N T, FAOEERTS, Rt
B L LD &350 (resilience) , AlED DHRHLE Uiz, M & HIC X » TR LAETENHZICH
POLT, FIROLENAHLE 722 E2FTHE LT, EREE, KRE - &« KORE LW 2 IREEZRI T
TINHOME TN, | (INPO,2012) LFELTWAAR, Tk efefiid, FoxicthdT A OIFEIC
DNTHEXDLIEERDOTNDLEZITIEDDHREEEZZD.

I HIZ, YRFBMOBR SRS RATRIY, HFHFEEOT T, KOLIRESEZL TS, TRIL, ZZ03E
Fro¥ER, MEEIXESTZEEVET. 3 RETNEZATH, 2F TR TALRBLCWETND, L
T, WIEERTEMES ATIERST, BOPL THUEELZ L TCERRAHY 3000, ZhiEToZ &% T
Xl ERWET. |, T (Filg) FKEORZE, MEE/NBOHEKDTZODR—ADREEZTZE D, HKROHE
il LT N EHEE FIF CHEATZATYT. 9 Leh, ARYITEE L7=DlE, AARBBIITZ S 35D
JTT. ) (BURFESIIEZES, 2011a) SNHORFITE, NI AEINETHERERL, BARF~DOx}
JSEBN R Z SN TWTERRE OTFES, SBEREN SEMINRFIET D L WV I ERAREEOTF T, OB -7-5
HROPINE DRESR, RTIF~OBEKT AV EfERT DD OIESHEOEMUE, S —AOBERRE, JRTHE~D
K Z[AE &8 5 72 OIC/EE B 7 R 72 Responding DEEIZH 258V “Attitude” 2B HTND.

LorL7en s, BEFEOESGRED X 2 ICESFIROFEIICER L2 CiE, EF W7o e ERR3 Y)Y
HEND 2012, AL LTz 7 —=0, HIliZ i~ 72174080 EiFbnsd. 2078, FELRMIEETIL, Attitude
BT 250 IEH b 00, ThbEd [EELE X RGEHEENES ) [TV TLEEZMRT H-ODHEGEIE L
THY EFCixwvwiany., —F, LYV AT U=T U OFEEZSRL, SHEREZ GO T-FHO0T%
1792 LT, lRIIRHA—UNLOREICEHTHEBRELALNICT D LRI, BREFHIBIT 2 LZE2E X5
NBZLBE 72 Responding X°, TN a2 X 225 “Attitude” DOEFEN:Z, HEIE L CEETLZ EanHEL L.

(2) Attitude DEEFE

72 DIHEND Attitude 24 L7=Z Evb bbnnsd k50, Attitude 18, BRIBEAEORERYIN B IXE G AEU
RUMEHRTHS. 720, 1IF FEOBBEIL, 12 HD 0:30 IZHREFHE TR 2 4 OFEARR 3%, 1536 12131 &
BEDJFEFIFRE R OB LN USEE S AEEORA, 16:17 (CIXEHhEE R R B (R 5 Ee ik
B 15 RBIME L) ICED LWV I LWERERICH -~ 72, X o T, Attitude (%, FEEFAT T Tz & % &% 7 Responding
B L W 2B 2, IF FHEGICRT 21T AE A O LR RBUCET 57— 2 [NE L= (51, 2015 ;
HRE IS, 2012b) . 2B &0 LIRS, Attitude OEFE O 217> 7.

EHRE D [RCHTERWARDL, ZIICWAERRH L0700 ERlbn-YERD, ERE N HIESE 28
LN ZEE, RPFOREEZFDD LD ZEThD. bbb, Box &5 U ClEEE L CW D Hto A= b,
BIIRDFEREE REETHE WD Z &7, BB LN LR bR bRV OIFEGOIE L I2W D bivbiz.
EOLEHEICHEN S DTV 7. | LEEL, Bx CHHE T 0O IR H 5 (EE, 2015). 22015
%, MR, TV —%—2 o7, FEORANZSFO 2005 B, THIGE MU~ DG Lo 7 EHERN
HHTE %, o, TRIHMTTHO0 7. FIRBEINCEIADRETT. Moo 2 uizbans &n
HIUE, BELRVWTE - TLEE ., KBIGEREOEMZ RE- WAL, | GEREIERKSH, 20120) &
WO BENGIE, MimEl , T7xeU—yy7), 0] LW oERPIIHTE 5. FHOYRFIER TlE
L CUWEERE DS, 112 HICHEEEL A LW 9 Z & C, B LD ATTITE, o &9 LTHiE, =t
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BDETENS EE5T, WP THRY THHRWTRESZ. Yy MU EANDDEFLENILIToTL 2B
FIRICE > T, FETHRNT, BHICES TREFTNICAN-T. | GERBEIRASHE, 20120) E Vo8 ERH
L0, ZInblE, MEGEY <, B0, HOIWVEREICHED 777 0 MIEBEOBRELFOILEE
Wi 2 [~ 770 NER) EWVolobORFATRINS. &5, MEEDIEEXE LRV Attitude 278 LT
5. Mo BES AR, HENLD i&éiiébﬂfwt 2, Fex Aty OREN-R) *TMED
FEATESFH T2 DI—ERMAIE L TV EERT, [TRIdmhewn) ERnTiE-> Tz, | (RAETEIE
Al 2012b) [T M A—=T—L LTOffifnl, FEEFED) *HEHEMREHIIZIT—HEmB AL T
WADIZRIETADIFIZIIATIR. FARBNTLER. | (B8, 2015) WSS ENGIL, Mk Ex
o TR, Ml s RNLTWDS.  CkEFEOINR 72iER)

ZD XD RBIGOITHEDERENG, Responding DFEFEZ A T2 R R O Attitude & LT, flimi&, ~A1 7
TUNER B, V—H =T e T xn U=y, KK, FRCKANESFD B0 B, Hios
WA~DEE, L) 6 DOEENHTE S (K, 2014) .

4 - 3 Working Environment D#&&+
2 128 T, Working Environment 73 [Skill X Attitude % X X 5K | ThH Y, HIfFT AT LD %H HfH
BITINDIZOWTHEMREL, BT RETHLDOTH D Ll 7o)y, HHEZBX -GN FS ) B L
7= 1F Fi D B0 Working Environment (ZOWTC, LY VLU ATy P=T U 7 2B L, Bifd 5.

FK2DIZELH L7z L B0, Bl Working Environment Z fgfr3 % L TEE R o725kl & LT, HllhHiE D
e U TRE SN RBEEMA T 5 2 LN TE 5. EEEHIE, (FEE A HURRCRY OREF N GE L,
B, MEROMER, ERORMIELFREE L, I OITHNICERE SIVZIEFTIRAT D, TV KA T L%l
CCARIERERA 7 A e —ELBER-722 L h, FEHSICHNE A E D EERaI 2= —
L ERDIENTE., Zhb0alia=r—rarPRINEIETEITEEZLEO—oNEEATEH L
THEKIEATH D, ZOZ b b, HEFSHLETTHOIRWREEEROIFED, Bl CE X172 Responding
DOYEHERIZH 2 Skill R° Attitude XX TNV Z EIFALNTHY, K2 DETVHEMRTE LS.

UY—RZBLTIE, K2IZHFEEH L TWDED, R TV REORFEN LA ThiroTe b0+ 56 2 &
NTED., BIREHECHGEEASOREIR RIIREBNTH H2Y, SRV ZEEISHEL1DIZHDO NNy T U —ZIEH L
t_k#%ﬁﬁuﬁ<ﬁﬁﬁribt_& Brsgikns 2 v T BLG1EEL ﬁﬁ#ﬁt_&ﬁk NDRES ) ZAEDT

DI, VY —=AOFRRBLETHLZ L b EEREGFINO—>TH .

é%’,%f@%&%ﬁ@@ﬁ%ﬁ$+ﬁkéhfmé?ﬁv?y%7*ny%mowf@,ﬁE%ﬁ%&
IROFAFHTR R, WOV FNADHE(H S AL TW e 2 & 23, {HBT MK DTG & W o T AORIEORE L G0,
JRFF~DUEKRZEFBLTZ. ZOXICT 73T bR A L PRAMNTHERE LT- 2 & THARD R TE 2 &
WO RHINE, BIFFRNICERT DLV 2 A2 D=7 Y T ORRENS ZEEHTEL DO TH A 5. 4,
TIITYRRRY AL FOHRIZONT, EHE 7270 F 2 bw R AL T FP D BJFFIFICHKT S &
W) TA U TE TR oTeh, 985 LEI bledo7o T ) (BFSHHEZES, 2011a) &3
SLTW5.

Working Environment (%, i#Y)7¢ Responding DFEFHEIZ M EE 72 Skill <2 Attitude (ZHELX 52X 56D THD. Lo
T, @, EOXIRENEERTNENLOIBRE MER) OFRITIZRL RN, B 2T Lo%e
%40 9 kAf%723, Working Environment %% 5 2 &, X 512V 2L, Working Environment O 4 23855k L, L)
72 Working Environment Z{EIVH AN Z BT 5 2 L DBUETH 5.

AWFZEIE, HRFESHE ISV TRET L T D 2 &, Working Environment (2B L CO AMBERRDOE L2
1TV, THEEZ B 2 2% dH SN S OfiF 2121, Working Environment O BN % /32 &[T 5 M3
N D, IF FHED, %ﬁﬁ%fﬁf?‘é%‘%mi%kifﬁ L, Working Environment 078 (2 5%} L“Cfmé’jfoc =y
FbBR SR, FHOZEL/NS <TI0, FEINORCRIEIIMNERMEETH D, AWFZED /T
3%, Responding % 432 %84 T & % Working Environment (DWW COMRF A LETH 5.

5. AMBERADHIEEE
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AIEE COFMMARSE %, [MEEZE X 7ZaxE AN S ) 12T, b7 Responding Z 54 T 2 AME
FAZHOWT, [AMEZOFERL 2D Skill & Attitude [ OWTOHEFNEF LD, HikE L TOAMBRIC SR
FBTmDDEREITS.

5.1 [BEEZEA-BEHEENER] IZHT5 Responding DFIEIZWHELL Skill DERL

(1) ADOEBEOFER | 58 LG D FAED DR FEB T DIAE~

1 BT 7- LBV, ISOMEC GuideS1 TIELE%E [FFARATRER U A7 INOMRESNTND I & EEXKL,
[fE (Risk) | ZFFAFRER LUV E TV RS 2 & CREZFERTE D LW IHFHED T, BEOFEHEFIE)
O, NI=T7—%EZT VAT LAOREEEENTER] & LU THESIT TS, 207D, BeEDT-HIZiE
b a—<w T T DA — A=Y g AEBNKE L Sz, 2o X0 RiEHiior ik, AL, TARERER
(Human Error Probability) | &9 SEEITREIND L O, R LELFELE LTHRDATWD . S 51T, HiM
FAWEO® [FEMBMRISI I UG RS (SRS X0 effifliiv AT AES D U A 7123t L,
ZDOFMFO T TY AT ARIEFITIEEIT 5~ UG HEEA 1B L OVEITT 2R OB O &b, [FL
EXFTHAH. BREOFEBUTIE, WUIRRGHEEZER L LT, FTOFIELZED, FT7EL25 TA) B
FINEIZHE S To A NEE L S AT TE D72 0DHE « NG L 70 5.

LrL, bBa—~<rTT—0OIIZeMED L TYVETH LN, NEiRR LEDFEE LT D X 5 23l
W2, IF FHEG CHR LI K O AR A FIET HXHLDFATE THH Z LITEEN TR, TR,
WEEREHA~DOXIETH DT 7 VT v MR AL MIBWT, KRR RHEO MM 5 L TV D28, ABFED
HHTH D FEMEO® & EHA SED M EBA R EEAFESN L E TH, ZF AN WVEENSE
ALBRWE ) 2N TE DR BT 21203, TA) %, iR LISAFEE L TR Tk, AIEE R
U725 & » TRe % FHT DEME L ALEST, O ETEOAEORIEL AIREICT 5 A OB & Kok
fix BT XETHAI.

(2) RHLOZBPRIEEDOHE : WTNOFTINESL Y A7 B3R TE Y BERRET &)

FNER 72 <, BIBEZRME LI ANNIEL 705 X 5 BRE B RN FLRICB T 2 H20B 2 T bE
BFRETHD. 2L ZF, IFEEIGZZBWTUUTON W O—2Th DR FIF~DHWEKIEA DRI (TT4HE
@, ®) &, 3 5D HPCI 121k ((TAHOQ) ZHELTAHAL Y. BABKE TS, 77 FOHREZ R ATHE
& T DWARENCEEA T S TR, JRAFORELSET S LN TE . M, HaRORE L EKFEIRD 2
7D KL— RATOHRT, BEROFRELEL LBTL, BAFOREBLLEARN . ZoZEnhsb, 2025
DITAIL, WINbLHEEAZIGR, BIEL B LZAEEZ R LoxHLTH Y, Tk inFFcd bbb
59, BHFREESFSGHOTMEIIRE S BRoTnD. VR BGLBEIREOT TITbNDITADRRIX, £
T2DHR LT I FE S EREROEEL ST HIE LB Z TR HEESNFER DN IEE L Uiz & SRR %ok
HDHOTHIUE, MMBROBTIX, TOWMYFTL 2D REOEZ FOBHER R T L ENMETHA ). &S
DT, FNEHBFSWEOOTRO TS [HITOASHEIRER T OF Tl LELHSH. BIEOFKFE
DI, MBI AITADOFMEZ, %O DHBATHERICL DO TR, [TAERFOLEDE 2 TR
REHZRO LAEDLETIT O HIMIZT 228, L0 E< 0 ELE A CRFIEESNES ) BV TEDIZ2
Responding D¥&fEZ AT 7202, FETHS.

BRI ISt O—l L LT, BIFEFl~DER L, 4 SDOaTRENOEEMZIERH L WAL Y Y A2y
=TV T EBRT HHENEZ OGNS, T Hollnagel 1%, LYY o 2o D=7 ) v SRNRET LA
ELTC, 223+ 258 F ORI 2887 THDHEEREL, AE [VAT LD LESeHE, [EEHICSH
TR LB D ERIRES, EER & B A TEFPR SN D RERP R L S AR & LTV % (Hollnagel,
2014) . ZHhUE, B EEODFEENIL TN 1I8H D &V ) EAGERICESW RS TH D28, 1F FigoIUE T
NSRRI 4B & X317 Responding (242 5 Skill 2 RERHCEH L T\ 5.

DX ) RIS T BB A8 2 7o 3% FHEMEAN 4 |23\ Tl 72 Responding % 84 CT& 5 AM D A
RIZRERGIHZE 2 572 51F, R TITR, @R (FrtX) Mz Z L0, WNICHEEBEZ U, [F
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WHEFERT DLW 02 BT E Vo BN HTZICEAS NS Z L iC b ). AETIILY Y = AT
Y= T VIO 4 SOaTHES D H B Responding (25 H LRl 2 G L=y, thoaTREIITH D
Anticipating, Monitoring & O3, U A 7 OSALE(LIC#EY)7: Responding % F&i#4 5 HER A L 7e > TL 5.
AW DOT 7T r—FThdh b, BEFOFERHEZETITRbIL TR 2 BI;0% < OIT AR~ Learning D%
L RDERNERETHDH.

52 Attitude DEERR
(1) HEMEOR
ZHIET, JRFFEEH OB OBERFED, FEEE R (IAEA: International Atomic Energy Agency)
DRTHA RTA TR > TEBINTEY, ZOHT, HTFOLLIRESEHT O EERROKRE L ST
7= (IAEA, 1996). L22L7236, AT Attitude & U CTHIE Sz 6 DOZHRIE, AU HHIZS & HE 5
HDOTIIZR. @ EH IR I3 EFTOXISFH T, BERFOIEEBDOFIEORIMERS, LERHEEZH L
D BEMENHER STV D28 (IR, BB, 2016), Z 2T L7 Attitude DEFRIX, TN HDONESITE LD
PAHEICERRR S E D2 b DO THLH D,
(2) BEHROHE LR T 7 7T A~ORE R
IF Tl v o, BEEB R R EEINFLRIZIV T Responding % L 2Bl OIT4E b Sz
Attitude DEHEND, Z D X H 72 FHRITI T Responding &l 5 720D Attitude DEERL O 23 4UE, &
PRENT, Mk E L Txbic g & o & O MBERS, AL L TOERERENEZR bNLME &ERH) T
DIEFHRS, EEZE L TREZNT TR D 2L 0EEMNRRZ T 5. BRI S EIERSH CTAMERDOL
FPERFDI, EIURHGT 2EE 7 17 7 AREESITW D7, Attitude [ZBH3 2 AM BRI, HEOIRGER
B, EERRESERAIRIGBIOLE Y FICE#ENH U, MENEEERETEX 2 00, MEMEAEZR— LD
OENERT D2 b OPFIEL TWA. £z, ZORERICIINMA T 5 2 L2 BET 2 0ERHDH. Zib
TR BENE W2 5.
(3) BERLHEIH DR
1, 3 54 & ARk K BIBEFE~D Anticipating DFEFEIZ L 0 Fhii X7z, 5, 6 SR TIFRREOKFEILHDOEL
HHITIE, HEOEGOPT, 1E¥EEZFEM LR & fTE R & OMICHEE S - EHBERS, &
BHEFOIEF T LWOBREE F COMEEZITIZ DN - T D (Yoshizawa et al,, 2016). Z OFEHFIL 4.1 2) TRLT-
e RO Y — Rinb, Attitude DEERLZ BT~ ZHFHIE, TAEA OBUE L T2 FEEFTOIERLE D 7
7257, MOEMAOENBESCH IEEEZ GO TEZTBIRELOTHDH LY, Hl-2#EE L TCEETE
5.

5-3 BAFOSEHEREOLILDEFEN
(O JFRZEH & FRPIIE ) 2 B E LT-BEFEORESFE TIE, AR D b & LT, KERFOMRH],

i, FESHRENEFNE LTSN TWD. LavL, [TEELB A - LS 4 ) ~ D)7 Responding
PR THEE L LY, AECHENRAEL D E W o T2l E > TV D DORERETH D, —F, FikhsxE,
VU AT V=T ) T EBR U AL T, EhCRIEICRDITARECER Lo &21T5 2 & ¢, 148
TE A X TRk EH R YESL 42 ) 1235\ T Responding 2 J6HE T4 7212, SRV Attitude & Bl A R HE L 72 5PN T
EDHSKNBAUETHDZ E2HFIE L TEH L., b, BEFOSEKHED KR LI-1TA8) 1[TFB L
SINTORERD GBI D EFN & ITHAMIZ R 2> TR Y, F—FHR20 O OH T RENOER L2 5.

ZOEHNT, BEOEMGHEICMZ, LIV AP =T Y U S DEZ FEABATHZ LT, EIS A,
Sl B (BE) LW TATAROEARTH D LW ) BLETHIIENICIE 2 5 Z LN TE, AR Learning
DOFEICHERTE D EEZD.

6. &
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AHFFETIE, HFEAREICH D AMBEROBEOO LS TH D MEEBA N FSL ) oxt L, 7%
TV RATNEMAELTYH, ST ANDTZDVEERREE L2V D BRXIGN TE DN ZED L7201, HBELZR
ZTIRRFHEENERTH D IF FROBEEELHINIESE, LYV R V=TV U I OEZ FEHNT
BEt L7z, AROSHTIZ LY, 1IF FROBIGOMINT, SESERTEORKTHLZ L, ZNHOITAIZIT,
B LT OL KRR L2 DL H D 2 ERHALNIAR D ERIFHS, BERMICEEFOF RS ETIHER STy
720y TGO Z A2 Responding) HBIFEIZT 5 Z L3 CTE 7. F£72, £D X 572 Responding DWW T4 H 23,

[N OFFOFERABEEZRE LI LOTHLZ ELWALMNERoT-. ST, AT 2B E 2 TERR L 727
BERNOHELTT LV EFAND Z LT, ZI 6O Responding DFHE NI T, BARHIEIT D Attitude D
EEMEA - RHANE U L2, Skill o BARFI S 1%, TMEEL B2 - REHEESNESR ] TlE, B
Responding #F#4 2 L TUIXLIXY A7 2SI ko b TR Y, BIIZMES U A7 ICxt L, @i
Anticipating Z%&4# L, 1% Responding DIEHEIZD7RT 5 Z & DMV ZZFI & LTt L7-.

INOORREHNT, 4% BRIV I HTHA Y HELHBA RSN ES ) L, AMMERE LT
BT RE Attitude & Skill DEAFEZFIfEIC LTz, 5OV RE A ERICTEDT 72912, Attitude ZFERLT 5
WEIHZ BT DI OEBREA~OBLE, Skill & U OSHNE 5 & 372D O 7= 2 L S0 BGIZB N T T
DiD I FEIERITHOFMFIEDOLEN L\ Wo Tz, BEFORMERA & 1382 287 BN OB IR LT
DX END, BEOEKREL LI AT U=T U U ORI, FESITICB W TR A EIR
REGZ2TEY, WHFORENLOHEFHMH T 7o —FnuEThs 2 2R L.

L1k, VOV AT Y=T ) U OISHERE LT, ABFECHE L7 X D S BN A s U e
FEHTEB L OZOFAMEIC OV THER L TWn&EzZn

X )
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