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EXECUTIVE SUMMARY

Hitachi-GE Nuclear Energy Ltd is the designer and GDA Requesting Party for the United
Kingdom Advanced Boiling Water Reactor (UK ABWR). Hitachi-GE commenced Generic
Design Assessment (GDA) in 2013 and completed Step 4 in 2017.

This assessment report is my Step 4 assessment of the Hitachi-GE UK ABWR reactor design
in the area of Radiological Protection.

The scope of the Step 4 assessment is to review the safety, security and environmental
aspects of the UK ABWR in greater detail, by examining the evidence, supporting the claims
and arguments made in the safety documentation, building on the assessments already
carried out for Step 3. In addition | have provided a judgement on the adequacy of the
radiological protection information contained within the Pre-Construction Safety Report
(PCSR) and supporting documentation.

My assessment conclusion is:

] Hitachi-GE has provided sufficient evidence to demonstrate radiation
exposures from routine and non-routine operations are below the Basic Safety
Level and generally are less than the Basic Safety Objective for workers, others
on the generic site and the general public. Evidence suggests that exposures
have therefore been reduced so far as is reasonably practicable by design.
Where this is not the case, Hitachi-GE has identified that further work is

required.

[ All Regulatory Observations related to Radiological Protection have been
successfully closed.

] Hitachi-GE has provided sufficient evidence to demonstrate that radiological
and contamination zoning is adequate to meet the requirements of GDA.

| Hitachi-GE has provided sufficient evidence to demonstrate shielding design is

adequate to meet the requirements of GDA and as stated above, ensure
exposures meet the required standards.

] Hitachi-GE has provided sufficient evidence to demonstrate the design for
contamination control and management of exposure to high dose and dose rate
areas is sufficiently mature to meet the required standards.

] | am content the radiological protection assessment has been completed and |
have identified a number of assessment findings which will need to be
completed by the site licensee as part of the licensing and safety case
development for any site specific phase.

| The UK ABWR has successfully completed Step 4 GDA assessment.

My judgement is based upon the following factors:

] Provision of adequate claims, arguments and evidence published in the PCSR
and supporting reports and references.
u Assessment of these claims, arguments and evidence against the relevant

standards, published by ONR, International Atomic Energy Agency, Western
European Nuclear Regulators’ Association and Health and Safety Executive,
and review against relevant good practice.

| Interactions with Hitachi-GE over the period of engagement and assessment.

The following matters remain, which are for a future licensee to consider and take forward in
its site-specific safety submissions. These matters do not undermine the generic safety
submission but require licensee input/decision at a specific site.

Through my assessment | have identified eight assessment findings focused around a number
of areas including:
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Overall, based

Optimisation of design for decommissioning to ensure risk to workers is
controlled so far as is reasonably practicable and demonstrate doses to
workers will be as low as is reasonably practicable.

Optimisation of the design of fuel route activities relating to Reactor Pressure
Vessel opening and closing sequences to ensure risks are reduced so far as is
reasonably practicable and doses are as low as is reasonably practicable
including:

Reactor Pressure Vessel nut and stud release, removal, tensioning and de-
tensioning methodology including equipment design with consideration of multi-
stud tooling

Design of features for water level control

Assessment of activities to remove where reasonably practicable duplicate or
repeated tasks

Development of the design to:

Minimise the potential for loss of containment in the form of chronic leakage
Identify leakages through provision of suitable monitoring

Provide suitable recovery options for leakage

Consideration of wider Heating, Ventilation and Air Conditioning (HVAC) design
to ensure exposures to the maintenance team are controlled so far as is
reasonably practicable.

on the samples undertaken, | am broadly satisfied that the claims, arguments

and evidence laid down within the PCSR and supporting documentation submitted as part of
the GDA process present an adequate safety case for the generic UK ABWR design in the
area of radiological protection. For this reason | support the issue of a Design Acceptance
Confirmation (DAC).
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1.1

INTRODUCTION
Background

Information on the Generic Design Assessment (GDA) process is provided in a series
of documents published on our website (Refs.1, 2). The expected outcome is a Design
Acceptance Confirmation (DAC) for ONR and a Statement of Design Acceptability
(SoDA) for the Environment Agency (EA) and Natural Resources Wales (NRW).

The GDA Step 3 summary report is published on our website
(http://www.onr.org.uk/new-reactors/uk-abwr/reports/step3/uk-abwr-step-3-
summary-report.pdf). Further information on the GDA process in general is also
available on our website (http://www.onr.org.uk/new-reactors/index.htm).

Hitachi-GE commenced GDA in 2013 and completed Step 4 in 2017. The Step 4
assessment is an in-depth assessment of the safety, security and environmental
evidence. Through the review of information provided to ONR, the Step 4 process
should confirm that Hitachi-GE:

| Has properly justified the higher-level claims and arguments.
| Has progressed the resolution of issues identified during Step 3.
] Has provided sufficient detailed assessment to allow ONR to come to a

judgment of whether a DAC can be issued.

During the step 4 assessment | have undertaken a detailed assessment, on a
sampling basis of the safety case evidence. | have not reviewed security evidence in
any significant depth. The full range of items that might form part of the assessment is
provided in ONR’s GDA Guidance to Requesting Parties (http://www.onr.org.uk/new-
reactors/ngn03.pdf) (Ref. 1). These include:

| Consideration of issues identified in Step 3.

[ Judging the design against the Safety Assessment Principles (SAPs) and
whether the proposed design reduces risks to As Low As Reasonably
Practicable (ALARP).

[ Reviewing details of the Hitachi-GE design controls and quality control
arrangements to secure compliance with the design intent.

[ Establishing whether the system performance, safety classification, and
reliability requirements are substantiated by the detailed engineering design.

| Assessing arrangements for ensuring and assuring that safety claims and
assumptions are realised in the final as-built design.

| Resolution of identified nuclear safety and security issues, or identifying paths

for resolution.

This is my report from the ONR’s Step 4 assessment of the Hitachi-GE UK ABWR
design in the area of radiological protection.

All of the regulatory observations (ROs) issued to Hitachi-GE as part of my
assessment are also published on our website, together with the corresponding
Hitachi-GE resolution plan. There were no regulatory issues (RIs) submitted to Hitachi-
GE from radiological protection, however, there were Rls which Hitachi-GE responded
to and successfully closed which underpin the radiological protection assessment.
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12

7.

10.

11.

12.

Scope
The scope of my assessment is detailed in my assessment plan (Ref. 3).

The Step 4 assessment assessed whether occupational and public exposures to
ionising radiations are ALARP during normal operation. This assessment re-visited the
Step 3 assessment in light of detailed evidence submitted by Hitachi-GE and assessed
the robustness of that evidence for potential exposures. The assessment both
developed areas identified during Step 3 and focused on areas not covered in Step 3,
such as occupational exposure associated with the most dose intensive activities, fuel
route, waste handling, shielding, ventilation, contamination control, radiological
instrumentation, and decommissioning. Other assessors looked at accident risk and
associated dose consequences in relation to the analysis of the Level 3 Probabilistic
Safety Assessment (PSA) during Step 4.The analysis of on-site exposures from the
Level 3 PSA assessment is reported in the Radiological Consequence Assessment
Excluding Offsite Level 3 PSA (Ref.4) and the Level 3 PSA assessment for off-site
consequences is reported in the GDA report for Step 4 assessment of Probabilistic
Safety Assessment for the UK ABWR (Ref. 5).

There are matters relevant to radiological protection that cannot be adequately
assessed during GDA, as they are directly related to the operating regimes selected by
future licensees. This assessment has been primarily focused on the radiological risks
associated with physical design features associated with the UK ABWR, rather than
the specific working practices where there is an inherent radiological risk, because
these practices will be subject to change based on licensee operating preferences.
However, Hitachi-GE has submitted examples of specific working practices for some
tasks in order to demonstrate that the magnitude of doses incurred by personnel align
with relevant legislation and standards. This is to demonstrate the effectiveness of
design features which are incorporated within the UK ABWR plant. These examples
have been a useful factor in demonstrating the application of the ALARP principle.

The assessment was carried out in consultation with fellow assessors in ONR and the
EA in other topic areas, such as:

PSA.

Deterministic Safety Analysis (fault studies).

Reactor Chemistry.

Radioactive Waste Management & Decommissioning.
Mechanical Engineering.

Human Factors.

Environment.

Control & Instrumentation (C&lI).

A number of other topic areas in the SAPs (Ref. 6) have some relevance to
radiological protection, such as safety cases, siting (not a direct issue for the GDA
process), key principles, integrity of metal components and structures, layout, control
of nuclear matter, control and instrumentation of safety-related systems, containment
and ventilation, heat transport systems, radioactive waste management, and
decommissioning. The lead for these topic areas was taken by ONR assessors in
other disciplines and this assessment contributed to radiological protection aspects of
these topic areas as appropriate.

Further to this my assessment included reviews of documentation provided by Hitachi-
GE including relevant chapters of the PCSR, supported by Topic Reports and where
appropriate Basis of Safety Case reports along with supporting references where it
was felt appropriate to inform my assessment. As detailed above the areas reviewed
for Step 4 included those identified at Step 3 and specifically:
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] RO-ABWR-0014 “UK ABWR Radiological Safety Case: Project Plan and
Delivery”.

| RO-ABWR-0064 “Design approach to identification and provision of both
permanent and temporary features necessary for the adequate control of
radioactive contamination across the full lifetime of UK ABWR”.

[ RO-ABWR-0065 “Demonstration of adequate design and implementation of
inherently safe techniques and structures to minimise radiation dose rates/short
paths via through wall penetrations”.

13. The areas identified above are referenced in the Step 4 Radiation Protection
Assessment Plan (Ref. 3) and augment the general areas of assessment which
include:

[ Shielding Design.

] Designation of Radiological Areas and Zoning to ensure the design reduces
exposures and therefore risk as low as reasonably practicable.

[ Direct Radiation Exposure to the General Public from Operations.

] Exposures to the workers and others on site from both external and internal
sources of radiation during routine operations.

| Post-Accident Accessibility design and provision to reduce risk as low as

reasonably practicable to allow for actions to be carried out and allow plant to
returned to a safe state.

] Review of Hitachi-GEs process for obtaining, collating, analysing and use of
International Operational Experience (OPEX) in the design of UK ABWR.

14. Further to the areas listed above a number of developing areas have also been
identified and these include:

[ The inclusion of a Bottom Drain Line (BDL) within the UK ABWR design and its
justification in relation to radiation exposure to workers during normal
operations and also during potential fault scenarios.

| Heating Ventilation and Air Conditioning (HVAC) design and provisions for the
UK ABWR buildings in relation to contamination control. This was primarily
assessed through RO-ABWR-0064.

15. There are currently no Boiling Water Reactors (BWRs) in the UK. Due to the UKs
limited experience of BWR technology, it should be acknowledged that the a large part
of UK ABWR reactor island design is novel to the UK. As such the areas stated above
and specifically the Requesting Parties responses to RO-ABWR-0064 and RO-ABWR-
0065 are seen as both targeted and proportionate with respect to assessment of this
design. Opportunities for further investigation of the safety case and supporting
documentation have been undertaken, using interactions with other specialisms such
as: Radioactive Waste & Decommissioning, Mechanical Engineering, Human Factors
and C&l .

16. The scope of my assessment is appropriate for GDA because of the nature of the
reactor design in relation to UK reactor experience. By focusing on the areas above
and specifically the ROs generated in Step 3 | have been able to assess the
contamination control aspects of the design, focusing on the hierarchy of control
measures by: removal of the source of ionising radiation, reduction of the source,
prevention of exposure, mitigation of exposure and control through administrative
means or finally consideration of Personal Protective Equipment (PPE). In my opinion
this is proportionate because it provides both a broad high level review and allowed for
a number of deep slice reviews to take place.

17. I have also utilised a Technical Support Contractor (TSC) to carry out detailed review
of Shielding design along with Direct Radiation Exposure to the General Public and a
review of OPEX from European BWR experience.
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18. Whilst the TSCs undertook detailed literature and technical reviews, these reviews
were under close direction and supervision by ONR and the regulatory judgments on
the adequacy, or otherwise, of the radiological protection aspects of the UK ABWR
were made exclusively by ONR. The findings relating to radiological protection aspects
of the literature and technical reviews by TSCs are incorporated into multiple sections
of my report as appropriate.

19. Following due process, feedback on progress and outcomes of TSC work were
provided to Hitachi-GE throughout the process.

1.3 Method

20. My assessment complies with internal guidance on the mechanics of assessment
within ONR (Ref. 7).
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2.1

21.

2.11
22.
2.1.2

23.

2.1.3
24.

25.

26.

27.

ASSESSMENT STRATEGY
Standards and Criteria

The standards and criteria adopted within this assessment are principally the Safety
Assessment Principles (SAPs) (Ref. 6), internal TAGs (Refs. 8, 9, 10, 11, 12 and 13),
relevant national and international standards and relevant good practice informed from
existing practices adopted on UK nuclear licensed sites as well as international
practices.

Safety Assessment Principles
The key SAPs applied within the assessment are included within annex 1.
Technical Assessment Guides

The Technical Assessment Guides (TAGS) that have been used as part of this
assessment are set out in annex 2.

National and International Standards and Guidance

The international standards and guidance that have been used as part of this
assessment are set out in annex 3.

The framework underpinning all of the standards and criteria above are the principles
of radiological protection, namely, justification, optimisation and limitation.

| Exposures to radiation should be justified. Justification is not regulated by ONR
and is not considered in the SAPs. Justification for electrical power generation
is covered by the Department for Business, Energy & Industrial Strategy
(BEIS).

[ Exposures to ionising radiation must be optimised. Radiation exposures must
be restricted “so far as is reasonably practicable” under The lonising Radiations
Regulations (IRR99) (Ref.14), that is, doses should be “as low as reasonably
practicable” (ALARP). In this report the UK term “ALARP” is taken to be
synonymous with the international term “ALARA” (“as low as reasonably
achievable”) and with “SFAIRP ” (“so far as is reasonably practicable”).

| Exposures to ionising radiation must be limited so that they do not exceed the
statutory dose limits in IRR99 (Ref. 14). Clearly this should not be an issue for
a modern nuclear power plant under normal operation, as is indeed the case
for the UK ABWR.

Radiological protection will make a contribution to fulfilling the expectations of some of
the fundamental principles in the SAPs (Ref. 6), although radiological protection, or
indeed any other single topic area, could not fulfil those expectations alone. The key
fundamental principles that have some relevance to radiological protection are FP.3 to
FP.8. The radiation protection principles RP.1 to RP.7 are for normal operation,
accident conditions, designated areas, contaminated areas, decontamination, shielding
and hierarchy of control measures; all of these areas were covered by the assessment.
This section of the SAPs on Radiation Protection (Ref. 6) also refers to IRR99 (Ref.
14), and in particular to the Approved Code of Practice (ACOP) and guidance to IRR99
on the hierarchy of control measures (RP.7) in regulation 8 (Ref. 15). Criticality is not
specifically covered in this assessment. It is covered in the Reactor Fuel & Core
assessment (Ref. 16).

All the numerical targets and legal limits (NT.1 Targets 1 to 9 and NT.2) are relevant to
a degree. The radiological protection assessment focused on NT.1 Targets 1 to 3
regarding impacts to people during normal operation, and NT.2 regarding time of
exposure of employees in high dose rate locations. The lead for design basis fault
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28.

29.

30.

31.

32.

33.

sequences and Level 3 Probabilistic Safety Assessment (PSA) was taken by another
ONR assessor in cooperation with other disciplines. The radiological protection
assessment contributed to NT.1 Target 4 regarding radiological consequence
assessment of design basis fault sequences and to NT.1 Targets 5 to 9 regarding
radiological consequence assessment of accidents (including Level 3 PSA), which is
reported in the Step 4 reports for Radiological Consequence Assessment Excluding
Offsite Level 3 PSA and Assessment of PSA for the UK ABWR, (Ref. 4, 5). These
principles, targets and limits were assessed on a sampling basis to the extent that they
could be accommodated within the GDA process. They will also need to be considered
during the site specific phase.

In IRR99 (Ref. 14), the annual limit on effective dose for workers is 20 mSvy™. The
Basic Safety Level (BSL) as specified in the SAPs is the level of dose above which the
risk of harm is intolerable and for workers who are working with ionising radiation
during normal operation (NT.1 Target 1), it is the same value as the annual dose limit
under IRR99 (Ref. 14), namely 20 mSvy ™. The BSL for groups of persons working with
ionising radiation during normal operation is half of that value, namely, 10 mSvy™
(NT.1 Target 2). The BSL for other employees on-site during normal operation (e.g.
workers not working with ionising radiation, other employees on the site) is 2 mSvy™
(NT.1 Target 1). The BSL for members of the public off the site during normal
operation is the same as the public dose limit under IRR99 (Ref. 14), namely 1 mSvy™
(NT.1 Target 3).

The Basic Safety Objective (BSO), as specified in the SAPs, is the level below which it
would not be reasonable use of ONR resources to seek further reductions in radiation
doses from operators. Nevertheless, the principle of ALARP still applies to operators at
levels below the BSO which may drive doses down below the BSO. The BSO for
workers who are working with ionising radiation during normal operation is one
twentieth of the BSL / annual dose limit under IRR99 (Ref. 14), namely 1 mSvy™* (NT.1
Target 1). The BSO for groups of persons working with ionising radiation during normal
operation is also one twentieth of the BSL, namely, 0.5 mSvy™ (NT.1 Target 2). The
BSL for other persons on-site during normal operation (e.g. workers not working with
ionising radiation) is again one twentieth of the BSL, namely 0.1 mSvy™* (NT.1 Target
1). The BSO for members of the public off the site during normal operation is more
challenging in that it is a much lower proportion (one fiftieth) of the BSL / public dose
limit under IRR99 (Ref. 14), namely 0.02 mSvy™* (NT.1 Target 3).

BSLs for design basis fault sequences (NT.1 Target 4) for any people on or off the site
are expressed in terms of radiation dose and are dependent on frequencies of initiating
fault sequences. However, there is only one BSO for people on the site, and a different
one for people off the site (also expressed in terms of radiation dose), and these are
independent of frequencies of initiating fault sequences. BSLs and BSOs for accident
conditions for any people on the site or any people off the site (NT.1 Targets 5, 6,7 and
8 respectively) are dependent on frequencies of accidents.

The dose criteria for the BSLs and BSOs encompass both external and internal doses,
although clearly the shielding assessment only considered exposure to external
radiation.

The TAGs of most relevance to the assessment are on fundamental principles (Ref. 8),
demonstration of ALARP (Ref. 9), radiological protection (Ref. 10), radiation shielding
(Ref. 11), radiological analysis during normal operation (Ref. 12), and radiological
analysis during fault conditions (Ref. 13).

The relevant fundamental principles, radiation protection principles, criticality safety
principles and numerical targets and legal limits from the SAPs (Ref. 6) are
summarised in Annex 1. Relevant Western European Nuclear Regulators’ Association
(WENRA) and International Atomic Energy Agency (IAEA) and the Organisation for
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34.

35.

36.

37.

38.

Economic Co-operation and Development (OECD) references are in Annex 3. The
table stipulated within the step 4 plan (Ref. 3) also indicates the contributions made by
these principles, targets and limits to the Step 4 radiological protection assessment.

The principal standards and criteria for judging whether ALARP has been met are the
ACOP and guidance to IRR99 (Ref. 15), supplemented by additional guidance on
ONRs website (including the TAGS). In addition, IRR99 (Ref. 14) require a hierarchical
approach to control exposure: first, exposures should be restricted by engineered
controls and design features (and in addition, by the provision and use of safety
features and warning devices); secondly, by supporting systems of work; and thirdly
and lastly, by the provision of personal protective equipment.

The principal standards and criteria for judging whether ALARP has been met for
intervention personnel during accident conditions is in the Radiation (Emergency
Preparedness and Public Information) Regulations 2001 (Ref. 17), supplemented by
additional guidance on HSE'’s website (Ref. 18). This is further supported by
Provisional HSE Internal Guidance on Dose Levels for Emergencies, HSE 2008 (Ref.
19) and guidance published by Public Health England’s Centre for Radiation, Chemical
and Environmental Hazards (PHE-CRCE) on controlling doses for people on-site
during radiation accidents (Ref. 20).

When judging against the ALARP principle, caution should be used to distinguish
between dose and risk. The general duties of employers to their employees and other
persons in Sections 2 and 3 respectively of the Health and Safety at Work etc. Act
1974, as amended (Ref. 21), refer to risks as do the expectations in many of the SAPs
(Ref. 6). However, the duties of radiation employers in IRR99 (Ref. 14) and standards
in some of the SAPs (Ref. 6) refer to radiation exposures and not just to the implied
risk. The hierarchy of control measures in IRR99 (Ref. 14) is also applicable here, as
the Approved Code of Practice (ACOP) to regulation 8 advises radiation employers to
give priority to improving engineering controls and adopting other means of restricting
exposure over and above dose sharing between employees (Ref. 15). If a choice has
to be made between restricting exposures to individuals or to groups of employees
then priority should always be given to restricting exposures to individuals. In contrast
to this, under accident conditions, the risk is determined by both the magnitude of the
dose and the probability of its occurrence. For the purposes of ALARP, the risk of harm
to an individual from whole-body exposure is taken to be directly proportional to that
dose.

The ALARP principle applies to the exposure of members of the public. The regulation
of public radiation exposure during normal reactor operation is shared between the EA
and ONR, where IRR99 (Ref. 14) is enforced by ONR, and EPR16 (Ref. 22) is
enforced by the EA. IRR99 (Ref. 14) require dose constraints to restrict exposure to
ionising radiation at the planning stage where it is appropriate to do so. The guidance
to IRR99 (Ref. 15) advises that a constraint for a single new source should not exceed
0.3 mSv per year for members of the public. This is reinforced in the SAPs (Ref. 6) in
relation to NT.1 Target 3 and advises that ONRs view is that a single source should be
interpreted as a site under a single duty holder’s control, since this is an entity for
which radiological protection can be optimised as a whole. However, Public Health
England’s Centre for Radiation, Chemical and Environmental Hazards (PHE-CRCE)
has recommended that the dose constraint for members of the public from new nuclear
power plants (NPPs) should be 0.15 mSv per year (Ref. 23).

The ALARP principle also applies to manufacturers, etc. Section 6 of HSWA74 (Ref.
21) places general duties on manufacturers, etc. as regards articles and substances
for use at work and duties on any person who designs, manufactures, imports or
supplies any article for use at work. Where that work is with ionising radiation, the duty
is modified to apply to articles for use at work by IRR99, regulation 31 (Ref. 14). This
requires manufacturers, etc. to apply the ALARP principle in that there is a duty to
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ensure that any such article is so designed and constructed as to restrict so far as is
reasonably practicable, the extent to which employees and other persons, are or are
likely to be, exposed to ionising radiation. Therefore, the requirement in law to keep
radiation exposures ALARP applies not only to the licensee of a NPP, but also to the
designer of that NPP.

2.2 Use of Technical Support Contractors (TSCs)

39. It is usual in GDA for ONR to use TSCs. For example TSCs can provide additional
capacity, provide access to independent advice and experience, as well as specialist
analysis techniques and models, and enable ONR's inspectors to focus on regulatory
decision making etc.

40. Table 1 presents the broad areas for which technical support was used. Nuclear
Technologies Technischer Uberwachungsverein Suddeutschland (TUV SUD) was
chosen through competitive tender to support ONR in its assessment of the
radiological safety aspects of the UK ABWR design. The support specifically focused

on:

| Shielding design and assessment

| Designation of radiological areas and associated zoning

[ International OPEX with particular focus on German and Swedish experience in
relation to radiological protection

[ Direct dose to the public from the operational facility

41. Nuclear Technologies TUV SUD augmented the knowledge and experience of ONR
inspectors bringing detailed knowledge of shielding codes and radiological modelling
capability and in doing so also provided additional capacity during the period of
assessment. The parent company TUV SUD review technical and operational support
and advice to the German BWR fleet currently undergoing Post-Operative Clean Out
(POCO) and decommissioning. This operational experience was valuable to ONR as
current UK knowledge and experience of BWR design is limited.

Description of work - Key Deliverable Start Date Conép:tc-:étlon
Assessment of Reports on Shielding Nuclear Technologies
Specification and Design leading to (TUV SUD)

recommendations with regard to June 2016 July 2017

acceptability

Assessment of Reports on Radiological Nuclear Technologies
Zoning leading to recommendations with (TUV SUD) June 2016 July 2017
regard to acceptability

Assessment of Reports on Public Exposure Nuclear Technologies June 2016 July 2017

to Direct Shine from Normal Operations (TUV SUD)
Assessment of International and German Nuclear Technologies
OPEX in relation to BWRs (TUV SUD) June 2016 July 2017

Table 1: TSC work packages in support of ONR Radiological Protection assessment of the
UK ABWR.
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2.3 Integration with Other Assessment Topics

42. GDA requires the submission of an adequate, coherent and holistic generic safety
case. Regulatory assessment cannot therefore be carried out in isolation as there are
often safety issues of a multi-topic or cross-cutting nature. The following cross-cutting
issues have been considered within this assessment:

| Source Terms - working with Reactor Chemistry and Structural Integrity.
[ HVAC - working with Mechanical Engineering.
[ Bottom Drain Line (BDL) - working with Reactor Chemistry, Structural Integrity

and Nuclear Liabilities Regulation (NLR).
[ Fine Motion Control Rod Drive (FMCRD) - working with Mechanical
Engineering, NLR, Conventional Safety, Human Factors and the EA.

[ Materials Selection - working with Reactor Chemistry and Structural Integrity.

| Radioactive Waste - working with NLR, Reactor Chemistry and the EA.

] Decommissioning — working with NLR, Reactor Chemistry, Human Factors,
Conventional Safety and the EA.

[ Emergency Evacuation times — working with Human Factors.

[ Post-Accident Analysis — working with Fault Studies and PSA.

2.4 Sampling Strategy

43. It is seldom possible, or necessary, to assess a safety case in its entirety, therefore
sampling is used to limit the areas scrutinised, and to improve the overall efficiency of
the assessment process. Sampling is done in a focused, targeted and structured
manner with a view to revealing any topic-specific or generic weaknesses in the safety
case.

44, The sampling strategy for this assessment was to utilise the findings from Step 3 and
whilst using the original broad areas identified in Section 1.2 of the Introduction use
these areas as the primary focus for deep slice reviews. Although the Requesting
Party identified a number of areas to present evidence in relation to RO-ABWR-0064
and RO-ABWR-0065, ONR reserved the right to request evidence for additional areas
seen as appropriate and proportionate, to ensure a meaningful assessment. | also
ensured close interactions with fellow inspectors within the specialisms identified in my
Step 4 plan to provide assurance in the wider Safety Case context.

2.5 Out of Scope Iltems

45, Table 2 sets out the items have been agreed with Hitachi-GE as being outside the
scope of GDA.

Out of Scope items/areas Summary of rational

This is out of vires for ONR and is covered under NRW with
support from the EA through the Generic Environmental
Permitting process.

Assessment of Internal doses to the public
under normal operation

The environmental aspects are covered under the vires of
Environmental and Security aspects of the NRW with support from the EA through the Generic

UK ABWR design Environmental Permitting process. The Security aspects are
covered within the ONR Security Step 4 Assessment Report

Criticality Safety Assessment has been covered within the

Criticality Safety Assessment Fuel & Core Assessment Report (Ref 16).

Table 2: Out of scope items
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46.

47.

48.

3.1
49.

50.

REQUESTING PARTY'S SAFETY CASE

The Requesting Party’s (RP’s) safety case for radiological protection, which was
assessed for Step 4, is documented in Chapter 20 (entitled Radiation Protection) of the
PCSR, Rev B consisted of 7 documents each presenting a separate sub-chapter (Ref
24, 25, 26, 27, 28, 29 and 30). This version of the PCSR (Ref 24, 25, 26, 27, 28, 29
and 30) did not contain sufficient information upon which an adequate assessment of
the design could be undertaken. As a result additional information was obtained
through assessment of supporting documentation including Topic Reports and where
required through the issue of RQs and ROs. The PCSR Rev C (Ref. 31) was updated
in September 2017 and provided a consolidation of material generated in response to
these RQs and ROs. My assessment is based on PCSR Rev C the supporting
references and topic reports along with responses to RQs and ROs.

Within PCSR Chapter 20 Rev C, there are 13 sub-chapters. Sub-chapters 20.2 to
20.11 deal with the following specific areas of radiological protection which shall be
discussed in greater detail during this chapter. Sub Chapter 20.1, 20.12 and 20.13 are
the introduction, conclusion and references, respectively.

Purpose and Scope.

Definition of Radioactive Sources.

Strategy to ensure that the Exposure is ALARP.

Protection and Provisions against Direct Radiation and Contamination.
Radiation and Contamination Monitoring of Occupational Exposure.
Dose Assessment for the Public from Direct Radiation.

Worker Dose Assessment.

Post-Accident Accessibility.

Assumptions, Limits and Conditions for Operation.

Summary of ALARP Justification.

There are three appendices for Chapter 20 which provide information regarding the
document map for radiation protection safety reports, key links with other PCSR
chapters as well as representative safety functional claims in relation to radiation
protection.

Purpose and Scope

In sub-Chapter 20.2 (Ref. 31), Hitachi-GE outlines the specific purpose of this chapter
with regard to the UK ABWR safety case and provides the four high level claims for
radiation protection.

[ | RP-C1: External and internal doses to workers are ALARP and meet the
regulatory requirements during normal operation.

] RP-C2: External doses to the public are ALARP and meet the regulatory
requirements during normal operation.

] RP-C3: External and internal doses to workers are ALARP and meet the

regulatory requirements during design basis faults, beyond design basis faults
and severe accidents.

[ RP-C4: External and internal doses to the public are ALARP and meet the
regulatory requirements during design basis faults, beyond design basis faults
and severe accidents.

An outline of Chapter 20 is also provided within this sub-chapter.
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3.2
51.

52.

53.

54.

Definition of Radioactive Sources

In sub-chapter 20.3 (Ref. 31) Hitachi-GE provides relevant overview of the UK ABWR
design source terms. Due to the complexity there are four design source terms.

] Primary Source Term (PST) — The level of mobile activity within the nuclear
boiler system; this source term covers the reactor water and steam.

| Process Source Term (PrST) — This determines the concentration of various
nuclides within the UK ABWR plant system.

[ Deposit Source Term (DST) — The source term reviews the concentration of

nuclides that accumulate on both the internal pipework surfaces within various
systems and the fuel cladding.

] End User Source Term (EUST) - Defined as the final level of activity
considered for a particular assessment within a technical area of the safety and
environmental case for the UK ABWR.

For each of the above design source terms there are two levels of source term values
defined.

| Best Estimate (BE) - Source Term that is expected to be observed during the
normal operation of the UK ABWR.
| Design Basis (DB) - Source Term that gives a conservative maximum value

which can be considered to be a bounding limit for the plant design.

BE and DB source terms can then be derived and used as appropriate for the following
operational phases.

Start Up (SU) — The transition from Outage to the Power Operation.

Power Operation (PO) — The reactor operating at a steady power.

Shut Down (SD) — The transition from Power Operation to Outage.

Outage (OT) — The phase where the reactor has been shut down for refuelling
and maintenance.

Cycle Average (CA) - Average Source Term activity observed over the duration of a
full 18 month cycle (composed of all the above phases).The EUST has been produced
for specific uses within the PCSR, such as Radiological Protection EUST,
Decommissioning EUST, etc. A specific document detailing the EUST for Radiological
Protection (Ref. 32) is discussed within the sub-chapter. The document is derived from
the PST and the DST radionuclide concentrations that are relevant to the piping and/or
equipment locations of interest. Appropriate radionuclides and radioactive
concentrations are selected to aid in dose assessments relating to:

Radiological Shielding.

Radiation and Contamination Zoning.

Worker Dose Assessment (Internal and External).
Public Dose assessment (External).

A summary of the general considerations of the EUST for radiological protection for
each system (water, steam, off-gas, HVAC, liquid & solid waste management and
deposition) is also provided.
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3.3
55.

56.

57.

3.4

58.

59.

60.

61.

62.

63.

Strategy to Ensure that the Exposure is ALARP

In sub-chapter 20.4 (Ref. 31) Hitachi-GE outlines the relevant regulatory requirements
for the UK ABWR; in terms of radiological protection:

] International recommendations (ICRP 2007 Publication 103 (Ref. 33)).
[ European requirements (Council Directive 2013/59/Euratom (Ref. 34)).
| UK Legislation (lonising Radiations Regulations 1999 (Ref. 14)).

The chapter goes on to detail the ICRP principle of radiation protection (justification,
optimisation and limitation).

In sub-chapter 20.4 (Ref. 31) Hitachi-GE outlines its ALARP strategy for employers
working with ionising radiation, other employees on the site and the public. For each
case the strategy is split into four stages.

| Reference ABWR Plant — A plant design has been used as a starting point for
the UK ABWR design (this is Kashiwazaki Kariwa (KK) Unit 6 and 7 in majority
of cases (see section 4.2.7.2 for further information on choosing these
reactors)).

| Design Criteria and Good Practice — This incorporates relevant good practice
(from Japanese and UK nuclear industry) to be used effectively within the
design of the UK ABWR (i.e. ERIC-PD tool).

] Implementation — Once mitigating options have been identified and
incorporated within the design of the UK ABWR the collective dose is
calculated.

] Demonstration of ALARP — A further review is undertaken to see if additional

risk reduction measures are applicable. Only when no further improvements in
dose reduction are reasonably practicable is the UK ABWR design considered
ALARP.

Protection and Provisions against Direct Radiation and Contamination

In sub-chapter 20.5 (Ref. 31) Hitachi-GE outlines the hierarchy of control measures the
UK ABWR design shall incorporate.

This section summarises the specific mitigating options (design engineered features
and administrative controls) that minimise direct radiation and containment for specific
radioactive and contaminated components.

Appropriate examples are provided of mitigating options that shall be used within the
UK ABWR design.

In sub-chapter 20.5 (Ref. 31) Hitachi-GE provides information on the radiological and
contamination zoning for the UK ABWR; the relevant regulatory requirements relate to
the lonising Radiations Regulations 1999 (Ref. 14).

Hitachi-GE also provided information on the five types of radiation shielding within the
UK ABWR.

Reactor Shielding Wall.
Primary Shielding.
Secondary Shielding.
Auxiliary Shielding.
Shielding by Water.

Radiation shielding thicknesses have been calculated using Monte-Carlo N-Particle
transport code (MCNP 5) which is an appropriate industry standard computer code.
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3.5

64.

65.

66.

67.

3.6
68.

69.

3.7
70.

Radiation and Contamination Monitoring of Occupational Exposure

In sub-chapter 20.6 (Ref. 31) Hitachi-GE provides information on the approach to be
undertaken for monitoring of the UK ABWR for radiation and contamination.

Hitachi-GE outlined the relevant regulatory requirements for the UK ABWR; in terms of
monitoring of occupational exposure:

| lonising Radiations Regulations 1999 (Ref. 14).
[ IAEA International Basic Safety Standards (Ref. 35).
| IEC Standards (Ref. 36).

Hitachi-GE also provided details of the design strategy for monitoring of occupational
exposure, claiming that the UK ABWR will be capable of providing measurements of
the following radiological sources.

] Direct radiation.
] Airborne contamination.
] Surface contamination.

Hitachi-GE claims that monitoring of the above radiological sources shall be achieved
through the use of both portable and installed monitoring equipment. Two
methodologies shall work in unison:

[ Trend Monitoring — Information is trended and recorded over time to help
instigate if further actions need to be undertaken if there is a change in
radiation and contamination levels. This is usually achieved through installed
monitors.

[ Accurate Measurement — Precise values of radiation and contamination levels
are measured to help with work planning. This is usually achieved through
portable monitors.

Dose Assessment for the Public from Direct Radiation

In sub-chapter 20.7 (Ref. 31) Hitachi-GE provides an overview of the public dose
assessment from direct radiation of the UK ABWR design. The PCSR specifically uses
examples for evidence in support of its assertions such as the following:

Reactor building.

Turbine building.

Radwaste building.

Condensate Storage Tank (CST).
Suppression Pool water surge Tank (SPT).

Sub-chapter 20.7 (Ref. 31) states that mitigating options have been undertaken to
reduce dose to the public.

Worker Dose Assessment

In sub-chapter 20.8 (Ref. 31) Hitachi-GE provides information on worker dose
assessment for the UK ABWR within the following areas:

] Employees working with ionising radiation.
[ Other employees on site.
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71.

72.

73.

74.

3.8

75.

76.

77.

3.9

78.

79.

80.

3.10
81.

The UK ABWR worker dose assessment provides evidence that:

| Radiological Protection is optimised such that doses are ALARP.
n Dose uptake to the most exposed group is minimised.

When calculating the reference dose for the UK ABWR, the OPEX information used
was from the reference plant KK-7 (see section 4.2.7.2 for further information). The
highest eight worker activities during an outage phase were used as representative
examples to demonstrate that the worker dose is ALARP.

In sub-chapter 20.8 (Ref. 31) an example of the highest worker dose activity is
provided (Reactor opening / series work) to demonstrate that the worker dose is
ALARP.

For calculating dose to other employees on site from direct radiation a computer code
is applied based on the reference design and UK ABWR specific information. An
ALARP review is also undertaken to demonstrate that no further risk reduction is
achievable.

Post-Accident Accessibility

In sub-chapter 20.9 (Ref. 31) Hitachi-GE identifies representative DBA and SA
sequences that would necessitate direct intervention by personnel and the SSCs used
to mitigate the consequences.

In sub-chapter 20.9 (Ref. 31) relevant regulatory requirements for the UK ABWR are
outlined; in terms of radiological emergency these are:

n REPPIR 2001 (Ref. 17).
- IRR 1999 (Ref. 14).

Hitachi-GE provided information on access arrangements as well as examples for both
DBA and SA sequences.

Assumptions, Limits and Conditions for Operation

In sub-chapter 20.10 (Ref. 31) Hitachi-GE identifies the assumptions, limits and
conditions for operations from a radiation protection perspective for the UK ABWR
GDA design.

Criteria set out in IRR 1999 (Ref. 14) have provided the limits and constraints
regarding dose for the UK ABWR.

Hitachi-GE stated assumptions that have been made for the radiological protection
design of the UK ABWR.

Summary of ALARP Justification

In sub-chapter 20.11 (Ref. 31) Hitachi-GE provides a high level overview of how
radiological protection has complied with the ALARP principle.

A high level review of the UK ABWR ALARP process is provided. A list of UK ABWR
improvements has been supplied to corroborate the argument.
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82.

4.1

83.

4.2

84.

85.

86.

4.2.1

87.

88.

ONR STEP 4 ASSESSMENT

This assessment has been carried out in accordance with ONR internal guidance on
the “Purpose and Scope of Permissioning” (Ref. 37).

Scope of Assessment Undertaken

As stated earlier, the scope of the assessment is in line with my Step 4 Radiological
Assessment Plan (Ref. 3).

Assessment

My Step 4 Radiological Protection Assessment Plan (Ref. 3) identified a number of
topics for assessment. Understanding of the hazard begins with the source term, which
in turn allows for consideration of the: the designation of areas (zoning classification);
the design and provision of shielding; optimisation of radiation exposure (including the
specific design for contamination control and prevention of access to high dose and
dose rate areas); the generic design of HVAC; and post-accident accessibility.

Prior to commencement of the assessment | identified the need for additional technical
support from TSCs in order to carry out detailed assessment of shielding, direct dose
to the public, zoning of radiological areas and provide a general OPEX review. Plume
dispersion modelling and Level 3 PSA consequence assessment is captured in the
Step 4 PSA report (Ref. 5) and the Radiological Consequence Assessment Excluding
Offsite Level 3 PSA (Ref. 4); | refer to both reports. Reports provided by Hitachi-GE
covering these topics have been subject to detailed review and analysis by TSCs and
assessment by the Radiological Consequences assessor within ONR. My assessment
of radiological protection has been augmented by their analysis.

In order to obtain further information to support the claims outlined in the PCSR, |
raised a number of RQs and ROs, both in a leading role and sometimes as a
supporting assessor. The information provided by Hitachi-GE in response to these
RQs and ROs alongside the PCSR Rev B and updated PCSR Rev C, Topic Reports,
Basis of Safety Case, and other supporting references constituted the arguments and
evidence which have been used in my assessment.

Normal Operation — Radiation Sources

Management of radiation sources associated with the operation of a nuclear reactor is
a fundamental aspect of radiological protection at NPPs. As it is not practicable to
eliminate the sources of ionising radiation at NPPs, the emphasis must be on reducing
the magnitude of radiation sources in order to reduce radiation levels and therefore
minimise exposures of personnel and the public to ionising radiation. Although many
measures, which can be taken to reduce radioactive sources associated with an
ABWR reactor, are related to the operating regime which is selected for the plant and
so depend on the decisions taken by future licensees, there are aspects that are
related to the physical design itself and these have been the subject of my
assessment.

My assessment in this area is structured in two parts: the management of the source
term information and the measures in place to reduce the radiation source term
associated with the generic plant.
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4211
89.

90.

91.

92.

93.

94.

95.

96.

Assessment - Information on the Source Term

The PCSR Chapter 20.3 Rev C (Ref. 31) provides a summary of the radiation sources
associated with normal operation throughout commissioning, operation, maintenance,
outage for refuelling and decommissioning. It also provides a summary of the source
terms’ radiological significance relevant to radiological protection and a summary of
measures which restrict the exposure of workers and the public. It segregates the
potential effects on each of the exposed groups (i.e. workers and the public). A
definitive list of source terms used for radiological protection for shielding and dose
assessments in support of the UK ABWR design are presented in the EUST for
Radiation Protection (Ref. 32).

Additional information on the source terms had to be obtained from Hitachi-GE during
Step 3 and into Step 4 through the drafting of an RI by the ONR Reactor Chemistry
assessors. This required Hitachi-GE to make significant refinements in relation to the
structure and presentation of source term information. This is reported in detail within
the Reactor Chemistry Step 4 report (Ref. 38).

As Hitachi-GE developed a revised source term strategy and associated
documentation, | along with ONR and EA colleagues have sought clarification
regarding a number of points associated with specific plant areas, SSCs and Hitachi-
GE technical assessments. This was done by raising several RQs including RQ-
ABWR-0722 (Ref. 39). Information obtained from this RQ and others was used in the
reviews of shielding, direct dose to the public, radiological zoning and dose
assessment carried out by the TSC and ONR. The public dose and shielding
assessments both constituted sampling by ‘deep slice review'.

Topics covered by RQs included: clarification of the effectiveness of the reactor water
chemistry regime, application of source terms in identifying contamination and
radiation zoning limits, and application of the provenance of source terms in shielding
assessments.

It should be noted the source term reports do not cover those sources of radiation in
the form of sealed/special form sources installed within the reactor such as neutron
sources used for flux stabilisation, or other sources used for radiography or instrument
calibration and/or check functions. These were covered through the issue of RQ-
ABWR-0612 and Hitachi-GEs subsequent response “Neutron Sources and other
Radioactive Sources (Response to RQ-ABWR-0612)" (Refs. 40 and 41).

The UK ABWR is designed to operate under hydrogen water chemistry (HWC) to
create a reducing low oxygen environment and therefore control trans-granular stress
corrosion cracking (TGSCC) which has been identified as an issue in reactors using
carbon steel and steel alloys. The implementation of HWC increases **N
concentrations in the reactor primary coolant. *°N is a relatively high energy gamma
emitting nuclide and is therefore significant from a radiological protection perspective
as this can have an impact on doses during operations.

Under the reducing environment nitrogen shifts from nitrate, which is non-volatile, to
more volatile forms such as nitrogen oxides and ammonia. This increases the
proportion of **N which moves into the steam phase. Following the use of HWC Noble
Metal, specifically On-line NobleChem™ (OLNC) is to be applied which has the effect
of reducing the amount of hydrogen required and thus lowering the level of **N carry
over into the steam phase.

Along with *®N, ®°Co is a major source of radiation exposure in all light water reactors.
Zinc (Zn) addition is employed as an option to reduce surface ®°Co levels. High *°Co
concentrations in BWR water results in higher ®°Co uptake in surface corrosion films
and hence higher radiation dose levels. The application of depleted Zn aids in reducing
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radiation fields due to ®°Co uptake on surface films as Zn is preferentially incorporated
into the corrosion films.

Source term definition is a formative step in understanding and deriving the safety
requirements of any nuclear activity as it provides an understanding of the hazard and
its magnitude, the basis of any risk assessment. In the PCSR (Ref. 31) the source
term or radioactive inventories are used in a number of different assessment areas and
radioactive inventories may be adapted to address specific purposes.

ONR and the EA routinely discussed the use of source terms during the assessments,
particularly their application to public exposure from direct radiation and in relation to
the EA’s assessment of dose from discharges.

Different source terms have been derived differently depending on the nature of the
source term. This may be from OPEX or through the application of computer codes as
described later in this section. The development of the source term is detailed in a
suite of tiered documents shown in Figure 1 (Ref. 42).

Source Term Safety Case Documentation

Source Term

Strategy
Report

¥

Source Term Manual (sections given below)

1. General Report
= Use of Manual
- Document layout

2. Primary ST 3. Process ST 4, Deposit 5T 5. End User 5T
Methodology Report Methodology Report Methodology Report Methodology Report

PST MR Supporting PrST MR Supporting DST MR Supporting EUST MR Supporting | General Report
Report Report Report Report Supporting Report

PST PrST DST EUST Nuclide
Supporting Supporting Supporting Supporting Selection by
Report Report Report Reports End User

Requirement

- OPEX selection and use = Justification - lustification - lustification - EUST identification
= lustification = Other technical - Other technical - Othertechnical - Screening method
- Other technical details details details details = Justification

Source Term Value

PST Data Set
Values

DST
Values

EUST
Values

Safety and Environmental Cases

: Present report
: Decument referred to which supports the present report

- Upstream report which yields the present report

: Downstream document which the present report aims to yield
: Other 5T documents not directly related to the present report

Figure 1: Overview of Hitachi-GE tiered Source Term document structure (Ref. 42)
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100. Hitachi-GE defines a number of different values for each source term component
within the Source Term Manual General Report (Ref. 43) as part of its suite of
documents. The structure of the components is to allow for a range of values to be
provided dependant on the nature of use. These Source Term Components are :

[ Primary Source Term (PST) — Defined as the level of activity at outlets of the
Reactor Pressure Vessel (RPV). The PST quantifies the concentration of each
radionuclide present in the reactor water and reactor steam.

| Process Source Term (PrST) — Defined as the level of activity within each of
the systems in the UK ABWR. The PrST quantifies the concentration of each
radionuclide present within circuit pipes, ancillary equipment and plant systems.

| Deposit Source Term (DST) — Defined as the level of activity deposited within
each of the systems in the UK ABWR. The DST quantifies the concentration of
each deposited radionuclide on internal pipework, ancillary equipment, plant
systems and fuel pins.

| End User Source Term (EUST) — Defined as the final level of radioactivity
considered for a particular assessment within a technical area of the safety and
environmental case for the UK ABWR.

101. For each of these source terms Best Estimate (BE) and Design Basis (DB) values
were calculated. These are defined as follows:

| BE — Defined as the radionuclide concentration (in reactor water and/or steam)
that is expected to be observed during the normal operation of the UK ABWR.
Hitachi-GE present the BE Source Term as a realistic and reasonable value so
as not to result in over specification of the plant systems. For example, the BE
value for the PST is derived using a statistical analysis of relevant OPEX data,
augmented with model calculations. While the specifics of the statistical
analysis applied varies between key radionuclide groups, and between
operating phases, generally an average value is determined for each plant in
the OPEX inventory and then an overall average value for all the plants
considered is determined.

[ DB — The DB value for the PST is defined for each significant radionuclide and
is the concentration of that nuclide (in reactor water and/or reactor steam) that
gives a conservative maximum value which can be considered a bounding limit
for the plant design. The value is derived using the same relevant OPEX with
further statistical analysis. Hitachi-GE applies an adjustment for uncertainty and
fuel failure. This is assessed in more detail within the Fuel & Core and Reactor
Chemistry Reports (Refs 16 and 38). Hitachi-GE normalises these values
against a design basis limit which is linked to noble gas inventory released from
the plant following fuel failure.

] As described in paragraph 52, BE and DB values can then be applied to source
terms for systems and components during the SU, PO, SD and OT phases of
reactor operation. In addition, the CA Source Term is defined which is the
average of the phases observed over the duration of a full cycle, i.e.
approximately 17 months PO and 1 month SD/OT/SU.

[ In addition, three categories of radionuclides are defined for each source term
type: Corrosion Products (CP), Activation Products (AP) and Fission Products /
Actinides (FP/ActP).

102. Where radionuclide specific OPEX is unavailable the ORIGEN code is used to
determine a relationship between the radionuclide concerned and 80Co, which Hitachi-
GE has chosen as a radionuclide with high radiological significance.

103. The Radiation Protection EUST values are derived from the PrST and DST
radionuclide concentrations that are relevant to piping and/or equipment locations of
interest. For example, to derive shielding requirements for mobile radionuclides in the
Main Steam System, the DB value for the PrST is used. For each radionuclide
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104.

105.

106.

category, the worst case concentration is assumed. For APs this is during PO, for CPs
this occurs during SD and for FP/ActPs it may occur during PO or SD depending on
the radionuclide. To assess shielding requirements due to accumulated activity in the
Radwaste System, the DB value of the PrST is also used, but in this instance the CA
value for all radionuclide categories is used. The justification for this is that the activity
in these components accumulates through the SU, PO, SD and OT phases and that as
these components are not connected to the primary system, they are not directly
exposed to transient increases in activity.

The competent development and application of source terms is a key consideration for
radiological protection at the design stage of nuclear facilities as they will form the
design basis for shielding structures to protect personnel and the public. As part of a
sample on this topic, Nuclear Technologies conducted a review of the source terms in
support of an assessment of shielding provisions for the UK ABWR (Ref. 44) and
judged that the calculations used to generate the source term have been undertaken
using acceptable codes, methods and gamma spectra, when compared against
relevant good practice in the UK. In the context of shielding design, the TSC
specifically concluded the following:

| The process of interpreting OPEX data from the operational facilities and the
application of that data within the context of the UK ABWR is appropriate.

| Where OPEX data might not be considered appropriate modelling has been
used to generate appropriate data.

[ All major contributions to the source term are appropriately accounted for, e.g.

crud-burst on shutdown and start-up, fuel failures, presence of tramp uranium
and variations in coolant chemistry.

[ The lists of radionuclides contain all of the expected radionuclides with respect
to external radiation.

[ No concerns were raised during the review of the source terms used in defining
the shielding provisions for the UK ABWR.

[ Source terms are well defined and as a result of key assumptions it is apparent

that they will be conservative when compared with more realistic source terms
based upon observations on existing plants.

| It has confidence that the shielding provisions and the predicted dose rates for
any given area of the plant will also be conservative with respect to protection
of the public and personnel from external radiation.

| The transformation from radionuclide fingerprints to gamma emissions spectra
for use in shielding calculations has also been considered in detail.

The TSC and ONR are generally satisfied with Hitachi-GEs evidence provided in these
areas, however, a number of points are identified which will require consideration
within the site licensing phase. These aspects included:

| Unlike the PrST, the DST for the UK ABWR is not directly derived from the
PST. Instead, the DST is derived mostly from US BWR OPEX and where data
is not available by calculation (using Studsvik BWRCrud, (Ref. 44)). In an
operating reactor, the activity within the PST and the PrST define the DST.
There is therefore a potential for misalignment in the source term derivations
for the UK ABWR when considered as a whole. This will result in a difference in
nuclide concentrations and proportions. This is not seen as significant due to
the conservative nature of the derivation methods.

Further to the point identified immediately above, further proposals in the
commissioning and operation of the UK ABWR made by Hitachi-GE will further reduce
the deposit source term, including those nuclides which OPEX data has not been
corrected or modified for application to the UK ABWR and this gives further confidence
the values presented will be suitably conservative. These include:
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4.2.2

111.

112.

113.

114.

115.

] The use of hot functional testing using Depleted Zinc Oxide (DZO) to develop a
zinc oxide layer prior to fuel being inserted into the reactor. The circuit should
therefore be less prone to absorbed radioactivity during operations.

[ The use of Stellite alternatives for hard-facing materials (e.g. for valve facings)
to reduce the amount of cobalt in contact with the cooling water and reduce the
amount of cobalt within the cooling water arising from erosion/corrosion that
could potentially be activated when passing through the core.

Section 4.2.4 of this report provides further details of the assessment of the shielding
source term, specifically with respect to the shielding assessment.

Furthermore, Hitachi-GE has produced documentation to provide evidence on how it
manages and controls the defined source terms. These are detailed in “The
Management of Source Terms” (Ref. 45).

| have assessed Hitachi-GE Source Term documentation against the ONR Standards
on Radiation Shielding (Ref. 11) and considered aspects of the characterisation,
suitability and conservatism, taking into account sensitivity and cliff edge effects.

In conclusion | am broadly satisfied with Hitachi-GEs approach to Source Term
derivation and management and specifically with respect to Radiation Protection EUST
as derived in relation to the GDA for UK ABWR.

Normal Operation — Demonstration that Worker Dose is ALARP
This part of my assessment focussed on the following aspects of the PCSR:

[ Hitachi-GE’s approach to ALARP.
[ Application of ALARP to reactor system design.
[ Prioritisation of ALARP for work activities involving the highest doses.

The assessment was principally against the following standards:

] The lonising Radiations Regulations (IRR99) (Ref.14) and Approved Code of
Practice (ACOP) and guidance (Ref. 15), especially regulation 8.

| ONR'’s Safety Assessment Principles (SAPs): SAPs Fundamental Principles
FP.3, FP.4, FP.8 and Radiation Protection RP.1, RP. 7. (Ref. 6).

[ NS-TAST-GD-005 (Rev 8) — ONR Guidance on the demonstration of ALARP
(Ref. 9).

[ NS-TAST-GD-038 (Rev 6) — Radiological protection (Ref. 10).

| NS-TAST-GD-043 (Rev 3) — Radiological analysis normal operation (Ref. 12).

It should be noted that the extremely significant contributions of source term
minimisation and radiation shielding to delivering ALARP worker doses are covered in
sections 4.2.1 and 4.2.4 respectively. Source term minimisation includes consideration
of the water chemistry regime and material selection considerations. This section
therefore deals mainly with analysis of the Hitachi-GE approach to ALARP. Some
examples from the assessment are given. Where concerns on the approach to ALARP
have contributed to ROs being raised, the relevant section is referenced providing
further detail.

The application of ALARP was considered on both a system and operation basis. A
number of systems and operations were then considered as a sampling to determine
whether the design was ALARP from the point of view of worker dose.

Systems considered included the following:

| Solid waste management system.
[ Liquid waste management system.
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u Reactor Area (R/A), Turbine Building (T/B), Radioactive Waste Building (Rw/B)
and Service Building (S/B) HVAC Systems.
] RPV BDL.

| undertook a review of the Topic Report: Demonstration to Ensure that External and
Internal Doses are ALARP for all Relevant Buildings during System Start-up, Power
Operation, Normal Hot Stand-by, System Shutdown and Outages excluding ILW, LLW
and SFIS (Ref. 46). | chose to assess the 8 operations that accrued the highest
collective doses (see section 4.2.2.3) and which accounted for 55% of the planned
exposure as identified by Hitachi-GE. These activities included:

Reactor Opening / Closing Series Work.

Reactor Well Decontamination.

In-Service Inspection (ISI) Preparations Work in Drywell.

Residual Heat Removal (RHR) Pump Inspection and Maintenance.
Fine Motion Control Rod Drive (FMCRD) Replacement / Overhaul.
Reactor Internal Pump (RIP) Motor Overhaul.

Clean Up Water (CUW) Heat Exchanger Inspection and Maintenance.
CUW Pump Inspection and Maintenance.

There are a significant number of other operations specifically planned or in response
to breakdowns that accrued collective dose, however, as part of the Step 4
assessment (Ref. 3) only eight most significant from an exposure perspective were
sampled.

The Hitachi-GE Approach to ALARP

It should be noted that the overall ALARP evaluation is covered specifically in PCSR
Chapter 28 (Ref. 47), so this section will focus on the effectiveness of the Hitachi-GE
approach in delivering an ALARP outcome for occupational exposure.

The Hitachi-GE approach to ALARP in GDA is described in (Ref. 47). The application
of this approach to occupational exposure is described in (Ref: 46).

These documents were reviewed and it was found that the Hitachi-GE ALARP process
draws heavily on ONR, HSE and other documentation such as (Ref. 9), (Ref. 49 and
Ref. 50), with Hitachi-GE employing a process based on the use of good practice,
improved where reasonable practicable to do so, as illustrated by the figure below,
taken from (Ref. 47).
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Figure 2: Hitachi-GE ALARP Process Flow Diagram (Ref. 47).

121.

122.

From a radiological protection perspective, the methodology presented is conceptually
reasonable and consistent with UK standards. Shortfalls were however identified when
the methodology was developed and applied in detail, notably in Contamination
Control and Protection against Direct Radiation (Ref. 51). It was found that whilst
collective dose over the plant lifetime versus difficulty of implementation may be a
useful aid in making ALARP judgements, the dose bands used must be relevant to the
task being considered. Collective dose bands that may reasonably be applied at plant
level, as per Topic Report: Demonstration to Ensure that External and Internal Doses
are ALARP (Ref. 46) (i.e. up to 2 man-Sv, 2 man-Sv to 20 man-Sv and over 20 man-
Sv) are not meaningful when applied at system or task level as they will effectively
screen out options that may in fact be reasonably practicable and reflect Relevant
Good Practice (RGP).

Review of this document led to RQ-ABWR-0960 - Application of ALARP Methodology
at Task Level (Ref. 52) on the application of the “traffic light” approach to qualitative
ALARP assessment detailed in section 7.1 of GDA ALARP Methodology (Ref. 48).
This resulted in Hitachi-GE changing its methodology for occupational exposure, as
described in the RQ response UK ABWR ALARP Demonstration Methodology (Ref.
53). | considered the new approach to be appropriate.
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ALARP at a System Design Level

| reviewed a number of system reports on a sampling basis to determine the
effectiveness of the Hitachi-GE approach to ALARP. It should be noted that many
details on the implementation of ALARP in general are contained in Contamination
Control and Protection against Direct Radiation (Ref. 54), which was provided in
response to RO-ABWR-0064. See section 4.4.2 for more details.

The BDL was subject to considerable review by ONR assessors from radiological
protection, reactor chemistry and structural integrity disciplines to determine whether
the design reduced risks, including occupational exposure, to ALARP, which included
raising RO-ABWR-0034. Detailed analysis and assessment of this system
demonstrated that the design was ALARP. Further detail of the review and conclusions
is given in section 4.5.1.

A number of other areas of system design were also considered as follows:

] Topic Report on ALARP Assessment for Solid Waste Management System
(Ref. 55).

| Topic Report on ALARP Assessment for Liquid Waste Management System
(Ref. 56).

[ Topic Report on the ALARP Assessment for the R/A, T/B, Rw/B, S/B HVAC
Systems (Ref. 57).
[ Topic Report on ALARP for Off Gas Systems (Ref. 58).

| reviewed these reports and concluded that although the HVAC, radioactive waste and
Off-Gas systems have been through ALARP review and modifications have been
identified and implemented, further work on ALARP demonstration is required. For
example:

[ Regarding the document on HVAC systems, | concluded that a statement on
decommissioning activity would need developing before the end of Step 4 as a
baseline assessment should be made prior to completion of Step 4. The current
document is clear that the HVAC has not currently been designed for
decommissioning.

[ Noting that this is an ALARP assessment of the systems identified in paragraph
125, | concluded that there is no reference to minimising the activities requiring
worker intervention, e.g. inspection work, to minimise the number of persons at
risk and time at risk and therefore minimising the hazard prior to engineering
controls.

[ In the Topic Report on ALARP for the Off-Gas System, | concluded that there is
evidence that options have been identified that may reduce dose, but as yet,
there is no demonstration of how these have been applied to generate an
ALARP solution.

In conclusion, | have raised an Assessment Finding:

AF-ABWR-RP-01: The licensee shall ensure the appropriate application of ALARP
with respect to the GDA design of Solid and Liquid waste management, HVAC and
Off-Gas systems. This shall include optimising these systems for decommissioning
activity, minimising worker interventions for maintenance where reasonably practicable
to do so and fully evaluating options identified in Topic Reports, such that the site
specific design is optimised and risks, including radiological risks, to workers are
reduced so far as is reasonably practicable.
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Process ALARP

This section covers significant aspects of the process ALARP case for the highest
dose operations as detailed in Contamination Control and Protection against Direct
Radiation (Ref. 54).

Reactor opening and closing operations were described in GDA ALARP
Demonstration for All Risks During RPV Top Head and FMCRD Removal (Ref. 59),
with further information on minimisation of occupational exposure given in (Ref. 54). As
this latter document was raised in response to RO-ABWR-0064, a fuller description of
the aspects it addressed is given in Section 4.4.2 of this document. Major ALARP
aspects, particularly related to external occupational exposure are discussed here.

A number of RQs were raised by ONR associated with these operations. These were
principally associated with the technology employed to remove the head, working
practices within the reactor well, steps taken to minimise contamination of the reactor
well and control of water level within the RPV.

There are a number of potential technologies available to remove the RPV head of a
BWR. This was discussed with Hitachi-GE in detail with RQ-ABWR-1065 (Ref. 60)
raised to elicit a formal response on their view of RGP for this task, being followed up
with RQ-ABWR-1312 (Ref. 61). Hitachi-GE provided a comprehensive response,
however it was agreed that this re