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§ MEBETEERA Brief introduction
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HPR1000 “#fs—5”

3'd generation 1000MWe PWR NPP
Chinese proprietary intellectual property rights

O 177 assemblies

O Double containments
O Active and passive safety systems
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& nEBETEERAS Brief introduction

g NPP in China
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& IEEETESRA Brief introduction
Radiation Protection Design rules:

O Reduce occupational exposure
O Guarantee radiation dose and radioactive matter discharge are
lower than regulative limits

0 Mitigate the consequences of accidents
OALARA
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§ DEBETEERAH Design Objective

Dose limit: An authorized dose limit or dose constraint is one that has
been established or formally accepted by a regulatory body.
Dose constraint: Used for optimization of protection and safety, the

intended outcome of which is that all exposures are controlled to levels

that are as low as reasonably achievable.

Laws and regulations Occupational effective dose (mSv/a)

GB 18871 20/50*
GSR Part 3 20/50*
10 CFR 20 50

*Note: An effective dose 20mSv per year averaged over 5 years, 50mSv in any single year.
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¥ DEEETRERAT Design Objective

Laws and regulations Occupational effective dose
(mSv/a)

EUR 5 mSv/a
URD Supervision
Supervision department requirements
_ 15 mSv/a
(China)
NCRP (USA) Accumulative (working years*10mSv)
NRPB (UK) 15mSv/a (average in Syears)
Slovenia A category: 15mSv/a ; B category: 6mSv/a
ANSTO (Australia) 15mSv/a
DF Early warning: 16mSv/a (continuous 12 months) ;

Warning level: 18mSv/a



¥ NEBETESRAT Design Objective

EUR 0.5man-Sv/Unit-a (average)

URD 1 man-Sv/Unit-a (average)

Supervision department requirements

_ 1man-Sv/GWe-a (single year)
(China)

China 3rd generation PWR:

Type Collective effective dose
(man-Sv/Unit-a)

AP1000 0.7 (Zinc injection 0.4)
EPR 0.4 (Without zinc injection)
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Design Objective
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“HPR 1000” radiation protection design objective:

Collective effective dose
Average over plant lifetime (target*) : < 0.5man-Sv/Unit-a

Personal effective dose (target): < 5mSv/a

*Note:; This target doesn’t include collective doses due to exceptional repairs or replacement of major components,
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Modeling and Calculation Analysis Method

For occupational exposure of PWR NPPs, personal and collective
effective dose can be assessed by modeling and calculation methods.
For the calculation of the conventional external exposure dose, the
operational quantities (can be directly calculated and measured) can be
used to assess exposure dose instead of the protection quantities.

The external exposure dose of
the person can be obtained by
the dose rate and the time of
exposure of the person , and
the formula is as follows:
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Modeling and Calculation Analysis Method

Data from the operational experience of China in-service NPPs show that
reactor vessel operations (during overhaul) are typical high-level doses.
Reactor vessel operations contribute up to 12% of the total collective

dose.
The method of modeling and calculation is used to evaluate the

occupational dose of nuclear power plants. The reactor vessel opening
operation can be selected as a sample for evaluation and verification.

HPR1000 design Source item:
features: systems, SOl oL Radiation field
deposition, (mSv-h-1)

equipment, Ehef 2 on,
shieldino activation,fission

Expected Person path

Reference 0 ' :

- perations: trajector
PWR empirical location, time, Sjceney’
feedback data number of people

gLl
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A typical example: Reactor Vessel Head Opening Operation

Work NO.

Trajectory

Number of Task

Number of People

Before Opening the Reactor
Vessel Head - Dose Rate
Measurement

Reactor

Before Opening the Reactor
Vessel Head - Disassembly and
Assembly Work

Vessel Head
Opening
Operation

Reactor Vessel Head Lifting
0.5m - Measurement and
Inspection

Reactor Vessel Head Lifting
14m-inspection
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Modeling by VISIPLAN

Reactor Model:
O Rod Drive Mechanism

O Reactor Vessel

O Core Internal

acoreruetasery (LN
H Hmuunlml

i

O Reactor Coolant
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Trajectory of Reactor Vessel Trajectory of Reactor Vessel
Head Opening Operation Head Opening Operation

Trajectory 1: before opening the reactor vessel head - dose rate measurement
Trajectory 2: before opening the reactor vessel head - disassembly and assembly work

Trajectory 3: reactor vessel head lifting 0.5m - measurement and inspection
Trajectory 4: reactor vessel head lifting 14m-inspection
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Before Opening the Reactor Vessel Head

Radiation Field Occupational exposure dose
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Trajectory 2

O The maximal personal O The maximal personal

effective dose about effective dose about
13.4uSv ; 1.25mSyv ;

O The maximal dose rate O The maximal dose rate
about 100uSv/h; about 1~10mSv/h;
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Reactor Vessel Head Lifting 0.5m

|}
Radiation Field Occupational exposure dose
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O The maximal personal effective dose about 9.7uSv;

O Task 1 contributed 83% of the total dose;

O 72% of the total dose due to upper internal , 28% of the total
dose due to deposition item of cover.

Trajectory 3
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Reactor Vessel Head Lifting 14m

Radiation Field Occupational exposure dose

Lewel
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O The collective effective dose about 83uSv;

O The dose due to deposition item of cover.

Trajectory 4
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Occupational exposure dose
The collective effective dose of Reactor Vessel Head opening operation

Operating |[Numbers of| Collective Persents

Time (min) | Personnel | Dose (mMSv) (%)

1 Before Opening the
Reactor Vessel Head - 1042 .4 1 0.014+0.0033 0.21
Dose Rate 6
Measurement
2 Before Opening the
Reactor Vessel Head -
Disassembly and

Assembly Work
3 Reactor Vessel Head
Lifting 0.5m -
Measurement and
Inspection
4 Reactor Vessel Head
Lifting 14m-inspection

83+20.6 4 6.10+1.51 91.83

40+4.0 3 0.029+0.0029 0. 44

0.50+0.05
6.64+1.57
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Empirical Data Analysis Method

For HPR1000, occupational radiation exposure is mainly from the contribution of
radioactive system components and equipment, whereas the dose due to airborne
radioactivity makes a very small contribution to the total collective dose.

Take into account the design and operation of HPR1000, it has a lot in common
with operational PWR NPPs in China, such as Daya Bay NPPs, Qinshan Phase Il
and Ling Ao NPPs(Units 1&2). They operating for about 90 reactor-years, by
analysis the measurement records of above plants, the expected dose level of
HPR1000 is obtained.

10.03%

B Reactor operation and surveillance
8.13% M $C maintenance
P Pump maintenance
Maintenance of nuclear island valves
S

On-site services

M Operation isolation online
‘B.UEW Safety supervision
M Technical Modification

[l In-service Inspection
M Fuel Handling

I Waste Treatment

I Other
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Empirical Data Analysis Method
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Empirical Data Analysis Method

The operational nuclear power units of China includes Daya Bay (Unit 1&2) ,
Ling Ao (Unit 1&2), and Qinshan Phase IlI, which have an operation history about
90 reactor-year. Table 1 gives the personal dose distribution of Daya Bay(Unit 1&2)
and Ling Ao(Unit 1&2) in 2004 and 2007 respectively. Table 2 provides the
distribution of personal dose of Qinshan Phase Il (two units) in previous years due
to external exposure.

Table 1 Personal Dose Distribution of Daya Table 2 Personal Dose Distribution of Qinshan Phase Il
Bay Unit 1&2 and Ling Ao Unit 1&2 In 2004 (Two Units) In Previous Years Due to External Exposure
and 2007

Numbers of personnel Dose
range

2004 2007 mSv 2003 2004 2005 2006 2007 2008 2009 2010

1154 1022 1155 1224 1208 1040 1158 1285
W 416 448 549 696 847 758 694 625

Numbers of personnel

Dose range
(mSv)
DaYaBay LingAo DaYa Bay Ling Ao

| <02 [EBEEN — 1822 — el 83 167 198 174 195 157 175 100
| 02~05 [EEEED 306 343 335 3.0-5.0 [ 25 40 23 16 9 26 7
332 p— - — 5.0~15.0 [ 3 8 10 12 0 7 0
1658 1665 1950 2127 2278 1964 2060 2017
1~2 341 189 203 248
2~5 220 98 110 148 Table 1 and Table 2 show that the number of
34 15 11 12 people with dose more than 5 mSv/a is less
10~20 1 0 0 0 than 0.15 %.
0 0 0 0 The personal effective dose is kept below the
p— By P p— dose limit and the dose constraint, and it can

be optimized to 5mSv/a(Target) for HPR1000.
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Empirical Data Analysis Method

Table 3 summarizes the anticipated annual collective doses (average over plant
lifetime) of HPR1000 for main items, which adds up to a total of 490
man-mSv/unit-a. Hence, the collective effective dose value of HPR1000 is lower
than 0.5 man-Sv/Unit-a *.

Expected collective
Contents of the operation dose target
man-mSv/unit-a

Reactor operation and surveillance 100

SG maintenance 60

Pump maintenance 25

_ Maintenance of nuclear island valves 35
Maintenance ] )

On-site services 100

Operation isolation online 20

Safety supervision 20

60
s0
20

*Note: This target doesn’t include collective doses due to exceptional repairs or replacement of major components.
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Dose Assessment

Operational States

Dose Assessment

Criteria

Optimization
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Radiation protection

radioactive waste

\ jar-iar-19 il |

Remote operation

radiation monitoring

Inhalation control

~

ventilation system

“Improvement equipment

: reliability \

Ic )

Layout optimization

A v,

Ic )

Shielding optimization

A A

h Zoning optimization y
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Generation II+ in China HPR1000
Zone ose rate (mSv/h) | zone Dose rate (mSv/h
White zone <0.0025 White zone <0.0025

Yellow I zone |<0.1

Yellow II zone (<1

Yellow zone

Orange I zone
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Zoning of different conditions

Operation condition
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» Dose assessment can indicate the level of radiation protection
optimization.

> In preliminary design, dose assessment was carried out based on the
dose constraint value, operation experience feedback.

» Target of annual collective dose

less than 0.5 man-Sv/unit-a (average over plant lifetime)
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¥ DEEETRERAT Summary

Target of occupational exposure dose for HPR1000

Target of annual collective effective dose

HPR1000
less than 0.5 man-Sv/unit-a (averaged over plant lifetime)*

HPR1000 5mSv/a

*Note:; This target doesn’t include collective doses due to exceptional repairs or replacement of major components,
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