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Executive Summary

Activities carried out at HMNB Clyde generate small quantities of solid, liquid and gaseous
radioactive wastes. To ensure the continued safe management of these wastes, HMNB Clyde
intends to build and operate a new waste treatment and disposal facility at the north end of
the Faslane site.

A comprehensive optioneering study has been conducted to ensure the new facility is
designed to reflect modern standards and adopts best practice in the treatment and
management of radioactive waste. The new facility, the Nuclear Support Hub, will discharge
treated effluent to the Gare Loch at a new outfall. To comply with the requirements of the
MoD/SEPA Agreement on Matters Relating to Radioactive Substances, the MoD requires the
approval of SEPA to dispose of radioactive wastes from the new facility.

This document makes an application on behalf of the MoD for a Letter of Approval to replace
the 4 existing Letters of Agreement that cover radioactive waste disposals at the Faslane and
Coulport Sites. Operational experience from across the nuclear propulsion programme,
particularly at HMNB Devonport and the Naval Test Reactor Establishment at Vulcan, has
resulted in the identification of additional waste streams that are not currently covered by
Clyde’s existing waste disposal agreements. Other factors that have influenced this
application include changes in UK radioactive waste management policy and the potential for
radioactive waste generation when submarines are berthed in the Explosive Handling Jetty at
Coulport.

This application demonstrates that the best practicable means have been applied in a logical
and proportionate manner to each of the waste streams that may arise as a result of routine
and non-routine support activities. Gaseous waste discharges at Faslane have also been
guantified and suitable numerical limits identified to cover these disposals. HMNB Clyde has
taken the opportunity, where practical, to reduce liquid discharge limits and intends to adopt
the latest SEPA guidance for the reporting of discharges.

Comprehensive dose assessments have been carried out using worst case discharge
information. These assessments conclude that doses are trivial and are well below the
threshold for optimisation of 20 uSv per year. The application also includes a description of
the proposed environmental monitoring arrangements. The results of this monitoring
programme together with the information provided in the latest Habits survey will be used to
demonstrate that there is no radiological hazard to any member of the public from radioactive
waste disposals from HMNB Clyde.
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Introduction

Submarine and Weapon support activities carried out at HMNB Clyde generate small
quantities of solid, liquid and gaseous radioactive wastes. In Scotland, the disposal of
radioactive waste is controlled by the Environmental Authorisations (Scotland)
Regulations 2018 (EASR18) with the Scottish Environment Protection Agency (SEPA)
as the enforcing authority. The Ministry of Defence (MoD) is exempt from many of the
provisions of EASR18, including the provision to have an authorisation to dispose of
radioactive waste. However, MoD Policy is to apply administrative arrangements such
that equivalent standards of EASR18 are applied appropriately. This is enshrined in the
framework for these arrangements; the SEPA/MoD Agreement on Matters Relating to
Radioactive Substances®. The Agreement commits MoD to seeking approval for the
disposal of radioactive waste.

HMNB Clyde currently has 4 Letters of Agreement (LoAg) for the disposal of radioactive
waste (see Appendix A). Two of the LoAg relate to the disposal of radioactive waste
from the Faslane site and the other two LoAg cover disposals from the Coulport site.
The LoAgs now require review and a new approval is sought for the following reasons:

a. The current solid and liquid radioactive waste facilities at Faslane are to be
replaced by a new combined treatment and disposal facility, the Nuclear Support
Hub (NSH). The NSH will be located at the north end of the Faslane Site and will
discharge treated effluent to the Gare Loch via a new outfall. This new outfall is
approximately 1 km due north of the current discharge point.

b. To cover the transfer of submarine related radioactive wastes from the Explosive
Handling Jetty (EHJ) at Coulport to the new facilities at Faslane.

c. To ensure appropriate regulation, and the effective and timely disposal of all solid,
liquid and gaseous radioactive wastes generated as a result of routine and non-
routine support activities.

d. Toreflect changes and improvements in UK radioactive waste management policy
since the issue of the current LoAgs.

This document makes an application to SEPA on behalf of the MoD for a Letter of
Approval (LoAp) for the disposal of radioactive wastes from HMNB Clyde.

The responsible person for ensuring the safe and compliant disposal of radioactive
waste from HMNB Clyde is:

Naval Base Commander (Clyde)
HMNB Clyde, Faslane
Helensburgh

G84 8HL

The person who may be contacted about this application is Mr Stephen Kelly, Base
Radiation Protection and Radioactive Waste Adviser.

1 MoD/SEPA Agreement on Matters Relating to Radioactive Substances 2017.
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2. Background
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2.1.6

General Description of HMNB Clyde

HMNB Clyde is comprised of 2 main areas at Faslane and the Royal Naval Armaments
Depot (RNAD) at Coulport.

Faslane is the Royal Navy’s principal submarine base. It is located some 35 miles
North West of Glasgow and some 7 miles North of Helensburgh on the eastern shore
of the Gare Loch in Faslane Bay. HMNB Clyde is the home port of the UK’s nuclear
deterrent and also provides berthing facilities for conventional surface vessels.
Undertakings at HMNB Clyde can be summarised as the operation and maintenance
of nuclear submarines and associated services.

The Gare Loch is a deep-water estuary with few natural hazards. The shallowest point
is at the entrance through Rhu Narrows, where the minimum depth is 13.4 m below
Chart Datum. Depths elsewhere in the loch are in excess of 20 m. The Gare Loch is
approached from the Firth of Clyde via Ardmore Channel which passes through an
area of navigable water approximately 360 m wide.

RNAD Coulport is located 2 miles due West of Faslane and is responsible for the
storage and handling of weapons in support of the submarine programme. lItis situated
on the eastern shore of Loch Long.

Loch Long is a deep-water loch with no natural hazards. The minimum depth of Loch
Long is 13.7 m below Chart Datum at the mouth of Loch Gail.

Figure 1 shows an aerial photograph of the Faslane and Coulport Sites, including the
various berths and weapon processing area.

Qil & Fuel
Depot
Coulport Explosives
Handling jetty

Submarine Shiplift

SSBN Jetty

Valiant Jetty

Coulport

Gare Loch

Figure 1. Berthing Facilities and Weapon Processing Area at Faslane and Coulport.



2.2 Overview of Waste Generation at HMNB Clyde, Faslane

221

222

2.2.3

Regular submarine maintenance is necessary for optimising performance and
ensuring safety of the Nuclear Steam Raising Plant (NSRP). Routine maintenance
also ensures that radiation exposure of crews and maintenance staff is minimised.

As a consequence of submarine maintenance and repair operations, small quantities
of radioactive waste are produced. In accordance with the MoD/SEPA agreement,
SEPA has issued 2 LoAg to cover radioactive waste disposals. One letter specifies
the numerical limits and conditions associated with the disposal of solid radioactive
waste and the other describes the limits and requirements relating to the disposal of
liquid and gaseous radioactive waste. The overriding philosophy in both LoAgs is that
the Site Operator, the Naval Base Commander (NBC), should use best practicable
means (BPM) for reducing both the volume and the activity of waste generated for
disposal.

Figure 2 provides an aerial view of Faslane Naval Base. The location of the various
submarine berths, existing waste processing & disposal facilities, and the supporting
infrastructure such as the radiochemistry laboratories and nuclear repair workshops
are identified. The existing waste facilities and supporting utilities are located at the
opposite end of the Naval Base from where submarines are berthed.

3 'EdéhtTeh‘féf‘Nucka;r Support:Hub

1

-a— —

Radioactive Effluent
Disposal Facility (REDF),
Active Processing
Facility (APF), Nuclear
Repair Workshops and
Radiochemistry

Laboratory including the
liquid and gaseous waste
discharge points

Figure 2. Submarine Berths and Supporting Facilities at Faslane.

Overview of Waste Generation at HMNB Clyde, Coulport

224

The RNAD at Coulport is responsible for the storage, processing, maintenance and
issue of key elements of the UK's Trident Deterrent Missile System and the
ammunitioning of all submarine embarked weapons. Weapon support activities result
in the generation of small quantities of solid and gaseous waste. Gaseous waste
disposal may occur during weapon container storage or when the containers are
opened in the Weapon Processing Area (WPA). In addition, material used to control
the environmental conditions within weapon containers may become contaminated
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with tritium during use and, following analysis, may require disposal as radioactive
waste. SEPA has issued 2 LoAgs for Coulport; one letter covers the disposal of solid
waste contaminated with tritium and the other covers the disposal of gaseous waste
from the WPA. All solid radioactive waste generated at Coulport is transferred to
Faslane for safe storage and final disposal.

2.2.5 In addition to the weapon processing facilities, Coulport also includes the covered EHJ
where weapon loading/offloading activities are conducted. Very limited submarine
maintenance is undertaken when submarines are berthed in the EHJ and any
radioactive waste generated as a result of routine or non-routine activities must be
stored on-board until the submarine berths at Faslane and can transfer the waste to
the APF or REDF. Transfer of submarine related waste to the facilities at Coulport and
then subsequent disposal to Faslane has not been agreed by SEPA.

2.2.6 Figure 3 shows an aerial photograph of the EHJ and the WPA at RNAD Coulport. For
security reasons the locations of the various processing buildings have been omitted.

Figure 3. Submarine Berth and WPA at Coulport, Faslane is visible in the background.

2.3 Regulation of Radioactive Waste and Nuclear Safety at HMNB Clyde

2.3.1 The Faslane and Coulport sites are owned and operated for the purposes of defence
and as such are exempt from the requirements of EASR18 (formerly RSA 93) and the
Nuclear Installations Act 1965. Notwithstanding such exemptions, it is the policy of the
MOD, where practicable, to fully satisfy the standards required by relevant legislation.
The Secretary of State’s policy statement? for health, safety and environmental
protection (HS&EP) requires that, ‘where Defence has exemptions, derogations or dis-
applications from HS&EP legislation, we maintain Departmental arrangements that
produce outcomes that are, so far as reasonably practicable, at least as good as those

2 Policy Statement by the Secretary of State for Defence — Health, Safety and Environmental Protection in Defence.
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2.3.2

233

234

required by UK legislation’. To assist in the delivery of this policy the MOD has
appointed the Defence Nuclear Safety Regulator (DNSR). The DNSR’s primary
function is the regulation of nuclear safety across the Defence Nuclear Enterprise
(DNE) holding individuals to account and providing independent assurance of
compliance. To achieve this, DNSR aligns regulation as closely as possible to that of
the Office of Nuclear Regulation (ONR), deviating only where necessary. DNSR
provides non-prescriptive goal setting regulation, utilising Authorisation Conditions
(ACs) akin to the civil sector’s Licence Conditions, augmented by Further Authorisation
Conditions (FAC). HMNB Clyde is an ‘Authorised Site’ and the Naval Base
Commander, as Authorisee, is responsible for ensuring compliance with all ACs. A
number of ACs relate specifically to the management of radioactive waste.

AC 32 refers to the accumulation of radioactive waste and requires the production and
accumulation of radioactive waste to be minimised and that adequate records are
maintained to enable DNSR to monitor the management of radioactive waste. AC 33
refers to the disposal of radioactive waste and gives DNSR the power to direct the
Authorisee to dispose of radioactive waste. DNSR only give such direction where the
disposal is to be carried out in accordance with a LoAg or equivalent issued by the
appropriate Agency (i.e. SEPA in Scotland). AC 34 places a duty on the Authorisee to
ensure that radioactive material and radioactive waste is adequately controlled or
contained to prevent leaks and escape, and that in the event of any fault or accident,
the waste or material can be detected, recorded and DNSR informed.

FAC 3, Radioactive Discharges, results from the need for environmental controls
equivalent to those in legislation to apply to all parts of the Defence Nuclear
Programme. The purpose of this condition is to ensure that discharges of radioactive
waste are minimised and controlled subject to regulatory consent. Radioactive
discharges from HMNB Clyde, as an Authorised site, are subject to regulation by
SEPA; however, SEPA regulation specifically does not cover discharges directly to the
environment from submarines. By nature of reactor and weapon design, gaseous
radioactive discharges arise from both the weapon and propulsion programmes.
DNSR will only issue consents under FAC3 in relation to the following activities:

a. Low level gaseous radioactive discharges from submarines directly to the
environment;

b. The discharges of low level liquid waste directly to the environment where it is not
practical for this to be transferred ashore for processing and disposal under a
SEPA/EA agreement; for practical purposes, it is anticipated this will be restricted
to discharges from submarines at sea.

DNSR and SEPA conduct independent and joint inspections of Clyde’s radioactive
waste management arrangements on a periodic basis to monitor compliance with ACs
and LoAg conditions, and to ensure the application of BPM to waste production and
disposal. HMNB Clyde’s Assurance Department also conducts routine inspections of
Clyde’s radioactive waste management arrangements.
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2.4 Safety Management Arrangements at HMNB Clyde

241

242

All activities that could lead to the production and disposal of radioactive waste are
subject to approval and authorisation. For activities on-board submarines procedures
are written and then reviewed by the Procedural Authorisation Group (PAG) prior to
approval. Clyde’s policy stipulates ‘the PAG shall undertake to minimise and, where
possible, avoid the production of radioactive waste when reviewing nuclear
documentation and associated Nuclear Reactor Plant maintenance and repair
activities’. Key members of the PAG include a professional Health Physicist who must
ensure radiation exposures are optimised and the effective application of the BPM
principle to all radioactive waste generating activities. In a similar fashion, all activities
that could result in the production of radioactive waste in shore-based facilities (e.g.
APF & REDF) are subject to approval by the Nuclear Services Authorisation Group.

In addition to approved operating procedures, the policy and strategy for radioactive
waste management are captured in HMNB Clyde’s Radioactive Waste Standing
Orders. These Orders are periodically reviewed to reflect changes in operating
practices and to address any changes to statutory requirements or guidance on the
application of BPM.

2.5 Safety Management Organisation and Responsibilities

251

25.2

2.5.3

254

The Naval Base Commander, as Authorisee and Site Operator, is responsible for
gaining approval from SEPA and consent from DNSR to dispose of radioactive waste.

The Base Radiation Protection Adviser (BRPA) is responsible for preparing and
reviewing the applications for waste disposal approvals/consents to both SEPA and
DNSR. As NBC’s appointed Radioactive Waste Adviser, BRPA is the focal point for
all discussions with SEPA and DNSR on waste related issues and is responsible for
submitting waste disposal records to SEPA to meet the requirements of the extant
LoAg. The BRPA attends the MoD Radioactive Waste Information Group (RAWIG) to
ensure lessons learned from the wider defence community are promulgated locally
and implemented if practical. It was through this forum that a number of the issues
and challenges (e.g. tritium in general effluents) facing the wider Naval Nuclear
Propulsion Programme (NNPP) community were highlighted.

The Base Radiation Safety Officer (BRSO) is responsible for ensuring adequate
arrangements are in place for the management of radioactive waste to meet the
requirements of relevant legislation, the conditions specified in the SEPA and DNSR
agreements/consents and Authorisation Condition requirements. BRSO also chairs
HMNB Clyde’s BPM Working Group. This group was established 5 years ago and
provides a forum to discuss the application of BPM to all radioactive waste related
support activities.

Babcock Marine staff are responsible for operating the solid and liquid radioactive
waste processing and disposal facilities at Faslane. The Radioactive Operations
Manager (ROM) is the Facility Manager for the REDF and APF and has overall
responsibility for the effective management of solid and liquid waste at HMNB Clyde,
Faslane. Babcock Marine and the Oil Pipeline Agency are responsible for effective
management and disposal of submarine general effluents that may contain trace levels
of tritium.
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AWE, as part of the ABL consortium, are responsible for the effective management of
solid and gaseous waste at Coulport. The Trident Special Area (TSA) Facility Operator
is responsible for the gaseous and solid radioactive waste that is generated in support
of weapon operations at Coulport. The Health Physics section at Coulport is
responsible for collating waste disposal information and forwarding to the BRPA
section. Transfer and disposal of submarine general effluents arising from activities in
the Explosive Handling Jetty are the responsibility of Babcock Marine.

2.6 Background to LoAp Application

2.6.1

2.6.2

2.6.3

26.4

Proposals to replace the REDF have previously been developed initially in 2003 and
then in 2007. A decision was taken not to proceed with these projects and the current
waste facilities were subject to significant refurbishment in 2009/10. The continued
use of the existing REDF was justified up until the end of 2018 however it was
recognised that additional recertification work could be carried out to allow the facilities
to safely operate up until 2025: this safety justification work has now been completed.
A detailed optioneering study for waste management at Faslane was initiated in 2010.
The option study was undertaken to identify the optimum solution for waste receipt and
processing and to inform the design of replacement facilities. The aim of the study
was to identify the preferred solutions for the following activities:

o Effluent receipt and transfer;
o Effluent treatment and disposal; and
e Solid waste handling.

In advance of making any decision about the siting of the new waste facilities SEPA
requested that HMNB Clyde conduct a full review of the existing LoAgs. SEPA
identified that the letters were older than 10 years and that a number of changes, most
notably within the nuclear waste management industry and legislative changes to
RSA93, had occurred since the letters had been issued. The review was completed
in 2012 and considered the impact of the following:

¢ The introduction of an ‘out of scope’ limit for Co-60 of 0.1 Bg/g for solid waste.

¢ The increase in the number of submarines to be ‘home-ported’ at HMINB Clyde.
e The intention to undertake submarine repair and maintenance activities at
Coulport.

HMNB Clyde wrote to SEPA in 2012 and requested that the numerical limits for liquid
waste disposal at Faslane and gaseous waste disposal at Coulport be reduced. HMNB
Clyde also requested agreement from SEPA to allow for the disposal of solid and liquid
submarine related waste from Coulport to Faslane.

Prior to completion of SEPA’s determination process a decision was taken in 2014 to
build and operate a new combined radioactive waste facility, the NSH, at the north end
of the Faslane Naval Base. HMNB Clyde wrote to SEPA in March 2016 requesting
that the LoAg review process be superseded by an application for a new approval to
cover operations at the NSH. Operational experience gained from Devonport Naval
Base, the Naval Test Reactor Establishment (NTRE) at Vulcan and a better
understanding of waste generation across the Defence Nuclear Enterprise identified
the possibility of additional radioactive waste streams that had not been captured in
the original 2012 LoAg review process. In addition, Clyde was keen to explore the
benefits of combining the 4 LoAg for Coulport and Faslane into one approval covering
the entirety of HMNB Clyde’s operations. In response to this request SEPA

12



2.6.5

2.6.6

2.6.7

acknowledged that receiving additional information to inform the original 2012 review
process and a separate application for the NSH could result in two separate
consultations at very similar times. SEPA agreed this might cause confusion for
consultees as well as adding an additional review burden. SEPA wrote to HMNB Clyde
in July 2016 confirming that they had stopped processing the update to the existing 4
LoAgs pending receipt of an application for the new NSH.

The NSH project has now matured to the point of design freeze and the Pre-
Construction Safety & Environmental Report (PCSER) for the new facility has been
subject to HMNB Clyde’s full safety review process. In addition, a presentation has
been delivered to Clyde’s SEPA inspector to explain how the design and operation of
the NSH will address the requirements of BPM. A comprehensive BPM assessment
report has been produced and subject to approval by Clyde’s BPM Working Group.
This report has been shared with SEPA and the resultant comments have been used
to improve and optimise the design of the facility (e.g. introduction of a bubbler system
to measure C-14 activity levels in gaseous waste discharges).

Lessons learned and operational experience gained from submarine and weapons
activities across the DNE have been used to ensure this application fully scopes all
potential radioactive waste streams arising from both routine and non-routine activities.
This application therefore seeks approval for the disposal of the following waste
streams:

a. Solid radioactive waste generated as a result of planned submarine maintenance,
repair and support activities at Faslane.

b. Solid radioactive waste arisings from the maintenance of submarines operating
with a non-routine NSRP configuration.

c. Transfer of submarine and weapon related solid and liquid wastes from Coulport
to the NSH.

d. Primary coolant discharges from submarines operating with both routine and non-
routine NSRP configurations. These effluents will be treated through the NSH
effluent treatment plant and discharged via the new outfall. These discharges will
also include small quantities of liquids from radiochemistry analysis and could
include effluents generated at other UK and foreign operational berths.

e. General submarine effluents, not related to the operation of the nuclear reactor
plant, that may contain trace levels of tritium. Due to their conventional hazardous
properties, these effluents will require treatment by a specialist waste contractor
prior to disposal.

f. Small quantities of chemically contaminated liquid waste generated as a result of
both routine and non-routine support activities. This material will be unsuitable for
treatment via the NSH Effluent Treatment Plant (ETP). A suitable waste contractor
authorised to accept radioactive waste will be used for disposal.

g. Gaseous radioactive waste arising from routine operations of both the ETP and the
Solid Waste Handling Plant (SWHP).

h. Small quantities of gaseous waste generated from radiochemistry analysis
processes including that associated with the investigation of non-routine
submarine configurations.

i. Disposal of gaseous waste from operations within the WPA at Coulport.

HMNB Clyde is also seeking approval to continue to operate the REDF and discharge
from the existing discharge point for a period of 6 months after active commission/first
nuclear use of the NSH. Whilst it is not anticipated this capability will be required it will
ensure a degree of redundancy during the initial operating period of the NSH ETP.

13



During this initial operating period the combined radioactive discharges from both
discharge points, if used, will be limited to the new reduced numerical limits for the
NSH. After this period the existing Faslane LoAg covering liquid radioactive waste
disposal will be revoked.

3. Existing Radioactive Waste Management Arrangements, Faslane

3.1 Solid Radioactive Waste — Routine

3.1.1

3.1.2

3.1.3

3.1.4

3.1.5

Small quantities of solid contaminated material are generated as a result of submarine
maintenance and repair activities. This waste consists mainly of small stainless steel
components such as pipework and valves, softs items such as rags and clothes used
in submarine controlled contamination areas, polythene sheets that have been used
to package contaminated materials and protective clothing/tenting hat has been used
during repair activities. On occasion, larger items also have to be removed, such as
contaminated pumps and activated steel components. As mentioned in Section 2, all
submarine support activities are carefully considered to ensure the application of BPM
to the generation of radioactive waste.

On removal from the controlled contamination areas (mainly submarine reactor
compartments), the items are carefully packaged to prevent the spread of
contamination, monitored for both contamination levels and dose rates and given a
unique identification number for transfer to the APF. Items will be identified as waste
(suitable for disposal) or for decontamination and return. ltems are then logged off the
submarine and transferred using a dedicated transport container equipped with
suitable bunded holding areas. The items are formally receipted at handover,
transferred to the APF and logged into the APF at the receipt bay. Items are held in a
suitable bunded area within the receipt bay prior to activity assessment and
processing. Suitable packaging and bunding are used at each stage of the transfer to
ensure any residual liquids in valves, pumps or rigs are contained and escape is
prevented.

All waste and components receipted into the APF are subject to activity assessment
using Active Waste Monitors (AWM). These monitors are equipped with large area
scintillation detectors and can detect gamma emitting radionuclides down to very low
levels. The AWM are equipped with scales and are set up to provide a read out of
both total and specific activity. Solid waste fingerprints have been established for
submarine metallic and non-metallic waste and these fingerprints are used to ensure
the contributions from other non-gamma emitting radionuclides (e.g. H-3 & C-14) are
accurately assessed and included in the overall activity declaration. This approach is
common practice in the nuclear industry and is considered to represent best practice.

AWMs are also programmed to visually display the location of the radioactivity in the
waste bags subject to assessment. This information is used to assist APF staff when
segregating non-radioactive and active items.

Subsequent to assessment waste bags are either designated as ‘out of scope’ (i.e. not
considered as radioactive waste) or above the out of scope level. Items considered
as radioactive waste are then moved to the segregation cell and subject to further
assessment and segregation. On completion of this process contaminated items are
subject to final AWM assessment, suitably labelled and transferred to the radioactive
waste storage areas to await disposal. Disposal of all wastes assessed as ‘out of
scope’ is via the Base’s conventional waste disposal route. Prior to disposal of this

14



3.1.6

3.1.7

3.1.8

3.1.9

waste any radioactive labelling or trefoil signs are removed. All materials and
components are accurately recorded into and out of the APF.

The solid waste characterisation process was subject to review in 2015 and results
shared and agreed with SEPA. Arrangements are now in place to ensure that the solid
waste characterisation is repeated approximately every seven years or when there is
a significant change to operating procedures. A copy of the current waste
characterisation fingerprints for metallic and non-metallic waste streams is at Appendix
B. It shows that the main activity contribution arises from C-14 and tritium. As would
be expected, there is very good correlation between the solid waste fingerprints and
the analysis results of submarine liquid waste treated at the REDF.

Small quantities of solid waste may also be generated by activities in the REDF,
radiochemistry lab and nuclear repair workshops. These items are transferred and
processed as described above.

Further to activity assessment solid radioactive waste is accumulated in the APF waste
store until it is economically viable to transfer. The disposal of the waste is generally
managed via waste enquiry submission to Low Level Waste Repository. LLWR ensure
that that most effective disposal option is identified (e.g. incineration) and records of
all radioactive waste disposals are maintained and reported to SEPA periodically to
satisfy the requirement of the LoAg.

Information on waste disposal volumes and total activity are provided in Table 1.

Annual Disposal
Numerical
Radionuclide Limits 2013 2014 2015 2016 2017 2018
(MBQq)

Co-60 4000 2.16 5.76

Tritium 10000 0.20 0.51
Gross Alpha 30 0.0 DisNgsaI DisNgsaI 0 DisNgsaI DisNgsaI

Gross Beta 4000 6.17 P P 24.44 P P

Volume (m?3) 40 12 9.4

Table 1. Annual Solid Waste Disposal Volume and Activity 2013-2018.

3.2 Solid Radioactive Waste — Non-Routine

3.21

3.2.2

lon Exchange Resin is used in the REDF to remove activity from submarine effluent
prior to disposal to the Gare Loch. On occasion this resin needs to be replaced to
ensure the continued operational effectiveness of the REDF. Samples of the spent
resin are subject to radiochemical analysis to ensure the resin is appropriately
characterised. Operational experience indicates resin changes are required every 10-
12 years. Disposal of resins in the past has required solidification prior to transfer
however future disposal will be determined on a case by case basis. The NSH will be
operated to ensure that resins can be disposed of as low level radioactive waste.

Detailed decommissioning and disposal assessments have been carried out to identify
and quantify the radioactive waste that will be produced when the current facilities are
taken out of service. Additional characterisation work may be required but the
assessments have confirmed that a disposal route exists for all low level wastes that
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will be generated. HMNB Clyde intend to initiate ‘de-authorisation’ and
decommissioning work on successful commission and operation of the NSH.

3.3 Solid Waste Disposal Routes

3.3.1

3.3.2

3.3.3

The existing LoAg for the disposal of radioactive waste from Faslane, see Appendix A,
specifies volume and numerical limits for the disposal of various isotope groups. The
LoAg also states that waste must be disposed of by removing to the Low Level Waste
Repository (LLWR) near Drigg in Cumbria. The introduction of SEPA’s policy on the
Regulation of Radioactive Low Level Waste from Nuclear Sites® provided the
opportunity for nuclear sites to dispose of solid LLW to any person lawfully entitled to
accept, treat and dispose of waste providing the selected disposal option represents
the ‘best practicable means’ for disposing of that waste. The policy also states that
prior notification to SEPA should be made before new transfer routes are utilised.

A full BPM Review of Radioactive Waste Management Arrangements within HMNB
Clyde* was conducted in 2014 and covered all aspects of solid waste handling from
the point of generation through to the final disposal. The recommendations in this
report have all been fully implemented and included:

¢ Improvements in waste/component transfer bags.
¢ Improvements in waste segregation.

e Improvement in LoOAg awareness training to those directly and indirectly involved
with radioactive waste.

The report concluded that the management of solid radioactive waste was
demonstrably BPM given the limited remaining operational life of the existing
radioactive waste processing facilities.

3.4 Liquid Radioactive Waste

3.4.1

Liquid wastes generated from operations at Faslane can be conveniently split into 3
distinct groups: effluent discharged directly to Primary Effluent Tanks (PETSs) for
routine processing at the REDF; liquid waste collected in carboys from controlled
contamination areas which may also include hazardous chemicals; and large volumes
of submarine conventional effluents that are not directly associated with submarine
nuclear reactor plant.

3.5 PET Discharges

351

3.5.2

A number of radioactive effluent discharge operations are carried out from submarines
when berthed alongside at Faslane. Frequent discharges include:

o Discharges due to primary plant warm up operations.
e Discharges from the RC Active Drain Tanks and RC bilges.

Infrequent discharge operations include:

3 SEPA Regulation of Disposal of Radioactive Low Level Waste from Nuclear Sites, RS-POL-002 Issue 1, dated
May 2012.
4 DSJ 9482 — BPM Review of Radioactive Waste Management Arrangements within HMNB Clyde- July 2014.
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e Single primary loop drain.
e Double primary loop drain.

3.5.3 These discharges are made directly to Mk IV Primary Effluent Tanks (PET) and
account for the majority of liquid radioactive waste. PETs are stainless steel cylindrical
tanks horizontally mounted within a rigid steel frame. The maximum capacity of the
Mk IV PET, including quench volume and flush, is limited to 2.7 m3. The tanks are
either located on the jetty or the casing of the submarine during discharge operations.
Single skinned braided stainless steel discharge hoses are used to connect the PET
to the submarine discharge point. On completion of the discharge the PET is
transferred, on a dedicated flatbed lorry, to the REDF compound in the south end of
the Base and discharged, using pressurised nitrogen gas, to the receipt tank inside the
REDF. When sufficient volume has been accumulated the effluent is pumped through
a series of filters to remove any fine particulate materials and then through two lon
Exchange Columns (IXCs) to remove radioactivity. The resultant treated effluent is
transferred to one of two large final hold tanks. Samples of effluent receipt tank and
final hold tank contents are taken and analysed by radiochemists. The results of the
final hold tank are assessed by a professional Health Physicist and authorised for
discharge to the Gare Loch. Procedures are in place that allows the contents of the
hold tank to be recirculated via the IXC if required. During the disposal process a
sample is taken from the discharge pipeline using the installed proportional flow
sampler. This sample is analysed and it is these results that are used to calculate the
radioactivity discharged to the Gare Loch. Results are sent to SEPA to meet the LoAg
reporting requirements.

3.5.4 Table 2 details the current numerical limits and the activity and volume of effluents
discharged to the Gare Loch from 2013-2018. The information in Table 2
demonstrates that the actual radioactive discharges to the environment are
significantly below the current limits.

Annual Discharge (MBQ)
Radionuclide Limit (MBQ) 2013 | 2014 | 2015 | 2016 | 2017 | 2018
Cobalt 60 500 0.42 0.12 0.63 0.33 0.68 0.49
Tritium 1,000,000 8520 3810 19500 | 11000 | 33000 5816
Gross Beta 500 0.85 0.25 1.47 0.66 1.36 0.99
Gross Alpha 200 0.08 0.02 0.12 0.07 0.14 0.10
Volume (m3) N/A 42.2 12.5 53.2 33.0 68.0 49.4

Table 2. Annual Liquid Discharges to the Gare Loch 2013-2018.

3.5.5 A comprehensive BPM review of all PET waste handling arrangements was carried

out in 2014°. The arrangements for primary effluent discharges were considered in
detail and, in addition to supporting an earlier decision to procure 2 Primary Effluent
Transfer Barges (PETB), a recommendation was made to install instantaneous self-
sealing coupling units for PET to REDF discharges. These recommendations have
been implemented in full and the new PETBs have now been built and subject to
inactive commission.

3.6 Liguid Wastes Discharged to Carboys

3.6.1 These secondary liquid wastes could include the following:

5 DSJ 9481 - BPM Review of Current Arrangements for Radioactive Effluent Receipt & Transfer — July 2014.
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3.6.2

Liquids generated in the testing & decontamination of contaminated components
Liquid wastes from radiochemical analysis

Small quantities of submarine wastes that are radioactive but not chemically
contaminated

Chemically contaminated waste from planned and unplanned activities on
submarines

A brief description of the volume and current disposal routes for each of these effluent
sources is provided below:

a. Components (e.g. test rigs and pumps) and tools used in contaminated areas may

become contaminated during use. These items are safely transferred to the
nuclear repair workshops or APF where they are tested/decontaminated with small
guantities of water and decontamination solvents. The waste waters generated
are drained to specially designed carboys and transferred to the REDF for testing
and appropriate treatment. Carboys with acceptable chemical properties (i.e. no
detectable oils) are pumped to the REDF receipt tank and treated through the
effluent treatment plant. Generally there are no detectable levels of Co-60 or C-14
in this waste and up to a few tens of Bg/ml of tritium.

Small quantities of contaminated liquids are generated during the analysis of
primary coolant samples and the cleaning of contaminated glass wear. This liquid
is captured in carboys, tested and then treated via the REDF. Generally there are
no detectable levels of Co-60 or C-14 in this waste and up to a few tens of Bg/ml
of tritium.

On occasion, activities on-board submarines can result in the generation of
chemically contaminated wastes. Liquids contaminated with potassium chromate,
oils, hydraulic fluids or other hydrocarbons can collect in reactor compartment
bilges and need to be pumped to carboys. These liquids are generally unsuitable
for treatment via the REDF or discharge to the Gare Loch. These liquids may
contain very low levels of Co-60 and a few hundred Bg/ml of tritium. Very low
levels of C-14 is occasionally detected. Due to their combined radioactive and
chemical properties they must be safely stored at the APF awaiting disposal.
Faslane’s current LoAg does not specifically allow for the disposal of these liquid
wastes. Carboy waste represents a small fraction of the overall liquid discharges
from the REDF-.

3.6.3 A comprehensive BPM review of all carboy liquid waste handling arrangements was

carried out in 2014°. This review concluded that the handling and disposal
arrangements of the small quantities of liquid waste associated with decontamination
and radiochemistry arrangements were demonstrably BPM given the limited remaining
operation life of the existing supporting facilities.

6 DSJ 9482 — BPM Review of Radioactive Waste Management Arrangements — July 2014.
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3.7 Submarine Conventional Discharges

3.7.1

3.7.2

3.7.3

The operation of submarines results in the generation of significant quantities of
conventional liquid waste. This waste may contain oils, greases detergents and small
guantities of biological matter and is not suitable for treatment by the REDF or direct
discharge to the environment. This waste is transferred directly, or via the Oil Fuel
Depot (OFD) in Garelochhead, to a commercial waste treatment plant operator. These
conventional liquid wastes are subject to appropriate treatment and then discharged
to the environment. Recent analysis of this conventional liquid waste has identified
that it may contain very low, but detectable, levels of tritium. The specific mechanism
to explain the source of this activity has not been fully established and analysis results
have failed to identify any consistent detection pattern over the three classes of UK
submarines. The disposal of this liquid waste is not covered by the current Faslane
LoAg and Clyde has recently submitted an application to seek SEPA’s approval to
dispose of this low concentration aqueous waste. HMNB Clyde has requested
approval to dispose of radioactivity levels up to the limit detailed in relevant exemption
orders (i.e. 10 GBq for tritium). HMNB Clyde expects SEPA to approve this Addendum
request within the next few months. The annual volumes of conventional liquids is
approximately 5000 m® and analysis confirms that tritium levels have never exceeded
1 Bg/ml.

In addition to the conventional discharges described above, to manage buoyancy and
manoeuvrability, submarines are designed with compensating and trim tanks. These
tanks, which are isolated from the submarine reactor plant, are filled and pumped using
sea water. Analysis of samples from these tanks has detected very low levels of
tritium. The highest activity level detected in samples from these tanks is less than 0.1
Bg/ml.

The arrangements associated with handling conventional discharges have been
subject to BPM assessment and it was concluded that changing the current handling
or disposal arrangements would be grossly disproportionate.

3.8 Gaseous Radioactive Waste

3.8.1

Gaseous radioactive waste may be generated as a result of the following activities at
Faslane:

Solid waste handling activities in the APF. All of the processing cells in the APF are
ventilated via HEPA filtration. A continuous air monitoring system is operated within
the APF and this system has been set to detect and alarm at very low levels of airborne
activity. Gaseous waste generating activities such as cutting and grinding operations
are very rarely undertaken within the APF and work of this nature would always be
conducted within additional purpose-built containment arrangements. There have
been no positive indications of airborne activity during the APF’s 20-year operating
history and activity assessment of used HEPA filters has never exceeded the ‘out of
scope’ classification limits. These results provide confidence that any gaseous
discharges due to solid waste handling are trivial.

Liquid Waste Processing in the REDF — receipt and final hold tanks within the REDF
have been designed to ensure that air from the ullage space which may potentially
contain entrained activity is discharged via HEPA extract ventilation via a single stack
on the roof of the REDF. This air flow is monitored by an inline tritium bubbler system.
Tritium activity levels above the limit of detection have never been detected. In
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3.8.2

3.8.3

addition, a number of continuous air monitoring detectors are strategically located
within the facility and particulate activity has never been detected. These monitoring
results provide high confidence that gaseous waste discharges from the operation of
the REDF are trivial.

Assessment of samples in the Radiochemistry Laboratory — assessment of samples
requires ‘boil down’ operations within the chemistry lab fume cupboards. These
activities may result in the release of small quantities of airborne activity which is
extracted via HEPA filtration and discharged via a single stack (see Figure 2).
Theoretical calculations assuming worst case sample activity concentrations confirm
gaseous disposals would be trivial.

Notwithstanding the trivial nature of these discharges the approach to the regulation of
gaseous waste disposal has changed since the issue of the current LoAg and SEPA
has indicated that any future gaseous waste disposals may be the subject of numerical
limits.

As mentioned, gaseous discharges directly from the submarine to the environment are
regulated by DNSR. DNSR has issued a consent to HMNB Clyde to allow the disposal
of gaseous waste and has imposed numerical limits on the disposal of H-3, Co-60, C-
14 & Ar-41. The most significant component of gaseous disposal occurs when
radioactive effluent is transferred from a pressurised to an unpressurised state and
released via the PET vessel vent directly to atmosphere. Other less significant
disposal pathways include the release of tritium from weapon components on-board
Vanguard class submarines. DNSR has assessed that discharges carried out at the
annual authorised limit would result in a dose of around 0.08 uSv/y which is well below
the 20 uSv/y threshold below which no further regulatory effort is warranted, provided
the operator is using BPM to limit discharges.

4. Existing Radioactive Waste Management Arrangements, Coulport

41 Solid Radioactive Waste

41.1

4.1.2

Bags of desiccant are used within weapon storage and transport containers to maintain
the required humidity levels. At times these containers may hold components that
contain tritium and due to tritium’s high mobility characteristics, it is possible that small
guantities of tritium leach out of these components and into the atmosphere within the
container. As a result, it is possible that the tritium will be absorbed into the desiccant
and therefore, prior to disposal, it is necessary to consider whether the bags of
desiccant must be treated as radioactive waste due to their tritium content.

In 2011 the level at which tritium contaminated waste is considered ‘out of scope’ of
RSA93 was raised from 0.4 Bg/g to 100 Bg/g. The introduction of this new higher limit
was used as a catalyst to carry out a BPM review of tritiated desiccant arrangements
at Coulport. This review was completed in 2012 and concluded that ‘the current
sampling and analysis regime is considered disproportionate to the benefits derived
from, or likely to be derived from, employing such a regime’. The BPM review
considered the following aspects:

o Justification for the use of the desiccant and the quantities used,;
¢ The possibility of reusing or recycling desiccant; and
e Sampling and analysis arrangements.
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41.3

414

4.1.5

4.1.6

4.1.7

4.1.8

The Design Authority for weapon storage and movement confirmed that desiccant
represented the most effective and practical approach to removing water vapour and
that the quantity of desiccant used had been theoretically calculated to optimise
environmental conditions. The possibility of reusing/recycling desiccant was also
discounted due to the potential uncertainties over the efficacy of recycled desiccant to
maintain the required conditions. A number of options for the sampling and analysis
were considered and it was concluded that mixing the desiccant bags and taking one
sample from the homogenised mass followed by pyrolysis and liquid scintillation
analysis represented the BPM approach. These revised arrangements were agreed
with SEPA in 2015 and have been operating for the last 3 years.

The current waste handling arrangements at Coulport include desiccant removal,
storage, sampling & analysis and then, subsequent to receipt of analysis results,
segregation awaiting disposal.

The quantities of radioactive waste generated since the introduction the 2011 has
resulted in the disposal of a few kg of desiccant as radioactive waste. In accordance
with the current LoAg this waste is transferred to the APF at Faslane prior to final
disposal.

Over 95% of desiccant has been assessed as <100 Bg/g and disposed of as
hazardous waste to a suitable waste disposal contractor.

The current arrangements have recently been subject to an end to end review and this
has resulted in the introduction of a number of improvements including: enhanced
labelling and segregation; simpler handling arrangements; and improvements in
verification of the final disposal route.

HMNB Clyde has concluded that the revised desiccant handling and disposal
arrangements are now demonstrably BPM.

4.2 Gaseous Radioactive Waste

42.1

4.2.2

4.2.3

Tritium exists at Coulport in several different types of items. The vast majority is
present within sealed pressure vessels designed for the purpose of storing tritium.
These vessels arrive at Coulport in pressure-sealed transport containers. The
containers are opened in a fume cupboard and a proportion of the tritium which has by
its mobile nature, leached into the main container, is discharged to the environment
via the process building’s ventilation system. In addition, once the vessel is removed
from the storage container, tritium will continue to slowly escape and discharge from
the storage building directly to the atmosphere.

The manner in which gaseous discharges are calculated has recently been subject to
review and amendment. The conclusions of the review have been endorsed by
Clyde’s BPM WG and agreed with Clyde’s SEPA inspector. Additional improvements
to the documentation controlling gaseous waste discharges have been implemented
during 2018, and Clyde’s gaseous waste assessment and reporting arrangements are
demonstrably BPM.

Table 3 provides information on the existing gaseous limit and an indication of the
discharge figures from 2013-2018. Annual discharge levels are directly related to the
weapon processing programme.
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Radionuclide | . Annual 2013 | 2014 | 2015 | 2016 | 2017 | 2018
Limit (GBQ)

Tritium 50 2.18 6.69 4.23 2.94 1.78 1.77

Table 3. Annual Gaseous Discharge Limit and Disposal Figures for Coulport.
5. Proposed Changes to Waste Management Arrangements at Faslane
5.1 General Design of the Nuclear Support Hub

5.1.1 A number of developments have occurred since the issue of the existing LoAg.
Changes include: an increase in number of submarines that will be berthed and
operate out of Faslane; a better understanding of the full scope of routine and non-
routine activities that Clyde may need to support to ensure Continuous at Sea
Deterrence; a better understanding of the types, characterisation and potential
activities of wastes associated with the full scope of operations; changes to berthing
arrangements and the transfer of all submarine support activities to the north end of
the Base; learning from experience gained from other NNPP operators; a recognition
that the current radioactive waste processing/disposal facilities and the supporting
utilities are approaching the end of their operational life and will prove more difficult to
safety justify and economically maintain and operate over the next 5/10 years; and
changes to the legislative framework that regulates the management and disposal of
radioactive wastes.

5.1.2 All of these developments have resulted in HMNB Clyde concluding that a new
combined solid and liquid waste disposal facility, the NSH, should be built and operated
at the north end of the Base. In addition to including waste handling, processing and
disposal capabilities, the NSH will also house related supporting services including:
radiochemistry laboratories; nuclear repair workshops; and offices for Health Physics
personnel and dosimetry management.

5.1.3 The NSH is to be located to the North of the existing Shiplift at the northern end of the
Faslane Site. The location and an impression of how the facility will look are provided
at Figure 4 & Figure 5.

Figure 4. Nuclear Support Hub Location.
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514

515

5.1.6

Figure 5. Nuclear Support Hub including the 2 Floating Barge Berths.

The NSH will provide separate operational plant areas for waste treatment processes.
The Solid Waste Handling Plant (SWHP) will decontaminate radioactive contaminated
components and process solid radioactive waste effectively replicating the facilities
provided by the existing APF. The Effluent Treatment Plant (ETP) will process liquid
radioactive waste and replace the existing treatment plant located in the REDF.

As part of the design approach to the NSH, the outcomes from the detailed
optioneering studies for waste management at Faslane conducted in 2010 have been
reviewed against recent developments in radioactive waste management best
practice. The review concluded that the 2010 studies remain valid and should be used
to underpin the design of the NSH.

The NSH has been designed to incorporate current safety and environmental
requirements and the facility design has been subject to a developed Safety Case
encompassing current best practice for the identification, assessment, prevention and
mitigation of faults. The design includes robust protective features to prevent
discharge of untreated liquid or gaseous waste or the incorrect sentencing of solid
radioactive waste. The design of the ETP and SWHP were further refined through
consideration of operational experience with the existing plants, good engineering
design and application of BPM. All plant has been specified for a 50-year general life
span, with consideration given to appropriate levels of intrinsic shielding for dose
reduction and all consumables have been located, where practical, to simplify
maintenance.

5.2 Application of BPM to Solid Radioactive Waste Handling Arrangements

521

The purpose of the SWHP will be to provide a solid radioactive waste processing and
decontamination service to submarines and shore facilities. It will also provide a
temporary storage area and a safe keeping service for contractors’ radioactive items.
The simplicity of solid waste production activities at Faslane mean that there are very
limited opportunities to significantly improve or enhance the current arrangements.
The engineering design and equipment layout of the SWHP have been reviewed
against best practice guidance provided in ‘Guidance on the Segregation and
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Management of Low Level Waste from the Nuclear and Associated Industries’”. The
design has also been influenced by the optioneering study completed in 2010 and the
solid waste BPM study in 2014. Improvements and the application of BPM have been
applied in the following areas:

a. The NSH is located much nearer submarine berths, the main source of solid
radioactive waste, and will significantly reduce the transfer distance of radioactive
waste and components.

b. Increased space envelope around the receipt bay will ensure the transfer of solid
waste items can be carried out more effectively.

c. The receipt area will allow all waste transfers to occur under cover and hence
avoid exposure to the frequent poor weather conditions at Faslane.

d. The design of the SWHP has been based on the re-use and relocation of existing
equipment currently in use at the APF. The re-use of existing equipment provides
benefits in reducing the quantity of material for disposal once the APF is taken
out of service and is considered the BPM option in accordance with the UK
Government’s waste management hierarchy. A review has been undertaken to
confirm that existing equipment is fit for purpose for the processing of solid
radioactive waste and that its continued use aligns with the principles of the waste
hierarchy. Use of existing equipment also ensures a degree of operator familiarity
and will reduce the initial training burden for NSH staff.

e. Improved lifting arrangements will mean the more effective transfer of solid
radioactive materials within the facility.

f. Theinternal SWHP space envelope is much bigger than the current APF and this
will assist in more effective segregation, processing, storage and disposal
arrangements.

g. The collocation of the radiochemistry and nuclear repair workshops will simplify
the transfer arrangements of secondary solid waste, reduce the potential for
spillage and leaks and could reduce the amount of packaging material required.

h. The waste storage area has the capacity and suitable plant for handling Half
Height ISO containers (HHISO) which has been identified as the bounding case
for the packaging of wastes, including drummed non-compactable waste for
offsite disposal.

i. All surfaces within the SWHP with the potential to become contaminated have
been specified as having washable surfaces with the capability to transfer any
liquid arising directly into separate active drainage system sumps.

5.3 Solid Waste Characterisation and Assessment

5.3.1 Solid wastes will continue to be activity assessed in the SWHP using the Active Waste
Monitors currently located in the APF. The waste will be fully characterised by applying
the agreed fingerprint for either non-metallic waste or metallic waste streams. The
measurement of Co-60 as the dominant radionuclide and the application of a suitable

7 Management of Solid Low Level Radioactive Waste from the Nuclear Industry — Guidance for the Segregation
and Management of Low Level Waste from the Nuclear and Associated Industries — Oct 2011.
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waste stream ‘fingerprint’ to calculate the contribution from B activity from radionuclides
such as Tritium, Ni-63 and C-14 is common practice in the nuclear industry. Clyde’s
fingerprints for metallic and non-metallic waste streams have been compared with
those used for similar waste groups at Devonport and were found to be broadly
comparable. As mentioned in Section 3, the formal review of solid fingerprints has
now been captured in Clyde’s Radioactive Waste Standing Orders and will be re-
validated on a 7-year basis.

5.3.2 The existing LoAg includes a numerical limit for the disposal of alpha emitting
radionuclides. Fuel integrity in submarine reactor systems is very high but occasionally
alpha emitting radionuclides are detected in submarine coolant using onboard analysis
techniques and may therefore be present on solid radioactive waste removed from
submarines. This alpha arises from natural Uranium present on the fuel cladding. The
results of recent fingerprint analysis work for metallic and non-metallic wastes
confirmed that waste from routine operations does not contain alpha-emitting
radionuclides.

5.3.3 Operational experience from across the NNPP has identified that in the very unlikely
event that a submarine reactor is operated in a non-routine configuration, very small
guantities of alpha emitting radionuclides may plate out on the internal surfaces of the
primary circuit plant or be removed by the on-board ion exchange column. Daily
analysis of primary coolant samples would provide an immediate indication that the
reactor plant was operating in a non-routine configuration. Whilst maintenance
activities on any submarine operating in this non-routine configuration will be
minimised there is a possibility that waste contaminated with measurable levels of
alpha activity could be generated in the future. Such waste would be subject to
comprehensive alpha spectrometry to accurately determine the magnitude of the alpha
contamination. Disposal of alpha contaminated waste would be to an appropriately
permitted operator.

5.4 Proposed Changes to Existing Solid Waste Disposal Approval for Faslane

5.4.1 HMNB Clyde is seeking the approval of SEPA to dispose of solid low level waste to
any person that is lawfully entitled to accept and treat and or dispose of that waste.
HMNB Clyde understands that the selected disposal option must represent the ‘best
practicable means’ for disposing of that waste.

5.5 Application of BPM to Liquid Radioactive Waste Handling Arrangements

5.5.1 A review and appraisal of appropriate technigues for the treatment of liquid effluent at
Faslane was conducted by SQEP site stakeholders as part of the 2010 optioneering
study. The methods identified as potentially suitable to replace the existing REDF

included:

Option 1 Centrifugation

Option 2 Solvent extraction

Option 3 Filtration and lon Exchange
Option 4 Evaporation and Reverse Osmosis
Option 5 Gravity Solvent Extraction

5.5.2 The review concluded that filtration and ion exchange provided the optimum solution
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5.5.3

5.5.4

555

to take forward to support Clyde’s future liquid waste management capability. Current
practice in liquid effluent treatment in the UK nuclear industry was reviewed again in
2015 and confirmed that the use of simple filtration and ion exchange is by far the most
commonly applied technique for abatement of radionuclides prior to disposal of level
liquid wastes; these techniques are implemented at nearly all sites in the UK.

A review of treatment technology for the abatement of tritium was also undertaken in
2015. This review identified a Modular Detritiation System (MDS) process in which
tritiated water is cracked into gaseous oxygen and hydrogen. The gas is then fed
through a column containing a catalyst which results in concentrated tritiated water.
The process is designed such that the tritium concentrations are below 10 Bg/ml at the
outlet and the concentrated tritiated water can undergo stabilization for disposal as
solid waste. The process could potentially abate tritium in liquid effluent discharge
however the MDS process results in potentially explosive gaseous waste requiring
appropriate management control. The high additional cost, operator training, and
maintenance of an unfamiliar system was deemed grossly disproportionate to the
relatively low environmental benefit of abating tritium releases.

A decision was therefore taken in 2015 to utilise filtration followed by ion exchange as
the preferred option for liquid waste treatment at HMNB Clyde Faslane. The possibility
of re-using existing REDF equipment was also considered but discounted for the
following reasons:

e Generation of radioactive wastes during dismantling and reassembly.

e The NSH design contractor would not warrant equipment reuse as part of the
design solution.

e Any reuse of the REDF equipment would leave the REDF in a degraded state and
would not meet current availability requirements.

e Would not meet 50-year design life specification.

The ETP has been designed to receive and process up to a maximum 155 m? of liquid
effluent per year: consisting of an anticipated 120 m® from submarine maintenance, 20
m?3 from decontamination operations at the SWHP and 15 m?3 radiochemistry lab. A
block diagram of effluent management is provided at Figure 6. The key features and
improvements associated with the new effluent treatment arrangements are described
in the remainder of this section.
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Figure 6. Block Diagram of the ETP Liquid Waste Processing Arrangements.

27



Effluent Receipt at the ETP

5.5.6

55.7

As mentioned in Section 3, primary effluent discharge into the ETP will be mainly via
2 new PET Barges that have been built and await active commission. The PET tanks
on these barges have a much greater capacity (10 m® compared to 2.7 m® capacities
of existing PET tanks) and will reduce the number of PET changes during submarine
discharge operations. This will significantly reduce the number of PET connection and
disconnection operations and reduce the possibility of spills and leaks. Use of the PET
Barge will also negate the requirement to lift full PETs onto transport vehicles when
the PET is located on the submarine casing. Once full the PET Barge will be moved
to the NSH pontoon which will provide berths for two barges. Barge PETs will be
connected to the offloading pipework utilising hoses and ‘dry-break’ couplings. The
NSH pontoon will be bridged via an articulated offloading arm equipped with secondary
containment and leak detection on the effluent line. A double braided stainless steel
hose connected with dry-break couplings is specified between the barge and offloading
arm. A double skinned hose has not been selected due to the manual handling issues
of more rigid less flexible hoses which can create additional stress on connections and
increase the risk of leakage. An impression of how this system will look is provided at
Figure 7.

Figure 7. PET Barge and Proposed Discharge Arrangements.

In the event that the PET Barge is not available (e.g. weather and sea state prevent
use, undergoing maintenance, etc.) the use of the existing Mk IV PETs will remain a
suitable discharge option. The NSH has been designed such that all discharges from
PETs will be under cover in a canopied area. The fixed pipework, temporary hoses &
PET vehicle will all be located under the canopy and over a bunded area during effluent
discharge into the ETP. The bund free drains into a low point sump which is provided
with fixed pipework and can be emptied via portable sump pump into the ETP receipt
tanks. The sump is provided with level monitoring indication to monitor for the
presence of liquid and warn operators of potential containment loss. This represents
a significant improvement from the current PET to REDF discharge arrangements.
Low pressure nitrogen will be used as the motive force to transfer effluent from PETs
into the ETP receipt tank. This approach removes the requirement to have additional
mechanical equipment (e.g. pumps) which could potentially become a route for
containment loss or create additional liquid/solid waste during subsequent
maintenance.
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Effluent Receipt Tanks

5.5.8

5.5.9

5.5.10

Transfer lines into the ETP are equipped with appropriate particulate filters. Primary
effluent is then normally transferred to receipt tank T1 (see Fig 7), however in the event
of a lack of capacity in T1, receipt vessel T2 is used. Two receipt tanks have been
chosen to ensure the design availability requirement of the ETP is met and represents
a significant improvement on the current arrangements. T1 has a working capacity of
14 m® to accommodate the volume of a filled PET from a barge (10 m®) and additional
Mk IV discharges. Receipt tanks are provided with 75 pm filters as a BPM measure to
prevent the ingress of large particulates. A duplicate inlet filter is provided on T1 to
provide continued operational availability during filter clean or replacement.

All effluent vessels within the ETP are provided with level instrumentation which
prevents further inflow in the event of a high-level tank. Each vessel is provided with
an overflow line, containing a liquid seal to prevent migration of active vapour, routed
to the secondary containment bund and sump. Releases from this source are
transferred into the active drainage system. T1 & T2 are equipped with agitators
designed to re-suspend solids prior to treatment. Agitation of the tanks is considered
BPM since it will reduce dose from the ETP and minimise cleaning requirements
through scale prevention which may influence the system flow and pressure. Removal
of insoluble particles will reduce decommissioning requirement at the end of vessel life
and minimise worker exposure during all phases of the ETP lifespan. However,
agitation will lead to increased particulate entraining of ventilation gas which will require
treatment in the active ventilation system. Agitation will also give rise to tritium and C-
14 gaseous emissions through evaporation. The agitators will only be operated
immediately prior to treatment to minimise the increase in gaseous emissions. The
receipt tanks are provided with a permanent connection to the active ventilation system
header which maintains a continuous draft on the vessels when they are in use.
Extraction ventilation is only operational during transfer operations as a BPM measure
to minimise the generation of gaseous wastes.

T2 has been sized for the routine active drainage system along with a Mk IV PET
discharge. The vessel has a working capacity of 7.5 m3. Of this, 4 m? is allocated as
the volume to accommodate discharges from the SWHP and the Active Drainage
Delay Tanks (ADDTs). The contents of the receipt tanks will be subject to agitation
prior to pumped transfer via staged filtration onto the ion exchange resin beds.

Effluent Treatment

55.11

Effluent treatment at the ETP is a two stage process that utilises both staged cartridge
filtration and lon Exchange (IX) Resin. The process is designed to achieve optimal
reduction in the radioactivity content of the treated effluent. The design specification
is for 10 pum, 1 pm and 0.2 um filters that are equipped with differential pressure
transmitters to allow performance monitoring and prompt cartridge replacement. Each
filter is connected to process pipework via hoses and dry-break couplings to reduce
the risk of containment loss during replacement. Compressed air is supplied to the
filters to support drying to allow disposal as dry solid waste.
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5.5.12 The IX columns will contain resin appropriate to the removal of dissolved anion and
cation chemical and radionuclide species, particularly Co-60, and can be alternated to
ensure optimum resin utilisation. The two beds operate in a ‘lead/lag’ mode with
treated effluent passed to the ETP discharge tanks. The performance of the IX will be
monitored by conductivity measurement and sample points provided at three points
including inlet, treatment and outlet of the columns. Each column is fitted with valve
drain connections and level monitoring to support removal and replenishment when
required. Given the relatively low activity of the effluent, the use of the second column
cannot be demonstrated to increase the achievable decontamination factor, however
the second column acts as a final polishing stage and provides mitigation against the
risk of blinding, depletion and chemical shock to the first column. The time taken to
replace the resin in a one column solution, should this occur, could be significant
resulting in prolonged storage of untreated effluent. The use of two ion exchange
columns is therefore considered to represent BPM. The contents of the tanks are
recirculated prior to sampling and analysis to ensure compliance with SEPA approval
requirements. The ETP has been designed to allow the effluent to be recirculated back
to the receipt tank to allow additional treatment. Pipe routes and valves are also
provided to allow the bypass of either the filters or the IX columns.

5.5.13 An impression of how the effluent treatment plant will look is provided at Figure 8.

Figure 8. ETP Design.

Sampling and Discharge

5.5.14 Treated effluent is transferred into two identical 14 m? discharge tanks (T3 & T4). Prior
to disposal into the Gare Loch the effluent will be recirculated to ensure a
homogeneous mixture and a sample will be taken for analysis. The sample will be
taken via a sample line that will feed a sample cabinet located adjacent to the ETP
process. A sample cabinet will be provided in a glovebox configuration maintained
under negative pressure through a fixed connection with the active ventilation system.
Tie in to the ventilation system ensures the removal of activity that may be suspended
in vapour in the event of a spill or splash into the drip containment. All washing and
spills are collected in a sump located within the base of the cabinet. This sump is fitted
with a drain line to return any accumulated liquids into the receipt tank for subsequent
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5.5.15

5.5.16

processing through the ETP. Taking of the samples is a semi-automated process
allowing sample flow recirculation to be proven prior to sample draw off. Sample taking
is to be controlled externally to the sample cabinet via a Digital Control System by the
operator. Samples will be appropriately labelled, recorded and stored as part of HMNB
Clyde quality arrangements. A local printer will be available to print labels for
application to the sample bottles. Duplicate samples will be taken and stored in a
secure location for inspection and validation by SEPA as required. Sample bottles will
be bagged within the sample cabinet and transferred to the radiochemists for analysis.
All sampling equipment will be appropriately maintained and calibrated in accordance
with the manufacturer's recommendations at acceptable intervals by trained
personnel. The sample will be analysed for each of the nuclide groups specified in
Section 5.6 of this application.

Effluent from the discharge vessel will be pumped at a flow rate of approximately 3
m®hr and a discharge pressure of 2-2.5 barg. A flow control valve installed
downstream of the pumps will ensure a constant flow during changes to tank level and
tidal depth. A proportional flow sampler will be provided in the outlet line to the Gare
Loch. The unit will collect samples at predetermined intervals from the effluent as it is
discharged. These samples will be analysed to confirm activity levels and for
subsequent reporting to SEPA. Recirculation lines will be located downstream of the
sampler in order to support sampler proving and testing activities without discharging
to the Gare Loch.

The discharge vessels will include a permanent connection to the active ventilation
system header which maintains a negative pressure when they are in service. The
final manual discharge valve to the Gare Loch will be maintained ‘locked close’ and
only opened under administrative controls prior to discharge. The system within the
ETP is largely automated through the use of a Programmable Logic Control (PLC)
system. The PLC ensures that the correct valves are operated in the correct
sequence.

Discharge Pipeline and Outfall

5.5.17

The discharge line comprises a pipe routed over the edge of the podium into the Gare
Loch. The pipe will be bolted construction to facilitate installation, inspection and
maintenance but the number of flange joints will be minimised to reduce the number
of potential leak paths. Where the pipe crosses the podium, it will be within a channel
that is equipped with a sump for capturing any potential leaks. The discharge pipe is
supported via clamps affixed to a pile through its length into the Gare Loch. The end
of the pipe is located at least 1 metre above the loch bed and below the lowest
astronomical tide. This reduces the risk of silting at the end of the pipe and ensures
all releases are into the main body of the loch and not tidally influenced. As a further
BPM measure the discharge pipe outlet will be fitted with a Tedeflex ‘duck bill’ style
non-return valve to prevent reverse flow and reduce the risk of line fouling when not in
operation.

NSH Active Drainage System

5.5.18

A number of sources of potentially contaminated radioactive liquid waste exist within
the NSH. In order to minimise the use of carboys or other transport containers an
engineering decision was taken to design an active drainage system. Consideration
of the quantities of liquid effluent produced from each of the identified areas, along with
the required system availability and safety functions was used to inform the design of
the active drainage system. The system uses short lines of welded steel pipe from the
point of origin, such as the active sinks in the SWHP to a number of Active Drainage
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Delay Tanks (ADDTSs) that serve as collection points for the secondary effluents. The
ADDTs can then be sampled, as required, prior to the contents being pumped to the
ETP receipt tank (T2) for processing. The ADDTs minimise the risk of materials, such
as oils and grease, being transferred and reducing the efficacy of the filters and IX
resin. The following ADDTs have been included in the design:

SWHP Decontamination Room

e ADDT1 - serving the carboy emptying wand and the 2 sinks in the SWHP
Decontamination Room.

e ADDT?2 — serving the Decontamination Shower and Active Plantroom. This plant
room include an active gulley draining the Active Air Handling Units coalescing
filters and cooling coil. The active drain gulley is gravity fed into the ADDT.

o ADDT3 — serving the radiochemistry lab sinks and glass washer.

Radiochemistry Laboratory

o ADDT4 — serving pyrolysis air conditioning evaporator and Mass Spectrometer air
conditioning unit.

e ADDT 5 - serving 4 fume cupboards.

Active Nuclear Repair
e ADDT®6 — serving 2 fume cupboards.

Each ADDT features:

5.5.19

5.5.20

e 100% outer secondary containment

e Appropriate sizing based on expected arising

e Leak detection subsystem within the primary and secondary containments

¢ A sloping base to mitigate the need for mixing arrangements

e A drain test point connection with low contamination safety sampling valve. An
ultrasonic fluid level sensor to indicate low level, high level and Full level at 10%,
75% and 95% of the liquid volume.

e Ventilation connection to the Active Ventilation System.

e A borosilicate glass trap on the tank inlet and a drain connection to the pump.

The active drain distribution pipework runs through controlled areas. The pipework
uses exposed runs with all ancillaries located appropriately for ease of inspection and
maintenance. The ADDT and associated pumps are controlled via a centralised active
waste control panel located in the ETP control room and includes a leak detection
alarm system to highlight any leaks from primary to secondary containment. Effluent
contained in the ADDTs will only be pumped to the ETP receipt tank T2 if there is a
free capacity signal for the receipt tank. As a BPM measure alarms will activate along
the automatic isolation if the ADDTs approach full capacity and there is no available
capacity in the ETP receipt tank to minimise the risk of spillage. These arrangements
represent a significant improvement on the current secondary liquid waste handling
arrangements.

Although very unlikely, if the contents of an ADDT are not suitable for treatment via the
ETP, they can be transferred to a suitable container and stored onsite until a suitable
treatment or disposal route is identified. ADDTs can be isolated for cleaning purposes
prior to being brought back into service.
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5.5.21 Carboys will only be retained for the transfer of low volume liquids from submarine

(e.g. small quantities of RC bilge waste). The arrangements for handling and emptying
these carboys have been significantly improved in the new facility. On receipt into the
SWHP carboys will be transferred onto a bunded trolley (110% of total carboy volume),
and then into a temporary waste store. This store can accommodate up to 3 full trolleys
at any time. The range of carboys will be reduced with no carboy greater than 10 litres
to be used. Following assessment and if suitable for processing the trolley will be
docked in a dedicated docking station and emptied using a dedicated wand pump
attached to an overhead lifting beam. The wand locks onto the carboy top and is
equipped with a back-flow prevention isolation valve at its base to prevent escape of
captured liquids. Liquids are transferred using a wand and a hydrocarbon filter into
the ADDT. When not in use the wand returns to its holster which is connected to the
active drainage system to capture drips or escaped liquid. Use of the wand system
will significantly reduce manual handling of carboys and minimise the risk of spillages
and splashes. Routine flushing of the carboys will not be carried out to minimise the
production of additional secondary liquid wastes.

5.5.22 An impression of how this new system will look is provided at Figure 9.

S FEEENS

Figure 9. Carboy Emptying Arrangements.

5.6 Liquid Waste Characterisation and Assessment

5.6.1

5.6.2

Activity levels in treated liquid effluent discharged to the Gare Loch have been
estimated based on the maximum anticipated radionuclide levels® from each source
received at the ETP. Table 4 provides a detailed breakdown of the various nuclides
and the activity level after treatment through the ETP. These figures are worst case
and include the infrequent discharge operations detailed at para 3.5.2 (i.e. single and
double loop drain).

In previous correspondence SEPA requested that Clyde provide additional detail on
radionuclide concentrations and in particular identify those radionuclides that may be
present in significant quantities other than tritum and Co-60. A review of the
information detailed in Table 4 together with assessment of the numerical limits in the
permits at other NNPP establishments (i.e. Devonport Dockyard) indicate that other
significant radionuclides, not identified by the use of high resolution y spectrometry,
include C-14, Fe-55 and Ni-63.

8 Jacobs (2017) HMNB Clyde Faslane Nuclear Support Hub BPM Assessment.
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5.6.3

5.6.4

5.6.5

5.6.6

ETP Receipt

Radionuclide Active Total All TP
PETs SWHP Discharge
Effluent Lab Sources

H-3 1.75E+11 3.00E+06 3.58E+07 1.75E+11 1.75E+11
C-14 1.92E+08 6.00E+06 8.00E+06 2.06E+08 5.15E+07
Mn-54 1.20E+07 7.80E+04 6.30E+05 1.27E+07 1.61E+06
Fe-55 1.92E+07 2.40E+06 3.00E+06 2.46E+07 6.15E+06
Co-58 1.80E+06 7.35E+04 2.66E+05 2.14E+06 3.15E+05
Co0-60 1.68E+08 9.21E+05 1.13E+07 1.81E+08 2.34E+07
Ni-63 1.31E+08 3.90E+06 5.40E+06 1.40E+08 3.50E+07
Ag-110m 9.52E+06 1.08E+05 3.10E+06 1.27E+07 8.89E+05
Sn-113 0.00E+00 0.00E+00 2.62E+05 2.62E+05 4.11E+03
Sbh-124 3.52E+06 0.00E+00 4.00E+04 3.56E+06 6.18E+05
Sh-125 8.11E+06 0.00E+00 5.70E+05 8.68E+06 1.54E+06
Cs-137 2.12E+07 2.63E+05 4.18E+05 2.19E+07 5.18E+06
Ce-144 2.14E+06 3.06E+05 6.72E+05 3.11E+06 4.89E+04
Total Alpha 7.20E+05 9.00E+04 1.20E+05 9.30E+05 2.33E+05

Table 4. NSH Radionuclide Concentrations (Bg/y) - Receipt and Discharge.

SEPA also highlighted that any new approvals would use the following definitions:

¢ All non-alpha emitting radionuclides taken together.
e All alpha emitting radionuclides taken together.

Samples of liquid waste to be discharged to the Gare Loch shall be analysed using
gamma spectrometry and liquid scintillation techniques, as appropriate, to measure
the activity levels of tritium, Co-60, C-14, other non-alpha emitting radionuclides, and

alpha emitting radionuclides.

The activity of other non-alpha emitting radionuclides taken together (i.e. the total
activity of all radionuclides excluding tritium, Co-60, and C-14) shall be measured by:

a. Taking a proportion of the sample and measuring the activity of all gamma emitting
radionuclides, excluding Co-60, by gamma spectrometry.

b. Taking another proportion of the sample, separating out the iron constituents and
measuring the activity using a liquid scintillation counter, which has been calibrated
using an energy band that has been set up between 0 — 7 keV and has been
calibrated for detection efficiency using an iron-55 standard.

c. Taking another proportion of the sample, separating out the nickel components and
measuring the activity using a liquid scintillation counter, which has been calibrated
using an energy band that has been set up between 5 — 65 keV and has been
calibrated for detection efficiency using a nickel-63 standard

The activity of all alpha emitting radionuclides taken together shall be measured by
evaporating a proportion of the sample to dryness and checking for the presence of
alpha activity by measuring the activity on a gross alpha counter calibrated for
detection efficiency using an americium-241 source.
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5.6.7 All the radionuclides that are detected using the methods detailed above shall be

summed, recorded and reported to SEPA. In accordance with regulatory guidance®
results that are generally below the limit of detection (LoD) will be reported as 50% of
the LoD. Hence, an actual discharge value will be reported (i.e. reported as X Bg and
not < X BQ).

5.7 Proposed Changes to Liquid Waste Disposal Approval

5.7.1 Using the information in Table 4, and including some additional headroom to ensure

HMNB Clyde can deal with any urgent operational requirements (e.g. significant plant
discharges including loop drain operations), the MoD is seeking the approval to
dispose of the following radionuclides in liquid discharges to the Gare Loch:

Proposed New . o
. . oo Existing Limit
Radionuclide Annual Limit (MBQ)
(MBq)
Cobalt-60 100 500
Carbon-14 100 N/A
Tritium 500,000 1,000,000
All non-alpha emitting* radionuclides 100 N/A
taken together
All alpha emitting** radionuclide taken B** 200
together
* Excludes tritium, C-14 and Co-60
** Alpha activity levels in liquid waste have never exceeded the LoD. Alpha activity would
generally be in particulate form and removed by filtration.

Table 5. Proposed Rolling 12-Month Numerical Limits for Liquid Waste Discharges.

5.7.2 Inaddition to the approval to cover radioactive discharges from the NSH, an application
will also be made to ensure compliance with the Water Environment Controlled
Activities (Scotland) Regulations 2011 (CAR). The CAR registration will cover the non-

radiological constituents of the discharges from the NSH.
Submarine Conventional Liquid Waste Disposals

5.7.3 As discussed in Section 3, HMNB Clyde generates significant quantities of
conventional liquid waste which may contain trace levels of tritium. To ensure this
waste can continue to be disposed of in an effective manner MoD are seeking SEPA
approval to dispose of up to 10 GBq per annum of tritium using the existing hazardous
disposal routes for this waste. A specific activity limit of <100 Bg/ml tritium will be
adequate to ensure conventional submarine effluents can continue to be disposed of
in a safe and effective manner. Samples of waste will be analysed at the same
periodicity as requested in the Addendum application (i.e. quarterly for OFD disposals
and annually for submarine discharges to roadside tanker) and Clyde will maintain
records of the volume and activity of these disposals. HMNB Clyde will continue to

° Radiological Monitoring Technical Guidance Note 1 Standardised Reporting of Radioactive Discharges from
Nuclear Sites, May 2010, Version 1.0.
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use BPM to reduce both the volume and radioactivity of these discharges.

Chemically Contaminated Waste Disposal

5.7.4 Liquid waste that is transferred to the APF in carboys from submarines but is not

suitable for treatment via the REDF is currently stored in the APF. To ensure this
material can be dealt with in a more effective manner at the NSH, MOD are seeking
SEPA approval to transfer liquid wastes that cannot be processed by the NSH ETP
(i.e. due to their chemical constituents) to an appropriately permitted person. These
wastes will be subject to appropriate assessment prior to disposal. These
arrangements are in place at other establishments and are considered good practice
in the nuclear industry.

5.8 Application of BPM to Gaseous Waste Handling Arrangements

58.1

5.8.2

5.8.3

5.8.4

5.8.5

The Ventilation System serving the NSH facility is separated into two systems: Clean
Ventilation System and Active Ventilation System. This is in line with good industry
practice, but is also a BPM measure to minimise the volume of potentially active
gaseous waste which requires treatment, reducing the volume of waste which may
require decontamination during decommissioning, as well as reducing the generation
of used filters. This minimises the loading on the abatement processes and reduces
overall solid waste arisings.

The NSH ventilation systems divide into subsystems:

e Clean Ventilation:

o Supply & Extract System;

o Fume Cupboard Extract System from Clean Laboratory; and

o Local exhaust ventilation serving Analytical Balance Room and COSHH

Room.

e Active Ventilation System:

o Active Supply;

o Active extract;

o Radiochemistry Laboratory Fume Cupboard Extract;

o Nuclear Repair Room Fume Cupboard Extract; and

o ETP Vessel Extract.
The ventilation systems work together to form a pressure cascade arranged as dictated
by area classification requirements of the NSH building. Both systems require each
other to function properly (to maintain designed pressure cascade) apart from the ETP
vessel extract.

The supply rates are designed to maintain the designed pressure cascade, with a run-
around coil arrangement to ensure that a proportion of energy in the form of heat is
recycled from the extracted air in accordance with BPM and good engineering design.
The supply ventilation is equipped with a coalescing filter to remove corrosive salt
laden humidity from the air. The removal of salts and humidity is BPM as this increases
the lifespan of the ventilation system and minimises the risk of water impacting on the
HEPA filters. Due to the isotopes within the gaseous emissions, there is no
requirement for active delay beds to be present.

The Active supply ventilation is designed to run continuously providing constant flow
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5.8.6

5.8.7

5.8.8

5.8.9

rate in two variants:

a. When the Effluent Treatment Plant is in operation (receipt and process of the
effluent); and
b. When the ETP plant is not in operation.

The two-variant operation of the ETP ventilation feature has been specified in order to
ensure that extract of air from the ullage spaces in the ETP tanks, potentially with
entrained activity, only occurs as required during ETP operations. This minimises the
generation of radioactive gaseous waste as far as practicable.

The extract ventilation system for the laboratory and the ETP ullage space are
equipped with tritium bubbler systems for the monitoring of tritium emissions within the
extracted air. The system continuously proportionately samples air and bubbles it
through collecting bottles, arranged in two series of five collection bottles with the
central three containing collection media while the outer bottles are designed to
prevent collection media carryover. The second set of collection bottles is linked to
the first by a furnace to oxidise gaseous tritium prior to collection. The collected tritium
is then analysed using liquid scintillation counting, to monitor compliance with the
numerical limits specified by SEPA.

The fume cupboard extract system is also equipped with a separate C-14 bubbler
system for the monitoring of C-14 releases within the extracted air. The bubbler works
in a similar manner to the tritium bubbler.

The extract system is routed to the Filter Room where it connects to a HEPA filter
manifold comprising four separate filters (3 duty filters, and 1 stand-by filter). This
arrangement allows for replacement & maintenance works on the filter section of the
live extract system in line with good engineering practice.

5.8.10 Afilter paper particulate monitoring system will be installed on the stack after the filters.

Ventilation of ETP Effluent Tanks

5.8.11 The ETP effluent tanks will be maintained at a slight negative pressure, in order to

minimise the generation of gaseous activity, ventilation will not be continuously applied
to the tanks. Evaporation of liquid effluent whilst held within the tanks will potentially
saturate the tank ullage air space. Tank ullage air will be displaced into the ventilation
system only during transfer operations. In order to provide a bounding estimate of
potential radionuclide concentrations in the tank ullage air, conservative assumptions
have been applied including assuming that radionuclide concentrations in the ullage
air will be directly proportionate to activity concentrations in the liquid effluent. This
represents a maximising assumption for evaluation purposes, and predominantly for
suspension of particulates in air, actual concentrations would be expected to be much
lower than these levels.
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SWHP Ventilation

5.8.12

5.8.13

The handling and processing of solid low level waste in the SWHP has the potential to
generate gaseous activity (including particulates) during the following operations:

e Segregation of waste;
¢ Un-bagging of waste; and
e Occasional intrusive processing

The SWHP waste handling operations identified above will be conducted at a waste
segregation table provided with dedicated extract ventilation routed to the NSH active
ventilation system. The assessment of maximum airborne activity generated during
SWHP operations has been based on knowledge of waste handling operations
currently conducted within the APF, typical waste fingerprint for HMNB Clyde, and
assumptions on predicted quantities of LLW to be processed during operation of the
SWHP.

Radiochemistry Laboratory

5.8.14

5.8.15

Assessment of ventilation to the radiochemistry laboratory has been based on
information from existing procedures. Again, the assumptions used are maximum
potential activities and represent a conservative estimate. These emissions have been
modelled on a worst-case scenario based upon the maximum number of tritium
samples which will be handled, and the maximum number of alpha/non-alpha samples
which will be boiled down within the laboratory. An allowance has been included in
the modelling releases for the total activity in these samples, including both tritium and
C-14.

In addition to the routine radiochemistry analysis, additional analysis work may be
required to support submarines operating with a non-routine reactor configuration.
During the onboard primary coolant sample procedure, noble gases will expand out of
the liquid sample and will be ventilated directly from the submarine to the environment.
These discharges will be regulated by DNSR. A very small quantity of the noble gases,
predominantly Xe-133 (half-life 5.2 days) and Kr-85 (half-life 10.7 years), may be
retained in the liquid sample and these gases will be released during analysis
conducted in Faslane’s radiochemistry laboratory.

HEPA filter abatement

5.8.16

5.8.17

The individual ventilation systems as described above are routed to a common
manifold on the NSH Active ventilation prior to HEPA filtration and discharge from the
NSH building stack. Each line has an individual HEPA filter installed keeping all extract
areas separate for filtration purposes.

For assessment purposes a HEPA filtration Decontamination Factor (DF) of 2,000 has
been assumed. There is significant variation in quoted DFs for HEPA filtration
systems, with DF’s of up to 10,000 claimed for HEPA system performance. A DF of
2,000 has been assumed on a conservative basis, as the achievable DF in reality is
dependent on a number of site specific and HEPA system factors and interactions. It
is assumed tritium is present in the extract air as gas rather than particulate, therefore
no HEPA DF has been applied. For C-14, extracts from the SWHP are assumed to
be particulate in nature and therefore the standard DF has been applied to this part of
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the extract. However, C-14 from the ETP ventilation and radiochemist laboratory are
assumed to be gaseous, and therefore no DF has been applied.

5.9 Gaseous Waste Characterisation & Assessment

5.9.1 The combined activities on an annual basis assumed to be present in the active
ventilation system, pre- and post- HEPA filtration are presented in Table 6°. These
figures do not include the noble gases that may be generated as a result of non-routine
chemistry analysis.

Route ETP SWHP Radiochem. Total Total
Effluent ventilation Lab activity activity
Tanks pre-HEPA | post-HEPA
H-3 1.26E+08 - 3.80E+07 1.64E+08 1.64E+08
C-14 1.05E+05 2.07E+04 3.02E+04 2.21E+05 1.35E+05
Mn-54 6.06E+03 - 1.04E-02 6.06E+03 3.03E+00
Fe-55 1.26E+04 - 3.20E-01 1.53E+04 7.64E+00
Co-58 1.03E+03 - 9.80E-03 1.03E+03 5.17E-01
Co-60 8.65E+04 | 5.48E+00 1.76E+04 1.27E+05 6.33E+01
Ni-63 7.16E+04 | 5.08E-01 5.20E-01 7.77E+04 3.89E+01
Ag-110m 5.86E+03 - 1.44E-02 5.86E+03 2.93E+00
Sn-113 1.17E+02 - 1.10E+03 5.52E-01
Sbh-124 1.75E+03 - 1.75E+03 8.73E-01
Sbh-125 4.27E+03 8.20E-02 4.27E+03 2.13E+00
Cs-137 1.11E+04 - 3.51E-02 1.47E+05 7.37E+01
Ce-144 1.39E+03 - 4.08E-02 1.39E+03 6.94E-01
Total Alpha = 4.76E+02 1.20E-02 4.76E+02 2.38E-01
;‘I’;‘;"a Non-' 4 >7e+08 3.85E407  1.65E+08  1.64E+08

Table 6. Annual Gaseous Disposals from the NSH (Bqgly).

5.9.2 The assessment of these discharges will be made by analysing samples from the
tritium and C-14 bubbler system fitted to the NSH active ventilation system. The
assessment and declaration of the noble gases associated with a non-routine
submarine configuration will be based on initial analysis, decay corrected at the time
of discharge from the NSH.

5.10 Proposed Changes to Gaseous Waste Disposal Approval

5.10.1 HMNB Clyde’s current LoAg does not include any specific numerical limits for the
disposal of gaseous radioactive waste. During the initial review of the LoAgs in 2012
SEPA requested that Clyde provide information on the expected amount of gaseous
waste and the derivation of these amounts. On the basis of the information in Table
6, the limits detailed in Table 7 would be adequate to cover all gaseous discharges
from the NSH. The noble gas numerical limit has been based on pessimistic
assumptions and operational experience within the NNPP.

10 Jacobs (2017) HMNB Clyde Faslane Nuclear Support Hub BPM Assessment.
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Radionuclide Activity (MBQ)
Tritium 200
C-14 1
Noble Gases 100

Table 7. Proposed Annual Limits for Gaseous Disposals from the NSH.

6. Proposed Changes to Radioactive Waste Management Arrangements at Coulport

6.1 Changes to Solid and Liquid Waste Disposals

6.1.1

6.1.2

6.1.3

6.1.4

6.1.5

As detailed in Section 4 the solid and gaseous waste disposal agreements only permit
the disposal of tritium contaminated waste and the discharge of gaseous waste from
the Trident Special Area. Disposals of solid or liquid radioactive waste from
maintenance of submarines in the EHJ is not included in the current LoAgs and any
waste arisings on submarines must be retained on-board and transferred ashore when
the submarine berths at Faslane.

To enhance operational flexibility the MoD are seeking SEPA approval to transfer solid
and liquid waste arisings directly from the Coulport site to the Faslane NSH for
processing and ultimate disposal.

Transfer of these wastes will utilise the existing transfer arrangements. In the event
solid radioactive waste is generated, NSH staff will travel to the EHJ in the dedicated
solid waste/component transfer van and will receipt and transfer the radioactive
material to the SWHP of the NSH. Detailed written procedures will be prepared to
cover this transfer and the EHJ Facility Safety Case will be updated to ensure these
arrangements are effectively captured and safety justified.

Initial studies have also been carried out to determine the optimum solution for the
discharge and transfer of primary coolant from submarines. Options include discharge
to a PET and then subsequent transfer back to the NSH ETP by suitable road vehicle
or the use of the PET transfer barge. In advance of conducting discharge operations
in the EHJ a full safety justification will be developed and appropriate written
procedures prepared and authorised by the PAG.

Since all waste will be transferred to Faslane for processing and final disposal the MoD
do not believe any numerical limits need to be applied to the transfer of these wastes.
HMNB Clyde will continue to apply the BPM principle to reduce both the quantity and
activity that will be generated and require transfer from Coulport.

6.2 Changes to Gaseous Radioactive Waste Disposals

6.2.1

6.2.2

A review of the actual discharge figures since the introduction of LoAg combined with
a detailed understanding of the weapon programme for the next 25 years indicate that
that the annual numerical limit could be reduced to 25 GBg. This revised limit would
ensure adequate headroom to deal with any urgent operational requirement.

Gaseous disposals directly from the submarine to the environment when berthed in
the EHJ will continue to be regulated via the FAC3 consent issued by DNSR.
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7. Radiological Impact Assessments

7.1 Methodology

7.1.1

7.1.2

7.1.3

7.1.4

7.1.5

7.1.6

7.1.7

7.1.8

An assessment of prospective exposure to ionising radiation to the identified critical
group (representative person), collective dose, and sensitive environmental receptors
resulting from planned radioactive discharges from the NSH has been conducted in
order to quantify potential impacts.

The dose assessment from routine releases over the planned operational lifespan of
the NSH has been conducted utilising the standard assessment code PC-CREAM
(developed by Public Health England (PHE) for routine radiological discharge
assessments), incorporating data from the most recent available Habit Surveys.

The International Commission on Radiological Protection (ICRP) use the term
‘representative person’ for assessing doses to members of the public. It is defined as
‘an individual receiving a dose that is representative of the more highly exposed
individuals in the population’. The new term is equivalent to ‘critical group’ which has
been used previously.

The relevant dose limits for members of the public are 1 mSv per year for whole body
(more formally ‘committed effective’) dose and 50 mSv per year specifically for skin.
The latter limit exists to ensure that specific effects on skin due to external exposure
are prevented. It is applicable, for example, in the case of handling of fishing gear.
The dose limits are for use in assessing the impact of direct radiations and controlled
releases (authorised discharges) from radioactive sources. These limits are
appropriate for ‘certain’ exposure situations where the encounter with radioactivity is
expected to occur. In situations where this is not certain, ‘potential’ exposure routes
and standards are determined.

The average dose received by the ‘representative person’ is compared with the dose
limit. They are generally people who eat large quantities of locally harvested food
(high-rate consumers) or who spend long periods of time in areas where radiation
sources may exist. The limits apply to all age groups. Children may receive higher
doses than adults because of their physiology, anatomy and dietary habits. It follows
that, if the dose to the representative person is acceptable when compared to relevant
dose limits and constraints, members of the public generally will receive lower doses,
and overall protection of the public is provided from the effects of radiation.

Collective dose represents a summation of individual doses integrated over all
members of a population within a large geographic area, and over an extended
timeframe much greater than an individual’s lifetime. Collective dose assessments
can be used for cost benefit analysis by applying a pound sterling per man Sv
conversion factor, using agreed monetary values.

The most recent available Radiological Habit Surveys for Faslane are for 2006 and
2011. The results from both surveys have been considered to inform the dose
modelling assumptions, and where there are differences in values, the higher of the
two has been used in order to provide a conservative assessment.

The full set of assumptions that have been used for the PC-CREAM modelling of
predicted environmental concentrations and consequential dose impacts from routine
discharges from the NSH are listed in Appendix C.
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7.1.9

7.1.10

7.1.11

7.1.12

7.1.13

7.1.14

7.1.15

7.1.16

PC-CREAM is the standard software tool for calculating doses resulting from routine
aerial and liquid discharges in the UK and includes Faslane as a pre-configured site
within its menu system. The NSH represents a slight change to the existing discharge
scenario, but PC-CREAM remains capable of incorporating the change and producing
representative estimates of doses from routine operations, as discussed below.

Marine modelling in PC-CREAM is based on representing the sea / oceans as a series
of marine compartments, typically defined by a geographic surface area and
representative depth giving the compartment volume, and a series of volumetric
exchange rates which defines exchanges between adjacent compartments.

In terms of local dispersion around the site, a local dispersion compartment is defined,
which is the local mixing compartment. This compartment receives the discharge and
then exchanges material with the adjacent geographic marine compartments. For
Faslane, the adjacent marine compartment for mixing is the Scottish Waters West
compartment.

The definition of the local marine compartment is driven by the need to represent local
dispersion conditions on an annual basis (since this is the period over which doses are
calculated). As such the compartment and model doesn’t represent hour to hour and
day to day dispersion resulting from tidal variation. The size of the compartment also
needs to be sufficiently large that the habits of the local representative persons are
adequately and conservatively covered.

This model output result is an annual dose requirement which is very different to a
typical assessment for a “normal” chemical permitting assessment, which tends to
model a maximum concentration limit in water. An assessment for chemical permitting
requires assessment of peak chemical concentrations resulting from local tidal
conditions and hence more complex dispersion modelling.

The standard local compartment for Faslane within PC-CREAM has a coast length of
30 km and a depth of 20 m giving a compartment volume of 5e°® m*; and an exchange
of 1e! m®/yr. This compartment is larger in extent than just the Gare Loch, but may
be justified if the local tidal mixing is sufficiently uniform and covers local critical group
habits. The Environment Agency have published guidance on suggested local marine
compartment parameters for use in PC-CREAM. Although Scotland is not covered by
the report, guidance on site-specific parameterisation is given.

In addition, a compartmental modelling study was undertaken for the area ‘Further
Estimates of Dispersion in the Gareloch, A J Elliott (University of Wales), March 2001’
The results of this study were used to derive site-specific parameters for the local PC-
CREAM compartment. This compartment appears to be specific to the extent of Gare
Loch and intuitively gives a more realistic representation of local dispersion and critical
group habits.

As this modified local compartment encompasses all of Gare Loch, it is unlikely that
the specific location of the pipeline at the North end of the loch, whether in its current
location or the proposed new location, will have a material difference on dispersion
conditions for Gare Loch as a whole either in terms of the discharge location, or in
terms of local structures. This assumption is valid for assessments of dose over
periods of a year or more as per regulation.
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7.2 Doses from Routine Discharges of Liquid Effluent from the NSH

7.2.1

The ETP outlet activities listed in Table 5 have been used in PC-CREAM modelling to
provide anticipated individual and collective doses. Discharges have been modelled
over a 50-year period for individual doses, and over a 500-year period for collective
dose to the EU12 Countries and World populations. Using the slightly higher annual
discharge figures requested in Table 5 has no real impact on the trivial nature of these
exposures.

Individual Dose

7.2.2

7.2.3

7.2.4

7.2.5

The predicted individual dose to the adult population (identified as the representative
individual for Faslane) from all sources is 3.14 x 10® mSv. The individual dose is
dominated by external gamma dose from beach exposure at 3.00 x 10 mSv.
Combined doses from all sources are dominated by Co-60 emissions at 2.92 x 10°
mSv.

The predicted individual dose to the child population (6—15 years old) from all sources
is 5.18 x 107 mSv. The individual dose is dominated by external gamma dose from
beach exposure at 3.94 x 10" mSv and consumption of molluscs at 1.00 x 107" mSv.
Combined doses from all sources are dominated by Co-60 emissions at 3.92 x 107
mSv and C-14 emissions at 1.02 x 10" mSv.

The predicted individual dose to the infant population (0-5 years old) from all sources
is 2.56 x 10" mSv. Again, individual dose is dominated by external gamma dose from
beach exposure at 1.90 x 10" mSv, and doses from all sources dominated by Co-60
emissions at 1.92 x 107 mSuv.

The predicted dose to the representative individual (adult population) resulting from
anticipated liquid effluent discharges from the NSH of 3.14 x 10°® mSv based on
conservative assumptions is significantly below both the regulatory constraint of 0.3
mSv/y and the threshold for optimisation of 20 pSvly.

Collective Dose

7.2.6

7.2.7

The predicted collective dose to the EU12 population over a period of 500 years from
all sources is 4.04 x 10 man Sv. The collective dose is dominated by global circulation
at 2.09 x 10° man Sv. and consumption of fish at 1.55 x 10®° man Sv. Combined
doses from all sources are dominated by C- 14 emissions at 3.95 x 10° man Sv

The predicted collective dose to the World population over a period of 500 years from
all sources is 6.15 x 10 man Sv. The collective dose is dominated by global circulation
at 5.78 x 10 man Sv. Combined doses from all sources are dominated by C 14
emissions at 6.08 x 10 man Sv.
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Dose from the Release of Conventional Effluents

7.2.8

Assessment of doses from the release of these conventional is based on EA guidance
that uses a three-stage approach for assessing radiation exposures to the public from
radioactive discharges. The dose in uSvly is calculated by multiplying the annual
discharge activity (Bg/y) by the Dose Per Unit Release (DPUR). Using a pessimistic
figure of 10 GBqg/y and assuming the DPUR of 8.90E-16 uSv/y per Bgly (discharges
to coastal water, fisherman family) results in an exposure of 8.90E-6 uSv/y. This is
significantly below the threshold for optimisation of 20 uSv per year.

7.3 Doses from Gaseous Discharges from NSH

7.3.1

The annual discharge figures from Table 6 have been used to assess individual and
collective exposures.

Individual Exposures for Routine Submarine Configuration

7.3.2

7.3.3

7.3.4

The predicted individual dose to the adult population (identified as the representative
individual for Faslane) from all sources is 7.07 x 10° mSv. The individual dose is
dominated by plume inhalation and cow milk consumption from tritium emissions at
1.22 x 10° mSv and 3.13 x 10° mSv respectively.

The predicted individual dose to the child population (6—15 years old) from all sources
is 1.12 x 10° mSv. The individual dose is dominated by external gamma dose ground
exposure from Co-60 emissions at 2.19 x 101° mSv, and plume inhalation from tritium
emissions at 8.26 x 101 mSv

The predicted individual dose to the infant population (0-5 years old) from all sources
is 9.49 x 102 mSv. As with the child population, the individual dose is dominated by
external gamma dose ground exposure from Co-60 emissions at 2.74 x 101 mSv and
plume inhalation from tritium emissions at 6.17 x 10"2° mSv.

Additional Exposure Associated with Non-Routine Gaseous Discharges

7.3.5

7.3.6

Table 7 pessimistically assumes 100 MBq of noble gases may be discharged from the
NSH to support radiochemistry analysis for non-routine reactor configurations.
Assessment of doses from the release of these noble gases is based on EA guidance
that uses a three-stage approach for assessing radiation exposures to the public from
radioactive discharges. The first stage consists of a simple, very cautious, assessment
to identify if the dose is above 20 uSv/y. The initial assessment methodology is based
on a Gaussian atmospheric dispersion model. The dose in uSvly is calculated by
multiplying the annual discharge activity (Bg/y) by the Dose Per Unit Release (DPUR).
Using a pessimistic figure of 100 MBqg and a DPUR of 7.0E-14 uSv/y per Bqly for Xe-
133 (assuming all noble gas released is Xe-133) gives an additional exposure for non-
routine discharges of 7.0E-6 uSv/y.

The predicted dose to the representative individual (adult population) resulting from
combined routine and non-routine discharges from the NSH, based on very
conservative assumptions, is significantly below the threshold for optimisation of 20
MUSv per year.
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Collective Dose

7.3.7 As there have been no historical routine emissions of gaseous radionuclides from
Faslane, there is no existing population density grid for Faslane in PC-CREAM.
Therefore, calculation of the collective dose from gaseous discharges at Faslane has
not been possible. An indicative assessment of collective dose to the EU population
has been conducted based on if the same gaseous releases were made from the
Hunterston site. Given the relative proximity and scale of transfer factors used in PC-
CREAM for modelling aerial dispersion throughout Europe, this is considered to
provide a reasonable indication for collective dose.

7.3.8 The results indicate a collective dose to the European population (500 yrs) from
gaseous discharges of 5.96 x 107 man Sv. Doses are primarily from tritium and C -
14 emissions.

7.3.9 Detailed information on the dose calculations to support the individual and collective
exposures detailed above are provided at Appendix D & E.

Doses from Coulport Discharges of Tritium

7.3.10 Using the same methodology as described at para 7.3.5, the doses associated with
the discharge of the reduced annual numerical limit of 25 GBq of tritium, assuming a
DPUR of 9.60E-13 uSv/y per Bgly, is 2.40E-02 uSvly. Doses from operations at
Coulport are therefore significantly below the threshold for optimisation of 20 uSv per
year.

7.4 Dose to Biota

7.4.1 There has been an increasing focus on the potential effects of ionising radiation on
non-human species in a number of international fora. In the UK context, the
environment agencies have undertaken programmes of work to fulfil their obligations,
for example under the relevant conservation of natural habitats regulations, to review
all existing permits/authorisations that may have an adverse effect on identified
European sites.

7.4.2 Potential impacts from release of radionuclides from the Faslane NSH have been
assessed by conducting an ERICA assessment of impacts to sensitive environmental
receptors (e.g. Sites of Special Scientific Interest). ERICA (Environmental Risks from
lonising Radiation in the Environment: Assessment and Management) was an EU
funded project, the aim of which was to develop an approach whereby the impacts of
ionising radiation on the environment could be assessed. To fulfil this objective,
elements related to environmental management, risk characterisation and impact
assessment have been integrated into what was termed the 'ERICA Integrated
Approach’ supported by the ERICA software tool.

7.4.3 There are no sites designated for nature conservation interest in the immediate vicinity
of HMNB Clyde. The closest Site of Special Scientific Interest (SSSI) is at Rhu Point,
identified for its Quaternary geological interest (6 km to the south). To the east of the
Gare Loch lie the Inner Clyde Special Protection Area (SPA), Ramsar and SSSI. This
site is used by migrating birds and is of national importance for its populations of
wintering wildfowl and waders and of European importance for its wintering population
of redshank. In addition, Craighoyle Woodland SSSI, is located to the North West of
HMNB Clyde and could potentially be impacted by gaseous emissions. The site
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7.4.4

7.4.5

7.4.6

comprises ancient native deciduous woodland and supports a number of nationally
important lower plant communities, particularly bryophytes. The bryophytes flora
includes a number of internationally threatened and nine nationally scare species.

The ERICA assessment process comprises a tiered assessment approach whereby
an initial Tier 1 assessment of potential risks is conducted. Detailed Tier 2 and 3
assessments can then be conducted dependant on the level of risk identified by the
Tier 1 assessment. A Tier 1 ERICA assessment is based on comparison with
predicted environmental concentrations of radionuclides against Environmental Media
Concentration Limits for the most sensitive species.

A Tier 1 ERICA Assessment has been conducted for anticipated releases from the
Faslane NSH for both gaseous and liquid disposals. Outputs from the PC-CREAM
modelling for routine releases have been used to provide activity concentrations in air
(distance of 1 km) and in the Faslane local marine compartment (Gare Loch). Results
from the Tier 1 Assessments are presented at Appendix F.

The predicted environmental media activity concentrations from releases from the
NSH are substantially (orders of magnitude) below the ERICA Environmental
Concentration Limits for the most sensitive organisms. In addition, the outputs from
the ERICA assessment report estimated doses as all below the 10 uGy/h screening
dose rate. Detailed assessments of the environmental impacts on biota from NSH
disposals have not been conducted.

8. Environmental Monitoring

8.1 Background

8.1.1

8.1.2

8.1.3

8.1.4

The MoD marine environmental programme has been designed to ensure that, as a
responsible operator, liquid radioactive waste discharges to the marine environment
from naval establishments are not harming the environment, nor resulting in
unacceptable levels of public radiation exposure in line with requirements defined
under EASR18. To this end, the Defence Science and Technology Laboratory (DSTL)
regularly monitors the inter-tidal and underwater zones around establishments from
which small controlled discharges are routinely made.

Co-60 has been identified as the nuclide of main importance in discharges from nuclear
powered submarines and related activities. The emphasis on the detection and
measurement programme is therefore based upon this nuclide.

To interpret the monitoring results in terms of radiation doses to members of the public,
data is required concerning the pathways of potential radiation exposure (i.e. rates of
consumption of local produce, occupancy of beaches, etc.). The Habit Survey for the
areas around the Gare Loch identifies external exposure from sediments and internal
exposure from the consumption of fish and shellfish as the key exposure pathways.
The current monitoring regime therefore concentrates on dose rate measurements on
the strandline together with activity levels in biological samples such a seaweed and
shellfish.

In addition to carrying out measurements/sample analysis at points agreed between
SEPA and MoD, DSTL also conducts monitoring at various points in the vicinity of the
Gare Loch.
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8.1.5

The additional monitoring provides further confidence that the existing discharge
arrangements are providing effective controls.

8.2 Future Monitoring Programme

8.2.1

8.2.2

8.2.3

8.2.4

Discussions with DSTL have confirmed that the current environmental monitoring
strategy remains valid. DSTL and HMNB Clyde have reviewed the latest guidance on
environmental radiological monitoring** and concluded that the current monitoring
strategy fully complies with the 11 generic principles defined in this guidance. The
current strategy is based not only upon the predicted dispersion of liquid radioactive
waste but also upon the areas around the Gare Loch where the public and the DSTL
measurement team may reasonably access. Appendix G provides detailed
information on the location and the extent of the environmental monitoring programme.
These areas will not change as a result of the outfall relocation.

Discharge information and the results of the environmental monitoring programme are
published annually by the Environment Agencies in the ‘Radioactivity in Food and the
Environment’ reports (RIFE). The MoD also produces an annual ‘Marine
Environmental Surveys at Nuclear Submarine Berths’ report which provides detailed
information on the underwater monitoring and intertidal stations around both Loch
Long (Coulport) and the Gare Loch (Faslane) and the results of the monitoring
programme. A review of the MoD annual reports for the last five years indicates:

¢ Environmental gamma and strandline dose rates at inter-tidal zone sampling
locations (Appendix G) are consistent with the background levels which have
been observed previously in these areas.

¢ No Co-60 is generally detected in the gamma spectrometry analysis results for
inter-tidal sediment samples. Low levels of Cs-137 are detected in the majority of
samples but are likely to be present as a result of authorised discharges from
other nuclear operators and/or to atmospheric weapons testing and releases from
previous nuclear accidents such as at Chernobyl.

¢ No Co-60 is generally detected in the gamma spectrometry analysis results of
underwater sediment samples. The low levels of Cs-137 and Am-241 detected
are likely to be due to authorised discharges from other nuclear operators and/or
atmospheric weapons testing and releases from previous nuclear accidents such
as at Chernobyl.

o Laboratory analysis results for biota samples do not generally detect Co-60 but
occasionally show detectable levels of C-14.

Using the methodology described in the Model by Hunt'? the total annual effective dose
to the Representative Person is calculated to be well below 1 ySv and represents less
than 0.1% of the UK legal limit for members of the public.

Both MoD and RIFE reports conclude that the existing discharge arrangements are
providing effective control over environmental levels of radioactivity and there has
been no radiological hazard to any member of the general public from the operation of
nuclear submarines.

11 Radiological Monitoring Technical Guidance Note 2 Environmental Radiological Monitoring 2010.
12 Hunt, G. J. (1984) Simple Models for Prediction of External Radiation Exposure from Aquatic Pathways,
Radiation Protection Dosimetry Volume 8, Number 4 p215 — 224.
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9. Conclusions and Summary of Key Changes

This application seeks an approval to dispose of solid, liquid and gaseous radioactive waste
from HMNB Clyde. If successful, this approval will replace the existing 4 LoAgs.

This application demonstrates that the principle of BPM has been applied to each of the three
waste streams generated at HMNB Clyde.

Operational experience from across the NNPP, in particular Devonport Dockyard and the
NRTE at Vulcan, have been used to identify and quantify all potential waste streams arising
from routine and non-routine support activities.

The predicted doses to the representative person for all discharges are significantly below the
threshold for optimisation of 20 uSv per year.

Environmental monitoring will be undertaken by the MoD to demonstrate that there is no
radiological hazard to any member of the public from the discharges of radioactive waste from
HMNB Clyde.

Key changes to the current arrangements include:

Solid Waste

MoD is seeking approval to dispose of solid low level waste to any person lawfully entitled to
accept, treat or dispose of that waste.

MoD is seeking approval to transfer submarine and weapon related solid waste from Coulport
to Faslane.

Liquid Waste

Liquid radioactive waste will be treated in a new facility currently under construction. This
facility will discharge treated radioactive effluent at a point approximately 1 km north of the
current discharge point.

The numerical limits for liquid waste disposals to the Gare Loch have, where practical, been
reduced. In addition, the terminology used to describe the radionuclide groups has been
updated to reflect best practice and C-14 will now be reported separately.

MoD is seeking approval to dispose of small quantities of liquid, chemically contaminated
waste to any person lawfully entitled to accept, treat or dispose of that waste.

MoD is seeking approval to dispose of large quantities of conventional submarine effluents
that may be contaminated with trace levels of tritium.

MoD is seeking approval to transfer submarine liquid waste from Coulport to Faslane.
Gaseous Waste

MoD have quantified and are seeking approval to dispose of gaseous radioactive waste from
the NSH arising from routine and non-routine support activities.

The current disposal limit for gaseous disposals associated with weapon processing activities
at Coulport has been reduced.
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Appendix A — Existing Letters of Agreement
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Ligquid and Gaseous Faslane
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di];hen&ﬂmnrwmmm or loly to e, inmignifieant in
relation to the expenditnre.

Base, Faslane et _
activit ufthara;d:tumﬂﬂﬁuhdln[}nlum X 2
lemv:ihnﬂm{axmdﬂmfﬂluﬁmﬂmlhﬂqhmkdihﬂ Enhmciuh.-

£ i. {d radiscttve waste shall be discharged by pipeline to
i Tn“:]ﬁ:lmmmmﬂ.mmmdaqwﬂsuam

5. MOD [(Navy) shall ensure matﬁewﬂmbywﬂnhaﬂrmﬁﬂmﬁw
mig:mﬂmﬂmrgﬂdm kept in repair.

CFMDZZ12. 053 1.

'ﬂhﬂlﬂd
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§. For the purposses of determining the sctivity of any radionuclides
contained in the radicactive woastes and of the effects on tha
povironment of radisactive wastes discharped, MOD (Mavy) shell provide
and maintain such eguipment snd shall take such ssmples, both aes shall

be agreed with the Chief Inspector.

7. MOD {Navy) shall examins or conse to be exsmined by methods that

ghall be agroed with the Chief Inspector any samples iaken in porsuace
of the preceding parmgraph and shall retmin for ench period os the

B R e e i
§. MOD (Navy) shall keep records in. respect of &ll radicactive wastes..
Theee records shall comparise:—

a. udmu-hdgu.dth&mihﬂhr_nhﬁhﬂmtﬂhnuﬂ:&m

WaTe
b. a deseription of the radicactive wastes discharged;

¢. the date and period over which the madiosctive wastes are
dischneged: E 2

purpose by the Secretery of State for Scotlsnd. Any alterstion of these
records shall be so made that the original eniries remsin legihle.

10. The records mointained in pursusnce of the
shall be preserved by MOD (Kavy) for 30 yearz or for such other perind.
as may be agreed with the Chisef Inspector, and a copy of the records, or

R THOM

CFMO2ZZLZ, 053 I,
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MOD (Navy)
Faslane

CSB,
Operative

SCHEDULE - LIQUID WASTE

1 July 1983
Columm 1
Cobalt 60

Gross Beta Activity
Gross Alpha Activity

54

500 MBq
1 TBq
500 MBq
200 MBq



Solid Coulport

-ﬁ‘_ 1'-

cLasef psablfer S E PA

g 1% ra@glien

Ourfiet  REMuciCodport
Your Raf:
[Fii-H

Cdre R/ J Lotd GBE, 830, RN
Direciar, Haval Basa Clyda
bl Ml Bage Clyde

mm.mdmcmFm.ummufwmwwmmw
gausing or permilling s removal from the pramises of FMAD Coulpert tn British Muclear Fuels
pl.;.msﬁummmmmm.mmmmﬂﬂﬂnmwwﬁmﬁﬂhal

i [ the ==id Briish Bluciesr Fusls
Dirige, Cumbriz i acoordanss wih an authorieson gramed 50
pie, Any soch dapossl shal b made in tha fiest instancs to the Actise Frooessing Fadlity, H

Hewal Base Chede, Faslers for crwand shipement to British Muckear Fusls plc 35 soon as &
mwmum.
mmﬂmhuurﬁmmmmdmﬁiﬂm‘%mmm
the Annaxs 2o this leber

The sgreamant is aiso subject to S Director, Nevel Bass Ciydo, Faslane providng
ﬂmhﬂauﬂ“mmlﬂMWh‘WMMﬂ
SEA, in aedar that the necessary checking of complienca with % imEators and conditions
af this agrooment can be undertakan.

L

: 366 674220 y
mmﬂmmthnmmdmmmmm

e
Coupart b BRFL Drigg. Cumbria via HMNE Clyde, Fasians.

Yours

ik, WHEY & % ke Crcest & Pael Pask = EScAT FELGRINE 74 P
Tel 013588 ﬂ.d:w-nf.p:iwnqm-—hh-#w
D Jofaes A Bevenidigr
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SE AP

AMNEXE TO A LETTER OF AGREEMENT FOR THE DISPOSAL OF S0UID
RADIOACTIVE WASTE FROM RNAD COULPORT TO BNFL DRIGG, CUMBRIA
V1A HMNE CLYDE, FASLANE.

+, Thiz .ﬂnmm pm‘rdlnsd'mhuhﬁ !
refaranca RaEMuc'Coulpot and =]
“tha agreamant™) and ksuad b'_n'E-EF'.ﬁ-h:lﬂ'l&DHﬁbH Hnalﬂmﬂﬁu for
tha Ministry of Defence (hersinafter called "The Diechar®).

LIMITATIONS AND CONDIITIONS

2 The radicective waste o which the agressmeat refers (hersinafier cafled “the
wasle™) shall comprige waets In polid form which has ansan &8 a resull of tho
oparafons of the Ministry of Defercs (heremafter caled She MO0 on the
pramises of RMAD Coulpart (hereinafier called “ha pramises®

3, - The bast practicablc means shal be whed o minknise the aclivity and voluma
af waste subject o dapasal undar the emns of tha egresmant.

4. Without prejudice % the genaral mwmn-ni:nfmnrrnqﬁ-rg condiian.
41

4.2 %
% oCTpas

g, In ey consignment af waste remowed from the premises:

81  the wasie shall nol contain any ragipnuchide ofher then tilium, in 5
cancantralion which swceeds thal which would ba reasonably
axpected from the nabual envilonmant; and

8. The wasie ahall be disposad of by causing af pEMMilng i mmoval fom the
premizas {0 Brifsh Nuclear Fusls pis (hessdnafinr BNFL) al Sellafisid or Drigg,
Cumbna, far final disposal a2 the BAFL facility st Drigg (herednafiar “Drigg™), in

nca with an eutherisation grantad to the said Brifish Mucleser Fusls ple for

| al Drigg. Ay such deposal shall be made in e firsl instance o the
Aciva Processing Faclty, HM Naval Base Clyde, Faslane for onward shipment
o BMFL 88 s00n & i reasarably practicable afler itF recalpt.

7. PACKAQING

71 The wasie shall be packed in such a mannar bo pravenl as far a5 reasonably
mm&ammmmuu—qraﬂm during rarsperd to the

promises specifad In concifion E.

e 133 b of agreaTel iy De dssoal Fagpe 1 of &
of sl wasds- from BHAD Couipest I (5541,
I

Dlabeck B Decwmbs 2000
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SEPAVY

7.4.1 Any non-fixed cortamination en amy container in which the wasta is
mﬁqdmhmmagmmrmmﬂmﬂmmunﬂmh;m
nol exoesd 4§ becguersls per square cemtimetre for all beta and
garmena emiting radioruciides taken iogether, and shall nol exceed
0.4 bacquersls per sguare cenfimetre for 8 alpha emiting
radioruclides taken iogathar,

7.1.2 Any packeging or conleiners used ko contsin the wesas shall ba
. sppropriaiely labaliad to show thalr conterds,

8, SAMPLING AND ANALYSIS

8,1 The Director shall take samples of tha waste and determine the sdivity of the

radionuclides eanisined in the wasts in acsordance with & samping and analysis
plan agraed with SEPA.

82 When reguired by SEFA fhe Director shall cbiain ssmples of the wasts,

incuding peckaged wasie, as spocified by SEPA, and deltver them for
axsmination io a laborstory spacified by SEPA and afier examinabion, and on
wilmmﬂﬂmlm&nmEEP&mHnmdr&mﬂ'ﬂmhmm.ﬂwhh
such fime scales a8 may ba spedified in writing by SEPA

9. RECORDS AND PROVISION OF INFORMATION

a1

2.2

93

Tha Dinector shall maks and shall retain on e pramises, far such a pefiod a5
is agrasd In writing with SEPA, for inspaction, by a designated officar of

* SEPA. @ frum and scourate record of all wasle disposed 'of on or from the

prerigaa; and the said recand phsafl comeprisa -

811 & gescription of all the wasie disposad of and tha source of all such
i e

612 Ee achvity of Fitien and ary oiher radionuclide which may be pregant
in abl the weste disposad of;

§.1.3 tha volurne of all e wasta disposed of, and
5.1.4 the mesns and date of ciaposal of all the waste disposed of.

The Director shall provide o SEPA a summary of eclid wasta disposed In
gach precading calendar year within 30 days of tha end of the calendar pear.
Tha raport shall include a summary of the record kept in accordance with
condifions §.1.1, 8.1.2 and 2.1.3 of this cecficate and shall ba mads in a

Tanmat specified by SEFA.

Tha Cirscior shal provide tha resuits of any sampling and anahysls carmed aul
in aceandance with condition 3 in any calendar month ta SEPA within 30 days
af that calendar maonth of the complation of the sampiling or at any other Sme

as agread in writing by SEPA.

Arpia i3 fetier of agrescet B e gl - Paga2alg
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SEPAP

5.4 - The Diecior shall provide reports in eccordance with condition 8.2 and 2.3 In
writing 1o the Direcier, West Ragion at the address spacified in condition
11%5

10. PROCEDURES

101 Tha Diracter shel prepare, reoard, and Impfement Suilable procsdures
dasigned 1o mest tha condifiona of this authofisalian, and -

18,1.1. Tha procedures shall ba subject % a decumentad revision and
mradificathon systemg

10.1.2 The procedures shall be subject i @ review by the company every
twehve menths, or &t such ofer interval a2 may be agread by SEPA,
and detais of that review shal be forwarded ko SEPA within cne
e of the review taking place;

10,13 The company shal prepsre snd mainlain an index of these
procedures in such & manner as SEPA may spacify;

10.1.4 The proceduwres shal be made avalable for examination by me
designated officer af SEPA ; ard

10,15 The company shall furnish coples of any of the procedures. mentionsd
above (o0 SEPA, at SEPA's request.

102 The procedures refemed to in condiion 10,1 shall sel oul amangst othar
shirges: ;

10.2.1 The meintenanca and inspection procedures of equipmant used for
the handling, treatment and dispasal of radicactive wasts

* 40.2.2 The magns by which wasts minimisation is achisved;
10.2.3 The smangemants for ecord Kesging;
10.2.4 The amangements for sampling and moniloding, and

10.2.5 The necedsary training and experiancs of persons mesponsibls for the
dispoesal of wasie.

10.2.8 The Diresicr may appoint an appropriste parson fo have owverall
responsiiity for ensuring compilance with tha limils and candiions to
which this agresment is subjec! and shall 52 advise the Director, West
Regian al the address speciad In Candition 11.5.

11, IRCIDENTS

111 In the avenl of any treach of any condion or limiation to which this
agreemeont is subject the Dirsctor hall;

A raccs B i b o oG ot o gl | PagalolB
ol gkl weysda froami RRADL Coolport fa BRFL
Drig. Cumteia via FRTE Chyoa, Fastas,

i

Ciwima: 3 Clacnmbse 2000
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1.2

1.3

1.4

1.5

SEPAP

11.4.1 taks prompt action ta prevent the contnuation or mecurrence of that
mmammmwmmmmmﬂwmmm
braach;

1112 cary oul an  immedisle Fvestigaion into lhe caused and
cirumistances of the breach;

. 11.4.3 maka a record of the couse #nd action taken wundher condilian 11.1.1.

The Direcior shall notify SEFA whan:

11.21 any releasa of any waste |s detacted fhat has sxcesded, or is likely 1o
axcoed, o hag caused, or (8 Akely 1o cause en extaadance of any
digpassl imi§ specifiad in Tis agreamant,

11,22 any radioactive waste named in a7y ralevant condition of this
autharisation ia delected in & disposal where the patfreay of ihis
wwﬁnnlmwhywﬁrrdh\ﬂﬂﬁme

11.2.3 sny disposal of any racioacive waste not agreed Lo be released by
viriue of any condiian of the agreanment |5

The Direclor shall patify any incident 1o SEPA at the address spacified under
Cardiicn 11,5 by telephoni without detay and in writing by first class post on
mmdmmmnhrmummmmhm

11.3.1 mmmmmﬂnrﬂﬂﬂnqndlum 11.3 ghal contain
datalls relating 1o fha folkwing:

11.3.1.1 date, time and duration of madant;
11.3.1.2 the recahving medium or meda;

11.21.3 an Initial estimais of the quanily of weste disposed,
11.3.1.4 the nature of tha wasta imalved

11.5.1.5 measuras taken to minimise hamm; and

11.3.1.6 whara possibils, a praliminary assassment of the couwse of the
incident.

mmmmmmumuﬂmmmwmﬂmlmmm
nosfied as a conssguence of Condifion 113 and this repart shall be
submittad i SEPA within umﬂmnm-armmmmm
agreed in writing wilh BEPA. Arry auch repoct shall dezail, a8 a mnimum, he
circunatancas af the incident and the sieps taken by tha Direcior to bring the
incidant to an and. It shall also sat aut proposals for praventing a

of Ehe incidant in question. .

In the event of an Incidant occuering batwesan 1730 hours anc DA30 hours on
ary weak day, or batwesn 1730 hours on a Fridgay and 0830 hours the

Anras b etier of EPRETROE for e dapr . Paga4 of &
o aolid wiess fom BMAD Coulgort ko BMFL
mq,ﬁ.rltd'h'lll'lﬂ'ﬂﬂ'lﬁ.m

Chitad: @ Dsparsbor 2100
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SEPAD

folowing Manday, or during any bank holiday, inltisl noficalion of e incldent
shall be by telephone to SEPA's standby telephone number 01355 574200,
mmmummwmmmthm,sﬁamts
Redwood Crescent, Peel Park, East Kilorice, BT4 5PF on the first folowing

workdng day.
12 DHEPLAY OF DOCLIMENTS

121 A copy of this agresmant and annexs shal ba kep! poated on the pramises 1o
which it refaies in such 8 way a5 1o be converienily read by parsons whose
dutiss on the premises may ba afacted by the rejuraments of e
aprEamanl

13 INTERFPRETATION
In Eis Annexs 1o the Agrasmans -
"t Act® means the Radicactive Subglences Act 1BEE;

. "activity” expressad in bacguersls means the number of spontaneays nuciear
transiormations cocuring in a quantity of redioactive substance in a pesicd of
ore second; ard any refarence fo asthity s a referenca to actity
ascortabied or estimated by a method scceptabls to the Scottish Environment
Prataclian Agency;

“annaxs” means an annexe forming pan of the agreamant

~authorization” means an autharisaion granted, or having effect as if grared,
under section 13 of the Act; .

“futhonsed Person® means a parsan who i@ authonsed in writing under
Sachon 108 of ;e Envirgnment A b samy out dufes on Bahall of SEFPA;

any raferanca to the contamination af & substance or afdia 5 a reference ta
ibs Deirg gffectad In e marner describad in sachon 47(5) of the Aot

*best pracficable means® ﬂrhummh:wuhmwtﬂp{m,
means that leval of management and enginearing contral that minimisas, as
far as praclicable, the release of radioacthity 1o the sméonmant whilst taking
account of a wider range of factors, Includifg cost - effecivaness,

tschnological stetus, operational safety, and soclal and environmental factors.
in datermining whather a parScular aspect of a proposal reoresants the best
practicable means SEPA, wil nol reguin the Cirecior to indur axpanditure,
whathar in monay, fma or touble, which [s dsproporlionate o e benefits
liiealy o ba dardved.

“designated officer” means the authorised parson identified In writing by
SEPA as the persan respansible for chacking Director's compllance with this

agreameant;

Arrecy mos w8 o agren! b [t g ) Paga5al 6
ol ] S o FALAD Ciopaipaort i BRFL

Duisd: 8 Decarmber 3900
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SEEﬁ

“pramisas”, “radlcactive wasta® and “wasie” have the eame meaning 25 n He
Ack,

*radionucide” means a epecies of atom characierissd by Bs mass number
and stomic number and subjest o radioactive decay,

"solid radicactive waste” i radicaciive wasie that has been ireated of
pdmﬂlnnﬂuwaynhrmﬂurﬂaafmummﬂrmmﬁa
irssciuble mmmmwlmhrﬂh;

T B
F'M

Enviranment fgency

oA Eﬂzwlﬁ 2o00

Sonkish Emvironment Proteciion Agency
5 Redwood Cresoant

Peal Fark

Easi Kilbride

i3T4 SPP

Teshagpahiznisc 01358 574200
Fax 01355 ST4688

Arpaas oo lEliar of sgmement o B gl ; Page B of §
iof mcdd wishs W= RAD Coulorn s B0FL .
mmnmmﬂ.m

Diped: 8 Desoaedor 2000 I
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st PAb

The atiached egreemant, Is provided folowing administrative amangements being
made under Sectian 42 of the Acl, conlaing the matarial paticulars ol &n agreamant
mmsm&mmmmammmﬂmmmh
the= agresment on of from the pramises specfied thenein,

The agreement doss nol authorse the disposal of Me radicactive wasts in
cordravention of any othar enactment or any arder, regulation of ofher instrament
made, grantad er issuad under ary enactment, or in contravention of any rule of law

of in breach of any agreemend, particularly those pertaining io the transport of
radioactiea material and heaith and safaly.

The Radicactive Substances Act 1593 consobdabes earller aractments ralaling to
redicacie substancas, induding the Radicactive Substance Act 1580 (which i now
repasiad), and mekes certain comecBions and minor improvements,  Any Order or
Regulafions mada, and cerificabas granted, undar $he 1350 a0l confinue in force as
if msde ar granbed undar tha 1953 Act.

The Radicactve Substances Aot 1993 has bean amended by both the Local
Gavamment ele. (Scolland) Act 1894 and the Enviranment Act 1698,

Thilg auplangriony Mo toeg mmq{m Arpen toon letier af sgresrment ior B aprasl of mald st Ban
ARAD Cowipart im BN FL Origp. wia HWNE Chyde, Fanbans Siied: B Deoember 2020
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Gaseous Coulport

THE SCOTTISH OFFICE

Gaseos QU
CLAS Nief- N/N//o?-767dr q

Environment Department HM Indastrial Pollution
Inspectorate
27 Porth Street
Edinburgh EH3 5RB
. rmb;sn.m
Out of Hours Telephone
uperintendent 0131-244 3060
g‘::'aslsznlAmaMDcpo( Fax 0131-244 2903
Coulport :
. PO Box 1
wiie)  HELENSBURGH ‘
& Our ref: IPB/18/6
Dear Sir

RADIOACTIVE SUBSTANCES ACT 1960
DISPOSAL OF GASEOUS RADIOACTIVE WASTE FROM THE ROYAL

NAVAL ARMAMENT DEPOT, COULPORT

|
5
‘
|
|
|

wastes are produced. In

be, insignificant in relation

L luﬁ:eothcdimnsimbmwmcﬁve
of gaseous radicactive waste produced
Royal Naval Armament Depot, Coulport
mom'ﬂnumimﬁonsmdeondiﬂommtdwithmﬁfwofﬂg
Majesty’s Industrial Pollution Inspectorate, A D Chict o
mpeaofﬂ:cdispocalofthogemnsandmnbcopmmn front 9 umE 1993
2. MODM&MMMWMMMW&W
radioactive wastes subject to having regard 0 8K
ve subj disposal B e

maintenance of apparatus for reducing the

i disposal al the supervision MOD of the processes whereby the
el = mﬁmmm' jcalar means are to be required

bmmnw.mm,uonmwmmmdpimmwa
m,mamummakmwhmwmm»
thebcmﬁttobeduivedﬁom.mﬁblywbcduiwdﬁmor_mthc@ﬂimqoﬁq
mnexydﬁmyof.empxoyin;mdnmuormw

; on the disposal
bymmnimyofnethee(MOD)su
thdmmmmm

to the expenditure.

i~ nste
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5. MOD shall easrs that the systems by which all radicactive wastes are
discharged are kept in good repair.

6. For the purpodes of determining the activity of sy mdionuchides contsined in
the radioactive wastes and of ascerisining the effects on the envirodimest of
radinactive wastes discharged, MOD shall provide and matstain such equipment and
shall tke samples, both as shall be agreed with the Chief Inspector.,

7. MO shall examine or cause to be examined by methods that shall be aproed

with the Chief Inspector any samples taken in purszance of the preceding pamgraph

and shall retsin for such period a3 the Chief [napecior muy specify any such smples

mmwwmmurqmﬂﬁﬁwmwwu
L behalf,

8. MO shall keep records in respect of gassous radicactive wastes.
These recands shall comprise;-
a, i Oescription of the outlets by which the radicactve wasies were
discharged;
b, 4 description of the eadicactive wastes discharped;
= the duie and period over which the radicactive westes are discharped;
d. e sctivity, expeessad in becquerels or multiples thersof, of tritium
present in the waste at the time i was dschargped: and -

8 sach part of the informstion obtained by MOD in pursaance of
paragraph T s shall be agrecd with the Chief Inspactar,

a. Thess rezords shall be keape a2 the premises and shall be open to exsmenation
by any pessors authorised for that parpose by the Seceetary of State for Scotland. Amy
alesgation of these reconds shall be so made that the original entdes remain legible,

10, The records maismixined in purmmoce of the preceding parsgraph ahall be
preserved by MOD for 30 years or for such other peried s muy be ogresd wiih the
Chicf [nspecior, and a copy of the recards, or any part thereof s he shall specify shall
be sapplied to the Chief Inspecior af such intervals as shall be sgreed,

Il.  For the pufposes of this sgeement, activity expressed i becquerels or
rultiples thereof means the number of spontaneous nuclear transformations occurring
in a radiactive substance in o period of one second, and asy refersnce to activity is a
refirence to activity ascertained by a method acoeptable to the Chisf Inspector.

Yours faithdislly
i 2 -

E THOM y

VIO z
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Appendix B — Metallic and Non-metallic Solid Waste Fingerprints

Nuclide Metallic % Nuclide Non-Metallic %
H-3 0.1 H-3 1.7
C-14 29.5 C-14 70.8
Ru-106 4.1 Ru-106 0
Fe-55 40.9 Fe-55 2.2
Co-60 12.9 Co-60 18.7
Co-58 0.8 Ni-63 5.1
Ni-63 5.4 Ag-110m 0
Ag-110m 0.5 Ag-108m 0.6
Sb-125 1.1 Sb-125 0.8
Mn-54 0.4 Total 100
Zn-65 2.0
Cs-134 0.4
Cs-137 0.5
Ce-144 1.4
Total 100

HMNB(C)-2-5-4 Radioactive Waste Standing Orders
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Appendix C — PC CREAM Modelling Assumptions

ABEUMpHon

Design e Dasls of S0 years fr Me NSH

Criteria

Routing Dischangas modelied Tor a
of 30

Routine aanal efective

An effective stack height Tor the NEH ventilation stack,
conskderng fom local Infrasuchure Sic. has not been
calcuianed. Use of 3 10 m efisctive stack helgni ks considensd

1DEEE3 consenvative estimans.
FLUME Modsl [Atmospheric Dlaparsion)
MET Sampling Schame AT CREAM dafauts used
Rnughness Lengin 1.3 Agricultural Areas
Nearest Receplor 1,000 m — consenvative estimats
Ingasion Data Hatit Survey mean raguls for high rate group
Decunancy (i) Hamil Gurvey Dad
Time Bpent Ntoors Fiait Gurvey Dad
Cioud Gamma P CREAR 0=fautE ued
Deposhad Camma B CREAM O2fauls used
Cloud Bem P CREAM Dfalits Used
Depostiad Bl B CREAM O2falits sed
Inhaiation factar AT CREAM Ofalits used
INFEaton FalE (T ry) PC CRCAM O=falits Used
Deiay Times AT CREAM Defalits Used
WET D=3 Liriform Wingres, 657% Caiegory D and 10% Ran i Cand O

GRANIS Mods [Extamal Exposurs)

‘50l modal composition

| Znenic wet Soil defauts used

FARMLAND Modal [Food Chaln)

Plant dependert mods! paramesrs PC CREAM Dfalits Used
Animal dependent model paamelers | | PC CREAM d=faults used
Concentraton raios PC CREAM o=fallts Used
Animal equilbum Taser EEs BC CREAM D=alils used
Ciher Slement dependent parameles | PC GRCAM O=auis used

RESUS Model [Raauapsniion]

Deposton Fales [ PC CREAM radionuci e defaults used

DORIS Model [Marina Dizparsion)

Sha Fasians

[ Element Dependert Paamet=s AT CREAM Defallts used

Locdl Comparsnen Degls Refrio TablE C -2

FEqional model Information P CREAM Defalits Ead

VolUmEtE exchange raies P CREAM Defauts wsad

Cultput Materais Filter=d | unfiterad seawater, Suspended Sedments, Seabed

Sediments, Fish, Crusaceans, Seawesd, Moluss

DiIRIE Model [Marine Diaparaion - Collecive Doas)

Times [yeas) 500
Popuiaions Word, EU 12
Critenia Assumption
Bi2ach OcCUpancy near me Site 50 man h

D0RIS Model [Waring Disparsion - Indhidual Doas)
Times [years) 50

IngesTon pamways A5 per Haoit Data
PLUME [Almoapharic dizparsion - Collective Dosa)
TImes [years) 500

e Wond, EU 12
PlUMe Feease Fegt 10m

Table C - 2: Gareloch

parameters Crileria

olume of Gansioch (') 235508
| Ceth imi) 2.36E+01
Coastal length (m) 1.65E+04
VolUmE EXChange rate Jmriy) 1.45E+10
Slspented sedimen bad (i) =3

Sedmentation raie [Um'y)

TE-1 [local data for Regional Companmert]

Eedment denshy [T

260

Bioturbation Eie (m'iy)

1E-03 {local daia for Reglona Compariment)

Diffusion =ie (i iyl

1E01

Waterials consldemed

Filtered seawaner, unfiifered seawaler and seabed sediments

for confinuous refiease:
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Appendix D — Detailed Dose Calculations for Liquid Discharges

Dose modelling from releases of radioactivity in treated liquid effluent from the NSH to the
Gare Loch has been conducted using PC-CREAM (version 1.5.1.82). Radionuclide activity
is based on the maximum annual quantities for the design basis of the ETP described in Table
5: NSH design basis liquid effluent receipt and discharge radionuclide concentrations (Bq/ y).
Discharges and doses have been modelled over a 50-year period using the PC-CREAM
DORIS model. Assumptions used in the modelling are listed in Appendix C. Exposure
pathways are based on the latest available habit surveys for Faslane (2006 and 2011).

External
Maolluscs beta from

beaches
| Ag-110m 1.5BE-07 | 1.40E-07 1.BRE-0d B.30E-04 B.TBE-10 5.05E-D6 G.T5E-09 B.B2E-13 T.95E-06
C-14 723E-08 | 6.87E-DS 4 ME-05 2.81E-04 2.10E-08 0.00E+DD 0.00E+00 1.25E-11 1.1%9E-04
Ce-144 243E-11 | 1.14E-11 2.82E-10 7.13E-04 B.86E-10 B.33E-08 1.11E-10 5.06E-15 1.66E-0T
Co-58 2.06E-08 | 1.84E-08 G.21E-09 5.71E-09 2.00E-10 4.93E-08 5.83E-09 5.3BE-15 3.00E-D6
Co-80 T22E-07 | 6.81E-07 2 17E-08 2_26E-0d 1.28E-07 2.91E-03 3A4TE-08 2.56E-12 2.92E-03
Cs-137 2.30E-08 | 7.28E07 1.38E-07 5.13E-07 1.50E-D8 3.03E-05 3.67E-08 2T73E-12 3.23IE-05
Fe-55 3.07E-08 | 2.00E-08 1.11E-08 0.00E+00 0.00E+00 4.02E-07 4. TBE-10 TATE-14 1.5TE-06
H-3 4 35E-08 | 41307 281E07 0.00E+00 0.00E+00 0.00E+DD 0.00E+00 6.55E-10 TABE-OT
Mn-54 5.14E-10 | 3.89E-08 3.00E-07 5.43E-10 0.00E+00 4.73E-05 5.6BE-09 282E-14 4.80E-05
Ni-83 B.BGE-09 | 5.49E-08 1.0BE-07 0.00E+00 0.00E+00 0.D0E+DD 0.00E+00 3.17E-13 2.0ME-0T
Sb-124 4 67E-10 | 7.05E-D8 2. 24E-09 B.1EE-09 8.02E-11 1.10E-08 1.31E-09 4 B1E-13 1.19E-06
Sb-125 5.46E-10 | 8.28E-08 2. G60E-09 1.17E-04 5.YTE-10 217E-DE 2 5RE-09 BE5E-13 2. 28E-0B
Te-125m (Sb-125) 1.12E-09 | 1.13E-08 B.T4E-09 431E-11 4.75E-10 1.35E-07 1.61E-10 4 41E-14 1.55E-07
Sn-113 1.87E-09 | 1.78E-08 1.12E-08 4 11E-11 1.03E-12 1.79E-0D 2.13E-12 1.30E-15 3.25E-08
Total B22E-06 | TADE-DS 4 84FE-05 2 98E-06 1.68E-07 3.00E03 3.5BE-08 BE.TBE-10 314E-03

Table D-1: Predicted individual doses to the Adult Population group from releases of liquid effluent from
the NSH to the Gare Loch (uSv)

L LELLE LD Molluscs | Exiemalbeta | External gamma | Seaspray | |00

from beaches | from beaches inhalation

Ag-110m 6.49E-05 4.69E-06 1.09E-05 7.43E-07 1.24E-13 5.91E-06
c-14 2.22E-05 T.98E-05 J.68E-09 0.00E+00 1.58E-12 1.02E-04
Ce-144 5.66E-12 8.23E-10 0.3BE-09 1.22E-08 T.01E-16 2.ME-08
Co-58 1.05E-09 1.90E-08 T 49E-10 6.53E-07 7.33E-16 6.74E-07
Co-60 5.15E-07 9.35E-06 2 98E-07 3.82E-04 3.48E-13 3.92E-04
Cs-137 1.3E-07 1.42E-07 6.73E-08 4 04E-06 2.00E-13 4.38E-06
Fe-55 2.26E-08 4.91E-08 0.00E+00 5.27E-08 1.10E-14 4.99E-06
H-3 1.24E-07 4. 44E-07 0.00E+00 0.00E+00 7.59E-11 5.68E-07
Mn-54 1.66E-09 T.53E-07 T12E-11 6.25E-06 3.80E-15 7.0ME-06
Mi-63 3.70E-08 2.68E-07 0.00E+00 0.00E+00 419E-14 3.05E-07
Sb-124 3.43E-05 6.22E-09 1.21E-09 1.45E-07 G.54E-14 1.87E07
5b-125 3.69E-05 6.62E-09 1.54E-09 2.85E-07 1.23E-13 J.30E07
Te-125m (5b-125) 6.02E-09 1.96E-08 5.65E-12 1.77E-08 5.65E-15 4.33E-08
3n-113 9.03E-08 3.27E-08 5.38E-12 2.35E-10 1.37E-16 4.20E-08
Total 2.32E-05 1.00E-04 J9EO7 3.94E-04 T.85E-11 3.18E-04

Table D-2: Predicted individual doses to the Child Population group from releases of liquid
effluent from the NSH to the Gare Loch (uSv)
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Radionuclide

Pathway

Molluscs

External beta
from beaches

External gamma
from beaches

Total

Sed spray
inhalation

Ag-110m 3.95E-06 5.26E-09 3.50E-07 472E-14 4. ME-06
C-14 4.93E-03 1.73E-09 0.00E+00 6.15E-13 4.99E-05
Ce-144 912E-10 4 .52E-09 5.91E-09 3.34E-16 1.13E-08
Co-58 1.54E-02 3.62E-10 315E07 3.25E-16 JHMEDT
Co-60 TATE-DG 1.43E-07 1.84E-04 1.29E-13 1.92E-04
Cs-137 5.32E-03 3.25E-08 1.95E-06 477E-14 2.04E-06
Fe-55 3.35E-06 0.00E+00 2.55E-08 4.09E-15 3. 38E-06
H-2 2.90E-07 0.00E+00 0.00E+00 2.60E-11 2.90E-07
Mn-54 5.62E-07 344E-1 3.02E-06 1.61E-15 J.58E-06
Mi-63 2.51E-07 0.00E+00 0.00E+00 1.86E-14 2.51E-07
Sb-124 5.98E-09 5.82E-10 6.99E-05 2B5E-14 T.65E-03
Sb-125 6.01E-0% T43E-10 1.33E-07 473E14 1.45E-07
Te-125m (3b-125) 2.03E-02 2.73E-12 8.54E-09 212E-15 2.89E-03
Sn-113 3 20E-D3 2.60E-12 1.13E-10 T.B5E1T JME-03
Total 6.56E-05 1.80E-07 1.90E-04 2.69E-11 2.56E-04

Table D-3: Predicted individual doses to the Infant Population group from releases of liquid effluent from
the NSH to the Gare Loch (uSv)

Radionuclide

Crustaceans

Molluscs

Beach sediment
gammas

Global
Circulation

Ag-110m 1.01E-08 3.65E-08 3.78E-03 T11E-11 0.00E+00 8.44E-08
C-14 1.52E-05 2.04E-06 1.64E-06 0.00E+D0 2.06E-05 J.95E-05
Ce-144 7.79E-14 5.18E-12 4.689E-12 1.16E-12 0.00E+00 1.11E-11
Co-58 2.54E-11 4 43E-10 1.01E-10 6.20E-11 0.00E+00 6.31E-10
Co-60 1.68E-05 1.57E-07 3.59E-08 3.66E-08 0.00E+00 2.A6E-07
Cs-137 1.35E-07 6.24E-09 4 6TE-09 4 52E-10 0.00E+00 1.46E-07
Fe-o5 1.43E-08 6.89E-09 1.97E-08 507E-12 0.00E+00 2.80E-08
H-3 7.64E-08 1.19E-08 5.08E-09 0.00E+D0 213E07 J.10E-07
Mn-54 7.10E-11 1T.11E-10 5.05E-09 5.94E-10 0.00E+00 5.83E-09
Ni-G63 5.06E-09 2.14E-09 2.34E-09 0.00E+D0 0.00E+00 1.25E-08
Sb-124 1.65E-09 1.01E-10 3T73E-M 1.37E-11 0.00E+00 1.80E-09
Sb-125 1.08E-05 1.38E-10 7AGE-11 2.82E-11 0.00E+00 1.10E-08
Te-125m (Sb-125} 1.90E-08 9.09E-10 1.30E-09 1.77E-12 0.00E+00 2.12E-08
Sn-113 6.91E-10 4 14E-10 1.86E-10 2.24E-14 0.00E+00 1.30E-09
Total 1.55E-05 2.26E-06 1.76E-06 3.T8E-08 2.09E-05 4.04E-05

Table D-4: Predicted collective doses to the EU12 countries from releases of liquid effluent from the NSH
to the Gare Loch (man Sv)
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Radionuclide

Crustaceans Molluscs Beach sediment | Global
gammas Circulation
Ag-110m 1.68E-08 5.13E-D8 3.95E-08 TA1E-11 0.00E+00 1.08E-07
C-14 3.10E-05 2.94E-06 1.84E-06 0.00E+00 5.72E-D4 6.08E-04
Ce-144 1.20E-13 7. 26E-12 4 34E-12 1.16E-12 0.00E+00 1.34E-11
Co-58 3.04E-11 6.21E-10 1.04E-10 6.20E-11 0.00E+00 8.26E-10
Co-60 2.64E-08 2 20E-07 3.70E-08 3.66E-08 0.00E+00 3.20E-07
Cs-137 2 56E-07 8.94E-09 512E-09 4.62E-10 0.00E+00 2.T1E-07
Fe-55 2.30E-09 9.67E-D9 2.04E-08 5.08E-12 0.00E+00 3.23E-08
H-3 1.43E-07 1.70E-D& §.92E-09 0.00E+00 5.92E-06 6.09E-06
fn-54 1.11E-10 1.56E-10 5.21E-09 5.94E-10 0.00E+00 6.07E-09
Mi-63 1.36E-08 3.01E-09 2 45E-09 0.00E+00 0.00E+00 1.91E-08
Sb-124 261E-09 1.42E-10 3.85E-11 1.37E-11 0.00E+00 2.80E-09
5b-125 1.90E-08 1.86E-10 7 BEE-11 282E-11 0.00E+00 1.93E-08
Te-125m (8b-125) 341E-08 1.35E-05 1.46E-0% 1.78E-12 0.00E+00 3.69E-08
Sn-113 1.11E-00 5.81E-10 2.03E-10 2.24E-14 0.00E+00 1.90E-09
Total 3.15E-05 3.26E-06 1.96E-06 3.79E-08 5.78E-04 6.15E-04

Table D-5: Predicted collective doses to the World population from releases of liquid effluent from the NSH
to the Gare Loch (man Sv)
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Appendix E — Detailed Dose Calculations for Gaseous Discharges

Dose modelling from routine releases of radioactivity in gaseous effluent from the NSH to the
Gare Loch has been conducted using PC-CREAM (version 1.5.1.82). Radionuclide activity is
based on the maximum annual quantities for the design basis of the NSH Active Ventilation
system described in Table 7. Discharges and doses have been modelled over a 50-year
period using the PC-CREAM DORIS model. Assumptions used in the modelling are listed in
Appendix C. Exposure pathways are based on the latest available habit surveys for Faslane
(2006 and 2011). For collective doses, a standard population grid does not exist for gaseous
releases from Faslane. Collective dose has been modelled based on the same releases being
made from the Hunterston site. For the purposes of assessment of doses to Europe this is
considered to represent a reasonable basis for estimate.

Pathway
Nuclide

Gamma | Beta y» | Cow Cow Green Root Sheep

from from meat milk i vegetab | vegetab = meat

Ground | Ground les les
Ag-110m | 1.67E-0%| 1.44E-11| 1.95E-14| 1.32E-08| 2.02E-08| 151E-12| 2.32E-10| 4.27E-08| 1.11E-10| 2.62E-10| 4.18E-10| 5.74E-11| 1.78E-10|6.09E-08
C-14 421E-08| 0.00E+00| 2.04E-13| 0.00E+00| 0.00E+00| 0.00E+00| 6.74E-08| 1.17E-O7| 2.75E-08| 1.39E-07| 2.87E-08| 373E-08| 3.32E-08|4.92E-07
Ce-144 469E-12| T.OTE-1T7| 9.94E-18| 1.49E-13| 1.23E-12| 435E-15| 1.06E-14| 3.99E-14| 2.64E-14| 2.04E-14| 3.94E-13| 3509E-16| 6.32E-15|6.61E-12
Co-58 1.55E-13| 2.28E-15| 5.27E-18| 6.29E-13| 1.37E-14| 1.09E-16| 4.40E-16| 8.71E-15| 5.95E-15| 1.73E-14| 3.82E-14| 139E-16| 3.49E-16|8.71E13
Co-60 1.21E-08| 7.00E-11| 1.18E-13| 3.36E-07| 6.96E-10| 1.77E-11| 1.09E-10| 6.91E-10| 5.65E-10| 1.74E-09| 2.76E-0%| 1.59E-10| 7.99E-11|3.55E-07
Cs-137 480E-12| 0.00E+00| 3.04E-16| 1.86E-10| 3.18E-12| 1.25E-14| 1.13E-10| 1.15E-10| 2.76E-11| 4.39E-11| 1.19E-11| 1.37E-11| 1.16E-10|6.15E-10
Fe-55 5.91E-10| 5.409E-16| 0.00E+00| 2.95E-13| 0.00E+00| 718E-13| 3.42E-11| 3.62E-11| 6.26E-11| 2.06E-10| 3.27TE-10| 93%9E-13| 1.56E-11|1.27E-09
H-3 1.16E-06| 0.00E+00| 0.00E+00| 0.00E+D0| 0.00E+D0Q| 0.00E+00| 4.67E-O07| 3.13E-06| 3.28E-07| 4.50E-08| 3.42E-07| 444E-07| 2.30E-07|6.15E-06
Mn-54 5.57E-10| 7.47E-12| 0.00E+00| B8.26E-09| 252E-13| 527E-13| 460E-11| 1.05E-10| 4.16E-11| 1.09E-10| 1.74E-10| 157E-11| 3.23E-11|9.35E-09
Mi-63 1.42E-10| 0.00E+00| 0.00E+Q0| 0.00E+D0| 0.00E+00| 4.53E-13| 3.53E-13| 9.31E-11| 1.18E-11| 2.54E-11| 3.51E-11| 33%9E-12| 6.56E-14|3.17E-10
5b-124 1.05E-12| G6.89E-15| 1.44E-16| 1.84E-12| 2.77E-13| T13E-16| G.88E-14| 4.87E-14| 3.20E-14| 9.02E-14| 2.11E-13| G6.85E-16| 5.96E-14|3.48E-12
5b-125 1.92E-12| 4.18E-15| 4.48E-17| 1.21E-11| 2.65E-13| 2.35E-15| 1.28E-13| 6.838E-14| 5.90E-14| 1.83E-13| 2.87E-13| 922E-15| 1.30E-13|1.51E-11
Total 1.22E-06| 9.18E-11| 3.43E13| 3.58E07| 2.73E-09| 2.09E-11| 5.35E-07| 3.29E-06| 3.56E-07| 1.87E-07| 3.75E07| 4.81E-07| 2.63E-07|7.07E-06

Table E-1: Predicted individual doses to the Adult Population group from releases of gaseous effluent from
the NSH (uSv)

Pathway
Nuclide | imnatation flom | Beufiom | Resuspen o veetable | vepetable | "
Ground S S

Ag-110m 1.47E-09 1.01E-11 1.57E-14 8.59E-09 1.63E-09 1.33E12 640E-13 1.35E-12 2.30E-12 1.71E-12 1.17E-08
C-14 3.26E-08 0.00E+00 1.65E-13 0.00E+00 0.00E+00 0.00E+00 1.18E-10 5.30E-10 1.18E-10 8.24E-10 3.44E-08
Ce-144 3.98E-12 4.98E-17 8.00E-18 9.67E-14 9.89E-13 3.70E-15 1.73E-16 1.19E-16 247TE-15 1.22E-17 5.08E-12
Co-58 1.30E-13 1.61E-15 4 24E-18 4.09E-13 1.10E-14 9.12E-17 4 23E-17 1.10E-16 2.61E-16 5.10E-18 5.52E-13
Co-60 1.01E-08 4.93E-11 9.52E-14 2.19E-07 5.60E-10 1.48E-11 5.66E-12 1.566E-11 2.65E-11 8.22E-12 2.30E-07
Cs-137 2.15E-12 0.00E+0D0 2.45E-16 1.08E-10 2.56E-12 9.57E-15 6.57E-14 9.36E-14 2.71E-14 1.68E-13 1.13E-10
Fe-55 5.36E-10 3.86E-16 0.00E+00 1.92E-13 0.00E+00 6.52E-13 6A46E-13 1.90E-12 3.23E-12 5.01E-14 5.43E-10
H-3 8.26E-07 0.00E+0D0 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.30E-09 1.62E-10 1.30E-09 9.08E-09 8.38E-07
Mn-54 4.96E-10 9.26E-12 0.00E+00 5.37E-09 6.86E-13 4.69E-13 2.36E-13 9.92E-13 9.48E-13 4.61E-13 5.88E-09
Ni-63 1.15E-10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.68E-13 6.83E-14 1.31E-13 1.94E-13 2.51E-13 1.16E-10
Sb-124 8.74E-13 4 .85E-15 1.16E-16 1.07E-12 2.23E-13 5.95E-16 2.06E-16 5.20E-16 1.30E-15 2.28E-17 2.17E-12
Sb-12 ( 1.91E-12 2.94E-15 3.60E-17 7.89E-12 2.13E-13 1.85E-15 3.94E-16 9.69E-16 1.62E-15 2.82E-16 9.58E-12
Total 8.T2E-07 6.47E-11 2.76E-13 2.33E-07 2.19E-09 1.76E-11 1.42E-09 7.11E-10 1.45E-09 9.92E-09 1.12E-06

Table E-2: Predicted individual doses to the Child Population group from releases of gaseous effluent from
the NSH (uSv)
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Pathway

Nuclide | |ppalation | Gamma Beta from Gamma from | Beta from S Total
of Plume from Plume | Plume Ground Ground

Ag-110m_|1.22E-09 1. 19E-11 1.66E-14 1.08E-08 1.72E-09 1.11E-12 1.37E-08
C-14 2.76E-08 0.00E+00 1.73E-13 0.00E+00 0.00E+00 0.00E+00 2.77E-08
Ce-144 4 14E-12 585E-17 83 44E-18 1.21E-13 1.04E-12 3.85E-15 5.31E-12
Co-58 1.25E-13 1.89E-15 4 47E-18 5. 13E-13 1.16E-14 8.83E-17 6.52E-13
Co-60 38.19E-09 5.79E-11 1.00E-13 2. T4E-07 5.90E-10 1.20E-11 2.83E-07
Cs-137 1.12E-12 0.00E+00 2.58E-16 1.35E-10 2.70E-12 2.91E-15 1.39E-10
Fe-55 4 33E-10 4 54E-16 0.00E+00 241E-13 0.00E+00 5.26E-13 4.34E-10
H-3 6.17E-07 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 6.17E-07
Mn-54 4 58E-10 6.18E-12 0.00E+00 6.74E-09 7.23E-13 4 34E-13 7.20E-09
Ni-63 1.12E-10 0.00E+0D0 0.00E+00 0.00E+00 0.00E+00 3.57E-13 1.12E-10
Sbh-124 7.82E-13 5.70E-15 1.22E-16 1.34E-12 2.35E-13 5.32E-16 2.36E-12
Sb-125 1.27E-12 3 46E-15 3.80E-17 9.85E-12 2.25E-13 1.56E-15 1.13E-11

Pathway

Nuclide Inhalation | Gamma Beta from Gamma from | Beta from Total

Resuspension

of Plume from Plume Plume Ground Ground
Total 6.55E-07 7.60E-11 2.91E-13 2.92E-07 2.31E-09 1.44E-11 9.49E-07

Table E - 3: Predicted individual doses to the Infant Population group from releases of gaseous effluent
from the NSH (uSv)
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Appendix F —Tier 1 ERICA Assessment

Radionuclide

Activity
concentration

in air (Bq m)

Limiting
Reference
Organism

Terrestrial
Environmental
Concentration

Risk Quotient

Limit (Bq m™)

Ag-110m 5.10E-15 Mammal — large | 5.65E+03 5.10E-15
C-14 Mammal —

3.28E-11 small-burrowing 8 40E+01 3.28E-11
Ce-144 1.65E-19 Bird 1.04E+05 1.65E-19
Co-58 Mammal — small

6.88E-19 bu ing 1.85E+04 6.88E-19
Co-60 2.18E-14 Amphibian 7.30E+03 2.18E-14
Cs-137 6.01E-17 Mammal — large | 2.28E+03 6.01E-17
H-3 2. 14E-09 Bird 2.64E+03 2 14E-09
Mn-54 Arthropod —

221E-15 detritivorous 2. 21E+04 221E-15
MNi-63 Lichen &

J.29E17 Bryophytes 8.7TE+05 3.29E-17
Sb-124 2.09E-18 Annelid 1.03E+04 2.09E-18
Sb-125 1.19E-18 Annelid 4 41E+04 1.19E-18

Sum of Risk Quotients | 2.17 E-09

Tier 1 ERICA Assessment Results for Gaseous Releases from the Faslane NSH

Radionuclide Activity concentration Limiting Environmental Risk

Reference Concentration Limit ‘ Quotient
Water Sediment = Organism Water Sediment
(Bg 1) (Bq kg™) (Bg 1) (Bq kg™)

Ag-110m 5.65 E-08 3.44 E-05 Polychaete 6.37 E-02 | 4.85E+02 | 8.87 E-07
Worm

C-14 3.12 E-06 6.23 E-03 Zooplankton 1.16 E+01 | 3.27 E+03 | 1.91 E-06

Ce-144 6.99 E-11 2.99 E-05 Polychaete 1.66 E-03 | 490 E+04 @ 4.22 E-08
Worm

Co-58 1.68 E-09 8.60 E-05 Polychaete 5.88E-03 | 1.78 E+04 | 2.86 E-07
Worm

Co-60 1.27 E-07 1.96 E-02 Polychaete 2.30E-03 | 6.99 E+03 | 5.51 E-05
Worm

Cs-137 2.96 E-07 8.87 E-04 Polychaete 7.63E-01 | 248 E+04 @ 3.88 E-07
Worm

H-3 1.21 E-02 2.36 E-02 Phytoplankton | 3.94 E+05 | 1.10 E+05 | 2.15 E-07

Mn-54 8.69 E-09 9.60 E-04 Polychaete 1.05E-03 | 2.13E+04 @ 8.31 E-06
Worm

Ni-63 3.28 E-07 2.97 E-02 Sea 3.32 E+01 | 2.33E+05 | 1.27 E-07
Anemones &
True Coral

Sh-124 3.74 E-08 1.03 E-05 Mammal 433 E-01 | 3.24E+02 | 8.64 E-08

Sbh-125 9.90 E-08 8.52 E-05 Reptile 1.94 E+00 | 1.18 E+03 @ 7.19 E-08

Sum of Quotients | 6.74 E-05

Tier 1 ERICA Assessment Results for Liquid Releases from the Faslane NSH
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Appendix G - Intertidal and Underwater Monitoring Stations

Intertidal and Underwater Monitoring Stations for Gare Loch and Loch Long

® gepafiisen

Fig G-1 Underwater Monitoring Stations — Gare Loch
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Intertidal Zone Monitoring Stations — Gare Loch

2

Fig G
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Fig G-3 Intertidal Zone Monitoring Stations — Loch Long
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Fig G-4 Underwater Monitoring Stations — Loch Long
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