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1 See EDMS.

2 See EDMS.

3 See EDMS.

4 See EDMS.

5 See EDMS.

6 See EDMS.

7 The COMAH tier for the AP1000 plant changed from lower tier to upper tier as a result of

the amount of hydrazine stored on the site. Therefore, incorporates UKP-GW-GL-037
Rev 3 ADL in the following sections and table:

- Section 2.9.2.1
- Section 2.10
- Section 5.4
- Table 2.9-1
Incorporates UKP-GW-GL-790 Rev 7_ADL to revise:

- Table 2.9-1, Table 2.9-2, and Table 2.9-3 to list the mass of solution and not the
mass of chemical only.

- Table 2.9-1 and Table 2.9-6 to remove use of glycol on the AP1000 plant site.

- Section 3.3.1.1 such that the maximum input flow rate from the degasifier
separator to the WGS is 0.99 m*/h (0.58 scfim).

- Section 3.3.1.2 such that the delay bed average holdup times are 41.6 days for
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- Revises Table 3.4-2 to update instrumentation terminology.
- Revises Table 3.4-3 to standardize parameter properties.
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required.

Editorial changes.
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LIST OF ACRONYMS AND TRADEMARKS

Acronym Definition

ac Alternating Current

AD Annual Average Dissolved

AGR Advanced Gas-cooled Reactor

ALARP As Low As Reasonably Practicable
AOX Adsorbable organically bound halogens
AP1000 referring to the AP1000® nuclear power plant
ASS Auxiliary Steam Supply System

AT Annual Average Total

BAT Best Available Techniques

BDS Steam Generator Blowdown System
BEGL British Energy Generation Limited
BPEO Best Practicable Environmental Option
BPM Best Practicable Means

BWR Boiling Water Reactor

C (degree) Celsius

CA Concrete Filled-in-Place Form Modules
CCS Component Cooling Water System
CCTV Close Circuit Television

CDM Construction (Design & Management)
CDS Condensate System

CEC Cavity Enclosure Container

CFA Conditions for Acceptance

CFR Code of Federal Regulations

CFS Turbine Island Chemical Feed System
CNS Civil Nuclear Security Division of ONR
COD Chemical Oxygen Demand

COMAH Control of Major Accident Hazards
CPS Condensate Polishing System

CR Concentration Ratio

CVS Chemical and Volume Control System
CWS Circulating Water System
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Acronym

DAC
DAW
DBD
de
DCD
DF
DfT
DOE
DOP
DOS
DPUR
DTS
DWS
EA
EDS
EHS
EOL

FHM
FHS
FPS

ft
FWS
GALE

GDA
GDF

Gy

h or hr
HEPA
HHISO

LIST OF ACRONYMS AND TRADEMARKS (cont.)
Definition

Design Acceptance Certificate

Dry Active Waste

Different By Design

Direct Current

AP1000 Design Control Document
Decontamination Factor

Department for Transport

Department of Energy

Dioctyl phthalate

Standby Diesel and Auxiliary Boiler Fuel Oil System
Dose Per Unit Release

Demineralised Water Treatment System
Demineralised Water Transfer and Storage System
Environment Agency

Non Class 1E DC and UPS System
Environmental, Health and Safety
End-of-life (core life)

(degree) Fahrenheit

Fuel Handling Machine

Fuel Handling and Refueling System
Fire Protection System

feet

Feedwater System

Gaseous and Liquid Effluents (Calculation of releases of radioactive materials in
gaseous and liquid effluents from pressurised water reactors)

Generic Design Assessment

Geological Disposal Facility

U.S. gallons per minute

Gray

hour

High Efficiency Particulate Air

Half Height ISO (container), (meeting low level waste repository WAC)
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Acronym

HLW
HPA
HRGS
HP
HVAC
HV-VLLW
IAEA
IDS

Ib

ILW
IRWST
IWMS
LLW
LLWR
LOCA
lop

LOS

LP

LRGS
LV-VLLW
m

MAC
MATTE
MCERTS
MCR

mil

MP

MPC
MTU/MWD
NDA
NPP
NRC

LIST OF ACRONYMS AND TRADEMARKS (cont.)

Definition

High Level Waste

Health Protection Agency

High Resolution Gamma Spectroscope (a waste package assay instrument)
High Pressure

Heating, Ventilation, and Air Conditioning

High Volume Very Low Level Radioactive Waste
International Atomic Energy Agency

Class 1E DC and UPS System

pound

Intermediate Level Waste

In-containment Refueling Water Storage Tank
Integrated Waste Management Strategy

Low Level Waste

Low Level Waste Repository

Loss of Coolant Accident

Life of plant

Main Turbine and Generator Lube Oil System
Low Pressure

Low Resolution Gamma Spectroscope (a waste package assay instrument)
Low Volume Very Low Level Radioactive Waste
meter

Maximum Allowable Concentration

Major Accident to the Environment

Monitoring Certification Scheme

Main Control Room

thousandth of an inch

Monitoring Point

Multi-Purpose Canister

Megawatt—days per metric ton of uranium metal
Nuclear Decommissioning Authority

Nuclear Power Plant

United States Nuclear Regulatory Commission
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Acronym

ONR
ORNL
P&I Document

Pa

PCS
PCSR
PGS
ppb
ppm
PSA
psi(aor g)
PWR
PWS
QA
QMS
Radwaste
RCA
RCDT
RCPB
RC
RCS
RHR
RNS
RO

RQ
RWMC
RWMD
RWM
RWS

LIST OF ACRONYMS AND TRADEMARKS (cont.)
Definition

Office for Nuclear Regulation
Oak Ridge National Laboratory

Process and Information Document for Generic Assessment of Candidate Nuclear
Power Plant Designs

Pascal (could be with a preceding letter such as k, M)
Passive Containment Cooling System
Pre-Construction Safety Report

Plant Gas System

Parts per billion

Parts per million

Probabilistic Safety Assessment

pound per square inch (absolute or gauge)
Pressurised Water Reactor

Potable Water System

Quality Assurance

Quality Management System

Radioactive Waste

Radiation Controlled Area

Reactor Coolant Drain Tank

Reactor Coolant Pressure Boundary

Reactor Coolant

Reactor Coolant System

Residual Heat Removal

Normal Residual Heat Removal System
Regulatory Observation (raised by regulators)
Risk Quotient

Radioactive Waste Management Case
Radioactive Waste Management Directorate (predecessor to RWM)
Radioactive Waste Management

Raw Water System

Reactor System
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Acronym

SAP
scfm
SCV
SDS
SEPA
SFS
SG
SGS
SMPP
SQEP
SUDS
SWS
TCS
TEI
TQ
UF
UK
U.S. NRC
VAS
VBS
VCS
VES
VHS
VRS
VTS
VLLW
VTS
VVM
VXS
VWS
VZS

LIST OF ACRONYMS AND TRADEMARKS (cont.)
Definition

Safety Assessment Principle

Standard cubic feet per minute

Secondary Containment Vessel

Sanitary Drainage System

Scottish Environmental Protection Agency

Spent Fuel Pool Cooling System

Steam Generator

Steam Generator System

Secure Military Power Plant

Suitably Qualified and Experienced Persons
Sustainable Urban Drainage System

Service Water System

Turbine Building Closed Cooling Water System
Technology Evolution Index

Technical Query (raised by regulators)
Uncertainty Factor

United Kingdom

United Status Nuclear Regulatory Commission
Radiologically controlled area ventilation system
Nuclear Island Nonradioactive Ventilation System
Containment Recirculation Cooling System
Containment air filtration system

Health Physics and Hot Machine Shop HVAC System
Radwaste Building HVAC System

Turbine Building Ventilation System

Very Low Level Radioactive Waste

Turbine Building Ventilation System

Vertical Ventilated Module

Annex/Auxiliary Building Nonradioactive Ventilation System
Central Chilled Water System

Diesel Generator Building Heating and Ventilation System

UKP-GW-GL-790 XXV1 Revision 7



Westinghouse Non-Proprietary Class 3

List of Acronyms and Trademarks UK AP1000 Environment Report

LIST OF ACRONYMS AND TRADEMARKS (cont.)

Acronym Definition

WAC Waste Acceptance Criteria

WCPD Worst Case Annual Plant Discharges
WGS Gaseous Radwaste System

WHO World Health Organisation

WLS Liquid Radwaste System

WRS Radioactive Waste Drain System
WSS Solid Radwaste System

WWRB Waste Water Retention Basin
WWS Waste Water System

y or yr year

ZIRLO referring to ZIRLO® fuel cladding
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1.0

INTRODUCTION

The United Kingdom (UK) Nuclear Regulators have developed a Generic Design Assessment
(GDA) process for evaluating alternative designs for the next generation of nuclear power
plants (NPPs) to be built in the UK. Westinghouse Electric Company LLC (Westinghouse)
has submitted an application for its AP1000 NPP design to be considered in this process.

As part of this application, Westinghouse has submitted UKP-GW-GL-793, “AP1000 Pre-
Construction Safety Report” (PCSR) (Reference 1-10) as the primary source of technical
information for the NPP design.

This UK AP1000 Environment Report has been prepared to consolidate and summarise the
UK AP1000 NPP waste management and environmental information and to compliment the
PCSR (Reference 1-10) to meet the environmental requirements of the GDA process. This
revision incorporates UKP-GW-GL-060, Revision 10, “AP1000 Design Reference Point for
UK GDA” (Reference 1-19). The report comprises six chapters:

Chapter 1  Introduction

This chapter contains an introduction to the need for new nuclear power and the
nuclear regulators responsible for permitting the new NPPs. The chapter also
includes a description of the relationship between this submittal and other
documentation submitted as part of the GDA process. The chapter contains a
section on the management systems applied to the GDA application.

Chapter 2 Generic Plant Description

This chapter provides an overview of the development, layout, and design
features of the AP1000 NPP that are particularly relevant to the generation of
emissions, discharges, and wastes. The chapter includes information on the
storage of radioactive water and process chemicals.

Chapter 3 Radioactive Waste Management Systems

This chapter contains quantitative information about the radioactive emissions,
discharges, and wastes produced in the AP1000 NPP. The chapter includes a
description of the minimisation and abatement techniques employed.

Chapter 4 Non-Radioactive Waste Management Systems

This chapter contains quantitative information about the non-radioactive
emissions, discharges, and wastes produced in the AP1000 NPP. The chapter
addresses non-radioactive discharges of waste water and cooling water, and
associated discharges of residual chemicals from the required chemical dosing
regimes.

Chapter 5 Environmental Impact
This chapter defines the bounding characteristics of a UK coastal generic site and

provides assumed data that is input into dose assessments for human and
non-human species. The dose assessments for the UK generic site are reported.
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Chapter 6 Environmental Monitoring

This chapter identifies the proposed emission and discharge limits for the
AP1000 NPP and the arrangements for monitoring emissions and discharges
from the generic site.

Chapter 7 Selected Considerations for Specific Sites

For the GDA, it is assumed that the generic site will be occupied by one AP1000
NPP and the information in this Environment Report reflects this case. This
chapter provides a commentary on the relevance of the Environment Report to
sites which may have multiple AP1000 NPP units. Detailed environmental
impact of such sites will be evaluated at the site-specific design stage.

1.1 Need for Nuclear Power

In January 2008, the UK government published “A White Paper on Nuclear Power”
(Reference 1-2) on the future of nuclear power in the UK. The White Paper sets out the
decision the government has taken in response to a consultation on nuclear power. The
consultation considered the following issues:

e nuclear power and carbon emissions

e security of supply impacts of nuclear power
e the economics of nuclear power

the value of having a low-carbon electricity generation option: nuclear
power and the alternatives

the safety and security of nuclear power
transport of nuclear materials

waste and decommissioning

nuclear power and the environment

the supply of nuclear fuel

supply chain and skills implications
reprocessing of spent fuel

The White Paper (Reference 1-2) concluded that:

“The Government believes it is in the public interest that new nuclear power stations should
have a role to play in this country’s future energy mix alongside other low-carbon sources;
that it would be in the public interest to allow energy companies the option of investing in
new nuclear power stations; and that the Government should take active steps to open up the
way to the construction of new nuclear power stations. It will be for energy companies to
fund, develop and build new nuclear power stations in the UK, including meeting the full
costs of decommissioning and their full share of waste management costs.”

The majority of the UK’s nuclear power stations are due to close over the next two decades.
It is appropriate that, as part of a balanced approach to electricity generation, a second phase
of nuclear power station construction is encouraged to help ensure a clean, secure, and
sufficient supply of energy demanded by modern society.
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1.2 Regulatory Bodies
1.2.1 Regulatory Approach

1.2.2

1.2.2.1

1.2.2.2

1.2.3

1.2.4

1.2.5

Regulatory bodies have important roles in the nuclear power program. Their remit is to
ensure that any new nuclear power station built in the UK meets the highest standards of
safety, security, environmental protection and waste management. The following
organisations are involved in the authorisation of new nuclear power stations.

Environmental Regulators
Environment Agency
The Environment Agency (EA) regulates the environmental aspects of NPPs in England:

radioactive waste (radwaste) disposal, including discharges;

abstraction from and discharges to controlled waters, including rivers and estuaries;
the sea and groundwater;

operation of specific “non-nuclear” activities;

assessment and, where necessary, clean-up of contaminated land;

disposal of conventional waste; and

e certain flood risk management matters.

It also has wider responsibilities with regard to Euratom Article 37 requirements concerning
the impact of nuclear sites on other European Union Member States. Operators have to
satisfy the EA that discharges and disposals made into the environment are minimised and
their effects are acceptable, such that people and the environment will be properly protected
throughout the whole lifecycle of the plant, from construction to decommissioning.

Natural Resources Wales

Natural Resources Wales provides the same regulatory function for NPPs in Wales as does
the EA in England.

Office for Nuclear Regulation

The Office for Nuclear Regulation (ONR) grants site licences to the operators of nuclear
power stations. Applicants must satisfy ONR about the safety aspects of the design,
manufacture, construction, commissioning, operation, maintenance, and decommissioning of
the installation, and the management of radwaste on the site, before a licence is granted.

Civil Nuclear Security Division of ONR

ONR'’s Civil Nuclear Security Division (CNS) regulates security at all civil nuclear sites. It
is concerned with physical security of nuclear material, IT security, security of nuclear
material in transit, and vets people who access nuclear sites. CNS requires the holder of a
nuclear site licence to submit a site security plan, which must be approved before nuclear
material arrives on site.

ONR Transport

ONR Transport is the UK Competent Authority for the safe transport of all radioactive
material by all modes. It issues Design and Shipment Approvals for certain package designs.
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1.2.6

1.3

It directly regulates road transport and some aspects of rail transport, and advises/supports the
Civil Aviation Authority and the Maritime and Coastguard Agency in air and maritime
transport matters.

Local Planning Authorities

Local planning authorities have a role in approving the planning applications required for the
nuclear power stations.

The Generic Design Assessment Process

As part of this regulatory role, the EA and ONR (referred to as Nuclear Installations
Inspectorate at the time) proposed that the new nuclear power stations be subject to a
methodical, well-defined, multi-stage assessment and licensing/permitting process. This
process would implement a “pre-authorisation” system for reactor designs to allow generic
designs to be assessed in advance of any application to build a nuclear power station at a
particular location. This process is called the generic design assessment or GDA. It involves
looking at all the design issues separately from the other important factors such as whether
the siting of a new nuclear power station is suitable, or whether the potential operator is
competent.

The GDA process was introduced jointly by the UK nuclear regulators — the ONR, the CNS
(referred to as Office of Civil Nuclear Security at the time), and the EA. The Scottish
Environmental Protection Agency (SEPA) is not taking part in the GDA.

The ONR produced guidance to reactor vendors or vendor/operator partnerships in preparing
a GDA application (Reference 1-3). As part of the GDA process, the ONR and the CNS
carry out a detailed assessment of the safety and security elements of a design, based on a
submission made by the reactor vendor or vendor/operator partnership.

In addition, the EA has issued its “Process and Information Document for Generic
Assessment of Candidate Nuclear Power Plant Designs” (P&l Document) (Reference 1-4),
which describes the information on waste management and environmental issues that the EA
needs to use to perform a generic assessment of new NPPs in England.

The regulators consider that it is important for potential site operators/licensees to be engaged
in the GDA process, as they are required to demonstrate sufficient knowledge of the design
before receiving permission to construct and operate a nuclear power station. The operator
may also wish to be part of the design process to allow the design to be adapted to its
particular needs.

The regulators intend that the GDA process operates in a transparent and open way so that the
documentation provided for the GDA is made available to the public by the Requesting Party,
with the exclusion of sensitive nuclear information and commercially confidential
information.

The regulators make public statements on their progress and interim findings at key stages
during the GDA process, and also publish their technical reports.

When the GDAs are completed, the regulators issue reports on their findings. If the design is
judged to be satisfactory, the regulators issue the following:

e EA: Statement of Generic Design Acceptability
e ONR: Design Acceptance Confirmation
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1.3.1

e (CNS: Generic Conceptual Security Plan approval
The Requesting Party is expected to cooperate with the regulators by:

e Liaising with regulators

e Responding to regulatory issues

e Providing additional information as requested
e Responding to public comments

When applications are made for site-specific permissions (nuclear site licence, environmental
authorisations and permits, and security plan approval), the regulators follow their existing
procedures. Where these site-specific applications are based on a design that has undergone
GDA, the regulators take full account of the work that they have already carried out and the
advice that they have provided. It is expected that following a GDA, the regulatory bodies
would typically be involved as follows:

e EA —for site-specific applications, the EA will take full account of the detailed design of
the proposed station, including any changes since GDA, and generally focus on local
impacts associated with the permissions sought and the suitability of the potential
operator. Potential operators will need to address exclusions or caveats from the GDA
process.

e ONR - will focus their licensing assessment on those site-specific issues that have
consequences for the safety of the station and matters relating to the organisational
structure and capabilities of the potential operator.

e (CNS - will require the security plan to be taken forward and developed into a site
security plan that could be considered for approval of material that is brought to the site.
A construction security plan, that builds upon the conceptual security plan of the
intended location and articulates how this will be developed into the site security plan,
will be required to be approved by CNS before construction activities begin.

Westinghouse AP1000 NPP Generic Design Assessment — Overview of Documentation

Westinghouse is seeking approval to have an AP1000 NPP simplified, passive advanced light
water reactor plant built in the UK. The general plant description is included in Chapter 1 of
the PCSR (Reference 1-10). The AP1000 NPP design has been incorporated into the United
States Nuclear Regulatory Commission’s (U.S. NRC’s) Design Certification Rule for the
AP1000 NPP design, Section II.A of Appendix D to 10 Code of Federal Regulations (CFR)
Part 52. However, to show compliance with the UK regulations, additional information on
the AP1000 NPP is required.

The EA reviewed previous Westinghouse submittals, including the European DCD
(Reference 1-1) against its “Process and Information Document for Generic Assessment of
Candidate Nuclear Power Plant Designs” (Reference 1-4), and “Generic Design Assessment
— Regulatory Issue RI-AP1000-0001” (Reference 1-5) was raised to provide guidance on the
additional information needed.

In December 2008, Westinghouse responded by issuing Revision 1 of the “UK AP1000
Environment Report” (Reference 1-6) to supplement the European DCD and to provide the
additional information required. The Environment Report has been reviewed by the EA and
ONR who issued regulatory queries (previously referred to as technical queries, TQs) and
regulatory observations (ROs) which required further response or clarification from
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Westinghouse. This report addresses the regulatory queries and ROs raised by the EA and
ONR. The document was substantially restructured to present the information by subject
rather than by the P&I Document (Reference 1-5). This is intended to make the information
more accessible to the public.

Table 1.3-1 is attached to help readers understand where the information requested by the EA
in their P&I Document is addressed.

This report forms part of the 2017 design reference point for the GDA of the AP1000 plant
(Reference 1-19).

1.3.2 Relationship to Integrated Waste Management Strategy

The EA has requested the production of an integrated waste management strategy (IWMS)
for the wastes generated by the AP1000 NPP. UKP-GW-GL-054, “UK AP1000 Integrated
Waste Strategy” (Reference 1-7), has been produced and will be referenced throughout this
Environment Report to provide details of the recycling, treatment, and disposal of radioactive
and non-radioactive solid wastes, liquid waste, and gaseous waste.

1.3.3 Relationship to Radioactive Waste Management Case

The UK Regulators have also requested that a radioactive waste management case (RWMC)
is prepared for the AP1000 NPP waste treatment systems. An RWMC has been prepared for
the AP1000 NPP which demonstrates the long-term safety and environmental performance of
the management of specific Intermediate Level Waste (ILW) (Reference 1-8) and High Level
Waste (HLW) (Reference 1-9) from their generation, conditioning, storage, and disposal.
These documents hold information that is relevant to the Environment Report and vice versa.

14 Management System
14.1 Westinghouse Management System

The management system used in preparation of the Environment Report is also used in
preparing other documentation supporting the UK GDA of the AP1000 NPP. These other
documents include:

e AP1000 PCSR (Reference 1-10). The PCSR includes a similar description of the
Management System.

e UK AP1000 Integrated Waste Strategy (Reference 1-7)

e UK AP1000 Radioactive Waste Management Case Evidence Report for Intermediate
Level Waste (Reference 1-8)

e UK AP1000 Radioactive Waste Management Case Evidence Report for High Level
Waste (Reference 1-9)

It is the Westinghouse Policy to design, produce, market, and distribute products and services
and to conduct operations in an environmentally sound, socially responsible manner. We
consider the impact our actions may have on the environment and the health and safety of our
employees, subcontractors, customers, and public (Reference 1-11). Westinghouse is
committed to the integration of environmental, health and safety (EHS) into the design
process, as well as during construction and commissioning. Implementation of the Policy is
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through the “Westinghouse Environmental, Health and Safety Management System”
(Reference 1-12).

The Westinghouse Electric Company “Quality Management System” (Reference 1-13) has
been developed to comply with regulatory, industry, and customer quality requirements
imposed by customers or regulatory agencies for items and services provided by
Westinghouse world-wide operations. The Quality Management System (QMS) describes
the Westinghouse commitments to the quality assurance (QA) requirements of ISO 9001;
10CFR50, Appendix B; and ASME NQA-1.

Westinghouse, headquartered in Cranberry Township, Pennsylvania, U.S.A., has operations
located throughout the world that are responsive to energy industry, utilities, and government
needs. Westinghouse operations are made up of organisations that are responsible for
specific business areas. These operational organisations are responsible for marketing,
design, procurement, manufacture, installation, inspection, testing, servicing, project
management, and operation of certain NPP items, radioactive material packaging and
transportation, and non-nuclear items. Westinghouse also offers engineering services such as
life-extension studies, diagnostics, service analyses, and item and service testing. The New
Plants & Major Projects Business Unit is responsible for designing and licensing the AP1000
NPP.

The QMS applies to activities that affect the quality of items and services supplied by
Westinghouse. It defines the basic requirements applicable to customer contracts and is a
commitment to our customers. It serves as a directive for all functions in establishing
necessary policies and procedures that comply with the requirements of ISO 9001; 10CFRS50,
Appendix B as applicable for safety-related activities; and ASME NQA-1.

Westinghouse implements all applicable requirements of the QMS for all safety-related items
and services. Westinghouse implements those requirements of the QMS consistent with
ISO 9001 for items and services that are not safety-related, as a minimum.

An inspection conducted by UK regulators from 31 March to 3 April 2009 found that
Westinghouse uses a well-developed set of quality processes that include sub-tier procedures
that are periodically reviewed and audited. Joint MSQA Inspections were conducted with the
ONR during GDA Step 4 in July and December 2010. In the Step 4 report, ONR-GDA-AR-
11-013, the UK Regulators stated, “From a MSQA view point, the Westinghouse AP1000
NPP design is suitable for construction in the UK”. The work for GDA is guided by UKP-
GW-GAH-001, “Project Quality Plan for UK Generic Design Assessment (GDA) Issue
Resolution” (Reference 1-14) and procedures.

Safety-related items, services, and activities are those that may impact those NPP structures,
systems, and components that are relied upon to remain functional during and following
design basis events to assure: 1) the integrity of the reactor coolant pressure boundary
(RCPB), 2) the capability to shut down the reactor and maintain it in a safe shutdown
condition; or 3) the capability to prevent or mitigate the consequences of accidents which
could result in potential offsite exposures comparable to the applicable guideline exposures
set by the governing regulatory agency, if applicable. In addition, safety-related items,
services, and activities may be those defined by a governing regulatory agency or contract.

Project Quality Plans, for example, the Project Quality Plan for the UK GDA, may be
developed to supplement the requirements of the QMS and provide for specific contractual
requirements and alternate QA standards when necessary.
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Westinghouse complies with the regulatory requirements applicable to the items and services
it provides for use in NPPs, as imposed by the governing regulatory agency.

The Project Quality Plan for the UK GDA (Reference 1-14) establishes the Project QA Plan
and defines the QA objectives for the conduct of activities to be performed by Westinghouse
related to the GDA of the AP1000 NPP and supporting licensing activities in the U.K. Work
performed by Westinghouse shall be performed in accordance with the QMS described
above. It is the policy of Westinghouse to provide accurate and reliable information to fully
satisfy the EA and ONR and regulatory requirements. This Project QA Plan for the UK
delineates the QA requirements that Westinghouse uses to meet its stated objectives for
providing the necessary technical information and documentation for the EA and ONR to
conduct a complete GDA of the AP1000 NPP design. Activities affecting quality are
documented in accordance with Westinghouse manuals, procedures, instructions,
specifications, and drawings that contain appropriate information to accomplish prescribed
activities in a complete and satisfactory manner.

The Management of Safety starts at the senior level of an organisation, expressed in terms of
a safety policy committing the organisation to objectives, actions, and behaviours that will
deliver effective safety through all phases of plant life. The policy provides organisational
commitment to continuous safety improvement. Safety management permeates the whole of
the organisation as evidenced by an effective safety culture.

1.4.2 Licensee’s Management System
14.2.1 Intelligent Customer

Westinghouse has an established organisational structure and arrangements to deliver
effective safety management up to the end of its input to the GDA, and during subsequent
plant construction and commissioning prior to handover to the Operating Organisation.
Thereafter, the Operating Organisation’s Licensee will assume the responsibility for safety
and environmental management of the operating power station through the operating life and
eventual decommissioning of the plant. The Westinghouse organisational structure,
processes, and competences to control the design have the attributes of a Design Authority in
the context of the GDA.

Licensees of the Operating Organisation will possess the characteristics of an Intelligent
Customer. The ONR has published a Technical Assessment Guide (Reference 1-15) that
provides guidance on the required attributes of an Intelligent Customer. This guidance
signposts the specific parts of the Safety Assessment Principles (SAPs), the Licence
Conditions, and International Atomic Energy Agency (IAEA) documentation that are relevant
to the Intelligent Customer role.

The Intelligent Customer should:

e  Understand the safety requirements of all their activities relevant to safety including
those of its contractors and to take responsibility for managing their safe operation.

e  Understand their duties under the law with respect to safety.
e  Set, interpret, and deliver safety standards relevant to their nuclear operations.

e Have sufficient breadth and depth of knowledge and experience to understand the safety
envelope of their plant(s) and the nuclear safety hazards represented.
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1.4.2.2

1.4.2.3

e Understand and support all aspects of the safety case/report and the facility operation
over the full facility lifetime — including, where necessary, decommissioning and
disposal.

e Know where and when to seek advice and, on receipt of this advice, understand the
implications for safety.

e  Maintain and develop the corporate memory with an ability to readily extract nuclear
safety-related business intelligence.

o Ensure adequate numbers of Suitably Qualified and Experienced Persons (SQEP) are
available to make safety judgments.

The Licensee must develop an organisational baseline which will ensure that the Licensee
operates as an Intelligent Customer and the Licensee is capable of exerting proper controls of
contractors’ activities. The proper implementation of the above attributes will ensure that this
is achieved.

Pre-Construction Design and Safety Case Consolidation

The GDA Safety Case, and the associated design which receives a Design Acceptance
Certificate (DAC) from the regulator (including exclusions and conditions), will be the basis
for the Site-Specific Safety Case.

The Licensee may wish to make alterations to the GDA design prior to (and possibly even
during) construction and commissioning. This will require a defined design modification
process as well as alterations to the safety case. The management arrangements (both
Westinghouse and Licensee) will clearly state that the Licensee is responsible for these
processes to ensure the safety of any such changes. The Licensee is expected to have an
acceptance process before any changes that could affect safety or the environment are put
into effect. The relationship between Westinghouse and the Licensee will require
Westinghouse to provide any information and support to the Licensee to enable them to make
informed decisions and to be able to present the case for change knowledgeably to the
regulators. In this case, clear and effective lines of communication are to be defined.

The Licensee will take full responsibility for ensuring that Westinghouse is fully informed as
to all aspects of the EHS significance of any work which Westinghouse might be asked to do
in this context, and this should be fully incorporated in the Licensee’s management
arrangements.

Construction

During the construction phase, responsibility for safety and the environment will rest with the
Licensee (and Westinghouse). The Licensee will also have to implement arrangements to
ensure full compliance with the legal regulations such as the Construction (Design and
Management) (CDM) Regulations (Reference 1-18).

The management arrangements for any design modifications will be similar to these
described in subsection 1.4.2.2 above and will be documented in the management
arrangements of the Licensee and Westinghouse. The Licensee will require adequate quality
arrangements to be in place to manage testing and inspection requirements during
construction. During manufacturing, appropriate contractor quality arrangements need to be
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1.4.2.4

1.4.2.5

1.4.3

1.4.3.1

in place so that the Licensee can ensure that safety, reliability, and environmental targets are
achieved.

Operation

Westinghouse will make clear in the GDA safety documentation its initial identification of
those operational constraints and requirements which will be needed to operate the plant
safely and to protect the environment. The GDA safety documentation will also define the
limiting conditions of operation, the expectations from the structures, systems, and
components, and the necessary testing and maintenance. The GDA safety documentation
will reflect the role of the operator insofar as this affects safety and the environment.

Westinghouse expects the prospective Licensee to utilise this information during the
Licensee’s determination of technical specifications and operating rules. Westinghouse also
expects the Licensee to utilise this information in developing their Station Operating
Instructions.

During operation, Westinghouse will provide services that the Licensee may need to operate
their plant safely. In addition, Westinghouse will encourage and assist the Licensee to ensure
that they have management arrangements in place to maintain in-house core competences
which will permit them to demonstrate competence as a Licensee. It will be the Licensee’s
responsibility to ensure that the essential services they require to maintain safety and the
environment continue to be available either from Westinghouse or an alternate supplier if
Westinghouse is unable or unwilling to provide such support.

Decommissioning

Only high-level reference will be made to management arrangements for decommissioning in
this report. = More details can be found elsewhere in the GDA documentation
(Reference 1-16). It is anticipated that knowledge transfer and the management arrangements
developed to support operation will provide the foundations of the arrangements required for
the decommissioning process. However, a review of this will be carried out during the
creation of the operational management arrangements to ensure that this is true. It is expected
that the decommissioning arrangements will be reviewed every five years, consistent with the
review of site specific Funded Decommissioning and Waste Management Plans.

Westinghouse Support to a Licensee’s Management System

Any contract between Westinghouse and a prospective Licensee is expected to define the
tasks and the interrelation between the organisations. The management arrangements and the
related communication processes between the Licensee and Westinghouse have to be agreed
within this framework.

Design Authority

The GDA process requires that the Licensee of the Operating Organisation establishes a
Design Authority, and that arrangements are put in place that ensure that sufficient
information is transferred from the Design Organisation to the Licensee such that it can
function as an effective Design Authority. The Licensee Design Authority is a key
component of the Intelligent Customer organisation.

In the context of the AP1000 NPP introduction to the UK, Westinghouse has processes in
place that ensure that design and operational knowledge is transferred to the Licensee of the
Operating Organisation to permit it to perform as an Intelligent Customer. These processes

UKP-GW-GL-790 10 Revision 7



Westinghouse Non-Proprietary Class 3

1.0 Introduction UK AP1000 Environment Report

include the provision of design information and comprehensive training and education
programmes such that the Licensee can establish a credible Design Authority.

The Design Authority may not be bounded by the Operating Organisation and may include
inputs from external bodies, particularly the Design Organisation, Westinghouse. In the
Intelligent Customer role, the Licensee will show that it can maintain continuity of the
necessary engineering skills and knowledge, access to appropriate research, and control
intellectual property issues such that it can demonstrate full control of the plant independent
of any changes in the external contracting environment.

The future Licensee of an AP1000 NPP is likely to join and to contribute to the AP1000
Owners Group and the Pressurised Water Reactor Owners Group (formerly the Westinghouse
Owners Group) which provides a focus for information, services, and development
programmes from which Owners and Licensees of AP1000 plants can benefit. The group is
coordinated centrally by Westinghouse. The services provided by the group include the
optimisation of Technical-Specifications, performance improvements, and access to a
common knowledge base of plant and licensing issues.

1.4.3.2  Life Cycle Support

Generally, throughout all phases of the plant life cycle, the key areas for interface with the
site Licensee are expected to include the following:

e  Westinghouse’s intention is to work closely with the Licensee, providing all necessary
technical information to enable the development of the safety cases and all other
essential operating documentation, including emergency arrangements and maintenance
schedules.

e  Westinghouse is expected to demonstrate to the Licensee the adequacy of its
management arrangements to support safety, the environment, and the quality of the
plant.

e  Westinghouse will work with the Licensee to support the production of a comprehensive
Licensee quality management system insofar as the safety and environmental aspects of
operation of the Westinghouse AP1000 NPP design are concerned.

e  Westinghouse expects the Licensee to have a document management system that ensures
appropriate records are retained. Westinghouse will support the Licensee in transferring
AP1000 NPP information into their document management system.

e  Westinghouse will identify the aspects of the design that need special consideration from
a security point of view and will relay them to the Licensee. Whilst these will not
explicitly be identified in the management arrangements, a requirement to transfer such
information will be included in the Westinghouse management arrangements as will an
undertaking to support the Licensee in any discussions with CNS.

e  SQEP from within both the Licensee’s organisation and Westinghouse will work to their
own respective management systems to support safety and the environment. However,
where the Licensee has a high dependency on individual contractors (e.g., Westinghouse
staff) to support safety or the environment, the Licensee is expected to have processes
for ensuring the competency of contractor staff. All contracted SQEP personnel
(Westinghouse, other) will work according to the Licensee’s management system.
Where this is done, it will be clearly communicated and agreed upon between both
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1.4.3.3

parties.  Westinghouse will cooperate with the Licensee in demonstrating the
competency of its staff for their assigned roles. Westinghouse expects that the Licensee
will secure an independent review of proposals prior to submission to the regulators
(e.g., through appropriate Independent Nuclear Safety Assessments and Nuclear Safety
Committee arrangements).

There is an overview of lifetime management arrangements in the Life Cycle Safety Report
(Reference 1-11).

Knowledge Transfer and Competence Retention

On a contractual basis, Westinghouse will support the Licensee to ensure that their
knowledge of the aspects of the design which affect each of these topics is transmitted in an
effective and appropriate way.

Arrangements for knowledge transfer will be defined and discussed in detail with prospective
Licensees. The process will be applied throughout the stages leading up to and beyond the
start of operation. These will include, but are not be limited to:

e  Programme and processes (GDA, for construction and operation)

e  Technical knowledge of the plant systems, staffing, and related competences
e  Arrangements for training

e  SQEP arrangements and competence retention

e Arrangements for experience feedback (construction, commissioning, operation/project
management, and communication)

The ability of the Licensee to satisfy the safety and environmental requirements of the site
licence shall be demonstrated via the safety management prospectus. This may be one
document which embraces safety, environment and security, or it may be split according to
the Licensee’s preference. As required, Westinghouse will assist to ensure that such a safety
management prospectus is created and maintained. In addition, Westinghouse will advise
and assist in the creation of a Licensee’s nuclear baseline, whereby it can demonstrate the
adequacy of its organisational structure, staffing, and competences to maintain safety. This
will be based on requirements from the operator to support safety and the environment.

Knowledge transfer will be systematically carried out starting from the arrangements in place
during the GDA process. One such method already in place during the GDA is the
involvement of the utilities in the safety and environmental document specification and
review process.

Once a site has been selected, Westinghouse will provide the utility with all necessary
technical, safety, and environmental input to prepare a site-specific PCSR and Environment
Report.

During the GDA, pre-construction, construction, commissioning, and operational stages,
Westinghouse will engage with the Licensee in respect of the Learning from Experience
processes which Westinghouse has in place. The Learning from Experience processes will
benefit from the plants being constructed in China and the USA. The requirements to alert
and involve Licensees in the discussion and resolution of learning events, which have
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relevance to safety or the environment, will be built into the Westinghouse management
arrangements.
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2.0

2.1

2.2

2.2.1

GENERIC PLANT DESCRIPTION
General Facility Information

The GDA site consists of one AP1000 NPP on a coastal site. During its operating and
decommissioning life, an AP1000 NPP will generate solid waste, liquid discharges, and
gaseous emissions. To assist in understanding the sources the AP1000 NPP is described
below.

The AP1000 NPP is designed to provide net electrical power to the grid of at least
1000 MWe. The overall goal is plant availability of greater than 90 percent considering all
forced and planned outages. The plant design objective is 60 years without the need for
replacement of the reactor vessel, although the design provides for the replacement of other
major components, including the steam generators.

Westinghouse has received standard design certification from the U.S. NRC for the AP1000
NPP design.

Development of the AP1000 NPP

The history of the development of the AP1000 NPP design has been previously documented
(Reference 2-1). Throughout the design process, consideration has been given to safety,
environmental protection, and waste minimisation through concepts comparable to the
UK regulatory principles of As Low as Reasonably Practicable (ALARP), Best Available
Techniques (BAT), and the waste management hierarchy.

Design Principles — Safety & Simplicity

The AP1000 NPP design is founded upon rigorously holding to a few inviolate safety
principles:

1. No alternating current (ac) power is required to perform any safety function. This
includes the three key safety functions of:

e  stopping the nuclear reaction
e removing the decay heat
e maintaining reactor coolant water inventory

and other safety functions such as:

e  spent fuel pit cooling
e main control room (MCR) habitability
e beyond design basis security-related mitigation features.

2. The fission product barriers of the fuel clad, the reactor vessel and coolant system, and
the containment vessel are maintained. The containment vessel is an ideal barrier
against radioactive releases to the environment. To transfer decay heat out of the core,
natural, non-pumped mechanisms like natural circulation, evaporation, conduction,
convection, and condensation are used.

3. Core damage frequency and large release frequency, as calculated by a robust
probabilistic safety assessment (PSA), are minimised, by designing out failure modes in
lieu of designing in mitigation features.
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2.2.2

Another underlying philosophy of the AP1000 NPP design process is that the best path to
safety is through simplicity. For example, in operating plants today the reactor coolant
pumps use a controlled coolant leakage system for establishing a seal on the reactor coolant
pump shaft. This shaft seal is a potential source of excessive leakage of reactor coolant.
Shaft seal failure mitigation features and Class 1 responses to excessive leakage must be
provided for these plants. In the AP1000 NPP, the shaft seals are eliminated altogether
through the use of wet winding pumps. Another example is the methods of post-accident
core decay heat removal. Operating plants today use a variety of systems to take reactor
coolant out of containment, cool it down, and return it to the core. This creates a number of
potential reactor coolant release scenarios, each requiring a mitigation strategy. In AP1000
NPP, reactor coolant remains within containment and only decay heat energy is transferred
out of containment. The only remaining containment bypass, reactor coolant release
scenarios are the highly unlikely leak in-containment itself and the unlikely steam generator
tube leak.

In addition to the design objectives of safety first and no ac power for Class 1 functions, the
AP1000 NPP design process included making constructability, reliability, operability, and
maintainability part of the design.

This approach ultimately results in a plant design that is safe, because it is simple and the
objectives of lowest hazard to the public and operators, lowest risk, and lowest cost are
achieved as by-products of the process.

Detailed discussion of the AP1000 NPP design safety case can be found in UKP-GW-GL-
793, “AP1000 Pre-Construction Safety Report” (Reference 2-2).

Development of the AP1000 NPP Design

The design of the AP1000 NPP is a development of the AP600 design (References 1-17
and 2-1). The AP600 design incorporated the simple safety systems evolved for the Secure
Military Power Plant (SMPP) originally developed for the United States Air Force. These
simple safety systems included a plant driven by natural forces to perform the safety
functions of shutting down the reactor, keeping it cool, and containing its coolant.

The design process used throughout the development of SMPP/AP600/AP1000 NPP is to
create a safe NPP with costs, radiation exposures, and radioactive discharges ALARP.

The development of the AP600 was a large design and licensing effort to produce the safest,
simplest, least expensive NPP on the world market. However, other nuclear plants were not
AP600’s competition, other non-nuclear power stations were. In particular, natural gas plants
were the economic plants of choice in the United States. In order to compete against natural
gas plants at the time, the AP600 would have to lower its cost per megawatt by over
30 percent. To lower its cost by eliminating any more systems, structures, or components
would lessen its safety margins and increase its risk to the public. Obviously, this approach
was rejected. Instead, it was decided to raise the power level of the design without raising the
overall plant price an equivalent amount to drive the cost per megawatt down so that the cost
of electricity generated by a nuclear plant could compete with natural gas plants.

This design power increase needed to be constrained to reap the benefits of the design and
licensing effort already invested in the AP600 design. The constraints included:

1. Safety first — maintain large margins to safety limits
2. Maintain passive nature of all safety functions
3. Maintain no operator actions for safety functions
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4. Maintain use of proven components and technology
5. Do not change the plant footprint and lose layout and analysis already completed
6. No design impacts unrelated to power
7.  Minimise design impacts. The resulting AP1000 NPP design met cost goals while

2.3

2.3.1

changing only those features necessary to increase power and maintain safety margins.
The nuclear island footprint remained unchanged by adding height to the reactor vessel
and containment vessel while maintaining their diameters.

External Appearance and Layout

A schematic of the AP1000 NPP is shown in Figure 2.3-1. The site and plant layout are
illustrated in Figure 2.3-2. The location of the functional components of the AP1000 NPP
power generation complex is shown in Figure 2.3-3.

Each AP1000 NPP unit is composed of the following principal building structures, each
constructed on their own individual foundation slabs.

Nuclear Island

The nuclear island comprises the containment building, shield building, and auxiliary
building:

e The containment building is a freestanding cylindrical steel containment vessel with
elliptical upper and lower heads. The containment building provides shielding for the
reactor core and the reactor coolant system (RCS) during normal operations. The
containment building houses the RCS and other related systems and provides a high
degree of leak tightness. It provides containment of the releases of airborne radioactivity
following postulated design basis accidents.

e  The shield building is the reinforced concrete structure that surrounds the containment
vessel. During normal operations, a primary function of the shield building is to provide
shielding for the containment vessel and the radioactive systems and components located
in the containment building. Another function of the shield building is to protect the
containment building from external events. The shield building protects the containment
vessel and the RCS from the effects of tornadoes and tornado produced missiles.

e  The auxiliary building houses and protects Class 1 mechanical and electrical equipment
located outside the containment building, including the MCR. The auxiliary building
also provides an area for handling and storage of new and spent fuel, ion exchange
columns and liquid radwaste system (WLS) components. The auxiliary building rail car
bay is used to accommodate the ILW stabilisation equipment when ILW is being treated
(see subsection 3.5.7.2).

The nuclear island structures are designed to withstand the effects of natural phenomena such
as hurricanes, floods, tornados, tsunamis, and earthquakes without the loss of capability to
perform safety functions. Further details are found in Chapter 12 of the PCSR
(Reference 1-10).
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2.3.2

2.3.3

2.34

2.3.5

2.3.6

2.3.6.1

Turbine Building

The turbine building is a steel column and beam structure. The turbine building houses the
main turbine, generator, and associated fluid and electrical systems. It provides weather
protection for the laydown and maintenance of major turbine/generator components. The
turbine building also houses the makeup water purification system. No Class 1 equipment is
located in the turbine building.

Annex Building

The annex building is a combination of reinforced concrete and steel-framed structure with
insulated metal siding. The annex building provides the main personnel entrance to the
power generation complex. It includes access ways for personnel and equipment to the clean
areas of the nuclear island in the auxiliary building and to the radiological control area. The
building includes the health physics facilities for the control of entry to and exit from the
radiological control area as well as personnel support facilities such as locker rooms.

The annex building also contains the non-Class 1 electric power systems, the ancillary diesel
generators and their fuel supply, other electrical equipment, the control support area, and
various heating, ventilating, and air conditioning systems.

Diesel Generator Building

The diesel generator building is a single-story, steel-framed structure with insulated metal
siding. It houses two identical diesel generators separated by a three hour fire wall. These
generators provide backup power for plant operation in the event of disruption of normal
power sources. No Class 1 equipment is located in the diesel generator building.

Radwaste Building

The radwaste building includes facilities for dealing with low level waste (LLW) produced
during the operation of the AP1000 NPP. The building is used for the sorting and
conditioning or treatment of various categories of LLW prior to processing, and transfers to
shipping and disposal containers (see subsection 3.5.7.1).

Six liquid waste monitor tanks are located within the radwaste building. These tanks contain
processed effluents which are ready for release to the environment. The liquid radwaste
processing areas are designed to contain any liquid spills. These provisions include a raised
perimeter and floor drains that lead to the WLS waste hold-up tanks.

The radwaste building is used to store the mobile ILW waste stabilisation equipment when
not in use (see Figure 3.5-9).

Radioactive Waste Stores
LLW Store
The LLW store is a non-seismic building with sufficient space to accommodate two years of

LLW production. It is located within the boundary of the licensed site to the rear of the
radwaste building.
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2.3.6.2

2.3.6.3

2.3.7

24

ILW Store

The ILW store for the generic site is a reinforced concrete structure that can be extended at
suitable intervals to suit new ILW arisings. Initially, the ILW store will be
33 m (110 feet (ft)) long, 13.5 m (44.3 ft) wide, and 14 m (46 ft) high (externally) and has
walls 1 m thick. The ILW store facility incorporates a package receipt area and assay
equipment and shielded vault serviced by a certified nuclear crane. Additionally, office and
administration space is provided for real time record keeping, as well as an equipment room
that houses heating, ventilation, and air conditioning (HVAC), and small electrical and
mechanical equipment. Extension to the store will be sized to suit future waste arisings and
are expected to be added in 20-year increments.

The ILW store is located within the confines of the licensed site in an area large enough to
accommodate future extensions of the store. The location has been selected to minimise the
transportation distances between the auxiliary building and the ILW store and to facilitate
safe transfer of waste.

Dry Spent Fuel Store

The spent fuel store for the generic site is a seismically qualified facility and comprises spent
fuel flasks, flask loading equipment within the AP1000 NPP, a suitable transport vehicle, and
below ground storage cells.

The spent fuel store is also located within the confines of the licensed site and retains the
potential for future extension of the store. The location has been selected to minimise the
transportation distances between the auxiliary building and the spent fuel store and to
facilitate safe transfer of waste.

Other Buildings and Structures

Additional plant structures include warehouses, administration/office buildings, and the
switchyard and transmission towers. At coastal sites, the circulating water systems (CWS)
uses once through direct seawater cooling systems with appropriate seawater intake and
discharge structures. The exact layout of these seawater cooling structures will be site
specific.

The overall plant arrangement for an AP1000 NPP is such that building configurations and
structural designs minimise the building volumes and quantities of bulk materials (concrete,
structural steel, rebar) consistent with safety, operational, maintenance, and structural needs
to provide an aesthetically pleasing effect. Natural features of the site are preserved as much
as possible and are utilised to reduce the station’s impact on the environment. Landscaping
for the site, areas adjacent to the structures and in the parking areas blend with the natural
surroundings in order to reduce visual impacts.

Reactor Power Conversion System

The AP1000 NPP reactor power conversion system comprises a single reactor pressure
vessel, two steam generators, and four reactor coolant pumps for converting reactor thermal
energy into steam. A single high-pressure turbine and three low pressure turbines drive a

single electric generator.

A simplified diagram of the reactor power conversion system is shown in Figure 2.4-1.
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24.1

24.2

Reactor

The AP1000 NPP reactor contains 157 mechanically identical fuel assemblies. Each fuel
assembly consists of 264 fuel rods in a 17 x 17 square array. There is substantial operating
experience with this type of fuel assembly.

The fuel rods consist of ZIRLO® tubing containing cylindrical pellets of sintered uranium
dioxide enriched in U-235. The ZIRLO tubing is plugged and seal-welded at the ends to
encapsulate the fuel. An axial blanket comprised of fuel pellets with reduced enrichment may
be placed at each end of the enriched fuel pellet stack to reduce the neutron leakage and to
improve fuel utilisation.

The reactor core is cooled and moderated by light water at a pressure of 15.5 MPa
(2250 psia). Soluble boron in the moderator/coolant serves as a neutron absorber. The
concentration of boron is varied to control reactivity changes that occur relatively slowly,
including the effects of fuel burn-up. Burnable absorbers are also employed in the initial
cycle to limit the amount of soluble boron required, and thereby maintain the desired negative
reactivity coefficients.

Some spaces of the 17x17 fuel rod array contain guide tubes in place of fuel. These guide
tubes house instrumentation and accommodate either rod cluster control assemblies or gray
rod cluster assemblies, both of which provide in-core reactivity control. Gray rods and
control rods assist primarily in controlling core power distribution. Gray rods and control
rods can also control reactivity to compensate for minor variations in moderator temperature
and boron concentration during power operations. They can also assist in compensating for
reactivity changes caused by power level and xenon changes during load following transients
without the need for changing boron concentration.

Normally, the reactor will operate approximately 18 months between refuelling;
accumulating a cycle burn-up of approximately 21,000 megawatt—days per metric ton of
uranium metal (MWD/MTU). However, a maximum fuel rod average burn-up of
62,000 MWD/MTU has been established.

Refer to Chapter 6 of the PCSR for detailed information regarding the reactor design
(Reference 1-10).

Steam and Power Conversion System

The design of the major components required for power generation such as the steam
generators, reactor coolant pumps, fuel, internals, turbine, and generator is based on
equipment that has successfully operated in power plants.

The steam and power conversion system is designed to remove heat energy from the RCS via
the two steam generators and to convert it to electrical power in the turbine-generator.

The reactor is connected to two steam generators via two primary hot leg pipes and
four primary cold leg pipes. A reactor coolant pump is located in each primary cold leg pipe
to circulate pressurised reactor coolant through the reactor core. The coolant flows through
the reactor core, making contact with the fuel rods containing the enriched uranium dioxide
fuel. As the coolant passes through the core, heat from the nuclear fission process is
transferred from the fuel rods to the coolant. The heat is transported to the steam generators
by the circulating reactor coolant and passes through the steam generator tubes to heat the
feedwater from the secondary system. Reactor coolant is pumped back to the reactor by the
reactor coolant pumps, where it is reheated to start the heat transfer cycle over again. Inside
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the steam generators, the heat from the primary system is transferred through the tube walls
to convert the incoming feedwater from the secondary system into steam. The steam is
transported from the steam generators by the main steam piping to drive the high-pressure
and low-pressure turbines connected to the electric generator. After passing through
three low pressure turbines, the steam is condensed back to water by cooled water circulating
inside the tubes of three main condensers. The heat rejected in the main condensers is
removed by the CWS. The condensate is then preheated and pumped back to the steam
generators as feedwater to repeat the steam cycle.

For detailed information regarding the steam and power conversion system refer to Chapter 6
of the PCSR (Reference 2-2).

Turbine Generator

The turbine generator system converts the thermal energy of the steam flowing through the
turbine into rotational mechanical work, which rotates a generator to provide electrical
power. The turbine-generator has an output of approximately 1,200 MW for the thermal
output of the Westinghouse nuclear steam supply system of 3,415 MWt.

Engineered Safety Features

Engineered safety features protect the public in the event of an accidental release of
radioactive fission products from the RCS. The engineered safety features function to
localise, control, mitigate, and terminate such accidents and to maintain radiation exposure
levels to the public below applicable limits and guidelines. A basic premise of the AP1000
NPP design is to maintain safety and respond to accidents without reliance on ac power.

A detailed description of the safety features can be found in the PCSR (Reference 2-2).
Best Available Techniques (BAT) Applicable to AP1000 Reactor Design

Over the 15 years of design duration of the AP1000 NPP and AP600, there were many design
decisions that reinforced the concept of safety through simplicity, ALARP, and BAT
(Reference 2-3). Examples of the decisions that relate to waste minimisation, waste
generation, and waste disposal are identified below.

Reduction of Containment Penetrations

Penetrations through the containment are designed to be leak-tight assemblies allowing pipes
and cables to pass through the leak-tight containment vessel boundary. Very often, in
previous designs, they are the sites of small leak paths.

One of the fundamental design objectives for passive cooling of the AP1000 NPP is to isolate
containment during a design basis accident with no ac supply so that only energy passes
through the containment boundary, not fluids. This minimises the number of penetrations
and reduces design, inspection and maintenance burdens, and therefore, waste arisings that
could result from these activities.

Penetrations have been minimised by implementation of a variety of innovative techniques:
e Service systems in containment, for example, component cooling water or compressed

air are split and routed inside containment resulting in only one supply or return
penetration for each service.
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e Some intermittent services with common fluids share common penetrations. For
example, both chilled water and hot water heating services to HVAC in containment
share common penetrations since they won’t be used at the same time. The fire
protection water and containment spray supply systems also share a common
penetration.

e Instrumentation and control penetrations are reduced by taking advantage of digital data
highway technology. Multiplexing cabinets are located such that instrumentation and
control signals share a common highway penetration in lieu of multiple individual signal
penetrations.

The minimisation of containment penetrations reduces the risk for containment leakage and
public or operator radiation exposure and minimises the potential of waste generation from
this source.

Reactor Coolant Pump Selection

The function of the reactor coolant pump is to deliver adequate cooling water for power
operations and for accident shutdown situations. The classic type of reactor coolant pump is
a shaft seal pump. It can be made large and can have high hydraulic and electrical
efficiencies; however, shaft seals are prone to leakage and associated liquid effluent
production. Alternatives considered included direct current (dc) powered safety pumps,
canned motor pumps, wet winding pumps, no pumps (natural circulation), and others.

In the UK AP1000 NPP, hermetically sealed wet winding pumps have been selected to
eliminate the potential for reactor coolant leakage from shaft seals. This decision sacrifices
the efficiency of shaft seal pumps for higher inherent reliability, safety, and simplicity of
maintenance. The selection of wet winding pumps also eliminates the shaft seal pump
support systems such as seal injection, seal leak off, lube oil, and fire protection systems
(FPSs). The design and operation philosophy for the wet winding pumps is one of minimal
maintenance. Unlike shaft seal pumps, wet winding pumps cannot be repaired in situ and
require the entire pump (motor, hydraulics, flywheel, etc.) to be removed as a unit and
replaced by a spare pump. This reduces the radioactive hazard and lowers the risk to the
operators.

A basic premise of the AP1000 NPP design is to maintain safety and respond to accidents
without reliance on ac power. For post reactor trip core cooling this meant natural circulation
through the core to the reactor coolant heat sink. However, relying on natural circulation core
cooling in the long term is acceptable if the core/heat sink thermal centres are far enough
apart. Natural circulation does not supply sufficient cooling flow at the very beginning of a
shutdown transient. The passive solution is the addition of rotating inertia to the wet winding
pumps in the form of a heavy flywheel. The new design features for additional rotating
inertia were tested and proven. The pump is not expected to function post accident and its
pressure boundary is continuous without any planned or unplanned leakage.

In summary, the wet winding pump was chosen over the shaft seal pump for reactor coolant
service because it meets the design requirements with the lowest radioactive effluent, lowest
risk for accidental loss of coolant, high reliance on proven technology, lowest risk for public
or operator radiation exposure, and lowest overall plant cost.
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Load Follow with Rods

Most central station NPPs today are operated as base load plants. The utilities require that
new nuclear plants be designed for a defined level of load follow. To provide some level of
load follow, many existing plants have systems that manage boron concentrations in and
recycle boron in and out of the reactor coolant water. This requires elaborate and
complicated boron and water handling systems and results in restrictions on the rate of load
follow available. The use of boron and water handling systems are often associated with the
production of radioactive effluent.

Load follow control in the AP1000 NPP incorporates the proven, safe, and simple method of
shim rods rather than the complex method of boron recycle. Shim control is the use of
moveable control rods with a low density neutron absorber (gray rods) that can be moved to
provide reactivity controls in addition to normal reactivity feedbacks. The gray rod cluster
assembly comprises stainless steel rodlets and rodlets containing silver-indium-cadmium
absorber material clad with stainless steel. Note that shim rods are used in addition to safety
rods and are not needed for reactor shutdown.

This solution provides safety through simplicity by satisfying its design requirements with no
potential radioactive effluent, no risk for accidental loss of coolant outside containment, high
reliance on proven technology, lowest risk for public or operator radiation exposure, and
lowest overall plant cost while maintaining complete shutdown margin in the shutdown rods.

Chemical and Volume Control System (CVS)

The functional requirements for the CVS are to fill, make up, let down, drain, and maintain
the proper chemistry of reactor coolant water. This includes removal of impurities (both
radioactive and non-radioactive) from the RCS. In many operating plants today, this function
is performed by taking a portion of the reactor coolant into a variety of Class 1 subsystems
that are outside containment. These systems reduce pressure and temperature of the reactor
coolant, purify it, and pump it back into containment and the RCS with a high pressure
pumping system. This process introduces potential reactor coolant leak sites outside
containment with associated waste production, as well as imposing additional reactor coolant
inventory control requirements.

The AP1000 NPP design improvements (see Sections 2.6.2 and 2.6.3) have eliminated the
requirement to continuously pump borated makeup water into the RCS or to include
complicated water processing systems in the design. This has allowed simplifications to the
CVS where coolant purification was developed to perform continuous purification of a
portion of the reactor coolant at reactor coolant pressure (~200 bar(a)) using the reactor
coolant pump head as a motive pressure and keeping all the purification equipment and
reactor coolant within the containment vessel. The high pressure water purification uses ion
exchange that is an industry proven process.

In the AP1000 NPP, the basic design philosophy requires passive systems that eliminate the
need for Class 1 coolant charging or letdown. The functions of reactor coolant makeup,
boron injection, letdown, purification, and others are non-Class 1 making most of the system
non-Class 1. Redundancies and potential Class 1 failure modes associated with these
functions have been eliminated.

In summary, the CVS functional requirements were satisfied by simple designs using
in-containment, high pressure coolant purification rather than out of containment, pumped,
low pressure purification. This created a process that satisfies the design requirements with
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the lowest radioactive effluent, lowest risk for accidental loss of coolant, high reliance on
proven technology, and lowest risk for public or operator radiation exposure.

Use of Demineralisers for Treatment of Reactor Coolant System Let Down

Radioactive isotopes accumulate in the reactor coolant and spent fuel pool cooling water
during operation. Some of these isotopes are gaseous or volatile; most are soluble or
suspended in the reactor or spent fuel pool coolant water. During plant heat up or cool down,
boron concentration adjustments are made using a feed and bleed system where volumes of
this potentially radioactive water accumulate as waste water. In addition, volumes accumulate
as a result of sampling operations or as leakage. These sources will accumulate to the point
where they must be discharged from the plant. Unlike many plants, the AP1000 NPP has no
planned leakage of reactor coolant from the pump shaft seal leak-off systems (see
Section 2.6.2). In addition, the AP1000 NPP has no plans to recycle dissolved boron in the
reactor coolant for load follow changes (see Section 2.6.3). By these design decisions, the
AP1000 NPP’s radioactive water sources are reduced with the main source coming from
letdown during heat up.

Three options were considered for the treatment of the borated radioactive let down water:
1. Storage and Recycle

The potential for storage and reuse during the next plant cool down was considered.
However, it was dismissed for several reasons. Storage requires additional equipment to
store, monitor, process, and recycle relatively small amounts of water. The storage
duration could be many months as reuse would only be possible during the next cool
down. Small amounts of additional demineralised make up water are easily made
between shutdowns to fulfil the cool down requirements. The approach is unnecessarily
complicated and adds radiological hazard risks and additional containment and handling
issues.

2. Evaporation

Evaporators concentrate the radionuclides in liquid radwaste. Evaporators were
dismissed because their operation is complicated, involve a number of fluid systems, use
plant energy that could be used as net electrical output, and increase the potential for
operator dose during maintenance.

3. Demineralisers

Ion exchangers or demineralisers use disposable resin to capture radionuclides in a
highly concentrated solid form.

Demineralisers were selected on the basis of simplicity, reduction of equipment, operations,
potential failure modes, and energy loss. The selected process satisfies the design
requirements with lowest risk for accidental loss of radionuclides, high reliance on proven
technology, and lowest cost. Section 3.4.5 addresses these issues further.

Zinc Addition
Zinc addition has been shown to have two benefits:

e It reduces the mobility of corrosion products, which in turn reduces occupational and
environmental radiological doses, and

UKP-GW-GL-790 26 Revision 7



Westinghouse Non-Proprietary Class 3

2.0 Generic Plant Description UK AP1000 Environment Report

2.6.7

2.7

e [t reduces the build up of boron and boron-lithium compounds in the core which has the
potential to cause crud-induced power shift.

It may also reduce stress-corrosion cracking. To reduce these effects, the AP1000 NPP
incorporates a zinc addition subsystem as part of the CVS to produce and maintain a zinc
oxide film on primary piping and components. This zinc addition has also been found to
significantly reduce occupational radiation exposure when incorporated as early as hot
functional testing.

Zinc concentrations ranging from 10 parts per billion (ppb) (+/- 5 ppb) are dosed into the
RCS. Higher injection rates are typically used when zinc addition is first initiated in order to
more quickly saturate RCS surfaces with zinc and achieve a residual zinc concentration in the
coolant. Typical zinc uptake rates up to 95% occur in the first few months of zinc injection.
On average these reduce to 20% - 90% of the injection rate over a given operational cycle. It
is expected that up to around 5 kg (11 pounds) (Ibs)) of zinc will be injected during the first
zinc cycle to maintain a target concentration of 10 ppb, assuming a CVS purification flowrate
of 380 I/min (100 gpm). This zinc usage will decrease over time, potentially to 2 - 3 kg
(4.4 - 6.6 1bs) per cycle.

Air Diaphragm Waste Pumps

Liquid waste water (oily, radioactive, non-radioactive) must be transferred within the plant
from tank to tank or for processing and must be transferred out of the plant. In plants today,
this transfer is powered by a wide variety of pump types (centrifugal, positive displacement,
air operated, and others). The trade-off was to continue with this variety approach or to pick
a standard pump type for all AP1000 NPP waste pump services.

After consideration of the available types, the decision was made to use inexpensive, simple,
air-operated, fully contained pumps for waste water service. In these types of pumps, the
working fluid remains inside its pressure boundary. This eliminates any chance of seal
leakage since there are no seals, especially no rotating seals.

The benefit of this solution is a very safe, simple set of diaphragm pumps. The use of similar
pumps for common service has the advantage of requiring the minimum number of spares for
storage and familiar maintenance requirements. It also satisfies its design requirements with
no potential radioactive or oily effluent, no risk for accidental loss of radioactive fluid outside
containment, high reliance on proven technology, lowest risk for public or operator radiation
exposure, and lowest overall plant cost.

Plant Water Use

The AP1000 NPP requires water for both plant cooling and operational uses. The plant water
consumption and water treatment are determined from engineering evaluations based on the
AP1000 NPP design requirements and the water resources available at the specific site.

For the coastal generic site, it is assumed that the cooling water requirement will be met by
seawater abstraction. Mains water will be supplied to meet other facility water demands
during construction and operation.

A block diagram of the water supply and waste water system is shown in Figure 2.7-1. This
diagram identifies the normal and maximum flow rates in the water system.

Refer to Chapter 6 of the PCSR for detailed information regarding the water systems
(Reference 1-10).
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Circulating Water System (CWS)

The CWS is a once through seawater cooling system that supplies seawater cooling water to
remove heat from the main condensers, the turbine building closed cooling water system
(TCS) heat exchangers, and the condenser vacuum pump seal water heat exchangers, under
varying conditions of power plant loading and design weather conditions. Circulating water
from the seawater intake basin is pumped by three 33 1/3 percent capacity vertical turbine
pumps into the main condensers and heat exchangers and then returned to the seawater outfall
basin. The AP1000 NPP will not operate with a significantly reduced cooling water flow. If
the water flow becomes too low, the plant will trip and enter the passive cooling mode. There
is sufficient hold-up capacity for a plant trip.

The heat removed is rejected to the seawater cooling return basin (see subsection 4.2.3.3 and
Reference 2-4). The potential impacts of the cooling water discharge are also discussed in
Reference 2-4. The once through seawater cooling system will be dosed with sodium
hypochlorite to control biofouling when seawater temperatures exceed 10°C (50°F)
(Reference 2-4).

Service Water System (SWS)

The SWS supplies cooling water to remove heat from the non-Class 1 component cooling
water system (CCS) heat exchangers in the turbine building. For the generic site, the SWS is
also a once through seawater cooling system. However, the option to use a cooling tower is
retained for particular site-specific requirements (see Section 7.2). Service water is pumped
through strainers to the CCS heat exchangers for removal of heat.

The once through seawater cooling system will also be dosed with sodium hypochlorite to
control biofouling when seawater temperatures exceed 10°C (50°F) (Reference 2-4).

Demineralised Water Treatment System (DTS)

The DTS receives water from the mains supply and processes this water to remove ionic
impurities, and provides demineralised water to the demineralised water transfer and storage
system (DWS).

The DTS consists of two 100 percent cartridge filters, two 100 percent reverse osmosis units
normally operating in series for primary demineralisation, clean in place unit, sample panel
unit, and two 100 percent electrodeionisation units for secondary demineralisation. The
capacity of the DTS is sufficient to supply the plant makeup demand during startup,
shutdown, and power operation.

Depending on the feedwater supply quality, a pH adjustment chemical may be added
upstream of the cartridge filters to adjust the pH of the reverse osmosis influent. The pH is
maintained within the operating range of the reverse osmosis membranes to inhibit scaling
and corrosion. A dilute antiscalant (polyphosphate), which is chemically compatible with the
pH adjustment chemical, may also be metered into the reverse osmosis influent water to
increase the solubility of salts (that is, decrease scale formation on the membranes). The pH
adjustment chemical, chlorine reducing agent, and antiscalant are injected into the
demineralised water treatment process from the turbine island chemical feed system (CFS).

The DWS provides a reservoir of demineralised water to supply the condensate storage tank
and for distribution throughout the plant. In addition to supplying water for makeup of
systems that require pure water, the demineralised water is used to sluice spent radioactive
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resins to the solid radwaste system from the ion exchange vessels in the CVS, the spent fuel
pool cooling system, and the WLS.

Potable Water System (PWS)

The PWS is designed to furnish water for domestic use and human consumption. Potable
water is supplied from the mains supply.

Fire Protection System (FPS)

The FPS provides water to points throughout the plant where wet system-type fire
suppression (e.g., sprinkler, deluge, etc.) may be required. The FPS is designed to supply fire
suppression water at a flow rate and pressure sufficient to satisfy the demand of any
automatic sprinkler system plus 114 m’/h (500 U.S. gallons per minute (gpm)) for fire hoses
for a minimum of 2 hours. Make-up water for the FPS is provided by the mains supply which
feeds the fire protection storage tanks.

Transportation of Radioactive Fuel
New Fuel

Details of the fuel storage and handling systems can be found in Chapter 6.10 of the PCSR
(Reference 1-10).

New fuel assemblies are transported to the site by truck, in accordance with ONR Transport
regulations. The initial fuel loading consists of 157 fuel assemblies for one unit. Every 18
months, refuelling requires an average of 64 fuel assemblies for one unit. The fuel
assemblies are fabricated at a fuel fabrication plant and shipped by truck to the site shortly
before they are required. The details of the container designs, shipping procedures, and
transportation routings depend on the requirements of the suppliers providing the fuel
fabrication services. Truck shipments do not exceed the applicable gross vehicle weight
restrictions.

The new fuel storage facility is located in the auxiliary building fuel handling area. Fuel is
received in the rail car bay at the 100 m (328 ft) grade elevation. The fuel containers
(travellers) are offloaded one container at a time by the rail car bay overhead crane. The
traveller is positioned over an embedment at grade elevation, fastened, and manually rotated
to the vertical position by the traveller upender. To assist with unloading, a man-lift is
provided. The traveller is equipped with accelerometers that are installed to monitor any
excessive acceleration during transport. The accelerometers are checked to ensure that they
have not tripped prior to fuel assembly removal. Each traveller contains one fuel assembly
which is removed from the traveller using new fuel handling tool and the fuel handling
machine hoist. The fuel assembly is raised through the “Bay Door” at elevation 110.74 m
(3911 ft) and transported to the new fuel storage rack. The new fuel is visually inspected
while it is being inserted into the rack. No scaffolding is required to support the visual
inspection process. Once the fuel is seated in the storage rack, the new fuel handling tool is
disengaged and removed from the fuel assembly. The cell covers are reinstalled and the
process is repeated for the remaining fuel assemblies.

The new fuel rack includes storage locations for 72 fuel assemblies with the maximum design
basis enrichment. The rack layout provides a minimum separation between adjacent fuel
assemblies which is sufficient to maintain a subcritical array even in the event the building is
flooded with unborated water or fire extinguishant aerosols or during any design basis event.
The racks include integral neutron-absorbing material to maintain the required degree of
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subcriticality. In the case of first-time fuelling, the spent fuel pool is also used for new fuel
storage.

The rack rests on the floor of the reinforced concrete new fuel storage pit and is braced as
required to the pit wall structures. The 5.2 m (17 ft) deep pit is dry and unlined. Materials
used in rack construction are compatible with the storage pit environment, and surfaces that
come into contact with the fuel assemblies are made of annealed austenitic stainless steel.
Structural materials are corrosion resistant and will not contaminate the fuel assemblies or pit
environment. Neutron absorbing “poison” material used in the rack design has been qualified
for the storage environment. Venting of the neutron absorbing material is considered in the
detailed design of the storage rack. The new fuel storage pit is drained by gravity drains that
are part of the radwaste drain system, draining to the waste holdup tanks which are a part of
the WLS. These drains preclude flooding of the pit by an accidental release of water. The
new fuel pit is covered to prevent foreign objects from entering the new fuel storage rack.

The new fuel handling crane is used to load new fuel assemblies into the new fuel rack and
transfer new fuel assemblies from the new fuel pit into the spent fuel pool. A gated opening
connects the spent fuel pool and fuel transfer canal. The fuel transfer canal is connected to
the in-containment refueling cavity by a fuel transfer tube.

A new fuel elevator in the spent fuel pool lowers the new fuel to an elevation accessible by
the fuel handling machine (FHM). The FHM is part of the fuel transfer system. The fuel
transfer system is used to move up to two fuel assemblies at a time between the auxiliary
building fuel handling area and the refuelling cavity in the containment building. The FHM
performs fuel handling operations in the fuel handling area. Fuel is placed into a basket of
the underwater transfer car for passage through the fuel transfer tube and into the refuelling
cavity. The refueling machine performs fuel handling operations in the containment building.
Fuel is moved between the fuel transfer system and the reactor vessel by the refueling
machine. It withdraws the fuel from the refueling cavity, moves over the core area, and
inserts the fuel assembly into a vacant core location. During refuelling, the vacant core
location is created by prior removal of a spent fuel assembly.

Spent Fuel

Spent fuel assemblies are discharged from the reactor every refuelling outage and are placed
into the spent fuel pool. The spent fuel storage pool has the capacity to store approximately
617 fuel assemblies. Each refuelling offload is 68 fuel assemblies. Therefore, the spent fuel
storage pool has the capacity for six refuelling offloads, which represents approximately
10 years, plus a full core offload.

The spent fuel is transferred from containment to the spent fuel pool by the fuel transfer
system described in Section 2.8.1. The fuel handling equipment is designed to handle the
spent fuel assemblies underwater from the time they leave the reactor vessel until they are
placed in a container for shipment from the site.

The spent fuel pool provides storage space for spent fuel. The pool is approximately 42 feet
(13 m) deep and constructed of reinforced concrete and concrete filled structural modules.
The portion of the structural modules in contact with the water in the pool is stainless steel
and the reinforced concrete portions are lined with a stainless steel plate. The normal water
volume of the pool is about 191,500 U.S. gallons (725 m®) of borated water with a nominal
boron concentration of 2700 ppm. A spent fuel pool cooling system is provided to remove
decay heat which is generated by stored fuel assemblies from the water in the spent fuel pool.
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Spent fuel is stored in racks which include integral neutron absorbing material to maintain the
required degree of subcriticality. The racks are designed to store fuel of the maximum design
basis enrichment. The design of the racks is such that a fuel assembly cannot be inserted into
a location other than a location designed to receive an assembly. An assembly cannot be
inserted into a full location.

The spent fuel assemblies can normally be stored in the spent fuel pool for approximately
10 years, until fission product activity is low enough and cooling is sufficient to permit
transfer to the HLW dry storage cask. Westinghouse has proposed the option of using the
Holtec system as the dry storage casks of choice (see subsections 3.5.7.3 and 3.5.8.3).

The spent fuel assemblies are then transferred to the dry storage canister that is then placed in
an underground storage cask which is designed to shield radiation. The process of loading
spent fuel is carried out in the following steps:

e A clean, empty canister is brought into the cask washdown pit by the cask handling
crane and washed with demineralised water. The cask lid is removed and stored
while the remainder of the cask is washed.

e The clean, empty cask is then properly positioned in the flooded cask loading pit.

e The FHM is positioned over the specific fuel assembly to be shipped out of the spent
fuel storage rack. The fuel assembly is picked up and transported into the cask
loading pit. During the transfer process, the fuel assembly is always maintained with
the top of the active fuel at least 2.9 m (9.5 ft) below the water surface. This provides
confidence that the direct radiation from the fuel at the surface of the water is
minimal.

e  Once the fuel transfer process is complete, the lid is placed on top of the canister.

o The canister is then moved to the washdown pit and cleaned with demineralised
water. Decontamination procedures can be started at this time.

e When the canister is satisfactorily decontaminated, it is lifted out of the cask
washdown pit by the cask handling crane and prepared for transfer to the HLW store
(see subsection 3.5.8.3). During the operations, sufficient water is maintained
between plant personnel and fuel assemblies that are being moved to limit dose levels
to those acceptable for continuous occupational exposure.

Radioactive and Non-Radioactive Materials

This section identifies the radioactive materials and non-radioactive chemicals that are stored
on an AP1000 NPP site. The primary storage and secondary containment systems that
prevent releases to the environment are described.

Inventory of Radioactive Materials and Radioactively Contaminated Chemicals

Fuel Rods

The fuel rods consist of uranium dioxide ceramic pellets contained in cold-worked and

stress-relieved ZIRLO tubing. The fuel rods include integral fuel burnable absorbers, for
example boride-coated fuel pellets.
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The reactor contains 41,448 fuel rods in 157 fuel assemblies. The total fuel weight is
95,975kg (211,588 1b) of uranium dioxide.

In-Core Control Components

In addition to the burnable absorbers, reactivity control is provided by neutron-absorbing rods
and gray rods.

Reactor Coolant

The reactor coolant liquid volume at power conditions is 9600 ft* (272 m®) which includes
(1000 ft*) 28 m’ pressuriser liquid.

The CVS provides a means for adding chemicals to the RCS. The reactor coolant contains
the following chemicals which become contaminated with radioisotopes by passage through
the reactor:

e  Boric Acid

The RCS contains demineralised and borated water that is circulated at the flow rate and
temperature consistent with achieving the reactor core thermal and hydraulic
performance. The soluble boron in the form of boric acid is added to the reactor coolant
to serve as a neutron absorber/moderator. The concentration of boron is varied to
control reactivity changes that occur relatively slowly, including the effects of fuel
burn-up (chemical shim control). Boron concentrations in the reactor coolant typically
range between 612 ppm to 2700 ppm.

e Lithium 7 Hydroxide

The pH control chemical is lithium hydroxide monohydrate, enriched in the lithium-7
isotope to 99.9 percent. This chemical is chosen for its compatibility with the materials
and water chemistry of borated water/stainless steel/zirconium/nickel-chromium-iron
systems. In addition, lithium-7 is produced in solution from the neutron irradiation of
the dissolved boron in the coolant. The lithium-7 hydroxide is introduced into the RCS
via the charging flow. The concentration of lithium-7 hydroxide in the RCS is
maintained in the range specified for pH control. The concentration of lithium-7 in the
RCS is varied between 0 ppm and 3.5 ppm as a function of the boric acid concentration
of the RCS.

e Hydrazine

During reactor start up from the cold condition, hydrazine is used as an
oxygen-scavenging agent. The hydrazine solution is introduced into the RCS at a
stoichiometric amount based on the measured oxygen concentration, typically 1.5 times
[O,] to reduce oxygen to less than 0.1 ppm in the reactor coolant. Once above 200°F
(93.3°C), the oxygen concentration is maintained below 0.005 ppm by the addition of
hydrogen.

e  Zinc Acetate
Addition of soluble zinc acetate to the reactor coolant leads to the incorporation of zinc

into oxide films on wetted reactor component surfaces, steam generator tubing and RCS
piping. This reduces ongoing corrosion of austenitic stainless steel and nickel-based
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alloys. Zinc acetate is injected into the RCS to maintain a maximum zinc concentration
of 10 ppb (+/- 5 ppb).

2.9.14 Borated Water

Boric acid is added to water in the following systems (in addition to the reactor coolant):

Spent Fuel Pool/Fuel Transfer Canal

The spent fuel pool provides storage space for spent fuel and the fuel transfer canal
provides an underwater passage for the transfer of spent fuel. The normal water volume
of the pool is about 725m’ (191,500 U.S. gallons) and the fuel transfer canal is 243 m’
(64,100 U.S. gallons). Both the spent fuel pool and transfer canal are kept full of
borated water with a nominal boron concentration of 2700 ppm. Demineralised water
can be added for makeup purposes, including replacement of evaporative losses, from
the DWS. Boron may be added to the spent fuel pool from the CVS.

In-Containment Refueling Water Storage Tank (IRWST)/Refueling Cavity

The volume of the IRWST is 2141 m’ (565,500 U.S. gallons) and it contains a nominal
boron concentration of 2700 ppm.

The borated water is transferred to the refuelling cavity prior to a refuelling and then
back to the IRWST by the spent fuel pool cooling system. The volume of borated water
required to flood the refuelling cavity is (1325 m®) 350,000 U.S. gallons).

Cask Washdown Pit

The cask washdown pit is flooded with borated water to provide shielding before spent
fuel assemblies are transferred to a shipping cask. The minimum volume of the cask
washdown pit is 148 m® (39000 U.S. gallons). The nominal boron concentration is
2700 ppm.

2.9.1.5  Ion Exchange and Absorption Media

Chemical Volume Control System (CVS) Demineralisers

The CVS demineralisers maintain RCS fluid purity and activity level within acceptable
limits. The purification loop operates at RCS pressure. The purification fluid flows
through a mixed bed demineraliser, optionally through a cation bed demineraliser, and
through a filter. It returns to the suction of a reactor coolant pump after being heated in
the regenerative heat exchanger.

Two stainless steel vessels contain mixed ion exchange resin beds in the Li(-7)OH form.
Each bed contains approximately 50 ft* (1.4 m’) of resin. A third bed of similar size
contains a cationic resin in the H' form.

Spent Fuel Pool Demineralisers

Two mixed bed type demineralisers are provided to maintain spent fuel pool purity. The
demineralisers are initially charged with a hydrogen type cation resin and hydroxyl type
anion resin to remove fission and corrosion products. The demineralisers will be borated
during initial operation with boric acid. Each demineraliser is sized to accept the
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maximum purification flow from its respective cooling train. The ion exchange resin are
held in two stainless steel vessels that hold approximately 75 ft* (2.1 m®) of resin each.

e Liquid Radwaste System

The WLS provides treatment of radioactive effluent. The WLS has four stainless steel
vessels containing ion exchange media in the treatment train. The first vessel contains
50 ft* (1.4 m’) of layered activated charcoal above the zeolite resin. The next vessel
contains 30 ft’ (0.85 m®) of cationic resin. Each of the final two vessels contain 30 ft’
(0.85 m’) of mixed resin.

e  Gaseous Radwaste System

The gaseous radwaste system (WGS) provides treatment of radioactive air emission.
The WGS activated carbon guard bed removes residual moisture as well as iodine from
the gas stream. The guard bed is a stainless steel vertical pipe with a nominal volume of
8 ft’ (0.23 m®). The main part of the WGS is two activated carbon delay beds. These
are in series and each comprise a carbon steel vertical serpentine tube containing of
80 ft’ (3 m®) of activated carbon absorption media.

e  Stabilised ILW

When the ion exchange and the absorption media described above nears exhaustion, they
are removed as ILW for treatment, stabilisation, and storage. Details can be found in
Section 3.5.7.2.

2.9.2 Non-Radioactive Chemical Inventory

Chemicals are stored at the AP1000 NPP on the turbine island, the nuclear island, and in the
yard when a seawater cooling system is used. The inventory and chemical content of each

tank on the turbine, nuclear island, and seawater cooling system are summarised in Tables
2.9-1,2.9-2, and 2.9-3, respectively.

2.9.2.1 Control of Major Accident Hazards

An evaluation of the applicability of the Control of Major Accident Hazards (COMAH)
regulations has been carried out on the storage quantities of chemicals and fuel oil in
Tables 2.9-1, 2.9-2, and 2.9-3 (Reference 2-5).

Based on the current specification, the AP1000 NPP site will be an upper tier COMAH site.
This is because the proposed hydrazine inventory in Tank MT-01 is 3.1 tonnes (3.4 tons) (see
Table 2.9-1) which exceeds the upper tier COMAH threshold of 2 tonnes (2.2 tons)
(Reference 2-5).

Other chemicals listed in Tables 2.9-1, 2.9-2, and 2.9-3 do not fall under COMAH because
they do not have the defined hazardous properties or they are not stored in volumes that
exceed the COMAH threshold quantities.

2.9.2.2 Substances Under the Groundwater Directive

The existing Groundwater Directive (2006/118/EC, Reference 2-6) aims to protect
groundwater from pollution by controlling discharges and disposals of certain dangerous
substances to groundwater. In the UK, the directive is implemented through the Groundwater
Regulations 2009. Groundwater is protected under these regulations by preventing or
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29.23

2.9.3

2.9.3.1

limiting the inputs of listed substances into groundwater. Substances controlled under these
regulations fall into two lists:

e List I substances are the most toxic and must be prevented from entering groundwater.
Substances in this list may be disposed of to the ground, under a permit, but must not
reach groundwater. They include pesticides, sheep dip, solvents, hydrocarbons, mercury,
cadmium, and cyanide.

e List II substances are less dangerous, and can be discharged to groundwater under a
permit, but must not cause pollution. Examples include sewage, trade effluent, and most
wastes. Substances in this list include some heavy metals and ammonia (which is
present in sewage effluent), phosphorus, and its compounds.

Some of the chemicals used on the AP1000 NPP fall within the List I and List II substances
under the Groundwater Directive. These are identified in Table 2.9-4.

Substances Under the Dangerous Substances Directive

The Dangerous Substances Directive (76/464/EEC) and its “daughter” directives
(Reference 2-7) control discharges that are liable to contain dangerous substances and that go
to inland, coastal, and territorial surface waters. Dangerous substances are toxic substances
that pose the greatest threat to the environment and human health. The directive specifies
two lists of Dangerous Substances. List I covers those which are particularly toxic,
persistent, and which may tend to accumulate in the environment. List II covers substances
whose effects are still toxic, but less serious. The directive requires that pollution by List I
substances is eliminated and pollution by List II substances is minimised. All discharges that
are liable to contain dangerous substances must be authorised. The directive also specifies
some requirements for environmental monitoring.

Some of the chemicals used on the AP1000 NPP fall within the List I and List II substances
under the Dangerous Substances Directive. These are identified in Table 2.9-5. The list
includes halogenated by-products of seawater chlorination, which is discussed further in
Section 4.2.5.

Chemical Storage
The inventory of chemicals stored on-site is presented in Table 2.9-6.
Turbine Island

The chemical inventory on the turbine island is stored in the northeast corner of the turbine
building at ground level (reference elevation 100' 0") in an area reserved for chemical storage
(see Figure 2.9-1). There are six tanks in the southern group (left side) and one spare location
for a future addition, if needed. The five tanks on the north side (right side) of the chemical
storage area are separated into groups of two and three.

The storage and handling equipment arrangement for each type of chemical is almost
identical. Figure 2.9-2 presents an elevation view of an arrangement of the southernmost
group of storage tanks. Each chemical is stored in a tank assembly consisting of an upper
removable tote container and a permanent lower stainless steel covered rectangular tank. The
movement of chemical tote containers to the storage area is via fork truck. The upper tote
container and its associated lower tank are each nominally (1.514 m’) 400 U.S. gallons) in
capacity. The total capacity of each tank assembly is (3.028 m’® (800 U.S. gallons).
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A filled tote container is connected to the lower permanent tank using a quick connect on a
flexible hose. An isolation valve is opened to permit the draining of the upper tote into the
lower tank. Vents at the tops of each tank allow air to fill in behind the draining liquid and
flow out when displaced by the filling liquid. Vented air is directed to a pipe vent leading to
the outside of the turbine building at a high elevation. Each vent line can be individually
isolated. The lower tank has a level transmitter with a local display to permit the operator to
observe the level inside the tank. When the lower tank is full, the isolation valve between
tanks may be closed, holding any excess in the upper tote container until needed later.
However, it is not necessary to isolate the two tanks until it is time to remove an empty tote
container for refill. The piping, valves, and hoses are suitable for more than 1 MPa
(150 psig) internal pressure, and under normal operation only need to contain a few
centimetres (inches) of solution head pressure (< 14 kPa (2 psig)).

The chemical handling procedures require closing the isolation valve prior to disconnecting
the quick connects. The preferred quick connect type is self-closing. Upon disconnection,
the ends automatically seal and retain the contents. Inadvertent mispositioning of valves does
not result in a spill upon disconnection. The storage arrangement and scheme for liquid
transfer between tanks eliminates the potential release of chemicals within the turbine
building.

Figure 2.9-3 is a photograph of a typical rugged tote container certified for transportation of
hazardous materials. Operating plants have typically chosen stainless steel tote containers
similar to the one shown. The exact container used for transporting hydrazine to an AP1000
NPP will be a site-specific choice by the owner/operator of the plant.

Standby Diesel Fuel Oil

The Standby Diesel and Auxiliary Boiler Fuel Oil System (DOS) fuel storage tanks are each
227 m® (60,000 U.S. gallons) and are located away from the main plant buildings (see
Figure 2.3-2, Item No. 18).

There are two smaller diesel generator day tanks located in the Diesel Generator Building.
These two tanks each have a volume of 7.6 m’ (2000 U.S. gallons).

There is also an ancillary diesel generator fuel oil tank 2.46 m® (650 U.S. gallons) located in
the southeast corner of the Annex Building.

Central Chilled Water System (VWS)

There is low capacity chemical storage associated with the VWS. The chemicals include
sodium molybdate/tolytriazole.

The volume of the sodium molybdate/tolytriazole storage is 0.076 m® (20 U.S. gallons).
Chemical Volume Control System (CVS)
A zinc injection package is included in the CVS design to allow for continuous addition of

zinc acetate solution into the RCS. The zinc acetate is kept in the stainless steel zinc addition
tank which has a volume of 0.76 m® (200 U.S. gallons).
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2.94.1

Reactor Coolant Supply

The stainless steel boric acid tank holds 303 m® (80,000 U.S. gallons) of boric acid at a
maximum concentration of 4375 mg/l (0.0365 1b/gallon). The tank is located outside the
Annex Building (see Item in 20 Figure 2.3-2).

The boric acid storage tank capacity is sized to permit one shutdown to cold shutdown,
followed by a shutdown for refueling, at the most limiting time in core cycle with the most
reactive control rod withdrawn. This assures that the tank size is large enough to not interfere
with normal plant operations. The concentration of boric acid is selected to eliminate the
need to provide heat tracing for the purpose of preventing boric acid precipitation. Only
normal freeze protection is required to maintain solubility of the 2.5 weight percent boric
acid. This freeze protection is provided by an immersion heater in the tank, which maintains
a minimum temperature of 7.2°C (45°F) to ensure boric acid solubility.

A Boric Acid Batching Tank with a volume of 3.03 m’ (800 U.S. gallons) is used to supply
the Boric Acid Tank. This tank is located in the Annex Building.

Lithium-7 hydroxide is injected on a manual, as needed basis through the CVS chemical
mixing tank. The amount of lithium-7 hydroxide stored on site in a warehouse will be
decided by the utility.

Fire Protection System

The diesel fuel supply for the diesel-driven fire pump is in the diesel-driven fire pump
enclosure which is located in the yard more than 15 m (50 ft) from Class 1 structures. The
diesel is supplied from a 0.91 m® (240 U.S. gallon) diesel tank.

Seawater Cooling System

The chemical dosing system required for the seawater cooling supply is a site-specific design.
Three (37.9 m®) 10000 U.S. gallon) chemical tanks are located in the yard next to the CWS.
These tanks contain sodium hypochlorite, ammonium hydroxide and polyacrylate/
polyphosphate/orthopolyphosphate.

Prevention of Contamination - Chemical Storage Systems

The secondary containment systems provided for the AP1000 NPP chemical storage tanks
are shown in Table 2.9-6.

Turbine Island

All of the CFS storage tanks are in the Turbine Building Chemical Storage Tank Dike Area
(see Figure 2.9-1). The concrete curb around the chemical storage area is 11.2 m (36.7 ft)
long x 6.9m (23 ft) wide x 0.2 m (0.7 ft) high giving a retention volume of 15.5 m’
(4090 gallons). This volume is more than the volume of the largest tank stored within the
bund (3.03 m’ 800 gallons) and more than 25% of the total volume of the chemicals (~22 m®
(5800 gallons)) stored within the bund (see Table 2.9-6). The bund complies with the UK
guidance that it should have a minimum capacity of either 110 percent of the capacity of the
largest tank, or 25 percent of the total capacity of all the tanks within the bund, whichever is
greater (Reference 2-8).

The chemical storage area has a plugged floor drain. The Waste Water System (WWS) catch
basin serving this area is covered so that spills can be contained. When washing down the
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2.9.4.3

2.9.4.4

2.9.4.5

2.9.4.6

area, the cover can be removed to allow water to enter the catch basin. The catch basin then
feeds into the Turbine Building sumps. The Turbine Building sumps are concrete lined with
a fibre-reinforced epoxy coating. The two Turbine Building sumps provide effective tertiary
containment, each having a volume of (92 m’) 25,675 U.S. gallons).

Standby Diesel Fuel Oil

Each DOS fuel storage tank is surrounded by a concrete dike which is sized to hold
110 percent of the tank capacity (i.e., 252 m’ (66,000 U.S. gallons)). The secondary
containment complies with the requirements of the Control of Pollution (Oil Storage)
(England) Regulations 2001. There is a drain in each of the dikes which drains them to the
Diesel Fuel Oil Area Sump (MT04) which has a capacity of (7.6 m® (2000 U.S. gallons). The
manual ball valves from the dike drain sump both have to be normally “closed.” The
operator has to check the liquid level inside the dike regularly or after the storm event. Then,
the operator has to decide which valve to be opened. If there is no oil leak, the clean storm
water can directly drain to the clean water sewer. If oil is presented, the valve discharging to
the Diesel Fuel Oil Area Oil Sump has to be opened to allow controlled collection of the oil.

The Diesel Generator Building Sump (2.2 m’ (580 U.S. gallons)) and the Annex Building
Sump (9.5 m’ (2500 U.S. gallons)) provide the secondary containment for the small diesel oil
day tanks for the diesel generator and ancillary diesel generator, respectively. This will be
reviewed during site-specific analysis and designed as necessary to ensure that the secondary
containment will comply with UK guidance (Reference 2-8).

Central Chilled Water System

Secondary containment for the small volume chemical storage located in the Turbine
Building is provided by the Turbine Building Sump. This is a concrete-lined, fibre
reinforced, epoxy coated sump with a volume of 194.4 m® (51,350 U.S. gallons).

Chemical Volume Control System

The Turbine Building Sump also provides the secondary containment for the zinc acetate
stored in the zinc addition tank.

Reactor Coolant Supply

There is currently no secondary containment designed for the Boric Acid Storage Tank. This
will be reviewed during site-specific analysis and designed as necessary to ensure that the
secondary containment will comply with the UK guidance (Reference 2-8).

The secondary containment for the Boric Acid Batching Tank and Chemical Mixing Tank is
provided by the Auxiliary Building Sump. This is a concrete-lined, fibre reinforced, epoxy
coated sump with a volume of 9.5 m* (2500 U.S. gallons).

Fire Protection System
The diesel tank feeding the diesel driven fire pump is located within a concrete dike in the

yard. This will be reviewed during site-specific analysis and designed as necessary to ensure
that the secondary containment will comply with UK guidance (Reference 2-8).
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2.9.5

2.9.5.1

2.9.5.2

Seawater Cooling System

The three 37.9 m3 (10000 U.S. gallon) tanks used to contain sodium hypochlorite,
ammonium hydroxide and polyacrylate/polyphosphate/orthopolyphosphate currently do not
have a secondary containment design. This will be reviewed during site-specific analysis and
designed as necessary to ensure that the secondary containment will comply with
UK guidance (Reference 2-8).

Prevention of Contamination — Radioactive Systems

In the AP1000 NPP, radioactive contamination from the facility is minimised by using
structure, system, and component designs and operational procedures that limit leakage
and/or control the spread of contamination. Westinghouse prepared a document

(Reference 2-9) to demonstrate that these practices address the U.S. NRC Regulatory

Guide 4.21 (Reference 2-10) which is considered good practice. Reference 2-12 provides
evidence that the design of the AP1000 plant fuel handling provides capabilities of detecting
a long term leak from the pools, pits, and canals within the fuel handling area.

Construction Features

The nuclear island basemat, extending beneath the containment and the auxiliary building, is
made using techniques which result in a monolithic basemat, without expansion joints. The
walls are built as a single monolithic structure with the basemat, without expansion joints or
other building joints. The concrete used for building construction is thick and extensively
waterproofed. This precludes leakage from the radioactive equipment located in this building
to the environment.

The modular construction technique used results in a large number of walls in the
radiologically controlled areas which are comprised of concrete contained within permanent
steel forms. This left-in-place steel will be coated with paints and sealants to minimise the
potential for contamination to penetrate. This not only reduces waste and background
radiation during operation, but also greatly reduces decommissioning wastes, since the need
for concrete scarification will be minimised.

The number of passageways (doors) between the radiologically controlled area and the
environment has been minimised. Where such doors are incorporated, systems of drains and
floor and exterior concrete sloping are used to prevent (potentially radioactive) fluid from the
interior of the buildings from exiting the buildings, and also to prevent surface water from
entering the buildings.

Decontamination of potentially contaminated areas and equipment within the plant is
facilitated by the application of epoxy paints and suitable smooth-surface coatings to the
concrete floors and walls. Sloping floors with floor drains are provided in potentially
contaminated areas of the plant. In addition, radioactive and potentially radioactive drains are
separated from non-radioactive drains.

Radioactive Liquid Tanks

Radioactive liquids in an AP1000 NPP are contained within the reactor vessel, steam
generators, the RCS, the WLS, and connected auxiliary systems.

All radioactive tanks are located inside appropriately designed buildings within the
radiologically controlled area. Therefore, any leakage from these tanks would accumulate in
the radiogically controlled area of the plant, where adequate provisions have been made
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through floor drains and sealed surfaces to prevent the spread of contamination. In particular,
incursion of radioactive fluid into the groundwater due to a long-term leak in one of these
tanks is completely precluded.

No underground radioactive tanks, other than tanks located in buildings, are used in the
design. No flat-bottomed radioactive tanks are used in the design.

Radioactive tanks are equipped with high level alarms to alert the operators before a tank
overflows. Overflow lines are piped to optimum collection points (generally to another waste
collection tank or the radioactive waste drain system).

Piping

The simplicity of the AP1000 NPP design reduces lengths of contaminated piping and the
number of nuclear systems pumps and valves, thereby reducing the potential for leaks.

To the extent possible, all radioactive piping is located inside the auxiliary building and the
containment vessel. This minimises the potential for leakage to the groundwater from piping
or fittings. The few exceptions are:

e  Process piping to and from the radwaste building:

This piping can be fully, visually inspected from the radwaste building pipe trench to the
auxiliary building wall; only the short portion of the pipe embedded in the auxiliary
building wall is not visible.

e  Drain lines from the radwaste building and annex building routed back to the auxiliary
building:

This piping is not normally water-filled. These lines can be fully, visually inspected
from the radwaste building pipe trench to the auxiliary building wall; only the short
portion of the pipe embedded in the auxiliary building wall is not visible.

e  The monitored radwaste discharge pipeline:

The monitored radwaste discharge pipeline is engineered to preclude leakage to the
environment. This pipe is routed from the auxiliary building to the radwaste building
(the short section of pipe between the two buildings will be fully available for visual
inspection as noted above) and then out of the radwaste building to the licensed release
point for dilution and discharge. The discharge radiation monitor and isolation valve are
located inside the radiologically controlled area. The exterior piping is designed to
preclude inadvertent or unidentified releases to the environment; it is either enclosed
within a guard pipe and monitored for leakage, or is accessible for visual inspection.
No valves or vacuum breakers are incorporated outside of monitored structures.

The use of embedded pipes has been minimised consistent with maintaining radiation doses
ALARP. To the extent possible, pipes have been routed in accessible areas such as dedicated
pipe routing tunnels or pipe trenches, which will provide good conditions for
decommissioning.

Floor Drains and Sumps

All floor drains in radioactive areas are grouted into the surrounding concrete to ensure that
any leakage will be collected in the floor drain, and not bypass the drain.
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2.9.5.5

2.9.5.6

Sumps which may contain radioactivity (the containment sump and the radioactive auxiliary
building sump) are constructed from stainless steel and are fully surrounded by concrete to
ensure that any leakage will be collected in the sump and that no bypass paths exist.

Sumps are covered to keep out debris. Covers are removable, or manholes are provided for
access. The total capacity of each sump includes a 10 percent freeboard allowance to permit
operation of high-high level alarms and associated controls before the overflow point is
reached.

Spent Fuel Pool

The spent fuel pool and connected pools that contain borated water are designed with
redundant means of protection and detection to eliminate unidentified leakage to the
groundwater (Reference 2-9):

e The walls of these pools will be constructed using modular construction techniques,
allowing higher quality than typical “in the hole” construction.

e  The pools have liners to prevent borated water from corroding the concrete or structural
steel behind the liner.

e  Leaks in spent fuel pools are primarily associated with welds. In the AP1000 NPP spent
fuel pool design, the number of welds has been significantly reduced.

e  The advanced welding techniques which will be employed will minimise the potential
for weld failures during operation, and allow for inspection to verify weld quality.

e The pools walls are made of a 0.5-inch (1.3 cm) stainless steel plate joined to one
another with full penetration welds; these welds will be fully inspected prior to being
placed into service.

e  The thickness of the wall plate and the use of full penetration welds ensure that the walls
will not be damaged by fuel handling, including tool manipulation and storage.

e All welds in the liners are equipped with leak chases, which means that the tank is
effectively double-walled in the area of plate joint. The leak chases provide for evidence
of leakage and direct any contaminated leakage flow to the waste handling systems (see
subsection 2.9.5.6). They also prevent leaching of active fluid into concrete, if a leak
ocCurs.

e To the extent possible, these pools are located entirely inside the auxiliary and
containment building, so that any theoretical leakage from the tanks would accumulate
in the building rather than to the environment. Specifically, for pools other than a
portion of the fuel transfer canal, the concrete support structure of the pools may be
inspected from rooms adjacent to or below (i.e. outside) the pool.

Leak Chase Subsystem

Leak chases are provided for pools inside containment and in the auxiliary building, which
are filled with borated water. The leak chases are provided to prevent borated water from
getting behind the various pool liner plates and potentially corroding the structural elements
behind the pool liners.
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The leak chase subsystems consist of collection channels (which are part of the Concrete
Filled-in-Place Form Modules (CA structural modules)) surrounding pool welds, collection
piping, headers, collection pots, and the associated valves and instrumentation. The leak
chase subsystems are zoned to allow identification of the source of leakage. Headers are
provided for each of the zones with isolation valves to support leakage testing and
localisation of the leak. Pots with level instruments are provided to collect, detect, and
quantify any leakage.

This leak detection system will use piping which is adequately sized to allow testing and to
minimise the potential for blockage by encrustation of precipitates (boric acid), and will
facilitate removal of any such blockage.

The leak chase subsystems are part of the WLS and the Radioactive Waste Drain System
(WRS). The leak chases for the pools inside containment are part of the WLS. These leak
chases would capture potential leakage from the fuel transfer tube, refuelling cavity, and the
IRWST. The leak chases for the pools outside containment are part of the WRS. These leak
chases would capture potential leakage from the fuel transfer canal, spent fuel pool, cask
loading pit, and the cask washdown pit.

References

2-1 APP-GW-GER-005, Rev. 1, “Safe and Simple: The Genesis and Process of the
AP1000 Design,” Westinghouse Electric Company LLC, August 2008.

2-2 UKP-GW-GL-793, Rev. 1, “AP1000 Pre-Construction Safety Report,” Westinghouse
Electric Company LLC, January 2017.

2-3 UKP-GW-GL-026, Rev. 2, “AP1000 Nuclear Power Plant BAT Assessment,”
Westinghouse Electric Company LLC, March 2011.

2-4 UKP-GW-GL-034, Rev. 1, “Generic Assessment of the Impacts of Cooling Options
for the Candidate Nuclear Power Plant AP1000,” Westinghouse Electric Company
LLC, February 2010.

2-5 UKP-GW-GL-037, Rev. 3, “Applicability of COMAH Regulations to AP1000,”
Westinghouse Electric Company LLC, March 2017.

2-6 “Directive 2006/118/EC of the European Parliament and of the Council of 12
December 2006 on the Protection of Groundwater Against Pollution and
Deterioration (Daughter to 2000/60/EC)”, European Commission, 2007.

2-7 “Directive 76/464/EEC — Water pollution by discharges of certain dangerous
substances,” European Commission, 2006/11/EC.

2-8 Health and Safety Executive, The Control of Major Accident Hazards Regulations
2015, L111, Third edition, 2015,” HSE Books, 2015.

2-9 APP-GW-GLN-098, Rev. 0, “Compliance with 10CFR20.1406,” Westinghouse
Electric Company LLC, April 2007.

UKP-GW-GL-790 42 Revision 7



Westinghouse Non-Proprietary Class 3

2.0 Generic Plant Description UK AP1000 Environment Report

2-10  Regulatory Guide 4.21, “Minimization of Contamination and Radioactive Waste
Generation: Life-Cycle Planning,” U.S. Nuclear Regulatory Commission, June 2008.

2-11  Not used.

2-12  UKP-GW-GL-799, Rev. 2, “AP1000® Plant ALARP Assessment of Structural Impact
from Fuel Handling Area Pools Leakage”, Westinghouse Electric Company LLC,
August 2016.

UKP-GW-GL-790 43 Revision 7



L UOISIAY 144 06L-TO-MD-dN
‘[eoTwIaYo SUTUTRIUOD UOTIN]OS JO SSBIA 4
Sod 4 %001 4 059 1O [N [9s91d T 'ON €OLN
sod Sl %001 86 009¢C 'O [en] [9s9Id T 'ON q/vV C0LIN
sod (24%% %001 cysy 0000¢I [1O [°n [°891d ¢ 'ON q/vV 10LIN
(SO@) wdysAS [1Q [Pn] JFd[10g ATeIIXny pue s3I Aqpue)s
SLa 0¢ %0¢ 8C0'¢ 008 9pIXOIPAH WNIUOWUIY ITLIN
SMS (43 %S¢T 8C0°¢ 008 SPHOY) Wwnruowwy 80LIN
s1a 0°¢> %001> 870°€ 008 eydsoydAjod LOLN
IpIXOIPAH
SSV 01 %0¢ 60 0yc wnipog§ pue ajjng wnipog SOLN
SAd ‘SAD ‘SMJ ‘SSV 0¢ %0¢ 8C0°¢ 008 9PIXOIPAH WnIuoWY, YOLIN
SAd ‘SAD ‘SMJ ‘SSV 0¢ %0¢ 8C0°¢ 008 9PIXOIPAH WnIuowY, €OLN
(1oh1p Aewr
pasn sAnIppe jonuod Hd
[eN}o®) QUIUB]OUB}20UOW
SAad ‘'sdd ‘Smd 80°¢ %0% 8C0°¢ 008 — [edrwayo jonuoo Hd C0LIN
Sag ‘sdd ‘SM4 ‘SSV I'¢ %S¢ 8C0°¢ 008 ouizelpAH T0LIN
(SAD) wAYSAS PIdy [eTWIY) PUBS dUIGIN],
WIISAS PV #(souuoy) (A/mo4) Ju Suoqes ‘SN ILNUIEL 9] yueg,
[edtuynH UoneIHUIIU0))
SSBIAI QuINjoA

ANV'ISI ANIFINL ddN 0001dV NO AYOLNIANI TVOIINAHD

[-6'C 319BL

y1oday yuswuwoAug (0001dV N uondrsy( Jue[d U ('

€ sse[) A1e)oridorJ-uoN ISnoysunsdpy




L UOISIAY

Sy

06L-"TO-MD-d3N

‘[eorwayd SUIUIBIUOd UOTIN]OS JO SSBIA 4

-9oudLadxe Furyerado-91s pue syudwINbaAI 01J109ds-931S U0 paseq 9FuBYO ABUL S[BOIWOYD JO UONOJ[AS YL, '

TN

jue]l

SAD 80> %0%> 80 002 9Je1edY dulZ uonippy sury
wd)sAsqng UoNIPpy durz

9[0ZeInA[0] /A1ePIATON
SMA 0> %05> (4 97 umipog SOLN/TOLIN
(SAAA) WdISAS 13)eAN PIIIIYD [EHUI)

SO 9 %001 9°L96C 395 008%01 oprxol uoqren pmbry

SO 100°0 %001 4! 395 00§ uaS0IpAH (omoq 1) sen

SHd 0 %001 LS 00S1 uaS0IpAH pmbry

SO 60 %001 ¥'S8L JOS GELLT udS0NIN (omoq ¢) sen

SO 9% %001 LS 00ST udSonIN pmbry
(SDd) wa)sAS sen yued

Sdd 60 %001 60 0¥c 1O [°n] [9s91d T 'ON C0LIN

(Sd ) widIsAg uondd0Ig 2114
WI)SAS PINJIV #(souuoy) (A/M05) Ju suoqes 'S'n ey ue],
[edtuynH UoneIHUIIU0))
SSBIAI QuINjoA

ANV'ISI ANIFINL ddN 0001dV NO AYOLNIANI TVOIINAHD

(7u02) 1-6° S1qeL

podoy yudmuoaiAuy 00014V 3N

€ sse[) A1e)oridorJ-uoN ISnoysunsdpy

uondLIdsy( Ju[d LU ('




L UOISIAY 9 06L-"TO-MD-d3N

‘[eorwayo Sururejuod UonNN|os JO SSBIA 4

SMS ‘SMD 8¢ %0¢€ G8'LE 000°01 9PIXOIPAH WnTUoWwY OILLIN
SMS ‘SMD 8¢ %0¢ G8'LE 000°01 9LIOYI0IPAH WNIPOS 60LIN

areydsoydAodoyio

1o 9yeydsoydAjod
SMS S8'LE> %001> G8'LE 000°01 1o arejA1oeAjoqd 90LIN

WAYSAS PINIJV »(souuoy) (A/m o) S suof[en ‘SN [ed1udY ) jue,
[Ty JO SSBIAl UONB.IUIIUD
duWIN[oA

ANVISTIVATOON HALVMVES NO AYOLNIANI TVOINTHD

€-6C9IqEL

'suo1}097es weirdord Ansmuayd o1j109ds-931s s 1oum() uodn paseq Area el SUOTIOJ[S [BITWIAYD [BMIOY :9JON
‘Teorwayd SUruIejuUOd UONN|OS JO SSBIA

SAD 200 %S¢€ 6100 S surzeipAH yue], duizeIpAH

yue],
SAD L10°0> %> 61070 S OPIXOIPAY LWniyI] [ 9PIXOIPAY Lwniyir|
SAD 70 %001 LS 00ST ua30IpAH (pmbry) usSoIpAH
SAD 9°70€ %SLEY0 870€ 000°08 proy ouog Jue], proy ouog

WAYSAS PINIJV x(souuoy) (A/m o) S suof[en ‘SN [ed1udyY ) jue,
[ed1UdY)) JO SSEIA uoneudIU0))
duIN[OA

ANVISTIIVATONN ddN 0001dV NO AHOLNHANI TVOINAHD

C-6'C 3qeL

y1oday yuswuwoAug (0001dV N uondrsy( Jue[d U ('

€ sse[) A1e)oridorJ-uoN ISnoysunsdpy




2.0 Generic Plant Description

Westinghouse Non-Proprietary Class 3

UK AP1000 Environment Report

Table 2.9-4

AP1000 NPP CHEMICALS THAT ARE LIST I AND II SUBSTANCES UNDER THE
GROUNDWATER DIRECTIVE

Chemical List I or List II Basis for Classification
Ammonium hydroxide List IT Ammonia
Polyphosphate or List IT Inorganic compounds of phosphorus and
orthopolyphosphate elemental phosphorus
Sodium hypochlorite List IT Nominated chemical
Boric acid List IT Inorganic compounds of boron
Zinc compounds List IT Nominated metal compounds
Diesel fuel oil ListI Mineral oils and hydrocarbons
Halogenated By-Products of List1 Organohalogen compounds (and substances
Chlorination in Seawater which may form such compounds in the aquatic
(see Table 4.2-3) environment) i.e., any organic compound which
contains one or more covalently bonded
halogen atoms
Table 2.9-5

AP1000 NPP NON-RADIOACTIVE EFFLUENT COMPONENTS THAT ARE LIST I AND II
SUBSTANCES UNDER THE DANGEROUS SUBSTANCES DIRECTIVE

Chemical List I/List I1 Basis for Classification

Ammonium hydroxide List IT Ammonia

Polyphosphate or List IT Inorganic compounds of phosphorus and

orthopolyphosphate elemental phosphorus

Hydrazine List IT Substances which have an adverse effect on the
oxygen balance, particularly: ammonia, nitrites

Sodium hypochlorite List IT Biocides and their derivatives not appearing in
ListI

Boric acid List IT Inorganic compounds of boron

Diesel fuel oil List I Mineral oils and hydrocarbons

Halogenated By-Products of List1 Organohalogen compounds (and substances

Chlorination in Seawater which may form such compounds in the aquatic

(see Table 4.2-3) environment) i.e., any organic compound which
contains one or more covalently bonded halogen
atoms
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Westinghouse Non-Proprietary Class 3

2.0 Generic Plant Description UK AP1000 Environment Report

Figure 2.3-2 (cont)

KEY TO TYPICAL AP1000 NPP PLOT PLAN

Item Description
1 Containment Shield Building
2 Turbine Building
3 Annex Building
4 Auxiliary Building
5 Radwaste Building
6 Plant Entrance
7 Diesel Generator Building
8 Fire Water / Clearwell Storage Tank
9 Fire Water Storage Tank
10 Transformer Area
11 Switch Yard
12 Condensate Storage Tank
13 Diesel Generator Fuel Oil Storage Tanks
14 Demineralised Water
15 Boric Acid Storage Tank
16 Hydrogen Storage Tank Area
17 Turbine Building Letdown Area
18 Waste Water Retention Basis
19 Passive Containment Cooling Ancillary Water Storage Tank
20 Diesel Driven Fire Pump/Enclosure
21 ILW Store (20 Years )
22 Spent Fuel Store (20 Years Storage)
23 Spent Fuel Store Extension 1 (40 Years)
24 Spent Fuel Store Extension 2 (60 years)
25 ILW Store Extension 1 (40 Years)
26 ILW Store Extension 2 (60 Years)
27 Decommissioning Facility (Future)
28 Storage Area for Non-Radioactive Waste
29 Storage Area Low Level Waste
30 Area for Contractors Compound
31 Area for Storage of Large Radioactive Components
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Westinghouse Non-Proprietary Class 3

2.0 Generic Plant Description

UK AP1000 Environment Report

RADWYASTE BLOG .

faste Processing

Prm s m -

SHIELD BLDG.

PCS Wiater
Storage Tank
PCS Air Baffle

PCE Ar Diffuser

CONTAINMENT BLDG

Muclear Island

TURBINE BLOG.

Turbine Generator

Truck Bay
hBintenance Area

StoragesStaging Room
Boric Acid Batching

RCS
CTIACT Condensers
IRAVST Deaerator
—————————————— |4 tomatic Depress, Condensate System
System Feedwater System
Spent Fuel Pool %S Purification Startup Feedwater
Cask Loading Area RCOT/HY Smmmmmmmmmmmemee - i Condensate Polisher
MNew Fuel Storage ! Closed Cooling Water System
MNew Fuel Inspection hain Control Room |1 hiakeup Purification System
5F5 Pumps ALY BLDG, Remate Shutdown Room|| SWIGR
oFs Ezrsn I;:%(Fmers Sampling Room 1E Batteres : hgin StreamyBypass/Reheat/Bxtraction
Gaseous Radwaste IPSACS 1 CCu System
RHE Pumps Liquid Rad 1E DC 5WGR U 546G Blowdown
quid Fadwaste 1
RHR HX Solid Radwaste MS1Y Compartment |1 Chillers
CWS hakeup Pumps HWAL !
RCC Rod Control SUNGR RC Pump Trip SWGR |1
Reactor Trip SWGR i
1
1
ANNEX BLOG.
Hot Machine Shop  Mon 1E Batteries  MMEin Entrance
Non 1E DC SWGR S

MNon 1E AC SWGR
HwWiaC
MG Sets

Health Physics
Technical Support
Computer Room

Locker Room

O/G BLOG.
Standby OVG
O/G Control Room
Air Start Tank
Day Tank
HhwiaC

Figure 2.3-3. Location of System Functions within the AP1000 NPP Power Generation Complex
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Figure 2.9-1. Plan View of AP1000 NPP Turbine Chemical Storage
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Figure 2.9-3. Rugged Hazardous Liquid Tote Container
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3.0

3.1

RADIOACTIVE WASTE MANAGEMENT SYSTEMS

Introduction

During the GDA process, an IWMS has been developed to ensure that radioactive material
and radwastes generated by the AP1000 NPP are managed in a manner which minimises the
need for future processing, and that is compatible with anticipated facilities for ultimate
disposal or end-use (Reference 3-1). During site-specific analysis, the operator of an AP1000
NPP may develop its own strategy in line with its own corporate waste disposal procedures
and policies.

The AP1000 NPP IWMS (Reference 3-1) is consistent with the waste hierarchy shown in
Figure 3.1-1 and the key BAT management factors for optimisation of releases from nuclear
facilities shown in Figure 3.1-2 (Reference 3-2). These factors correlate closely as follows:

Waste Hierarchy BAT Waste Management Factor
e Avoid e Use of low waste technology
e  Minimise e  Use of low waste technology

e  Efficient use of resources
° Reduce emissions

e  Reduce/Recycle e  Use of low waste technology
e  Use less hazardous substances

e  Abatement ° Reduce emissions

It is not possible to avoid the production of radwaste entirely. Radioisotopes are produced
during the normal operation of nuclear reactors, primarily through the processes of fission
and activation. Fission products may enter the reactor coolant by diffusing from the fuel and
then passing through the fuel cladding through leaks. The primary cooling water may contain
dissolved or suspended corrosion products and non-radioactive materials leached from plant
components which can be activated by the neutrons in the reactor core as the water passes
through the core. These radioisotopes leave the reactor coolant either by plant systems
designed to remove impurities, by small leaks that occur in the RCS and auxiliary systems, or
during maintenance. Therefore, each plant generates radwaste that can be liquid, solid, or
gaseous.

The other aspects of the waste hierarchy, minimisation, reduce/recycle and abatement of
emissions, are all implemented within the AP1000 NPP design in a manner that is consistent
with the BAT waste management factors. Examples of these BAT techniques are shown in
Table 3.1-1 and these and other techniques are discussed in more detail in the following
sections.
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3.2

3.2.1

3.2.2

3.2.3

3.2.4

Minimisation of Waste at Source

In the AP1000 NPP, there are several ways in which the release of radioactive emissions is
reduced at source. These ways are described below.

Fuel Rod Burn-up

The fuel economics and the amount of spent fuel are closely correlated. Both are optimised
when the fuel cycle is designed with fuel being discharged from the reactor as close as is
reasonable to the licensed discharge burn-up limit. The current licensed limit for
Westinghouse fuel is 62,000 MWD/MTU on the lead rod maximum burn-up. Typically, a
batch average burn-up of approximately 50,000 MWD/MTU is achieved.

The concept of high burn-up fuel is generally environmentally and economically beneficial.
However, high fuel burn-up can result in extended cooling time for spent fuel. This will be a
consideration for any future repository operator to address (see subsection 3.5.8.3).

Operational Cycle

Utilities can operate an AP1000 NPP on different cycle lengths (e.g., annual vs. 18 month
cycles) as best meets their operational needs. If the prime objective is to reduce the average
number of discharge assemblies per year, then an annual cycle in the AP1000 NPP would
discharge fewer assemblies on the average than an 18 month cycle (40 vs. 43). However,
depending on the cost of the extra outage every 3 years, the cost of replacement power during
the outage, the impact of outage length on average capacity factor, etc., this may not be the
most overall economically efficient operation of the core. The vast majority of Westinghouse
customers choose the longer 18 month fuel cycle.

Tramp Uranium

Uranium contamination on the exterior surface of Westinghouse fabricated fuel rods,
sometimes called tramp uranium, is insignificant. Normally, Westinghouse does not smear
their rods for contamination. However, when smears were taken, analysis showed that the
levels of alpha contamination, and therefore any tramp uranium levels, were so low that
statistically, smears no longer need to be taken.

Fuel Rod/Cladding Design

The AP1000 NPP fuel rods consist of cylindrical, ceramic pellets of slightly enriched
uranium dioxide (UO,;). These pellets are contained in cold-worked and stress-relieved
ZIRLO tubing, which is plugged and seal-welded at the ends to encapsulate the fuel.
Sintered, high-density uranium dioxide fuel reacts only slightly with the clad at core
operating temperatures and pressures. In the event of clad defects, the high resistance of
uranium dioxide to attack by water protects against fuel deterioration, although limited fuel
erosion can occur. The consequences of defects in the clad are greatly reduced by the ability
of uranium dioxide to retain fission products, including those which are gaseous or highly
volatile. ZIRLO is an advanced zirconium-based alloy which has a high corrosion resistance
to coolant, fuel, and fission products, and high strength and ductility at operating
temperatures. Selection of ZIRLO cladding materials minimises the formation of defects
that can result in radioactive releases to the reactor coolant.

The design of the fuel that will be used in the AP1000 NPP is an improvement over previous
designs in that vibrations in the assembly are reduced. This design has already been used in
existing plants. Since the implementation of the Westinghouse 17x17 RFA in 1998 the
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3.2.5

3.2.6

3.2.7

overall leakage rate of this design, incorporating all the Westinghouse debris protection
features, is 0. The overall leakage rate, on a rod basis, of the basic RFA fuel product
including designs that do not use all the debris protection features is less than 107
(Reference 3-42).

Materials Selection

In order to reduce Co-60 production by activation of Co-59, the latter is limited to below 0.05
weight percent in reactor internal structures and below 0.2 weight percent in primary and
auxiliary materials. Low or zero cobalt alloys used for hard-facing or other applications
where cobalt alloys have been previously used are qualified using wear and corrosion tests.
The corrosion tests qualify the corrosion resistance of the alloy in the reactor coolant. Cobalt
free wear resistant alloys considered for this application include those developed and
qualified in nuclear industry programmes.

The use of cobalt base alloy (e.g., Stellite®) is limited to applications where its hardness, low
friction, and resistance to wear provide the best reliability for critical operations. Examples
include use on guide surfaces of motor-operated gate valves and the seating surfaces of air-
operated globe valves where tight shutoff and durability are required.

The parts of the control rod drive mechanisms and control rod drive line exposed to reactor
coolant are made of metals that resist the corrosive action of the coolant. Three types of
metals are used exclusively: stainless steels, nickel-chromium-iron alloys, and, to a limited
extent, cobalt-based alloys. These materials have provided many years of successful
operation in similar control rod drive mechanisms. In the case of stainless steels, only
austenitic and martensitic stainless steels are used. Cobalt-based alloys have limited use in
the AP1000 NPP design.

Co-58 is produced from activation of Ni-58. For this reason, nickel-based alloys in the
reactor coolant system are used only where component reliability may be compromised by
the use of other materials. The major use of nickel-based alloys in the reactor coolant system
is the INCONEL® steam generator tubes.

There are general prohibitions on copper, lead and antimony and other low-melting-point
metals used in engineered safety features. In addition, the reactor coolant pump mechanical
design criteria prohibit antimony completely from the reactor coolant pump and its bearings.

Minimisation of Leakage Pathways

The AP1000 NPP is designed with fewer valves and components than predecessor plants
which will result in fewer leakage pathways and lower overall input to the radwaste systems.

Control of Reactor Coolant Water Chemistry

The RCS contains boric acid for long-term reactivity control of the core. The RCS water
chemistry is controlled to minimise corrosion by the addition of chemicals using the CVS.
The following chemicals are added to the borated RCS system:

e  Lithium hydroxide (Li70H) is used to control the pH of the RCS and is chosen for its
compatibility with borated water chemistry and the stainless steel and zirconium
materials. The effective control of pH reduces the formation of radioactive corrosion
products that may be released in liquid effluent. The use of Li7OH, where the
Li-7 isotope has been enriched, also removes an important formation mechanism for
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3.2.8

3.2.9

trittum. The neutron absorption cross-section of lithium-7 is five orders of magnitude
smaller than that of lithium-6, and the use of Li7OH substantially reduces the potential
for tritium formation associated with neutron absorption by lithium-6 present in natural
lithium hydroxide.

e Hydrazine is introduced as an oxygen scavenger during plant startup from cold
shutdown to reduce corrosion product formation associated with dissolved oxygen.

e Dissolved hydrogen is added to the RCS during power operations to eliminate free
oxygen produced by radiolysis in the core and to prevent ammonia formation.

e  Zinc acetate is added initially during hot functional testing and during operations to
minimise corrosion and to reduce radiocobalt and activated nickel concentrations.

The RCS water chemistry is routinely analysed to ensure that the chemistry is correct and that
corrosion product particulates are below specified limits.

Gray Rods and Burnable Absorber Rods

Core reactivity is controlled by means of a chemical poison (boric acid) dissolved in the
coolant, rod cluster control assemblies, gray rod cluster assemblies, and burnable absorbers.

The gray rod cluster assemblies are used in load follow manoeuvering and provide a
mechanical shim reactivity mechanism which eliminates the need for chemical shim control
provided by changes to the concentration of soluble boron.

Discrete burnable absorber rods, integral fuel burnable absorber rods, or both may be used to
provide partial control of the excess reactivity available during the fuel cycle. In doing so,
the burnable absorber rods reduce the requirement for soluble boron in the moderator at the
beginning of the fuel cycle.

The reactor controls provided by gray rods and burnable absorber rods reduce the
requirements for varying the boron concentrations in the RCS. By doing so, the volume of
reactor coolant that is withdrawn by the CVS and treated in the WLS is reduced.

Reactor Coolant Pressure Boundary

Airborne releases can be limited by restricting reactor coolant leakage. The RCPB provides a
barrier against the release of radioactivity generated within the reactor. The RCPB comprises
the vessels, piping, pumps, and valves that are part of the RCS, or that are connected to the
RCS up to and including the following:

e The outermost containment isolation valve in system piping that penetrates the
containment

e  The second of two valves closed during normal operation in system piping that does not
penetrate containment

e  The RCS overpressure protection valves
The RCPB is designed to contain the coolant under operating temperature and pressure

conditions and limit leakage (and activity release) to the containment atmosphere. RCPB
leakage detection is accomplished by diverse measurement methods, including level, flow,
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3.2.10

and radioactivity measurements. Monitoring provides a means of detecting, and to the extent
practical, identifying the source and quantifying the reactor coolant leakage.

Reactor Coolant Purification

The CVS purifies the RCS to maintain low RCS activity levels. The CVS purification loop
contains two mixed-bed demineralisers, a cation-bed demineraliser, and two reactor coolant
filters. The mixed-bed demineralisers are provided in the purification loop to remove ionic
corrosion products and certain ionic fission products. The demineralisers also act as coarse
filters for infrequent large particulates. Fine filtration is provided by reactor coolant filters
which are provided downstream of the demineralisers to collect particulates and resin fines.
They are specified to retain 98% of 0.10 micron (0.004 mils) particles with sufficient filter
capacity to maintain a differential pressure of less than 0.30 MPa (44 psi). It is expected that
during plant startup, plant testing, and possibly during the first few cycles that filter cartridges
with larger micron ratings may be required (to increase filter life and reduce cartridge
changeout).

One mixed bed is normally in service; with a second demineraliser acting as backup in case
the normal unit should become exhausted during operation. Each demineraliser and filter is
sized to provide a minimum of one fuel cycle of service with change-out of the in-service
demineraliser normally occurring at the end of each fuel cycle, irrespective of the conditions
and chemical exposure history during the fuel cycle. The mixed-bed and cation-bed
demineralisers are expected to have considerable excess capacity to handle primary circuit
purification during shutdown operations.

Unforeseen or unexpected events or transients in contaminant loading could potentially
necessitate the premature need to remove the primary CVS purification mixed bed from
service. In this case, the backup CVS mixed bed can be placed in service without the need to
enter containment. At that point, it would be the left to the judgment of the operating utility
whether there is a pressing need to replace the exhausted CVS change-out with the unit in
power operation. Radiological conditions at any specific time must be carefully assessed.

The CVS mixed-bed demineralisers have limited capability for deboration. The purification
mixed bed that is in service at any given time will already be operating fully equilibrated with
boron. The designated “backup” CVS mixed-bed demineraliser (not yet in service) has the
capability to perform deboration to roughly 70 ppm boron at the end of the fuel cycle. If the
backup mixed bed is used only for end of cycle deboration of the RCS, then that mixed bed
may be suitable for use as the purification mixed bed in the following fuel cycle.

The mixed-bed demineralisers also remove zinc during periods of zinc addition (see Section
2.6.6). Approximately 8% of the mixed-bed cation resin sites may be converted to the zinc
form following 18 months of continuous CVS mixed-bed operation at 10 ppb zinc in the
RCS.

The mixed-bed demineraliser in service can be supplemented by intermittent use of the
cation-bed demineraliser for additional purification in the event of fuel defects. In this case,
the cation resin removes mostly lithium and caesium isotopes. The cation-bed demineraliser
has sufficient capacity to maintain the caesium-136 concentration in the reactor coolant
below 37 kBg/ecm® (1.0 uCi/cm’) with design basis fuel defects. Each mixed bed and the
cation-bed demineraliser is sized to accept the maximum purification flow.

The CVS ion exchange treatment also removes radioactive iodine concentrations in the
reactor coolant. Removal of the noble gases from the RCS is not normally necessary because
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3.2.11

3.2.12

3.3

3.3.1

3.3.1.1

the gases will not build up to unacceptable levels when fuel defects are within normally
anticipated ranges. If noble gas removal is required because of high RCS concentration, the
CVS can be operated in conjunction with the WLS degasifier to remove the gases.

By maintaining low RCS activity levels, the radioactive releases associated with reactor
coolant leakage to the containment atmosphere is reduced.

pH Control with Li7OH

Lithium hydroxide is used to control pH within the RCS. Naturally occurring lithium would
produce large amounts of tritium when exposed to neutron irradiation. In order to reduce this
source of tritium production, lithium hydroxide enriched in the Li-7 isotope (Li70H) is used
to largely avoid addition of the Li-6 isotope prone to such tritium production.

Recycling Steam Generator Blow Down

Fluid recycling is provided for the steam generator blowdown fluid which is normally
returned to the Condensate System (CDS).

Gaseous Radioactive Waste

Gaseous Radwaste System

The WGS is described in detail in Chapter 26 of the PCSR (Reference 1-10).
Gaseous Radwaste System Sources

During reactor operation, tritium and radioactive isotopes of xenon, krypton, and iodine are
created as fission products. A portion of these radionuclides is released to the reactor coolant
because of a small number of fuel cladding defects. The reactor coolant may also contain
tritium and gaseous carbon-14 (mainly in the form of methane) produced by various
activation reactions within the reactor coolant. Leakage of reactor coolant thus results in a
release to the containment atmosphere of these gases.

Airborne releases can be limited both by restricting reactor coolant leakage and by limiting
the concentrations of radioactive gases in the RCS.

WGS inputs are as follows:
e  RCS degassing:

Removal of the noble gases from the RCS is not normally necessary because the gases
do not build up to unacceptable levels when fuel defects are within normally anticipated
ranges. However, the WGS periodically receives influent when CVS letdown is
processed through the WLS degasifier. This occurs when the CVS letdown flow is
diverted to the WLS degasifier during dilutions, borations, and RCS degassing before
shutdown.

The WLS degasifier discharge is the largest input to the WGS. Since the degasifier is a
vacuum type and requires no purge gas, the maximum gas influent rate to the WGS is
essentially equal to the maximum dissolved hydrogen rate into the degasifier. The
maximum input flow rate from degasifier separator is 0.99 m’/h (0.58 standard cubic feet
per minute (scfm)) based on RCS hydrogen concentration 45 cm’/kg (1.2 in’/Ib).
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e  WLS reactor coolant drain tank (RCDT) degassing:

The RCDT contents are also degassed by the WLS degasifier, and the resulting gas is
then routed to the WGS. When enough gas has naturally come out of the RCDT
contents, the tank is also vented to the WGS. The maximum input flow rate from the
RCDT is 0.85m’/h (0.5 scfm).

The estimated gaseous radwaste emissions arising from the system operations are shown in
Table 3.3-1.

Gaseous Radwaste Treatment System

If noble gas removal is required because of high RCS concentration, the CVS is operated in
conjunction with the WLS degasifier to remove the gases. lodine is removed by ion
exchange in the CVS.

Gases generated by RCS or RCDT degassing are passed to the WGS for further treatment.
The WGS is used intermittently. Most of the time during normal operation of the AP1000
NPP, the WGS is inactive. Based on the maximum input gas volume, the WGS is expected
to operate approximately 100 hours per year.

The WGS is designed to perform on an intermittent basis the following major functions:
e  Collect radioactive or hydrogen bearing gaseous wastes

e Process and discharge the waste gas while keeping offsite releases of radioactivity
within acceptable limits

The AP1000 NPP WGS is a once-through, ambient temperature, activated carbon delay
system (see Figure 3.3-1). The system includes a gas cooler, a moisture separator, an
activated carbon-filled guard bed, and two activated carbon-filled delay beds. The
radioactive fission gases entering the system are carried by hydrogen and nitrogen gases that
pass through the system tanks to their incoming pressure. These influents successively pass
through:

e  The gas cooler, where they are cooled to about 4°C (40°F) by the chilled water system.

e The moisture separator, which is a stainless steel receiver, collects condensed water
vapour (including condensed tritiated water vapour) from the cooled gas thus removing
it from the gaseous radioactivity stream. The collected water is periodically discharged
automatically to the WLS.

e An activated carbon-filled guard bed, which protects the delay beds from abnormal
moisture carryover or chemical contaminants. It absorbs radioactive iodine with
efficiencies of 99 percent for methyl iodine and 99.9 percent for elemental iodine. It
also provides increased delay time for xenon and krypton and deep bed filtration of
particulates entrained in the gas stream.

e Two activated carbon delay beds in series are provided where the release of xenon and
krypton is delayed by a dynamic adsorption process. During the delay period, the
radioactive decay of the fission gases significantly reduces the radioactivity of the gas
flow leaving the system.
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The avearge calculated holdup times are 41.6 days for xenon and 2.3 days for krypton,
based upon a continuous input flow rate to the WGS of 0.99 m*/h (0.58 scfm).

The two beds together provide 100 percent of the stated system capacity under design
basis conditions. During normal operation, a single bed provides adequate performance.
This provides operational flexibility to permit continued operation of the gaseous
radwaste system in the event of operational upsets in the system that requires isolation
of one bed. Normal operation will be with two beds in series and it is not expected that
a delay bed will be out of service on a frequent basis.

No final filter is incorporated in the gaseous radwaste system because the carrier-gas
velocity through the beds is very low, and flow in the final leg of the delay beds is
oriented upward through the bed. Therefore, the potential for particulate carry-over is
not judged to be significant, and the complexity associated with an outlet filter is not
justified.

e A radiation monitor before discharge to the ventilation exhaust duct.

The use of a gas cooler, a moisture separator, a guard bed, and delay beds is a common gas
treatment system throughout the nuclear power industry.

HVAC Systems for Radiologically Controlled Areas

The AP1000 NPP design uses several HVAC systems, which are identified in Table 3.3-2.
The classification of working areas being served by the HVAC systems and the systems that
are fitted with abatement systems are also shown in Table 3.3-2.

Detailed descriptions of the HVAC systems can be found in Chapter 23 of the PCSR
(Reference 1-10). The HVAC systems which extract air or process from radioactively
controlled areas are described in the following subsections.

Containment Recirculation Cooling System (VCS)

The Containment Recirculation Cooling System (VCS) recirculates and cools air within the
containment during power operations and shutdown. This results in an energy savings and a
reduction in waste generated in the form of used filters when compared to that which would
arise from the level of once-through HVAC ventilation system. The air recirculated by this
system is expected to contain some activity, mostly noble gases and some iodine. The VCS
does not penetrate the containment boundary and thus does not give rise to any discharges to
atmosphere.

During shutdown operations in the containment, local, filtered extract systems are available
for particular operations where airborne activity may be generated. This reduces the potential
for airborne activity to be released into the general containment atmosphere which the
recirculation system could spread to other parts of the containment building.

The extracted air is continuously monitored for airborne activity which would give an early
warning to workers in the containment of the presence of airborne activity.
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Containment Air Filtration System (VFS)

The containment building can contain activity as a result of leakage of reactor coolant and as
a result of activation of naturally occurring Ar-40 in the atmosphere to form radioactive
Ar-41.

The Containment Air Filtration System (VFS) purges the containment by providing fresh air
from outside and exhausting air to the plant vent. The air exhausted by the VFS is filtered
with high-efficiency filters, charcoal filters, and postfilters. The VFS also exhausts from areas
served by the Radiologically Controlled Area Ventilation System (VAS) and the Health
Physics and Hot Machine Shop HVAC System (VHS) after receipt of a High radiation signal
in the VAS or the VHS exhaust, respectively.

The VFS comprises two parallel systems which may be operated individually or
simultaneously as required by the operating regime with or without associated inlet air
handling units. The two exhaust air filtration units are located within the radiologically
controlled area of the annex building. Each exhaust air filtration unit can handle 100% of the
system capacity. The VFS is diesel backed to improve its reliability.

Each VFS unit consists of an electric heater, an upstream high-efficiency particulate air
(HEPA) filter bank, a charcoal adsorber with a downstream postfilter bank, and an exhaust
fan. The efficiencies of the individual filtration elements are in Table 3.3-3. A gaseous
radiation monitor is located downstream of the exhaust air filtration units in the common
ductwork to provide an alarm if abnormal gaseous releases are detected.

During normal plant operation, the VFS operates on a periodic basis to purge the containment
atmosphere as determined by the MCR operator to reduce airborne radioactivity or to
maintain the containment pressure within its normal operating range.

The filtered exhaust air from the containment is discharged to the atmosphere through the
plant vent by the VFS exhaust fan. Radioactivity indication and alarms are provided to
inform the MCR operators of the concentration of gaseous radioactivity in the VFS exhaust
duct. There are additional VFS radiation monitors that measure gaseous, particulate, and
iodine concentrations in the plant vent.

Radiologically Controlled Area Ventilation System (VAS)

The AP1000 NPP Radiologically Controlled Area Ventilation System (VAS) serves the
radiologically controlled areas of the auxiliary and annex buildings. The VAS consists of two
separate once-through type ventilation subsystems; the auxiliary/annex building ventilation
subsystem and the fuel handling area ventilation subsystem.

The auxiliary/annex building ventilation subsystem is routed to minimise the spread of
airborne contamination by directing the supply airflow from the low-radiation access areas
into the radioactive equipment and piping rooms with a greater potential for airborne
radioactivity. Additionally, the exhaust air ductwork is connected to the radwaste eftfluent
holdup tanks to prevent the potential buildup of gaseous radioactivity or hydrogen gas within
these tanks. The exhaust fans normally discharge the auxiliary/annex building exhaust air
into the plant vent at an approximate flow rate of 16.42 m’s™ (34,900 cfm).

The fuel handling area ventilation subsystem supply and exhaust ductwork is arranged to
exhaust the spent fuel pool area separately from the auxiliary building. It provides directional
airflow from the rail car/bay filter storage area into the spent resin equipment rooms. The
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exhaust fans normally pass the exhaust air through a HEPA filter system at an approximate
flow rate of 5.52 m’s™ (11,700 cfm) before discharge via the plant vent.

The supply and exhaust ducts are configured so that each subsystem may be independently
isolated. If the radiation monitors in either duct system detect a high level of radiation, the
subsystem extract is diverted to the VFS. This allows filtration by both HEPA filters and
charcoal filters, which provides abatement of both particulate emissions and radioiodine
gases. The VAS and VFS may also be switched manually if particular operations are being
undertaken which could result in release of activity.

In addition to the duct monitors, the following area monitors will also provide a VFS
actuation signal to divert the VAS exhaust to the HEPA filters and charcoal filters of the
VES:

Primary Sampling Room

Chemistry Laboratory

Fuel Handling Area 1

Aucxiliary Building Rail Car Bay/Filter Storage Area
Liquid and Gaseous Radwaste Area

Annex Staging and Storage Area

Fuel Handling Area 2

The purpose of using these area monitors to actuate the switch from VAS to VFS upon
contamination detection improves the reliability of the switching system and reduces the
duration of potentially untreated atmospheric releases from ~30 seconds to ~15 seconds.

Health Physics and Hot Machine Shop HVAC System (VHS)

The Health Physics and Hot Machine Shop HVAC System (VHS exhaust air system consists
of two 100% capacity exhaust fans sized to allow the system to maintain negative pressure.
HEPA filtration is not provided on the HVAC system and normally air discharges directly to
the plant vent at a flow rate of 6.84 m’s” (14,500 cfm). However, in the event that duct
monitors or area monitors detect contamination, the VHS will be diverted to the VFS to allow
filtration by both HEPA filters and charcoal filters.

The hot machine shop provides a location within the controlled area for repair and
refurbishment of items of equipment from within the controlled area. The facility has a
dedicated decontamination facility which has HEPA filtration and a glovebox which also has
HEPA filtration. Individual machine tools have local exhaust ventilation also equipped with
HEPA filters with each individual machine operating at an exhaust flow rate from of
0.85 m’s™ (1800 cfm).

Turbine Building Ventilation System (VTS) — Bay 1 Area

The Turbine Building Ventilation System (VTS) serves all areas of the turbine building. The
HVAC systems serving the switchgear rooms, rectifier room, security rooms, and plant
control system cabinet rooms do not have a credible source of radioactive contamination and
are considered non-radioactive ventilation systems (see subsection 4.1.1.3). The Bay 1 area
of the turbine building contains the reactor coolant pump variable-speed drives, CCS
equipment (a nonradioactive system), and the Steam Generator Blowdown System (BDS).
The BDS may be contaminated in the very unlikely event of concurrent fuel defects, steam
generator leak, radiation monitor or BDS isolation failure, and a BDS leak. The general area
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of the turbine building is ventilated using about 850 m’s™ (1,800,000 cfm) exhausted direct to
atmosphere through roof ventilators without abatement.

Radwaste Building Ventilation (VRS)

The Radwaste Building HVAC System (VRS) supplies and exhausts air from the radwaste
building. The radwaste building has three potential sources of radioactive contamination, as
follows:

e  Tanks for low-level liquid effluent for monitoring and sentencing
e  Area for loading packaged solid LLW into containers
Portable or permanently installed equipment for processing LLW.

The VRS general extract may contain significant airborne activity either during normal
operation or fault conditions if the portable radwaste equipment is not properly operated.
Extract air from the building equipment will be by means of low level extract grilles and
conveyed through high integrity ductwork to HEPA filters and discharged to the main plant
exhaust stack by two 50 percent extract fans. Dedicated HEPA filtered extracted branches
will provide extract from the waste sorting cabinets (Reference 3-3).

All HEPA filter housings will be of the safe change type and supplied in accordance with
NF0153/1 (Reference 3-4). Filter inserts will comply with AESS30/95100 (Reference 3-5).

ILW Store Ventilation

The ILW store will be equipped with two HEPA filters in series to remove radioactive
particulates present in the ILW building atmosphere.

Condenser Air Removal System

Air in-leakage and non-condensable gases contained in the turbine exhaust steam are
collected in the condenser. The condenser air removal system removes the air and
non-condensable gases from the condenser during plant start-up, cool down, and normal
operation from the steam side of the three main condenser shells and exhausts them into the
atmosphere via the condenser air removal stack.

During normal operation and shutdown, the main condenser has no significant inventory of
radioactive contaminants; thus the non-condensable gases and vapour mixture are discharged
to the atmosphere are not normally radioactive. However, it is possible for the mixture to
become contaminated in the event of a steam generator tube leak. Radiation monitors
associated with the BDS, steam generator system (main steam), and the condenser air
removal system provides the means to determine if the secondary side is radioactively
contaminated. Upon detection of unacceptable levels of radiation, operating procedures are
implemented to precipitate corrective action.

Air Emission Release Points

The point source release points to the atmosphere are shown in Figure 3.3-2. The main plant
vent and ILW ventilation stack provide the only potential sources of gaseous radioactive
emissions under normal operating conditions. Both these sources are subject to abatement
(see Sections 3.3.2, 3.3.2, and 3.3.3). The other emission points identified in Figure 3.3-2
only act as sources of radioactive air emissions in abnormal conditions, such as a loss of
coolant accident (LOCA) or primary-secondary tube leak failure.
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The main plant vent is located on the side of the containment building. Data relating to the
main plant vent is shown in Table 3.3-4.

The details of the Condenser Air Removal Stack are shown in Table 3.3-5.
No design data is currently available for the ILW store ventilation stack.
BAT Assessment for Gaseous Radwaste Treatment

BAT - Optimisation of Delay Bed Sizing

The carbon delay beds in the WGS have been designed as a folded serpentine configuration
to minimise space requirements and the potential for voids in the activated carbon. The
length-to-diameter ratio will maximise the ratio of breakthrough time to mean delay time.
The waste gas flow is generally vertical (up and down) through columns of granular activated
carbon. No retention screens are required on the delay bed since the flow is low velocity and
enters and leaves each delay bed at its top. No failure mechanisms have been identified that
could increase discharge flow rates high enough to suspend activated carbon particulates
from the delay beds.

Each serpentine has four legs. The number of legs, and hence the volume of carbon in the
delay bed, has been optimised by evaluating the radioactive releases (using the GALE code)
expected as a function of the number of legs. Figure 3.3-3 shows how the optimum number
of legs in the delay bed system is eight. Increasing the number of legs above eight has a
diminishing benefit in terms of reducing releases of radioactivity. Increasing the size of the
delay bed is not warranted in terms of the cost of increasing volumetric space requirements
within the auxiliary building which is a Category | seismic building; the cost of purchase,
installation, and decommissioning of the additional serpentine legs and the additional cost of
activated carbon.

BAT — HEPA Filter Selection

The VFS, VAS (fuel handling area), and VRS will have HEPA filter housings capable of
holding a range of different specification filters. Higher specification HEPA filters than those
shown in Table 3.3-3 are available. However, these filters may increase differential pressure
and have shorter replacement intervals than the specified filters. This would result in
increased energy use on the extraction fans and a larger filter element waste volumes
requiring disposal as LLW. The final choice of filter element is best determined by operator
experience when the optimum balance between cost of filters, cost of filter disposal, and filter
performance can be evaluated.

BAT — Radiologically Controlled Ventilation Areas

The normal operating condition is one in which radioactivity is not detected within the
radiologically-controlled areas of the auxiliary and annex buildings. Under these
circumstances, the air extracted by the ventilation system is emitted to the atmosphere via the
plant vent without treatment. The advantage of this system is that the exhaust air filtration
units of the VFS are not being used to filter uncontaminated air. This prolongs the life of the
filters and charcoal adsorber and minimises the generation of LLW.
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Air Emissions
Annual Air Emissions

The radioactive air emissions from the AP1000 NPP following abatement comprise
radioiodines, noble gases, and particulates. The annual releases are presented in Tables 3.3-6,
3.3-7, and 3.3-8, respectively. The data are based on proprietary calculations determined
from the revised GALE Code (Reference 3-6). The emissions data are for annual average air
emission; no account is taken of short term variability of emissions.

Monthly Air Emissions

The monthly radioactive discharges over an 18-month fuel cycle were estimated for an
AP1000 NPP in Reference 3-7. The 18-month cycle includes startup, shutdown, and
maintenance.

The radionuclides considered in evaluating gaseous emissions were those from the nuclear
power reactors listed in EU Commission Recommendation 2004/2/Euratom for discharges to
the atmosphere and liquid discharges. However, some of the radionuclides were omitted due
to insufficient source data. Those radionuclides included in the analysis are listed in
Table 3.3-9.

Table 3.3-10 lists the total monthly discharges of radionuclides in gas from an AP1000 NPP
during an 18-month operating cycle. Tables 3.3-11 through 3.3-22 list radioiodine, noble
gases, H-3, C-14, Ar-41, Co-60, Kr-85, Sr-90, I-131, Xe-133, Cs-137, and other particulates
discharged in the gas, respectively.

Sources of gas discharges include the following:

e RCS

¢ Containment building

e Auxiliary building

e Turbine building

e Condenser air removal system.

The variability in gaseous discharges associated with the RCS over the fuel cycle is the same
as the variability in liquid discharges from which they are derived. The non-RCS gas
discharges are expected to be constant during the fuel cycle. The variability of the gaseous
discharge over the 18-month fuel cycle is shown in Figure 3.3-4.

Comparison of AP1000 NPP Discharges with Existing Plants

The gaseous discharges from the AP1000 NPP were compared with those from the following
operating plants (Table 3.3-23):

South Texas 1
Braidwood 1
Cook 1
Vogtle 1
Sizewell B

These plants were selected for comparison to the generic AP1000 NPP because South
Texas 1, Braidwood 1, Cook 1, and Vogtle 1 are more recently built Westinghouse
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pressurised water reactors (PWRs) in the United States; Sizewell B is a PWR in the UK.
When the values are normalised to an annual basis and 1000 MW output, the AP1000 NPP
has conservative but comparable discharges to the operating plants.

Liquid Radioactive Waste

The management of liquid radwaste is described in detail in Chapter 26 of the PCSR
(Reference 1-10).

The WLS is designed to control, collect, process, handle, store, and dispose of liquid
radwaste generated as the result of normal operation, including anticipated operational
occurrences.

Sources

The WLS receives liquid waste from the following sources at flow rates shown in
Table 3.4-1:

Reactor Coolant System Effluents

The effluent subsystem receives borated and hydrogen-bearing liquid from two sources: the
RCDT and the CVS. The RCDT collects leakage and drainage from various primary systems
and components inside containment. Effluent from the CVS is produced mainly as a result of
RCS heat-up, boron concentration changes, and RCS level reduction for refuelling. The RCS
effluents contain dilute boric acid at concentrations up to 2700 ppm. This borated water is
the principal input in terms of volume and activity.

Floor Drains and Other Wastes with High Suspended Solids

Floor drains and other wastes are collected by various building floor drains and sumps, and
routed to one of two waste holdup tanks, with a volume of 45 m® (12,000 gal) each. They
potentially have high suspended solid contents.

Detergent Wastes

Detergent wastes coming from the plant hot sinks and showers as well as some cleanup and
decontamination processes are routed to the chemical waste tank with a volume of 19 m’
(5,000 gallons).

Chemical Wastes

Chemical wastes collected from the laboratory and other relatively small volume sources are
transferred to the chemical waste tank. It may be mixed non-hazardous, hazardous, and
radwastes or other radwastes with high dissolved-solids content. These wastes are generated
at a low rate.

Steam Generator Blowdown

Steam generator blowdown is normally non-radioactive and is accommodated within the
BDS. However, if steam generator tube leakage results in significant levels of radioactivity
in the steam generator blowdown stream, this stream is redirected to the WLS for treatment
before release. In this event, one of the waste holdup tanks is drained to prepare it for
blowdown processing.
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Storage and Containment of Liquid Radwaste
The liquid radwaste is collected in five tank systems:

RCDT

Effluent hold up tanks

Waste hold up tanks

Chemical waste tanks

e  Monitor tanks (treated liquid radwaste, see subsection 3.4.3.6)

Details of these tanks, their locations, and their secondary containment can be found in
Tables 3.4-2 and 3.4-3.

Sludge is not expected to accumulate significantly on the bottoms of liquid waste treatment
tanks. These tanks are designed to minimise sludge formation by including provisions to
slope the effluent hold-up tank from one end to the other into a dirt pan section where
particulate material can collect; the vertical tanks are sloped to the low point where
particulates will be collected. The discharge pump suction is taken from the dirt pan or low
point for drawing waste water out of the tank, thus performing a self-cleaning action. The
tanks are also fitted with oversized manways that allow for access in case any additional
cleaning is necessary for tank maintenance or during decommissioning.

Liquid Radwaste System

The WLS is located in the nuclear island auxiliary building. A schematic of the WLS is
shown in Figure 3.4-1.

Degasification of Reactor Coolant System Effluent

The input to the RCDT is potentially at high temperature. Therefore, provisions are made for
recirculation through a heat exchanger for cooling. The tank is inerted with nitrogen and is
vented to the WGS.

The cooled RCS effluents then pass to the vacuum degasifier to remove hydrogen and
dissolved radiogases before storage in the three effluent holdup tanks, with a volume of
106 m® (28,000 gallons) each. The stripped gases are vented to the WGS.

The degasifier column is designed to reduce hydrogen by a factor of 40, assuming inlet flow
of 22.7 m’/h (100 gpm) at 54°C (130°F).

The contents of the effluent holdup tanks may be:

Recirculated and sampled.

Recycled through the degasifier for further gas stripping.

Returned to the RCS via the chemical and CVS makeup pumps.

Passed through the filtration and ion exchange treatment units of the WLS before being
sent to the monitor tanks for discharge.

Pre-Filtration

The contents of the effluent holdup tanks and waste holdup tanks are normally passed
through a treatment system comprising an upstream filter followed by four ion exchange resin
vessels in series and a downstream filter.
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A pre-filter is provided to collect particulate matter in the effluent stream before ion
exchange. The unit is constructed of stainless steel and has disposable filter bags. The
pre-filter has a nominal particulate removal efficiency of 90 percent for 25 um (0.98 mils)
particles.

The pre-filter is particularly important for removal of solids present in effluent collected from
the floor drains which are directed to the waste holdup tanks.

Deep Bed Filtration

The deep bed filter is a stainless steel vessel containing a layered bed of activated charcoal
above a zeolite resin. The activated charcoal provides an adsorption media for removal of
trace organics and provides protection for the ion exchange resins from contamination with
small amounts of oil from the floor drain wastes. Moderate amounts of other chemical
wastes can also be routed through this vessel.

The top layer of activated charcoal collects particulates and, being less dense than the zeolite,
can be removed without disturbing the underlying zeolite bed which minimises solid-waste
production.

The lower layer of the deep bed filter is clinoptilolite zeolite which possesses an affinity for
caesium (see Table 3.4-4).

Ion Exchange

Three ion exchange beds are provided following the deep bed filter. The ion exchange
vessels are stainless steel, vertical, cylindrical pressure vessels with inlet and outlet process
nozzles plus connections for resin addition, sluicing, and draining. The process outlet and
flush water outlet connections are equipped with resin retention screens designed to minimise
pressure drop. The design flow is 17 m*/h (75 gpm). This capacity provides an adequate
margin for processing a surge in the generation rate of this waste.

The media will be selected by the plant operator to optimise system performance according to
prevailing plant conditions. Typically, the first bed will contain a cation exchange resin and
the second two beds will contain mixed bed resins. Any of these vessels can be manually
bypassed and the order of the last two can be interchanged, so as to provide complete usage
of the ion exchange resin.

The ion exchange beds operate in the borated saturated mode. This means that the boric acid
present in the reactor coolant effluent passes through the ion exchange beds without reduction
in concentration.

The assumed decontamination factors (DFs) for the resin beds are shown in Table 3.4-4.
After Filter
This filter is provided downstream of the ion exchangers to collect particulate matter, such as

resin fines. The unit is constructed of stainless steel and has disposable filter cartridges. The
design filtration efficiency is 98 percent removal of 0.5um (0.02 mils) particles.
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Monitor Tanks

Treated effluent is discharged to the six monitor tanks located in the radwaste building.
Information relating to the design of the monitor tanks and their secondary containment can
be found in Tables 3.4-2 and 3.4-3, respectively.

Each tank has a capacity of 45 m® (12,000 gallons), giving a total storage capacity for treated
effluent of 270 m® (72,000 gallons). This volume allows up to ~42 days storage during
normal power operations when the average daily liquid radwaste release rate is ~8 m® (3 ft’)
per day (see Table 3.4-1). The storage period is reduced during the short periods associated
with higher discharge rates resulting from boron dilution near the end of core life and during
RCS heat-up following refueling.

The release of treated liquid waste from any monitor tank to the environment is permitted
only when sampling of the subject tank’s contents indicates that such a release is permissible.
If the effluent does not meet the permissible limits, it can be returned to a waste holdup tank
or recirculated directly through the filters and ion exchangers.

A radiation monitor is located on the common discharge line downstream of the WLS
monitor tanks. These radiation monitors will provide a signal to terminate liquid radwaste
releases if the discharge concentration in the line exceeds a predetermined set point.

Effluent meeting discharge limits for radioactivity is pumped from the monitor tanks in a
controlled fashion to the cooling water return from the CWS. The monitor tank pumps have a
design flow rate of ~23 m’/h (100 gallons/min). The once through cooling water flow rate is
136,000 m’/h (600,000 gallons/min). It follows that the cooling water stream provides a
substantial dilution of the discharged effluent before release to the environment.

Potential to By-pass Ion Exchange

Routine bypass of the WLS ion exchangers is not anticipated. However, the WLS is designed
to be flexible and capable of handling a relatively wide range of inputs, including both high
grade water (from reactor effluents) and low grade water (floor drains).

Each collection tank (effluent holdup tank, waste holdup tank) will typically be mixed and
sampled prior to processing. Analysis of the sample from a specific batch of liquid will allow
operator evaluation and determination of the optimum processing technique. The evaluation
will include the chemistry of the batch, the radiological content of the batch, and the types
and condition of the filters and ion exchange media in the WLS. This evaluation will be
performed according to procedure.

When processing a batch of reactor effluents, all WLS ion exchangers and filters are
anticipated to be in service. However, when processing floor drains from the waste holdup
tanks, it is possible that some batches may be very low in radioactivity; an example would be
following actuation of the fire water system in the radiologically controlled area of the plant,
when a significant volume of uncontaminated fire water might be collected by the WLS. In
this case, it may be acceptable and preferable to bypass one or more of the WLS ion
exchangers, in order to maximise the life of the media, thereby minimising solid radwaste
arisings and associated occupational radiation exposure.

The selection of WLS ion exchange vessels in and out of service is made through the
alignment of manually-operated valves. These valves are opened and closed by an operator
who works in a personnel access corridor, where the operator is well shielded from the
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3.4.3.8

3.4.3.9

radiological source of the demineralisers and filters. These valves are under administrative
control to prevent an advertent bypass of demineralisers or sub-optimal treatment of waste.

In all cases, processed water downstream of the WLS ion exchanger/filter train is collected in
a monitor tank, which is sampled prior to discharge to the environment. This sample will
then be evaluated to ensure release goals are achieved, and serves as a final check that
processing was appropriate.

Use of Mobile and Temporary Equipment

The WLS is designed to handle most liquid effluents and other anticipated events using
installed equipment. However, for events occurring at a very low frequency, or producing
effluents not compatible with the installed equipment, temporary equipment may be brought
into the radwaste building mobile treatment facility truck bays. Any treatment of liquid waste
by mobile or temporary equipment will be controlled and confirmed by plant procedures.

Connections are provided to and from various locations in the WLS to these mobile
equipment connections. This allows the mobile equipment to be used in series with installed
equipment, as an alternative to it with the treated liquids returned to the WLS, or as an
ultimate disposal point for liquids that are to be removed from the plant site for disposal
elsewhere.

The radwaste building truck bays and laydown space for mobile equipment, in addition to the
flexibility of numerous piping connections to the WLS, allow the plant operator to
incorporate mobile equipment in an integrated fashion.

Temporary equipment is also used to clean up the condensate storage tank if it becomes
contaminated following steam generator tube leakage. This use of temporary equipment is
similar to that just described, except that the equipment is used in the yard rather than in the
radwaste building truck bays.

These provisions to utilise mobile and flexible technology properly interconnected with
permanent systems allow for evolving state-of-the-art to be applied to waste processing
throughout the life of the plant.

Detergent Waste

Detergent wastes are collected in the chemical waste tank. They have low concentrations of
radioactivity and contain soaps and detergents not compatible with the ion exchange resins.
If their activity is low enough, they can be discharged without processing. When detergent
waste activity is above acceptable limits and processing is necessary, the waste water may be
transferred to a waste holdup tank and processed in the same manner as other radioactively
contaminated waste water, if onsite equipment is suitable to do so. If onsite processing
capabilities are not suitable for the composition of the detergent waste, processing can be
performed using mobile equipment.

The mobile equipment would comprise a concentration step (e.g., evaporation or cross-flow
microfilter) in order to reduce the volume of waste to the extent necessary to allow an
encapsulation plant to immobilise the concentrate in a cementitious grout. The encapsulation
would typically take place in a 2001 drum. The completed waste packages would be loaded
into the half height ISO containers (HHISOs) for shipment to the Low Level Waste
Repository (LLWR). After processing by the mobile equipment, the condensed evaporator
distillate or filtrate would be transferred to a waste holdup tank for further processing in the
WLS or transferred to a monitor tank for sampling and discharge. The commercial
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availability of mobile equipment using this type of volume reduction and waste stabilisation
techniques has been confirmed through companies offering specialist contract services.

Chemical Waste

Chemical wastes are normally generated at a low rate and collected in the chemical waste
tank shared with detergent wastes. Chemicals are added to the tank, as needed, for pH or
other chemical adjustment. The design includes alternatives for processing or discharge.
These wastes may be processed onsite, without being combined with other wastes, using
mobile equipment. When combined with detergent wastes, they may be treated like detergent
wastes, as described in subsection 3.4.3.9. If onsite processing capabilities are not suitable,
processing can be performed using mobile equipment or the waste water can be shipped
offsite for processing.

BAT Assessment for Liquid Radwaste Treatment
Ion Exchange vs. Evaporation

A comparison of typical flow sheets for evaporation and ion exchange is shown in
Figure 3.4-2. The relative merits of ion exchange and evaporation has been evaluated by
Westinghouse and the results are reported in Table 3.4-5.

In Europe, many nuclear reactors are located on major rivers and not on coastal sites. These
locations have less capacity to accept discharges of borated effluent. It is common for these
reactors to be equipped with evaporators to minimise the radioactive liquid and boric acid
discharges. However, the standard AP1000 NPP design does not have evaporators based on
considerations shown in Table 3.4-5 and because it contradicts the AP1000 NPP overriding
principle of safety and simplicity.

Compared to the traditional evaporator-based WLS, the ion-exchange based AP1000 NPP
system provides effectiveness and simplicity, and will tend to minimise operator doses and
solid radwaste arisings. The complexity of the traditional evaporator design leads to
significant maintenance with associated occupational radiation exposure, and also gives more
opportunity for operator errors. The relatively passive nature of the ion-exchange based
AP1000 NPP system provides effective operation without the issues of the evaporator-based
system and at lower capital and operating costs.

At Sizewell B, two evaporators were constructed; one for recycling boric acid from the RCS,
and one for abatement of liquid radwaste. Evaporation of liquid for either purpose is not
currently considered best practicable means (BPM) or ALARP, and the evaporators are not in
use at Sizewell. This is because the benefit of reducing liquid discharges, in terms of the
consequent small reduction of public dose, is much less than the potential harm of increased
operator doses. In addition, the small reduction in public dose would not justify the cost of
processing (evaporator and encapsulation) and the cost of providing sufficient high quality
steam to run the evaporators.

The ion exchange treatment process has been shown to effectively control off-site discharges.
For the generic site, it has been demonstrated that the AP1000 NPP effluent discharges can
be released to the coastal environment with only a minor impact on seawater boron
concentrations and marine ecosystem dose rates (see Sections 4.2.5.2, 5.2, 5.3, and
Reference 3-8).

It is concluded that, for the UK generic coastal site, the proposed WLS treatment system
using ion exchange beds and filtration rather than evaporation is BAT.
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Enriched Boric Acid vs. Natural Boric Acid

The AP1000 NPP is designed not to require an enriched boron source. Natural boric acid is
used rather than very costly B-10 enriched boric acid.

The use of B-10 enriched boric acid has the potential of reducing the concentration of boron
required as a moderator in the RCS. Enriched boric acid typically contains 60 percent B-10
compared to 20 percent B-10 in standard boric acid. As B-10 is the effective reactor
moderator, the use of enriched boric acid has the potential for reducing the boron
concentration in the RCS, at maximum, by a factor of three.

The same amount of B-10 isotope is required as a moderator irrespective of whether it is
provided in the enriched or natural form. This means that the production mechanism for
tritium involving neutron activation of B-10 is similar for the enriched and natural forms of
boric acid.

Another important formation mechanism for tritium is the neutron activation of lithium. In
principle, the use of enriched boric acid reduces the amount of lithium hydroxide required for
pH control by a factor of three. Such a reduction in lithium concentration would reduce the
potential for tritium formation (see Section 3.2.7). However, the AP1000 NPP employs
other, more effective measures to minimise trittum formation including:

e  Use of gray rods for mechanical shim control which reduces the quantity of boric acid
required for chemical shim control (see Sections 2.6.3 and 3.2.8)

e  Use of lithium enriched in the Li-7 isotope rather than natural lithium in the lithium
hydroxide for pH control. This substantially reduces the potential for tritium formation
from neutron absorption by Li-6 present in natural lithium hydroxide (see Section 3.2.7).

The cost of enriched boric acid is more than two hundred times the cost of natural boric acid.
Since lithium hydroxide is a strong base and boric acid is a weak acid, only a small quantity
of lithium hydroxide is needed to adjust the pH of boric acid concentrations in the RCS. It is
more cost-effective to use slightly more Li7OH for the pH control of natural boric acid than it
is to incur the high cost of enriched boric acid with lower Li70OH use.

Boron Discharge vs. Boron Recycle

The requirement for a reduction in the use of boron has been driven by U.S. users who see a
capital and operating cost benefit in the reduced use of boron, as well as a major reduction in
the complexity of the plant.

The AP1000 NPP adopts several approaches which minimise the production of liquid
radwaste before the treatment by the WLS (see Section 3.2). In particular, the use of
mechanical shim control rather than chemical shim control during normal load follow
operations substantially reduces the quantities of boron used as a moderator. This reduces the
amount of boron that needs to be removed from the reactor coolant water and therefore
reduces the amount of liquid radwaste produced.

The use of natural boron rather than costly enriched boron (see subsection 3.4.4.2) reduces
the economic incentive for recycling boron.

Boron recycling requires a significant amount of additional equipment. The borated water
cannot be reused until the start of the next fuel cycle and must be stored for long periods.
This storage presents an additional safety issue and an additional source of operator dose,

UKP-GW-GL-790 83 Revision 7



Westinghouse Non-Proprietary Class 3

3.0 Radioactive Waste Management Systems UK AP1000 Environment Report

3444

which is not considered ALARP. The additional equipment also presents increased operator
dose during maintenance and decommissioning.

Assuming the monitor tanks contain water with the upper limit of 2700 mg/1 (0.023 Ib/gallon)
of boron and that the effluent is discharged at 23 m*/h (100 gpm) into in the seawater cooling
return flow of 136,000 m*/h (600,000 gpm), the boron concentration in the cooling return
would be increased by 450 pg/l (3.8 Ib x 10 Ib/gallon). At an average liquid radwaste
effluent flow rate of 8 m*/d (2000 gallons/day), such as discharge, would only occur for 128
hours per year. It is concluded that the boron discharge is negligible in relation to the annual
average Environmental Quality Standard of 7000 ug/l (6 x 10-> Ib/gallon) for the protection
of saltwater life (Reference 3-9) and that discharge of boron to seawater meets BAT and
ALARP criteria.

Cartridge Filtration vs. Cross Flow Filtration

The WLS incorporates an after filter downstream of the ion exchangers to collect particulate
matter, such as resin fines. The disposable filter cartridges have a design filtration efficiency
of 98 percent removal of 0.5 pm (0.02 mils) particles. The radioactive particulate load in the
WLS influent is already reduced by passage through the pre-filter, deep bed filter, and three
ion exchange beds before the after filter. The use of cartridge filters offers a low pressure
system that is suitable for the low flow rates (~8 m*/day, 1.5 gpm) associated with the WLS.
The filters are readily replaceable and treated as LLW.

Cross-flow filtration techniques of microfiltration and ultrafiltration potentially offer
increasingly effective particulate removal efficiency (ranging from 0.1 pm to <0.001 pm,
0.004 mils to <0.00004 mils) compared to cartridge filtration. All these techniques use
membrane processes that segregate a liquid that permeates through the membrane producing
a concentrate which is retained. The driving force of the process is the pressure difference
across the membrane. The disadvantages of these processes are as follows:

e  High pressure systems to drive the filtration process which carries an increased potential
for leaks. The pressure requirements increase as follows: microfiltration < ultrafiltration

< nanofiltration < reverse 0Smosis.

e Complicated return, recycling, and bleed system designs to deal with the concentrate
stream.

e  Polymeric membranes used, particularly in ultrafiltration, nanofiltration, and reverse
osmosis, are subject to degradation by decay of captured radioactive particulates.

Ceramic membranes are expensive.

e  The complexity of these systems relative to the proposed cartridge filtration system has
the potential for greater levels of maintenance and higher associated operator dose.

e  More equipment that will become radwaste during decommissioning.
e  Higher capital and operating costs than cartridge filtration.

It is concluded that the proposed use of cartridge filters is BAT for filtration after the ion
exchange beds.
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34.5 Liquid Effluent Discharges
3.4.5.1 Annual Liquid Effluent Discharges
The annual release of radioactive effluents is quantified in Table 3.4-6. The data are based on
proprietary calculations determined from the revised GALE Code (Reference 3-6). The
emissions data are for annual average water discharges and take no account of short term
variability of releases.
3.4.5.2 Monthly Liquid Effluent Discharges
Table 3.4-7 lists the total monthly discharges of radionuclides in liquid from an AP1000 NPP
during an 18-month operating or fuel cycle. Tables 3.4-8 through 3.4-18 list monthly
discharges of tritium, non-tritium, C-14, Fe-55, Co-58, Co-60, Ni-63, Sr-90, Cs-137, Pu-241,
and other particulates in the liquid, respectively. The discharged liquid is generated by the
RCS and non-RCS sources.
As the fuel burn-up increases over the fuel cycle, less boron is needed in the reactor cooling
water. This adjustment in boron concentration is achieved by bleeding borated water from
the RCS and replacing it with unborated water. A larger volume of water needs to be
removed each month; therefore, the radioactive discharges increase each month of the cycle.
This results in the variability in activity in liquid discharges from the RCS shown in
Tables 3.4-7 and 3.4-8 and Figure 3.4-3.
Non-RCS liquid volume comes from various sources in the plant:
e Inside containment o Hot shower
e Sample drains e Hand wash
e Reactor containment cooling e Equipment and area decontamination
o Spent fuel pool liner leakage e Chemical wastes
e Miscellaneous drains
The volume of liquid from non-RCS sources is expected to be almost constant during each
month of the cycle; therefore, the radioactive non-RCS discharges are expected to be
constant, as shown in Tables 3.4-7 and 3.4-8.
3.4.6 Comparison of AP1000 NPP Liquid Discharges with Other European Pressurised

Water Reactors

The predicted liquid discharges from the AP1000 NPP are compared in Tables 3.4-19 and
3.4-20 with published discharges from European nuclear reactors operating over the period
1995-1998 (Reference 3-10). The tritium data in Table 3.4-19 indicates that the predicted
AP1000 NPP discharges are similar to Sizewell B discharges, but above the European
average for all European PWRs. The predicted AP1000 NPP tritium discharges are less than
the Magnox and advanced gas-cooled reactors (AGRs), but higher than discharges from
boiling water reactors (BWRs). In practice, it is very difficult to reduce discharges of tritium.
The radiological impact of tritium is relatively small and the radiological impact of
discharges is usually very low.

Table 3.4-20 compares the predicted non-tritium radioactive liquid discharges from the
AP1000 NPP against published data for European nuclear power stations between 1995 and
1998 (Reference 3-10). The results indicate that the AP1000 NPP emissions are predicted to
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be approximately 50 percent of the average PWR discharges. The predicted discharges are
also considerably lower than the average Magnox, AGR, BWR and Sizewell B discharges.

The liquid discharges from the AP1000 NPP were compared with those from the following
operating plants (Table 3.4-21):

South Texas 1
Braidwood 1
D. C. Cook 1
Vogtle 1
Sizewell B

These plants were selected for comparison to the generic AP1000 NPP because South
Texas 1, Braidwood 1, D. C. Cook 1, and Vogtle 1 are more recently built Westinghouse
PWRs in the United States; Sizewell B is a PWR in the UK. When the values are normalised
to an annual basis and 1000 MW output, the AP1000 NPP has lower discharges than the

other plants.
3.5 Solid Radioactive Waste
3.5.1 Overview of the Integrated Waste Management Strategy

Management of radwaste is being planned with the expectation that the LLW, ILW, and spent
fuel waste streams will be capable of being disposed in Nuclear Decommissioning Authority
(NDA) facilities. Waste forms and treatment processes have been selected with this principle
in mind. To ensure the waste packages are disposable, Radioactive Waste Management
(RWM?) compliant containers have been designated.

Westinghouse has initiated discussions regarding the disposability of radwaste with the EA
and the UK NDA, and will continue this dialogue. Westinghouse has provided the NDA with
information relating to the wastes that are expected to arise over the lifetime of an AP1000
NPP (Reference 3-11). In 2009, the NDA used this information as the basis for a
disposability assessment report covering ILW and HLW generated by the AP1000 NPP
(Reference 3-12). This report stated:

“On the basis of the GDA Disposability Assessment for the AP1000 [NPP], RWMD
[currently referred to as RWM] has concluded that, compared with legacy wastes and existing
spent fuel, no new issues arise that challenge the fundamental disposability of the wastes and
spent fuel expected to arise from operation of such a reactor. This conclusion is supported by
the similarity of the wastes to those expected to arise from the existing PWR at Sizewell B.”

Uncertainties and risks relating to the achievement of this strategy will be identified as the
strategy is implemented and managed by documenting and discussing them with the utility
customers and the EA. The main uncertainty, risk, and assumptions in this strategy are
associated with radioactive waste and spent fuel disposal in line with the NDA. At this time,
the NDA is not able to provide information on the spent fuel packages they will accept;
therefore, Westinghouse will assume that current practices for spent fuel packaging remain

? During the early part of the AP1000 NPP GDA process Radioactive Waste Management (RWM) was referred to as
Radioactive Waste Management Directorate (RWMD). Except when included in a reference title or number, RWM
is used throughout this revision, although the previous organization name may have been used when the activity
being described took place.
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3.5.1.1

3.5.1.2

acceptable once the AP1000 NPP is built and operating. This includes container designs and
sizes, and acceptable waste forms (spent fuel assemblies). Westinghouse is communicating
with the NDA about these issues.

Nearby facilities, where and when available, will be used to the extent practical to minimise
the environmental impact of transport. During site operations, communications will be
maintained to assess onsite and offsite interdependencies; for example, those between the
AP1000 NPP and offsite disposal facilities.

Figure 3.5-1 is a pictorial representation of the AP1000 NPP waste management strategy.
This strategy is integrated to take into account all matters that might have a bearing on the
management of radwaste and spent fuel, including the following:

Waste minimisation

Avoidance of unnecessary introduction of waste into the environment
Waste characterisation and segregation

Collection and retention of data on the waste and waste packages
Consideration of options in a BAT assessment

Communications with interfacing facilities and stakeholders
Assurance that steps in the management of waste are compatible
Characterisation of risks and uncertainties

Waste Minimisation

Waste minimisation is an inherent part of waste management. The basic AP1000 NPP design
principles minimise the creation of radwaste during operations and decommissioning.
AP1000 NPP was designed with fewer valves, pipes, and other components so less waste will
be generated during maintenance activities (repair and replacement) and decommissioning.

Waste generation will be minimised in an AP1000 NPP due to material selection. For
example, the level of cobalt in reactor internal structures is limited to below 0.05 weight
percent, and in primary and auxiliary materials to less than 0.2 weight percent (see
Chapter 26 of the PCSR (Reference 1-10)). This limits the activation of the metal
components. Surfaces, including steel wall and floor surfaces, will be sealed to prevent
penetration and to facilitate decontamination. Also, during operation and maintenance, waste
will be minimised by using best industry practices (for example, limiting the amount of
material brought into containment).

At the end of the storage period, the radiological characteristics of ILW packages will be
reviewed to assess if sufficient decay has occurred to allow them to be reclassified as LLW.

As described in subsection 3.5.1.7 laundry items will be reused, and therefore will not be
considered waste.

Waste Generation
Waste inventory estimates have been developed based on operational experience with
existing plants to ensure this strategy is consistent with the waste expected to be generated

(see Sections 3.5.3 and 4.3).

Waste and discharges generated over the operational period of the AP1000 NPP will be
systematically identified. They will be managed, treated, handled, and stored onsite by
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3.5.1.3

3.5.14

3.5.1.5

designing appropriate facilities and demonstrating that they are compatible with the AP1000
NPP (see Sections 3.5.7 to 3.5.10 and Section 4.3). Potential locations for the waste
management facilities on the generic AP1000 NPP site are provided in Section 2.3.
Transportation and disposal of wastes will use the appropriate methods.

Management of wastes generated during decommissioning according to UK requirements is
included (see Section 3.5.10).

Radioactive Waste Treatment

Waste will be categorised for treatment as conventional or radioactive, and within radioactive
as LLW, ILW, and HLW. Solid waste will be characterised and segregated using equipment
discussed in Section 3.5.7.

A range of appropriate options for waste treatment, such as evaporation, drying, incineration,
and cement encapsulation, was considered at an optioneering workshop that included utility
participation and its respective operational experiences managing radwaste. The results of
this workshop were documented, and the chosen options substantiated; for example, cement
encapsulation of solid ILW and compaction of compactable LLW (see Section 3.5.5). Each
step in the management of radwaste will be compatible with all other steps, including
pre-treatment, treatment, storage, disposal, handling, and onsite and offsite transport.

The design of AP1000 NPP and the process used for selection of radwaste treatment
equipment provide flexibility to the operator. The solid radwaste technologies considered are
currently proven technologies that have been used in the UK and elsewhere; for example, a
mobile cement encapsulation system for the treatment of ILW. However, this equipment is
not required until 18 months after the plant becomes operational. Before that time, the utility
could decide to reassess solid waste treatment to consider the latest developments in
technology and different packaging arrangements. Also, because the cement encapsulation
system is mobile and designed to be easily removed, the utility could choose to replace the
equipment after operations have started and when newer technology has been developed.

Figure 3.5-2 is a pictorial representation of the AP1000 NPP solid waste management.
On-Site Storage

The waste management strategy requires LLW to be shipped for disposal routinely according
to schedules agreed to by the plant operator and the UK NDA. A facility will be available to
store LLW during periods (up to 2 years) when waste cannot be received by the
LLW disposal facility.

An onsite storage facility for arisings of ILW from operation of the plant has been designed
(see subsection 3.5.8.2), because the disposal of ILW from any new nuclear power stations to
a future geologic repository is unlikely to occur until late this century. The design of the
storage facility addresses how the ILW is transported to the facility and how waste is handled
within it. Waste storage procedures will be developed to ensure safety, transportability, stock
control, and ability to retrieve waste packages are all in place prior to dispatching the first
batch of ILW to the ILW store.

Waste Transportation
Westinghouse has discussed with the NDA the use of approved containers for transport and

disposal of ILW, as well as LLW (see Section 3.5.9). The containers and packages with
shielding will be acceptable for transport and disposal.
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3.5.1.6

3.5.1.7

3.5.2

3.5.21

Spent Fuel Management

Spent fuel management is discussed in subsection 3.5.7.3. After spent fuel is removed from
the reactor, it will be stored in the fuel storage pool. Details of the fuel storage pool can be
found in Section 6.10 of the PCSR (Reference 1-10). Because spent fuel is not expected to be
reprocessed, a facility for dry spent fuel storage for the operational period of the plant and
beyond is being designed (see subsection 3.5.8.3).

Each step in the management of spent fuel will be compatible with all other steps, including
storage, disposal, handling, and onsite and offsite transport. The spent fuel will be safely
disposed, at appropriate times and in appropriate ways; Westinghouse has contacted the NDA
to ensure spent fuel will be packaged in a manner acceptable to the NDA.

Laundry

There is no laundry facility in the standard AP1000 NPP design. It is assumed that overalls
and gloves would be laundered at offsite facilities. One example of such facilities is the
Unitech laundry facility in Wales. It offers a lease programme wherein an operator would
lease the garments, use them, package them in two categories based on contamination level,
and ship them to the laundry facility. Unitech would supply clean replacement garments.
The returned garments would be washed (and rewashed if necessary) before reuse. The
leased garments would not form part of the LLW inventory, unless they became so
contaminated that they could not be shipped to Unitech.

Radioactive Waste Classification
Low Level Waste

Low level radwaste is defined as “radioactive waste having a radioactive content not
exceeding 4 GBg/te (0.1 Ci/ton) of alpha or 12 GBg/te (0.4 Ci/ton) of beta/gamma activity”
(Reference 3-13).

Very Low Level Radioactive Waste (VLLW) is a sub-category of LLW. This is broken
down into “low volume” and “high volume” VLLW, each of which has its own definition
(Reference 3-14):

1. Low volume VLLW (LV-VLLW)
In the case of low volumes (“dustbin loads”) Low Volume Very Low Level Waste:

“Radioactive waste which can be safely disposed of to an unspecified destination with
municipal, commercial or industrial waste (“dustbin” disposal), each 0.1 m’ (3.5 ft’) of
waste containing less than 400 kilobecquerels (kBq) (10.8 nC) of total activity or single
items containing less than 40 kBq (1.08 pCi) of total activity.” For waste containing
carbon-14 or hydrogen-3 (tritium):

e ineach 0.1 m® (3.5 ft’), the activity limit is 4,000 kBq (108 nCi) for carbon-14 and
hydrogen-3 (tritium) taken together;

e for any single item, the activity limit is 400 kBq (10.8 pCi) for carbon-14 and
hydrogen-3 (tritium) taken together.
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3.5.3.1

Controls for disposing of this material after removal from the premises where the wastes
arose, are not necessary.

2. High Volume VLLW (HV-VLLW)
In the case of bulk disposals — High Volume Very Low Level Waste:

“Radioactive waste with maximum concentrations of four megabecquerels per
tonne (MBg/t) [0.1 mCi/ton] of total activity which can be disposed of to specified
landfill sites. For waste containing hydrogen-3 (tritium), the concentration limit for
tritium is 40 MBg/t [1 mCi/ton]. Controls on disposal of this material, after removal
from the premises where the wastes arose, will be necessary in a manner specified by the
environmental regulators”.

Intermediate Level Waste

ILW is radwaste with radioactivity levels exceeding the upper boundaries for LLW:
e  Alpha emitters greater than 4 GBg/te (0.1 Ci/ton).

e Beta/gamma emitters greater than 12 GBg/te (0.4 Ci/ton).

e  Waste that does not need radiological self-heating to be taken into account in the design
of storage or disposal facilities. IAEA guidance is that ILW thermal power is below
about 2 kW/m® (Reference 3-15).

High Level Waste

HLW is waste in which the temperature may rise significantly as a result of radioactivity, so
that this factor has to be taken into account in designing storage or disposal facilities. TAEA
guidance is that HLW thermal power exceeds about 2 kW/m® (Reference 3-15).

Radioactive Solid Waste Generation

The sources of solid waste generated in the AP1000 NPP are summarised in Table 3.5-1. A
detailed breakdown of the wastes can be found in Appendix A. The solid radioactive waste
estimates are best, realistic estimates. A major source of information for their calculations
was consultations with experienced personnel who have designed the AP1000 NPP and
worked on existing plants.

The annual solid radioactive waste production varies due to the 18-month fuel cycle and the
different schedules for replacement consumables and equipment maintenance. However, the
annual average waste volumes are presented in Table 3.5-2.

Low Level Waste

LLW includes dry active wastes, general trash, and mixed wastes as a result of normal plant
operation, including anticipated operational occurrences. LLW waste will generally contain
plastics, paper, metallic items, clothing, rubber, filters, redundant equipment, glass, and wood.

Under normal operations, LLW also includes Condensate Polishing System (CPS) resins
which are non-radioactive. However, under abnormal conditions (e.g., steam generator tube
failure), there may be a transfer for primary circuit activity into the secondary circuit. The
amount of activity transferred will be very small and the activity of the CPS resin will not
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3.5.3.2

3.5.3.3

3.5.4

exceed the limits for LLW. If situations arise when the activity of the CPS resins exceed the
threshold for LLW disposal, then they will be treated as ILW resins.

The quantities of LLW generated by the AP1000 NPP are summarised in Table 3.5-1.
Intermediate Level Waste

ILWs are mainly comprised of spent ion exchange resins, activated carbon, and used filters.
The production of theses wastes is intermittent and associated with replacement and
maintenance procedures.

The quantities of ILW generated by the AP1000 NPP are summarised in Table 3.5-1. The
quantities of the ILW filter and resin wastes are based on contact with high coolant activity
associated with 0.25 percent fuel failure. This is the bounding design case and, in reality,
modern PWR fuel is considerably more reliable than this failure rate, and it is possible that
the filter and resin activity levels will be low enough for them to be disposed as LLW.
However, for the purpose of conservatism and to bound accident scenarios, the design case
estimated volumes of ILW have been used.

Operating experience-based estimates on the quantities of actinides in dry solid radwaste is
provided in Table 3.5-3. The actinides are of interest because they generally have long half
lives. However, the activity due to actinides is at very low concentrations.

High Level Waste

The HLW produced by the AP1000 NPP is spent fuel. Spent nuclear fuel is used fuel from a
reactor that is no longer efficient in creating electricity, because its fission process has
slowed. However, it is still thermally hot, highly radioactive, and potentially harmful.

Operational strategies can influence the amount of spent fuel and radioactivity of the spent
fuel. The amount of spent fuel discharged as a function of time is primarily determined by
the energy production rate (overall capacity factor including outages) and the discharge
burn-up limit.

The reference 18-month equilibrium cycle feeds (and discharges) 64 fuel assemblies every
18 months. On average, this means that approximately 43 assemblies per year are discharged
and stored in the spent fuel pool storage area. Each fuel assembly consists of 264 fuel rods in
a 17 x 17 square array. The fuel rods consist of uranium dioxide ceramic pellets contained in
cold-worked and stress relieved ZIRLO tubing, which is plugged and seal-welded at the ends
to encapsulate the fuel.

The quantities of HLW generated by the AP1000 NPP are summarised in Table 3.5-1.
Waste Minimisation

Waste minimisation, characterisation, and segregation are central to both establishing and
updating a radwaste inventory and optimising waste management in line with the waste
management hierarchy (Figure 3.1-1). Opportunities for waste minimisation, characterisation
and segregation will be considered in all stages of waste management, including design,
construction, commissioning, operation, decommissioning, storage, and disposal.
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Low Level Waste

The basic AP1000 NPP design principles minimise the creation of radwaste during
operations and decommissioning:

Good housekeeping
Operating procedures
Segregation

Volume reduction

Sealed surfaces (including steel wall and floor surfaces) to prevent penetration and to
facilitate decontamination

Limiting the amount of material brought into containment
Training all staff allowed to enter radiation controlled areas (RCAs)

Provision of waste facilities immediately outside of the RCAs, for the disposal of
unnecessary packaging materials

Provision of tool stores within the RCAs to prevent contamination of clean tools brought
in from outside

Testing filter performance to ensure filters are only replaced when necessary

Provision of radwaste advice on radiation work permits

Intermediate Level Waste

On the AP1000 NPP, ILW is minimised by the following activities:

Optimum operation of the reactor in terms of power generation per tonne of fuel

Select fuel with minimal potential for fuel defects, thereby minimising the radioactive
isotope contamination of the primary cooling water circuit. This will reduce the load
being treated by the ion exchange resin beds and hence the volume of ILW

Fuel is received and carefully inspected for any imperfections

Minimisation of plant shutdowns

Use of gray rods for mechanical shim control

Use of wet winding coolant pumps eliminates seal leaks and creation of radioactive
waste water

Selection of materials of construction with a composition low in cobalt

Use of zinc addition for corrosion control
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e Selections of ion exchange media to give an optimum DF, which will minimise the
number of ion exchange media changes required and reduce the waste volume

e  Flexibility in routing effluent through the different ion exchange beds to optimise resin
uptake

e  Monitoring differential pressure across the filters and filter performance to ensure that
filters are only replaced when necessary

e Segregation procedures to prevent dilution of ILW streams by mixing them with
LLW streams

e  Formulation trials to determine an optimum blend ratio producing the optimum number
of waste packages

e  Operating procedures
High Level Waste

Westinghouse works with utilities to optimise the important characteristics of the fuel reload
design in order to meet the utility needs. This is typically a balance between the economics
of the fuel management and the amount of operationing margin available from the design,
given any specific characteristics of the individual plant sites.

The fuel economics and the amount of spent fuel are closely correlated. Both are optimised
when the fuel cycle is designed with fuel being discharged from the reactor as close as is
reasonable to the licensed discharge burn-up limit. The current licensed limit for
Westinghouse fuel is 62,000 MWD/MTU on the lead rod maximum burn-up. Considering
inter-assembly power variations and variations of assembly power in assemblies within the
same batch, this translates into a batch average burn-up of approximately
50,000 MWD/MTU.

The proposed operational regime will help to support the design intention of minimising
spent fuel. The reference AP1000 NPP equilibrium cycle design is an 18-month cycle. The
cycle is based on an assumed 97 percent capacity factor and a 21-day refueling outage. This
provides a cycle length of approximately 510 effective full power days. Many alternative
cycling schemes are possible and have been studied to demonstrate the flexibility of the
AP1000 NPP design. However, the 18-month design is used as the reference for most work
and provides close to the optimum (lowest) overall electrical production costs.

If the prime objective is to reduce the average number of discharge assemblies per year, then
an annual cycle in the AP1000 NPP would discharge fewer assemblies on the average than an
18-month cycle (40 versus 43). For a plant lifecycle of 60 years, this translates to a
generation of 2517 or 2653 spent fuel assemblies for an annual or 18-month cycle,
respectively. However, depending on the cost of the extra outage every 3 years — combined
with the cost of replacement power during the outage, the impact of outage length on average
capacity factor, etc. — this may not be the most overall economically efficient operation of the
core. Westinghouse works with its utility customers to determine the customer’s priorities
before core loading patterns are defined. The vast majority of Westinghouse customers
choose the longer fuel cycle.
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3.5.5.1

BAT - LLW and ILW

A BAT assessment has been carried out on the radwaste treatment system which addresses
the waste activities from the transportation point of the “Nuclear Island” through to dispatch
to the ILW storage prior to disposal or to LLW disposal. The BAT assessment involved
Aker Solutions, Different by Design (DBD), Westinghouse, and included representatives
from several utilities (Reference 3-16).

The assumption was made that all reasonable opportunities would be taken for waste
minimisation, reuse, and recycling and, where possible, wastes would be declassified by
segregation and cleaning to free release standards. Having made this assumption, the BAT
assessment focused on the available technologies for the treatment of LLW and ILW.

A prerequisite was that the options must comply with the following:

e  Waste must be treated and handled in accordance with current LLW waste acceptance
criteria (WAC) (Reference 3-14) and any future ILW repository WAC.

e LW and LLW containers must meet RWM’s recommendations on package design and
the requirements of the RWM Generic Waste Package Specification (Reference 3-18).

Initial Option Screening

Initially, an optioneering process was carried out to identify a set of radwaste treatment
options.

Initial screening of a range of options was undertaken with an aim of filtering out unworkable
or unsuitable options at an early stage. The two criteria that were used for initial screening
are listed below:

e  Process/waste compatibility (a straightforward “Yes or No”). This assesses the
suitability of the option for the treatment of the waste stream and the compatibility of the
waste stream with the process.

e  Technology availability in the UK (a scale from one to five). This criterion is essential,
because an option that is not fully tested in the UK is unlikely to yield a licensable
design solution within a time scale that is commensurate with the GDA submission. In
this scoring scheme, 1 represents a completely novel technology with no full scale
application and 5 represents a fully tried and tested, UK licensed, widely applied
technology. A score of 3 would be a widely available, fully mature, but a non-UK
example.

The potential options were evaluated against their process/waste compatibility for each type
of waste and also against technology availability for ILW or LLW. The options were given a
colour code based on these attributes (see Table 3.5-4). Red options were eliminated from
further optioneering process if they do not meet the requirements from this initial screening.
Amber options which show some potential, but are not necessarily proven for radwaste,
would only be considered further if fully acceptable (green) options were not available. The
outcome of the option screening is shown in Table 3.5-5.

The options that survived the initial screening were grouped into potential “complete
solutions.” This was carried out for LLW and ILW.
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Evaluation of Screened LLW Treatment Options

The initial option screening exercise for LLW identified the potential complete solution
processes shown in Figure 3.5-3 (Reference 3-16).

The complete solutions comprise:
1. Sorting

This allows segregation of waste according to its suitability on the downstream process.
2. Size Reduction

Because the LLWs are a mixture of wastes, it is difficult to specify the best option at this
stage of assessment. All of the size reduction options are of low cost technologies and
are considered as potential approaches.

3. Volume Reduction

The option of “Incineration” is omitted from further consideration as it is expected that
the adverse public perception of this technology will lead to delays in obtaining licensing.
Although “Controlled Oxidation” addresses many of the “Incineration” issues, it has not
yet been licensed in the UK. In principle, “Controlled Oxidation” presents benefits in
reducing the volume of wastes, which in turn leads to higher cost savings. It is
recommended that design proposals are flexible to accommodate technologies with better
volume reduction such as “Controlled Oxidation” once these are fully developed and
proven. This leaves the last option, “Compaction,” as the most suitable option.

4. Immobilisation

Immobilisation increases transport weights and volumes requiring disposal and costs
more in terms of fuel consumption. As immobilisation is not a required approach of the
Condition for Acceptance (Reference 3-14) for the LLW repository, the selected option is
“No Immobilisation.”

Evaluation of Screened ILW Organic Resin Treatment Options

The potential complete solutions that passed screening for ILW organic resin are shown in
Figure 3.5-4 (Reference 3-16).

To evaluate these options further, a scoring workshop was held on 4th June 2008 with
21 attendees from Aker Solutions, DBD, Westinghouse, Rolls Royce, Vattenfall, RWE,
Ulecia Endessa, and Iberdrola. Table 3.5-6 shows the set of agreed criteria for the scoring
process which included the technical, safety, environmental, and economic aspects. Each
criterion was also given a weighting factor which characterised the relative importance of the
issue to the workshop attendees.

The scoring was applied to the available options for the treatment of ILW organic resins
(Reference 3-16). The results are shown in Table 3.5-7.

1. Dewatering Stage
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Table 3.5-7 shows that no dewatering had the highest total weighted score, but also had
the lowest primary waste score. The second highest score was for settling/decanting.
Once the consideration was given to the need for dewatering to lower the volume of
wastes before undergoing encapsulation, settling/decanting proved to be the most
sensible option and was selected for the dewatering stage.

2. Volume Reduction Stage

Table 3.5-7 shows that no compaction has the highest total weighted score for volume
reduction. Compaction leads to higher cost and introduces additional safety hazards and
operability issues. Hence, the option of “No Compaction” is selected.

3. Passivation Stage

Both the solutions of “Controlled Oxidation” and “Wet Oxidation” are similar in terms of
overall benefit, but “Controlled Oxidation” is expected to cost more. Although they both
can offer benefits in waste reduction, their proven availability is not expected to fall
within the GDA submission stage. Hence, “No Passivation,” which received the highest
total weighted score in Table 3.5-7, is the selected option.

4. Immobilisation

In Table 3.5-7 the option of vitrification is eliminated as it emerges as the most costly and
least beneficial option with the lowest total weighted score. Vitrification is also not a
well-developed and matured technology, and is not expected to meet the timeline for the
GDA submission stage. The other two options are cement encapsulation, which has the
highest score, and polymer encapsulation, which has the second highest score. Cement
encapsulation has the following advantages (Reference 3-17):

e This technology is widely used internationally and is well known as a practical and
economic approach.

e Radwastes are transported safely.

e Meets requirements of the Nirex’ RWM Generic Waste Package Specification
(Reference 3-17).

o This technique has very high reliability of physical containment. The estimated life
span is believed to be more than 1000 years. It also allows 97 percent of
radionuclides to decay in-situ.

e The porous structure of the cement in this technology enables gas generated from
anaerobic conditions and microbial degradation to be emitted from waste packages.
This helps in de-pressurisation of the system.

e High pH conditions provided by cement which generates (OH’) ions will create a
barrier against solubility. Soluble radionuclides present in wastes will react with high
pH water to form oxides or hydroxides which are insoluble. Hence, migration or
transport of radionuclides is reduced.
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3.5.5.5

3.5.5.6

Cost/Benefit Analysis of ILW Organic Resin Radwaste Treatment

Further analysis on capital cost has been carried out to determine the feasibility of the
“complete” solution (Reference 3-16). Figure 3.5-5 shows that simple encapsulation options
require the lowest capital cost compared to wet oxidation and controlled oxidation.

Over the lifetime of disposal, the costs of disposal outweigh the capital costs of waste
treatment equipment. Figure 3.5-6 shows that vitrification, wet oxidation, and controlled
oxidation become more cost-effective when the predicted lifetime disposal costs are taken
into consideration. This is because these technologies result in volume reduction rather than
the volume increase associated with encapsulation. However, the necessary development of
these technologies is unlikely to happen before the GDA process is complete, but could occur
in the future. Therefore, the final selections for the ILW resins (organic) radwaste system are
settling/decanting followed by cement encapsulation. It is proposed to use mobile
encapsulation facilities on site. This brings the benefit of enabling future technology updates
to be integrated into the immobilisation system if a plant operator decides to investigate
future technologies. Mobile encapsulation facilities also enable the system to be moved to
other locations, increasing its potential for utilisation.

Evaluation of Screened ILW Filter Treatment Options

The potential complete solutions for ILW filter treatment are shown in Figures 3.5-7
(Reference 3-16).

The complete solutions for ILW filter treatment comprise:
1. Size Reduction and Volume Reduction

It was preferred that the treatment options for ILW filters be similar to the ILW organic
resin treatment options. This is due to the low amount of wastes in this category and the
capital and maintenance cost benefit associated with using common equipment. This led
to the conclusion that neither size nor volume reduction are needed because the filters can
be accommodated within the disposal package without size reduction.

2. Immobilisation

There are no issues with the choice of immobilisation by cement encapsulation and it has
the advantage of being the same process proposed for ILW organic resins.

BAT ILW and LLW Radwaste Conclusion

Figure 3.5-8 summarises the ILW and LLW radwaste treatment options that are selected
following the BAT exercise.

For LLW radwaste, the treatment process is based on sorting, sizing (e.g., cutting, shredding
and crushing), and compaction.

For ILW radwaste comprising organic resins, the case for dewatering by decantation/settling
is strongly argued because of major savings in terms of waste disposal volumes,
environmental impact, and cost. Cement encapsulation provides a currently available,
simple, well understood technology that complies with current transportation and waste
repository requirements. There are grounds to state that waste disposal volumes and cost may
be reduced through the technology development of vitrification or oxidation. However, the
development of these technologies is unlikely to happen before the submission of the GDA.
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Hence the final selections for ILW resins (organic) radwaste system are the settling/decanting
followed by cement encapsulation. ILW filters will also be treated by cement encapsulation.

The use of mobile systems for the processing functions permits the use of the latest
technology and avoids the equipment obsolescence problems experienced with installed
radwaste processing equipment. The most appropriate and efficient systems may be used as
they become available.

Comparison with Other Practices

1.

Sizewell B

British Energy Generation Limited (BEGL) carried out a review of the control and
impact of the discharge and disposal of radwaste at Sizewell B in 2005 (Reference 3-20).
The review was prepared as a submission of information to the EA to enable their review
of Radioactive Substances Act 1993 authorisations. In 2006, the EA published their
decision document and authorisations regarding future regulation of disposals of radwaste
at UK nuclear power stations (Reference 3-21). This review commented on the best
practicable environmental option (BPEO) and BPM proposed by British Energy for the
control of radwastes from Sizewell B.

Table 3.5-8 presents the BPEO issues identified for solid wastes at Sizewell B and
compares them with the practices proposed for the AP1000 NPP. The table also provides
a summary of the EA comments on the Sizewell B BPEO issues.

In general, the proposed AP1000 NPP practice is consistent with practices that were
identified as BPEO at Sizewell B. The exception is where on-site incineration was
proposed as BPEO. This proposal was not accepted by the EA. The AP1000 NPP
generic design does not have an on-site incinerator.

European Practices

The practices at various nuclear facilities within Europe were identified with cooperation
of various utilities that participated in the BAT workshop including E.ON, RWE, Endesa,
Iberdrola, Suez, and Vattenfall.

Table 3.5-9 identifies how LLW and ILW solid waste is handled at several European
NPPs. More details of the European practices can be found in utility presentations
attached in Appendix A of UKP-GW-GL-026, “AP1000 Nuclear Power Plant BAT
Assessment” (Reference 3-22).

The examples presented show that the Spanish and Swedish practices for ILW follow a
similar cementitious encapsulation approach to that proposed for ILW in
subsection 3.5.5.6. The use of polymeric resin encapsulation is more common in France.
The German approach of in-package drying of resin followed by storage does not
produce a product that complies with current RWM compliant waste packages
(Reference 3-18 and 3-43). However, the approach does have benefits in reducing total
waste volumes and allowing recovery of the dehydrated resin, if required. The resin
compaction technique employed at Tihange, Belgium also produces smaller waste
volumes than cement encapsulation, but the compacted product does not conform to
UK Conditions for Acceptance (CFA) or generic specifications without further
conditioning.
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3.5.7

The comparison shows a number of different practices for the disposal of ILW in
European countries. The cementitious encapsulation option proposed for the ILW
generated by the AP1000 NPP is practiced elsewhere in Europe and is consistent with
current UK generic specifications.

BAT - HLW

Spent fuel created by nuclear power stations may either be disposed of or recycled by
reprocessing to separate out the useful uranium and plutonium. Reprocessing of spent fuel
has a number of advantages in that it maximises the recovery of the energy from the fuel, can
improve energy security by providing a source of fresh fuel, and reduces the amount of HLW.
However, there are a number of disadvantages including production of separated plutonium,
which requires long-term storage, production of other waste streams, production of regulated
effluent discharges, and the requirement to transport spent fuel and other nuclear materials.

The Government has concluded that, in the absence of any proposals from the industry, that
any new nuclear power stations that might be built in the UK should proceed on the basis that
spent fuel will not be reprocessed and that plans for, and financing of, waste management
should proceed on this basis (Reference 1-2). Consistent with this approach, there is no
intention to reprocess spent fuel from the AP1000 NPP. It is planned that the operators will
safely store this fuel at their reactor sites until a permanent disposal repository for spent
nuclear fuel is built. This allows flexibility by allowing the decision to reprocess or
permanently dispose of the HLW to be deferred and reassessed when the options become
clear in the future.

After spent fuel is removed from the reactor, it will be stored in the fuel storage pool (see
subsection 3.5.7.3). The spent fuel pool has a capacity for 10 years of storage, which
provides adequate time for the proposals set out below to be reviewed and amended,
according to conditions prevailing at the time a decision is required.

A facility for the storage of spent fuel for the operational period of the plant and beyond is
being designed, because spent fuel is not expected to be reprocessed. The key BAT decisions
for the spent fuel storage facility is whether to store the fuel wet or dry and whether to store
the fuel above or below ground.

Fuel transfers and early storage are all carried out underwater; however, for long term storage
of the fuel in canisters, it is preferred to store fuel under an inert gas atmosphere to minimise
the corrosion issues associated with long term wet storage.

Underground dry storage has the advantage of providing greater levels of shielding and
providing a more secure solution with respect to aircraft impact and other catastrophic events.
The disadvantages of underground storage relate to control of groundwater issues and flood
risk. However, these issues can be overcome by careful design of the storage system and
evaluation of site-specific issues at the site-specific design stage.

For the generic site application, Westinghouse is proposing a dry spent fuel storage system to
be stored inside an underground cylindrical cavity (see Holtec system in subsection 3.5.8.3).

Waste Treatment

The waste treatment methods for the generic site design are based on the waste minimisation
and BAT assessment techniques described in Sections 3.5.4 to 3.5.6.
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Low Level Waste

Incoming wastes from other radiation/contamination controlled areas will be brought into the
facility and temporarily stored in a buffer/marshalling area within the radwaste building (see
Figure 3.5-9). The wastes will then be sorted under controlled conditions (e.g., glove boxes).

This segregation is performed to ensure that no unnecessary waste is disposed of in the
LLWR.

Contaminated material arising from equipment replacement parts, tools, and other metallic,
plastic, or cloth parts from outage operations would normally be classified as LLW.
However, in the event that they were initially classified as ILW, the AP1000 NPP includes
provisions for the decontamination of these types of materials to a LLW category, if feasible.

Within the radwaste building the segregated waste is dispatched to one of a number of
possible treatments including:

On-site:

e  Decontamination

e  Cutting/shredding

e  Compacting

e Immobilisation (if justified)

Off-site:

e Reconditioning and re-use (e.g., personal protective equipment)
e Incineration (e.g., oil)

Wherever possible, waste items will be decontaminated to the extent that allows free release
and handling as conventional waste.

Compactable items will be sorted and compacted in drum to reduce packed volumes.
Non-compactable items will be cut into pieces to allow packing into drums. Full drums will
be assayed with a Low Resolution Gamma Spectroscope (LRGS) and placed into HHISO
containers and when full, HHISO containers can be stored on site in the LLW buffer store
prior to shipment to the national LLW repository. The treatment route for LLW is shown
schematically in Figure 3.5-10. A preliminary safety statement (Reference 3-24) and hazard
study (Reference 3-25) have been completed for the operations being carried out in the
radwaste building.

Under normal circumstance, CPS resins are not radioactive and will be sent to licensed
incineration facilities for disposal. However, under abnormal conditions, for example, steam
generator tube failure, there may be a transfer of primary circuit activity into the secondary
circuit. The amount of activity transferred will be very small and the activity of the CPS
resin will not exceed the limits for LLW. Incineration will remain the disposal route so long
as the activity of the CPS resin is within the WAC for the incineration facility. There may be
situations when the activity of the CPS resin exceeds the WAC for incineration (although still
LLW) and in these cases, the resin will be encapsulated into a compliant container, e.g., 2201
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drum, using mobile plant and equipment operated by specialist sub-contractors. The
encapsulated packages are then placed into HHISO containers and are ultimately disposed of
at the national LLW repository. The disposal route for CPS resin is shown schematically in
Figure 3.5-11.

Waste oil will normally be non-radioactive. However, in the event of the oil becoming
contaminated with radioactivity, it will be shipped to a suitable incinerator (e.g., the Tradebe
Incinerator at Fawley) for incineration. Westinghouse have carried out a review of this
contaminated oil against the conditions of acceptance of this incinerator and have shown that
they can be met. Any waste oil that exceeds the radioactivity acceptance thresholds of the
incinerator will be solidified by a mobile plant prior to disposal to the LLWR (see
Figure 3.5-12).

The only large solid radwaste item that could be generated during the operation period of the
AP1000 NPP is the steam generators. It is expected that the steam generators will be
radioactive but with an activity level that will fall into the LLW category. It is intended that
these items are handled as they arise, are size-reduced, and are decontaminated to the extent
practicable. To facilitate this disposal route, a temporary facility will be erected, for example,
a tent with mobile HVAC equipment and connections to AP1000 NPP power, water, and air
systems, as necessary. The area currently allocated for temporary waste handling facilities
for the GDA site is identified as Item 33 in Figure 2.3-2. Decontaminated pieces that are no
longer radioactive will be released to conventional waste handling facilities for recycle or
disposal. Decontaminated pieces that remain radioactive will be wrapped before placement
into HHISO containers and sent for disposal at the LLWR.

The reactor pressure vessel head is only likely to be removed during decommissioning (see
Section 3.5.10). However, if it needed to be replaced during the operating lifetime, it would
be treated in a similar manner to steam generators.

Intermediate Level Waste

ILW will be treated and disposed according to the schematic in Figure 3.5-13. Further details
can be found in Reference 3-3.

ILW will be segregated on an AP1000 NPP site in the following ways:

e lon exchange and spent activated carbon activity is monitored, and once the activity
breakthrough level has been reached the material is transferred to spent resin tanks.
Only ILW resins and activated carbon will be sent to spent resin tanks.

e Replacement filter cartridges will be tested for activity and any ILW filters will be
placed in an RWM approved box. This segregation is an operationally-controlled
procedure which will occur in the auxiliary building.

The spent ion exchange resin, or activated carbon, will be made passively safe by being
immobilised in a cementitious grout formulation within an RWM approved drum
(References 3-18 and 3-43). The spent filters will be immobilised in a cementitious grout
formulation within an RWM approved box (Reference 3-3).
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The waste encapsulation will be carried out using a Mobile Encapsulation Facility on a
campaign basis (see Figure 3.5-14). The Encapsulation Facility will be stored in the radwaste
building when not in use and moved to the AP1000 NPP Auxiliary Building Railcar Bay for
the campaign. Locating the mobile cement encapsulation plant within the auxiliary building
allows the necessary extraction systems to be connected to the VAS which vents via the
monitored Plant Vent. The encapsulation will take place by remote operation at three stations
within the shielded Encapsulation Facility:

e  Station 1 — Lidding and unlidding
e  Station 2 — Grout capping /Curing/QA
e  Station 3 — Fill/Grouting/Mixing

The spent ion exchange resin or activated carbon will be pumped to the fill station from the
spent resin storage tank where it will be mixed with cementitious grout. Any water that is
decanted from the ion exchange resins will be returned to the ion exchange resin tanks.

The grout formulation recipe will be determined during formulation trials. These trials will
take into account the operational experience of similar plants close to the required date to
ensure that a BAT solution is achieved and an approved and accepted formulation is used.
The materials most commonly used to encapsulate UK ILW are hydraulic blends of Ordinary
Portland Cement, with either Blast Furnace Slag or Pulverised Fuel Ash. The trials will
confirm the optimum volume of ion exchange resin to minimise the number of waste
packages, while maintaining the long term structural integrity of the waste package. It is
assumed that the RWM package will contain 25 volume percent resin for the purpose of
calculating the ILW waste volumes for storage.

Once mixed, the stabilised waste will be allowed to cure and the RWM containers will be
subject to quality checks including:

e the Dartometer test to confirm the cement has set
e  external swabbing to confirm that the waste package is free from contamination

e  activity monitoring using a High Resolution Gamma Spectroscope (HRGS) to produce a
“fingerprint” of the activity concentrations within the waste packages

The RWM containers are moved to and from the Mobile Encapsulation Facility by a
self-propelled trailer and between stations of the Encapsulation Facility by a conveyor. Once
the cement has cured and the containers have passed QA checks, they will then be transported
to the ILW storage building.

The final specification for the processing plant including the grout mix and operating
procedures will be prepared no later than during the first cycle of operation.

The encapsulation plant will be operational prior to the second plant outage as it may be
decided by the operator to move resins from the resin tanks before the second outage. Thus,
revised estimates of resin activity will be prepared during Cycle 1 based on early operational
experience.
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3.5.8

3.5.8.1

High Level Waste
HLW waste will be managed and disposed according to the schematic in Figure 3.5.15.

The spent fuel assemblies are initially stored in the spent fuel cooling pond to allow
radioactive decay to occur and decay heat to be removed (see Section 6.10 of the PCSR,
Reference 1-10). The cooling pond, containing borated water as a neutron absorber, is
located in the auxiliary building.

The spent fuel assemblies are held in racks that contain integral neutron absorbing material,
and are designed to ensure adequate spacing to ensure the appropriate degree of subcriticality
is achieved. The spent fuel pool racks can hold approximately 617 fuel assemblies which
equates to approximately 10 years of spent fuel.

The spent fuel pool cooling system is provided to remove decay heat which is generated by
stored fuel assemblies from the water in the spent fuel pool. This is done by pumping the
high temperature water from within the fuel pool through a heat exchanger, and then
returning the water to the pool.

The spent fuel pool is equipped with a purification system which removes radioactive
corrosion products, fission product ions, and dust to maintain low spent fuel pool activity
levels during plant operation and to maintain water clarity during all modes. Two mixed bed
type demineralisers are provided to maintain spent fuel pool purity, each one sized to accept
the maximum purification flow from its respective cooling train. Downstream of the
demineraliser in the purification branch lines, a spent fuel pool filter is provided to collect
small particles and resin fines.

After the spent fuel has been stored to allow sufficient cooling, it will be transferred to dry
cask storage.

Interim Storage
Low Level Waste Storage

There are a number of storage areas within the Radwaste Building, as shown in Figure 3.5-9.
The ‘Waste Accumulation Room’ (room #50351) has a buffer/marshalling area in the North-
East corner, used to store incoming LLW packages and bags. The ‘Mobile Systems Facility’
(room #50350), has areas on the North and South walls used to store clean, empty RWM 3 m’
(100 ft*) drums and boxes, secondary containment vessels (SCV) and 200 1 (55 gallon)
drums. The maximum storage capacities of these areas are:

10 off 3 m® (100 ft’) packages (5 stacks of 2 high, mixture of boxes and drums)

2 off SCV (1 stack of 2)

27.3 m’ (964 ft’) for 200 1 (55 gal) drums (7m (23 ft) L x 1 m (3 ft) W x 3.9 m (13 ft) H)
e 89.6m’ (3,160 ft’) for incoming LLW (8 m (26 ft) Lx 4 m (13 ft) W x 2.8 m (9.2 ft) H)

The buffer/marshalling area can also be used to store higher activity LLW, rejected from the
LLW treatment processes. The waste will be stored for a temporary period, until:

e  The activity decays to a level that allows handling with the installed equipment
e [t is determined that the waste should be handled and treated as ILW
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The LLW buffer store is a covered area comprising a concrete hard standing area with a steel-
framed canopy. The buffer store is designed for HHISO containers that have been filled in
the radwaste building. Standard handling machinery (fork truck) will be used to move the
containers from the radwaste building to the buffer store.

The radwaste building will only store the HHISO containers currently being filled. All filled
HHISO containers will be transported to the buffer store that provides storage for two years
of waste arisings (Reference 3-3):

Intermediate Level Waste Storage

ILW (spent filters, spent ion exchange resin, and activated carbon) is stored within suitably
contamination zoned and shielded areas within the auxiliary building prior to treatment in the
mobile encapsulation plant. Once the ILW is encapsulated in RWM waste packages
(3 m® boxes (100 ft*) and 3 m® drums (100 ft*)), the boxes and drums will be transported to an
on-site ILW store where they will be stored until a national ILW repository becomes
available. It is estimated that between 15 and 29 of these RWM waste packages will be
produced each year (Reference 3-26). A total of 1116 RWM waste packages is predicted for
the 60-year plant life (Reference 3-26).

The ILW store proposed for the generic site is a reinforced concrete structure with 1 m (3 ft)
thick walls that can be extended at appropriate intervals to suit new ILW waste arisings (see
Figure 3.5-16).

The ILW store incorporates a receipt area with waste package assay equipment and a shielded
vault serviced by a certified nuclear crane. Office and administration space, and an
equipment room housing HVAC and electrical and mechanical equipment are provided in an
annex to the main store building.

The packages will be transferred into the receipt area via a shielded door and then transported
by the crane to a position in the store vault determined using the tag information. The
package position will be recorded in the control log for ease of future retrieval. The packages
will be placed in the store layer by layer, to limit the potential topple height of stored
packages. The layers will be constructed from the furthest point of the store working back to
the receipt area. The chosen transfer path for placing/retrieving a package will be such to
minimise the effective drop height. The store design and operation will be such to enable
retrieval and visual examination of individual packages. Close circuit television (CCTV)
within the import/inspection area will be used to facilitate this.

The first phase of construction will provide an ILW store suitable for 20 years of ILW
production (372 No. x 3 m® (100 ft' RWM packages). Extensions to the store will be sized to
suit future waste arisings and are expected to be added in 20-year increments. The ILW store
will be designed for a total inventory of 60 years of operational waste arisings from one
AP1000 NPP unit. The ILW store has a 100-year design life and could be used to retain [ILW
after AP1000 NPP is decommissioned and until the national ILW repository becomes
available (Reference 3-3).

Every ILW waste package will be “finger printed” using an HRGS within the ILW store to
monitor its activity level before it is transferred to the ILW Store Vault. Waste package
inventory records will be completed according to the required regulations to maintain an
inventory record of each waste package and its location within the ILW Store Vault. Because
all waste packages sent to the store will be ILW and are expected to remain ILW, no
segregation will be required within the store vault.
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It is envisaged that when an ILW waste repository becomes available within the UK, the ILW
waste packages will be removed from the store and monitored again with the HRGS before
being sent to the repository along with its associated waste package inventory record. The
same facilities used during placement of the ILW packages into the store will be used to ship
the ILW packages, that is, the area at one end of the store building and the store building
crane.

If the HRGS result of a package indicates the radionuclides in the package have decayed such
that the package could be LLW, the package will be temporarily placed in an LLW storage
area. The LLW disposal facility will be contacted to ensure the appropriate records are
prepared for LLW disposal at that time.

All ILW packages will be visually inspected during handling and, if defects or external
damage is found, the package will be flagged as “rogue” and placed/sealed within a SCV
prior to storage. A “rogue” package might arise from:

e  Overfill of a package during encapsulation, causing spillage and contamination to the
outer surface.

e  Malfunction during lidding, causing an unsealed package.
e Corrosion/damage to the package, resulting in a containment failure.

Any “rogue” package will be transferred to a SCV. The SCV is a container of similar design
to the RWM packages that is sized to fit over the RWM 3 m’ (100 ft’) box/drum. If an ILW
package is found to be “rogue” as a result of QA inspections, it will be inserted into an SCV,
lidded, and positioned in the store as normal. A small batch of empty SCVs will be stored
within the radwaste building until required.

High Level Waste Storage

The spent fuel system proposed for the generic site is a dry storage system and comprises:

e flask loading equipment within the AP1000 NPP.
e  suitable flask transportation vehicles and equipment.
e aseismically qualified below ground storage facility.

The flask handling equipment within the AP1000 NPP can accommodate a variety of flask
types.

Westinghouse is offering Holtec International’s underground dry spent fuel dry storage
system, the HI-STORM 100U System (see Figure 3.5-17), as an option for dry spent fuel
storage management (References 3-27, 3-28, and 3-29). However, the spent fuel pool within
the AP1000 NPP provides sufficient capacity for up to 10 years of storage. This allows the
AP1000 NPP operator time to select other options for the spent fuel storage system or defer
selection for a period to allow new techniques to be incorporated, if appropriate.

The HI-STORM 100U System is a vertical, ventilated dry spent fuel storage system. Holtec
and Westinghouse have confirmed that the Holtec equipment can fit in the areas of the
AP1000 NPP that need to be traveled to transfer spent fuel from the spent fuel pool to the
underground storage area. The system consists of three primary components:

1. HI-STORM 100U underground vertical ventilated module (VVM)
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The VVM provides for storage of a multi-purpose canister (MPC) in a vertical
configuration inside a subterranean cylindrical cavity entirely below the top-of-grade
(Figure 3.5-18a). The principal function of the VVM structure is to provide the
biological shield and cooling facility.

The MPC storage cavity is defined by the cavity enclosure container (CEC), consisting of
the container shell integrally welded to the bottom plate. In the installed configuration,
the CEC is interfaced with the surrounding subgrade for most of its height except for the
top region where it is girdled by the top surface pad. The CEC is a closed bottom, open
top, thick-walled cylindrical vessel, which has no penetrations or openings. Thus,
groundwater has no path for intrusion into the interior space of the MPC storage cavity.

Corrosion mitigation measures commensurate with site-specific conditions are
implemented on below-grade external surfaces of the CEC. All external and internal
surfaces of the VVM are coated with an appropriate surface preservative. An optional
concrete encasement around the coated external surface of the CEC may be added to
control the pH at the CEC-to-subgrade interface. A corrosion allowance equal to 3 mm
(1/8 in) on the external surfaces of the VVM in contact with the subgrade is nevertheless
assumed in the structural evaluations.

The closure lid is a steel structure filled with shielding concrete and incorporates a
specially designed air ventilation system (see Figure 3.5-18b).

2. MPC, which each contain 24 spent fuel assemblies

The MPC and HI-TRAC in the HI-STORM 100U System are 100 percent identical to
those in the Holtec aboveground system that has been in use for several years.

The MPC is a single package equally suitable for onsite storage, transport, and permanent
disposal in a future repository. The MPC is constructed entirely of stainless steel alloy
materials with the exception of the Metamic, a fixed neutron absorber, which is contained
within the canister for criticality control. The fuel assembly basket contained within the
MPC is a honeycomb multi-flanged plate weldment that forms the square fuel cells in the
basket. There is complete edge-to-edge continuity between the continuous cells that
provides an uninterrupted heat transmission path, making the MPC an effective heat
rejection device.

The top end of the Holtec MPC uses a closure system that includes a lid equipped with
vent and drain ports used to remove air and water and backfill the canister with inert gas
[helium] (see Figure 3.5-17f) and a closure ring used to provide a redundant confinement
boundary for the MPC lid. The vent and drain ports are covered, helium leak checked,
and seal-welded before installing the closure ring. The closure ring is a circular ring that
is edge welded to the canister outer shell and lid (see Figure 3.5-17g). The MPC lid
provides sufficient structural capability to permit the loaded MPC to be lifted by threaded
holes in the MPC lid.

The heat from the fuel stored in the core region of the basket is removed by the
thermosiphon (circulatory) action (Figure 3.5-18c). As a result, high heat rate fuel
(gamma radiation emitted is proportional to the heat emission rate from the fuel) can be
placed in the core region, surrounded by the cooler (and older) fuel in the periphery. This
approach, known as “regionalised” storage, is extremely effective in mitigating the dose
emitted from a basket in the lateral direction. The effectiveness of regionalised storage in
reducing dose derives from the fact that almost 95 percent of the dose from the basket
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3.5.9.1

3.5.9.2

comes from the peripheral fuel; the inner region fuel is almost entirely noncontributory to
the dose.

3. HI-TRAC transfer cask, which holds the MPC during loading operations

HI-TRAC is the acronym for Holtec International transfer cask or “shuttle cask™ for
HI-STORM 100U. HI-TRAC is a slim cylindrical cask with removable bottom and top
lids. HI-TRAC can be mounted on top of a HI-STORM 100U overpack to deliver or
retrieve an MPC (see Figures 3.5-17i and 3.5-17k). HI-TRAC is a heavy-walled steel
and lead cylinder with a water jacket attached to the exterior of the vessel. The main
structural function of HI-TRAC is provided by carbon steel. Water and lead provide the
main neutron and gamma shielding functions, respectively.

A total of 130 MPCs will be filled over the 60-year plant life of the plant containing 3104
fuel assemblies (Reference 3-26).

The spent fuel will remain within the HLW store for a determined period of time to enable
the heat generating capacity of the spent fuel assemblies to reduce enough to meet the
required standards for the national Geological Disposal Facility (GDF). At the proposed high
burn-up rates, RWM has estimated that dry cask storage for up to 100 years may be necessary
in order to allow it to cool sufficiently to be transferred to an approved RWM disposal
canister for final disposal. However, Westinghouse expects the repository design may be
reconsidered on the basis of current world-wide expectations from spent fuel characteristics
which would allow for shorter dry cask storage periods.

Transportation and Disposal
Low Level Waste

LLW is bagged, collected manually, and transported to areas of the waste accumulation
room. The waste is packaged in HHISO containers. A fork truck specifically designed for
container handling will be used to move the HHISO containers from the radwaste building to
the buffer store. HHISO containers will be handled within the radwaste building by the
overhead crane.

The HHISO container will be transported by road to the LLWR at Drigg for final disposal. A
preliminary application has been made to LLWR to confirm their acceptance of LLW from
an AP1000 NPP. The Acceptance in Principle (D1) forms obtained from the LLWR are
presented in Reference 3-30 and contain activity estimates based on calculations from
Reference 3-31.

636 HHISOs are predicted to be produced over the 60-year plant life (Reference 3-26).
Intermediate Level Waste

During transport to the ILW store, the waste package (drum or box) will be placed in an
overpack which will provide shielding in order to limit exposure to operators or the public. A
self-propelled trailer will be used to move the waste packages to the ILW store along
designated routes. Inside the ILW store, the packages will be placed and recovered using an
overhead crane (see Figure 3.5-16).

Shipment from the ILW store will only take place once a national repository is available.
1116 RWM waste packages are predicted to be produced over the 60-year plant life
(Reference 3-26).
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3.5.93 High Level Waste
Figure 3.5-19 shows a schematic of the process for the transportation and disposal of HLW.

HLW packages will be transported from the spent fuel cooling pond in their dry cask storage
Holtec MPC canister to the HLW store using an appropriate transport vehicle. Two types of
transport vehicle are proposed for the Holtec system: a low profile transporter and the
HI-TRAC system (see Figures 3.5-17h and 3.5-17i, respectively).

The Holtec MPC is one option that can be used for the interim storage, transport, and final
disposal of the AP1000 NPP spent nuclear fuel. There are various other systems under
development which could also be used for the interim storage, transport, and/or disposal. It
may also be possible to place the AP1000 NPP spent fuel directly into a RWMC disposal
canister, once removed from the cooling pond, if the canister is designed for such a purpose.

Once the spent fuel assemblies have reached the acceptable limits for heat generation
(typically 100 years) they will be transported from their dry cask storage to the national GDF
once it is available. During transport, each waste package will be placed in an overpack to
provide radiation shielding and also to ensure the integrity of the waste during a road
accident. The total weight of the waste package will be within appropriate limits for transport
on UK roads when necessary. It is envisaged that transport of packaged spent fuel would be
undertaken using a Disposal Canister Transport Container. This is an RWM transport
container concept that provides two layers of shielding (Reference 3-12):

e adjacent to the canister, a stainless steel gamma shield with a radial thickness of 140 mm
and 50 mm (2 inch) at each end of the canister,

e surrounding the gamma shield, a 50 mm (2 inch) thick neutron shield made of high
neutron capture material “Kobesh.”

At present, there is no operator for the national GDF and RWM is acting as a “repository
Licensee surrogate,” providing input to government strategy for ILW and HLW management.
The repository will need to be available for spent fuel at the end of operating life after the
required cooling period.

The NDA have completed a disposability assessment of AP1000 NPP spent fuel to satisfy the
requirements of the GDA (Reference 3-12). This assessment assumed that spent fuel would
be overpacked for disposal. Under this concept, spent fuel would be sealed inside durable,
corrosion-resistant disposal canisters manufactured from suitable materials, which would
provide long-term containment for the radionuclide inventory. The exact long-term disposal
canister material and design remains to be confirmed, but candidates include copper or steel
canisters with an additional cast-iron insert to provide additional mechanical strength. The
current RWM disposal canisters do not allow ILW rod cluster control assemblies and certain
other core components (e.g. burnable poisons and thimble plugs) to be included in the
canisters. Westinghouse asked RWM to consider the option of disposing these within the
spent fuel assemblies as practiced elsewhere in the world to minimise handling and to avoid
production of orphan wastes.

Depending upon the features of the selected disposal canisters, it may be necessary to
encapsulate AP1000 NPP spent fuel in the preferred canister. The particular details of any
required encapsulation plant are not fully determined due to uncertainties in the
GDF requirements. However, developed processes exist in other countries, for example:
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e In Germany, a pilot encapsulation plant has operated successfully repairing defective
spent fuel casks for over 10 years (Reference 3-32). In this process, the spent fuel is
removed from the CASTOR® cask used for interim storage and encapsulated in a
Pollux® cask which is also used as the final repository cask. The plant has operated
safely for a number of years and has successfully encapsulated spent fuel and the risks
associated with these operations, and the required technologies are well understood.

e In Sweden, the disposal method determined is to encapsulate the spent fuel in copper
canisters and embed the filled canisters within bentonite clay at a depth of 500 metres
(1600 ft) in the crystalline bedrock of the GDF (Reference 3-33). This provides 3
separate environmental isolation barriers (canister, bentonite clay, and bedrock) for the
spent fuel and prevents contamination from getting into groundwater.

For the GDA, it is assumed that any HLW conditioning facility in the UK will use similar
technologies taking advantage of the experience gained at facilities elsewhere in the world. It
is expected that the repackaging of spent fuel will take place at a central location as outlined
in the Nirex repository concept (Reference 3-34).

The NDA disposability assessment (Reference 3-12) ultimately concluded that the
characteristics of spent fuel from an AP1000 NPP (with 65 GWd/TU burn-up) are consistent
with those from the Sizewell B PWR. When compared with legacy wastes, there are no new
issues that challenge the fundamental disposability of the wastes expected to arise from
operation of such a reactor. The additional repository storage space required to accommodate
spent fuel from the AP1000 NPP is not excessive, and is not significantly affected by a
specific reactor or fuel design.

Decommissioning Waste

The basic AP1000 NPP design principles minimise the creation of radwaste during
operations and decommissioning. The AP1000 NPP was designed to have fewer valves,
pipes, and other components so less waste will be generated during maintenance activities
such as repair and replacement (see Figure 3.5-20). Also, less waste mass will be generated
during decommissioning. As discussed in Chapters 26 and 27 of the PCSR (Reference 1-10),
the level of cobalt in reactor internal structures is limited to below 0.05 weight percent, and in
primary and auxiliary materials to less than 0.2 weight percent. This limits the activation of
the metal components. Surfaces, including steel wall and floor surfaces, will be sealed to
prevent penetration and to facilitate decontamination.  Also, during operation and
maintenance, waste will be minimised by using best industry practices, for example, by
limiting the amount of material brought into containment.

More details on decontamination can be found in Ref. 3-40 and the decommissioning plan is
described in more detail in Ref. 3-41.

The wastes generated during decommissioning comprise the following:

e Small volume components
The types of small volume components at decommissioning are shown in Appendix A4
and include various electrical equipment, filters, electrodeionisation units, and skids.

These wastes are classified as LLW.

e Large volume components
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The quantities of ILW and LLW large volume component wastes generated during
decommissioning are shown in Appendix A3 and summarised in Table 3.5-10. The waste
includes the reactor head, which is not expected to require replacement during the
operational period of the AP1000 NPP.

It is assumed that the reactor vessel is disposed intact and the vessel is not
decontaminated from its ILW classification. No benefit would be gained from
decontaminating the reactor vessel since most of the dose would come from activation of
vessel materials. Decontamination of the reactor systems could be accomplished with
some piping modifications to bypass the reactor vessel, and the use of existing filter and
demineraliser vessels.

e Waste from decontamination operations

System decontamination operations produce ILW during the various system purification
steps (e.g. spent resins and spent filter cartridges).

e Dry active waste

The compactable dry active waste created during decommissioning operations (e.g. rags,
overalls, gloves, and packaging) is LLW and is estimated to be 135 m® (4,770 ft’) per
year. This volume can be reduced five fold to 27 m® (950 ft’) per year using a low force
compactor. Assuming an accumulated decontamination operation of three years, the
additional dry active LLW generated during decommissioning would be 81 m® (2,860 ft’)
(see Table 3.5-10). The use of super compaction could reduce this number further.

e Demolition waste

The radioactive demolition waste (rubble) is identified in Appendix A6. Only a very
small fraction of demolished wastes is likely to be considered LLW, with the majority
being non-radioactive or made non-radioactive during the decontamination process.

The estimate of LLW demolition waste includes 2165 m® (76,460 ft’) of concrete and
158 m? (5,580 ft*) of steel (see Appendix A6).

The LLW demolition waste includes wastes from the demolition of five modules within
containment (CAO1 to CA05). The only significant civil structure with the potential to
become activated is CA-04. The other four major modules in containment (CA-01,
CA-02, CA-03, and CA-05) could become contaminated, but are unlikely to become
activated. The modules are steel structures, some with concrete filled wall sections,
which would be cut into transportable pieces with little volume increase. The modules
are designed with exposed concrete and steel surface finishes that will prevent
penetration and facilitate decontamination.

The demolition waste also includes 199 m® (7,030 ft’) of concrete surrounding module
CAO04 in the vicinity of the core. This represents a 1.5 m (5 ft) thickness of concrete
around the reactor vessel cavity which may contain enough activation products to be
treated as LLW. Beyond this thickness, the concrete is essentially VLLW (Reference
3-35). Since this is a solid chunk of concrete, the actual packaged LLW volume will be
two to three times greater or about 400 to 600 m® (14,000 to 21,000 ft’).

The total ILW decommissioning waste associated with large volume components and waste
from decontamination operations is estimated to be about 800 m® (28,000 ft’). The total
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3.6

LLW waste associated with decommissioning large and small volume components,
compactable dry active waste and demolition waste is estimated to be about 5500 - 6000 m’
(194,000 ft* — 212,000 ft*).

A typical schematic for the treatment of decommissioning waste is shown in Figure 3.5-21.
The management of decommissioning waste is being planned with the expectation that the
LLW, ILW, and spent fuel waste streams will be capable of being disposed in NDA facilities.

Comparison of Waste Volumes from the AP1000 NPP and Other UK NPPs

A comparison of the waste volumes generated by the AP1000 NPP and other UK NPPs is
presented in Table 3.5-11. The data for other plants is extracted from the UK 2007
radioactive waste inventory (Reference 3-36). The data is normalised to the annual electricity
production.
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3.0 Radioactive Waste Management Systems UK AP1000 Environment Report

Table 3.3-2

ABATEMENT PROVISIONS FOR HVAC SYSTEMS

Area Ventilation Area Ventilation Abatement
System Classification Provisions
[Ref 3-39]
Nuclear Island Nonradioactive VBS White No filtration
Annex/Auxiliary Building VXS White No filtration
Nonradioactive
Diesel Generator Building VZS White No filtration
Containment VCS N/A No discharge outside containment.
Containment VES Amber High efficiency and HEPA filtration
high risk
Health Physics and Hot Machine VHS Red HEPA filtration
Shop - Gloveboxes
Health Physics and Hot Machine VHS Amber HEPA filtration
Shop — Machine tools high risk
Health Physics and Hot Machine VHS Green No filtration but diversion to HEPA
Shop — Remaining space Low risk and charcoal filtered standby system

(VFS) on High radiation signal*

Radwaste Building VRS Amber HEPA filtration*

high risk
Turbine Building — Bay 1 area VTS Green No filtration

Low risk
Turbine Building — Remaining space | VTS White No filtration
Auxiliary/Annex Building VAS Amber HEPA filtration* and diversion to
Radiologically Controlled Area — Low risk HEPA and charcoal filtered standby
Fuel handling area system (VFS) on High radiation

signal

Auxiliary/Annex Building VAS Amber No filtration but diversion to HEPA
Radiologically Controlled Area — Low risk and charcoal filtered standby system
Remaining space (VFS) on High radiation signal
Active and Passive Spent Fuel Pool VAS Amber HEPA filtration
Exhaust Low risk

Key to Area Classification [Ref. 3-39]:
WHITE means a clean area free from radioactive contamination, whether surface or airborne.

GREEN means an area which is substantially clean. Only in exceptional circumstances is airborne contamination
such that provisions must be made for its control.

AMBER means an area in which some surface contamination is expected. In some cases, there will be a potential
for airborne contamination such that provision must be made for its control.

RED means an area in which contamination levels are so high that there is normally no access without
appropriate respiratory protection.
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Table 3.3-3

SPECIFICATION OF CONTAINMENT FILTRATION SYSTEM ELEMENTS

maximum for each
unit)

10.7mx20mx 1.7m (35 ft x 6.5 ft x 5.6 ft)

. . Post High
Filter System Pre High HEPA Filter | Charcoal Filter |  Efficiency
Parameter Efficiency Filter .
Filters
Design Type High Efficiency HEPA Type 111 High Efficiency
rechargeable cell

Design Code or ASME N509 ASME N509 ASME N509 ASME N509
Standard
Dimensions
(Approximate

Construction Material/ | Utility specific Utility specific Utility specific Utility specific

Filter Material

Filter Pass (Pore) Size | Utility specific Utility specific Utility specific Utility specific

Typical Flowrate Per 6800 6800 6800 6800

Unit (m*/h)

Efficiency 80% minimum >99.97% 90% 95%
ASHRAE 0.3um dioctyl Decontamination | 0.3um DOP
efficiency phthalate (DOP) | efficiency

Monitoring of Periodic DOP Periodic DOP Periodic DOP Periodic DOP

Efficiency testing testing testing testing

Detection of Filter Differential Differential Radiation Differential

Blinding pressure pressure monitoring in the | pressure
instrument instrument plant vent instrument

Typical “In-Service”
Periods

Once a week for 20 hours

Arrangement to Take
Filter Out of Service

Both filter units are 100% redundant. When one is being maintained it can be

bypassed and the other can be used.
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Table 3.3-4

MAIN PLANT VENT RELEASE POINT DATA

Parameter Value Comments

Stack Height 74.926 m Plant vent

Plume Rise 6.7 m Under neutral atmospheric
conditions

Release Height 81.626 m Sum above

Vent Dimensions 2.025mx2.311 m Rectangular stack

Volumetric Flow Rate 38.13 m’s’

Nominal Discharge Velocity 8.15ms™

Exhaust Temperature 285-315K Depending on outside air
temperature

Distance to Site Boundary 200 m

Nearby Building Height 70 m Reactor Building

Buildings Surface Area Wall 3000 m* Reactor Building

Table 3.3-5

CONDENSER AIR REMOVAL STACK RELEASE POINT DATA

Parameter Value Comments

Stack Height 384 m Turbine building vent

Plume Rise 1.4m Under neutral atmospheric
conditions

Release Height 39.8m Sum above

Vent Internal Diameter 0.3048m Circular 12” diameter stack

Volumetric Flow Rate 0.6 m’s™ Estimated

Nominal Discharge Velocity 8.2ms™

Exhaust Temperature 285-315K Depending on outside air
temperature

Distance to Site Boundary 200 m

Nearby Building Height 70 m Reactor building

Buildings Surface Area Wall 3000 m* Reactor building
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Table 3.3-6

EXPECTED ANNUAL RELEASE OF AIRBORNE RADIOIODINES TO THE ATMOSPHERE

Activity Release, GBq/y
Building/Area Ventilation Condenser
Air
Waste Gas | Containment | Auxiliary Turbine Removal Total

Nuclide System Building Building Building System Release
I-131 7.4E-03 1.9E-02 1.8E-01 2.4E-03 9.6E-04 2.1E-01
1-133 1.1E-02 7.4E-02 2.6E-01 7.4E-04 3.0E-03 3.5E-01
Total Airborne Radioiodine 5.6E-01
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Table 3.3-7

CARBON-14 TO THE ATMOSPHERE

EXPECTED ANNUAL RELEASE OF RADIOACTIVE NOBLE GASES, TRITIUM, AND

Activity Release ", GBq/y
Building/Area Ventilation Condenser
Waste Gas | Containment Auxiliary Turbine Reslgval Total

Nuclide System Building Building Building System Release
Kr-85m 4.6E-01 1.4E-01 1.6E+01 8.5E-04 7.8E+00 2.4E+01
Kr-85 3.0E+03 1.1E+01 5.2E+01 2.9E-03 2.6E+01 3.1E+03
Kr-87 negl. 4.4E-02 1.7E+01 2.6E-04 2.2E+00 1.9E+01
Kr-88 6.7E-03 1.0E-01 1.8E+01 9.6E-04 8.5E+00 2.7E+01
Xe-131m 1.1E+03 3.1E+01 1.8E+02 9.3E-03 8.1E+01 1.4E+03
Xe-133m 3.6E-02 6.7E+00 7.4E+01 4.1E-03 3.5E+01 1.1E+02
Xe-133 2.4E+02 8.9E+01 6.3E+02 3.3E-02 2.9E+02 1.3E+03
Xe-135m negl. 6.7E-02 1.3E+02 7.0E-03 5.9E+01 1.9E+02
Xe-135 negl. 3.1E+00 1.7E+02 2.9E-02 2.6E+02 4.4E+02
Xe-137 negl. negl. 3.4E+01 1.8E-03 1.6E+01 4.8E+01
Xe-138 negl. 2.9E-02 5.9E+01 3.3E-03 2.9E+01 8.9E+01
Total Noble Gas 6.7E+03

Tritium Release via Gaseous Pathway® (TBq/y) = 1.8
C-14 Released via Gaseous Pathway (TBq/y) = 0.606°)
Ar-41 Released via Gaseous Pathway (TBq/y) = 1.3

Notes:

1. Values less than 1 microcurie (3.7E+4Bq) are considered to be negligible, but their values are included in
the totals.

2. Tritium release based on Westinghouse TRICAL computer code.

3. C-14 from Westinghouse calculation APP-WLS-M3C-056, Rev. 0, 2009.
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EXPECTED ANNUAL RELEASE OF RADIOACTIVE PARTICULATES TO THE

Table 3.3-8

ATMOSPHERE
Activity Release ', GBq/y
Building/Area Ventilation
Fuel
Waste Gas Containment Auxiliary Handling

Nuclide System Building Building Area Total
Cr-51 negl. negl. 1.2E-04 6.7E-05 2.3E-04
Mn-54 negl. negl. negl. 1.1E-04 1.6E-04
Co-57 negl. negl. negl. negl. negl.
Co-58 negl. 9.3E-05 7.0E-04 7.8E-03 8.5E-03
Co-60 negl. negl. 1.9E-04 3.0E-03 3.2E-03
Fe-59 negl. negl. negl. negl. negl.
Sr-89 negl. 4.8E-05 2.8E-04 7.8E-04 1.1E-03
Sr-90 negl. negl. 1.1E-04 3.0E-04 4.4E-04
Zr-95 negl. negl. 3.7E-04 negl. 3.7E-04
Nb-95 negl. negl. negl. 8.9E-04 9.3E-04
Ru-103 negl. negl. negl. negl. negl.
Ru-106 negl. negl. negl. negl. negl.
Sb-125 negl. negl. negl. negl. negl.
Cs-134 negl. negl. 2.0E-04 6.3E-04 8.5E-04
Cs-136 negl. negl. negl. negl. negl.
Cs-137 negl. negl. 2.7E-04 1.0E-03 1.3E-03
Ba-140 negl. negl. 1.5E-04 negl. 1.6E-04
Ce-141 negl. negl. negl. negl. negl.
Total Particulates 1.7E-02

Notes:

L.

totals.

Values less than 1 microcurie (3.7E+4Bq) are considered to be negligible, but their values are included in the
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Table 3.3-9

RADIONUCLIDES LISTED IN EU COMMISSION RECOMMENDATION 2004/2/EURATOM
FOR PWR NUCLEAR POWER REACTORS THAT WERE INCLUDED IN AP1000 NPP
DESIGN BASIS ESTIMATES FOR MONTHLY
DISCHARGES TO ATMOSPHERE

Noble gases
Ar-41 Kr-87 Xe-133 Xe-135m
Kr-85 Kr-88 Xe-133m Xe-137
Kr-85m Xe-131m Xe-135 Xe-138
Particulates (excluding iodines)
Cr-51 Co-60 Nb-95 Ba-140
Mn-54 Sr-89 Sb-125 Ce-141
Co-58 Sr-90 Cs-134
Fe-59 Zr-95 Cs-137
Todines
I-131 1-133
Tritium
H-3
Carbon-14
C-14
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Westinghouse Non-Proprietary Class 3

3.0 Radioactive Waste Management Systems UK AP1000 Environment Report

Table 3.4-4

ASSUMED DECONTAMINATION FACTORS FOR LIQUID RADWASTE ION

EXCHANGE BEDS
Resin Type / Component Iodine Cs/Rb Other
Zeolite/deep bed filter" 1 100 1
Cation/waste ion exchanger 1 1 10 10
Mixed/waste ion exchanger 2 100 2@ 100
Mixed/waste ion exchanger 2 10 10% 10?

Notes:

1. This component is not included in NUREG-0017. DFs are based upon “Reduction of Caesium and Cobalt
Activity in Liquid Radwaste Processing Using Clinoptilolite Zeolite at Duke Power Company,” by O.E.
Ekechokwu, et al., Proc. Waste Management '92, Tucson, Arizona, March 1992, University of Arizona,
Tucson.

2. Credit for this DF is not taken in determination of anticipated annual releases.
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Westinghouse Non-Proprietary Class 3

3.0 Radioactive Waste Management Systems

UK AP1000 Environment Report

Table 3.4-5

OF LIQUID RADWASTE

BAT COMPARISON OF EVAPORATORS AND ION EXCHANGE FOR THE TREATMENT

Natural Circulation
Evaporators

Forced Circulation
Evaporators

Ion Exchange

Where Applied for
Radwaste Processing

Traditionally applied in
U.S. PWRs — later
replaced in some with
ion exchange or forced
circulation evaporators

Japan, occasionally in
U.S.

Newer U.S. plants

Processing

Evaporator removes all
solids in waste stream.
Concentrates to 12 wt%
“slurry” which is
drummed or solidified

Evaporator removes all
solids in waste stream.
Concentrates to 12 wt%
“slurry” (or higher)
which is drummed or
solidified

Ion exchange process
removes activity from
fluid. Non-specified
solids (e.g., concrete
dust, sand) and boric
acid pass through to
discharge.

Effectiveness

Acceptable DF 100-500

Good DF 100-1000

Good to excellent with
appropriate usage. DF
100 -400 for single
vessel, higher for
multiple vessels in
series.

Flexibility

Poor — many inputs can
upset evaporator
(e.g., detergents, oil)

Excellent — same
process for all inputs

Excellent, but requires
intelligent control:

e QOils must be
segregated because
they will ruin resin

e Most detergents
must be segregated

e Most effective use
comes through
“tuning” selected
resins for prevailing
conditions

Capital Cost

High — typically
provided as custom
built skid mounted
units

Very high — custom
design and
construction;
essentially a complex
system unto itself

Low —ion exchange
vessels only

Cost ~50% evaporator

UKP-GW-GL-790
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Westinghouse Non-Proprietary Class 3

3.0 Radioactive Waste Management Systems

UK AP1000 Environment Report

Table 3.4-5 (cont.)

BAT COMPARISON OF EVAPORATORS AND ION EXCHANGE FOR THE TREATMENT

OF LIQUID RADWASTE

Natural Circulation

Forced Circulation

radioactive, no room to

Evaporators Evaporators Ion Exchange
Operating Cost Moderate — Moderate — High — resins
steam/energy steam/energy Low — equipment —
much less equipment
and less active
equipment to maintain
Safety Excellent Excellent Excellent
Reliability Poor — 12 wt% boric Good Excellent
acid operation leads to
frequent problems
Operability Poor — problems with Good More complex —
foaming and operator should sample
solidification holdup tank contents
and select ion exchange
resins accordingly
Higher throughput
possible reducing
potential impact on
plant availability
Maintainability Very poor — highly Moderate — many Excellent — only normal

components, but

maintenance is resin

Exposure

work adequate space is flushing which is
provided remote
Occupational Radiation | High Moderate Very low

Layout Impact

Low — small skid
mounted system

Very large — sometimes
an entire dedicated
building

Low — 4 exchange
vessels, 2 filters

dismantling of highly

Solid Radwaste High High (may be lower Low
Production depending on
concentration)
Estimated waste Resins 6 m’ly 9 m’ly
volumes for 900MWe Filter Cartridges 0.5 m’/y 1 m’/y
Plant Evaporator Bottoms 102 m’/y 0 m’ly
Chemical Wastes 1 m’/y 1 m’/y
Total 109.5 m’ly 11 m’ly
Decommissioning Moderate — complex High — complex Low — simple

dismantling of large

decontamination and

radioactive equipment | highly radioactive dismantling of resin
equipment tanks
UKP-GW-GL-790 144 Revision 7



Westinghouse Non-Proprietary Class 3

3.0 Radioactive Waste Management Systems

UK AP1000 Environment Report

Table 3

.4-5 (cont.)

OF LIQUID RADWASTE

BAT COMPARISON OF EVAPORATORS AND ION EXCHANGE FOR THE TREATMENT

Natural Circulation

Forced Circulation

Evaporators Evaporators Ion Exchange

Tritium Increased transfer of tritium from water to air. Greater proportion of
Impact of trittum dose is more significant in air tritium in water than air
than water.

Licensable Traditionally Acceptable Acceptable — licensed
licensable, but not in U.S. and supported
allowed by U.S. utility by U.S. utility
requirements document requirements document

Boric acid discharge —

must be considered, but

probably not an issue

for seawater site or

enriched boric acid
UKP-GW-GL-790 145 Revision 7



Westinghouse Non-Proprietary Class 3

3.0 Radioactive Waste Management Systems

UK AP1000 Environment Report

Table 3.4-6

EXPECTED ANNUAL RELEASE OF RADIOACTIVE EFFLUENT DISCHARGES

Activity Release” GBq/y

Shim Bleed + Miscellaneous
Nuclide Equip. Drains Wastes Turbine Building Total Release
C-14 3.3E+00? negl. negl. 3.3E+00?
Na-24 3.5E-02 2.3E-04 2.8E-03 3.8E-02
Cl-36 negl. negl. negl. negl.
Cr-51 4.5E-02 1.3E-04 2.8E-04 4.6E-02
Mn-54 3.2E-02 7.2E-05 1.4E-04 3.2E-02
Fe-55 4.8E-01 1.1E-03 2.1E-03 4.9E-01
Fe-59 4.9E-03 negl. negl. 5.0E-03
Co-58 4.1E-01 1.0E-03 2.0E-03 4.1E-01
Co-60 2.2E-01 5.0E-04 9.4E-04 2.3E-01
Ni-63 5.3E-01 1.2E-03 2.1E-03 5.4E-01
Zn-65 1.0E-02 negl. 4.5E-05 1.0E-02
Nb-94 negl. negl. negl. negl.
W-187 2.8E-03 negl. 1.7E-04 3.0E-03
U-234 negl. negl. negl. negl.
U-235 negl. negl. negl. negl.
U-238 negl. negl. negl. negl.
Np-237 negl. negl. negl. negl.
Pu-238 negl. negl. negl. negl.
Pu-239 negl. negl. negl. negl.
Pu-240 negl. negl. negl. negl.
Pu-241 8.0E-05 negl. negl. 8.0E-05
Pu-242 negl. negl. negl. negl.
Am-241 negl. negl. negl. negl.
Am-243 negl. negl. negl. negl.
Cm-242 negl. negl. negl. negl.
Cm-244 negl. negl. negl. negl.
As-76 negl. negl. negl. negl.
UKP-GW-GL-790 146 Revision 7



Westinghouse Non-Proprietary Class 3

3.0 Radioactive Waste Management Systems

UK AP1000 Environment Report

Table 3.4-6 (cont.)

EXPECTED ANNUAL RELEASE OF RADIOACTIVE EFFLUENT DISCHARGES

Activity Release'” GBq/y

Shim Bleed + Miscellaneous
Nuclide Equip. Drains Wastes Turbine Building Total Release
Br-82 negl. negl. negl. negl.
Rb-86 negl. negl. negl. negl.
Rb-88 3.9E-04 negl. negl. 3.9E-04
Sr-89 2.4E-03 negl. negl. 2.4E-03
Sr-90 2.5E-04 negl. negl. 2.5E-04
Y-91 9.0E-05 negl. negl. 9.1E-05
Zr-95 6.8E-03 negl. negl. 6.9E-03
Nb-95 6.1E-03 negl. negl. 6.1E-03
Mo-99 1.9E-02 1.1E-04 5.3E-04 1.9E-02
Tc-99m 1.8E-02 1.1E-04 3.8E-04 1.8E-02
Tc-99 negl. negl. negl. negl.
Ru-103 1.2E-01 3.1E-04 6.6E-04 1.2E-01
Ru-106 negl. negl. negl. negl.
Ag-110m 2.6E-02 5.8E-05 1.1E-04 2.6E-02
Sn-117m negl. negl. negl. negl.
Sb-122 negl. negl. negl. negl.
Sb-124 negl. negl. negl. negl.
Sb-125 negl. negl. negl. negl.
1-129 negl. negl. negl. negl.
I-131 1.5E-02 6.3E-05 2.5E-04 1.5E-02
[-132 1.9E-02 9.1E-05 8.5E-04 2.0E-02
1-133 2.6E-02 1.7E-04 2.7E-03 2.9E-02
I-134 5.8E-03 3.9E-05 negl. 5.9E-03
Cs-134 7.5E-03 negl. Negl. 7.6E-03
I-135 2.0E-02 1.3E-04 3.2E-03 2.4E-02
Cs-136 9.2E-03 negl. 8.5E-05 9.3E-03
Cs-137 2.3E-02 5.0E-05 1.1E-04 2.3E-02
Ba-140 1.3E-02 4.6E-05 1.1E-04 1.4E-02
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Westinghouse Non-Proprietary Class 3

3.0 Radioactive Waste Management Systems UK AP1000 Environment Report
Table 3.4-6 (cont.)
EXPECTED ANNUAL RELEASE OF RADIOACTIVE EFFLUENT DISCHARGES
Activity Release'” GBq/y
Shim Bleed + Miscellaneous
Nuclide Equip. Drains Wastes Turbine Building Total Release
La-140 1.8E-02 6.6E-05 2.0E-04 1.8E-02
Ce-144 7.9E-02 1.8E-04 3.4E-04 8.0E-02
Pr-144 7.9E-02 1.8E-04 3.4E-04 8.0E-02
All Others negl. negl. negl. negl.
Total 5.7E+00 6.3E-03 2.1E-02 5.8E+00
Tritium Release in Liquid Effluents® (TBq/y) = 33.4
Notes:
1. Values less than 1 microcurie (3.7E+4Bq) are considered to be negligible, but their values are included in the
totals.
2. C-14 from (Ref. 3-37).
3. Tritium Release based on Westinghouse TRICAL computer code.
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Westinghouse Non-Proprietary Class 3

3.0 Radioactive Waste Management Systems

UK AP1000 Environment Report

Table 3.5-4

COLOUR CODING REPRESENTATIONS FOR INITIAL SCREENING OF RADWASTE

TREATMENT OPTIONS

Colour Representations

Colour Coding Waste/Process Compatibility Technology Availability
Red No Scale 1 or Scale 2
Amber - Scale 3
Green Yes Scale 4 or Scale 5
UKP-GW-GL-790 167 Revision 7



Westinghouse Non-Proprietary Class 3

3.0 Radioactive Waste Management Systems UK AP1000 Environment Report

Table 3.5-5

INITIAL RADWASTE TREATMENT OPTION SCREENING RESULTS (REFERENCE 3-16)

Technology
Process/Waste Compatibility | Availability
R
2|22 2| & |3 =
Z2ZE[ 2|8 |8 a =
O =V = < — 2 = o
=7 ?D o ool = = jo =
= Q 9 )54
i Z 52 ¢ z 2@ Z
Processing 2D Ele | a4 Z
. ==} N=2 ==
Option - e ILW | LLW Comments
Essential component in waste
management strategy. To be
performed at source of waste.
Prevent/Reduce Y Y Y Y Y Y 5 5 Partial solution — waste consigned
to radwaste requires further
treatment.

Assumptions are: 1 Sorting of
mixed LLW waste allows for
selection of the appropriate
treatment(s) for constituent waste
Segregate nfa | na|n/a|na]| Y Y 5 5 streams, 2 Charcoal and resin
streams will be treated via the
same processes; therefore,
segregation is not required other
than dewatering — covered later.

Store as Raw Waste

Unacceptable for disposal.
However, may be contingency

Solids n/a|na|na| Y Y Y 5 5 option if CFA cannot be
determined.
Solid/liquid mixture | Y Y | Y |na|nal|na 5 5 As for solids above.

Volume/Size Reduction

Partial solution only — require

Size Reduction N | N | N Y Y Y 5 5 further treatment.

Final treatment for LLW.

ILW would require overpacking.
Compaction/ . v v v v Y/ v 5 5 Itisa p(_)tentlal viable process for
supercompaction N hollow items (e.g., tubes,

canisters, but not for valves and
solid items).
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Westinghouse Non-Proprietary Class 3

3.0 Radioactive Waste Management Systems

UK AP1000 Environment Report

Table 3.5-5 (cont.)

INITIAL RADWASTE TREATMENT OPTION SCREENING RESULTS (REFERENCE 3-16)

Technology
Process/Waste Compatibility | Availability
@R~ _ﬁ' o
E-lE2 2|5 |F |5
S=EE8|l = | = |28 A
X LEERE = £ 3
p . Z 52 S 2 |[Ba &
rocessing <R I<P-] = |2 g
Option i g I — N ILW | LLW Comments
Non-destructive Treatment
. Partial solution only — require

Drying Y Y Y N N N > na further treatment.

Evaporation N N N N N N 5 5 Applicable to liquid wastes only.

Dewatering Partial solution only — require

(Settling/Decanting) Y Y Y N N N > wa further treatment.

Filtration v v % N N N 5 o/a Partial solution only — require
further treatment.

Partial solution — creates

Decontamination N | N N Y Y Y 5 5 secondary wastes, requires further
treatment.

Partial solution — requires further
treatment.

Absorption % v v v v N 5 wa For me.:tal wastes, it is limited to
swabbing to remove surface water
dependent on downstream process
selection.

Direct o v v v v v v 5 5 May‘ require pre?—treatment to

Immobilisation passivate organics.

Destructive Treatment
Partial solution passivates waste —

Conventional requires further treatment to

Incineration Y Y Y Y N Y 2 5 immobilise.

No known applications for ILW
resins.

Partial solution — requires further
treatment to immobilise.

Controlled Could be used on inorganic IX

L Y N Y Y N Y 3 3 resin; however, provides no

Oxidation
benefit.

No UK applications, several in
U.S. and Europe.

UKP-GW-GL-790
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Westinghouse Non-Proprietary Class 3

3.0 Radioactive Waste Management Systems

UK AP1000 Environment Report

Table 3.5-5 (cont.)

INITIAL RADWASTE TREATMENT OPTION SCREENING RESULTS (REFERENCE 3-16)

Process/Waste Compatibility

Technology
Availability

=
2282l 2|2t |® =
Z22|2E 2 |2 |8 =
U =9 g = =] 2 =
g S| e S = =
Processi zEzs 2 |z |24 &
r0ce§smg =23 ) = = = g
Option =
Vitrification Y
Synroc
Plasma Arc
GeoMelt

Molten-salt
Oxidation

Wet Oxidation

ILW | LLW

Comments

Single UK application on liquid
HLW, several applications
worldwide including other wastes,
limited use for LLW.

Developed for liquid HLW,
mainly used for High Pu military
wastes. No UK application.

Either with frit to form of glass or
without — without requires further
treatment of ash

(i.e., encapsulation).

No full scale nuclear application
UK or elsewhere.

Only known applications are in
the ground and non-UK.

Partial solution only — requires
further treatment.

Emergent technology — lab scale
only.

One UK licensed mobile plant.
Partial solution only — requires
further treatment.

*Note that ILW resins (organic and inorganic) and ILW charcoal will be treated via the same waste stream.
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Westinghouse Non-Proprietary Class 3

3.0 Radioactive Waste Management Systems UK AP1000 Environment Report

Table 3.5-11

COMPARISON OF AP1000 NPP ILW/LLW PRODUCTION AGAINST OTHER

TYPES OF UK NPPS
Reactor Type ILW and LLW (m’ per GW(e)-y)"
Magnox 1800%¥
AGR 890.3?
PWR 430
AP1000 NPP 102

Notes:

1. Volumes are for wastes packaged for long-term management based on the probable conditioning method and
container type. Station operational and decommissioning wastes are included.

2. Data source Reference 3-32.

Operating stations only.

4. Estimated operational waste only.

had

UKP-GW-GL-790 185 Revision 7



Westinghouse Non-Proprietary Class 3

3.0 Radioactive Waste Management Systems UK AP1000 Environment Report

Recycle/Reuse

Abatement

Figure 3.1-1. Waste Management Hierarchy

UKP-GW-GL-790 186 Revision 7
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3.0 Radioactive Waste Management Systems

Westinghouse Non-Proprietary Class 3

UK AP1000 Environment Report

EVAPORATOR APPROACH

HOLDUP
TANKS

(Fl
- EVAPORATORS
]

POLISHING FILTERS /
BEMINERAUZERS

MONITOR
TANKS

T
EVAPORATOR BOTTOMS TO
SCLIDIFICATION

WHS
DISCHARGE
HEADER

ION EXCHANGE APPROACH

HOLDUF
TANKS

WWS

DEEP BED
FILTER
ION EXCHANGERS )
MONITOR ~ L
TANKS
- S~
Y

RESIN TO DEWATERING /
SOLIDIFICATION

» DISCHARGE
HEADER

Figure 3.4-2. Comparison of Evaporator and Ion Exchange Flow Sheets for Liquid Radwaste

Treatment
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Figure 3.5-3. Low Level Waste Options (Reference 3-16)
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Figure 3.5-4. Intermediate Level Waste Organic Resin Treatment Options (Ref. 3-16)

UKP-GW-GL-790

197

Revision 7



Westinghouse Non-Proprietary Class 3

3.0 Radioactive Waste Management Systems UK AP1000 Environment Report
Total Weighted Benefit Agreed Weights
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Figure 3.5-5. Total Weighted Benefit versus Cost of Process Technology (Ref. 3-16)
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Figure 3.5-6. Total Weighted Benefit versus Cost of Waste Disposal (Ref. 3-16)
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4.0 NON-RADIOACTIVE WASTE MANAGEMENT SYSTEMS

4.1 Gaseous Non-Radioactive Waste

4.1.1 Emission Sources

4.1.1.1 Mobile Encapsulation Plant

The mobile encapsulation plant stabilises ILW by mixing with cementitious grout. The
availability of locally generated premixed grout will be evaluated on a site-specific basis.
Use of premixed grout is likely to be the simpler, therefore, preferred method of cement
addition. However, in the absence of a suitable source of premixed grout, it will be necessary
to mix the cementitious grout on-site from bagged, dry, powdered materials. If powdered
grout materials are handled on-site, then local extraction systems and bag filters will be
provided to reduce dust emissions. The grout mixing will take place within the rail car bay of
the auxiliary building which has its own ventilation system (see Section 3.3.3).

4.1.1.2 Standby Generators
There are four diesel generators on the AP1000 NPP:

o  Two on-site standby diesel generators, output rated at 5200 kW (on a 50 Hz plant)
e  Two ancillary diesel generators, output rated at 80 kW (on a 50 Hz plant)

The maximum thermal rated input of each standby generator is 12.8° MW. At this level, the
diesel generators fall below the threshold of combustion devices that are subject to permitting
under Schedule 1.1 of the Environmental Permitting (England & Wales) Regulations 2010
(References 4-1 and 4-2).

During operation, the diesel generators will emit combustion gases including sulfur dioxide,
nitrogen dioxide, carbon monoxide, and particulates (see Table 4.1-1). However, these
generators will only operate for a few hours per year during mains power failure or during
testing.

The ancillary generators are rated two percent of the power of the standby generators. The
contribution of these generators to the overall thermal rated input and air pollution is
minimal.

4.1.1.3 HVAC Systems for Non-Radioactive Areas

The AP1000 NPP design uses the following HVAC Systems to extract air from non-
radioactively controlled areas and operate either in recirculation mode or exhaust to
atmosphere without abatement. These areas are as follows:

3 The maximum thermal rated input is “the rate at which fuel can be burned at the maximum continuous rating of
the appliance multiplied by the gross calorific value of the fuel and expressed as megawatts thermal”. It is therefore
depending on which fuel is used. The fuel to be used in the UK will be selected during site specific licensing.

UKP-GW-GL-790 214 Revision 7



Westinghouse Non-Proprietary Class 3

4.0 Non-Radioactive Waste Management Systems UK AP1000 Environment Report

4.2

4.2.1

4.2.1.1

e  Nuclear Island Nonradioactive Ventilation System (VBS) — The VBS serves the main
control room, control support area, 1E electrical spaces, and the Passive Containment
Cooling System (PCS) valve room. These areas do not have sources of activity present
during normal operation or during fault conditions.

e  Annex/Auxiliary Building Nonradioactive Ventilation System (VXS) — The VXS serves
the office areas, switchgear rooms, locker rooms, battery rooms, computer rooms, toilets,
and other similar spaces. These areas do not typically have sources of radioactive
contamination present during normal operation. A drain line from the Steam Generator
Blowdown System (BDS) to the Liquid Radwaste System (WLS) passes through the
areas served by the VXS. The drain line can be contaminated by the BDS system if there
are 1) fuel leaks, 2) steam generator leakage, and 3) a radiation monitor failure or an
isolation valve failure. Since the drain system has no valves or connections within the
area served by the VXS, and it is gravity drained, the chance of leakage into the VXS
area is negligible as there would need to be a pre-existing leak coincident with a fault. It
is not reasonably foreseeable for activity to be present in the areas served by the VXS.

e Diesel Generator Building Heating and Ventilation System (VZS) — The VZS supplies
air to and exhausts from the diesel generator building through a roof vent to atmosphere.
The diesel generator building is a physically separate building and there is no credible
source or fault which would result in a radioactive release from the diesel generator
building.

e  Turbine Building HVAC System (VTS) — The VTS serves all areas of the turbine
building. The HVAC systems serving the switchgear rooms, rectifier room, security
rooms, and plant control system cabinet rooms do not have a credible source of
radioactive contamination. The general area of the turbine building is ventilated using
about 850 mes' (1,800,000 cfm) exhausted through roof ventilators without abatement.
The Bay 1 area of the turbine building contains the reactor coolant pump variable-speed
drives, CCS equipment (a non-radioactive system), and the BDS. The BDS may be
contaminated in the very unlikely event of concurrent fuel defects, steam generator leak,
radiation monitor or BDS isolation failure, and a BDS leak. The HVAC systems serving
the switchgear rooms, rectifier room, security rooms, Bay 1 areas and plant control
system cabinet rooms are recirculation systems. The sizing for these recirculation
systems will not been determined until later in the design process.

Liquid Non-Radioactive Wastes
Non-Radioactive Waste Water Systems with Off-Site Release

There are no direct or indirect discharges to ground or groundwater. The non-radioactive
waste water systems are described below. The discharge flow rates are presented in
Table 4.2-1.

Waste Water System (WWS)

The WWS collects and processes equipment and floor drains from non-radioactive building
areas. It is capable of handling the anticipated flow of waste water during normal plant
operation and during plant outages. Effluent is collected in the turbine building sumps. The
sumps are discharged via an oil separator. The waste oil is collected in a temporary storage
tank before trucks remove the waste for offsite disposal. The waste water from the oil
separator is pumped to a waste water retention basin (WWRB) for settling suspended solids
and treatment before discharge, if required. The effluent in the retention basin is pumped to
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4.2.1.2

4.2.2

4.2.2.1

4.2.2.2

4.2.2.3

the plant cooling water outfall. In the event radioactivity is detected in the discharge from the
sumps, the waste water is diverted from the sumps to the WLS for processing and disposal.

Sanitary Drainage System (SDS)

The SDS is designed to collect the site sanitary waste (from plant restrooms and locker room
facilities in the turbine building, auxiliary building, and annex building) for treatment,
dilution and discharge. The SDS does not service facilities in radiologically-controlled areas.
The SDS transports sanitary waste to either an on-site or off-site waste treatment plant. The
selection of the waste treatment plant option is site-specific and is outside the scope of the
generic site AP1000 NPP application.

Systems Discharging to the Waste Water System
Demineralised Water Treatment System (DTS)

The DTS receives water from the raw water system, processes this water to remove ionic
impurities, and provides demineralised water to the DWS. The treatment system comprises
cartridge filters, two reverse osmosis units, clean in place unit, germicidal irradiation, non-
regenerable mixed bed ion exchangers, sample panel unit, and electrodeionisation systems.
The reject flow or brine from the first reverse osmosis unit is discharged to the WWS. A pH
adjustment chemical is added from the CFS to maintain the system within the operating range
of the reverse osmosis membranes to inhibit scaling and corrosion. A dilute anti-scalant,
which is chemically compatible with the pH adjustment chemical feed, is metered into the
reverse osmosis influent water to increase the solubility of salts (decrease scale formation on
the membranes).

Steam Generator Blowdown System (BDS)

The BDS assists in maintaining acceptable secondary coolant water chemistry during normal
operation and during anticipated operational occurrences of main condenser in-leakage or
primary to secondary steam generator tube leakage by removing impurities which are
concentrated in the steam generator. The BDS consists of two blowdown trains, one for each
steam generator. The BDS accepts water from each steam generator and processes the water
as required. If significant radioactivity is detected in secondary side systems, blowdown is
re-directed to the WLS. However, normal operation is for the blowdown from each steam
generator to be processed by a regenerative heat exchanger to provide cooling and an
electrodeionisation demineralising unit to remove impurities from the blowdown flow. The
blowdown fluid is then normally recovered for reuse in the CDS. Blowdown with high levels
of impurities can be discharged directly to the WWS. A small waste stream from the
electrodeionisation system may also be directed to the WWS or the WLS.

Condensate System (CDS)

The CDS provides feedwater at the required temperature, pressure, and flow rate to the
deaerator. Condensate is pumped from the main condenser hotwell by the condensate pumps
and passes through the low-pressure feedwater heaters to the deaerator. During startup, the
condensate is treated by ion exchange resin in the CPS to ensure the condensate and
feedwater system (FWS) water chemistry meets specifications. Upon removal of the
exhausted resin from the polisher vessel, the vessel is rinsed and the new resin is placed in the
vessel using the resin addition hopper and eductor. Prior to plant startup, a new resin bed is
rinsed and resin performance is verified, with flow through the vessel discharged to the
WWS.
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4.2.3

4.2.3.1

4.2.3.2

4.2.3.3

Seawater Cooling Systems

The two seawater cooling systems are described below. The discharge flow rates are
presented in Table 4.2-1.

Circulating Water System (CWS)

The CWS supplies cooling water to remove heat from the main condensers, the TCS heat
exchangers, and the condenser vacuum pump seal water heat exchangers.

The cooling water system is a site-specific design. However, for the generic coastal site it is
assumed that a once through seawater cooling system will be used with warm reject seawater
being discharged directly to the sea via the cooling water return. A once through seawater
cooling system will be dosed with sodium hypochlorite to control biofouling when seawater
temperatures exceed 10°C (50°F) (Reference 4-3).

Key mitigation measures for control of cooling water impacts are as follows:

e Design and location of the abstraction point to minimise impact on habitats and
entrainment of fish;

e  Modelling, design, and location of the discharge point to minimise impacts on sensitive
species and habitats;

e  Minimising the need for conditioning of the cooling water by best practice design and
choice of materials;

e  Best practice design and monitoring of the cooling water treatment system;

e Blending of chlorinated and un-chlorinated streams to reduce residual oxidant to a
minimum.

Service Water System (SWS)

The SWS supplies cooling water to remove heat from the non-Class 1 CCS heat exchangers
in the turbine building. Like the CWS, it is assumed that a once through seawater cooling
system will be used for a generic coastal site (although the option for the use of cooling
towers has been retained based on specific site requirements). The SWS uses ~4% of the
seawater cooling flow of the CWS. This will be dosed with sodium hypochlorite to control
biofouling when seawater temperatures exceed 10°C (50°F).

Thermal Discharges

The CWS will be designed to remove 2210 kilowatts (7,540 million Btu per hour) of heat
with a seawater cooling flow of 136,275 m’/h (600,000 U.S. gpm). Cooling water will be
discharged from the cooling water system approximately 14°C warmer than the intake
(Reference 4-3). This heat will be dissipated as rapidly as possible by suitable design and
location of the discharge point at each site.

By comparison, the SWS is small being designed to remove 101 kilowatts (346 million Btu
per hour) of heat with a seawater cooling flow of 4769 m*/h (21,000 U.S. gpm). The SWS
will discharge at a temperature differential of up to 18.3°C (25.5°F).
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4.2.4.1

4.2.4.2

4.2.4.3

4.2.5

The CWS and SWS discharge will be blended in the seawater return sump. The combined
CWS and SWS discharge temperature differential will be 14.15°C (25.5°F).

Once discharged, the cooling water will start to mix with the ambient water body. Based on a
temperature in the discharge water at 14°C (25°F) above ambient, the following dilution
factors would be required to achieve lower rises in temperature (Reference 4-3):

e 7 x dilution for a 2°C temperature difference
e 10 x dilution for a 1.5°C temperature difference
e 14 x dilution for a 1°C temperature difference

A mixing zone will be proposed around the point of discharge such that the differential
temperature beyond the mixing zone does not exceed 1 or 2°C (2 to 4°F). The mixing zone
requires a site-specific definition and impact evaluation.

Closed Loop Cooling Systems

Closed loop cooling systems do not normally result in discharges to the waste water system.
Discharges only arise in the event of maintenance or as a result of blowdown to maintain
water chemistry or leakage. The closed loop cooling systems are described below:

Component Cooling Water System

The CCS is a non-Class 1, closed loop cooling system that transfers heat from various plant
components to the SWS during normal phases of operation. Cooling medium is provided by
the SWS. The CCS also provides a barrier against leakage of service water into primary
containment and reactor systems. Leakage of reactor coolant into the CCS is detected by a
radiation monitor on the common pump suction header, by routine sampling, or by a high
level in the surge tank.

Central Chilled Water System

The VWS supplies chilled water to the HVAC systems and is functional during reactor
full-power and shutdown operation. It also supplies chilled water to the WLS, WGS,
secondary sampling system, and the temporary air supply units of the containment leak rate
test system. The chemical feed tanks and associated piping are used to add chemicals to each
chilled water subsystem stream to maintain proper water quality.

Turbine Building Closed Cooling Water System (TCS)

The TCS is a closed loop system which provides chemically treated, demineralised cooling
water for the removal of heat from non-Class 1 heat exchangers in the turbine building and
rejects the heat to the CWS. The cooling water is treated with a corrosion inhibitor and uses
demineralised water for makeup.

Chemicals Discharged with Liquid Effluents

The chemicals used in the AP1000 NPP has been identified in Section 2.9.2 and Tables 2.9-1
and 2.9-2. Some of these chemicals are released with liquid effluent discharges into the
seawater cooling return.

The normal flow rate of once through seawater cooling is approximately two thousand times
the normal flow rate of the non-radioactive effluent discharges (see Table 4.2-1). It follows
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that the seawater cooling return provides a substantial dilution of the normal plant effluent
discharges.

The concentrations of chemicals present at the seawater outfall are estimated in Table 4.2-2.
Sodium Hypochlorite and Halogenated By-Products

The use of biocides is essential to prevent biofouling cooling water systems. Sodium
hypochlorite is used as a biocide in the AP1000 NPP cooling water systems. The level of
sodium hypochlorite dosing will be minimised by using the BAT design of the cooling water
system (see Table 4.2-3) to minimise the potential for biofouling. Good design of the dosing
and monitoring systems will reduce the level of hypochlorite dosing required further. These
two factors will minimise the discharge of both residual oxidant and chlorination by-products
to the receiving waters.

The total residual chlorine discharge is expected to be ~0.2mg/1 (see Table 4.2-2) between
May to November when biofouling is prevalent because seawater temperatures exceed 10°C
(50°F). This is based on a hypochlorite dose rate of 0.2 mg/l (1 ppm) which is the BAT
concentration reported for once through seawater cooling systems (Reference 4-4). Levels as
low as 50 pg/l (50 ppb) may be achievable based on best practice dosing regimes and mixing
of chlorinated and unchlorinated streams prior to discharge (Reference 4-3). The required
dosing rate is subject to site-specific differences in water temperature, particulate loading,
and organic matter.

Table 4.2-2 indicates that the predicted discharge of total residual chlorine will exceed the
environmental quality standard of 10 pg/l (10 ppb) at the point of discharge to the sea.
However, the concentration is expected to rapidly decrease on contact with coastal water due
to chlorine demand, exposure to sunlight, and dilution. Further dilution occurs in the mixing
zone around the outlet of the cooling water discharge in the coastal water. There is minimal
risk that the environmental quality standard for residual chlorine would be exceeded at the
edge of the mixing zone.

In principle, it is feasible to remove residual chlorine to below the environmental quality
standard limits prior to discharge by addition of dechlorination chemicals (e.g., sulfite). This
may be considered for a specific site with very sensitive marine environments. However, for
the generic site, it is not considered BAT to incur the chemical cost and transportation cost
associated with dosing another chemical to reduce the residual chlorine to below the
environmental quality standard limits prior to discharge.

The chlorination of seawater can give rise to the formation of halogenated by-products. A
mixture of chlorinated and brominated compounds is formed due to the reaction of the
chlorine with bromide. Brominated species normally predominate and, whilst generally more
toxic, they tend to breakdown more rapidly in the environment. Trihalomethanes and
halogenated acetic acids are the most common by-products formed. The quantities of
by-products formed will be site-specific. Factors affecting the by-product formation include
the applied chlorine dose, the concentration of organic carbon in the water, temperature, pH,
and contact time. The concentrations of halogenated byproducts can be minimised by the use
of good design of the dosing and monitoring systems to minimise the sodium hypochlorite
dose rates and residual chlorine discharges. A summary of common by-products of
chlorination in seawater is listed in Table 4.2-4 (Reference 4-3).
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4.2.5.3

4.2.5.4

4.2.6

Boric Acid

The AP1000 NPP discharges borated reactor coolant water in the radioactive liquid waste
discharges. The boron is not removed by the ion exchange beds in the WLS because these
operate in a boron saturated mode. The concentration of boric acid in the WLS discharge is a
maximum of 2700 mg/I (2700 ppm) and this level declines over the 18-month fuel cycle.

Table 4.2-2 indicates that the predicted contribution to boron concentrations from the
AP1000 NPP discharge is < 1.1 pg/l (1.1 ppb) compared to an annual average environmental
quality standard for seawater of 7000 ug/l (7000 ppb). This discharge compares to typical
seawater boron concentrations of ~4500 pg/l1 (4500 bbp) (Reference 4-5). It is concluded that
the boron discharge can be considered negligible as it is less than 1% of the environmental
quality standard.

Trace Metals

Zinc acetate is dosed into the RCS to reduce corrosion. The zinc dose rate is typically 10 ppb
(+/- 5 ppb). When reactor coolant water is letdown via the CVS, a small amount of zinc
acetate will be released. The zinc will be removed by passage through the WLS ion exchange
resins, so no release of zinc is expected in the AP1000 NPP liquid discharges from this
source.

Some trace metal impurities may be present in the bulk chemical dosed into the various
AP1000 NPP water systems. For a worst case calculation, it is assumed that the trace metal
impurity of all chemicals may be 1 ppm. The trace metal discharges associated with this
level of bulk chemical impurities would result in a metal discharge of 0.0026 pg/l
(0.0026 ppb) (see Table 4.2-2). Table 4.2-2 also shows the environmental quality standards
for various trace metals in the salt water environment. The worst case metal concentration
predicted in the AP1000 NPP effluent discharge is less than 1% of any environmental quality
standard for trace metals. As such, it is concluded that trace metal discharge associated with
chemical impurity is negligible.

The non-radioactive metal discharges associated with corrosion products have not been
predicted for the AP1000 NPP. However, the presence of iron, nickel, copper, and chromium
might all be expected in trace quantities.

Other Chemicals

Other chemical discharges identified in Table 4.2-2 include ammonium hydroxide,
ammonium chloride, monoethanolamine, and lithium7 hydroxide. The discharge concen-
trations predicated are presented in Table 4.2-2. There are no relevant environmental quality
standards to compare these discharge concentrations against.

Treatment and Disposal of Non-Radioactive Effluent

Details of the WWS can be found in Chapter 26 of the PCSR (Reference 1-10). The block
flow diagram in Figure 2.7-1 shows the WWS comprising sumps, oil-water separator, and
WWRB.

The non-radioactive waste water during normal plant operation and during plant outages is
handled by the WWS. Wastes from the turbine building floor and equipment drains (which
include laboratory and sampling sink drains, oil storage room drains, the transformers area,
the main steam isolation valve compartment, auxiliary building penetration area, and the
auxiliary building HVAC room) are collected in the two turbine building sumps. Drainage
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from the auxiliary building sump north (a non-radioactive sump), and the annex building
sump is also collected in the turbine building sumps. The turbine building sumps provide a
temporary storage capacity and a controlled source of fluid flow to the oil separator.

A radiation monitor located on the common discharge piping of the sump pumps provides an
alarm upon detection of radioactivity in the waste water. In the event radioactivity is present
in the turbine building sumps, the waste water is diverted from the sumps to the WLS for
processing and disposal. The radiation monitor also trips the sump pumps on detection of
radioactivity to isolate the contaminated waste water. Provisions are included for sampling
the sumps.

The turbine building sump pumps route the waste water from either of the two sumps to the
oil separator for removal of oily waste. The diesel fuel oil area sump pump and the
transformers sump pump also discharge waste water to the oil separator. The oil separator
removes oily waste from the waste water stream which flows by gravity to the waste oil
storage tank. It contains an oil holdup tank, sampling provisions are included on the oil
holdup tank to confirm that the oil does not require handling and disposal as a hazardous
waste. A sampling connection is also provided at the discharge of the oil separator.

The oil separator has the capacity to process approximately 12.6 I/sec (200 gpm) of oil
contaminated water. The oil separator is designed to remove free-oil droplets > 20 microns
(0.8 mils) from the process stream. At an inlet concentration of 0.1 percent, consisting of
non-permanent, mechanically emulsified oil, grease, or petroleum hydrocarbons, the oil
separator will discharge water with a maximum hydrocarbon concentration of 10 mg/l (10
ppm). The waste water from the oil separator is pumped to the WWRB.

The waste oil storage tank provides temporary storage prior to removal by truck for offsite
disposal. A bypass line allows for the oil separator to be out of service for maintenance. The
bypass line will be normally closed. During maintenance of the oil separator, waste water
can be retained in the turbine building sumps or, if necessary, in the WWRB.

The WWRBSs allow for retention of waste water, settling of suspended solids and treatment, if
required, prior to discharge. The detailed design and configuration of the plant WWRB and
associated discharge piping, including piping design pressure, basin transfer pump size, basin
size, and location of the retention basins will be made according to site-specific conditions.

Waste water that complies with discharge limits will be released intermittently via the
seawater cooling return sump for final discharge via the plant outfall to the sea. The
maximum design flow rate from the WWRB is ~408 m’/h (108,000 gallons/hour)
(see Figure 2.7-1).  The once through cooling water flow rate is 136,275 m’/h
(36,000,000 gallons/hour). It follows that the cooling water stream provides a substantial
dilution of the discharged effluent before release to the environment.

Containment of Unplanned Emissions

All discharges to the WWS are released via the WWRB. The AP1000 NPP design will have
sufficient containment within the WWRB to retain unplanned emissions of effluents and
spillages. The quality of these discharges can be ascertained by sampling and analysis from
the WWRB to determine whether direct discharge is acceptable. If the water quality is
unacceptable, then a mobile treatment system can be brought in to deal with the effluent or
vacuum tankers can be used to remove the off-specification effluent to a licensed treatment
plant.
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4.2.8

4.3

4.3.1

4.3.2

4.3.3

Storm Water

Storm water falling on hard standing outdoor areas will drain to a storm water pond or
sustainable urban drainage system (SUDS) to minimise the risk of contamination or flooding
of receiving waters. An oil water separator will be incorporated to prevent oily spillages on
roads and loading bays from being carried over to discharge. The details of the storm water
management will be developed in the site-specific design.

Fire Water

Fire water from internal fire fighting systems will be retained within the lower levels of the
buildings. Fire water used externally will fall on hard standing areas and be collected in the
storm water pond or SUDS system. If the water quality is unacceptable, then a mobile
treatment system can be brought in to deal with the effluent or vacuum tankers can be used to
remove the off-specification effluent to a licensed treatment plant.

Solid Non-Radioactive Waste

Sources

The sources of non-radwaste are identified in Appendix A and summarised in Table 4.3-1.
Waste Minimisation

The AP1000 NPP incorporates features of the waste management hierarchy (see Figure
3.1-1), realising the intent to avoid the generation of waste, minimise the generation of waste,

reuse or recycle waste wherever possible.

The conventional waste management strategy will ensure, to the extent practicable, that
techniques will be used to prevent or minimise the production of wastes. Examples include:

e  Re-using receptacles, hoses, and other plant consumables, where it is safe to do so

e  Use of appropriate signage to remind staff of the need to reduce waste

e Reuse of HEPA filter boxes

e Provision of waste collection facilities in the RCA outside of contamination-controlled
areas from which waste can be monitored and, if it is not contaminated, removed from

the RCA for disposal as non-radwaste

e Learning from operator experience shared between the sites and externally from other
organisations in the UK and overseas

Treatment and Disposal

Use will be made of recycling and recovery techniques, where appropriate. For example,
items that can be recycled include lube oil, batteries, metals, glass, and paper.

Items that need to be disposed will be transferred to licensed waste disposal facilities by a
registered waste disposal contractor. Nearby facilities, where and when available, will be
used to the extent practical to minimise the environmental impact of transport.
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A schematic showing the proposed treatment and disposal of non-radwaste is shown in

Figure
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Westinghouse Non-Proprietary Class 3

4.0 Non-Radioactive Waste Management Systems

UK AP1000 Environment Report

Table 4.2-4

HALOGENATED BY-PRODUCTS OF CHLORINATION IN SEAWATER

Chemical CAS No
Haloamines
monobromamine 14519-10-9
dibromamine 14519-03-0
tribromamine -
Haloacetonitriles
Bromochloroacetonitrile 83463-62-1
Bromoacetonitrile 590-17-0
Dibromoacetonitrile 3252-43-5
Haloacids
Bromoacetic acid 79-08-3
Dibromoacetic acid 631-64-1
Tribromoacetic acid 75-96-7
Bromochloroacetic acid 5589-96-8
Bromodichloroacetic acid 71133-14-7
Chlorodibromoacetic acid 5278-95-5
Halogenated phenols
2, 4-Dibromophenol 615-58-7
3, 5-Dibromophenol 626-41-5
2, 4, 6-Tribromophenol 118-79-6
Haloketones
Bromopropanone 867-54-9
3-bromo-2-butanone 814-75-5
Trihalomethanes
Bromodichloromethane 75-27-4
Bromoform 75-25-2
Chlorodibromomethane 124-48-1
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Westinghouse Non-Proprietary Class 3

5.0 Environmental Impact UK AP1000 Environment Report
5.0 ENVIRONMENTAL IMPACT
51 Characteristics of the Generic Site

5.11

5.1.1.1

Much of the AP1000 NPP design information presented in this document is independent of
the location chosen for its construction. However, some assumptions about the
characteristics of the plant’s environment must be considered in developing the design of
certain safety and environmentally-related features. In the absence of the selection of a
specific site and in order to allow early assessment of the proposed reactor designs, it is
assumed that the site has characteristics of the generic coastal site established in
Reference 5-1.

The generic site characteristics are based on information obtained from five coastal nuclear
power stations around the UK. These power stations are Dungeness (A), Hartlepool (B),
Heysham (C), Hinkley (D), and Sizewell (E). These sites are considered typical of the range
of nuclear coastal sites in the UK. The sites are located around the English coast (see
Figure 5.1-1).

The information obtained in this section has been largely derived from the government’s
on-line geographical information system (Reference 5-2).

Maps have been generated from the generic site data gathered in Reference 5-1 and, although
not unique solutions to the generic site, are consistent with the information and help to
visualise the generic site. Figure 5.1-2 shows the population centres for the generic design
case. Figure 5.1-3 shows the land use and habitat areas within 5 km (3 miles) of the AP1000
NPP located on the generic site. Figure 5.1-4 shows the sites of special interest within 5 km
(3 miles) of the site.

Human Population

Analysis has been carried out on the centres of population within 20 km (12 miles) of the five
coastal power stations used as a basis of this assessment (Reference 5-1). It has been
assumed that the generic site has the 80th percentile number of population centres within a
given distance. For the purpose of the generic site, it is assumed that the population centres
of a given size are located at the nearest distance recorded for the five existing nuclear power
stations.

The assumed number of population centres within 2 km (1 mile), 10 km (6 miles), and 20 km
(12 miles) of the generic site are shown in Table 5.1-1. The table also shows the number of
individual farms and properties within 1 km (0.6 mile) and 2 km (1 mile) of the site, and the
nearest population centre of a given size.

Exposed Population Groups

Two exposure groups are considered at a generic coastal site — the local resident family and
the fisherman family.

The local resident family is selected to represent the exposure pathways associated with
atmospheric releases from the AP1000 NPP point sources. The habit data which includes
food consumption, breathing rates, and occupancy fraction for this group is described in
Table 5.1-2.

The fisherman family is selected to represent the exposure pathways associated with the
discharges from the AP1000 NPP point to the coastal environment. The habit data associated
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5.1.2

5.1.3

5.1.3.1

5.1.3.2

514

5.1.4.1

with this group is described in Table 5.1-3. It is assumed that the members of the fisherman
family exposure group consume fish, molluscs and crustaceans at higher consumption rates
than the local resident family. A fisherman family may be exposed to radiation through the
following pathways:

e internal irradiation from the consumption of seafood contaminated with
radionuclides;

e external radiation from radionuclides in beach and shore sediment during bait
collection.

Reference Organisms

It is assumed that various terrestrial and marine reference organisms are located within the
vicinity of the plant (see Table 5.1-4). The reference organisms have been selected to be
representative of all protected species within Europe (Reference 5-3). The reference
organisms have precisely defined anatomical, physiological, and life history properties that
can be used for the purposes of relating exposure to dose and dose to effects for other
organisms with similar taxonomy.

Meteorology

The meteorological data for the generic site is summarised in Table 5.1-5. The data set has
been derived from the worst case maximum and minimum data and the average data from the
five nuclear sites described in Reference 5-1.

Atmospheric Conditions

For the purpose of the generic site it is assumed that the atmospheric conditions are as shown
in Table 5.1-6 (Reference 5-4). The Pasquil Stability Category is a measurement of
atmospheric turbulence; A = unstable and G = extremely stable.

Atmospheric Disposition Coefficients

For the purpose of human health risk assessment, the deposition coefficients (a measure of

the rate of transfer of pollution from the air to the earth’s surface) are proposed as follows
(Reference 5-5):

Dry deposition velocity: Default: 0.001 m/s (0.003 ft/s).
Inorganic forms of iodine isotopes: 0.01 m/s (0.03 ft/s.
Noble gases: Zero

Washout coefficient: Default: 0.0001 s
Noble gases: Zero

Terrestrial Environment
Topography

The highest ground elevations within 2 km (1 mile) and 10 km (6 miles) of the generic site
are shown in Table 5.1-7.
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5.1.4.2

5.1.4.3

5.1.4.4

5.1.4.5

5.1.5

5.1.5.1

Land Cover/Surface Roughness

The main land cover within 5 km (3 miles) of the sites is listed in Tables 5.1-8. A surface
roughness of 0.3 m (1 ft) is assumed for a typical rural location.

Geology and Hydrogeology

It is assumed that the land is stable and the presence of faults is minimal. It is assumed that
the superficial geology is glacial clays with sands and gravel lenses. Discontinuous, perched
groundwater is assumed to be 2 m (7 ft) below the site surface. It is also assumed that the site
overlies a major aquifer with groundwater level at 20 m (66 ft) below ground level.

The AP1000 NPP is designed for a normal groundwater elevation to within 0.6 m (2 ft) of the
plant grade elevation.

Seismology

The following information has been obtained from the British Geological Survey website
(Reference 5-6).

Twenty to thirty earthquakes are felt by people every year in the UK. Most of these are very
small and cause no damage. However, some British earthquakes have caused some damage,
although nothing like the devastation caused by large earthquakes in other parts of the world.

A magnitude 4 earthquake on the Richter scale happens in Britain roughly every two years.
A magnitude 5 earthquake in the UK occurs roughly every 10 to 20 years. The largest
recorded earthquake in the UK had a magnitude of 6.1 and occurred 100 km (60miles) off the
Yorkshire coast beneath the North Sea. Research suggests that the largest possible
earthquake in the UK is around magnitude 6.5. For the purpose of the generic site
characterisation, it is assumed that the site has the potential to experience a magnitude 6.5
earthquake.

The AP1000 NPP safe shutdown earthquake design is for a peak ground acceleration of 0.3g.
This ground acceleration would be typical of a magnitude 6.7-8 earthquake. This design
exceeds the largest recorded earthquake in the UK.

Natural Habitat/Nearest Sensitive Sites

The characteristic semi-natural habitats within 5 km (3 miles) of the site are identified in
Table 5.1-9. The nearest sensitive sites to the generic site are assumed to be as shown in
Table 5.1-10.

Coastal Environment

Tidal Range/Volumetric Exchange Rate

The assumed tidal range for the generic site is shown in Table 5.1-11 (Reference 5-1). The
volumetric exchange rate for the generic site is 130 m’/s (430 ft/s) (Reference 5-7). The

generic site has been allocated the most conservative (lowest) exchange rate of the five
nuclear coastal sites evaluated.
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5.1.5.2

5.1.5.3

5.1.54

5.2

5.2.1

Intertidal Tidal Zone

It is assumed that the generic site may have a wide range of intertidal substrates within 10 km
(6 miles) of the site. These may include sand, gravel, sand and gravel, rock platform, mud,
sand and mud, and made ground.

Bathymetry

The assumed water depths off the coast of the generic site are shown in Table 5.1-12. The
depths are based on Admiralty Chart datum.

Marine Biology

The marine biological features assumed to be within 10 km (6 miles) of the generic site are
listed in Table 5.1-13.

Prospective Human Dose Assessment
Approach

The following assessments of the effects of the AP1000 NPP aerial emissions and liquid
discharges on members of the public have been made:

e annual individual dose to the most exposed members of the public for liquid discharges;

e annual individual dose to the most exposed members of the public for gaseous
discharges;

e annual dose to the most exposed members of the public for all discharges from the
facility;

e annual dose from direct radiation to the most exposed member of the public;

e annual dose to the critical group for the facility;

e acomparison of the calculated doses with the relevant dose constraints;

e  potential short-term doses;

e  collective dose for liquid discharges;

e  collective dose for gaseous discharges; and

e an assessment of the build-up of radionuclides in the local environment.

The assessment of annual individual doses has been made following the Initial Assessment
Method, provided by the Environment Agency (Reference 5-7). This consists of three
assessment stages. Firstly, a conservative scoping assessment is carried out applying default
data (stage 1). If the resulting dose exceeds 20 uSv y™ (2 millirems/yr) then the assessment is

refined by applying more appropriate data (stage 2). If the resulting dose still exceeds
20 uSv y"' (2 millirems/yr) then a detailed assessment is carried out (stage 3).
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5.2.2

5.2.2.1

5.2.2.2

Initial Assessment of Doses Stage 1
Stage 1 Doses from Liquid Discharges

Liquid discharges to the marine environment are based on data from Table 6.1-6. For the
purpose of the dose assessment, cerium-144 was assigned as surrogate radionuclide for the
‘other radionuclides’ category. Doses were calculated for annual representative discharges as
well as for calculated annual limit discharges. Representative radionuclides and liquid
discharge rates used for the dose assessment are shown in Table 5.2-1.

The EA’s initial assessment methodology (Reference 5-7) was used to assess the potential
doses from liquid discharges of the AP1000 NPP. It is based on generic Dose Per Unit
Release (DPUR) values. For liquid discharges into the sea, the relevant exposure group is
“fisherman family.” This group is assumed to be exposed to radioactive releases from the
proposed AP1000 NPP through the following pathways:

e internal irradiation from the consumption of seafood contaminated with radionuclides;
e  external irradiation from radionuclides in beach and shore sediments during bait digging.

Detailed information on these pathways and associated habit data such as seafood
consumption rates and sediment occupancy rates are listed in Table 5.1-3. Dose per unit
intake factors for ingestion are shown in Table 5.2-2. Doses are assessed in the 50th year of
discharge, the only available integration time option. The DPUR values used in this
assessment are shown in Table 5.2-3.

The results are shown in Table 5.2-4 for representative discharges and Table 5.2-5 for limit
discharges by radionuclide and pathway. The total dose from liquid discharges is 3.0 pSv y™'
0.3 millirems/yr for representative discharges and 4.8 pSv y"' (0.48 millirems/yr) for
calculated annual limit discharges. The doses are dominated by carbon-14 which contributes
67 percent to the annual doses from liquid discharges, followed by cobalt-60 which
contributes 29 percent.

Stage 1 Doses from Gaseous Discharges

Atmospheric discharges were taken from Table 6.1-5. For the purpose of the dose assessment
representative surrogate radionuclides were assigned to the following categories:

e Jodine-133 for “other iodines,” taken to be all radioiodines apart from iodine-131 for
which doses have been assessed individually;

o  Krypton-85 for “other noble gasses,” taken to be all isotopes of krypton and xenon apart
from krypton-85 and xenon-133 for which doses have been assessed individually;

e (Cobalt-58 for “other particulates,” taken to be all particulates apart from cobalt-60,
strontium-90, and caesium-137, for which doses have been assessed individually.

Doses were calculated for annual representative discharges as well as for annual limit
discharges. Representative radionuclides and gaseous discharge rates used for the dose
assessment are shown in Table 5.2-6.

The EA’s initial assessment methodology (Reference 5-7) was used to assess the potential
doses from atmospheric discharges of the AP1000 NPP. For atmospheric discharges, the
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5.2.2.3

5.2.2.4

relevant exposure group is “local resident family.” This group is assumed to be exposed to
radioactive releases from the proposed AP1000 NPP through the following pathways:

e inhalation of radionuclides in the effluent plume at a distance of 100 m (330 ft);

e internal irradiation from the consumption of terrestrial foodstuffs incorporating
radionuclides deposited to the ground at a distance of 500 m (1640 ft); and

e external irradiation from radionuclides in the effluent plume and deposited to the ground
at a distance of 100 m (330 ft).

Detailed information on these pathways and associated habit data such as terrestrial food
consumption rates, inhalation rates, building shielding factors, and occupancy times are listed
in Table 5.1-2. The meteorological data applied is referred to as ‘50% stability category D’,
as shown in Table 5.1-6. Dose per unit intake factors for ingestion and inhalation are shown
in Table 5.2-7. Doses are assessed in the 50th year of discharge, the only available integration
time option. Similarly, the location distance of 100 m (330 ft) for the local resident family is
the only distance available as part of the EA’s initial assessment methodology. This distance
leads to a conservative dose assessment in relation to the generic site distance to receptor of
280 m (200 m to site boundary + 80 m) (920 ft (660 ft to site boundary +260 ft)) to nearest
residential property, see Tables 3.3-4 and 5.1-1). The DPUR values used in this assessment
are shown in Table 5.2-8.

The results are shown in Table 5.2-9 for representative discharges and Table 5.2-10 for limit
discharges by radionuclide and pathway. The total dose from aerial discharges is 51 uSv y
(5.1 millirem/yr) for representative discharges and 79 puSv y' (7.9 millirem/yr) for limit
discharges. The doses are dominated by carbon-14 which contributes 86 percent to the annual
doses from aerial discharges, followed by argon-41 at 8 percent.

Direct Radiation Doses

Exposure to external radiation due to direct radiation from the AP1000 NPP design will result
in a very small dose to members of the public. A direct radiation dose typically arises from a
number of sources on a nuclear site, including the main reactor building and any waste
processing or storage plants. Its magnitude varies greatly according to the distance and angle
between these sources and the receptor. For the purposes of estimating dose to members of
the public, a direct radiation dose is not normally modelled. Rather, a number of
measurements are made around the site perimeter fence and these are used to estimate a
public dose.

The closest comparable design currently in operation in the UK is the Sizewell B PWR,
which is based on an older Westinghouse design. The measured direct shine dose at the
Sizewell B perimeter fence was 4 (0.4 millirems/yr) uSv in 2007 (Reference 5-8). These
measurements were taken after the Sizewell A station ceased power generation in December
2006 and before decommissioning activities commenced.

Based on the existing Sizewell data, an annual dose contribution to the AP1000 NPP design
critical group of 4 pSv y™ (0.4 millirems/yr™") has been applied here.

Total Stage 1 Doses

The total assessment stage 1 dose is the sum of the dose resulting from liquid discharge,
gaseous discharges and direct radiation. The total stage 1 dose is 58 puSv y™' (5 millirems/yr)
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for representative discharges and 88 uSv y™' (8.8 millirems/yr) for discharges at the proposed
discharge limit.

These doses are higher than 20 pSv y™' (2 millirems/yr). As a result a stage 2 assessment was
carried out.

Initial Assessment of Doses Stage 2
Stage 2 Doses from Liquid Discharges

For the refined initial assessment for liquid discharges, the volumetric exchange rate of water
between the local and regional marine compartments was changed from the default value of
100 m® s (330 ft/s) to 130 m® s (430 ft/s) in accordance with the generic site information
(see Section 5.1.5.1). The revised DPUR values used in this assessment are shown in
Table 5.2-11.

The results are shown in Table 5.2-12 for representative discharges and Table 5.2-13 for limit
discharges by radionuclide and pathway. The total dose from liquid discharges is 2.3 pSv y™'
(0.23 millirem/yr) for representative discharges and 3.7 pSv y' (0.37 millirem/yr) for
calculated annual limit discharges. The doses are dominated by carbon-14 which contributes
68 percent to the annual doses from liquid discharges, followed by cobalt-60 which
contributes 29 percent.

Stage 2 Doses from Gaseous Discharges

For the refined initial assessment for gaseous discharges, the release height was changed from
the default value of 0 m (0 ft) to the effective release height of the main plant vent of the
AP1000 NPP. The effective release height is a function of the physical stack height, an initial
rise of the plume due to its momentum at the point of release and the characteristics of any
nearby buildings. The presence of buildings can alter the structure of the wind field that the
plume enters and can lead to the plume being entrained into the building wake, thus resulting
in higher activity concentrations at ground level closer to the source. For the purpose of this
assessment it has been assumed that all releases occur from the main plant vent.

In order to derive an effective release height the atmospheric dispersion model ADMS
(Reference 5-9) was applied. A distribution of meteorological conditions of ‘50% stability
category D’ was applied, as shown in Table 5.1-6. Firstly, the model was run using the in-
built plume rise and building modules. The relevant parameters used are shown in Table
5.2-14. With this set-up the model was run for a number of wind directions. Thus it was
determined that the highest downwind activity concentrations at ground level occur when the
bulk of the building is positioned upwind from the stack. In this configuration the plume
becomes partially entrained in the building wake. Then an equivalent effective stack height
was determined by re-running ADMS without the plume rise and building options but for a
range of different physical stack heights. Resulting downwind activity concentrations were
compared with those determined for the ‘building upwind’ configuration. For the distances of
interest (100 m (330 ft) and 500 m (1600 ft)) the lowest equivalent stack height is 40 m
(130 ft). As a result an effective release height of 40 m (130 ft) was used in the stage 2 dose
assessment.

The following release height scaling factors were applied to the dose per unit discharge
factors (Figure 2 of Reference 5-7):

e food dose scaling factor of 0.15;
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e inhalation and external dose scaling factor of 0.007.
The revised DPUR values used in this assessment are shown in Table 5.2-15.

The results are shown in Table 5.2-16 for representative discharges and Table 5.2-17 for limit
discharges by radionuclide and pathway. The total dose from aerial discharges is 3.6 pSv y”
(0.36 millirem/yr) for representative discharges and 5.6 pSv y™ (0.56 millirem/yr) for limit
discharges. The doses are dominated by carbon-14 which contributes 93 percent to the annual
doses from aerial discharges, followed by iodine-131 at 4 percent.

Total Stage 2 Doses

The total dose for assessment stage 2 is the sum of the stage 2 doses resulting from liquid
discharge, gaseous discharges and direct radiation. The direct radiation dose has been taken to
be as determined for stage 1 (see Section 5.2.2.3). The total stage 2 dose is 9.8 pSv y
(0.98 millirem/yr) for representative discharges and 13 uSv y' (1.3 millirem/yr) for
discharges at the proposed discharge limit.

These doses are lower than 20 uSv y™' (2 millirem/yr). As a result a stage 3 assessment was
not carried out.

Total Individual Doses for Comparison with the Discharge Limit and Discharge
Constraint

In order to derive the annual dose from all discharges to the most exposed members of the
public, the following have to be taken into account:

e  Annual dose from liquid discharges (Section 5.2.3.1)
e  Annual dose from atmospheric discharges (Section 5.2.3.2)

From the results of the dose assessments for the fisherman family (exposed to liquid
discharges from the proposed facility) and for the local resident family (exposed to aerial
discharges), it can be seen that the local resident family potentially receives the highest dose.
As a result, the local resident family is the individual exposure group receiving the highest
dose in this assessment.

However, it can not be ruled out at this stage that the fisherman family is not exposed to the
aerial discharges from the facility and vice versa for the local resident family. Therefore, it is
prudent to add the contribution from both discharge streams. Thus, the annual dose to the
critical group for all continuous discharges from the AP1000 NPP design is 5.8 uSv y
(0.58 millirem/yr) for representative discharges and 9.2 uSv y™' (0.92 millirem/yr) for limit
discharges.

In order to assess the total annual dose to the critical group, direct radiation also needs to be
taken into account. Adding the direct radiation dose of 4 pSv y"' (0.4 millirem/yr)
(Section 5.2.2.3) to the dose from all discharges gives a total dose of 9.8 uSv y'
(0.98 millirem/yr) for representative discharges and 13.2 uSv y™ (1.32 millirem/yr) for limit
discharges. These represents maximum critical group doses as it is assumed that members of
this group are exposed to both discharge streams as well as the direct radiation dose expected
at the site boundary fence.
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This value can be compared with the dose constraint of 300 uSv y™ (30 millirem/yr) which is
applicable to any single new source in the UK (Reference 5-10). The doses lie well below the
dose constraint, by a factor of over 20.

The total dose to the Sizewell critical group in 2007 was <5 pSv (0.5 millirem/yr)
(Reference 5-8). It should be noted that this dose has been derived using different methods
from those applied here; for example, radionuclide levels in terrestrial and marine foodstuffs
were based on monitoring data rather than computer model calculations.

Potential Short-Term Doses
Approach

When doses from routine discharges are assessed, it is normally assumed that these
discharges occur continuously and uniformly over a year. However, during normal operations
at nuclear sites, it is possible to have short-term enhanced releases, e.g., during routine
maintenance operations of the plant. An assessment of the potential impact of short-term
doses is typically carried out as part of a detailed stage 3 assessment. Although a full stage 3
dose assessment of operational discharges of the AP1000 NPP was not undertaken, an
assessment of the potential impact of short-term doses was carried to determine if the impact
is significant in comparison with the doses from routine releases.

Discharging radioactive material to the atmosphere over the short-term may lead to doses that
are higher than would be expected if it were assumed that the same discharge took place
uniformly over a year. This is mainly due to the fact that short-term releases can lead to peak
activity concentrations in air and foodstuffs, which, combined with seasonal agricultural
practices and variation in habit data, can lead to higher doses.

For liquid discharges to the marine environment, effects from short-term releases are deemed
to be much lower. This is mainly due to limited pumping capacity from discharge tanks,
making it unfeasible to assume that a month’s liquid discharge volume can be released into
the marine environment over a period of a few hours. Also, for marine discharges via a
pipeline which discharges into the sea away from the near shore, the timescale of the release
is less important than for atmospheric, marine near shore, or freshwater releases. This is
because travel times to potential exposure locations are much longer. As a result, only the
effects from short-term aerial releases are assessed here.

A methodology published by the Health Protection Agency (HPA) has been adapted to assess
the impact of short-term atmospheric releases from the AP1000 NPP design
(Reference-5-13).

Atmospheric Dispersion Modelling for Short-Term Release

The short-term discharges have been grouped into the same radionuclide categories used for
the routine assessment (see Section 5.2.2.2). The maximum short-term planned discharge is
taken to be the highest planned discharge in a single month, based on Table 6.1-3. The
discharge period is conservatively set at 0.5 hours, the shortest period recommended in the
HPA methodology. The discharge is data used in this assessment is shown in Table 5.2-18.

The atmospheric dispersion model ADMS (Reference 5-9) was used to derive activity
concentrations in air, deposition rates, and cloud gamma doses. The model set up was based
on HPA’s recommendation to give a cautious estimate of atmospheric concentrations and
deposition on the ground close to the discharge location (Reference 5-11). Details of
meteorological conditions and deposition rates used are given in Table 5.2-19.
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To derive activity concentrations in air and deposition rates ADMS was run with the building
and plume rise options enabled. The relevant model set up parameters are shown in
Table 5.2-14. To derive cloud gamma dose factors ADMS was run using an effective release
height, as the building module can not be run at the same time as the gamma dose module.
The effective release height for short-term releases was derived similarly as described in
Section 5.2.3.2 but using the meteorological data given in Table 5.2-19.

The predicted activity concentrations in air and deposition rates per unit release for each
radionuclide from the ADMS model run are shown in Table 5.2-20. For the cloud gamma
pathway cloud gamma dose factors from gamma emitting radionuclide daughters were
aggregated into the results for each parent radionuclide. The cloud gamma dose factors are
shown in Table 5.2-21.

Dose Calculation for Short-Term Release

The dose pathways and exposure locations assumed for these short-term releases were the
same as for the atmospheric dose methodology for routine releases, described in
Section 5.2.2.2.

The doses to adults, children, and infants were calculated separately for each pathway. The
methodology used to calculate the dose from the modelled activity concentrations for each
pathway is the same as the HPA’s. More information on the input data is given below:

e  The breathing rates were taken from Table 4 in the HPA report (Reference 5-11), shown
here in Table 5.2-22.

e The same dose per unit intake values for ingestion and inhalation were used as for the
assessment for routine releases described in Section 5.2.2.2 and shown in Table 5.2-7.

e  The crop and animal uptake concentrations per unit deposition were derived from runs
of the FARMLAND module which is part of the PC CREAMO08 modelling suite
(Reference 5-12). The values were adjusted for a single, instantaneous deposition. That
is:

The concentration C in the food at time T following a continuous deposition rate of

1 Bg/m?/s (2.51x10° (uCi/ft*)/s) is given by

T
C(T)= [T - t)dt
0
where c(1) is the concentration in the food at time 1 after an instantaneous unit
deposition.

The average concentration over a period from an instantaneous deposition is the
integrated concentration over the year divided by the length of period, i.e.:

JT):%IC(t)dt

Reversing the integration limits (i.e., substitute t'=T-t) shows that this is equivalent
to:
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T

c(T)= %J‘C(T—t')dt'

0

Therefore, the average concentration in food over the year after an instantaneous
deposition is:

qm-cn___cm

T  365%24x3600

That is, the average concentration in food over one year from an effectively
instantaneous 1 Bg/m® (3x10°uCi/ft") deposition is the Farmland output
concentration following a continuous release for one year divided by 3.2 x 10”. For
tritium and carbon-14, the values are for a continuous air concentration of 1 Bq m™)
(8x10 pcuries/ft’), and a similar argument applies.

The final values are shown in Table 5.2-23. Note that the tritium and carbon-14 crop uptakes
are based on air concentrations, rather than ground deposition rates.

e  The critical and average food intake rates are taken from Reference (5-22). Note that
critical group intakes were only used for the two food groups giving the highest dose for
each person; average intakes were used for other foods. The two foods leading to the
highest ingestion dose are root vegetables and milk. The ingestion rates used for the
short-term dose assessment are shown in Table 5.2-24.

e  The annual external dose per unit surface deposition rates were taken from the ORNL
Radiological Toolbox (Reference 5-11) and adjusted for radioactive decay over a year.
The final dose rates are shown in Table 5.2-25.

e The shielding and occupancy factors were taken from Table 5 in the HPA report
(Reference 5-11) and are reproduced here in Table 5.2-26.

The results are shown in Table 5.2-27 for adults, Table 5.2-28 for children and Table 5.2-29
for infants by radionuclide and pathway. The highest dose to the local inhabitant exposure
group from a single atmospheric short-term discharge release is 4.9 pSv (0.49 millirem).

Collective Dose Assessment
Assessment Approach

Radionuclides discharged into the environment have the potential to disperse, allowing
exposure of wider populations, albeit at much lower levels of individual exposure than to the
individuals within the general population who would be expected to receive the highest doses
(the critical group). This collective effective dose is defined as the sum of all the exposures
from a given source to a defined group of people and has units of man-sieverts (manSv).

The assessment of collective dose was carried out following guidance provided in
Reference 5-10.

Collective doses will arise from discharges of radionuclides to atmosphere and from liquid
discharges to the marine environment.
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Collective doses were derived by combining discharge rates and collective dose per unit
discharge factors. The collective dose per unit discharge factors for radionuclides discharged
to atmosphere and sea were calculated using the PC CREAMOS8 model (Reference 5-12). The
collective dose assessment is based on population and food production grids for the
atmospheric assessment and seafood catch data for the marine assessment. PC CREAM also
contains a model to estimate doses from the global circulation of released radionuclides.

Some radionuclides, owing to the magnitude of their radioactive half-lives and their
behaviour in the environment, may become globally dispersed and act as a long-term source
of irradiation of both the regional and world populations. Such exposures would be in
addition to the irradiation of the populations exposed during the initial dispersion of these
radionuclides from their points of discharge. Of the radionuclides discharged by the AP1000
NPP design, tritium, carbon-14, and krypton-85 are affected by this characteristic. As a result,
the UK and Europe doses presented here are the sum of the so-called “first pass” dispersion
dose and the global circulation component for these radionuclides. Collective doses to the
world population from atmospheric discharges were assumed to be equivalent to the first pass
dispersion dose for Europe plus the global circulation component for the world population for
tritium, carbon-14, and krypton-85. Where krypton-85 was used as surrogate radionuclide for
“other noble gasses,” the global circulation part of the dose was not included, as all noble
gasses listed under that category have half lives of a few days at most.

Collective doses were calculated for UK, European, and World populations, truncated at
500 years.

Collective dose assessments from routine discharges tend to be site-specific as they rely on
grids of population distribution, agricultural food production, and seafood catches that have
been established for individual sites. In the absence of a specific site, the collective dose
assessment was carried out for an AP1000 NPP located at each of the five representative
coastal sites used to determine the generic site characteristics — Dungeness, Hartlepool,
Heysham, Hinkley Point, and Sizewell (see Section 5.1).

Collective Doses from Liquid Discharges

Liquid discharges to the marine environment are based on data from Table 6.1-6. For the
purpose of the dose assessment, cerium-144 was assigned as surrogate radionuclide to the
‘other radionuclides’ category. Doses were calculated for annual representative discharges as
well as for calculated annual limit discharges. Representative radionuclides and liquid
discharge rates used for the dose assessment are shown in Table 5.2-1.

Default PC CREAM model settings were applied.
Collective Doses from Gaseous Discharges

Atmospheric discharges were taken from Table 6.1-5. For the purpose of the dose assessment
representative surrogate radionuclides were assigned to the following categories:

e Jodine-133 for “other iodines,” taken to be all radioiodines apart from iodine-131 for
which doses have been assessed individually;

e  Krypton-85 for “other noble gasses,” taken to be all isotopes of krypton and xenon apart
from krypton-85 and xenon-133 for which doses have been assessed individually;
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e (Cobalt-58 for “other particulates,” taken to be all particulates apart from cobalt-60,
strontium-90, and caesium-137, for which doses have been assessed individually.

Doses were calculated for annual representative discharges as well as for annual limit
discharges. Representative radionuclides and gaseous discharge rates used for the dose
assessment are shown in Table 5.2-6.

Default PC CREAM model settings were applied with the following exceptions:
e  An effective release height of 40 m (130 ft) was applied, as described in Section 5.2.2.2.

e For the atmospheric assessment, an atmospheric stability distribution of 50 percent
category D was applied (see Table 5.1-6).

Collective Dose Assessment Results

The collective doses per year of discharge and truncated to 500 years from the AP1000 NPP
are shown in Tables 5.2-30 and 5.2-31 for discharges to atmosphere and in Tables 5.2-32 and
5.2-33 for liquid discharges to the marine environment. These tables provide maximum,
averaged, and minimum summary statistics of the results obtained for the five sites evaluated.

For representative discharges to the atmosphere the maximum collective dose is 0.23 manSv
(23 rem) for the UK population, 1.5 manSv (150 rem) for the European population and
8.8 manSyv (880 rem) for the World population.

For limit discharges to the atmosphere the maximum collective dose is 0.36 manSv for the
UK population, 2.3 manSv (230 rem) for the European population and 14 manSv (1400 rem)
for the World population.

For representative liquid discharges the collective dose is 0.001 manSv (0.1 rem) for the UK
population, 0.0046 manSv (0.46 rem) for the European population and 0.033 manSv
(3.3 rem) for the World population.

For limit liquid discharges the collective dose is 0.0017 manSv (0.17 rem) for the UK
population, 0.0072 manSv (0.72 rem) for the European population and 0.053 manSv
(5.3 rem) for the World population.

The total collective doses are dominated by doses from atmospheric discharges by more than
two orders of magnitude.

Build-up of Radionuclides in the Environment

The prospective build-up of radionuclides discharged from the facility in the local
environment has been evaluated. For liquid discharges into the marine environment, the
build-up in marine coastal sediments has been assessed. For aerial discharges, the build-up in
undisturbed soil has been assessed.

In order to take account of accumulation of radionuclides over the plant’s operational life
span, the plant’s anticipated licensing period should be taken into account (Reference 5-10).
Therefore it was assumed that build-up occurs over 60 years.

For discharges to the atmosphere, predicted environmental concentrations of radionuclides in
soil were obtained with the PLUME and FARMLAND modules of the PC CREAMO08 model
(Reference 5-12). For the build-up in the environment, radionuclides present in the discharge
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list have been assessed individually, rather than grouped into categories. The build-up of
noble gases in soil and sediments was assumed to be negligible.

Tritium and carbon-14 are not included in FARMLAND. The transfer of tritium and
carbon-14 between the atmosphere and the terrestrial environment is more complex than that
for other radionuclides, since hydrogen and carbon are fundamental to biological systems. A
relatively simple “specific activity” approach is widely used in terrestrial foodchain
modelling for these radionuclides. It is assumed that all foodstuffs come into rapid
equilibrium with atmospheric carbon-14 and tritium in atmospheric water vapour, and thus, it
is implicitly assumed that build-up does not occur.

Discharge data used are based on data in Tables 3.3-6 to 3.3-8. These are average annual
discharges based on average releases over the 18 month fuel cycle. The following
assumptions were made for calculating soil concentrations as a result of aerial releases:

e  Effective stack height of 67 m (220 ft) (derived for a distance of 500 m (1600 ft) using
the method described in Section 5.2.3.2)

e Distance from source 500 m (1600 ft)
e  Uniform windrose
e  Atmospheric stability category distribution of 50% D

For discharges to the marine environment, predicted environmental activity concentrations of
radionuclides in coastal sediments were obtained with the DORIS module of the PC
CREAMO8 model (Reference 5-12). As far as possible, radionuclides present in the discharge
list have been assessed individually. Discharge data are based on the average annual data in
Table 3.4-6. Any radionuclides in the discharge list for which model parameters were not
available have not been assessed. These include rubidium-88, molybdenum-99 and
tungsten-187.

The following assumptions were made for calculating coastal sediment concentrations as a
result of liquid discharges:

e  Volumetric exchange rate of water between the local and adjacent regional
compartments: 130 m® s (34,000 gallons/s).

Activity concentrations in soil after 60 years of atmospheric discharges from the AP1000
NPP design are shown in Table 5.2-34 for the radionuclides in the discharge list and their
daughters. ~Activity concentrations in the soil range from 2.9 x 10-*° Bq kg-'
(3.6 x 10! Cilb-") for niobium-95m to 1.I x 10" Bq kg’ (1.3 x 10% Ci Ib") for
caesium-137.

Activity concentrations in local coastal sediment after 60 years of liquid discharges from the
AP1000 NPP design are shown in Table 5.2-35 for the radionuclides in the discharge list and
their daughters. The activity concentration for tritium is 14 Bq kg (1.7 x 10" Ci Ib") and
that of carbon-14 is 1.1 Bq kg™ (1.3 x 10™"" Ci Ib™"). The activity concentrations for all other
radionuclides in the sediment range from 3.4 x 10" Bq kg™ (4.2 x 107" Ci Ib™") for daughters
of plutonium-241 to (0.54 Bq kg™) (6.6 x 10" Ci Ib™) for nickel-63. Interpretation of these
activity concentrations is not clear at present as no widely accepted guidance is available.
However, the radiological impact of these is already covered in the dose assessments in
Sections 5.2.2 to 5.2.4. The dose assessments also incorporate the build-up of the

UKP-GW-GL-790 248 Revision 7



Westinghouse Non-Proprietary Class 3

5.0 Environmental Impact UK AP1000 Environment Report

53

5.3.1

radionuclides in the environment as the doses have been assessed in the 60th year of
discharge.

Radiological (Non-Human Dose Assessment)

An assessment of the likely impact of radioactive discharges from the Westinghouse AP1000
NPP on non-human species has been made in UKP-GW-GL-033, “Assessment of
Radioactive Discharges on Non-Human Species” (Reference 5-14). This report is
summarised in this section.

The predicted radioactive emissions and discharges from the AP1000 NPP are input into the
ERICA (February 2007) tool (Reference 5-3) to determine the impact on the various
reference organisms identified in Table 5.1-4. The Wildlife Dose Assessment Spreadsheet
Version 1.20 (Reference 5-15) was used to address the impact of emissions of the inert gas
isotopes — argon, krypton, and xenon.

ERICA Assessment

The ERICA tool provides a recognised methodology for assessing the environmental
exposure, effects, and risks from ionising radiation on ecosystems (Reference 5-3). The
ERICA tool functions at three levels:

e  Tier 1 —a concentration screening level

The Tier 1 output is expressed as a risk quotient (RQ) where:

RQ=M/EMCL

where

M = Estimated or measured activity concentration for a given radionuclide in
Bq I'! for water, Bq kg™ dry wt for soil/sediment, or Bq m™ for isotopes of
C, H, P, and S within the terrestrial environment;

EMCL = Screening Dose Rate (10 uGy h™' (1 mRad/hr))/F

where

F = the dose rate that a given organism will receive for a unit concentration of a

given radionuclide in an environmental medium (uGy h™' per Bq 1" or kg™
(dry weight) or m™ of medium). The value of F depends upon the
reference organism type, its position(s) within habitat, and the
radionuclide. It is calculated by the ERICA tool.

For the terrestrial environment, EMCL values always refer to soil activity
concentrations, except for isotopes of H, C, S, and P that refer to air concentrations.

Tier 1 compares emissions and discharges against a default incremental dose rate of
10 uGy h™' (1 mRad/hr) for all ecosystems and organisms. The overall RQ is the sum of
the RQs for the most limiting reference organism for each radionuclide.

If the sum of the RQs for all nuclides is less than one, there is a very low probability that
the absorbed dose rate to any organism exceeds the screening dose rate, and the situation
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may be considered to be of negligible radiological concern. If the ratio exceeds unity,
further Tier 2 assessment is required.

Tier 2 — a dose rate screening level
Tier 2 is a dose rate screening level. In Tier 2, the ERICA screening dose rate of
10 pGy h™' (1 mRad/hr) is compared directly to the total estimated whole body absorbed

dose rate for each individual organism. The RQ is calculated as follows:

Whole Body Absorbed Dose Rate

RQ =

Screening Level Dose Rate

In Tier 2, RQ for a given organism equals the sum of the radionuclide-specific RQs for
that organism.

Two RQs are reported in Tier 2 for every organism selected in the assessment; the
expected RQ and the conservative RQ. The expected RQ uses the best estimate values
for the input data and the parameters. The conservative RQ uses the 95th or
99™ percentile input values to determine the 5 percent or 1 percent probability of
exceeding the dose screening value.

The significance of the Tier 2 output is determined based on the values of the expected
RQ and the conservative RQ for each individual organism (see Table 5.3-1). The results

99 ¢

are categorised as “negligible,” “insufficient confidence,” and “of concern.”

For results in the “insufficient confidence” and “of concern” category, it may be
necessary to make more qualified judgments and/or to refine model inputs to complete
the Tier 2 assessment. Alternatively, an in-depth Tier 3 assessment is required.

Tier 3 — site-specific probabilistic level which is beyond the scope of work carried out in
Reference 5-14.

The ERICA assessment was carried out at the Tier 1 level for terrestrial organisms and at the
Tier 1 and Tier 2 level for marine organisms.

Terrestrial Organisms

The input data for the ERICA tool is shown in Tables 5.3-2 to 5.3-3 for the terrestrial
ecosystem assessment that is impacted by air emissions.

The Tier 1 output of the ERICA model is shown in Table 5.3-4. The Tier 1 results show that
the sum of the RQs is substantially below unity indicating that the values are below the
ERICA screening dose rate of 10 uGyh™ (1 mRad/hr).

This indicates that no further analysis at Tier 2 or Tier 3 is required.
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5.3.1.2

Sensitivity testing of the of the terrestrial ERICA assessment was carried out to determine
whether changing wind speed, distance to receptor and stack height would affect the overall
RQ. The results of the sensitivity tests are shown in Table 5.3-5 and are described below:

e  Scenario A is a default scenario which matches the results in Table 5.3-4.

e Scenario B identifies the effect on the RQ if all emissions were released from the lower
turbine vent stack. In practice, no more than 12 percent of the radioactivity emitted to
the atmosphere from the plant is potentially released from the condenser air removal
stack (see Table 3.3-7), so this is highly conservative.

e Scenarios C-F show the impact of changing the wind speed from 1 ms™ (3.3 ft/s) to
10 ms™ (33 ft/s). The RQ reduces as the wind speed increases.

e  Scenarios G-J show the effect of changing the distance to receptor from 50 m (164 ft) to
300 m (980 ft). The RQ reduces as the distance to receptor increases.

e Scenario K is a worst case scenario assuming emissions are from the lower stack height,
the lowest wind speed, and the nearest receptor distance. Under these conditions, the
overall RQ is 0.291 indicating that the screening dose rate of 10 pGyh™ (1 mRad/hr) is
not exceeded.

It is concluded from the Tier 1 ERICA assessment that there is negligible risk to terrestrial
organisms from the AP1000 NPP radioactive air emissions.

Marine Organisms

The input data for the ERICA tool is shown in Tables 5.3-6 and 5.3-7 for the marine
ecosystem assessment that is impacted by coastal discharges.

The Tier 1 output of the ERICA model is shown in Table 5.3-8. The results indicate that the
sum of the RQs exceeds 1. The screening dose to polychaete worms warrants a Tier 2
assessment.

A Tier 2 analysis was carried out with all isotope data sets to predict total dose rates for each
reference organism. The Tier 2 results for the ERICA model are presented in Table 5.3-9.

Based on the definition in Section 3.2.2, the Tier 2 results indicate “negligible risk” to wading
birds, zooplankton, pelagic fish, and phytoplankton at distances greater than 100 m (330 ft)
from the point of release. The results for mammals and reptiles indicate “insufficient
confidence” to be sure that there will be negligible effect on these organisms which live
within the sediment. The results for polychate worms, macroalgae, sea anemonies or true
corals — polyps and colonies, benthic molluscs, vascular plants, benthic fish, and crustaceans
show that the ERICA screening dose rate of 10 uGyh'(1 mRad/hr) is exceeded. The
maximum predicted dose rate for all organisms is 25.2 pGyh™ (2.52 mRad/hr) for polychaete
worms.

Table 5.3-9 shows that the isotopes responsible for the ERICA screening dose rate being
exceeded either Fe-59 or Fe-55. Iron partitions strongly into the sediment phase and the
organisms experiencing dose rates greater than the ERICA screening dose rate of 10 pGyh™
(1 mRad/hr) are the ones that have high occupancy factors in the sediment or at the sediment-
water interface.
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The sensitivity of the Tier 2 results to changes in input parameters has been investigated for
variations in water depth, distance between release point and shore, distance between release
point and receptor, and coastal current. The results are shown in Table 5.3-10 and are
described below:

e Scenario A represents the default scenario which matches the results in Tables 5.3-10
and 5.3-9.

e Scenarios A-D show the effect of changing water depth. The dose rate decreases with
increasing water depth. At a depth of 7m, only polychaete worms dose date exceeds the
ERICA screening dose rate of 10 uGyh™ (1 mRad/hr) (Scenario C). At a depth of 13 m
(43 ft), the dose rate to polychaete worms drops below the ERICA screening dose rate
and changes to a “insufficient confidence” condition, where the conservative RQ
exceeds 1.

e  Scenarios A and E-G show that changing the distance between the release point and the
shore has no effect on dose rates on organisms 100 m (330 ft) from the discharge point at
sea.

e Scenarios A and H-K show the effect of changing the distance between the release point
and the receptor. The ERICA screening dose rate is exceeded for at least one organism
at all distances between the release point and receptor up to 220 m (720 ft) (Scenario J).
At 220 m (720 ft), the most sensitive organism, polychate worms, falls into the
“insufficient confidence” category together with seven other organisms. At 560 m
(1840 ft) (Scenario K) and beyond, the dose rates for all organisms fall into the
“negligible” category indicating negligible risk.

e Scenarios A and L-N show the effect of changing the coastal current. The predicted dose
rates decrease slightly as the coastal current decreases from 0.5 ms” (1.6 ft/sec) to
0.05 ms™ (0.16 ft/sec). The number of organisms receiving dose rates above the ERICA
screening level falls from eight to six as the coastal current decreases.

e Scenario O shows the worst case combination of variables from the scenarios selected
above (i.e., water depth 2 m (6.6 ft), the distance between the release point and the shore
150m (490 ft), the distance between the release point and the receptor 50 m (160 ft), and
the coastal current 0.5 ms™ (1.6 ft/sec)). The results predict that the ERICA screening
dose rate is exceeded for eleven organisms with the highest predicted dose rate of
191 pGyh™ (19.1 mRad/hr) being experienced by polychaete worms.

e Scenario P shows the best case combination of variables from those selected above
(i.e., water depth 13m, the distance between the release point and the shore 150 m
(490 ft), the distance between the release point and the receptor 560 m (1840 ft), and the
coastal current 0.05 ms™ (0.16 ft/sec)). The results produce a “negligible” risk condition
for all organisms.

The sensitivity analysis confirms that polychaete worms are the most vulnerable organism,
experiencing the highest dose rates. This is because polychaete worms are the only organism
that resides entirely within the sediment, and the dominant source of radioactive dose is from
Fe-59 and Fe-55 (see Table 5.3-9), which partitions strongly into sediments. The range of
dose rates predicted for polychaete worms in this sensitivity analysis is 3.27 pGyh'
(0.327 mRad/hr) to 191 uGyh™ (19.1 mRad/hr).
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5.3.2

Organisms with occupancy factors of 100% at the sediment water interface (benthic molluscs,
crustacean, macroalgae, benthic fish, sea anemones, or true corals — colony, polyps, and
vascular plants) experience the next highest dose rates ranging from 0.5 uGyh'
(0.05 mRad/hr) to 103 pGyh™ (10.3 mRad/hr).

Mammals, wading birds, and reptiles have 100% occupancy factors in water, but food
sources may be within the sediment or at the sediment — water interface. These organisms
receive a range of dose rates under the scenarios considered of 0.1 pGyh™ (0.01 mRad/hr) to
26 uGyh™ (2.6 mRad/hr).

The organisms which experience the lowest dose rates fall within the “negligible” risk
category for all scenarios. These are pelagic fish, phytoplankton, and zooplankton which
have 100 percent occupancy factors in water with no habitation within the sediment surface
or sediment zones. These organisms receive a range of dose rates under the scenarios
considered of 0.001 pGyh™ (0.0001 mRad/hr) to 0.2 pGyh™ (0.02 mRad/hr).

The predicted dose rates have been compared with reported effects on organisms in
Reference 5-14. However, it is notable that the dose rates are well below the 400 pGyh™
(40 mRad/hr), which is a benchmark derived from the TAEA (1992) and UNSCEAR (1996)
reports below, which populations are unlikely to be significantly harmed based on reviews of
the scientific literature (References 5-16 and 5-17). This also corresponds to the U.S.
Department of Energy (DOE) dose limit of 10 mGyd' (1 Rad/day) (= 400 pGyh™)
(40 mRad/hr) for native aquatic animals (Reference 5-18).

The prediction that the ERICA screening dose rate of 10 pGyh™ (1 mRad/hr) is exceeded for
several organisms and the sensitivity analysis carried out indicates the importance of
undertaking site-specific studies to optimise the selection of the effluent discharge point and
minimise the impact on benthic organisms.

Wildlife Dose Assessment Spreadsheet

The Wildlife Dose Assessment Spreadsheet (Reference 5-15) was developed in the UK and
formed an important building block of the ERICA tool. This spreadsheet comes in
three forms; the freshwater, marine, and terrestrial versions. The terrestrial spreadsheet was
used to supplement the analysis carried out by the ERICA tool, because it enables the impact
of emissions of Argon-41 and Krypton-85 to be assessed. These inert gases contribute
approximately 80 percent of the radioactive releases from the AP1000 NPP to the atmosphere
(see Tables 3.3-6 to 3.3-8).

The input data for the Wildlife Dose Assessment Spreadsheet includes the ground level
concentrations of argon-41 and krypton-85 in Bqm™ predicted at the assumed receptor
distance of 200 m (656 ft). These have been calculated using the emissions data identified in
Table 5.3-2 and the same Gaussian plume model equations as those built into the ERICA tool
for an emission point that is in the lee of a building inside the wake zone (Reference 5-8).
The ground level concentrations are shown in Table 5.3-11 together with other input data
used in the Wildlife Dose Assessment Spreadsheet.

The weighted output of the Wildlife Dose Assessment Spreadsheet for the air emissions of
Argon-41 and Krypton-85 is shown in Table 5.3-12. For Argon-41 and Krypton-85, the total
dose rate occurs entirely from external rather than internal dose rates. The highest total dose
rate occurs for fungi and is 0.00027 pGyh™ (0.000027 mRad/hr). This is negligible when
compared to the ERICA screening dose rate of 10 pGyh™ (1 mRad/hr). This implies that the
dose rate associated with noble gas emissions on terrestrial organisms is insignificant.
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5.4

5.4.1

5.4.2

Accidental Release of COMAH Chemicals

The AP1000 NPP site is an upper tier COMAH site because of storage of hydrazine (see
subsection 2.9.2.1). The potential for a major accident to the environment (MATTE)
resulting from the storage of hydrazine is minimal.

Causes of Hydrazine Spills

Hydrazine is stored on the Turbine Island in tote tanks (see subsection 2.9.3.1 and
Figures 2.9-2 and 2.9-3).

Overflow from over filling the lower permanent storage tank from the tote container is not
possible since there is no overflow connection. The worst case of misalignment results in
filling vent pipes to the level of the hydrazine in the tank assembly. These vent pipes are
directed up to a high elevation and cannot overflow.

There is no manual handling of drums or carboys that can be overturned or running drum
pumps that can be left unattended.

The only credible cause of a major hydrazine spill is the puncturing of a tote container or
lower permanent storage tank by a fork truck tine. The tote containers are rugged and have
passed severe drop and vibration tests. Should a tine penetrate the protective outer shielding
and tough inner wall, the leak rate would be limited by the size of the puncture. For a
punctured tote container, the truck operator will be able to back up and tip the tote so that the
hole is on the top, stopping the leak. A punctured permanent tank will drain the level of the
hole in its side. The leak from a permanent storage tank will be contained within the spill
barrier. However, the tough stainless steel walls of both the tote container and permanent
tank are likely to bend and deform before they can be pierced.

Accidental Hydrazine Spills within the Turbine Building

During tote container handling, it is possible for a tote container to be dropped by a fork
truck. These containers are certified for retention of contents by having been tested to ensure
unacceptable leakage does not occur when the container is full and dropped in a way that is
most likely to cause damage. Dropping a tote container inside or outside the turbine building
is expected to be so rare an event that it will not happen during the life of the plant. Failure
of the container to permit release of its contents is not probable. A feature at most plants is to
have a temporary secondary containment established at the truck delivery/loading point. This
should be large enough to contain the contents of a dropped tote. The AP1000 NPP intends
to follow the best practices developed by the nuclear industry.

Should there be a large spill in the turbine building during transport of the tote to the
chemical storage area, the hydrazine will run into floor drains and flow to the building sump,
part of the WWS. The wetted floor areas can be flushed with bleach (for example dilute
calcium hypochlorite (Ca(OCl),) solution) to neutralise and wash the remaining hydrazine
into the floor drain system (Reference 5-19). Additional bleach can then be added by pouring
it into the floor drains. The sump is automatically pumped based on level into the WWS
WWRB where waste water is held prior to its release to the plant outfall. The WWRB water
is sampled and the chemical adjustment is made until it complies with discharge consents.
When samples show the hydrazine has been neutralised, the WWRB contents are disposed.
Therefore, a liquid chemical release from the turbine building through the WWS to the plant
out fall is not a credible scenario.
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54.3 Accidental Hydrazine Spills outside the Turbine Building

The worst case conceivable spill within the AP1000 NPP site is the release of the contents of
a hydrazine tote container (400 gallons, 1.51 m’), due to overturning a trailer during
transportation on the plant site roadway.

In the event that a large spill occurs outside of the turbine building, the liquid should be
contained within a temporary spill barrier. If a large amount of hydrazine is involved, the
wetted area should be sowed with solid calcium hypochlorite and washed with bleach dilute
sodium hypochlorite solution (Reference 5-19). A small spill should be treated with bleach
only. Using solid calcium hypochlorite results in an insoluble gooey paste like semi-solid
that will present problems for subsequent cleanup.

An unmitigated spill unto an impermeable surface can be expected to behave in the same
fashion as the Air Force hydrazine test samples that were left outside exposed to the
environment. Hydrazine solutions evaporate in a similar fashion as does water when exposed
(Reference 5-19). There is an initial high evaporation rate followed by a much slower
evaporation rate. The density of the solution increases as hydrazine reacts with atmospheric
carbon dioxide and the resulting product passes through stages described as oily, a syrupy
consistency, and finally, a white semi-solid.

Vapor-phase hydrazine is degraded in the atmosphere by reaction with
photochemically-produced hydroxyl radicals and ozone with estimated half-lives of about
6 and 9 hours, respectively.

A spill onto soil will result in rapid neutralisation of hydrazine due to reactions with organic
carbon and clay. Spills onto sand will penetrate more deeply and take longer to neutralise.

5.4.4 Hydrazine in the Marine Environment

Hydrazine is dangerous for the environment and is toxic for aquatic organisms
(Reference 5-20). Depending upon the species of fish, the toxicity levels and reproductive
effects are likely to occur after a long exposure (24 to 96 hours) of hydrazine with
concentrations on the order of 0.1 mg/litre and higher. Other marine organisms showed a
wider range of tolerance to hydrazine than fish.

In the event of accidental release of the contents of a hydrazine tote container (, 1.51 m’,
400 gallons) on the plant site roadway, the hydrazine will tend to drain toward the storm
water drainage system or into the WWRB. The design of the storm water drainage system is
site- and utility operator-specific. Provisions for temporarily blocking flow from this
drainage system into the sea are also site and utility operator-specific.

The portion of the large spill that works its way through the storm water drainage system into
the sea will be promptly diluted to well below the toxic concentrations listed in the World
Health Organisation (WHO) report (Reference 5-20). In the event of such a large spill, there
is a risk of the hydrazine deoxygenating a quantity of water because oxygen is a neutralising
agent for hydrazine. Deoxygenation of sea water is hazardous to marine life. However, this
risk is reduced because hydrazine will be in contact with the air above sea level with
attendant vaporisation, decomposition, and oxidation limiting the amount that reaches the sea.

If some or the entire spill goes onto unpaved ground, research has shown that sand, soil, clay,
and organic substances aid in the consumption of hydrazine. This reflects the results of
two general processes; the chemical decomposition of hydrazine, and its reaction with soil
components (Reference 5-21).
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The theoretical quantity of deoxygenated seawater due to mixing with 1.51 m® (400 gallons)
of hydrazine is 66,000 m® (17,400,000 gallons), assuming a seawater oxygen concentration of
8.1 mg/l (10 ppm) at 15°C (59°F). This assumes a thorough dispersion of hydrazine
throughout the body of water and reaction only with dissolved oxygen. It does not take into
account the competing reduction due to dissolved cation catalytic decomposition and
reactions of hydrazine with dissolved and suspended solids. Experimental studies have
shown a slow decrease of very dilute hydrazine in seawater. Hydrazine can persist in
seawater for days. Wave action at the seacoast produces a rapid rate of hydrazine dilution.
Therefore, it is unlikely that the entire quantity of a tote container’s hydrazine or the turbine
building’s hydrazine storage will spill into the sea and the consequential deoxygenation effect
will be much less than the theoretical maximum. The potential effects on aquatic organisms
will be of a minor, limited spatial extent, for a short duration, and local to the release point.

5.4.5 Summary of Accidental Hydrazine Release Control Measures
In summary, the protective measures to prevent total release of hydrazine are:

e  Primary containment within the turbine building

Secondary containment within the turbine building
e  Spill collection within the turbine building sumps

e  Manual intervention can neutralise hydrazine spills in secondary containment, turbine
building sumps, or the WWRB to prevent releases to the environment.

e WWRB
o  Temporary spill barriers for outdoor spills

A realistic spill is limited to an insignificant portion of the total hydrazine and the protective
measures will be effective to prevent release into the sea.
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Table 5.1-1

NUMBER OF POPULATION CENTRES WITHIN 2KM OF THE GENERIC SITE

Closest to Site
Population <1km <2km <10km <20km Boundary
>100000 - 0 0 1 8.5km
>20000 — 1 3 5 5.2km
>5000 - 1 1 6 3.0km
>1000 - 0 3 14 3.5km
<1000 — 0 0 0 -
Farms/Properties 50 100 - - 80m
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Table 5.1-2

HABIT DATA OF LOCAL RESIDENT FAMILY EXPOSURE GROUP

Food Consumption Rates (kg/y) Infant (1y) Child (10y) Adult
Green vegetables 15 35 80
Root vegetables 45 95 130
Fruit 35 50 75
Sheep meat 3 10 25
Sheep liver 2.75 5 10
Cow meat 10 30 45
Cow liver 2.75 5 10
Milk 320 240 240
Breathing Rates (m3/h) 0.22 0.64 0.92
Occupancy at Habitation (h/y) 8760 8760 8760
Fraction of Time Spent Indoors 0.9 0.8 0.5
Cloud Shielding Factor 0.2 0.2 0.2
Shielding Factor for Deposited 0.1 0.1 0.1
Radionuclides

Table 5.1-3
HABIT DATA OF LOCAL FISHERMAN FAMILY EXPOSURE GROUP

Food Consumption Rates (kg/y) Infant (1y) Child (10y) Adult
Fish 5 20 100
Crustaceans 0 5 20
Molluscs 0 5 20
Occupancy on the Beach (h/y) 30 300 2000
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Table 5.1-4

REFERENCE ORGANISMS CONSIDERED IN THE VICINITY OF THE GENERIC SITE

Terrestrial Marine
Amphibian (frog) (Wading) bird (duck)
Bird (duck) Benthic fish (flat fish)
Bird egg (duck egg) Bivalve mollusc
Detritivorous invertebrate Crustacean (crab)
Flying insect (bee) Macroalgae (brown seaweed)
Gastropod Mammal
Grasses and herbs (wild grass) Pelagic fish
Lichen and bryophytes Phytoplankton
Mammal (rat, deer) Polychaete worm
Reptile Reptile
Shrub Sea anemones/true corals
Soil invertebrate (earthworm) Vascular plant
Tree (pine tree) Zooplankton
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Table 5.1-5
METEOROLOGICAL DATA FOR THE GENERIC SITE
Parameter Unit Generic Site Value
Temperature Max C 37.7
Min C -6.9
Avg C 11.8
Dew Point Max C 21.7
Min C -12.3
Avg C 7.3
Humidity Max % 100.0
Min % 12.0
Avg % 76.2
Wind Speed Max km/h 93.3
Min km/h 8.7
Avg km/h 18
Wind Speed Gust km/h 127.8
Wind Direction Avg Deg 200.5
Gust Deg 241.9
Maximum fraction of time in any - 0.25
one 30° sector
Rainfall Max mm/y 998.5
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Table 5.1-6

ATMOSPHERIC CONDITIONS

Wind Speed at 10m Height
Pasquill Stability Category Frequency of Occurrence (%) (ms™)
A 1 1
B 9 2
C 21 5
D 50 5
E 8 3
F 10 2
G 2 1
Table 5.1-7

HIGHEST GROUND ELEVATIONS AROUND THE GENERIC SITE

MAIN LAND COVER WITHIN SKM

Distance from Site Highest Ground Elevation
2km 30m
10km 358m
Table 5.1-8

Main Land Cover Generic Site
Arable and grassland +
Arable, some grassland +
Dune vegetation +
Grassland and arable, some woodland +

+ (plus sign indicates the cover is included in the generic site.

UKP-GW-GL-790 263

Revision 7



Westinghouse Non-Proprietary Class 3

5.0 Environmental Impact UK AP1000 Environment Report

Table 5.1-9

CHARACTERISTIC SEMI-NATURAL HABITATS WITHIN 5KM

Characteristic Semi-Natural Habitats Generic Site
Lowland seasonally wet pastures and woodland +
Sand dune vegetation ranging from pioneer dune +

vegetation through to low shrub

Wet brackish coastal flood meadows and grazing +
marsh

+ (plus sign) indicates the habitat is included in the generic site.

Table 5.1-10
NEAREST SENSITIVE SITES
Type Distance (m)
Forestry Commission Woodland (England) 5460
Grassland Inventory (England) 700
Green Belt (England) 7000
Important Bird Areas (England) 250
Local Nature Reserves (England) 850
Lowland Grazing Marsh (England) 340
National Parks (England) 13000
Ramsar Sites (England) 290
RSPB Reserves (England) 1042
Sites of Special Scientific Interest (England) 180
Special Areas of Conservation (England) 330
Special Protection Areas (England) 300
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Table 5.1-11
TIDAL RANGE
Tide Generic Site
Highest Astronomical Tide 11.17m
Mean High Water Springs 10.06m
Mean High Water Neaps 7.75m
Mean Low Water Springs 1.72m
Mean Low Water Neaps 0.67m
Lowest Astronomical Tide -0.06m
Table 5.1-12
BATHYMETRY
Distance from Site Depth (Max/Min) Depth*
lkm Max Sm
Min -15m
2km Max S5m
Min -15m
10km Max 15m
Min -15m
Note:
*  Admiralty Chart Datum
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Table 5.1-13

MARINE BIOLOGICAL FEATURES WITHIN 10 KM (6.2 MILES)

Parameter Generic Site
Biosphere Reserves 0
Grey Seal Colonies 0
Harbour Porpoise 0
Minke Whales 0
Seabird Nesting Colonies 6
Sensitive Fish Areas 1
Waders and Wildfowl Areas 1
White Beaked Dolphin 0
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Table 5.2-1

ANNUAL LIQUID DISCHARGES APPLIED FOR THE HUMAN DOSE ASSESSMENTS

Representative liquid Calculated annual limit liquid
discharges discharges
Radionuclide Bqly Bq/y

Tritium 3.5E+13 6.0E+13

Carbon-14 4.4E+09 7.0E+09

Iron-55 6.4E+08 1.0E+09

Cobalt-58 5.4E+08 9.0E+08

Cobalt-60 3.0E+08 5.0E+08

Nickel-63 6.9E+08 1.0E+09
Strontium-90 3.2E+05 5.0E+05
Caesium-137 3.0E+07 5.0E+07
Plutonium-241 1.1E+05 2.0E+05
Cerium-144"" 1.1E+09 2.0E+09

Notes:

1. Surrogate radionuclide for ‘other radionuclides’ category
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Table 5.2-2

DOSE PER UNIT INTAKE FACTORS FOR THE ASSESSMENT OF DOSES FROM LIQUID
DISCHARGES

Dose per unit intake by ingestion (Sv/Bq)

Radionuclide Adult Child Infant
Tritium 1.8E-11 2.3E-11 4.8E-11
Carbon-14 5.8E-10 8.0E-10 1.6E-09
Iron-55 3.3E-10 1.1E-09 2.4E-09
Cobalt-58 7.4E-10 1.7E-09 4.4E-09
Cobalt-60 3.4E-09 1.1E-08 2.7E-08
Nickel-63 1.5E-10 2.8E-10 8.4E-10
Strontium-90 2.8E-08 6.0E-08 7.3E-08
Caesium-137 1.3E-08 1.0E-08 1.2E-08
Plutonium-241 4.8E-09 5.1E-09 5.7E-09
Cerium-144 5.2E-09 1.1E-08 3.9E-08
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Table 5.2-3

STAGE 1 DOSE PER UNIT RELEASE FACTORS FOR ANNUAL LIQUID DISCHARGES

Dose per unit release factor (uSv/y per Bq/y)

Radionuclide External Ingestion Total
Tritium 0.0E+00 8.9E-16 8.9E-16
Carbon-14 1.6E-16 4.6E-10 4.6E-10
Iron-55 0.0E+00 3.0E-13 3.0E-13
Cobalt-58 5.4E-11 1.5E-11 6.9E-11
Cobalt-60 2.7E-09 7.5E-11 2.8E-09
Nickel-63 0.0E+00 3.6E-12 3.6E-12
Strontium-90 1.0E-15 6.1E-12 6.1E-12
Caesium-137 1.2E-10 2.8E-11 1.5E-10
Plutonium-241 2.4E-13 3.2E-11 3.2E-11
Cerium-144 1.4E-11 1.3E-12 1.5E-11
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Table 5.2-4

STAGE 1 DOSE TO FISHERMAN FAMILY EXPOSURE GROUP FROM
REPRESENTATIVE ANNUAL LIQUID DISCHARGES

Annual dose from representative discharges (uSv/y)

Radionuclide External Ingestion Total
Tritium 0.0E+00 3.1E-02 3.1E-02
Carbon-14 7.0E-07 2.0E+00 2.0E+00
Iron-55 0.0E+00 1.9E-04 1.9E-04
Cobalt-58 2.9E-02 8.1E-03 3.7E-02
Cobalt-60 8.1E-01 2.3E-02 8.4E-01
Nickel-63 0.0E+00 2.5E-03 2.5E-03
Strontium-90 3.2E-10 2.0E-06 2.0E-06
Caesium-137 3.6E-03 8.4E-04 4.5E-03
Plutonium-241 2.6E-08 3.5E-06 3.5E-06
Cerium-144" 1.5E-02 1.4E-03 1.7E-02
Total 8.6E-01 2.1E+00 3.0E+00
Notes

1. Surrogate radionuclide for ‘other radionuclides’ category
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Table 5.2-5
STAGE 1 DOSE TO FISHERMAN FAMILY EXPOSURE GROUP FROM
CALCULATED ANNUAL LIMIT LIQUID DISCHARGES
Annual dose from limit discharges (nuSv/y)
Radionuclide External Ingestion Total

Tritium 0.0E+00 5.3E-02 5.3E-02
Carbon-14 1.1E-06 3.2E+00 3.2E+00
Iron-55 0.0E+00 3.0E-04 3.0E-04
Cobalt-58 4.9E-02 1.4E-02 6.2E-02
Cobalt-60 1.4E+00 3.8E-02 1.4E+00
Nickel-63 0.0E+00 3.6E-03 3.6E-03
Strontium-90 5.0E-10 3.1E-06 3.1E-06
Caesium-137 6.0E-03 1.4E-03 7.5E-03
Plutonium-241 4.8E-08 6.4E-06 6.4E-06
Cerium-144" 2.8E-02 2.6E-03 3.0E-02
Total 1.4E+00 3.3E+00 4.8E+00
Notes

1. Surrogate radionuclide for ‘other radionuclides’ category
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Table 5.2-6

ANNUAL GASEOUS DISCHARGES APPLIED FOR THE HUMAN DOSE ASSESSMENTS

Representative gaseous Calculated annual limit

discharges gaseous discharges
Radionuclide Bqly Bq/y
Tritium 1.9E+12 3.0E+12
Carbon-14 6.4E+11 1.0E+12
Argon-41 1.3E+12 2.0E+12
Cobalt-60 3.2E+06 5.0E+06
Krypton-85 4.1E+12 7.0E+12
Strontium-90 4.4E+05 7.0E+05
lodine-131 2.1E+08 3.0E+08
Xenon-133 1.3E+12 2.0E+12
Caesium-137 1.3E+06 2.0E+06
Todine-133" 3.9E+08 7.0E+08
Krypton-85 2.7E+12 4.0E+12
Cobalt-58% 1.2E+07 2.0E+07
Notes:

1. Surrogate radionuclide for ‘other radioiodines’ category
2. Surrogate radionuclide for ‘other noble gasses’ category
3. Surrogate radionuclide for ‘other particulates’ category
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Westinghouse Non-Proprietary Class 3

5.0 Environmental Impact UK AP1000 Environment Report

Table 5.2-8

STAGE 1 DOSE PER UNIT RELEASE FACTORS FOR ANNUAL GASEOUS DISCHARGES

Dose per unit release factor (uSv/y per Bq/y)
Radionuclide Ingestion Total external Inhalation Total
Tritium 2.7E-13 0.0E+00 6.9E-13 9.6E-13
Carbon-14 3.3E-11 6.4E-17 3.5E-11 6.8E-11
Argon-41 0.0E+00 3.2E-12 0.0E+00 3.2E-12
Cobalt-60 5.3E-11 1.1E-08 2.2E-10 1.2E-08
Krypton-85 0.0E+00 1.3E-14 0.0E+00 1.3E-14
Strontium-90 6.4E-10 3.2E-15 8.0E-10 1.4E-09
Iodine-131 4.1E-09 3.8E-11 3.9E-10 4.5E-09
Xenon-133 0.0E+00 7.0E-14 0.0E+00 7.0E-14
Caesium-137 3.8E-10 6.5E-09 1.0E-10 7.0E-09
lIodine-133 7.2E-11 7.6E-12 9.7E-11 1.8E-10
Krypton-85 0.0E+00 1.3E-14 0.0E+00 1.3E-14
Cobalt-58 44E-12 2.7E-10 3.6E-11 3.1E-10
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Table 5.2-9

STAGE 1 DOSE TO LOCAL RESIDENT FAMILY EXPOSURE GROUP FROM
REPRESENTATIVE ANNUAL GASEOUS DISCHARGES

Annual dose from representative discharges (nuSv/y)

Radionuclide Ingestion Total external Inhalation Total
Tritium 5.1E-01 0.0E+00 1.3E+00 1.8E+00
Carbon-14 2.1E+01 4.1E-05 2.2E+01 4.4E+01
Argon-41 0.0E+00 4.2E+00 0.0E+00 4.2E+00
Cobalt-60 1.7E-04 3.5E-02 7.0E-04 3.8E-02
Krypton-85 0.0E+00 5.3E-02 0.0E+00 5.3E-02
Strontium-90 2.8E-04 1.4E-09 3.5E-04 6.2E-04
Todine-131 8.6E-01 8.0E-03 8.2E-02 9.5E-01
Xenon-133 0.0E+00 9.1E-02 0.0E+00 9.1E-02
Caesium-137 4.9E-04 8.5E-03 1.3E-04 9.1E-03
Todine-133" 2.8E-02 3.0E-03 3.8E-02 7.0E-02
Krypton-85? 0.0E+00 3.5E-02 0.0E+00 3.5E-02
Cobalt-58° 5.3E-05 3.2E-03 4.3E-04 3.7E-03
Total 2.3E+01 4.4E+00 2.4E+01 5.1E+01
Notes:

1. Surrogate radionuclide for ‘other radioiodines’ category
2. Surrogate radionuclide for ‘other noble gasses’ category
3. Surrogate radionuclide for ‘other particulates’ category
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Table 5.2-10

STAGE 1 DOSE TO LOCAL RESIDENT FAMILY EXPOSURE GROUP FROM
CALCULATED ANNUAL LIMIT GASEOUS DISCHARGES

Annual dose from limit discharges (nuSv/y)

Radionuclide Ingestion Total external Inhalation Total
Tritium 8.1E-01 0.0E+00 2.1E+00 2.9E+00
Carbon-14 3.3E+01 6.4E-05 3.5E+01 6.8E+01
Argon-41 0.0E+00 6.4E+00 0.0E+00 6.4E+00
Cobalt-60 2.7E-04 5.5E-02 1.1E-03 6.0E-02
Krypton-85 0.0E+00 9.1E-02 0.0E+00 9.1E-02
Strontium-90 4.5E-04 2.2E-09 5.6E-04 9.8E-04
Todine-131 1.2E+00 1.1E-02 1.2E-01 1.4E+00
Xenon-133 0.0E+00 1.4E-01 0.0E+00 1.4E-01
Caesium-137 7.6E-04 1.3E-02 2.0E-04 1.4E-02
Todine-133" 5.0E-02 5.3E-03 6.8E-02 1.3E-01
Krypton-85? 0.0E+00 5.2E-02 0.0E+00 5.2E-02
Cobalt-58° 8.8E-05 5.4E-03 7.2E-04 6.2E-03
Total 3.5E+01 6.8E+00 3.7E+01 7.9E+01
Notes:

1. Surrogate radionuclide for ‘other radioiodines’ category
2. Surrogate radionuclide for ‘other noble gasses’ category
3. Surrogate radionuclide for ‘other particulates’ category
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Table 5.2-11

STAGE 2 DOSE PER UNIT RELEASE FACTORS FOR ANNUAL LIQUID DISCHARGES

Dose per unit release factor (uSv/y per Bq/y)

Radionuclide External Ingestion Total
Tritium 0.0E+00 6.8E-16 6.8E-16
Carbon-14 1.2E-16 3.5E-10 3.5E-10
Iron-55 0.0E+00 2.3E-13 2.3E-13
Cobalt-58 4.2E-11 1.2E-11 5.3E-11
Cobalt-60 2.1E-09 5.8E-11 2.1E-09
Nickel-63 0.0E+00 2.8E-12 2.8E-12
Strontium-90 7.7E-16 4.7E-12 4.7E-12
Caesium-137 9.2E-11 2.2E-11 1.1E-10
Plutonium-241 1.8E-13 2.5E-11 2.5E-11
Cerium-144 1.1E-11 1.0E-12 1.2E-11
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Table 5.2-12

STAGE 2 DOSE TO FISHERMAN FAMILY EXPOSURE GROUP FROM
REPRESENTATIVE ANNUAL LIQUID DISCHARGES

Annual dose from representative discharges (uSv/y)
Radionuclide External Ingestion Total

Tritium 0.0E+00 2.4E-02 2.4E-02
Carbon-14 5.4E-07 1.6E+00 1.6E+00
Iron-55 0.0E+00 1.5E-04 1.5E-04
Cobalt-58 2.2E-02 6.2E-03 2.9E-02
Cobalt-60 6.2E-01 1.7E-02 6.4E-01
Nickel-63 0.0E+00 1.9E-03 1.9E-03
Strontium-90 2.5E-10 1.5E-06 1.5E-06
Caesium-137 2.8E-03 6.5E-04 3.4E-03
Plutonium-241 2.0E-08 2.7E-06 2.7E-06
Cerium-144" 1.2E-02 1.1E-03 1.3E-02
Total 6.6E-01 1.6E+00 2.3E+00
Notes

1. Surrogate radionuclide for ‘other radionuclides’ category
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Table 5.2-13
STAGE 2 DOSE TO FISHERMAN FAMILY EXPOSURE GROUP FROM
CALCULATED ANNUAL LIMIT LIQUID DISCHARGES
Annual dose from limit discharges (nuSv/y)
Radionuclide External Ingestion Total

Tritium 0.0E+00 4.1E-02 4.1E-02
Carbon-14 8.6E-07 2.5E+00 2.5E+00
Iron-55 0.0E+00 2.3E-04 2.3E-04
Cobalt-58 3.7E-02 1.0E-02 4.8E-02
Cobalt-60 1.0E+00 2.9E-02 1.1E+00
Nickel-63 0.0E+00 2.8E-03 2.8E-03
Strontium-90 3.8E-10 2.3E-06 2.3E-06
Caesium-137 4.6E-03 1.1E-03 5.7E-03
Plutonium-241 3.7E-08 4.9E-06 5.0E-06
Cerium-144" 2.2E-02 2.0E-03 2.4E-02
Total 1.1E+00 2.6E+00 3.7E+00
Notes

1. Surrogate radionuclide for ‘other radionuclides’ category
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Table 5.2-14

PARAMETERS APPLIED FOR PLUME RISE AND BUILDING WAKE MODELLING

(rectangular shape assumed for modelling

Parameter Value
Height of reactor building 70 m
Equivalent footprint of reactor building 43 mby 43 m

purposes)

Position of release point relative to reactor On the roof, 7 m from the edge
building

Physical stack height 75 m

Equivalent diameter of the plant vent (circular 244 m

shape assumed for modelling purposes)

Release temperature Ambient

Release velocity 8.15 m/s
Volumetric flow rate 38.13m’s
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Table 5.2-15

STAGE 2 DOSE PER UNIT RELEASE FACTORS FOR ANNUAL GASEOUS DISCHARGES

Dose per unit release factor (uSv/y per Bq/y)
Radionuclide Ingestion Total external Inhalation Total
Tritium 4.1E-14 0.0E+00 4.8E-15 4.5E-14
Carbon-14 5.0E-12 4.5E-19 2.5E-13 5.2E-12
Argon-41 0.0E+00 2.2E-14 0.0E+00 2.2E-14
Cobalt-60 8.0E-12 7.7E-11 1.5E-12 8.6E-11
Krypton-85 0.0E+00 9.1E-17 0.0E+00 9.1E-17
Strontium-90 9.6E-11 2.2E-17 5.6E-12 1.0E-10
Iodine-131 6.2E-10 2.7E-13 2.7E-12 6.2E-10
Xenon-133 0.0E+00 4.9E-16 0.0E+00 4.9E-16
Caesium-137 5.7E-11 4.6E-11 7.0E-13 1.0E-10
lIodine-133 1.1E-11 5.3E-14 6.8E-13 1.2E-11
Krypton-85 0.0E+00 9.1E-17 0.0E+00 9.1E-17
Cobalt-58 6.6E-13 1.9E-12 2.5E-13 2.8E-12

UKP-GW-GL-790 281 Revision 7



Westinghouse Non-Proprietary Class 3

5.0 Environmental Impact UK AP1000 Environment Report

Table 5.2-16

STAGE 2 DOSE TO LOCAL RESIDENT FAMILY EXPOSURE GROUP FROM
REPRESENTATIVE ANNUAL GASEOUS DISCHARGES

Annual dose from representative discharges (nuSv/y)

Radionuclide Ingestion Total external Inhalation Total
Tritium 7.7E-02 0.0E+00 9.2E-03 8.6E-02
Carbon-14 3.2E+00 2.9E-07 1.6E-01 3.3E+00
Argon-41 0.0E+00 2.9E-02 0.0E+00 2.9E-02
Cobalt-60 2.5E-05 2.5E-04 4.9E-06 2.8E-04
Krypton-85 0.0E+00 3.7E-04 0.0E+00 3.7E-04
Strontium-90 4.2E-05 9.9E-12 2.5E-06 4.5E-05
Todine-131 1.3E-01 5.6E-05 5.7E-04 1.3E-01
Xenon-133 0.0E+00 6.4E-04 0.0E+00 6.4E-04
Caesium-137 7.4E-05 5.9E-05 9.1E-07 1.3E-04
Todine-133" 4.2E-03 2.1E-05 2.6E-04 4.5E-03
Krypton-85 0.0E+00 2.5E-04 0.0E+00 2.5E-04
Cobalt-58° 7.9E-06 2.3E-05 3.0E-06 3.4E-05
Total 3.4E+00 3.1E-02 1.7E-01 3.6E+00
Notes:

1. Surrogate radionuclide for ‘other radioiodines’ category
2. Surrogate radionuclide for ‘other noble gasses’ category
3. Surrogate radionuclide for ‘other particulates’ category
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Table 5.2-17

STAGE 2 DOSE TO LOCAL RESIDENT FAMILY EXPOSURE GROUP FROM
CALCULATED ANNUAL LIMIT GASEOUS DISCHARGES

Annual dose from limit discharges (nuSv/y)

Radionuclide Ingestion Total external Inhalation Total
Tritium 1.2E-01 0.0E+00 1.4E-02 1.4E-01
Carbon-14 5.0E+00 4.5E-07 2.5E-01 5.2E+00
Argon-41 0.0E+00 4.5E-02 0.0E+00 4.5E-02
Cobalt-60 4.0E-05 3.9E-04 7.7E-06 4.3E-04
Krypton-85 0.0E+00 6.4E-04 0.0E+00 6.4E-04
Strontium-90 6.7E-05 1.6E-11 3.9E-06 7.1E-05
Todine-131 1.8E-01 8.0E-05 8.2E-04 1.9E-01
Xenon-133 0.0E+00 9.8E-04 0.0E+00 9.8E-04
Caesium-137 1.1E-04 9.1E-05 1.4E-06 2.1E-04
Todine-133" 7.6E-03 3.7E-05 4.8E-04 8.1E-03
Krypton-85 0.0E+00 3.6E-04 0.0E+00 3.6E-04
Cobalt-58° 1.3E-05 3.8E-05 5.0E-06 5.6E-05
Total 5.3E+00 4.7E-02 2.6E-01 5.6E+00
Notes:

1. Surrogate radionuclide for ‘other radioiodines’ category
2. Surrogate radionuclide for ‘other noble gasses’ category
3. Surrogate radionuclide for ‘other particulates’ category
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Table 5.2-18

DISCHARGES APPLIED FOR THE SHORT-TERM DOSE ASSESSMENT

Maximum monthly discharge Discharge rate assuming 30

Radionuclide (Bq) minute release (Bq/s)
Tritium 24E+11 1.3E+08
Carbon-14 8.3E+10 4.6E+07
Argon-41 1.7E+11 9.5E+07
Cobalt-60 2.7E+05 1.5E+02
Krypton-85 1.3E+12 7.1E+08
Strontium-90 3.7E+04 2.1E+01
Todine-131 1.7E+07 9.6E+03
Xenon-133 1.9E+11 1.0E+08
Caesium-137 1.1E+05 6.2E+01
Todine-133" 3.2E+07 1.8E+04
Krypton-85 5.8E+11 3.2E+08
Cobalt-58° 1.0E+06 5.7E+02
Notes:

1. Surrogate radionuclide for ‘other radioiodines’ category
2. Surrogate radionuclide for ‘other noble gasses’ category
3. Surrogate radionuclide for ‘other particulates’ category
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Table 5.2-19

PARAMETERS APPLIED FOR SHORT-TERM RELEASE MODELLING

Parameter

Value

Wind direction

Single wind direction, from source to receptor

Wind speed (at a height of 10 m)

3 m/s

Rainfall rate

0.1 mm/h (continuous)

Atmospheric stability condition Neutral
Boundary layer height 800 m
Surface roughness length 0.3 m
Wet deposition rate for noble gasses, tritium and 0g!
carbon-14
Wet deposition rate for particulates 0.0001 s™
Dry deposition rate for noble gasses, tritium and

0 m/s
carbon-14
Dry deposition rate for iodine isotopes 0.01 m/s
Dry deposition rate for other particulates 0.001 m/s
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Table 5.2-20

ACTIVITY CONCENTRATION IN AIR AND DEPOSITED TO THE GROUND PER UNIT
RELEASED FOR A SHORT-TERM RELEASE

Integrated air: Bq s m™ per Bq released
Deposited: Bq m™ per Bq released

Integrated air Deposited Integrated air Deposited

Radionuclide at 100 m at 100 m at 500 m at 500 m
Tritium 2.0E-06 0.0E+00 7.9E-06 0.0E+00
Carbon-14 2.0E-06 0.0E+00 7.9E-06 0.0E+00
Argon-41 2.0E-06 0.0E+00 7.9E-06 0.0E+00
Cobalt-60 1.9E-06 5.5E-07 7.9E-06 1.2E-07
Krypton-85 2.0E-06 0.0E+00 7.9E-06 0.0E+00
Strontium-90 1.9E-06 5.5E-07 7.9E-06 1.2E-07
Iodine-131 1.8E-06 5.7E-07 7.2E-06 1.9E-07
Xenon-133 2.0E-06 0.0E+00 7.9E-06 0.0E+00
Caesium-137 1.9E-06 5.5E-07 7.9E-06 1.2E-07
lIodine-133 1.8E-06 5.7E-07 7.2E-06 1.9E-07
Krypton-85 2.0E-06 0.0E+00 7.9E-06 0.0E+00
Cobalt-58 1.9E-06 5.5E-07 7.9E-06 1.2E-07
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Table 5.2-21

CLOUD GAMMA DOSE FACTORS FOR A SHORT-TERM RELEASE

Radionuclide External dose (Sv per Bq released)
Tritium 0.0E+00
Carbon-14 0.0E+00
Argon-41 1.8E-18
Cobalt-60 3.4E-18
Krypton-85 2.0E-21
Strontium-90 2.4E-30
Iodine-131 3.5E-19
Xenon-133 6.7E-20
Caesium-137 4.0E-19
lIodine-133 5.5E-19
Krypton-85 2.0E-21
Cobalt-58 7.2E-19
Table 5.2-22

BREATHING RATES FOR SHORT-TERM RELEASE ASSESSMENT

Breathing rate (m3/h)
Adult Child Infant
Inhalation rate 3.0 0.87 0.31
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5.0 Environmental Impact

Westinghouse Non-Proprietary Class 3

UK AP1000 Environment Report

Table 5.2-24

INGESTION RATES FOR SHORT-TERM RELEASE ASSESSMENT

Ingestion rate (kg/y)
Adult Child Infant
Green vegetables 30 10 5
Root vegetables'"” 130 95 45
Sheep meat 3 1.5 0.6
Sheep offal 1 0.5 0.2
Cow meat 15 10 3
Cow offal 1 0.5 0.2
Cow milk" 240 240 320
Fruit 15 15 7.5
Notes:
1. High rate consumption assumed
Table 5.2-25

ANNUAL EXTERNAL GAMMA DOSE PER UNIT SURFACE DEPOSITION

Radionuclide External dose (Sv/y per Bq/m” initial deposit)
Cobalt-60 6.80E-08
Strontium-90 2.77E-08
Iodine-131 3.81E-10
Caesium-137 8.41E-07
Iodine-133 2.98E-09
Cobalt-58 3.81E-07
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Table 5.2-26

OCCUPANCY AND SHIELDING FACTORS FOR SHORT-TERM DOSE ASSESSMENT

Parameter Value
Indoor occupancy assumed for cloud gamma 0
pathway
Indoor occupancy assumed for deposited gamma
0.9
pathway (all ages)
Deposited gamma indoor shielding factor 0.1

Table 5.2-27

DOSE TO ADULTS FROM SHORT-TERM GASEOUS DISCHARGE

Dose from short-term discharges to adults (uSv)

Radionuclide Ingestion Total external Inhalation Total
Tritium 5.1E-02 0.0E+00 7.1E-03 5.8E-02
Carbon-14 2.1E+00 0.0E+00 2.7E-01 2.4E+00
Argon-41 0.0E+00 3.1E-01 0.0E+00 3.1E-01
Cobalt-60 1.8E-05 1.9E-03 4.3E-06 1.9E-03
Krypton-85 0.0E+00 2.6E-03 0.0E+00 2.6E-03
Strontium-90 5.9E-05 1.1E-04 2.1E-06 1.7E-04
Iodine-131 3.9E-02 7.2E-04 2.0E-04 4.0E-02
Xenon-133 0.0E+00 1.3E-02 0.0E+00 1.3E-02
Caesium-137 4.6E-04 9.8E-03 8.2E-07 1.0E-02
Todine-133" 9.4E-04 1.0E-02 7.4E-05 1.1E-02
Krypton-85 0.0E+00 1.2E-03 0.0E+00 1.2E-03
Cobalt-58" 1.1E-05 4.1E-02 2.6E-06 4.1E-02
Total 2.2E+00 3.9E-01 2.8E-01 2.8E+00
Notes:

1. Surrogate radionuclide for ‘other radioiodines’ category
2. Surrogate radionuclide for ‘other noble gasses’ category
3. Surrogate radionuclide for ‘other particulates’ category

UKP-GW-GL-790 290 Revision 7
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Table 5.2-28
DOSE TO CHILDREN FROM SHORT-TERM GASEOUS DISCHARGE
Dose from short-term discharges to children (uSv)
Radionuclide Ingestion Total external Inhalation Total
Tritium 5.6E-02 0.0E+00 2.6E-03 5.9E-02
Carbon-14 2.3E+00 0.0E+00 1.1E-01 2.4E+00
Argon-41 0.0E+00 3.1E-01 0.0E+00 3.1E-01
Cobalt-60 2.8E-05 1.9E-03 1.9E-06 1.9E-03
Krypton-85 0.0E+00 2.6E-03 0.0E+00 2.6E-03
Strontium-90 1.1E-04 1.1E-04 8.8E-07 2.1E-04
lIodine-131 8.5E-02 7.2E-04 1.5E-04 8.6E-02
Xenon-133 0.0E+00 1.3E-02 0.0E+00 1.3E-02
Caesium-137 2.9E-04 9.8E-03 1.9E-07 1.0E-02
Todine-133"" 1.9E-03 1.0E-02 5.5E-05 1.2E-02
Krypton-85 0.0E+00 1.2E-03 0.0E+00 1.2E-03
Cobalt-58 1.3E-05 4.1E-02 1.1E-06 4.1E-02
Total 2.4E+00 3.9E-01 1.1E-01 2.9E+00
Notes:
1. Surrogate radionuclide for ‘other radioiodines’ category
2. Surrogate radionuclide for ‘other noble gasses’ category
3. Surrogate radionuclide for ‘other particulates’ category
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Westinghouse Non-Proprietary Class 3

5.0 Environmental Impact

UK AP1000 Environment Report

DOSE TO INFANTS FROM SHORT-TERM GASEOUS DISCHARGE

Table 5.2-29

Dose from short-term discharges to infants (uSv)

Radionuclide Ingestion Total external Inhalation Total
Tritium 1.2E-01 0.0E+00 2.0E-03 1.3E-01
Carbon-14 4.0E+00 0.0E+00 9.1E-02 4.1E+00
Argon-41 0.0E+00 3.1E-01 0.0E+00 3.1E-01
Cobalt-60 5.1E-05 1.9E-03 1.5E-06 2.0E-03
Krypton-85 0.0E+00 2.6E-03 0.0E+00 2.6E-03
Strontium-90 1.6E-04 1.1E-04 6.8E-07 2.6E-04
Todine-131 3.6E-01 7.2E-04 2.0E-04 3.6E-01
Xenon-133 0.0E+00 1.3E-02 0.0E+00 1.3E-02
Caesium-137 3.2E-04 9.8E-03 1.0E-07 1.0E-02
Todine-133" 1.1E-02 1.0E-02 9.2E-05 2.1E-02
Krypton-85 0.0E+00 1.2E-03 0.0E+00 1.2E-03
Cobalt-58 2.5E-05 4.1E-02 1.1E-06 4.1E-02
Total 4.5E+00 3.9E-01 9.4E-02 4.9E+00
Notes:

1. Surrogate radionuclide for ‘other radioiodines’ category
2. Surrogate radionuclide for ‘other noble gasses’ category
3. Surrogate radionuclide for ‘other particulates’ category
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5.0 Environmental Impact

Westinghouse Non-Proprietary Class 3

UK AP1000 Environment Report

Table 5.2-34

ACTIVITY IN SOIL IN 60TH YEAR OF ATMOSPHERIC DISCHARGES

Radionuclide Activity Concentration at 500 m (Bq/kg)
Chromium-51 8.1E-16
Manganese-54 7.0E-15
Cobalt-58 8.6E-14
Cobalt-60 7.1E-13
Strontium-89 7.6E-15
Strontium-90 3.5E-13
Yttrium-90 (daughter of strontium-90) 3.4E-20
Zirconium-95 3.3E-15
Niobium-95 (daughter of zirconium-95) 1.0E-19
Niobium-95m (daughter of zirconium-95) 2.9E-20
Niobium-95 4.3E-15
lodine-131 7.9E-13
Iodine-133 1.4E-13
Caesium-134 8.1E-14
Caesium-137 1.1E-12
Barium-137m (daughter of caesium-137) 7.8E-20
Barium-140 2.5E-16
Lanthanum-140 (daughter of barium-140) 1.1E-19
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Westinghouse Non-Proprietary Class 3

5.0 Environmental Impact

UK AP1000 Environment Report

Table 5.2-35

ACTIVITY CONCENTRATION IN COASTAL SEDIMENTS IN 60TH YEAR OF LIQUID

DISCHARGES
Radionuclide Activity Concentration in Local Compartment

(Bq/kg)
Tritium 1.4E+01
Carbon-14 1.1E+00
Sodium-24 6.6E-09
Chromium-51 1.9E-04
Manganese-54 2.1E-03
Iron-55 8.7E-02
Iron-59 3.8E-05
Cobalt-58 5.7E-03
Cobalt-60 7.4E-02
Nickel-63 5.4E-01
Zinc-65 4.3E-04
Strontium-89 4.5E-06
Strontium-90 3.5E-05
Yttrium-91 1.0E-06
Zirconium-95 8.6E-05
Niobium-95 (daughter of zirconium-95) 9.7E-05
Niobium-95 3.7E-05
Technetium-99m 9.5E-10
Technetium-99 (daughter of technetium-99m) 1.1E-12
Ruthenium-103 7.0E-05
Silver-110m 2.7E-04
lIodine-131 3.2E-07
Xenon-131m (daughter of iodine-131) 3.8E-07
lodine-132 1.0E-10
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Table 5.2-35 (continued)

ACTIVITY CONCENTRATION IN COASTAL SEDIMENTS IN 60TH YEAR OF LIQUID

DISCHARGES
Radionuclide Activity Concentration in Local Compartment

(Bq/kg)
lodine-133 1.1E-08
Xenon-133 (daughter of iodine-133) 4.4E-08
lodine-134 4.3E-12
lodine-135 9.7E-10
Xenon-135 (daughter of iodine-135) 2.1E-09
Caesium-135 (daughter of iodine-135) 3.3E-12
Caesium-134 4.7E-04
Caesium-136 6.0E-06
Caesium-137 7.2E-03
Barium-140 1.1E-05
Lanthanum -140 (daughter of barium-140) 1.4E-05
Lanthanum-140 8.9E-07
Cerium-144 4.9E-03
Promethium-144 2.3E-10
Plutonium-241 4.7E-05
Americium-241 (daughter of plutonium-241) 1.4E-06
Neptunium-237 (plutonium-241 decay chain) 6.1E-12
Uranium-233 (plutonium-241 decay chain) 3.2E-16
Thorium-229 (plutonium-241 decay chain) 3.4E-19
Actinium-225 (plutonium-241 decay chain) 3.4E-19
Bismuth-213 (plutonium-241 decay chain) 3.4E-19
Lead-209 (plutonium-241 decay chain) 3.4E-19
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Table 5.3-1

ERICA TOOL TIER 2 OUTPUT CLASSIFICATION

Level of Concern Expected RQ Conservative RQ
Negligible <1 <1
Insufficient Confidence <1 >1
Of Concern >1 >1
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Table 5.3-2

AIR EMISSION DATA USED IN THE ERICA TOOL

Westinghouse Value Used in
Predicted Operating Value Used in Wildlife Dose
Data ERICA Assessment
[c.f. Table 3.3-8] Tool Spreadsheet
Isotope Bgs™ Bgs™ Bgs™
Tritium 5.71E+04 5.71E+04 -
Carbon-14 1.92E+04 1.92E+04 -
Argon-41 3.99E+04 - 3.99E+04
Chromium-51 7.29E-03 - -
Manganese-54 5.07E-03 5.07E-03 -
Cobalt-58 2.70E-01 2.70E-01 -
Cobalt-60 1.01E-01 1.01E-01 -
Krypton-85 1.73E+05 ! — 2.12E+05 112
Krypton-85m 7.61E+02 - -
Strontium-89 3.49E-02 3.49E-02 -
Strontium-90 1.40E-02 1.40E-02 -
Zirconium-95 1.17E-02 1.17E-02 -
Niobium-95 2.95E-02 2.95E-02 -
Iodine-131 6.66E+00 6.02E+00 -
Iodine-133 1.11E+01 9.83E+00 -
Xenon-133 4.12E+04 - [2]
Caesium-134 2.70E-02 2.70E-02 -
Caesium-137 4.12E-02 4.12E-02 -
Barium-140 5.07E-03 - -
Notes:

1. Krypton-85 value includes emissions of isotopes Krypton-87, Krypton-88, Xenon-131 m, Xenon-133 m,
Xenon-135, Xenon-135m, Xenon-137 and Xenon-138
2. Xenon-133 included with Krypton-85
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Table 5.3-3

INPUT DATA FOR THE ERICA TIER 1 ASSESSMENT OF AIR EMISSIONS

Area Wall

Parameter Input Comments

Ecosystem Terrestrial Appropriate for evaluating impact of air emissions

Media activity IAEA SRS-19 air | Generic dispersion model within ERICA. Established

concentration model internationally recognised methodology. Provides
consistency, allowing comparison between different
assessments. May be overly conservative.

Release height 81.626 m Reactor Building Vent 74.926 m (Reference 1-1) + 6.7 m
plume rise under neutral atmospheric conditions

Distance to 200 m Distance to generic site boundary

receptor

Wind speed 5.0 m/s Average wind speed value assumed for generic site

Fraction of time 0.25 Default value — conservative for generic site

(wind blowing

towards the

direction of

receptor)

Dry deposition 500 m/d ERICA Default Value. These values are based on a

coefficient recommendation that a total deposition coefficient for wet

" and dry deposition 1000 m/d is used for screening purposes

Wet deposmon 300 m/d for deposition of aerosols and reactive gases (Reference 5-4)

coefficient

Surface soil 260 kg/m2 ERICA Default Value. Value typical for crops on non-peat

density soils with a rooting zone depth of 0-20cm (Reference 5-4).
Actual values of surface soil density may vary depending on
the origin, mineral content and classification of the soil, but
uncertainties about soil density are relatively small.

Duration of 60 years Lifetime of Westinghouse PWR plant (Reference 1-1)

discharge

Buildings nearby | yes Reactor Building (Reference 1-1)

Building Height 70m Reactor Building (Reference 1-1)

Buildings Surface | 3000m’ Reactor Building (Reference 1-1)
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Table 5.3-4

TIER 1 RESULTS OF ERICA TOOL ASSESSMENT ON AIR EMISSIONS

Isotope Risk Quotient (unit less) Limiting Reference Organism
H-3 2.26E-04 Detritivorous invertebrate

C-14 2.38E-03 Mammal (deer)

Mn-54 4.09E-09 Detritivorous invertebrate
Co-58 7.17E-08 Mammal (rat)

Co-60 1.51E-06 Mammal (rat)
Sr-89 1.42E-07 Reptile
Sr-90 7.10E-06 Reptile
Zr-95 1 72E-09 ﬁigﬁiﬁ;?;i V1'(]1:)\If.erznrt)ebrate, soil
Nb-95 2.53E-09 Mammal (rat)
1-133 6.49E-06 Bird egg

Cs-134 6.06E-07 Mammal (deer)

Cs-137 2.55E-06 Mammal (deer)
I-131 1.71E-05 Bird egg

> Risk Quotients 2.64E-03
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Table 5.3-5

SENSITIVITY OF THE TIER 1 RESULTS OF ERICA TOOL ASSESSMENT FOR

AIR EMISSIONS
Distance to
Stack Height Wind Speed Receptor Sum of Risk
Scenario (m) (ms™) (m) Quotient (unitless)
A 81.626 5 200 2.64E-03
B 39.8 5 200 2.99E-03
C 81.626 1 200 1.32E-02
D 81.626 2 200 6.60E-03
E 81.626 5 200 2.64E-03
F 81.626 10 200 1.32E-03
G 81.626 5 50 5.82E-02
H 81.626 5 100 5.82E-02
I 81.626 5 200 2.64E-03
J 81.626 5 300 1.56E-03
K 39.8 1 50 2.91E-01
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Table 5.3-6

WATER DISCHARGE DATA USED IN THE ERICA TOOL

Westinghouse
Predicted Operating Value Used in Value Used in
Data ERICA Tier 1 ERICA Tier 2
[Reference 8] Assessment Assessment
Isotope Bgs™ Bgs™ Bgs™
Tritium 1.06E+06 1.06E+06 1.06E+06
Carbonl4 1.05E+02 1.05E+02 1.05E+02
Sodium-24 1.20E+00 - 1.20E+00
Chromium-51 1.46E+00 - 1.46E+00
Manganese-54 1.01E+00 1.01E+00 1.01E+00
Cobalt-58 1.30E+01 1.30E+01 1.30E+01
Iron-55 1.55E+01 - 1.55E+01
Iron-59 1.59E-01 - 1.59E-01
Cobalt-60 7.29E+00 7.29E+00 7.29E+00
Nickel-63 1.71E+01 1.71E+01 1.71E+01
Zinc-65 3.17E-01 - 3.17E-01
Rubidium-88 1.24E-02 - 1.24E-02
Strontium-89 7.61E-02 7.61E-02 7.61E-02
Strontium-90 7.93E-03 7.93E-03 7.93E-03
Yttrium-91 2.89E-03 - 2.89E-03
Zirconium-95 2.19E-01 2.19E-01 2.19E-01
Niobium-95 1.93E-01 1.93E-01 1.93E-01
Molybdenum-99 6.02E-01 - 6.02E-01
Technetium-99m 5.71E-01 - 5.71E-01
Ruthenium-103 3.81E+00 3.81E+00 3.81E+00
Silver-110m 8.24E-01 8.24E-01 8.24E-01
lodine-131 4.76E-01 4.76E-01 4.76E-01
Iodine-132 6.34E-01 6.34E-01 6.34E-01
Iodine-133 9.20E-01 9.20E-01 9.20E-01
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Table 5.3-6 (cont.)

WATER DISCHARGE DATA USED IN THE ERICA TOOL

Westinghouse
Predicted Operating Value Used in Value Used in
Data ERICA Tier 1 ERICA Tier 2
[Reference 8] Assessment Assessment
Isotope Bgs™ Bgs™ Bgs™
Iodine-134 1.87E-01 - 1.87E-01
Iodine-135 7.61E-01 - 7.61E-01
Caesium-134 2.41E-01 2.41E-01 2.41E-01
Caesium-136 2.95E-01 2.95E-01 2.95E-01
Caesium-137 7.29E-01 7.29E-01 7.29E-01
Barium-140 4.44E-01 - 4.44E-01
Lanthanum-140 5.71E-01 - 5.71E-01
Cerium-144 2.54E+00 2.54E+00 2.54E+00
Praseodymium-144 2.54E+00 - 2.54E+00
Plutonium-241 2.54E-03 2.54E-03 2.54E-03

Note:

<1.17E-03 Bgs™ each.

C1-36, Nb-94, As-76, Br-82, Rb-86, Tc-99, Ru-106, Sn-117m, Sb-122, Sb-124, Sb-125, 1-129 U-234, U-235, U-
238, Np-237, Pu-238, Pu-239, Pu-240, Pu-242, Am-241, Am-243, Cm-242, Cm-244 and all others
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Westinghouse Non-Proprietary Class 3

5.0 Environmental Impact UK AP1000 Environment Report

Table 5.3-8

TIER 1 RESULTS OF ERICA TOOL ASSESSMENT ON WATER DISCHARGES

Isotopes Risk Quotient (unitless) Limiting reference organism
H-3 1.78E-03 Phytoplankton
C-14 9.61E-03 Wading bird, reptile
Mn-54 1.70E-01 Polychaete worm
Co-58 3.86E-01 Polychaete worm
Co-60 5.50E-01 Polychaete worm
Ni-63 2.31E-04 Benthic mollusc
Sr-89 1.57E-06 Sea anemones or true corals —
colony
Sr-90 3.06E-07 Sea anemones or true corals —
colony
Zr-95 3.32E-02 Polychaete worm
Nb-95 1.18E-02 Polychaete worm
Ru-103 8.15E-03 Phytoplankton
Ag-110m 2.83E-03 Reptile
I-131 4.44E-05 Macroalgae
I-132 1.33E-04 Vascular plant
I-133 1.61E-04 Macroalgae
Cs-134 1.50E-04 Polychaete worm
Cs-136 2.51E-04 Polychaete worm
Cs-137 1.71E-04 Polychaete worm
Ce-144 2.69E-01 Polychaete worm
Pu-241 4.35E-07 Phytoplankton
> Risk Quotients 1.44+00
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Table 5.3-9

TIER 2 RESULTS OF WATER DISCHARGES USING THE ERICA DOSE RATE

SCREENING VALUE
Total Dose Dominant Sources RQ RQ
Rate of Dose Rate (expected (conservative
per organism value) value)

Organism (uGyh") Isotope | % Dose (unitless) (unitless)

Polychaete worm 2.52E+01 Fe-59 76% 2.52E+00 7.57E+00
Co-60 7%
Co-58 5%

Macroalgae 1.34E+01 Fe-59 2% 1.34E+00 4.02E+00
Co-60 7%
Co-58 5%

Sea anemones or 1.31E+01 Fe-59 73% 1.31E+00 3.92E+00
true corals — polyp Co-60 7%
Co-58 5%

Benthic mollusc 1.23E+01 Fe-59 77% 1.23E+00 3.70E+00
Co-60 7%
Co-58 5%

Vascular plant 1.22E+01 Fe-59 77% 1.22E+00 3.65E+00
Co-60 7%
Co-58 5%

Benthic fish 1.15E+01 Fe-59 78% 1.15E+00 3.44E+00
Co-60 8%
Co-58 5%

Sea anemones or 1.13E+01 Fe-59 77% 1.13E+00 3.39E+00
true corals — colony Co-60 8%
Co-58 5%

Crustacean 1.10E+01 Fe-59 79% 1.10E+00 3.30E+00
Co-60 8%
Co-58 5%

Mammal 3.51E+00 Fe-55 65% 3.51E-01 1.05E+00
Fe-59 34%
C-14 1%

Reptile 3.50E+00 Fe-55 65% 3.50E-01 1.05E+00
Fe-59 33%
C-14 1%

(Wading) bird 2.76E+00 Fe-55 83% 2.76E-01 8.28E-01
Fe-59 16%
C-14 1%
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Table 5.3-9 (cont.)
TIER 2 RESULTS OF WATER DISCHARGES USING THE ERICA DOSE RATE
SCREENING VALUE
Total Dose Dominant Sources RQ RQ
Rate of Dose Rate (expected (conservative
per organism value) value)
Organism (uGyh") Isotope | % Dose (unitless) (unitless)
Zooplankton 9.09E-02 Fe-55 56% 9.09E-03 2.73E-02
C-14 20%
Ru-103 6%
Pelagic fish 3.87E-02 Fe-55 57% 3.87E-03 1.16E-02
H-3 13%
C-14 12%
Phytoplankton 3.23E-02 Fe-55 88% 3.23E-03 9.69E-03
H-3 7%
Fe-59 4%
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Table 5.3-11

INPUT DATA IN THE WILDLIFE DOSE ASSESSMENT SPREADSHEET

Parameter Input Comments
Ecosystem Terrestrial
Concentration Rations Spreadsheet Spreadsheet Default Value
Default
Occupancy Factor Spreadsheet Spreadsheet Default Value
Default
Radiation Weighting Factor 1.0 Spreadsheet Default Value
Beta/Gamma
Emission flow rate 38.13 m’s” Westinghouse Design (Reference 1-1)
Argon-41 concentration at 0.360 Bqm”™ Calculated in Reference 5-8 using Equations 4
receptor to 6 from Reference 5-4
Krypton-85 concentration at 1.911 Bqm™ Calculated in Reference 5-8 using Equations 4
receptor to 6 from Reference 5-4
Distance to receptor 200 m Distance to generic site boundary
Wind speed 5.0 m/s Default value — conservative for generic site
Fraction of time (wind blowing | 0.25 ERICA Default Value
towards the direction of
receptor)
Building Height 70m Reactor Building (Reference 1-1)
Buildings Surface Area Wall 3000m’ Reactor Building (Reference 1-1)
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Table 5.3-12

OUTPUT DATA IN THE WILDLIFE DOSE ASSESSMENT SPREADSHEET

Sum of Ar-41 and Kr-85
Dose Rate per Organism

Organism (nGy h™)
Ant 1.1E-04
Bacteria 6.4E-08
Bee 2.3E-04
Bird 1.5E-04
Bird Egg 1.1E-04
Caterpillar 2.6E-04
Earthworm 3.1E-08
Fungi 2.7E-04
Herb 1.7E-04
Lichen 1.4E-04
Mammal (carnivore) 5.7E-05
Mammal (herbivore) 4.9E-05
Reptile 6.3E-05
Rodent 4.6E-05
Seed 2.0E-04
Shrub 1.7E-04
Tree 1.7E-04
Woodlouse 1.4E-04
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A — Dungeness, B — Hartlepool, C — Heysham, D — Hinkley, E — Sizewell

Figure 5.1-1. Location of Nuclear Power Stations Used to Establish the Generic Design Case

Revision 7
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Westinghouse Non-Proprietary Class 3
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6.0 ENVIRONMENTAL MONITORING
6.1 Proposed Regulatory Limits
The EA has produced guidance to assist nuclear regulators in setting consistent radioactive
discharge limits for nuclear-licensed sites (Reference 6-1). This guidance has been used to
calculate annual discharge limits for radioactive atmospheric emissions and radioactive liquid
effluents from the AP1000 NPP (Reference 6-2); this report is summarised below.
6.1.1 Selection of Isotopes
In selecting which isotopes warrant discharge limit calculations, consideration was given to
those radionuclides which:
e are significant in terms of their radiological impact,
e are significant in terms of activity,
e have long half lives and may persist or accumulate in the environment,
e are indicators of plant performance, or
e provide for effective regulatory control.
The criteria for selection are shown in Table 6.1-1 for gaseous discharges and Table 6.1-2 for
liquid discharges.
6.1.2 Limits Setting Procedure

The EA has produced guidance to assist nuclear regulators in setting consistent radioactive
discharge limits for nuclear-licensed sites (Reference 6-1). This guidance suggests the
following steps:

Step 1:  Review all plants on the site that contribute to discharges, and identifying those
where limits should be set.

As no specific site has been selected for the GDA process, no assumptions have
been made regarding emissions and discharges from other plants located on the
generic site. The emission and discharge data used to calculate limits are for the
AP1000 NPP alone.

Step 2:  Derivation of the worst case annual plant discharges (WCPD) using the following
formula:

WCPD=(1.5xDxTxAxB)+C+L+N-1  [I]

where:

1.5 = an EA-established factor which relates “worst case” to average
discharges.

D = the representative average 12-month plant discharge, excluding
discharges due to faulty plant operation.

T = a factor that allows for any future increases in throughput, power output,

etc., relative to the review period.
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6.1.3

A = a factor that allows for plant ageing. This allows for increases in
discharges which result from changes within the plant as it ages that
cannot be remedied or controlled by the operator.

B = a factor that allows for other future changes that are beyond the control
of the operator. For example, in a reprocessing plant, these would
include the need to deal with higher burn-up or shorter-cooled fuel; at a
dockyard, the need to deal with wastes from a new class of submarines.

C = an allowance for decommissioning work beyond that carried out in the
review period (and included in D).

L = an allowance for dealing with legacy wastes, beyond those dealt with in
the review period (and included in D).

N = anallowance for new plant.

I = the reduction in discharges expected as a result of introducing
improvement schemes before the new authorisation comes into force.

Since the Westinghouse AP1000 NPP site is a new plant, allowances are not made
for decommissioning work, legacy wastes, further new plant, or introduction of
improvement schemes. Thus, factors C, L, N, and I become zero, and the worst
case plant annual discharge becomes:

WCPD=15xDxTxAxB [2]
Calculated Limits

To estimate the worst case annual plant discharge, the parameters in equation [2] must be
defined. The selection of parameters is discussed below:

e  Representative 12-month plant discharge (D)

The predicted annual average plant discharges for an AP1000 NPP site are given in
Tables 3.3-6, 3.3-7, 3.3-8, and 3.4-6. These averages are broken down into monthly releases
over the 18-month fuel cycle for air emissions and liquid discharges in Tables 6.1-3 and
6.1-4, respectively. The monthly breakdown accounts for periods of start-up, shutdown, and
maintenance. To allow for periods when the discharge is likely to be higher than the
predicted annual average, the 12 months at the end of each cycle (i.e., months 7-18) is used as
the worst case representative 12-month plant discharge.

e  Future Increase in Throughput (T)

There are no plans to increase the AP1000 NPP throughput, power output, etc., within the
foreseeable future. This parameter has been set to 1.

e Plant Ageing (A)

A margin of 10 percent is considered suitable to allow for increases in discharge as the plant
ages. Therefore, this parameter is set to 1.1.
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6.1.4

6.2

6.2.1

e  Future Changes (B)

There are no foreseen future changes beyond the control of the operator. This parameter has
been set to 1.

Therefore, the worst case annual plant discharge may be calculated for each air and liquid
effluent to propose an annual limit as follows:

WCPD=15xDxTxAxB [2]
WCPD=15xDx1x1.1x1 [3]

The results are summarised in Table 6.1-5 for air emissions and Table 6.1-6 for liquid
discharges. The calculated annual limits are rounded to one significant figure as per the
guidance in Reference 6-1.

Proposed Limits

It is appropriate that the AP1000 NPP is regulated in a similar way to the existing NPPs in
the UK. In this respect, it is proposed that annual limits for the AP1000 NPP are restricted to
those isotopes that already have established limits at UK NPPs (Reference 6-3).

The proposed annual limits for the AP1000 NPP are compared directly against the limits for
the Sizewell B PWR site air emissions in Table 6.1-7 and for liquid discharges in Table 6.1-8.
The proposed limits for the AP1000 NPP are compared directly against the limits for the
UK AGRs in Table 6.1-9 and for liquid discharges in Table 6.1-10.

Figures 6.1-1 to 6.1-7 show how the predicted rolling annual average emissions for gaseous
radioactive emissions compare with the proposed limits. Figures 6.1-8 to 6.1-10 show how
the predicted rolling annual average emissions for liquid radioactive discharges compare with
the proposed limits.

Monitoring Programmes

There are six types of environmental monitoring programmes that are typically used in the
AP1000 NPP system, as shown in Table 6.2-1.

Radiological Monitoring

This section provides a summary of the report on the discharge monitoring arrangements
included in the AP1000 NPP design (Reference 6-4). This report compared the AP1000 NPP
monitoring techniques with relevant UK regulatory guidance (References 6-5 to 6-7). It
concluded that both the aerial and liquid effluent streams monitoring systems are in good
agreement with the guidance.

The proposed AP1000 NPP monitoring systems are broadly equivalent to monitoring systems
currently used in operating UK NPPs. This provides confidence that the AP1000 NPP
monitoring techniques are in line with current best practice in the UK.

During the detailed AP1000 NPP design, consideration will be given to any future
Environment Agency Monitoring Certification Scheme (MCERTS) requirements for the
monitoring of radioactive discharges. This may include sampling and monitoring equipment,
qualifications of personnel involved in monitoring, and laboratory accreditation. None of the
monitoring requirements require new technology or measurement techniques. This provides
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6.2.1.1

confidence that the AP1000 NPP monitoring techniques can be designed and engineered to
demonstrate BAT and meet applicable UK requirements.

Aerial Emissions

Gaseous radioactive effluents arise from a number of processes and in a number of different
areas of the AP1000 NPP. Discharges to the atmosphere from the plant are through two main
vents:

e  The main plant vent provides the release path for containment venting releases, auxiliary
building ventilation releases, annex building releases, radwaste building releases and
gaseous radwaste. The AP1000 NPP WGS receives, processes, and discharges radwaste
gases received during normal modes of plant operation including power generation,
shutdown, and refuelling. About 90 percent of total annual aerial discharges (in Bqg/y
(Cily)) are through the main plant vent.

e  The turbine building vent provides the release path for the condenser air removal system,
land seal condenser exhaust, and the turbine building ventilation releases. Under ideal
normal operation conditions, no radwaste is discharged through the turbine building
vent. However, it is possible that a number of small leaks from the primary coolant to
the secondary coolant cycle occur during the plant’s operations, resulting in the
possibility of a small aerial release from the turbine building vent.

Figure 6.2-1 provides a schematic overview of the aerial release points. The design of the
stack monitoring system is still being developed; the requirements of M1 and M11 will be
considered during this development. The instrument that will be used for flow rate
measurement has not been specified. When the instrument is specified, the register of
MCERTS-certified equipment will be reviewed to determine if a suitable instrument is
available on the register. The exact locations of the monitoring point (MP), flow
measurement point, upstream and downstream disturbances, and location of filtration have
not been determined. A sample point will be chosen where the flow is well mixed and the
velocity profile is relatively constant across the cross-section. The sample point will be
sufficiently remote from the last disturbance in the stack. The rising stack is a straight run
with no bends or disturbances in the line. Sample points will be chosen to ensure that the gas
velocities across the ducts are approximately equal and that the gases are homogenous.

Tables 6.2-2 and 6.2-3 list the monitors that are associated with the main plant vent and
turbine building vent, respectively. The tables include information on the type of monitor,
radionuclides monitored, and detection ranges. The MP numbers relate to Figure 6.2-1.

The main plant vent radiation monitor (MP 8) is an off-line monitor for particulates, iodine
and noble gases. All main plant aerial discharge streams have converged at this point and the
main plant vent monitor provides the data needed for discharge reporting. Sampling is
continuous under routine operating conditions by normal range noble gas, particulate, and
iodine detectors. The particulate monitor uses a beta-sensitive scintillation detector that
views a fixed filter. The iodine detector is a gamma-sensitive, thallium-activated, sodium
iodide, scintillation detector that views a fixed charcoal filter. Krypton-85 and xenon-133 are
monitored by an in-line beta-sensitive scintillation detector. In addition to the normal range
krypton-85 and xenon-133 monitor, MP 8 also contains 2 accident range noble gas detectors,
one for mid-range and one for high-range activity concentrations. These are
beta/gamma-sensitive detectors with smaller sensitive volumes. Accident range particulate
and iodine activity concentrations are monitored at MP 8 using particulate and iodine filters
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which would be taken to the on-site laboratory for analysis. In the event that elevated activity
concentrations are detected by the normal range detectors, the monitored air flow would be
redirected from the normal range detectors to the accident range detectors. In this way, the
normal range detectors would not be damaged and/or contaminated by higher activity
concentrations and remain available to resume monitoring once activity concentrations fall
subsequently. The main plant vent monitor uses a sampling nozzle assembly that has flow
and temperature sensors. Plant vent flow measurements are also provided to allow for
calculation of total flow. The monitor at MP 8 also includes the capability to collect grab
samples for further analysis in the on-site laboratory.

The turbine building vent discharge monitor (MP 10) is an in-line monitor for krypton-85 and
xenon-133, using two beta/gamma-sensitive Geiger-Mueller tubes with overlapping detector
ranges. The main purpose of this monitor is to provide data for discharge reporting in the
event of a primary-to-secondary coolant leak. In addition, MP 9 provides
nitrogen-16 detectors that are sensitive for detecting primary-to-secondary coolant leakage
and are located near the steam generator main steam outlet and upstream of the turbine. The
facility to collect manual grab samples is provided at two points before the turbine vent
effluents converge and are released to the atmosphere; at the condenser air removal system
and at the gland seal system. The grab samples can be analysed in the on-site laboratory.

The monitoring equipment and sample point will be located in the upper-most floors of the
auxiliary building near the base of the main stack structure. They will be located on a
purpose built skid, the design of which is still being developed. The design criteria are for the
monitor installations and sample line connections to be located such that sufficient access is
provided to easily service the monitor or sample line connection. The design of the skid will
contain additional space around the front and rear of the equipment to allow access for
maintenance activities.

There are additional MPs (MPs 1-7) upstream of the main plant vent that provide information
that allow operators to locate the origin of any abnormal releases prior to discharge to the
main plant vent. In addition, these internal vent monitors function as backup monitors for the
main plant vent. They are discussed in the following paragraphs.

The radwaste building exhaust monitor (MP 1) and the health physics and hot machine shop
exhaust monitor (MP 3) are off-line particulate monitors for measuring caesium-137 and
strontium-90. Beta-sensitive scintillation detectors viewing fixed particulate filters are used
in each. The monitors are located downstream of the exhaust fans. The primary purpose of
these monitors is to alert the control room should activity concentrations exceed a
predetermined set point.

The annex building (MP 2), containment air filtration and exhaust (MP 4), auxiliary building
(MP 5), and fuel handling area (MP 6) exhaust radiation monitors are in-line monitors for
krypton-85 and xenon-133, using beta-sensitive scintillation detectors. The monitors are
located upstream of isolation valves which, when triggered, can reroute the waste streams
through filtration exhaust units. The primary purpose of these monitors is to alert the control
room should activity concentrations exceed a predetermined set-point.

The gaseous radwaste exhaust radiation monitor (MP 7) is an in-line monitoring detector for
krypton-85 and xenon-133, using a beta-sensitive scintillation detector. The monitor is
situated before the discharge reaches the plant vent or is diluted by any other flows. The
detection range is higher than that of MP 2, 5, and 6. The primary purpose of this monitor is
to alert the control room should activity concentrations exceed a predetermined set-point.
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6.2.1.2

The monitoring of tritium and carbon-14 is currently not included in the design of the
continuous monitoring systems. Typically, trittum and carbon-14 activity concentrations in
the plant vent will be below minimum detectable levels of detectors. In order to determine
their activity levels in aerial discharges from NPPs, off-line bubbler systems will be used to
concentrate levels over several days or weeks to obtain measurable activity concentrations.
The bubbler system, required for sampling of tritium and carbon-14, can be incorporated into
the design of the main stack sampling system, depending on utility preference. The
laboratory equipment used to analyse these samples is utility-operator-specific.

Water Discharges

There are two discharge streams for liquid effluents at the AP1000 NPP, all of which are
released into the environment via the seawater cooling return outfall.

1. Liquid Radwaste System (WLS)

Treated liquid radwaste is collected in one of six monitor tanks before discharge to the
seawater cooling return (see subsection 3.4.3.6). Prior to discharge to the sea, a grab
sample is taken from the filled monitoring tank to be discharged. In order to obtain a
representative sample, each tank is equipped with a recirculation line which has a
sampling point (W1, W2, W3, W4, W5, or W6). The pump suction is taken from the
bottom of the tank and returned to the top as quickly as possible to minimise the time
needed for mixing. This will ensure the contents of the tank are fully mixed prior to
sampling and will ensure a representative sample is obtained. The sample is dispatched
for laboratory for analysis to confirm that radionuclide concentrations and activity levels
are within acceptable limits.

Effluent which does not meet the discharge limit can be returned to a waste holdup tank
or recirculated directly through the filters and ion exchangers for further treatment.

Effluent meeting discharge limits for radioactivity is pumped (design flow rate of
~22.7m*h) from the monitor tanks, batchwise, to the sea water cooling return sump
through a common discharge line. It is mixed with the cooling water return of the CWS.
In addition, the discharge line contains a radiation monitor (W7) with diverse methods of
stopping the discharge. The first method closes an isolation valve in the discharge line,
which prevents any further discharge from the WLS. The valve automatically closes and
an alarm is actuated if the activity in the discharge stream reaches the monitor set point.
The second method stops the monitor tank pumps.

It should also be noted that the AP1000 NPP design will be able to accommodate various
systems such as administrative procedures and/or interlocks to avoid (a) an inadvertent
discharge from the filled monitoring tank prior to sampling and confirmatory analysis and
(b) discharge of the tank simultaneous to filling of the tank or other operations such as
transfers between tanks or retreatment. The system chosen is site/utility operator-specific.

2. Waste Water System (WWS)

The non-radwaste water, during normal plant operation and during plant outages, is
handled by the WWS (see Section 4.2.6). Water is collected in the turbine building
sumps, with a temporary storage capacity and a controlled source of fluid flow to the oil
separator and WWRB.

A radiation monitor (W9) located on the common discharge piping of the sump pumps
provides an alarm upon detection of radioactivity in the waste water. In the event
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radioactivity is present in the turbine building sumps, the waste water is diverted from the
sumps to the WLS for processing and disposal. The radiation monitor also trips the sump
pumps on detection of radioactivity to isolate the contaminated waste water. Provisions
are included for sampling the sumps (W8).

The waste water collected in the WWRB is sampled (W10) to confirm that radionuclide
concentrations and activity levels are within acceptable limits. Waste water that complies
with discharge limits will be released intermittently via the seawater cooling return sump
for final discharge via the plant outfall to the sea.

A further MP (W11) for the final monitoring of the liquid wastes from minor discharge
routes will be part of the Waste Water Basin design which is site-specific.

In addition to the waste water effluent streams, the sea water used to provide once-through
non-contact sea water cooling for the SWS and the CWS will be sampled. Both cooling
systems will allow grab samples (W12, W14) to be taken from the turbine building to enable
chemical analysis of the sea discharge flows. The secondary side service water blowdown
will be non-radioactive under normal operating conditions and will be discharged to the
WWS or to the CWS. However, under a fault condition, the service water blowdown may
become radioactive. If the radiation levels sensed by radiation monitor (W13) are above
acceptable limits for sea discharge, it will require treatment (e.g., by the WLS). It should be
noted that the design of the SWS and the CWS, including the location of the sampling and
MPs, is site-specific.

The radiation monitors at W7, W9, and W13 are expected to be gamma sensitive, thallium
activated, silver iodide scintillation counters. These will be set to detect Cs-137 in a
concentration range of 3.7E04 to 3.7E08 Bqm™ (2.8E-08 to 2.8E-04 Cift™). Specifications
for the precision, bias, and availability/reliability will be developed at a later stage in the
design. Commercially available RMS equipment will be used in the design. The AP1000
NPP design will allow the data from the radiation monitors to be collected by the instrument
and fed to the control system. The method by which the data is collated and reported to the
EA is utility-operator-specific. The method for determining how the alarm threshold will be
set has not been determined.

Each discharge line will be fitted with a flow meter. The instrument that will be used for
flow rate measurement has not been specified. When the instrument is specified, the register
of MCERTS certified equipment will be reviewed to determine if a suitable instrument is
available on the register. The AP1000 NPP design will allow the data from the flow meter to
be collected by the instrument and fed to the control system. The method by which the data
is collated and reported to the EA is utility-operator-specific.

The current AP1000 NPP design will be able to accommodate both grab sampling as well as
a proportional sampling in order to obtain a representative sample. Although the
specification for the flow proportional sampler is utility-operator-specific, the equipment
required to take a representative sample from each of the discharge lines will include a
commercially available stationary waste water sampler equipped with an ancillary signal
connection and a pressurised pipeline interface. These commercially available samplers have
a range of programmable options for setting the frequency and size of sample volume. These
will be capable of providing a representative sample from each of the discharge lines over a
suitable time period.

The AP1000 NPP reactor design will be able to accommodate a separate proportional
sampler for each discharge line, which can be secured to allow an independent sample to be
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taken for regulatory purposes. Proportional samplers with a lockable cabinet are
commercially available. All sampling and monitoring equipment will be housed in weather-
shielded buildings and will be located in areas where access is controlled.

The AP1000 NPP will have an on-site laboratory with the capability to be UKAS accredited
to 1SO17025. The utility operator will specify the equipment for the laboratory and
implement the processes necessary to achieve ISO17025 accreditation. Tritium activity
concentrations in the liquid effluent are likely to be below minimum detectable levels of on-
line continuous detectors. The assessment of tritium can be carried out through analysis of
grab samples.

Figure 6.2-2 provides a schematic overview of the liquid effluent processes. The exact
location and total number of sample and MPs are site-specific.

Table 6.2-4 lists the monitors that are associated with each of the liquid discharge streams.
The tables include information on the type of monitor, radionuclides monitored, and detection
ranges. The MP (W) numbers relate to Figure 6.2-2.

6.2.1.3 Solid Waste

LLW packages will be put through an LRGS in order to “fingerprint” each waste package.
Fingerprint analysis is the common name used for the practice of determining the range of
activities and isotopes present in a waste stream. By building up a “fingerprint” of the
isotopes from measurements in a consistent waste stream, it is possible to measure one
isotope (e.g., Co-60 or Cs-137) and infer the presence and relative proportion of a range of
other isotopes. So, when an LRGS is used, although some active isotopes may have no or
very low gamma emissions and the LRGS can not ‘see’ them, their presence can be inferred.

Every ILW waste package will be “finger printed” using an HRGS within the ILW store to
monitor its activity level before it is transferred to the ILW store. Waste package inventory
records will be completed according to the required regulations to maintain an inventory
record of each waste package and its location within the ILW store. The ILW store will be
fitted with alpha and beta/gamma monitors to detect any leaks in activity.

The facility will exist to visually observe the waste packages within the ILW store via CCTV.
If a waste package shows evidence of deviating from the specification during storage, i.e., via
corrosion or damage, it will be placed in an allotted area within the ILW store and potentially
put into a SCV.

There will be alpha and beta/gamma monitors within the auxiliary building to monitor the
radioactivity during spent fuel handling operations and over the course of its storage within
the cooling pond.

6.2.1.4  Dosimetry

Authorised discharges from NPPs can result in a small increase in public radiation exposure
because of external exposure, inhalation, and the incorporation of radionuclides into food. A
monitoring programme will be established to monitor on-site worker and off-site populations
on a regular basis to ensure that exposures to radioactivity are within limits.

The programme for off-site monitoring will be established according to the site-specific
conditions and the pathways that may result in people becoming exposed to radioactivity
released into the environment. These pathways include:
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6.2.2

6.2.2.1

In gaseous form

inhalation of airborne radioactivity

ingestion of food containing deposited radioactive materials
external exposure from airborne radioactivity

external exposure from radioactive material deposited on the ground

In liquid form

e ingestion of radioactivity incorporated into seafood
e  external exposure from radioactivity deposited on inter-tidal areas
e  external exposure from handling contaminated items

Examples of the type of environmental monitoring that may be carried out include analysis of
milk, meat, grass, vegetables, soil, beach material, silt, sediment, fish, shellfish, and seaweed.
Laboratory analysis of these samples will be dictated by the major releases

The monitoring will include determination of the contribution to the annual total dose of the
maximum exposed individual from radioactive emissions and other nearby radioactive
sources. Comparisons will be made with theoretical dose calculations.

Hydrological Monitoring
Groundwater

The groundwater monitoring scheme will be developed on the basis to the site-specific design
and an understanding to the site-specific groundwater flow regime.

The groundwater monitoring scheme would typically include the following features:

e Installation of groundwater monitoring boreholes encircling the power plant site a
distance of 100 m — 200 m (330 ft — 660 ft) from the plant.

e  Separation of boreholes by distances of 50 m — 100 m (160 ft to 330 ft) on the down
hydraulic gradient side of the site and 100 m — 200 m (330 ft — 660 ft) on the up
hydraulic gradient of the site.

e Location of an up hydraulic gradient borehole on the site boundary as a source of
reference.

e  Groundwater monitoring wells with monitoring response zones in all of the identified
groundwater bodies.

e  Groundwater monitoring locations positioned in the proximity to any site activities
thought to represent a higher than normal contamination risk to the subsurface
(e.g., diesel storage).

e Sampling from any surface water feature that was located within the catchment area of
the proposed development. Samples would be required from one upstream and one
downstream location from the site.

e A quarterly groundwater monitoring programme with the aim of detecting any emissions
entering or leaving the site.
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6.2.2.2

6.2.3

6.2.4

6.2.5

Areas of the site to be specifically considered for the groundwater monitoring programme
are:

e  West of the auxiliary building in the area of the fuel transfer canal (which includes an
outside wall)

e  West and south of the radwaste building (which incorporates a curbed basemat, but does
not have the monolithic basemat / wall nature of the auxiliary building)

e  East of the auxiliary building rail bay and the radwaste building truck doors
e  Close proximity to the diesel storage tanks

All assumptions relating to potential groundwater flow and subsurface permeability will be as
a direct result of a conceptual site model. A site-specific conceptual site model will be
developed prior to any detailed design of the groundwater monitoring programme.

Surface Water

There are no surface water features identified for the generic site; hence, no monitoring
programme is proposed. A monitoring programme for adjacent surface water bodies may be
developed if there is a potential impact at a specific site.

Ecological Monitoring

The impact of aerial and liquid effluent discharges on sensitive ecological receptors will be
monitored on a regular basis. This monitoring will be site-specific and take into account the
presence of sensitive and indicator species present at the site. The types of organisms that
may be monitored include those shown in Table 5.1-4.

For example, polychaete worms inhabit marine sediments and provide the basis of the food
chain for many higher marine species. As sessile species, they are predicted to receive the
highest marine organism dose rate from the AP1000 NPP discharges (see Section 5.3.3).
They are also valuable biomonitors, quickly showing sensitivity to contaminants such as
heavy metals through bioaccumulation. Environmental impacts can therefore be monitored
through changes in the species richness, abundance, and community composition of the
polychaete worms.

Thermal Monitoring

The temperature of cooling water discharges will be regularly monitored. The main cooling
water will be returned to sea at a temperature differential of ~8°C (14°F) (see
subsection 4.2.3.3). The heat will be dissipated as rapidly as possible by suitable design and
location of the discharge point at each site. The dispersion of heat and the thermal plume will
be characterised to identify the area where significant impacts may occur on benthic and
pelagic species.

Chemical Monitoring

A programme of laboratory testing of the waste water will be established. Typical parameters
that would be monitored include: pH, Eh, conductivity, temperature, oil and grease, total
organic carbon, trace metals (e.g., copper, nickel, zinc, chromium, iron, cadmium, and
mercury), phosphate, and ammonia.
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6.2.6

6.3

Chemical monitoring and controlled (automatic) dosing of sodium hypochlorite will be
carried out to ensure the minimum required dose is applied to control biofouling in the
cooling water systems. Since the applied hypochlorite concentration will decrease through
the CWS, chemical monitors are needed to ensure effective concentrations at critical points in
the system. The chlorine residual in the cooling water discharge will be monitored.
Laboratory testing of by-products of chlorination will be carried out (e.g., trihalomethanes
and halogenated acetic acids) to determine their concentrations in the seawater cooling
outfall.

Chemical monitoring will be used in conjunction with the MCERTS flow monitoring (see
subsection 6.2.1.2) to determine mass releases of non-radioactive pollutants from the AP1000
NPP.

Meteorological Monitoring

Meteorological monitoring carried out on site will typically involve continuous instrumental
monitoring of wind speed and direction, dry-bulb temperature, dew point temperature and
rainfall.

Ground Information Required Before Construction

A variety of ground information will be gathered for the specific site before construction.
This includes the following regional and site-specific geological, seismological, and
geophysical information as well as conditions caused by human activities:

e  Structural geology of the site

e  Seismicity of the site

e  Geological history

e Evidence of paleoseismicity

e  Site stratigraphy and lithology

e Engineering significance of geological features

e  Site groundwater conditions

e  Dynamic behavior during prior earthquakes

e  Zones of alteration, irregular weathering, or structural weakness

e  Unrelieved residual stresses in bedrock

e  Materials that could be unstable because of mineralogy or unstable physical properties

e  Effect of human activities in the area

In addition to establishing the geotechnical requirements of the site, the nature of the site will

need to be characterised to identify the likely behaviour of past or potential future
contamination. This will take the form of a desk study which will determine historical land
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use (greenfield or brownfield) and to develop a conceptual site model which identifies
contaminant-path-receptor relationships that may exist. The Phase 1 desk study would
include:

e  Historical land use of the site and surrounding area

e  Geology and surface deposits

e  Hydrogeology and hydrology of area (including flood risk)

e  Characterisation of natural, historic, current, and potential future sources of ground
contamination

e  Pathways by which contaminants might migrate into, out of, and through the site

e Potential receptors that could be harmed by ground contamination (e.g., people,
controlled waters, ecological, buildings, and building materials)

e  Definition of the limitations and uncertainties relating to site information

The conceptual model developed at Phase 1 would identify potentially significant
contaminant-pathway-receptor linkages and these may require further investigation for
existing issues. For potential future releases, the results of the Phase 1 work would be used to
determine appropriate management and control strategies to prevent and minimise impacts.
The desk study may need to be supplemented by a Phase 2 intrusive investigation to better
define any existing site contamination and to improve understanding of the groundwater
regime. This may include, but is not limited to:

e Investigation of ground by appropriate techniques e.g. trial pits, boreholes

e  Collection and analysis of soil samples

e Determination particle size distribution, porosity, and permeability of soils and
underlying bedrock

e Installation of standpipes for monitoring of gas and groundwater

e Baseline monitoring, sampling, and analysis of groundwater over appropriate time
periods (typically 3 to 12 months)

e Use of groundwater level sensors to determine influences of groundwater level
(e.g. rainfall and tidal effects)

e  Baseline monitoring of gas over appropriate time periods (typically 6 to 24 months)

e Sampling and analysis of surface waters over appropriate time periods (typically 3 to
12 months)

The results would identify the need for any site remediation and/or further management and
control strategies for the proposed development.
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ISOTOPIC SELECTION CRITERIA FOR AIR EMISSION LIMIT CALCULATION

Table 6.1-1

Selection Criteria

Isotopes Selected

Significant in terms of their
radiological impact

>1% contribution to fisherman family dose (uSv /y):
C-14,1-131, H-3, Ar-41

>1% contribution to 500y collective dose (manSv):
C-14, H-3

Significant in terms of activity

>10% activity (Bq/y):
Kr-85, H-3, Xe-131m, Xe-133, Ar-41

Have long half lives and may
persist or accumulate in the
environment

Half-life >10 years, concentration factors (terrestrial organisms)
>1000 and release rates >3.7E+04Bq/y:
C-14

Indicators of plant
performance

Indicative of particulate emissions: Co-60

Provide for effective regulatory
control

Main Vent: Sr-90/Cs-137, 1-131, Kr-85/Xe-133
Turbine building vent: Kr-85/Xe-133
Internal vent monitors: Sr-90/Cs-137, Kr-85/Xe-133, N-16

Grab samples: noble gases, iodine, particulates, and tritium

Summary

H-3, C-14, N-16"", Ar-41, Co-60, Kr-85, Sr-90, 1-131, Xe-131m, Xe-
133, Cs-137

Note:

1. N-16 detectors are used to detect primary-to-secondary coolant leakage and are located near the steam
generator main steam outlet and upstream of the turbine. N-16 has a very short half-life of 7.13 seconds and,
as such, is not a suitable isotope for use as a regulatory emission standard to atmosphere.
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ISOTOPIC SELECTION CRITERIA FOR LIQUID DISCHARGE LIMIT CALCULATIONS

Table 6.1-2

Selection Criteria

Isotopes Selected

Significant in terms of their
radiological impact

>1% contribution to fisherman family dose (uSv /y):
C-14, Co-60, Co-58, H-3

>1% contribution to 500y collective dose (manSv)
C-14, H-3

Significant in terms of activity

>10% activity (Bq/y):
H-3

Have long half lives and may
persist or accumulate in the
environment

Half-life >10 years, concentration factors (aquatic organisms) >1000
and release rates >3.7E+04Bq/y:
C-14, Ni-63, Cs-137, Pu-241

Indicators of plant
performance

Indicative of corrosion: Fe-55, Ni-63
Indicative of fuel leaks: Cs-137

Other particulates expressed as Co-60

Provide for effective regulatory
control

Continuously monitored isotopes: Cs-137

Monitored isotopes grab samples: H-3, Co-60, Sr-90, Cs-137

Summary

H-3, C-14, Fe-55, Co-58, Co-60, Ni-63, Sr-90, Cs-137, Pu-241
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Table 6.1-5

CALCULATED ANNUAL LIMITS FOR AIR EMISSIONS

Xe-137, Xe-138.

1. Radioiodines include I-131 and I-133.
2. Noble gases include Kr-85m, Kr-85, Kr-87, Kr-88, Kr-85, Xe-131m, Xe-133m, Xe-133, Xe-135m, Xe-135,

Representative Worst Case Plant
12-Month Plant Annual Discharges Calculated Annual
Discharge (D) (WCPD) Limit
Air Effluent Input (TBqly) (TBqly) (TBqly)

Radioiodines"” 5.95E-04 9.82E-04 1E-03
Noble Gases® 8.099 13.363 13
Tritium 1.867 3.081 3
Carbon-14 0.638 1.053 1
Argon-41 1.323 2.182 2
Cobalt-60 3.22E-06 5.32E-06 SE-06
Krypton-85 4.070 6.716 7
Strontium-90 4.44E-07 7.33E-07 7TE-07
Iodine-131 2.07E-04 3.42E-04 3E-04
Xenon-131m 1.76 291 3
Xenon-133 1.335 2.203 2
Caesium-137 1.33E-06 2.20E-06 2E-06
Other particulates 1.22E-05 2.01E-05 2E-05
Total Beta particulate®® 1.72E-05 2.84E-05 3E-05
Total 11.928 19.681 20
Notes:

3. Total beta particulate include Co-60 + Sr-90 + Cs-137 + other particulates.
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Table 6.1-6

CALCULATED ANNUAL LIMITS FOR LIQUID DISCHARGES

Representative
12-Month Plant Calculated Annual
Discharge (D) WCPD Limit

Liquid Effluent Input (TBqly) (TBqly) (TBq/y)
Tritium 35.09 57.90 60
Non-tritium 7.70E-03 1.27E-02 1E-02
Carbon-14 4.42E-03 7.30E-03 7E-03
Iron-55 6.42E-04 1.06E-03 1E-03
Cobalt-58 5.44E-04 8.97E-04 9E-04
Cobalt-60 3.01E-04 4.97E-04 SE-04
Nickel-63 6.91E-04 1.14E-03 1E-03
Strontium-90 3.24E-07 5.35E-07 SE-07
Caesium-137 3.01E-05 4.97E-05 SE-05
Plutonium-241 1.08E-07 1.78E-07 2E-07
Other isotopes'” 1.07E-03 1.76E-03 2E-03
Total 35.104 57.922 60
Note:

1. Other isotopes = Non-tritium isotopes — (C-14+ Fe-55+Co-58+Co0-60+Ni-63+Sr-90+Cs-137+Pu-241).
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Table 6.1-7

COMPARISON OF PROPOSED AIR EMISSION LIMITS WITH SIZEWELL B PWR

Sizewell B
AP1000 NPP AP1000 NPP Environment Agency
Calculated Annual Proposed Annual New Limit
Limit Limit [Reference 6-3]
Air Emission (TBq/y) (TBqy) (TBqy)
Radioiodines"” 1E-03 1E-03 -
Noble Gases"” 13 13 30
Tritium 3 3 3
Carbon-14 1 1 0.5
Argon-41 2 2 -
Cobalt-60 5E-06 - -
Krypton-85 7 - -
Strontium-90 TE-07 - -
Iodine-131 3E-04 3E-04 5.0E-04
Xenon-131m 3 - -
Xenon-133 2 - -
Caesium-137 2E-06 - -
Other particulates 2E-05 - -
Total Beta particulates® 3E-05 3E-05 1.0E-04

Notes:

Xe-137, Xe-138.

1. Radioiodines include I-131 and I-133.
2. Noble gases include Kr-85m, Kr-85, Kr-87, Kr-88, Kr-85, Xe-131m, Xe-133m, Xe-133, Xe-135m, Xe-135,

3. Total beta particulate include Co-60 + Sr-90 + Cs-137 + other particulates.
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Table 6.1-8

COMPARISON OF PROPOSED LIQUID DISCHARGE LIMITS WITH SIZEWELL B PWR

other limits

Sizewell B
AP1000 NPP AP1000 NPP Environment Agency
Calculated Annual Proposed Annual New Limit
Limit Limit [Reference 6-3]
Air Emission (TBq/y) (TBqly) (TBqly)

Tritium 60 60 80
Non-tritium 1E-02 - -
Carbon-14 7E-03 7E-03 -
Iron-55 1E-03 — —
Cobalt-58 9E-04 — —
Cobalt-60 SE-04 — —
Nickel-63 1E-03 - -
Strontium-90 SE-07 - -
Caesium-137 SE-05 - 0.02
Plutonium-241 2E-07 - -
Other isotopes " 2E-03 — —
All isotopes without 5E-03? 5E-03? 0.139

Notes:

1. Other isotopes = Non-tritium isotopes — (C-14+ Fe-55+Co-58+Co0-60+Ni-63+Sr-90+Cs-137+Pu-241).
2. All isotopes without other limits = Non-tritium isotopes — C-14.
3. Allisotopes without other limits = Non-tritium isotopes — Cs-137.
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Table 6.1-9
COMPARISON OF AIR EMISSION LIMITS WITH UK AGR SITES
AP1000 AP1000
NPP NPP
Calculated | Proposed | Dungeness Heysham | Heysham | Hinkley
Air Emission Limits Limits B Hartlepool 1 2 Point B
(TBqly) | (TBqy) | (TBqy) | (TBgy) | (TBgly) | (TBqly) | (TBqly)
Radioiodines'” 1E-03 1E-03 1.50E-03 1.50E-03 | 1.50E-03 | 1.50E-03 | 1.50E-03
Noble Gases? 13 13 - - - - -
Tritium 3 3 12 10 10 10 12
Carbon-14 1 1 3.7 4.5 4.5 3.7 3.7
Argon-41 2 2 75 150 150 75 100
Cobalt-60 5E-06 - - - - - -
Krypton-85 7 - - - - - -
Strontium-90 7E-07 - - - - - -
Iodine-131 3E-04 3E-04 - - - - -
Xenon-131m 3 - - - - - -
Xenon-133 2 - - - - - -
Caesium-137 2E-06 - - - - - -
Other 2E-05 - - - - - -
particulates®
Beta 3E-05 3E-05 - - - - -
particulates
Notes:
1. Radiodine =1-131 + I-133.
2. Noble Gases = Kr-85m + Kr-85 + Kr-87 + Kr-88 + Xe-131m + Xe-133m + Xe-133 + Xe-135m + Xe-136 +
Xe-137 + Xe-138.
3. Other particulate = Total beta particulate - Co-60 - Sr-90 - Cs-137.
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Table 6.1-10

COMPARISON OF LIQUID DISCHARGE LIMITS WITH UK AGR SITES

Particulates®

AP1000 AP1000
NPP NPP
Air Calculated | Proposed | Dungeness Heysham | Heysham | Hinkley
Emission Limits Limits B Hartlepool 1 2 Point B
(TBqly) | (TBqly) | (TBq/y) | (TBqly) | (TBqly) | (TBqly) | (TBqly)
Tritium 60 60 650 650 650 650 650
Non- 1E-02 - - - - - -
tritium
Carbon-14 7E-03 - — - - - -
Iron-55 1E-03 — - - - - —
Cobalt-58 9E-04 - - - — - -
Cobalt-60 SE-04 SE-04 0.01 0.01 0.01 0.01 0.01
Nickel-63 1E-03 - - - — — -
Strontium-90 SE-07 - - - — - -
Caesium-137 SE-05 SE-05 0.1 0.1 0.1 0.1 0.1
Plutonium- 2E-07 — — - - — —
241
Other 1E-03 1E-03 0.08 0.08 0.08 0.08 0.08

Notes:

1. Non-tritium = All isotopes — tritium.
2. Other particulate = Total beta particulate - Fe-55 - Co-58 - Co-60 — Ni-63 - Sr-90 - Cs-137 - Pu-241.
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Table 6.2-1

MONITORING PROGRAMMES

Monitoring
Programme

Descriptions

Radiological
Monitoring

Collection of environmental samples (from air, water, sediment, fish and food
products, as well as direct radiation levels) to determine the concentrations of
radioactive constituents in the samples.

Monitoring of annual total dose contributions to the maximum exposed individual
from radioactive emissions and other nearby radioactive sources.

Monitoring of on-site worker and off-site populations on a regular basis to ensure
that exposures to radioactive are within limits.

Hydrological
Monitoring

Periodic monitoring and subsequent sediment removal for maintenance from the
cooling water system intake channel to minimise any impact to the raw water system
operation.

Bathymetric survey of the intake channel is expected after first year of operation to
measure sediment build up and also to determine future dredging intervals.

Monitoring of surface water and groundwater parameters are expected quarterly for
the first year of operation, then annually.

Operational monitoring concentrates on parameters are below:

Surface water flow

Groundwater flow

Impact of sanitary and chemical waste retention methods on water quality
Sediment transport

Floodplain and wetlands

Ecological
Monitoring

Procedures to monitor terrestrial species and habitats that could be adversely
affected.

Sampling and monitoring procedures on fish and aquatic species, and habitats that
could be adversely affected by the intake or discharge of cooling water or other
operational impacts.

Thermal
Monitoring

Routine thermal monitoring of waste water discharges (specifically outfall, blow
down, and electric power generation discharges).

Chemical
Monitoring

Monitoring of discharges made through outfall for consistency.
Monitoring of physical, biological, and chemical attributes.

Monitoring of tanks containing oil or hazardous substances during tank filling
operations.

Monitoring procedures of continuous leak detection systems.

Inspections to verify that hazardous waste is treated, stored, and disposed of.

Meteorological
Monitoring

Collection and monitoring of data on-site conditions which includes wind speed and
direction, dry-bulb temperature, dew point temperature, and rainfall.

UKP-GW-GL-790

344 Revision 7



L UOISIAY 943 06L-"TO-AAD-d3IN

-J01812d0 Juerd armny oy Aq pauUTULIAIOP
9q [[im 31 se ‘udIsop oy} Jo 93eIs siy) Je payroads usaq jou sey juswdmbe L10jeroqe] sisA[eue 10J AIOjeIOqe] [BOIIAYD 9)IS-UO Y} 0} udye) 9q [[Im sojdwes |

19JON
o3uel €E1-9X qur-ur
(prur) JudpIodY SI+dL’e 60+dL°¢ ‘G8-I3 | 10309)0p dANISUSS-BIWES /RlRg | snonunuo) | gy0TAA-Al-SAA
o3uex €e1-9X qurf-ur
(pruw) Juoprody | TI+HL'E 90+dL°¢ ‘G8-I3] | 10109)op JANISUSS-EWIWET /LI | SnONUNUO) | VO IHI-AI-SIA
oZuer uonyerado €€1-9X 1010919p ourf-ur
[EWION | 80+HLE €0+dL'¢ ‘68-13 UONE[[IUIOS SAISUSS-Blog | SnONURUoy COTHI-AI-SIA
wn
sarernonted
ourpor | sisAJeue A1ojeroqe] 1oy ojdwes
B/U (pyIoreIoqe] soses ojqou JUSNTJI JO UOT}OO[[0J [enue]y | o[dwes qeln V/N
SISATeue 10§ sa3pLnIed oul-go
oSueI JuapIoOYy (nIoyeIoqe ] 1€1-1 IO)[1] JO [BAOWIAI [BNUBIA | snonunuo)) V/N
I0JUNoo UOTJB[[IUIIS dPIPOI
o3uer uonerado wnIpos ‘pajeAnoe-wnijjey) oul-jo
[EWION |  VO+dL'€E [10-dL°¢ I€1-1 SAISUOS-BUWIIRD) | SNONUNUOD) 0Tdd-dI-SAA
LET-SD SIsA[eue J0J SO3pLIIed ouIf-jo
oSueI JuapIoOYy (yIoyeIoqe] ‘06-IS I0)[1] JO [BAOWIAI [BNUBIA | snonunuo)) V/N
s10)1y rernonted
o3uer uonerado LET-SD Ppax1y SUIMIIA SI0109)9p oul-jo JUOA
[EWION |  €0+dL'C C0-HL'€E ‘06-1S UONE[[UISS SANISUSS-Blog | SNONURUOD 101T9d-d-SAA Jue[d UrejN 8
asodang (;w/bg) (;u/bg) sadojosy adAT, £108918) 1033339 uondrsaq (1-7°9 S1Y)
WNWIXEJA | WNWIUIA jurog
J0JTUOA]
d3uey uonIINI( [BUIION
INHA INVTd NIVIA — SHONVYH NOLLODHALAd ANV SHOLINOW INHNTAAA TVIIAV ddN 0001dV
¢-C'9 9198l
110day] yuswuoaiAug 0001V N SULI0)IUOTA] [BIUSWUOIIAUY ()'9

€ sse[) A1e)oridorJ-uoN ISnoysunsdpy




L UOISIAY 5143 06L-"TO-AAD-d3IN

-101810d0 Jued arnny oy Aq pauUILLIAIOP
9q [[M 11 se ‘uSisop 9y} Jo d3eIs sIy 1B payyroads usoeq jou sey juowdinbe A1ojeroqe sisA[eue 10J AIOJRIOQE] [EOIWAYD 9)IS-UO OY) 0) Udde} 9q [[m sojdwes ]

90N
wnnLy sisAJeue K103810q8]
aurpor 10j ordwes juanyye ordwes wolsAS
V/N (pfIoleroqe] sose3 o[qou JO u01309[]00 [ENUBIA qeln V/N [eoS pue[H
wnnLg sisA[eue K10je10qR] WoISAS
aurpol Ioj ordures juonyyyoe orduwes [eAOWIY Iy
V/N (piIoreroqeT sosed a[qou JO uono9[[0o [enuey qe1n V/N Iosuapuo))
JUSA
o3uey €€1-9X soqn} IO[NIN-19S100) duIf-ur Surpying
JUSPIdIY SI+dL'E YO+dL'E ‘68-1 oANISUSS-BWIWES /)Y | snonunuo) | (00T I-Al-SAL Qurgmpy, 01
asodang (;w/bg) (;w/bg) sadojos] adAT, £1039)8D) 10333 uondrsaq | (1-7°9 S1)
WINWIXEJA | WNWIUIA jurog
J0JIUOTA
dduey
U0 [BUIWON
LINHA ONIATING ANIFANL — SHONVA NOLLODALAA ANV SHOLINOI INANTAAH TVIHAY ddN 00014V
€-7°9 21qEL
110day] yuswuoaiAug 0001V N SULI0)IUOTA] [BIUSWUOIIAUY ()'9

€ sse[) A1e)oridorJ-uoN ISnoysunsdpy




L UOISIAY

LyE

06L-"TD-AAD-d3IN

-103812d0 Juerd armng oy Aq pauUTULIAIOP

9q [[Im 3 se ‘uSIsap oy} Jo adejs siy) je payroads useq jou sey judwdinba A10jeroqeT ‘sisATeue Joj AI0jeIoqe] [EOIWAYD 9)S-UO oY) 0) Udde) oq [[m sojdweg |

90N
LET-SD | SisA[eue A1ojeI10qeR] J0J S[dwes ordwes
V/N (nfIoreroqe] €-H | IUSN[2 JO UONII[[0D [ENUBIA qein V/N oSk
a3uelr I91eM
uonjerodo I0JuNod UONIB[[UIOS 901AI0S
uapIooe OpIPOI WNIPOS ‘pajeAl}oe ourl-jjo Supring
pue [EWLION | 60+HL'E €0+dL'¢c LET-SD -Wnijrey) SARISUSS-ewWles) | snonunuon | 004 -df-SMS sulqmng, eIMm
LET-SD | SisA[eue A1oje1oqe] 1oy ojdwes ordwes
V/N (piIoreroqe] €-H | IUSn[Yo JO UONI[[0D [ENUBIA qe1n V/N
o3uex [repno juerd
uoryesado IOJUNOd UOLE[[IIUIOS Iojem d)sem
uspIOOe OpIPOI WNIPOS ‘PAjeAIIoe auIf-jjo Suiping
pue [EWLION | 60+HL'E €0+dL'¢c LET-SD -wnijrey) sARIsuss-ewwes) | snonunuon | [20dd-SI-STM sulqmg, oM
LET-SD | sisA[eue A1ojeioqe] 10} ojdures ordures syue)
e/u (yAoyeIoqe ] €-H | 3Iuan[o Jo UOHI[[0d [eNUBIA qeIn V/N SuipjoH
o3uex
uonerodo IoJUNod UOLIR[[IUIOS [1rejano juerd
UapIOoE OPIPOI WNIPOS ‘PIBAIIOR aurf-ut 3urpping
pUE [EWLION | 80+HL'E YO+HL'E LET-SD -WnIrey) SARISuss-ewies) | snonunuon | 6¢cdd-SI-STM d)sempey LM
asodang (;w/bg) (;w/bg) sadojosy adAy, £103318) 1039939 uondusaq | (z-7°9 S19)
WINWIXBJA | WNWIUIA jurog
J0JIUOTA
Aduey

uo0r)dNI( [eUIWON

SEONVYI NOLLDALAA ANV SHOLINOIW INANTALA AINOI'TddN 0001dV

¥-C'9 31qeL

yoday yudwruoiAuyg 0001dV 3N

€ sse[) A1e)oridorJ-uoN ISnoysunsdpy

SULI0)IUOA] [BJUAWUOIIAUY ()9




Westinghouse Non-Proprietary Class 3

6.0 Environmental Monitoring

UK AP1000 Environment Report

1.20E-03

1.00E-03

8.00E-04 -

6.00E-04

TBqlyr

4.00E-04 -

2.00E-04 -

0.00E+00
12

18 24 30 36 42 48 54 60 66 72
Month
—— Representative Average 12-Month Plant Discharge —— Proposed Limit

Figure 6.1-1. Comparison of Predicted Air Radioiodine Air Emission with Proposed Limits
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Figure 6.1-2. Comparison of Predicted Noble Gas Air Emissions with Proposed Limits
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Figure 6.1-3. Comparison of Predicted Tritium Air Emissions with Proposed Limits
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Figure 6.1-4. Comparison of Predicted Carbon-14 Air Emissions with Proposed Limits
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Figure 6.1-5. Comparison of Predicted Argon-41 Air Emissions with Proposed Limits
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Figure 6.1-6. Comparison of Predicted Iodine-131 Air Emission with Proposed Limits
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Figure 6.1-7. Comparison of Predicted Beta Particulate Air Emission with Proposed Limits
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Figure 6.1-8. Comparison of Predicted Tritium Liquid Discharge with Proposed Limits
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Figure 6.1-9. Comparison of Predicted C-14 Liquid Discharge with Proposed Limits

6.00E-03

5.00E-03

4.00E-03 -

3.00E-03

TBqglyr

1.00E-03 -

| ey | ey [
e / \\/ \\/ \\/

0.00E+00
12

18

24

30

36

42
Month

48

54

60

66

72

——Rolling Year Total

—— Representative Average 12-Month Plant Discharge

—— Proposed Limit

Figure 6.1-10. Comparison of Predicted Liquid Discharges of All Isotopes without Other Limits
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7.0

7.1

7.2

SELECTED CONSIDERATIONS FOR SPECIFIC SITES
Commentary on Sites with Multpile AP1000 NPP Units

For the purpose of GDA, it is assumed that the generic site will be occupied by one AP1000
NPP and the information in this Environment Report reflects this single-unit case.

Systems related to the gaseous radwaste and liquid radwaste treatment will not be shared at a
multi-unit site. A rough estimate of the impact and arrangements of a site with two, three, or
more plants on the site could be made by multiplying the characteristic of interest by the
number of units being evaluated. Note that the utilities may opt to use common circulating
water abstraction and discharge points on a multiple-unit site.

Systems related to solid radwaste management, for example for treatment, storage, and
transportation, could be shared at the utilities option. This is already the case for several
existing PWRs. Better utilisation of space could be implemented by dedicating each of the
multiple radwaste buildings to treating specific types of waste generated across the site. For
example, one radwaste building could include equipment to treat site compactable waste,
another to package site metallic waste, etc. Alternatively, a separate building could be
constructed for treating site solid radwaste. Also, sharing of facilities would allow for
operating experience to be shared across the AP1000 NPPs on a site.

Locating multiple plants on the site does not affect the logistics of decommissioning the
nuclear island, because each nuclear island on a site will operate independently and can be
decommissioned independently. However, if the waste treatment facilities are shared, the
decommissioning plan must ensure that the decommissioning waste does not affect units still
operating and that the decommissioning waste does not exceed the capacity of the waste
facility.

Openings and accessways in the nuclear island are not affected by the number of AP1000
NPPs on a site and will not change when a single AP1000 NPP or multiple AP1000 NPPs are
built on a site.

Once the site is selected, the utility will specify the number of units that will be built and
operated on the site and where they will be located. This will define the distance between
release points and influence how waste handling and radiation protection will be managed
and integrated. The existing GDA submissions and generic site descriptions are relevant to
site permitting because they provide the basic inputs to the site analyses.

Use of Cooling Towers for the Service Water System

The generic site is a coastal site (see Section 5.1) which abstracts seawater for once-through
cooling of the CWS and SWS (see Section 4.2.3). This is acknowledged as a BAT solution
for cooling at coastal nuclear power plants (Refences 7-1 and 7-2).

However, the PCSR (Reference 7-4) also retain the option for using cooling towers for the
SWS. This arrangement may be used in circumstances where the use of seawater is not
practical and there is a suitable supply of fresh water (e.g., river, lake, groundwater or mains
supply) for the Raw Water System (RWS). The RWS would be required to provide the
makeup flow to the cooling tower basin at a rate sufficient to compensate for losses due to
evaporation, drift, and blowdown (typically 48 — 182 m’h™" (12,700 — 48,100 gallons/h)).

Major elements of the SWS cooling tower arrangement include two 100% capacity service
water pumps, automatic backwash strainers, a two-cell cooling tower with a divided basin
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and associated piping, valves, controls and instrumentation. The service water system is
arranged into two trains of components and piping. Each train includes one service water
pump, one strainer, and one cooling tower cell. Each train provides cooling to one CCS
component cooling water heat exchanger.

To maintain water quality in the SWS cooling towers, a range of chemicals may need to be
injected into the SWS from the CFS. These chemicals may include a biocide, algaecide, pH
adjustor, corrosion inhibitor, scale inhibitor, and silt dispersant. The selection of chemicals
and their dose rate is dependent upon the RWS water supply and is a site-specific design.

A small blowdown flow is normally discharged from the SWS to the CWS or the WWS to
control the level of solids concentration in the SWS inventory. Typically, this blowdown
represents 0.2% — 0.75% of the main SWS flow (4700 m’h™"), which represents between 2
and 4 cycles of concentration.

Any decision to use cooling towers would be taken at the site-specific design stage when the
environmental implications of the design would be assessed.

7.3 References

7-1  “Cooling Water Options for the New Generation of Nuclear Power Stations in the
UK,” SC070015/SR3, Environment Agency, June 2010.

7-2  UKP-GW-GL-034, Rev. 1, “Generic Assessment of the Impacts of Cooling Options
for the Candidate Nuclear Power Plant AP1000,” Westinghouse Electric Company
LLC, February 2010.

7-3  Not used.

7-4  UKP-GW-GL-793, Rev. 1, “AP1000 Pre-Construction Safety Report,” Westinghouse
Electric Company LLC, January 2017.

UKP-GW-GL-790 356 Revision 7



Westinghouse Non-Proprietary Class 3

Appendix A Waste Arisings UK AP1000 Environment Report
APPENDIX A
WASTE ARISINGS
Al Identification of Waste Arisings from Solid, Liquid, and Gaseous Radioactive Sources
A2 Identification of Waste Arisings from Primary System Components
A3 Estimated Radwaste Arising from Large-Volume Components at Decommissioning
A4 Estimated Radwaste Arising from Small-Volume Components at Decommissioning
AS Key for Preconditioning and Disposal Methods
A6 Steel and Concrete Rubble from Demolishing Various Modules
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Westinghouse Non-Proprietary Class 3

Appendix A Waste Arisings

UK AP1000 Environment Report

Appendix A4

ESTIMATED RADWASTE ARISING FROM SMALL-VOLUME COMPONENTS AT

DECOMMISSIONING
Waste Description Disposability
Waste Pre- Disposal
System Component Type Level Conditioning Route®”
All Systems | Fans, blowers, and drives Fans LLW 9 CorB
(122)
All Systems | Instrumentation elements Instruments LLW 9 CorB
(3337)
All Systems | Wire and cable ac (2498) ac circuits LLW 9 CorB
All Systems | Wire and cable dc (328) dc circuits LLW 9 CorB
BDS Electrodeionisation units Ion- LLW 9 CorB
Aand B migration
equipment
FHS FHS underwater camera Camera LLW 9 CorB
system
FHS Fixed underwater light Light LLW 9 CorB
FHS Portable underwater light Light LLW 9 CorB
FHS Refueling pool Filter LLW 2or15 Borl
underwater filtration
system
FHS Underwater cameras (4) Cameras LLW 9 CorB
VFS Containment exhaust Heaters LLW 9 CorB
electric heater (2)
VHS Health Physics & Hot HVAC filter LLW 2o0r3 B
Machine Shop AHU A
VHS Health Physics & Hot HVAC filter LLW 2o0r3 B
Machine Shop AHU B
WSS Resin slurry conditions Camera LLW 9 CorB
monitor
WSS Resin slurry inlet camera Camera LLW 9 CorB
WSS Resin slurry recirculation Camera LLW 9 CorB
camera
- Hot machine shop decon. Skid LLW 9 CorB
glove box
UKP-GW-GL-790 382 Revision 7



Westinghouse Non-Proprietary Class 3

Appendix A Waste Arisings UK AP1000 Environment Report

Appendix A4 (cont.)
ESTIMATED RADWASTE ARISING FROM SMALL-VOLUME COMPONENTS AT
DECOMMISSIONING
Waste Description Disposability
Waste Pre- Disposal
System Component Type Level Conditioning Route®”
- Hot machine shop Skid LLW 9 CorB
portable decon. system
- Power transformers (50) Transformers LLW 9 CorB
- Shield below MS59 Plate LLW 9 CorB
(tungsten)
Note:
1. See Appendix AS for key of disposal routes.
UKP-GW-GL-790 383 Revision 7




Westinghouse Non-Proprietary Class 3

Appendix A Waste Arisings UK AP1000 Environment Report

Appendix A5

KEY FOR PRECONDITIONING AND DISPOSAL METHODS

Pre-Conditioning Method

Immobilisation in a cementitious grout within a 3 m® (100 ft’) RWM approved drum

2. | Immobilisation in a cementitious grout within a 3 m’ (100 ft3) RWM approved box

3. | Compacted (Possible super compaction) into a 200 L (55 galion) RWM approved drum and
placed into HHISO container

4. | Placed in “baskets” in the RWM approved box (possibly grouted), e.g., 4 m box

5. | Collection and passed to monitoring and sampling tanks with filtration/IX

6. | Passed to WGS delay beds

7. | Collection and storage in oil tanks

8. | Sorted dependent on size/type

9. | Monitoring and swabbing (over period of time) with potential cleaning/decontamination or size
reduction

10. | Potential quenching, filtration, chemical treatment, and ion exchange, as necessary

11. | Size reduction and placed in HHISO

12. | Placed in HOLTEC flask

13. | Collect and store

14. | Collect in a chemical waste tank and de-water (cross flow filtration)

15. | Collect in 200L (55 gallon) Drum

Disposal Method

A. | Site ILW store until UK repository becomes available

B. | Sent to LLW repository for storage

C. | Recycle or free issue

D. | Discharge to site drain

E. | Discharge to atmosphere

F. | Incineration

G. | Discharge via site effluent treatment

H. | Underground HLW storage facility

I. | Off-site contractor (e.g., NSG Environmental Ltd)

J. | Send to Inutec for drying and disposal at LLWR

UKP-GW-GL-790 384 Revision 7
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