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Objectives of Meetin g ýAP54-

Describe methods and acceptance criteria to be used
for US-APWR dose evaluation for normal operation
and accident conditions, which are approved by the
NRC or used in the U.S.A.

Describe radiation shielding methodology

> Identify the current acceptance criteria and
methodology for demonstrating compliance in this
area

> Distinguish between information to be provided in the
Design Certification (DC) and the Combined License
(COL)

> Obtain the NRC feedback on the methods
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1. General Approach for Dose

Evaluation

,MITSBSHI[-HEAV-Y:IjND[U.S]:RIES, LTD. UAP-HF-07014-4

1. 1 Scope and Plan

)Our methods of dose evaluation are based on the
US requirements and most recent guidance

)We plan to use calculation codes approved by the
NRC and used in the USA, therefore no topical
report is planned

>We will perform dose evaluations for the DC
application using conservative site parameters

)Mitsubishi plans to follow the most up to date
guidance provided or referenced in NUREG-0800
and DG-1145

II
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1.2 Calculation Codes

)Calculation codes used for US-APWR
Computer Code Notes

Dose Evaluation ORIGEN2, Calculation codes approved by the
during Normal PWR-GALE, NRC
Operation NRCDose (XOQDOQ for COL)

Dose Evaluation ORIGEN2, Calculation codes approved by the
under Accident RADTRAD, NRC
Conditions MicroShield (PAVAN and ARCON96 for COL)

Radiation ORIGEN2, Calculation codes used in the U.S.A.
Shielding MicroShield, DORT,
Protection ANISN, MCNP, G3

SBHM D"U$ME S, LTD. UAP-HF-07014-6

2. Dose Evaluation

during Normal Operation

BIH _E !NU.JMRL I ES, LTD. UAP-HF-07014-7
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2. Dose Evaluation during Normal Operation (1)

> US requirements and most recent guidance
I10CFR20 Standards for protection against radiation

IOCFR50 Domestic licensing of production and utilization facilities
10___R50 (Especially 50.34a & Appendix I)

40CFRI90 Environmental radiation protection standards for nuclear power
operations

R.G.1.109 Calculation of Annual Doses to Man from Routine Releases of
Reactor Effluents for the Purpose of Evaluating Compliance with

Rev. 1 (1977) 10 CFR Part 50, Appendix I

R.G.1.111 Methods for Estimating Atmospheric Transport and Dispersion of
Gaseous Effluents in Routine Releases from Light-Water-Cooled

Rev. 1 (1977) Reactors

R.G.1.112 Calculation of Releases of Radioactive Materials in Gaseous and
Rev. 2 (1997) Liquid Effluents from Light-Water-Cooled Power Reactors

R.G.1.113 Estimating Aquatic Dispersion of Effluents from Accidental and
Routine Reactor Releases for the Purpose of Implementing

Rev. 1 (1977) Appendix I

I•SI-HEA , , jES, LTD. UAP-HF-07014-8

2. Dose Evaluation during Normal Operation (2)

> Calculation codes
V PWR-GALE (published by the NRC as NUREG-0017)

V, NRCDose

> Method to Determine XIQ Values
V Determine atmospheric dispersion factors (XIQ values)

that will bound the atmospheric conditions at most US
sites in DC application

v/ In COL application, validate DC conservatism
compared to the site specific X/Q values

Stnws HsIw-"&mxV-JI AW•E S, LTD. UAP-HF-07014-9
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2. Dose Evaluation during Normal Operation (3)

> Calculation methods of primary and
secondary coolant activities

-/ Standard concentrations based on ANSI/ANS-1 8.1
(1999)

Specific parameters for US-APWR
• Thermal power
° Steam flow rate
• Weight of water in reactor coolant

system
" Weight of secondary side water in

all SGs
" Reactor coolant let down flow rate
"SG blowdown flow rate, etc.j

-/Realistic source term
.•Ir•ZUBiSHI=-•I• !$DWU$IRJES, LTD. UAP-HF-07014-10

2. Dose Evaluation during Normal Operation (4)

>Pathways for radioactive gaseous release

• Volume control tank t TCarcoal

bed -Exhaust from gaseous
- Boron recycle system waste management

system through
:_ Equipment ventcharcoal bed

- Safeguard component area -Exhaust from
- Fuel handling building containment through
- General component area filter
• Access control building -Exhaust from other

- Annulus 
systems

-Containment FilterIGaseous

- Secondary system Release

- Turbine building

Removal and radioactive decay effect within the system will be considered

MMW MIIULMFA PJUSTRIES, LTD. UAP-HF-07014-11
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2. Dose Evaluation during NormO31 Operation (5) QAýPSW-

> Pathways for radioactive liquid effluent

Removal and radioactive decay effect within the system will be considered

I I A • I I• AmAh • JA
pý ujaM"J-1%94V-Y -HF-07014-124IIQ-US-TRjES, LTD. UAP

2. Dose Evaluation during Normal Operation (6)
-ýAýPSW-

>Summary
V Our methods of dose evaluation during

normal operation are based on the US
requirements and most recent guidance

VWe plan to use calculation codes already
approved by the NRC

LS.RUBISHI-4EAVY4-NDUSTRIES. LTD. UAP-HF-0701 4-13
DOM MAY-*jM"jRIES LTD. UAP-HF-07014-13
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3. Dose Evaluation under

Accident Conditions

L S UWSH W I NJ--l• -J ITIES, LTD. UAP-HF-07014-14

3.1 Accidents Evaluated in Design Certification(I) 4A=

> The following accidents are quoted from
Standard Review Plan

/ Loss of coolant accident (LOCA)
v/ Steam generator tube rupture (SGTR)
V Main steam line break (MSLB)
v/ Fuel handling accident (FHA)

/ Rod ejection accident (REA)
/ Locked rotor accident (LRA)
v/ The failure of small lines carrying primary coolant

outside containment
V Spent fuel cask drop accident

/ Liquid containing tank failure (evaluated in COL)
LN DHSTJ ES, LTD. UAP-HF-07014-15
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3.1 Accidents Evaluated in Design Certification(2)

Evaluate offsite and onsite doses in DC

> Explain about the methods of dose evaluation

EAB and CR Dose
LPZ Dose

LOCA 0 0
SGTR 0 -

MSLB 0
FHA O - EAB = Exclusion Area BoundaryLPZ = Low Population Zone

CR = Control Room

ISH INID.UHSJRI[ES, LTD. UAP-HF-07014-16

3.2 Requirements Considered
S., .- iý .!

>The U.S. requirements and most recent guidance
for dose evaluation under accident conditions

1OCFR100.11 Determination of exclusion area, low population zone, and

population center distance

10CFR50.67 Accident source term

IOCFR5O General Design Criteria for Nuclear Power Plants
App.A

R.G.1.183 Alternative Radiological Source Terms For Evaluating Design
Basis Accidents at Nuclear Power Reactors

R.G.1.145 Atmospheric Dispersion Models for Potential Accident
Consequence Assessments at Nuclear Power Plants

R.G.1.194 Atmospheric Relative Concentrations for Control Room
Radiological Habitability Assessments at Nuclear Power Plants

NUREG-0737 I Clarification of TMI Action Plan Requirements

ilAr• Up A•/•dJ d•
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3.3 Dose Criteria QUPW

>Dose criteria in R. G. 1.183 based on 10 CFR 50.67

Accident *lEAB and LPZ CR Dose Analysis Release Duration
Dose Criteria Criteria

LOCA 25 rem TEDE.2 5 rem 30 days for containment and
TEDE ECCS leakage

Fuel Damage or 5 rem
Pre-incident 25 ren TEDE TTEDE Failed SG: time to isolate;

SGTR Iodine Spike Intact SG(s): until cold
Coincident 5 rem shutdown is established
Iodine Spike TEDE

Fuel Damage or 5 rem
Pre-incident 25 rem TEDE TEDE Until cold shutdown isMSLB Iodine Spike established
Coincident 5 rem
Iodine Spike 2.5 rem TEDE TEDE

5 rem
FHA 6.3 rem TEDE TeD 2 hoursI TEDE

*lEAB; Exclusion Area Boundary, LPZ; Low Population Zone, *
2
TEDE; Total Effective Dose Equivalent

.1111M N I MEAVIY ND.U$.LSR!ES, LTD. UAP-HF-07014-18

3.4 Calculation codes

Calculation codes used for US-APWR
- Core Inventory; ORIGEN2

- Dose; RADTRAD, MicroShield

> Method to determine X IQ values in DC

x /Q values at the site Bounding values covering 70
boundary to 80 % of the US sites

X /Q values at the control Calculated to consider
room locations between release

I points and receptors

ll~

I I J • lip AqAJ J JA
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3.5 Loss-of-coolant Accident (1)
> Assumptions of postulated accidents

v" Postulated events
Large Break LOCA

v" Single failure
The worst single active failure

V Safety features available
Safety injection system
Containment vessel spray system
Annulus air cleanup system
Air cleanup system for safeguard component area

V Other decontamination features
Natural deposition in unsprayed zones

... M.S.. LTD. UAP-HF-07014-20

3.5 Loss-of-coolant Accident (2) :
> FP pathways (exposure to the public)

PC ",. . '

cleanup "am • • s posub inhalation

PLeakCV Prestreesd Conceala Contnment

PP ,, Fleo Products
ESF - ngneered Safety xepoure

Safeguard component Cee

IS, LTD. UAP-HF-07014-21
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3.5 Loss-of-coolant Accident (3) 0

> Source term based on R. G. 1.183
V Core inventory fraction released into containment

Gap Release Early In Vessel Total

Noble Gases 0.05 0.95 1.0

Halogens 0.05 0.35 0.4

Alkali 0.05 0.25 0.3

Tellurium Metals 0.00 0.05 0.05

Ba, Sr 0.00 0.02 0.02

Noble Metals 0.00 0.0025 0.0025

Cerium Group 0.00 0.0005 0.0005

Lanthanides 0.00 0.0002 0.0002

V Release phases
Phase Onset Duration

Gap Release 30 sec 0.5 hr
Early In-Vessel 0.5 hr 1.3 hr

UBSWHLE-AYXJIDEUSTJREES, LTD. UAP-HF-07014-22

3.5 Loss-of-coolant Accident (4)
> Major conditions for dose evaluation

Parameters Value

" Source term, release fractions and Source term based on
timing R.G.1.183

" Removal efficiency of the Based on SRP 6.5.2
containment spray

0 -24h ;0.15%/day
" Containment leakage rate

24h - 30d; 0.075%/day

* Removal efficiency of the HEPA Design value
filter

" ESF leakage rate 4 times design leakage
rate

* Sump water pH Larger than 7

4LnusuwsyWE LTD. UAP-HF-07014-23
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3.6 Steam Generator Tube Rupture (1)(ýA PAJ

>Assumptions of postulated accidents
V" Postulated events*

A guillotine break of a single tube in the steam
generator.

V Single failure
The worst single active failure

V" Safety features available
Safety injection system
Main steam relief valves
Main steam safety valves
Main steam isolation valves

LMM1UM-MUH-EAHUNDUSTRIES, LTD. UAP-HF-07014-24

3.6 Steam Generator Tube Rupture (2)I

> FP release pathways

From Intact SG
to Environment

From Failed SG
to Environment

Leakage from Primary
to Secondary coolant

I I I A IP• Ur" •%.=Fp=A • •E'

T n -".l D- - E S, LTD. U"r-nr-U I U I 4-Z :l
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3.6 Steam Generator Tube Rupture (3)7

> Radiological concentration of primary coolant
and secondary coolant

Parameters I Value
4

* Radiological concentration Based on the technical specification
of the primary coolant (111 Ci/cc Dose Equivalent 1-131)

" Iodine concentration of the
primary coolant and iodine
spike
- Pre-incident iodine spike

- Coincident iodine spike

" Concentration in
secondary coolant

The maximum value permitted by the
technical specification (60/g Ci/cc
Dose Equivalent 1-131)
Iodine increases to 335 times the
equilibrium release rate

Based on the technical specification
(0. 1 Ci/cc Dose Equivalent 1-131)

_EAV="i N DjJL•TJR!E5, LTD. UAP-MI--U0u14-26

3.6 Steam Generator Tube Rupture (4)/IX7ý

> Major conditions for dose evaluation
Parameters Value

" Primary to Secondary leak
rate
- Failed SG: Based on accident analysis
- Intact SGs: Based on the technical specification

" Partition Coefficient

- Iodine 100

-Noble gas All noble gases released from the
- Nprimary system are released

" Release Duration
- Failed SG: Based on accident analysis
- Intact SGs: Until shutdown cooling

MMB _-IWrAN•U$IR!1ES, LTD. UAP-HF-07014-27
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3.7 Main Steam Line Break Accident (1)

> Assumptions of postulated accidents
-- Postulated events

A guillotine break of a single main steam pipe
K Single failure

The worst single active failure
,, Safety features available

Safety injection system
Main steam relief valves
Main steam safety valves
Main steam isolation valves

m ,-,r,,, U " TS, LTD. UAP-HF-07014-28

3.7 Main Steam Line Break Accident (2) 4

> FP release pathways
From Intact MSL
to Environment

From Failed MSL
to Environment

B I A R i Zm AHAJ A AA~IIE5IDj5IW SLTDL UAPI1-H-07014-29
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3.7 Main Steam Line Break Accident (3) /

Radiological concentration of primary coolant
and secondary system

Parameters I Value

" Radiological concentration in
the primary coolant

" Iodine concentration in the
primary coolant and iodine
spike

- Pre-incident iodine spike

- Coincident iodine spike

" Concentration in secondary
coolant

Based on the technical specification

(1 p Ci/cc Dose Equivalent 1-131)

The maximum value permitted by
The technical specification (60 , Ci/cc
Dose Equivalent 1-131)

Iodine increases to 500 times the
equilibrium release rate

Based on the technical specification

(0.1 Ci/cc Dose Equivalent 1-131)

t~flIIY~3IRL4flILIJEA~I2IUImEE~I I~TDIE~ I Tfl LIAP-HF-N7N14-3N
L. LTD UAP-HF-07014-30

3.7 Main Steam Line Break Accident (4) 1I

> Major conditions for dose evaluation

Parameters Value
" Primary to Secondary leak

rate
- Failed MSL: Based on technical specifications
- Intact MSLs: Based on technical specifications

" Partition Coefficient

- Iodine 100

-Noble gas All noble gases from the primary
N gsystem are released

" Release Duration
- Failed MSL: Based on accident analysis
- Intact MSLs: Until shutdown cooling

-~ A MNWPJ..S1RJIES, LTD. UAP-HF-07014-31
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3.8 Fuel Handling Accident (1) 41D

)> Assumptions of postulated accidents
,'The following two FHA cases are evaluated

" FHA in the Fuel Handling Building
* FHA in the Containment Vessel

'(FPs are released from the gap of the
damaged fuel assembly

nLin m inE. uME~w m~mll•.ES, LTD. UAP-HF-07014-32

3.8 Fuel Handling Accident (2)
MOMMOMMMOM

> FP release pathway (FHA in the Fuel Handling
Building)

Environment

Fuel Handling Building _-.'

Spent Fuel Pit

Fuel Assembly

3UM M JIIShE. LTD. UAP-HF-07014-33
M
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3.8 Fuel Handling Accident (3) -D
> FP Release pathway (FHA in the Containment

Vessel)
Environment

4 Reactor Cavity

Fuel Assembly

hm m NuSS,•,jrn . LTD. UAP-HF-07014-34

3.8 Fuel Handling Accident (4)

> FHA Release Points and Control Room Source
Receptors

POWER
SOURCE
BUILDING :MAIN CONTROL ROOM

F JEL Release Point
HAN )LING (1)Bay Door
BUI DING I (FHA In the fuel handling building)

/ •, (2)YEquipment Hatch
(FHA In the containment vessel)

C N (3)X Personnel Air LockCONTAINMENT l'TURBINE
BUILDING (FHA in the containment vessel)

Receptor
REACTOR BUILDING *:AIR INTAKE

POWER*+LEAK-IN
SOURCE

AUXILIARY BUILDING BUILDING

.n,,m ,mMEI~UDUh TIWES, LTD. UAP-HF-07014-36
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3.8 Fuel Handling Accident (5)
;Ma1ior c-n-dil'iawon f se reda•idlbtion.. ..-

Value
Parameters Fuel Handling Containment

Building I

" Assembly peaking factor

* Fraction of degraded fuel

" Assumed cooling period

" Chemical form of iodine
- Elemental Iodine
- Organic Iodine

* Minimum Water Depth

* Effective DF
- Iodine
- Noble Gases

* Release Duration

Design value

200%

(2 assemblies)

1 day

Design value

200%

(2 assemblies)

1 day

99.85 %
0.15%
23feet ~

200
1

2hr

99.85 %
0.15%

23feet -

200
1
2hr

W -IES L TD. IJAP-HF-07fl14-aS
I UAP-HF-07014-36

3.9 Main Control Room Doses
during LOCA (1)

> Assumptions of postulated accidents
v" Postulated events

Large Break LOCA
V Single failure

The worst single active failure
/ Safety features available

Safety injection system
Containment vessel spray system
Annulus air cleanup system
Air cleanup system for safeguard component area
Emergency recirculation system for main control room

UBI EAM•-4NIIRUES, LTD. UAP-HF-07014-37
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3.9 Main Control Room Doses dUMM W
LOCA (2)

> Exposure pathways to the operator within
the main control room. .:.' ?..-

PC ." ", . . ": ,. . , o .

-- .i: : intke
doses tntdoses

HEPA Filer doses

FM ain control room

Safeguard compoent aeae
IIIIIIIIIIIII3 RIM LTD. UAP-HF..07014-38

3.9 Main Control Room Doses .

during LOCA (3)
> Dose evaluation conditions within the main

control room
Paramemrs Value

Same as oftsite dose evaluation at
LOCA

Pressurized recirculation typ

Fresh-air inlet (through fiater)
In-leakage (unfitered leakage)
1.5 volume changes per hour

0.5 volume changes per hour

0.05volue canges per hour

fte:95%

*Values are approximate

L m~ u u=.•,MRNLURWZEI LTD. UAP-HF-07014-39
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3. 10 Summary of Dose Evalu-ation underAccident Conditions

>Summary
/'Our methods of dose evaluation under

accident conditions are based on the
US requirements and most recent
guidance

-'We plan to use calculation codes
already approved by the NRC

UýMMIS.BISH L-EAVIY=iND.US.TJRIES, LTD. UAP-HF-07014-40

4. Methods and Acceptance
Criteria for Radiation
Shielding Protection

EaST.. IE J EA1/ •Jr [I IBIES, LTD.
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INNM, -.a.fhn .a.. UP-F-704-2TDLTD. UAP-HF-07014-42

4.1 Outline of ALARA EO
>Schematic Diagram to ensure ORE* ALARA

MFrom the view point of
ALARA, Shielding
design will be
explained in the
following slides -

I
IVonti"ationI I I

Plant Layout Equipment
* ORE:Occupational Radiation Exposure

UAP-HF-07014-43
I, ImPI1• lIIilmIDm• m li

. EnL [l . LIV.
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4.2 Acceptance Criteria (AýPS4

> Design of shielding, HVAC and plant layout will be conducted in full
compliance with applicable NRC requirements and regulatory
guidance

> NRC Requirements (10 CFR 20, 50)

Item Limit Reference

Occupational Dose Limit 5 rem/yr (TEDE) 10CFR20.1201(a)(1)

Dose Limit for Public 0.1 rem/yr (TEDE) 10CFR20.1301(a)(1)

External Dose Limit in any unrestricted 0.002 rem/hr 10CFR20.1301(a)(2)
area

Occupational Dose inside the main 5 rem (TEDE) 1 OCFR50 Appendix A
control room under accident conditions 10CFR50.67

11

HVAC : Heating, Ventilating and Air Conditioning
TEDE: Total Effective Dose Equivalent

p..MtT-UMSHLB4 4E&N DUJISL UAP'-HF-07014-44 t

4.3 Shielding Design Objectives

> To keep exposure for the public and plant personnel
ALARA and within 10 CFR 20 requirements

> Personnel doses under accident conditions should
not exceed 5rem in accordance with the limitations
prescribed in 10 CFR 50 Appendix A (General
Design Criterion 19) and 10 CFR 50.67

Lnawwm~m-A-vxND3JMWIES, LTD. I IHADI-IIPf7f4AIA-Ar
•e
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4.4 Radiation Sources (1) 4 )

(1) Normal Operation Including Shutdown

Neutron and prompt Gamma-rays
(4,451 MWt thermal power)

N-1 6(Gamma-ray) and N-1 7(Neutron)
FP and CP

FP in the Primary Coolant assuming

a Fuel Cladding Defect of 1% and CP
FP and CP in Resin of Demnineralizer

FP and CP in Boron Acid

FP and CP in Resin of Demineralizer

FP in the Primary Coolant assumin
a Fuel Cladding Defect of 1% andP

FP: Fission Product

CP: Corrosion Product

M. ES. LTD. UAP-HF-07014-46

4.4 Radiation Sources (2)

(1) Normal Operation Including Shutdown (Cont'd)

FP and CP in Condensed Liquid Drain

FP and CP in Resin of Demineralizer

I•Ai BID AIA• M •m
.. S .. -U.M.r, LTD. UAP-HF-07014-47 r"
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4.4 Radiation Sources (3)
(1) Normal Operation Including Shutdown (Cont'd)

SG Blow Down Water with Primary-to-Secondary

Leakage

Spent Fuel
Fuel t"p : 17 x 17, 14 feet, U02

U-235 enrichment : based on design value
Bum up : based on design value

Minimum Decay time before handling : I day
Co-60 in pit water that causes 15 mrem/h at the
surface of the water

FP and CP in resin of demineralizer

L .. . . . u " - ' U E W m E S , L T D . U A P -H F -0 7 0 1 4 -4 8

4.4 Radiation Sources (4)

(2) Additional Sources under Accident Conditions

t II1• I IP AgA4 d JA.mi
h ~uiininijuu.LTD. UAr-nr-Uu-I" P
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4.4 Radiation Shielding Design (1)

>Shielding Design is based on these primary references

Reference Title

Regulatory Guide 1.69 Concrete Radiation Shields for Nuclear Power Plant

ANSI/ANS-N101.6-1972 Concrete Radiation Shields

ANSI/ANS-6.4-1997 Nuclear Analysis and Design of Concrete Radiation
Shielding for Nuclear Power Plant

- Reactor Shielding Design Manual

(Edited by T. Rockwell Ill)

" ISUBI EJL IAVM.=IN jD-UjRIES, LTD. UAP-HF-07014-50

4.4 Radiation Shielding Design (2)

>Calculation Codes used for Shielding Design
Name of code Notes

ORIGEN2 "'Source term calculation for core inventory and spent fuel

MicroShield /For almost all the contained sources besides neutron source
(tank, filter, demineralizer, e.t.c. )

DORT /Used inside and around the reactor pressure vessel and

ANISN equipment of RCS

MCNP /For complicated geometries

G3  "/For scattered gamma-ray dose calculation

-U, V-J8 &V/AURIES, LTD. UAP-HF-07014-51
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4.4 Radiation Shielding Design (3)

>Design Features of US-APWR
(1) Reduction of occupational exposure
(i) pipe trenches or chases to isolate piping containing radioactivity

(ii) valve operating areas to improve maintenance activity

(iii) Cobalt 60 reduction program

(2) Reduction of radiation streaming to prevent
unexpected exposure

(i) locate piping or duct penetration high on the shield wall

(ii) minimize the size of penetration and/or fill gap with grout, lead wool or

resin

(3) Narrow Gap
Labyrinth structure between the reactor pressure vessel and the primary
shielding will be formed to minimize neutron streaming into the upper region of
the containment vessel

.ML -WISHI.-E-AVY!INPIQU.SIR IES, LTD. UAP-HF-07014-52

4. Methods and Acceptance-Cnteria for r
Radiation Shielding Protection

>,Summary
-'Radiation shielding design of US-APWR

is based on the US requirements and
most recent guidance

,'Calculation codes widely known in the
USA are used for shielding design

•m=LAUMMIMML-AA ID-UTJR IS, LTD. UAP-HF-07014-53
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5. Conclusions cgUs
Methods of dose evaluation and shielding
design for US-APWR are based on the US
requirements and most recent guidance.

;The design and the dose evaluation results
will be described in DCD and submitted in
December, 2007.

%=NIMMMJBI8HL-H"EMP-- JW.1JaR1ES, LTD. UAP-HF-07014-55
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