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Engineering Systems Need
Safety Design and Safety Assessment!
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“Defense in Depth”

Level -3

Level -1 To prevent radioactive material
To prevent abnormal transient release into environment

Engineered safety
features, etc.

> | >

Level -2
To prevent abnormal transient

PS, MS: defined in the “level of
importance classification for
safety function”

developed to accident

Reactor safety system,
reactor shutdown
system, etc.

PS: protection system
MS: mitigation system
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r-li Licensing Procedures
for Power Reactor in Japan

Power Company Government Local communities
Select site
. Environmental
Environmental «— | Assessment — Governor
Assessment Review
Report

Public Hearing | Citizen

Request of Reactor Plant Nuclear Plant Safety

time _ _ :
Construction Permit Review

l Public Hearing «— | Citizen

approve

AEC, NRC, MEXT
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r-li Classification of Events for Safety

Evaluation
Safety Abnormal No possibility of May occur
Design Operational radioactivity release
Evaluation | Transient
Accident (DBA, Possibility of In rare case, may
BDBA) radioactivity release | occur
Site Maximum Credible | May occur in the Technically maximum
Evaluation | Accident (MCA) worst case possible radioactivity
release
Hypothetical Technically unlikely Larger radioactivity
Accident (HA) event release than MCA
Prevention of Nuclear Disasters | Release larger than | For prevention
10 times radioactivity | measures within 8-
from HA 10km from the site
Severe Accident Serious impact To strength safety
and reliability of the
plant

Deterministic approach, Probabilistic approach (PSA) -
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r_li Typical Events Selected for Evaluation

Safety Abnormal BWR/Withdrawal of CR
Design Operational PWR/Excess Feed-water to SG Severity
Evaluation | Transient FBR/Loss of Off-site Power
Accident (DBA, | BWR/Main Steam Pipe Break
BDBA) PWR/Loss of Reactor Coolant
FBR/1ry Coolant Leak
FBR/1ry Pipe Break, ULOF (BDBA)
Site Maximum BWR/LOCA, Main Steam Pipe Break
Evaluation | Credible PWR/LOCA, SG —tube Break
Accident (MCA) | FBR/1ry Coolant Leak, 1ry Gas Leak
Hypothetical BWR&PWR/Larger FP Release than
Accident (HA) MCA
FBR/ do.
Prevention of Nuclear Release of larger than 10 times FP than
Disasters HA
Severe Accident Hydrogen Generation, v
High Pressure Core Melt Ejection
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Terminology

Site Evaluation
To Investigate the site suitability of the plant.
Safety Design Evaluation

To Investigate whether the safety design of the plant
meets the regulatory requirements.

Safety Evaluation

To investigate whether the request of reactor
construction permit meets the regulatory requirements.
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r-li Guidelines from Regulatory Authorities

Review Guide for Safety Evaluation of Light Water Reactor Plant

Review Guide for Safety Design of LWR Plant

Review Guide for Nuclear Reactor Site Evaluation
and Application Criteria
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l_i 1.Safety Evaluation of LWR
1.1 Safety Design Evaluation of LWR

1.1.1 Events selected for Evaluations

Abnormal Transient during operation (DBE)
- by a single failure, a single malfunction,
or a single operational error.

- Has a possibility to damage integrities of fuel and coolant
boundary.

Accident (DBE)
- Has a possibility to release fission products into the RCV.

Technically Unlikely Accident (Beyond DBA)
- Results are assumed to be significance.
- Has a possibility to release fission products into the
environment.
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l_i 1.1 Safety Design Evaluation of LWR

1.1.2 Judgment Criteria for Evaluation Results

Abnormal Transient during operation (DBE)

Should be:
no fuel failure, no radioactive material release.
plant should be ready to restart after the necessary restoration.

Criteria:
Minimum critical power ratio (MCPR) (for BWR) , or

minimum departure from nucleate boiling ratio (MDNBR) (for PWR)
> the allowable limit®*1), See next page

Maximum fuel enth_alpviheat accumulated per unit weight of fuel)
< the allowable limit (40-110 depending fuel burn-up)

Pressure on the reactor coolant pressure boundary
< 1.1 times maximum operating pressure
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DNB

Departure from
nucleate boiling point

Critical Burn out
A heat flux
q (Wim?) point
107_
10°= C A-B : Non-boiling
B-C-D: Nucleate boiling
105 = D-E: Transient boiling
E-F and beyond: Film boiling
104 = — —
Incipient boiling
point
10° ! | | —
1 10 102 103 104
ATsat(K)

Boiling Curve (Nukiyama Curve) -
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l_i 1.1 Safety Design Evaluation of LWR
1.1.2 Judgment Criteria for Evaluation Results (cont’d)

Note 1. MCRP (for BWR) and MDNBR (for PWR) See boiling curve
MCRP: Minimum Critical Power Ratio
Critical Power (CP) :FA thermal power at onset of transition boiling.
Critical Power Ratio (CPR) = CP/ (FA thermal power).
MCPR: FA Thermal power which gives the Minimum CPR.

MDNBR : Minimum Departure from Nucleate boiling ratio
DNBR= (DNB heat flux)/(actual heat flux ).
MDNBR: Minimum DNBR.

To avoid sudden clad temperature rise, transition boiling should be
prevented.
Values recommended by Evaluation Guides are:

MCPR~1.06,and

MDNBR~1.17.
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l_i 1.1 Safety Design Evaluation of LWR

1.1.2 Judgment Criteria for Evaluation Results (cont’d)
Accident (DBE)

Should be:
No core-melt, No marked core failure,
No secondary failure that may cause anticipated transient.
Keep integrities of multiple barrier against radioactivity release.
Criteria:
Core---- Max. clad temp. < 1200 °C
Fuel -----fuel enthalpy <the limit. (230 cal/gu02)
Pressure on the pressure boundary < 1.2 times the design press.
Pressure on RCV < the maximum pressure.
No marked risk of radiation exposure to the public
In the site periphery.
<5 mSv
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l_i 1.1 Safety Design Evaluation of LWR

1.1.2 Judgment Criteria for Evaluation Results (cont’d)

Evaluation Guide for ECCS Performance

Judgment Criteria

Maximum fuel cladding temperature < 1200 °C.

- Stoichiometric oxidized cladding material < 15% of clad
thickness.

- Hydrogen generated by water-Zr reaction in core:

Should be small so that it dose not challenge to the RCV
Integrity.

- Decay heat removal capability should be maintained for a long
period of time.
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1.1.3 Process of Evaluation

Change
Design

—> |  Select Event

v

Analyze I
Consequences

v

If not satisfied

v

Next event
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1.1 Safety Design Evaluation of LWR

Evaluate <

—— e e

Supporting R&Ds.
Computer codes
used should be
verified by
experiments.

__________________

Safety Criteria
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l_i 1.1 Safety Design Evaluation of LWR

1.1.4 Examples of Safety Design Evaluation of LWR

From next page, the following evaluations will be presented.

Anticipated operational transient

Trns-1: Abnormal withdrawal of control rod in BWR

Trns-2: Excess feed-water supply to SG of PWR

Accident

Acd-1: Main steam pipe break of BWR

Acd-2: Loss of reactor coolant of PWR
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l_i 1.1.4 Examples of Safety Design Evaluation of LWR (cont’d)

Trns-1 :Abnormal Withdrawal of Control Rod of BWR, (1/2)

Initiating Event:
During approach to criticality,
an operator withdraws CR
(control rod) continuously.

Protection Measures:

- Near criticality, operator proceeds with a help of a RWM %,
- Reactor power excursion can be stopped by Doppler effect.
- Reactor scrams by “neutron flux- high” signal.

Note><¢: RWM: rod worth minimizer, i.e., CR operation monitoring
equipment. When CR pattern goes out of allowable range, RWM
prevents CR withdrawal/insertion.
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l | 1.1.4 Examples of Safety Design Evaluation of LWR (cont’d)
Trns-1 Abnormal Withdrawal of Control Rod of BWR, (2/2)

’ Results of analysis
30

- Neutron flux increases — .
reactor scram signal (at 9 s) o
5
— reactor automatic shuts | _ =
N o
dOWﬂ. . % 20l Fuel enthalpy 10 i_-|
fuel enthalpy increases, the | § at
value is smaller than the g 18 8
allowable limit.— fuel e S
. . . — 48 =}
. Integrity is secured. E . 5
: : B 3
. *reactor pressure increases la 5
. slightly. — coolant § <Ave-neutonflux ) &

boundary is secured. ; 12

''''''''''''''''''''''''''''''''''' 0 - : 0

0 5 10 15 20

Time (s)
N _ - Fig. 1-1 Abnormal Transient due to Unexpected

(5 SUREN AEXIRIRF ) REARFAFRE Withdrawal of Control Rod at Reactor Startup

LEFAIHFEE. TH4F10R
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l _i 1.1.4 Examples of Safety Design Evaluation of LWR (cont’d)
Trns-2 Excess Feed Water Supply to SG of PWR, (1/3)

Inltlatlng Event and Sequence:

: At power operation, turbine bypass valve, main steam safety valve or

mam steam relief valve (MSRYV) is fully opens by malfunction. ,
— sudden increase in heat removal by SG— reactor power increases

\ Main steam /
T ———
i e . safety valve

- Main steam
/ .'\ . 1J Main-steam stop valve Moisture separator heater
“'.. relief valve aJ .y S
BASW o3 |
. == GV eated steam stop valve
I ok — 2
SG Main-steam isolation valve Main contrpl valve +  Intercept valvi
| Pressurizer l{__.|. Main feed-water isolation valve . | -
[1 r . |'| EE‘ | Deaerator —— L — l
| A | NP L
{ i — _ Hi-P turbine - " Generator
" | 1 H Lo-P turbine
RV ./
feed-wdgter
oy || I ——
. Hi-P feed-water ,‘:] booster gump Condenser
I - healter Lo-P feed-water
U
" L ] heater (1) Condenser water pump
T |_ f | | Condensed water
- — l —r? ]
| Primary pump [ treatment rig
"‘“-u_ A Main feed water pum f -

~—— = o— H -

RCV Condensed water e Grand steam condenser

Booster pump

Fig. 1-2 Secondary cooling system (PWR)
[HEBI#) KARFARER MG R  JRFHREEF-SRETE &K K- (WETHR) . FR14F6 A, p20 -
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l_i 1.1.4 Examples of Safety Design Evaluation of LWR (cont’d)
Trns-2 Excess Feed Water Supply to SG of PWR, (2/3)

Protection Measures:

Anomaly is detected by SG “water level” indicator and
stream flow meter.

Reactor is shut-down by excess power/temperature
difference.
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l_i 1.1.4 Examples of Safety Design Evaluation of LWR (cont’d)
Trns-2 Excess Feed Water Supply to SG of PWR, (3/3)

""""""""""""""""""""""""""""" + Initial Condition : Reactor Power 102%

' Results of Ana|ysis | Coolant Density coefficient. : 0.51 (AK/K)/(g/cm3)
: , ; Doppler Power coefficient : Negatlve value
- Excess SG’s heat removal !

— lower RPV inlet coolant | & "1
temp— adding reactivity | 5"Tg |
— power mcreasmg .51:5_ 0;3110 —Reactor Power
- Reactor pressure increase : £, ,| & y—_ Minimum DNBR
| 'S slight : IRECIR 00 200
'+ MDNBR (1.40) Is safe — | Time (sec)

securing fuel & reactor ,
coolant pressure boundary. @ " X

£
- Exceptinitial transient, g /\C Reactor Pressure
primary coolant Emr S a0l
©
temperature is kept g | § ™\ Ave. Temperature
Lconstant _________________________________ §150_ E 305
o
o
145- 3005 100 200
ﬁ[;ﬂjﬁés;zg?f—%ﬁ%iiﬁ%ﬁ?zz = Fig. 1-3 Abnormal transient due to excess Time (sec) -

feed water supply to SG
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l_i 1.1.4 Examples of Safety Design Evaluation of LWR (cont’d)

Acd-1: Main Steam Pipe Break of BWR, (1/7)

Initiating Event and Sequence:
At full power operation,

1 of 4 main steam pipes
Guillotine breaks outside

the RCV. Main steam flows out
until closure of main steam isolation valve (MSIV).

.

After the closure of MSIV, reactor pressure decreases to atmospheric
pressure by ECCS.

In this event, loss of off-site power (causing the recirculation pump
trip) and 1 out of 8 MSIV fails to close are assumed to happen.
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l_i 1.1.4 Examples of Safety Design Evaluation of LWR (cont’d)

Acd-1: Main Steam Pipe Break of BWR, (2/7)

Steam

Main Steanf@Flow
to Turbifle
Dryers :

Main Feed Flow
from Turhine

Driving Flow - | — : -

Steam

Separators

Valve
(typical)

Recirculation
Pump

From NEA6846
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l l 1.1.4 Examples of Safety Design Evaluation of LWR (cont’d)

Acd-1: Main Steam Pipe Break of BWR, (3/7)

Standby liquid control system

MSIV

Fi
1

—

ggpﬂessmn I

break

}

1|
turbine

Y/

Pressure system

=@

Guillotine

arator

e

t

Generator

o,
aypﬁss loop

=

% Pressure |
suppression foorf

I.IMh To power supply

I extractor

Lo-pc

ooling water
r ?seaw ter’ To exhaust gas treatment system
L‘| | o 1

- et Condenser

Reactor feed
water pump

Lo-P core cooling
system

Yo

#IP core spras' g
system

RHRS

RCIC

)

Feed water heater

Hi-g cond. Cond. water
water pump percolation

onc1. water
esalter

Reactor coolant purification system

Cond. wate&
storage tan

Fig. 1-4 Schematic diagram of BWR main system
[(HAJERIFIINT—FRFAREREGR)  FFHHEEFEEL1997FMR. EHFHH*E (1997) p.299

Z-E:
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l_i 1.1.4 Examples of Safety Design Evaluation of LWR (cont’d)

Acd-1. Main Steam Pipe Break of BWR, (4/7)

Mitigation Measures

Coolant outflow control:
by outflow limiter (up to 200% of rated flow) located
inside RCV of main pipe.

Automatic MSIVs close:
MSIVs at inside and outside of RCV automatically closed by

LI 11

signals of “main steam pipe flow-large”, “main steam pipe tunnel

LE A 11

temperature- high”, “main steam pipe radiation level- high”,
“main steam pipe pressure-low”, etc.
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l_i 1.1.4 Examples of Safety Design Evaluation of LWR (cont’d)

Acd-1: Main Steam Pipe Break of BWR, (5/7)

Results of Analysis

- Steam In 3 intact pipes flows backward
and flows out from the broken pipe.

- Steam outflow from the opening
Increases to about 3,500 kg/s which
corresponds to the critical flow.

- Reactor pressure decreases, resulting
In the rise of water level in the reactor

Scram at 10% closure of MSIV

10000

3000

The amount of flowing-out coolant (kg/s)

Steam flow
due to the increase of the void.
- About 2 seconds later, the reactor
water level reaches steam exit nozzle % 1 2 3 4 5 6
and steam outflow changes to two- Time after the accident (s)
phase flow thereafter. Fig.1-5 Change in the Amount of Flowing-out Coolant during

the Guillotine break Accident of Main Steam Pipe

|
() BEHREH HENFEFHAREREFREIELEATHES. (EHRIE10A) -
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of LWR (cont’d)

Results of Analysis (continued)

- The MSIV closes and reactor scrams
In 5sec. Steam flowing out starts to
decrease rapidly.

- Flow out steam/water until the MSIV
closure iIs13ton steam and 22ton water.

- With this amount of coolant loss, core
IS not exposed, thus fuels dose not get
thermal damage.

- After the accident, the reactor is cooled
by the auto-depressurization system

1.0

Core inlet flow (% of rated flow)

Acd-1: Main Steam Pipe Break of BWR, (6/7)

Reactor pressure

180
170
{60
{50
{40
Core inlet flow

130

120

(e;wo/by) ainssald Jojoeay

110

| | | | D

(ADS), the reactor core isolation ° 2

cooling system (LPCS) and residual
Fig.1-6 Change in the C

(H#]) RREN: RBENPRFHOEEFRRFF

4 6 8 10 12
Time after the accident (s)

ore Flow and Reactor Pressure during

heat removal SyStem (LPCI) the Guillotine Break Accident of Main Steam Pipe

RELEHFAIRFES. (FR4E10A) -
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l 1.1.4 Examples of Safety Design Evaluation of LWR (cont’d)

Acd-1: Main Steam Pipe Break of BWR, (7/7)

Radiological Consequences

Before MSIV closure, radioactive materials and steam/water flow-
out to the environment.

- After the MSIVs closure, coolant leaks from an isolation valve (1
out of 8 MSIVs failed to close by the single failure assumption) at

a rate of 30%/day for 10hrs till reactor pressure reaches
atmospheric pressure.

- Effective dose equivalent outside the border line is evaluated to
be 0.02mSv.

- Thus the risk of radioactive exposure to the public in the vicinity of
the plant is sufficiently low.
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l _i 1.1.4 Examples of Safety Design Evaluation of LWR (cont’d)
Acd-2: Loss of Reactor Coolant of PWR, (1/7)

T T T eI Steam Quitlet (10 turbine)

' Initiating Event/ Sequence

! ) ! (53'“'" . _Steam Outlet

. At power operation, the 1ry ; o cox SR PENTIDIIRE (1o turbine)

- pump outlet pipe Double it

. Ended Breaks, thus, coolant | g‘a Covdvates et
| . . ! Msain Coolant Pum

‘leaks and RCV is pressurized, / R

i es?unzer =

Ea

Assume :

- Loss of off-site power. .
- Assingle failure of 1 of ECCS’s |
low pressure injection system. :

—— -

From NEA6846

\___Qguillotine | .



RPSC L-20 (Winter Course FY2010)

l_i 1.1.4 Examples of Safety Design Evaluation of LWR (cont’d)
Acd-2: Loss of Reactor Coolant of PWR, (2/7)

Mitigation Measures
1) ECCS (HPCI, Al, and LPCI) See also next page
Injects BAS (boric acid solution) into core to stop nuclear reaction,

In the event of MSLB (Main Steam Line Break) /LOCA.
HPCI : At high reactor pressure, P, , injects BAS, at first from
refueling water tank, and in later, from recirculation sump.
Al At P, <40atm, injects BAS in accumulator through 1ry
piping system.
LPCI: At Pr <10atm, injects water, at first from refueling tank,
and in later, from recirculation sump, into core through
decay heat removal cooler.

HPCI: High Pressure Coolant Injection System

LPCI: Low pressure Coolant Injection System

Al : Accumulator Injection System. Accumulator is a big storage tanks connected to
the reactor cooling system that have water pressurized with nitrogen
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l_i 1.1.4 Examples of Safety Design Evaluation of LWR (cont’d)
Acd-2: Loss of Reactor Coolant of PWR, (3/7)

Refuelling water service tank

EMitigation Measures (Continued) @

2) Automatic reactor shutdown L

~ “RCV pressure- high” signal or
“Reactor pressure- low” signal
actuates ECCS and shuts down

- reactor automatically.

3) RCV spray system

- MSLB results in RCV’s temp. and
press. increases.Thus, RCV is '
cooled by spray system whose
water is taken from refueling

- service water tank or RCV .

recirculation sump. lodine is added

- 1o water. Fig. 1ir7 Example of Engineered Safety Features (PWR)
““““““““““““““““““““““““““““““““ - ECCS and RCV spray system -

[HERIERTRILF—FTRFH20041&Y

Primary
coolant pump

LPCI pump
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of LWR (cont’d)

Acd-2: Loss of Reactor Coolant of PWR, (4/7)

Results of Analysis
Blow-down

Reactor pressure, P, , decreases rapidly.

- After 26sec, P, reaches RCV'’s pressure, thus, blow-down finishes.

Reactor scrum and ECCS startup:
« In 2sec, reactor shut down.
But, ECCS start-up delays for 32s

because of the assumption of the
loss of off-site power.

- At 16sec, P, decreases below
41atm, the holding press. of
accumulator tank, thus, Al starts
Injecting boric acid solution

automatically.

Core Pressure (kg/cm2G)

1

-
(=]

e
=

g

60

Initial condition : Reactor Power 102%

2s: Scram by ECCS actuation

Core Pressure

16s: Al boric acid injection

26s: end of blow-down

10 i 20 30
Time (s)

Fig. 1-8 Analytical Results of LOCA (1)

(H#] BARARFHORE - HEXEM
RFIFRELEHARFE. BHS5F8A
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RPSC L-20 (Winter Course FY2010)

of LWR (cont’d)

Acd-2: Loss of Reactor Coolant of PWR, (5/7)

Results of Analysis (continued)

Re-flood :After 32sec, diesel generator voltage established, then,
HPCI and LPCI start injecting water from around 34sec.

- After blow-down, water from
accumulator starts to flood
reactor lower plenum.

- At 37sec, core water level
reaches bottom of core.

+ Thus, core is cooled by
steam generated in core and
mixed flow with water droplet
caught in the steam.

[ o

T

Core Reflooding Speed (cm/s)

0

37s: Refilling period
Fig. 1-9 Analytical Result of LOCA (2)
(H#]) BARFARE BAEREFNRFIFRELEFrIRFES. BHS6F8A

R ra E o)

Downcomer. Core Water Level {3

0

\— Downcomer Water Level

\\HCore Reflooding Speed

—
-h\_h\__\_\-‘:}-q_‘:::_-:
!_I_‘_,-“'"df-
s /Core Water Level
1 i 1 i 1 i i
0 TII.'I 100 150 UL 2l JU Jair
Time (s)
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l_i 1.1.4 Examples of Safety Design Evaluation of LWR (cont’d)
Acd-2: Loss of Reactor Coolant of PWR, (6/7)

Results of Analysis (cont.) 100s:1086 °C
Fuel Rod Temperature #ﬁh'“

- Cladding temperature, after
reaching its maximum of
1086°C at100sec, starts to
decrease in accordance

with

core water level rising up,

keeping its value <1200°C.

[rr]

=

=

]
—

Fuel Cladding Temperature

[=H

=

=
T

200 -

Fuel Cladding Temperaturei*:

1 1 1 1 1
fiy 100 150 200 200

Time (s)

=

=

Fig. 1-10 Analytical Result of LOCA (3)
(H#t) BARFARE FEREFNRFIFRELEHAIRFE. BAS5F8A
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l_i 1.1.4 Examples of Safety Design Evaluation of LWR (cont’d)
Acd-2: Loss of Reactor Coolant of PWR, (7/7)

Results of Analysis (cont.)
RCV pressure: Reaches maximum of 3.4kg/cm?G at 158sec, i.e.,
< maximum design pressure (4.0 kg/cm2G).

Max. service pressure

- Water injection continues. ol _ _ _ Max servicepressure  _ _ _ _ _ _ _

- Water accumulated in RCV.sump | 1sss350kg0m2c
is re-circulated by the RHR pump, _ ., '
thus, core is cooled for long time.

- Start-up of annulus air cleanup
equipment keeps radioactive
material leaked to the
environment to be so small that
no marked risk to the public in

the vicinity.

el
©n
T

Pressure inslide RCV

1.0

Pressure inside RCV (kg/cm2G)

1
0 L L, L 1 I

10° 1o’ 107 1w’ 1q 10"
Time (s)

Fig. 1-11 Analytical Result of LOCA (4)
(H#) AREFHHRE SEKEHETFSE LRSI REE, BHM55488 -
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1.2 Site Evaluation of LWR

When site of a reactor is selected, a safety review is conducted
prior reactor installation.

“Review Guide for Nuclear Reactor Site Evaluation and
Application Criteria”, or

“Review Guide for Site Evaluation”,

IS used in its safety review by the regulatory authorities to
examine the adequacy of the site conditions.
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- 1.2 Site Evaluation of LWR

1.2.1 Review Guide for Site Evaluation - Basic Concept (1) -

Site conditions in principle

1) Natural disasters, which could trigger big reactor accidents,
did not occur in the past and will not occur in the future.

2) Reactor site is sufficiently far from the public in the context
of its safety protection facilities (Defense in Depth).

3) Reactor site including its periphery is located where
appropriate measures can be undertaken for the public
safety as necessary.
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r_i 1.2 Site Evaluation of LWR (cont’d)

1.2.1 Review Guide for Site Evaluation — Basic Concept (2) -

Fundamental requirements

1) Maximum credible accident:
Should not bring radiation impact to the public in the site periphery.

2) Hypothetical accident :
Should not bring marked radiation hazard to the public in the site
periphery, and its impact on the collective dose should be small.

Where,

Maximum Credible Accident (MCA):
Unlikely accident in reality, but this is assume in order to evaluate
site suitability under the conditions of large amount of radioactivity
release from the reactor.

Hypothetical Accident (HA):
Beyond MCA, i.e. some of the safety protection systems do not work
like they do under MCA,; accordingly, more fission products are
released.
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r 1.2 Site Evaluation of LWR (cont’d)

1.2.1 Review Guide for Site Evaluation — Overview -

Criteria for site evaluation

Exposure dose calculated under MCAs
should be lower than the value below:

- 1.5Sv for thyroid (infants)
- 0.25Sv for whole body

Residentia

Exposure dose calculated under HAs
should be lower than the value below:

- 3Sv for thyroid (adults)
- 0.25Sv for whole body

NoR-residential zone

hinly populated zone (LPZ)

ely populated zone

Accumulated exposure dose
calculated under HAs should be
lower than the value below:

- 20,000 man-Sv

pensg

=
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r_i 1.2 Site Evaluation of LWR (cont’d)

1.2.1 Review Guide for Site Evaluation — Overview
- Evaluation of Isolated Distance between Reactor and Pubilic -

It is unlikely in reality,
but assume a large
radioactive material
release to the
environment.

-

Reactor Plant

Containment capacity of
radioactive material has an
effect equivalent to a long
distan\ce secured.

\
\
\

Effect of Effect of
RCV, etc distance

Radioactive

material

=
Assume:

1. Maximum credible
accident (MCA)

2. Hypothetical accident

-~ (HA)

lefu3|on Model or

Isolated distance
between the reactor and
the public is judged from
the exposed dose
evaluated for the public.

\

N
Public

Atmospheric
Dispersion

3D Atmospheric Dispersion Model
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r_i 1.2 Site Evaluation of LWR (cont’d)

- Atmospheric Dispersion Models, Examples -

“7 |kBg/m?

&N 1480
LN | 2 ;n
Lo 185
g

10

Gaussian
Concentration
Curve

GaUSSISn MOdeI Suitace C-137 Conc. al 1986-05-06_00h

Cs137 Precipitation and Radiation Cloud across Europe
After Chernobyl Accident, by 3-D Numerical Analysis, saea
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l _i 1.2 Site Evaluation of LWR (cont’d)

1.2.2 Accidents selected for Evaluation

Maximum Credible Accident, MCA

BWR: (1) LOCA due to the double ended guillotine break of main pipe
(2) Main steam pipe rupture outside the RCV

PWR: (1) LOCA due to the double ended guillotine break of primary pipe

(2) SG heat transfer tube rupture
_______________________________________________________________________________ EX.1: will be discussed later |

Hypothetical Accident, HA-
BWR/ PWR: [EX.2:will be discussed later |

The amount of fission products released in the RCV is assumed

to be much larger than the amount under MCA.
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l_i 1.2.3 Examples of Site Evaluation of LWR
Ex.1 Maximum Credible Accident, PWR-LOCA, (1/4)

Assumed Accident Sequence and Way of Evaluation
*All fuel are damaged, and FPs in the fuels are released into RCV.
FPs released in RCV are:
- lodine (1) : 1%
- Rare gas : 2%
- They gradually leak out from RCV to the annulus with leak-rate adding
a certain margin to its design value.
- Leak-rate: 0.15%/d(0~1d),
: 0.075%/d (1d~30d)

-Majority of FPs are removed by filter in the air cleanup system of the
annulus.-lodine removal efficiency of filter is 90%

- Diffusion of rest FPs released to the environment is evaluated by the
“Meteorological Guideline on the safety analysis of power reactor
facility.”
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l_i 1.2.3 Examples of Site Evaluation of LWR
Ex.1 Maximum Credible Accident, PWR-LOCA, (2/4)

Results of Analysis

- lodine and rare gas leak in accordance with processes such as
shown in Figs.1-12 .

- Amount of iodine and rare gas leaked to the environment are:
- lodine : About 1.4E12Bq
- Rare Gas : About 1.15E14Bq
Radiation dosage
- Maximum exposed dose on the outside of the site boundary :
- About 0.12Sv for thyroid (of infant)
- About 0.0002Sv for the whole body
They are sufficiently low in compared to the allowable upper limit:
1.5Sv for thyroid (of infant) ,
0.25Sv for the whole body.




s
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1.2.3 Examples of Site Evaluation of LWR

Ex.1 Maximum

Credible Accident, PWR-LOCA, (3/4)

Environment

Total | diffused: 1.4 x 10?Bq

Reduction Recirc. filter]

Organic: ~1.2 X 1012Bq, Inorganic: ~1.7 X 1011Bq

Unit: Bqg (I-131 equivalent)

*

A

[Safety aux. room filter]

lOutside of Annulus|

(I removal filter efficiency: 90%)

~ 106 Iy (Reduc. by adhesion in safety aux. room: 50%)
—> nnulﬁ
(I remqval filter efficiency: 90%) (Rate of migration into air: 5%)
97% 1 3%
Leak from RCV 0~1d 0.15%/d [Recirc. water leak
Leak rate 1d~30d 0.075%/d Leak rate 20min~30d 8,000cc/

(Ignore

| in RCV

*

Equiv. reduction by half - 100s

reduction effect inside RCV) [Reduction inside RCV by spray: j
Redcd. inside RCV by adhesion: 50%

Il in recirc. water|

(H#] BARRFHORE - HEXREM

RTFREZEHASEE. (BASSESA)
90%
f
(Release rate of | from the core: 1%) (Release rate of | from the core: 1%)
I
*

IAmount of | accum

. in the core after a long period of operation: ~6.29 X 10188q|
Fig. 1-12 Process of lodine Leak to Environment during LOCA (MCA) -
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l_i 1.2.3 Examples of Site Evaluation of LWR
Ex.2 Hypothetical Accident, PWR-LOCA, (1/4)

Assumed Conditions

- All the conditions are same as those of the MCA, except the initial
condition, i.e., amount of FPs leak into RCV is assumed to be:

- lodine (I): 50%
- Rare gas: 100%

Results of Analysis/Released FPs
- Processes of leak to the environment are such as shown in Fig.1-13.

Calculated amount of iodine and rare gas leaked to the environment
IS:

- lodine  : About 7.03E13Bq
- Rare Gas : About 5.92E15Bq
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l_i 1.2.3 Examples of Site Evaluation of LWR
Ex.2 Hypothetical Accident, PWR-LOCA, (3/4)

Environment

Total | diffused: 7.03 X 1013Bq Unit: Bq (I-131 equivalent)

Organic: ~6.29 x 1013B(, Inorganic: ~8.88 x 1012Bq
*

*

A

Reduction Recirc. filter]

lOutside of Annulus|

~ -5
10 —> nnulﬁ

(I remqval filter efficiency: 90%)

4

A

97% T

| in RCV

*

(Ignore feduction effect inside RCV) [Reduction inside RCV by spray: j
Yo

¥
|

3%

Leak from RCV 0~1d 0.15%/d
Leak rate 1d~30d 0.075%/d

90%

Equiv. reduction by half : 100s
Reduc. inside RCV by adhesion: 509

Inorganic |

(Release rate of | from the core: 50%)

[Safety aux. room filter]

(I removal filter efficiency: 90%)
(Reduc. by adhesion in safety aux. room: 50%)

(Rate of migration into air: 5%)

[Recirc. water leak
Leak rate 20min~30d 8,000cc/

Il in recirc. water|

(H#] BARRFHORE - HEXREM
RFIFREXEFAIHFES. (FBMS5F8A)

(Release rate of | from the core: 50%)

Fig. 1-13 Process of lodine Leak to Environment during LOCA (Hypothetical Accident)

IAmount of | accum. in the core after a long period of operation: ~6.29 X 10188q| -



RPSC L-20 (Winter Course FY2010)
l_i 1.2.3 Examples of Site Evaluation of LWR
Ex.2 Hypothetical Accident, PWR-LOCA, (2/4)

Results of Analysis (Continued)/Radiological Consequences
Maximum exposed dose on the outside of the reactor site boundary is
- About 0.15Sv for thyroid (of adult)
- About 0.01Sv for whole body due to external y-ray

- About 690men-Syv for the accumulated exposed dose of the
whole body (for the estimated future population)

They are sufficiently low in compared to the allowable upper limit:
3Sv for thyroid (of adult),
0.25Sv for the whole body,

20,000men-Sv for the accumulated exposed dose for the
whole body.
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l_i 2. Safety Evaluation of FBR

Guideline: “Philosophy in Safety Evaluation of Fast Breeder Reactors”
(prepared by NSC in Nov. 1980, latest amendment in Mar. 2001)

To be refered : “Review Guide for Safety Evaluation of LWR facilities”

2.1 Safety Design Evaluation of FBR

2.1.1 Scope of Evaluation

(1) Design basis events (DBE): |
- abnormal transient during opera - TN -
- accident |

(2) Beyond DBE (BDBE):

- technically unlikely accident
To confirm the release of A | (IRl S
large amount radioactive mater |__ === | \J
is within the regulatory requirements. | "
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l_i 2.1 Safety Design Evaluation of FBR

2.1.2 Events selected for Evaluation (1/2)

Abnormal Transient During Operation (DBE)

1) Abnormal change in reactivity or power distribution
- Abnormal CR withdrawal from a sub-critical condition
- Abnormal CR withdrawal during a power operation
- etc.

2) Abnormal change in heat generation or heat removal of the core

- Partial loss of primary flow
- Increase of primary flow
- Loss of off-site power (LOS
- Partial loss of secondary flow
- Increase of secondary flow LosP: will be discussed later |
- Loss of feed water flow
- Increase of feed water flow
- etc.

3) Chemical reaction of sodium
- Small leak in a SG heat transfer tube -
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l JI 2.1 Safety Design Evaluation of FBR
2.1.2 Events selected for Evaluation (2/2)
Accident (DBE), its Examples:

1) Increase in core reactivity
Rapid CR withdrawal, Fuel slumping, Passage of bubble

2) Loss of core coolant flow
Coolant flow blockage, PHTS or SHTS pump stick,

Main Feed-water pump stick, Primary coolant leak (PCL),

3) Chemical reaction of sodium PCL: will be discussed later )
primary sodium leak, sodium-water reaction in SG

Technically Unlikely Events (Beyond DBE), their Examples
1) Local Fuel Faults LPB: will be discussed later ]
Local overheat, channel blockage
2) Large PHTS Pipe Break (LPB
3) Anticipated Transient Without Scram (ATW

- Unprotected loss of PHTS flow (ULOF)

ULOF:will be discussed later }
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l_i 2.1 Safety Design Evaluation of FBR
2.1.3 Requirements for Evaluation (1/2)

Abnormal transient during operation
Should be:
no fuel failure,
no radioactive materials release to the environment ,
plant should be ready for restart after the necessary restoration

Criteria
1) Cladding mid-wall temp. < 830°C (to avoid pin rapture)
2) Sodium temp. in core < Boiling point
3) Fuel temp. < Melting point
4) Reactor coolant boundary < Either value below:
(@) 600°C
(b) 1.4 times maximum design temp.
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l | 2.1 Safety Design Evaluation of FBR
2.1.3 Requirements for Evaluation (2/2)

Accidents
Should be:
no core-melt, no marked core failure, no following abnormal
conditions, controlled radioactivity release to environment.
Criteria:
- Reactor coolant boundary < Either value bellow:
650°C & 1.6 times maximum design press.
- Temp. & Press. of the RCV boundary
< 150°C (max. design temp.), and
< 0.5kg/cm?G (max. design press.)
- Radiation exposure to the public in site periphery < 5mSv
Technically unlikely accident
Radiological consequences should be below the allowable
limits
given by the guide.
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l_i 2.1 Safety Design Evaluation of FBR
2.1.4 Examples of Safety Design Evaluation of FBR

Transient, Loss of off-site power (LOSP) , (1/4)

Initiating Event and Sequence:

At full reactor operation,

due to partial or total off-site power loss,
PHTS and SHTS pumps loss power,
thus coolant flows decrease,

resulting in difficulty of core cooling.

reactor is shut down automatically by the safety protection system,
emergency diesel generators start up,
ACS starts up to remove_decay heat
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l_i 2.1 Safety Design Evaluation of FBR
2.1.4 Examples of Safety Design Evaluation of FBR

Transient, Loss of off-site power (LOSP) , (2/4)

Preventive measures

reactor is automatically shut down by “voltage of station-service
bus- low” signal.

- Reactor is also automatically shut down by
“‘primary pump speed- low”,
“primary coolant flow- low”,
“secondary pump speed- low”, or
“secondary coolant flow- low” signals.
Each of 3 ACSs has capacity to remove decay

Pump pony motor operation (Decay Heat Removal mode
operation)

iIn PHTS and SHTS secure 4% of rated core flow even with a
single loop.
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l | 2.1 Safety Design Evaluation of FBR
2.1.4 Examples of Safety Design Evaluation of FBR

Transient, Loss of off-site power (LOSP) , (3/4)

100 Reactor power and
core flow variation

Results of Analysis

After 0.9sec, reactor is automatically
shut down.

Coolant flows of PHTS and SHTS
coast down, and 1ry and 2dry pumps
shift to a low speed pony motor | S
operation to ensure 7% of rated flow. Time (sec)
Sodium temperature at RV exit L Coolant temperature variation]
momentarily increased to 540 °C.

- Sodium temperature at RV inlet: up to
430 °C.

Reactor power

Core flow

Reactor trip by “voltage of
" station service bus- low”

Reactor power, core flow

(%) ,

RV exit sodium temperaturg

/
RV inlet sodium temperature

Temperature (°C)

Reactor trip by “voltage of
station service bus- low”

Time (min)
Fig.2-1 Loss of off-site power
(H#) SEEEFEFLALeRERRTFRESTHES -
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l_i 2.1 Safety Design Evaluation of FBR
2.1.4 Examples of Safety Design Evaluation of FBR

Transient, Loss of off-site power (LOSP) , (4/4)

Results of Analysis (cont’d) T T
- Max. cladding mid-wall temp.:

730°C < burst
- Maxi. sodium temp.:

Fuel temperature

Cladding tube mid-wall
temperature

Cladding, sodium temperature

720°C < boiling point 3
- Max. fuel temp.: I “ e
< melting point el f i
Above results indicate: I
fuel Is secured, T\ e
reactor coolant boundary is R

Time (sec)

secured.

Fig.2-2 Loss of off-site power
(H#) SERBIEFELALw REFRRFIFREFAIRES -
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l_i 2.1 Safety Design Evaluation of FBR
2.1.4 Examples of Safety Design Evaluation of FBR

Accident: Primary coolant leak (PCL), (1/5)

Initiating Event and Sequence:
During power operation, sodium leaks from PHTS piping crack
whose size is equal to a Double Ended Guillotine Break of branch
piping.
Location of leak is RV inlet that give the maximum leak rate.
Loss of off-site power occurs simultaneously.
- Reactor automatically shut-down by “RV sodium level- low” signal.
- Increases in cell and liner temperatures in PHTS by leaked sodium.
- Cell pressure and temperature are released to RCV together with
sodium aerosol.
RCV pressure and temperature increase which leads to sodium
aerosol leak into the environment.
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l_i 2.1 Safety Design Evaluation of FBR
2.1.4 Examples of Safety Design Evaluation of FBR

Accident: Primary coolant leak (PCL), (2/5)

Mitigation measures

-Guard Vessel, GV, is provided
to ensure sodium level in RV
well above core and above RV
exit nozzle, thus core can be
cooled by the primary coolant
circulation.

RV Primary | IHX
Pump L_[)
Normal Level | = .
ToxE 1 = = X
1 4m
Emergency Level ey gpeed
Pa ;;35 :]‘ H |l:
Exit Nozzle

Emergency Level

I:

Example of sodium leakage
at RV inlet pipe

Fig.2-3 Preservation of core cool-ability by the GV
(M) SREBFELAL REFEFFREST RS -
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l_i 2.1 Safety Design Evaluation of FBR
2.1.4 Examples of Safety Design Evaluation of FBR

Accident: Primary coolant leak (PCL), (3/5)

Results of Analysis (cont.)
- Reactor shutdown at 190sec.
-Sodium leak-rate: 80kg/s
initially (less 2% of PHTS
rated flow), and 34kg/s after
DHR operation.
-core flow-rate by DHR
operation: settles at 6% of ——
rated flow-rate at 230sec Time (sec) Time after Reactor-trp (sec)
after the accident. Fig.2-4 Primary coolant leak accident core cool-ability
. Decay heat Of core iS 4% Of (K] SHRIBBEFELALPREFRRFIFREHTRES
rated reactor power.
— Core cooling is secured.

2

=
=

100

™ Reactor Power

/
/
/

- Core Flow_(%) .

=

> Core Flow

=

Reactor trip by “RV
sodium level- low”

/ Core Flow

/

Leak-flow (kg/sec)

Reactor trip by “RV
sodium level low”

20

Reactor power

0 L L
0 100 200 300 400 o 20 10 60
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l 2.1 Safety Design Evaluation of FBR
-i 2.1.4 Examples of Safety Design Evaluation of FBR

Accident: Primary coolant leak (PCL), (4/5)

Results of Analysis (cont.) _
. 1 Temperature variation
- Max. sodium temperature at B in the core
reactor exit: 540°C o -
(Inlet:440 C) § - - m Fuel temperature
-Cladding temp.: 740°C < burst e =~
temp. (830°C) s W o
. . = 3 Cladding tube mid-wall
-Max. sodium temp. in core: 8wl Befl empermue
730°C < boiling point o 3
< 700 |- |9 1500
. Max_ fuel temp almost same E g —— Sodium temperature in the core
as its initial temperature L
-Sodium level in RV:secured
above the emergency level
by GV : Re;ctorltriplbly ‘R
. ] . sk ol . sodium level low” ,
— Core COOllnCl CaDaCItV 1S Time after Reactor-trip (sec)
adequate. Fig.2-5 Primary coolant leak accident — core cool-ability

(58] BEEAIFA Lo S EH R TIF R B B
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l_i 2.1 Safety Design Evaluation of FBR
2.1.4 Examples of Safety Design Evaluation of FBR

Accident: Primary coolant leak (PCL), (5/5)

Results of Analysis (cont.)/Radiological Consequences:
- FPs released into the environment:
—lodine  : 6.3x108 Bq
—Rare gas : 3.3x10? Bqg
- Maximum exposed dose on the outside of the reactor site

boundary:

— EXxposed dose of infant thyroid :0.0013 mSv <
1.5 Sv X

—EXxposed dose of the whole body by y- ray: 0.026 mSv <
0.25 Sv X

(Note) Results are same for both hot-leg and cold-leg pipe break

> allowable values given by “Guidelines for reactor site
criteria”.
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l_i 2.1 Safety Design Evaluation of FBR
2.1.4 Examples of Safety Design Evaluation of FBR

Beyond DBE, Large PHTS Pipe Break (LPB), (1/4)

Initiating Event and Sequence:

During a reactor full power operation,

a Guillotine pipe break occurs near the RV inlet,

thus a large amount of primary sodium leakage occurs.
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l | 2.1 Safety Design Evaluation of FBR
2.1.4 Examples of Safety Design Evaluation of FBR

Beyond DBE, Large PHTS Pipe Break (LPB), (2/4)

Results of Analysis - TS, V.
Assumption: Pipe break at RV inlet e Nomaleve

Core cooling capacity
- Core flow: flow coasts down to 5% .

At 70sec, pump switching to DHR
operation, the core flow settles at 8%.

- RV exit/inlet temp.: increase up to
570°C/ 450°C, respectively.

- Core sodium max. temp.: 990°C
(Sodium boliling for short time)

- Cladding mid-wall temp.: 990°C<

Flow of failed loop

~"Flow of intact loop

RV sodium level

Sgl.

\lelet guard-pipe sodium level "
— ,“

eactor pewer

(W) [oA97 WINIPOS

GV sodium level

Reactor-trip by
“RV sodium level low”

Rector Power and Flow (% of rated value)
& - = = =

melting point
- Fuel max. temp.: 2,390°C< 2,650°C fomero e
— damaged fuel: ~3% of all core Time (sec) nozzle posion
fue|s Fi|g. 2-6 Large Pipe Break in PHTS (Beyond DBE)

(H#) SFRBEFLALoREMEFIFREHTRES -
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l_i 2.1 Safety Design Evaluation of FBR
2.1.4 Examples of Safety Design Evaluation of FBR
Beyond DBE, Large PHTS Pipe Break (LPB), (3/4)

Results of Analysis (cont.) e e
Thermal effect of leaked sodium Reactor Containment Vessel (RCV)
- Max. temp. of PHTS cell liner:
510°C g
< 530°C (design temp.) S |2
- Inner pressure of RCV: %m %J_\'\\
up to 0.02kg/cm? g& % REVIRNSE presSHie
<0.5kg/cm? design press. = 15
- Ambient temp. in RCV: = o tenpersie
Increases only slightly
— RCV integrity is secured s % - 5 .
Time (h)

Fig. 2-7 Large Pipe Break in PHTS (Beyond DBE)

(H#] SFRBEFLALe RERRFIFREFTHFES -
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l_i 2.1 Safety Design Evaluation of FBR
2.1.4 Examples of Safety Design Evaluation of FBR

Beyond DBE, Large PHTS Pipe Break (LPB), (4/4)

Results of Analysis (cont.)
Radiological Consequences

Assumptions for evaluation

- FPs released in the PHTS cell:
Rare gas - -+ 10% of that in all fuel pellet-clad gap
loding »--=~-- 10% of that in all fuel pellet-clad gap

Results:

Exposed dose from FPs released to the environment is too small
to be concerned.
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l_i 2.1 Safety Design Evaluation of FBR
2.1.4 Examples of Safety Design Evaluation of FBR

Beyond DBE, Unprotected Loss of Flow (ULOF), (1/3)

Initiating Event and Sequence:
- At power operation, Loss of Off-site Power occurs,

thus, PHTS and SHTS pumps trip simultaneously. —Loss of Flow
- CR-control is also lost. — Reactor trip failure

- Sodium boiling, cladding melting, fuel relocation and slumping are
followed by prompt critical.

- Core expands by the critical energy and thus becomes sub-critical.
- RV Inflates by prompt critical energy but not breaches.
- No breach of PHTS components nor piping.

- Flow path is secured in PHTS for natural circulation decay heat
removal, and also heat removal capacity by SHTS and auxiliary
cooling system are secured.
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l_i 2.1 Safety Design Evaluation of FBR
2.1.4 Examples of Safety Design Evaluation of FBR

Beyond DBE, Unprotected Loss of Flow (ULOF), (2/3)

Results of Analysis Sl gl ® SN e WSt e A
- As a result of sodium injection in RCV, »
temp./press. of RCV atmosphere initially e
increase to 140°C/0.33kg/cm?G that are W " Initial value due to instant incineration (Max.
. ; . 7 A 2 ]
both below design values, thereafter | {Skgeme
they start to decrease. ‘(“é [
-Therefore, RCV integrity of is secured -
. . . . () ——
and release of radioactive material is 3 o s ]
()
suppressed. g | 2
E 0; Ambient temperature above the RCV floor’
2
=
I Inner pressure of the RCV
i
[ U ! : s | |
:_' Time (h)
Fig. 2-8 Unprotected Loss of Flow (Beyond DBE)

------ __ (H#) EREBFLALeREBRETIFRESThES .
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l_i 2.1 Safety Design Evaluation of FBR
2.1.4 Examples of Safety Design Evaluation of FBR

Beyond DBE, Unprotected Loss of Flow (ULOF), (3/3)

Results of Analysis (cont.)/Radiological Consequences
- Assumed FPs released in RCV (in % of that present in the reactor)
Rare gas --- 1%, lodine --- 1%, Pu--- 0.1%

- A 95% of lodine is released in the form of aerosol, thus, they plated
out in RCV reducing their radiation.

Max. exposure dose outside the site boundary
1mSy for infant thyroid
2.7mSy for adult thyroid
0.69mSyv for whole body by y-ray
0.00014Gy (lung), 0.00071Gy (bone surface), 0.00015Gy(liver)
by Pu
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2.2 Site Evaluation of FBR

Guideline:
“Review Guide for Nuclear Reactor Site Evaluation and
Application Criteria”.

Scope of Evaluation:

-Maximum Credible Accident (MCA)
FPs in core that are assumed to release in RCV:
10% of rare gas, 1% of iodine.

- Hypothetical Accident (HA)
-The same assessment as MCA is made for HAs, but with the
assumption of a larger amount of FPs in core to release in

RCV.
100% of rare gas, 10% of iodine, 1% of Pu .
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2.2.1 Example of Site Evaluation

Maximum Credible Accident, (1/2)

Assumed Conditions:
- A 90% of lodine released is in the form of aerosol.
- Leak-rate from RCV to environment atmosphere: 1%/day
- lodine removal efficiency of annulus filter: 95%
- The “Accident” continues for 30days
Results of Analysis

FPs released into the environment :

lodine: 240Ci, Rare gas: 47,000Ci

Maximum exposed dose on the outside of the reactor site
boundary:

1.8rem (<150rem) for of child thyroid:
0.15rem (<25rem) for whole body by y-ray:




Filter Unit
(RemovaJ filter efficiency 95%) 4’@@
97%

lOutside of annulus|
3%

lLeak from RCV| (Leakrate 1%/d)

(Ignore plate-out effect on the RCV floor) (Consider plate-out effect on the RCV floor)
Reduction | non-aerosol | aerosol
10% 90%

~107

I released on the RCV floor: 5.1 X 105 Cj|

(1% of | retained in the reactor leaks)

I retained in the reactor: 5.1 x 107 Cj|

(Note) 1-131 equivalent Ci

Fig. 2-9 Process of | Released to Atmosphere during Primary Coolant Leak Accident (MCA)

(H#) SHBEFLALoRERREFIFREFTHFES
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l_i 2.2.1 Example of Site Evaluation

Maximum Credible Accident, (2/2)

A | released into Atmosphere: 2.4 X 102Ci|
A
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l_i 2.2.2 Example of Site Evaluation

Hypothetical Accident, (1/2)

Assumed Conditions:

- Pu is in the form of aerosol and its filter removal efficiency is 95%.
Results of Analysis
- FPs released to the environment :

lodine: 2,300Ci, Rare gas: 470,000Ci, Pu: 51Ci

- Maximum exposed dose on the outside of the reactor site
boundary:

4.5rem (<300rem)* for thyroid, 1.4rem (<25rem)* for whole body
Exposed dose by Pu:
less than 0.9rad for lung, bone surface, and liver (<12rad) *
- Accumulated exposed dose for the whole body:
130,000man.rem (<200,000man.rem)*,

Note: * is allowable values given by Guidelines.
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l_i 2.2.2 Example of Site Evaluation
Hypothetical Accident, (2/2)

A IPu released into atmosphere: 51 Ci|
A

Filter Unit

(RemovaJ filter efficiency 95%) 4’@@ Outside of annulus|
97% T 3%

lLeak from RCV| (Leakrate 1%/d)

(Consider plate-out effect on the RCV floor)

Reduction ‘
IPu released on the RCV floor: 1.5 x 105 Ci|
~10°

(1% of Pu retained in the reactor leaks)

IPu retained in the reactor: 1.5 x 107 Ci|

(Note) in terms of y-ray 0.5MeV

Fig. 2-10 Process of Pu Released to the Environment during Hypothetical Accident
(8] SFRBIEFLALw RERFIFREFAIHES -



RPSC L-20 (Winter Course FY2010)
l_ Risk of Nuclear Energy
- far lower than Risk of LPG, Coal, Oil, Hydro, and Natural Gas -

No public fatality Lower Risk even

(only fatalities of plant personnel) Chernobyl is included
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OECD/NEA6862, 2010 by Swiss Paul Scherrer Institute  Between 1969~2000. Higher risk with LPG, coal and oil. -



