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Executive Summary

The Winfrith nuclear site, a former nuclear power research and development site which
housed nine unique experimental reactors, is being decommissioned. The site operator,
Nuclear Restoration Services (NRS), is developing a proposal for the site
decommissioning that includes on-site disposal of radioactive waste. This involves a
combination of disposal in-situ of radioactive below-ground structures, disposal of
radioactive waste (mainly blocks of concrete and broken concrete from demolition of
the above-ground building structures), and deposit of non-radioactive waste (blocks of
concrete, broken concrete and brick) for the purpose of infilling unwanted below-
ground voids as part of land restoration. Following remediation and landscaping, the
planned end state for the site is heathland open to the public for recreational purposes.

NRS is developing the Waste Management Plan (WMP) and Site-Wide Environmental
Safety Case (SWESC) for the Winfrith site, which will be submitted as part of the
application for a variation to the site’s radioactive substances regulation (RSR) permit
granted by the Environment Agency under the Environmental Permitting Regulations
to allow on-site disposal of radioactive wastes. The principal regulatory guidance of
relevance to this application is the environment agencies’ Guidance on Release of
Nuclear Sites from Radioactive Substances Regulation (GRR).

This radiological inventory report informs a number of assessments and safety
arguments to be made for on-site disposal of radioactive waste at Winfrith. The overall
objective of this report is to develop an estimate of the radiological inventory for the
features that are being considered for on-site disposal using the best available
information at the time of writing. Subject to further optimisation and characterisation,
the radiological features proposed for on-site disposal as part of the Winfrith end state
are:

e The Steam Generating Heavy Water Reactor (SGHWR) complex.

e The Dragon Reactor complex, including the B78 Dragon Fuel Store building
and the spent fuel Mortuary Hole Structure it contains.

The two reactor complexes will be demolished to ground level or below, accessible
recyclable materials removed (e.g. wood, metal), and the above-ground concrete and
rubble used to fill the below-ground voids. Non-radiological materials on the site, such
as demolition materials from buildings and excavations (e.g. soil, concrete, brick), and
existing material stockpiles and soil mounds, may be used for void filling, capping and
landscaping on the site.

A third radiological feature presented is the area of historically remediated ground
following the removal of the A59 Active Handling and Decontamination building. This
area is the subject of a separate inventory report and so only a summary is included in
this report. Following options assessment, which the dedicated A59 inventory report
supported, NRS intends to further remediate the radiological contamination in this area
sufficient to demonstrate that the remaining ground is out-of-scope (O0S) of RSR.
Thus, the A59 area does not form part of the RSR permit application. However,
inventory information for the A59 area is needed to support site decommissioning
activities and the radiological risk assessment. Therefore, remediated A59 feature
inventory estimates are included here.
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In this report, a feature refers to a discrete contaminated structure or area (e.g. SGHWR
bioshield, ponds and primary containment), composed of one or more components.
Separate inventory estimates have been made for components of the in-situ features
that are distinctly different in radiological fingerprint, or amount, or spatial extent of
contamination or activation. These estimates support the radiological performance
assessments and provide inputs to the optimisation process.

The inventory estimates have been developed for the identified end state features and
components through meetings with facility staff to understand key components and
processes, the range of data available, and ongoing decommissioning plans. Inventory
estimates compiled from the available characterisation data were compared to facility
plans to identify any missing components, and the facility use histories were reviewed
to assess if the fingerprint and inventory estimates were appropriate. The estimates
were discussed with NRS staff to identify any inappropriate assumptions, gaps and
inconsistencies, and if additional data were available.

Assumptions have been made where there is limited information for some components
and access limitations prevent sampling and additional characterisation at this time.
Where specific sampling or characterisation data are not currently available or are
insufficient, other experience at Winfrith or elsewhere has been considered as
appropriate. Any calculations and/or assumptions used to develop the inventory
estimates are applied in a realistically conservative manner and are stated in the report.
However, whilst conservative assumptions are made, the inventory estimates must still
be credible (i.e. not overly conservative), otherwise appropriate optimisation
assessments cannot be made. The uncertainties and assumptions discussed in this
report for the two reactor complexes (the A59 inventory report has its own table of
uncertainties) are summarised in the appended Uncertainty Management Plan table and
are categorised as follows:

e Potential for additional plant, structures and any contaminated land associated
with SGHWR and Dragon to be included in the inventory scope.

e Uncertainties associated with comprehensiveness, scope, and applicability of
waste fingerprints.

e Use of generic material compositions and densities due to lack of site-specific
data.

e Adequateness and statistical robustness of the available characterisation data.
e Impact of changes to current outline demolition and backfill plans.

A summary of the potential radioactive waste inventory that may remain on the site at
the end state, in terms of total activity and the activity concentrations associated with
each of the features of the SGHWR and Dragon Reactor complexes, and the A59 area,
is presented in Table ES.1 for a reference date of 1 January 2027. The inventory is
based on the current understanding of the SGHWR, Dragon and A59 features and
components, drawing on the characterisation, decontamination and decommissioning
carried out to date. Table ES.1 presents a cautious but credible estimate of the inventory
that could be left on the Winfrith site at the end state and clearly indicates the
dominance of the SGHWR inventory (98% of the total radioactivity) over that of the
Dragon Reactor complex and A59 (around 1% each). The most significant features of
the SGHWR inventory are the bioshield (59% of the SGHWR total), and then the
secondary (11%) and primary (10%) containments. The inventory is presented in
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terms of total activity, and in terms of average and maximum activity concentrations.
Note that the maximum concentration has been derived from the maximum activity
concentration measured for each radionuclide across all samples obtained for a given
feature, not from the sample with the maximum total concentration; therefore, it is very
unlikely that such a conservative maximum would occur in any one future sample.

The identified gaps, uncertainties and assumptions have been used in this report to
support a qualitative assessment of the confidence in the inventory estimates for each
component and in derivation of alternative, more conservative, inventory estimates,
also presented in Table ES.1. The qualitative assessment reflects the
comprehensiveness of the characterisation data supporting the inventory, the
confidence in the inventory derivation approach, and the overall confidence in the
inventory derived for each component (and the significance of this) as a function of the
total feature group inventory. The alternative inventory estimates assume the
maximum, rather than average, characterisation data by default, but alternative
assumptions have also been made where there are other sources of uncertainty. The
alternative inventories explore the impact of uncertainties, but are not considered to be
realistic estimates.

The identified gaps and uncertainties are also used by NRS to inform the need for
additional characterisation. NRS will undertake further characterisation as demolition
activities proceed and additional parts of the facilities are safely accessible, in an
approach set out in the Staged Inventory Management Plan.  Additional
characterisation will be undertaken as needed during the EA’s determination period,
and during implementation of the end state. Emplacement Acceptance Criteria will
also be applied to control material that is emplaced in the reactor voids. NRS recognises
that it carries a risk in undertaking characterisation after the permit application has been
submitted. If material is discovered beyond that indicated in the permit application
then, following an options assessment, it is acknowledged that the material will need to
be removed for off-site disposal or a delay in the permit application/final release
incurred as revised assessment documentation is submitted. However, the reference
inventory estimates presented here are considered to be a credible but cautious estimate
of the end state activity that are characterised proportionately to the hazard presented.
Sensitivity to alternative inventory assumptions has also been considered. In practice,
the inventory estimates are expected to reduce as decommissioning proceeds and
further characterisation information becomes available. The end state radiological
inventory report will be revised as necessary as additional characterisation and
sampling data become available.
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Reference and alternative inventories of radioactive waste for features potentially remaining on the Winfrith site at the end state, with the estimated activity concentration and total inventory associated
with each feature of SGHWR, the Dragon Reactor and A59 area presented for a reference date of 1 January 2027. (This page is set to print on A3.)

Feature

Rationale for Inventory Estimate

Contami-
nated
Mass [kg]

Contami-
nated
Volume
[m’]

REFERENCE INVENTORY

ALTERNATIVE INVENTORY

Feature Total Activity

Activity

[MBq]

Feature %

Concentra-
tion [Bqg/g]

Maximum

Reactor Complex /
Area Activity

Feature Total Activity

Activity
Concentra-
tion [Bqg/g]

[MBq]

Feature %

[MBq]

Feature %

Increased
by factor

Activity
Concentra-
tion [Bg/g]

Reactor Complex /
Area Activity

[MBq]

Feature %

SGHWR

Bioshield

Based on characterisation data from 2 concrete
cores and neutron activation modelling of the
concrete and rebar in the bioshield.

7.65E+05

3.14E+02

3.58E+05

58.6%

4.69E+02

8.92E+03

Mortuary
Tubes

Preliminary, high-level approach in the absence
of characterisation data which adopts the sum of
activities of primary circuit pipework, moderator
circuit pipework, ponds liners, activated rebar,
and activated reactor components for mortuary
tubes liners. Further characterisation expected.

2.75E+03

3.50E-01

8.11E+03

1.3%

2.95E+03

9.37E+03

Primary

Based on available characterisation data from
Room 111, and deeper concrete intervals in the
primary containment, assumed depths of
penetration of contamination into the building
fabric, SGHWR primary external contamination
fingerprint (FP-028) and proportion more than 1
m below ground level.

4.96E+06

2.07E+03

6.05E+04

9.9%

1.22E+01

1.55E+03

Secondary

Based on available characterisation data from the
structure, 7 secondary containment fingerprints,
assumed depths of penetration, and the
proportion more than 1 m below ground level
(assume comprises Levels 1-3). Some areas
assumed to be inactive.

4.21E+06

1.75E+03

6.97E+04

11.4%

1.65E+01

5.62E+03

Ponds

Based on 2016 ponds characterisation
programme comprising 17 cores from pond floor
areas and 126 wall cores.

1.17E+06

4.87E+02

1.09E+04

1.8%

9.32E+00

7.01E+03

Ancillary
Areas

Based on characterisation data where available
and applicable fingerprints (including FP-003,
FP-016 and FP-026). Some areas assumed to be
inactive.

1.89E+06

7.89E+02

3.33E+03

0.5%

1.76E+00

7.81E+01

Bulk
structure

To account for tritium contamination of the bulk
concrete. Based on the mass of accounted for
structure and the median tritium activity for
components with an inventory.

2.86E+07

1.19E+04

1.86E+04

3.0%

6.50E-01

6.50E-01

Backfill

Rubble mounds assumed to be at out-of-scope
(O0S) of RSR (to be confirmed in future
characterisation). Incorporates inventory from
demolished Levels 4-10.

6.12E+07

2.97E+04

8.23E+04

13.5%

1.35E+00

2.74E+03

6.12E+05

98.0%

5.22E+06

88.3%

14.6

6.83E+03

2.56E+04

0.4%

3.2

9.30E+03

2.55E+05

4.3%

4.2

5.15E+01

1.35E+05

2.3%

1.9

3.20E+01

2.01E+04

0.3%

1.9

1.73E+01

1.66E+04

0.3%

5.0

8.77E+00

3.54E+04

0.6%

1.9

1.24E+00

2.04E+05

3.4%

2.5

3.33E+00

5.91E+06

99.4%

Dragon

Below
cutline
Bioshield

Based on characterisation data from 6 cores,
fingerprints for Dragon Upper Support Ring
concrete blocks and the mild steel baseplate, and
by analogy with SGHWR neutron activation
modelling.

2.57E+05

9.25E+01

1.51E+03

20.9%

5.86E+00

2.84E+01

Below

Fingerprint derived from characterisation data for
10 datasets at various locations in Dragon and

4.58E+06

1.91E+03

8.12E+02

11.2%

1.52E+01

1.61E+02

7.23E+03

1.2%

6.41E+03

25.2%

4.2

2.49E+01

6.30E+03

24.7%

7.8

1.55E+01

2.55E+04

0.4%
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REFERENCE INVENTORY

ALTERNATIVE INVENTORY

. | Contami-
Contami- .. Maxi Reactor Complex / . Reactor Complex /
Feature Total Activit i aximum S Feature Total Activi WP 0
Feature Rationale for Inventory Estimate nated Vnallted Y| Activity Activity Area Activity v Activity Area Activity
M k olume Concentra- Concentra-
ass [kg] [m3] [MBq] | Feature % | tion [Ba/g] Concentra [MBqg] | Feature% | [MBq] | Feature % Increased | 4o [Bg/g] [MBq] | Feature %
tion [Bg/g] by factor
cutline scaled using most active hotspot measured in the
B70 2018 in-situ sampling campaign; assumes 5% of
Building | the building structure is surface contaminated.
Contamin- |3H ingress 30 cm into building structure. Betalite
ation store area inventory (included in this row)
calculated separately using a dedicated
fingerprint.
Preliminary estimate based on Dragon primary
coolant fingerprint (shown to closely correlate
with Purge Gas Pre-Cooler (PGPC)
zgﬁc fgt’;a:;mtt';?gng?nﬁ;h;:r‘]"’t'rfz anestimate fr (M€ | 7 92E+01 | 3.30E-02 | 950E402 |  13.1% | 120E404 | 120E+04 950E+02 |  3.7% 10 | 1.20E+04
region derived from MicroShield dose modelling.
95.5% of contamination is assumed to be
removed. Further characterisation expected.
Assumed to comprise the above-ground portions
of the bioshield, B70 building and B78 building,
emplaced as concrete blocks and/or rubble,
together with some material from the existing
Backfill ::\E’g':;;oﬁﬁgmsaiﬁlaesrfg;’:sdfh”;?r']'\t:r:‘t;?ygirsound 1.20E+07 | 6.54E+03 | 3.88E+03 | 53.7% | 3.02E-01 | 1.61E+02 1.16E+04 |  45.4% 30 | 8.98E-01
expected to contain 51% of total bioshield
activity and 65% of the building surface
contamination activity and *H ingress into
structure.
Primar Estimate for mortuary holes and cross vents
Mortuzz based on systematic 2023 survey and sampling
Hole y campaign; estimate for main ventilation ducts and | 2.51E+03 | 3.20E-01 | 3.37E+01 0.5% 5.18E-01 1.34E+01 4.76E+01 0.2% 14 7.33E-01
Structure | SUMP based on smear from ventilation outlet
stack (2016 inventory).
Fingerprint, contamination level and % of
?IZ:E) Floer g:;t:r;]slrll?)trl%nTgrgtseﬁztra?lrzl?islzli]r%egc}r?t:ﬁ]it,?:tion 2.56E+05 | 1.07E+02 | 4.01E+01 0.6% 1.52E+01 4.29E+01 2.20E+02 0.9% 55 1.57E+01
3H ingress 30 cm into building structure.
PsSA /Pit | Remediated OoS end state inventory estimate
3 APC derived for (i) the historical remediation works 2.20E+06 | 1.10E+03 | 3.41E+02 6.2% 1.10E-01 2.42E+00 9.05E+02 7.0% 2.7 2.86E-01
excavation surface at the cessation of soil
A591 / removal; and (ii) infill material used to create the
- iati imari 6.95E+05 | 3.47E+02 | 1.29E+03 23.5% 1.83E+00 2.19E+01 1.60E+03 12.3% 1.2 2.32E+00
HVA APC | Post-remediation ground surface. Primarily 0 0
AS9 based on remediation dataset including 5.49E+03 0.9% 1.30E+04 0.2%
verification gamma monitoring, radiochemical
2232 AS9 Z?)r;ptl)g]cgkgrl]ld n‘;‘gﬁ'&’g;fﬂg‘;’; dtzabrzgl‘fr']g'”g; and | 1 61E+07 | 8.07E+03 | 3.86E403 | 70.3% | 1.94E-01 | 2.25E+400 1.05E+04 | 80.7% 2.7 8.66E-01
supplemented by subsequent analysis.
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Glossary and Acronyms

ACL
ACW
ALARP
ALES
APC
AOD
ATS
CAD
CCR

Component

cps
CSM

Demolition cutline

DQO

EA

EAC
EAST
ECW
End State

EPR16
ESC

FCD
Feature

Galson Sciences Ltd & NNL

Above Cutline

Ancillary Cooling Water

As Low As Reasonably Practicable
Active Liquid Effluent System
Area of Potential Concern

Above Ordnance Datum

Active Tools Store

Computer Aided Design

Climate Control Room

A part of a feature for which a separate inventory is derived,
corresponding to each row of the tables in Section 4.

counts per second
Conceptual Site Model

The level above which structures will be demolished; at or
below approximately ground floor slab level.

Data Quality Objectives. An approach to developing sampling
plans for effective data collection activities that support
decision making.

Environment Agency
Emplacement Acceptance Criteria
External Active Sludge Tanks
Emergency Cooling Water

The condition of an NDA site or a part thereof once
decommissioning and clean-up activities have ceased.

Environmental Permitting Regulations 2016 (as amended)

Environmental Safety Case - The collection of arguments,
provided by the developer or operator of a disposal facility that
seeks to demonstrate that the required standard of
environmental safety is achieved (also see SWESC).

Failed Can Detection

Discrete contaminated structure or area, composed of one or more
components. For the SGHWR reactor complex, features include
the bioshield, mortuary tubes, primary containment, secondary
containment, ponds and ancillary areas. For the Dragon reactor
complex, features include the bioshield, reactor building and

Page 14 of 315 17 December 2024

OFFICIAL



FP

GRR

GTLD
HCUP
HRGS
HTR
HVA

Inadvertent
human intrusion

IAEA
ISOCS
IEP

IES

ILW
In-situ disposal(s)

IWS

LLW
LLWR
LOD

LSD

m agl / bgl
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Primary Mortuary Hole Structure. For the A59 area, features
include two APCs and the rest of the A59 area.

Fingerprint. Percentage distribution of radionuclides
contaminating a structure (valid for a specific date). Fingerprints
are generally assigned to features and allow the whole radioactive
inventory to be specified based on characterisation of a single
radionuclide (e.g. **'Cs).

A guidance document produced by the UK’s environment
agencies, with the full title “Management of radioactive waste
from decommissioning of nuclear sites: Guidance on
Requirements for Release from RSR”.

Gas Tritium Luminescent Devices
Helium Clean Up Plant

High Resolution Gamma Spectrometer
High Temperature Reactors

Heavy Vehicle Airlock

Any inadvertent human action that accesses the waste or that
damages a barrier providing an environmental safety function
after the release from RSR.

International Atomic Energy Agency
In-Situ Object Counting System

Interim End Point. The point in time at which the Winfrith IES
is achieved.

Interim End State. The condition of the Winfrith site following
completion of all physical decommissioning and clean-up
activities required to make the land suitable for the next planned
use of the site (but an environmental permit or other restrictions
remain in force).

Intermediate Level Waste

(Of redundant below-ground radioactive structures) On-site
disposal of solid radioactive waste, such as a buried structure,
by leaving it permanently in position, together with any
necessary preparatory works.

Integrated Waste Strategy

Low Level Waste

Low Level Waste Repository
Limit of Detection

Liquid Shut Down

metres above / below ground level
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MH

Mortuary tubes /
mortuary holes

MSP

NDA

NIST

NORM

OECD

ONR

Out of Scope / O0S

PA

PGPC

PIE

PSA

QA

Radioactive waste
Radioactive material

Reactor complex

Room

RPV
RSA 93
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Mortuary Hole

Structures within the reactor complexes used for storing a
variety of radioactive items. Within this report, the terms
“mortuary tubes” and “mortuary holes” are used to refer to the
structures associated with SGHWR and Dragon Reactor
respectively. This usage reflects both the terminology most
commonly found in plant documentation and their differing
geometry (the SGHWR mortuary tubes have a smaller diameter
than the Dragon mortuary holes and are open-ended, whereas
the Dragon mortuary holes are closed at the bottom).

Main Shield Plug

Nuclear Decommissioning Authority

U.S. National Institute for Standards and Technology
Naturally Occurring Radioactive Material

Organisation of Economic Co-operation and Development
Office for Nuclear Regulation

Material or waste with a level of radioactivity such that it is
deemed to be non-radioactive for the purposes of legislation
and is not subject to any regulatory requirement under RSR.

Performance Assessment

Purge Gas Pre-Cooler

Post Irradiation Examination

Pressurised Suit Area

Quality Assurance

Radioactive material that is no longer of use.

Material in which the concentrations of radionuclides are
greater than the values specified in RSR. Excludes material
lawfully disposed of as waste or contaminated ground that
remains where it was contaminated.

The group of buildings and other structures associated with
each reactor remaining on the Winfrith site (SGHWR and
Dragon). Each reactor complex consists of several features.

In the SGHWR reactor complex, a numbered ‘“room”
(numbers originate directly from site) that may correspond to a
conventional room with four walls and a roof, or an open
platform or sub-area of a space. One or more rooms may make
up acomponent. Inthe Dragon reactor complex, room is used
in a more general sense.

Reactor Pressure Vessel
Radioactive Substances Act 1993
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RSR Radioactive Substances Regulation. A generic term used by the
environment agencies to cover the different regulations in force
in the four different countries of the United Kingdom. In
England, radioactive substances regulation refers to EPR16.

RT Radionuclide Transport

SGHWR Steam Generating Heavy Water Reactor

SGS Segmented Gamma Scanner

SIMP Staged Inventory Management Plan

Site Term used both in a general sense to refer to the land occupied
by the Winfrith research reactors and their surroundings, and
specifically to refer to the land delineated by the environmental
permit as constituting the authorised premises. Note that the
boundaries of the land owned by the NDA, the land delineated
by the environmental permit as constituting the authorised
premises, and the land delineated by the nuclear site licence as
constituting the licensed premises are all different at Winfrith.

SoLA Substances of Low Activity Exemption Order

SWESC Site-Wide Environmental Safety Case. A documented set of
claims to demonstrate achievement by the site as a whole of the
required standard of environmental safety.

System In the SGHWR reactor complex, an interconnected network
or circuit (such as the moderator circuit or ventilation system)
that may be associated with different components and/or
features, and may also cut across them.

USR Upper Support Ring

WACM Winfrith Abrasive Cleaning Machine

WMP Waste Management Plan

WSCP Winfrith Site Closure Programme
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Winfrith Site:
End State Radiological Inventory

Introduction

Background

The Winfrith nuclear site, located in Dorset, is a former nuclear power research and
development site, which hosted nine research and prototype reactors as well as
laboratories. The site is owned by the Nuclear Decommissioning Authority (NDA) and
operated by Nuclear Restoration Services (NRS)!. Site construction commenced in
1957 [1, p.4] and, following decades of reactor research and development, NESTOR
and DIMPLE were the final site reactors to cease operations in 1995 [1, p.10]. Site
decommissioning works have been on-going since the 1990s. Following remediation
and landscaping, the planned end state for the site is heathland open to the public for
recreational purposes.

Activities involving radioactive substances at the Winfrith site are regulated by the
Environment Agency (EA) under the Environmental Permitting (England and Wales)
Regulations 2016 (EPR16) [2] and as amended in 2018 [3; 4], 2019 [5] and 2023 [6].
Release from radioactive substances regulation? (RSR) cannot take place until the EA
is satisfied that all activities involving radioactive substances and any disposals of
radioactive waste (solid, liquid or gaseous) on or from the site have ceased, and that the
site is in a state that will ensure a satisfactory standard of protection for people and the
environment. Regulatory guidance was published in July 2018 in the Management of
radioactive waste from decommissioning of nuclear sites: Guidance on Requirements
for Release from Radioactive Substances Regulation (referred to here as the GRR) [7].

The GRR requires operators to assess different options for the disposal of radioactive
waste arising from decommissioning, including on-site disposal options. Following
options analysis, on-site disposal was identified by NRS as a credible option for some
materials remaining at the Winfrith site [8]. Therefore, NRS is developing a proposal
that entails on-site disposal of radioactive waste and deposit of recovered non-
radioactive waste. A suite of documents, headed by a Site-Wide Environmental Safety
Case (SWESC) and a Waste Management Plan (WMP), and supported by a series of
underpinning topic reports (Figure 1.1), is being produced by NRS to support the
regulatory applications required to permit on-site disposal. The end state radiological
inventory report presented here has been produced to support the application to vary
the site environmental permit.

1 Established by the Atomic Energy Authority (UKAEA), site ownership was transferred to the NDA
in 2005. The site was originally operated directly by UKAEA and then by a variety of subsidiaries,
including Research Sites Restoration Ltd (RSRL). Magnox Ltd, which managed the site from 2015,
transitioned to NRS on 1 April 2024.

2 Radioactive substances regulation is a generic term used by the environment agencies to cover the
different regulations in force in the four different countries of the United Kingdom.
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GRR Permit Variation RSR- Deposit for Recovery Planning
C5 Application forms Application forms Application

1 1 A

GRR and DfR permit applications Non-technical Summary

4 4

Tier 1: Regulatory Submission: common for GRR and DR

I Environmental Setting and | BlanningiSatenties |

Site Wide Environmental Safety Waste Management Plan, Site Design, ESSD
Case, SWESC WMP b -
Specific for DR onk Environmental Statement,
S
T T {Incl. Non-TechSummary)
Tier 2: SWESC Topic Reports: common for GRR and DfR Restoration Management
Plan, RMP
Disposal Management Documents End State Management Documents
| | :II —
Rad Inventory Ci Ei | MasterPlan |
(Specific for GRR only) l |Mun-rnd Invenluryl I Site D & | Plan, CEMP I
Rad | l Site ip Plan N Construction Environmental
(Specific for GRR anly) | | Risk Assessment | uodm CcsM through to the SRS Plan, RMP Management Plan, CEMP
1

i 1 “

Tier 3: Interpretative Reports, Studies, Management Plans

Technical & Optimisation

Assessments

Independent Peer
| Management Plans | | REvEw] |

Habitats Risk Assessment, Other
Tier 4: Factual reports, Data, Third-Party Supporting References factual reperts, Data, Third-Party
Supporting References

1.2

Figure 1.1:  Winfrith end state GRR permit variation and deposit for recovery
application documentation hierarchy.

Objectives

Radiological performance assessments for the site end state will need to include
consideration of aqueous releases into the environment, potential activities taking place
on the site during the period of RSR and any subsequent land use (e.g. residency, public
access or farming), and hypothetical inadvertent human intrusion into radioactive
features on the site following the period of RSR. These assessments will require
knowledge of the radioactive inventory, in terms of both total activity (becquerels) and
concentration (becquerels per unit mass). Therefore, the objectives of this radiological
inventory report are to:

e Collate and develop a traceable radioactive inventory for the features that are
anticipated to remain on site at the end state, based on the best available
information at the time of writing.

e Estimate, for each feature or component® proposed for on-site disposal, the
concentration of individual radionuclides and any spatial variation.

3 A feature is a discrete contaminated structure or area, composed of one or more components. A
separate inventory is derived for each component.
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Scope

This report considers the radiological features that are planned to remain on site at the
end state, as this is the scope of the required input to the radiological performance (or
risk) assessments. The Winfrith Starting Case [9] defined the features (structures and
areas of contamination) that could potentially remain on the site at the end of active
decommissioning and form part of the end state. Subsequent optimisation assessments
and NDA/NRS strategic decision-making* means that, subject to further optimisation
and characterisation, the radiological features proposed for on-site disposal as part of
the Winfrith end state are part of the following (Figure 1.2):

e The Steam Generating Heavy Water Reactor (SGHWR) complex.

e The Dragon Reactor complex, including the B78 Dragon Fuel Store building
and the spent fuel Mortuary Hole Structure it contains.

This report describes in detail the inventory derivation for the two reactor complexes
(SGHWR and Dragon).

A third radiological feature presented in this report is the area of historically remediated
ground following the removal of the A59 Active Handling and Decontamination
building. This area is the subject of a separate inventory derivation report [10].
Following options assessment, which the dedicated A59 inventory report supported,
NRS intends to further remediate the radiological contamination in this area sufficient
to demonstrate that the remaining ground is out-of-scope (O0S) of RSR [11]. Thus, the
Ab59 area does not form part of the RSR permit application. However, inventory
information for the A59 area is needed to support site decommissioning activities and
the radiological performance assessment, and to inform site monitoring expectations.
Therefore, a summary of the A59 area inventory is included here and an estimate for
the remediated O0S end state inventory presented.

The proposal for on-site disposal of the reactors involves a combination of disposal in-
situ of radioactive below-ground structures, disposal of radioactive waste (mainly
blocks of concrete and broken concrete from demolition of the above-ground building
structures), and deposit of non-radioactive waste (blocks of concrete, broken concrete
and brick) for the purpose of infilling unwanted below-ground voids as part of land
restoration. Thus, the two reactor complexes will be demolished to or below ground
level, accessible recyclable materials removed (e.g. wood, metal), and the above-
ground concrete and rubble used to fill the below-ground voids. Non-radiological (i.e.
Oo0S of RSR) materials on the site, such as OoS demolition materials from buildings
and excavations (e.g. soil, concrete, brick), and existing OoS material stockpiles and
soil mounds, may also be used for void filling, capping and landscaping on the site.

The Interim End Point (IEP), the point when decommissioning of the site and physical
operations involving radioactive waste are complete, is not yet fully constrained.
Therefore, this report presents an estimate of the potential radiological inventory
remaining on the Winfrith site on 1 January 2027. It is currently anticipated that the
site IEP will be reached in the 2030s and so the inventory presented here will be subject

4 All radioactive features and wastes on the Winfrith site are listed in the sitt WMP. The WMP
identifies the anticipated management route for each feature/waste stream and the optimisation
assessments undertaken to support decision-making.
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to an additional few years of radioactive decay and ingrowth, which is accounted for in
the radiological performance assessments undertaken.

The scope of this report is limited to consideration of the radiological inventory. A
parallel report assessing the non-radiological inventory has also been developed [12].

) =

== EXisting Rubble
' Stockpile

3,

Figure 1.2:  Aerial view of the Winfrith site from the east with the two reactor
complexes, the A59 area and existing rubble stockpiles marked.

Approach to Inventory Development and Uncertainty
Management

Motivation and Focus

As noted in Section 1.2, the primary role of this inventory is as an input to the
radiological performance assessment (PA) of the Winfrith site end state. The inventory
and PA are part of a risk-driven iterative loop whereby the results from PA of a given
inventory estimate are used to identify which features make the greatest contributions
to dose, and hence can be used to guide future cleaning and/or characterisation. Such
risk-informed work will result in a revised inventory estimate which will form the input
to a subsequent PA. This process is discussed further in the Staged Inventory
Management Plan, SIMP [13].

In the PA, the inventory will be used to assess the potential dose resulting from releases
due to the natural evolution of the in-situ disposals, and inadvertent human intrusion
into such features. The inventory will also provide inputs to the optimisation process.
Both uses require separate consideration of parts of the on-site disposal features.
Therefore, in deriving the inventory, separate estimates have been made for components
of the in-situ features that are distinctly different in radiological fingerprint, or amount,
or spatial extent of contamination or activation.
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The focus of this report is deliberately on the fingerprint and total activity of the
different features and components®. It is acknowledged that some radionuclides will
have greater impact on human and/or environmental health than others and this is
primarily addressed in the PA, although this aspect does feed into discussion throughout
the report in relation to uncertainties (particularly in fingerprints), sensitivity to
different assumptions and the derivation of alternative inventories, and overall
confidence in and significance of the inventory estimates for certain features.

Methodology

The following general approach was applied to develop reference inventory estimates
for the identified end state features and components of the reactor complexes®:

e Facility staff were interviewed to understand key components and processes,
the range of data available, and ongoing decommissioning plans.

e The available characterisation data were compiled and inventory estimates for
each component calculated in a series of underpinning spreadsheets that
accompany this report ([14; 15] and supporting spreadsheets). The estimates
developed consider, so far as is practicable, the appropriate mechanisms by
which structures may have become contaminated (i.e. neutron activation and/or
radiological contamination).

e The estimates were compared to facility plans to identify any missing
components, and the use histories of the various parts of the features were
checked to assess if the fingerprint and inventory estimates were appropriate.

e The estimates were discussed with NRS staff to identify any inappropriate
assumptions, gaps and inconsistencies, and if additional data were available.

e Confidence in the inventory estimates developed for each component was
qualitatively assessed and then used, along with known uncertainty data, to
undertake sensitivity analysis and develop alternative inventories for use in the
radiological PA. The alternative inventory estimates assume the maximum,
rather than average, characterisation data by default, but alternative assumptions
have also been made where there are other sources of uncertainty. The
alternative inventories explore the impact of uncertainties, but are not
considered to be realistic estimates.

As indicated above, the reference inventory estimates have been developed based on
the available characterisation information (which may have been obtained to support
operator safety during decommissioning, rather than on-site disposal). Assumptions
have been made where there is limited information for some components and access
limitations (radiological and conventional safety constraints during decommissioning)

5 Maximum specific activities are also presented and discussed to provide a comprehensive picture of
the inventory. Where appropriate, these are used in the derivation of alternative inventories, including
alternative activity concentrations for use in inadvertent human intrusion and site occupancy
assessments as part of the PA.

& The approach to inventory development and uncertainty management relating to the A59 area is
discussed in the separate inventory report [10] and not repeated here; the rest of this section relates
only to the two reactor complexes (SGHWR and Dragon). However, new A59-related uncertainties
identified during development of this report are included in Appendix A.
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prevent sampling and additional characterisation at this time. Where specific sampling
or characterisation data are not currently available or are insufficient, other experience
at Winfrith or elsewhere has been considered as appropriate. Any calculations and/or
assumptions used to develop the inventory estimates are applied in a realistically
conservative manner and are stated in the report. However, whilst conservative
assumptions are made, the inventory estimates must still be credible (i.e. not overly
conservative), otherwise appropriate optimisation assessments cannot be made.

Management of Uncertainties and Assumptions

Gaps in available information and uncertainties and assumptions associated with the
radiological inventory are recorded in this report for use in the Uncertainties
Management Plan [16]. These uncertainties and assumptions are noted within the
report using an identifier of the form “INV-####-000", which is an index to an entry in
the Uncertainties, Assumptions and Gaps table in Appendix A. For example, an
identifier of the form “INV-SGHWR-001" indicates an uncertainty, assumption or gap
associated with the SGHWR inventory estimate.

The identified gaps, uncertainties and assumptions have been used in this report to
support the qualitative assessment of the confidence in the inventory estimates for each
component and in derivation of alternative, more conservative, inventory estimates.
The qualitative assessment presented in Section 4 reflects the comprehensiveness of the
characterisation data supporting the inventory, the confidence in the inventory
derivation approach, and the overall confidence in the inventory derived for each
component (and the significance of this) as a function of the total SGHWR or Dragon
complex inventory.

The identified gaps and uncertainties are also used by NRS, alongside PA results, to
inform the need for additional characterisation. NRS will undertake further
characterisation as demolition activities proceed and additional parts of the facilities are
safely accessible (the approach to this is set out in the SIMP [13]). Additional
characterisation will be undertaken as needed during the EA’s determination period and
during implementation of the end state. Emplacement Acceptance Criteria (EAC) [17],
covering radiological, biological, chemical and physical properties, will also be applied
to materials that are emplaced in the reactor voids. NRS recognises that it carries a risk
in undertaking characterisation after the permit application has been submitted. If
material is discovered beyond that indicated in the permit application then, following
an options assessment, it is acknowledged that the material will need to be removed for
off-site disposal or a delay in the permit application/final release incurred as revised
assessment documentation is submitted. However, the reference inventory estimates
presented here are considered to be a credible but cautious estimate of the end state
activity, that are, in the main, characterised proportionately to the hazard presented.
Sensitivity to alternative inventory assumptions has also been considered. In practice,
the inventory estimates are expected to reduce as decommissioning proceeds and
further characterisation information becomes available. The radiological inventory
report will be revised as necessary as additional characterisation and sampling data
become available.
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Report Structure

The radiological inventory assessment for the two reactor complexes is presented in
two parts, this report and a set of accompanying spreadsheets for SGHWR and Dragon
Reactor inventory data [14; 15]. The separate A59 inventory report is also accompanied
by a spreadsheet [10; 18].

This report is structured as follows:

Section 2 presents an estimate for the inventory that could potentially be left in
the footprint of the SGHWR, considering each of the key features (e.g. the
bioshield, primary and secondary containments, the ponds and ancillary areas)
and the backfill material, and identifying key components of these. Each feature
and component, its use and contamination history are described, along with the
data sources used to develop the inventory estimate. A sensitivity analysis
considering alternative assumptions is also presented for each component, along
with an alternative inventory, and uncertainties/gaps that would benefit from
additional characterisation are highlighted. The section concludes with a
summary of the inventory estimate for the entire SGHWR reactor complex at
the envisaged end state, and its alternative inventory estimate.

Section 3 presents an estimate for the inventory that could potentially be left in
the footprint of the Dragon Reactor (B70) and Dragon Fuel Store (B78)
buildings. The section takes the same structure as Section 2, with the inventory
(and alternative inventories) for each feature and component considered
individually, and then presented for the entire Dragon Reactor complex at the
envisaged end state.

Section 4 discusses overall confidence in the inventory estimate for the two
reactor complexes, including an assessment of relative confidence for the
different components. This includes tables that summarise, for SGHWR and
Dragon respectively, the available characterisation data, inventory derivation
approaches used, uncertainties and overall confidence in the inventory (and
significance of this) for each component considered.

Section 5 presents summary tables for the estimated OoS inventory (and
alternative inventory) that could potentially be left in-situ in the A59 area,
noting that the derivation of the reference inventory is described in detail in the
dedicated report [10].

Section 6 presents conclusions of the study, including a summary of the total
end state inventory.

Section 7 presents a list of references that underpin the report.

Appendix A contains a summary table of the gaps and uncertainties associated
with the radiological inventory estimates identified during the development of
this report.
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Inventory Associated with the SGHWR Complex

Background

The SGHWR was built as a prototype power-producing heavy-water moderated reactor
to demonstrate the viability of such systems; the SGHWR was the only water-cooled
and heavy-water moderated reactor ever built in the UK [19]. Constructed between
1963 and 1967, the reactor reached its full power of 100 MW in January 1968. The
SGHWR used slightly enriched uranium fuel, was moderated with heavy water, and
used ordinary (light) water as a coolant. The reactor core consisted of 104 zirconium
alloy pressure tubes, which passed through vertical aluminium tubes into a tank
(calandria) of heavy water. The fuel elements in the pressure tubes comprised bundles
of rods of uranium oxide pellets contained in zirconium alloy. Light water was pumped
over the fuel elements and boiled in the core. The resulting steam was passed directly
to the turbine, with condensate returned to the reactor to be mixed with the re-
circulating water. After operating successfully for 23 years as a research reactor and
supplying electricity to the national grid (Figure 2.1), the reactor was shut down in
October 1990.

Figure 2.1:  The SGHWR building (D60), cooling towers and electricity sub-station
during its operational period.

The SGHWR reactor building comprises ten main floors, or levels, with Levels 1 to 3
(L1-L3) forming extensive below-ground basements. Levels 4 to 10 (L4-L10) are
above ground level. The main regions and levels of the building are shown in
Figure 2.2 and Figure 2.3.
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Figure 2.2:  Plan view of SGHWR Level 4 (136’ 6” level) showing general regions
within the D60 building (edited from [20]). The building extent varies
according to the level viewed.
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An extensive programme to decommission the SGHWR began in 1991. Stage 1
decommissioning began with the defueling and transfer of the 279 fuel elements to
Sellafield, the flushing of the heavy-water moderator circuits, and the emptying and
decontaminating of the fuel ponds [19]. The cooling towers were demolished, along
with the diesel house, the round house (office accommodation) and the stack. Stage 2
decommissioning began in 2005 with a focus on the decommissioning of major items
of plant and equipment in the secondary containment building and has included the
removal of many large pieces of redundant equipment from more than 250 rooms and
areas.

Plant and equipment removal is ongoing, with the focus now on the safe
decommissioning, segmentation and disposal of the primary containment, reactor core
and, finally, the building and all remaining facilities.

Proposed End State

The current plan is that the SGHWR reactor and plant building (D60) will be cleared to
1 m below ground level, with plant and accessible metal removed. The above-ground
structure will be demolished and the resulting concrete blocks/rubble used to backfill
the below-ground void spaces, along with spoil from existing rubble mounds elsewhere
on site. Fixed traces of ashestos (painted and cast in concrete) will remain following
bulk asbestos removal, and the ~3-mm-thick fibreglass pond liners will also remain.

Two inventory sets are therefore needed to model the SGHWR, one for the below-
ground SGHWR structure potentially remaining in-situ and one for material used as the
backfill.

Sources of the SGHWR Radioactive Inventory

A number of sources contributing to the SGHWR radioactive inventory remaining at
the point of final demolition have been identified. These include activity derived from
neutron activation of the reactor bioshield during reactor operation and activity
resulting from contamination from contact with liquids or the atmosphere.

There were three main sources of contamination in SGHWR [22]:

e The primary circuit was directly in contact with the fuel and was the primary
heat transfer medium. The primary circuit was contaminated due to activation
(°°Co and ®*Ni form 98% of the total fingerprint [22, p.8]) and corrosion of the
metal core components and transport through the circuit. The primary circuit
also held a significant inventory of $3’Cs and tritium from fission products and
activation of the light water.

e The moderator circuit contained deuterated water (D20) during operation.
Exposure to high neutron fluxes led to significant tritium (93%) and *C (5%)
activities [22, p.8] in the circuit during operations. Operational tritium levels
were known to be in the region of 4 TBqg/I.

e The ponds and fuel route had greater contact with spent fuel and therefore
elevated alpha and ¥’Cs contamination levels compared to other areas of the
facility.
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All contamination within the reactor facility originates from these areas. The
contamination of any particular room in SGHWR will be dependent on the relative
influence of the three contaminant sources and the processes undertaken.

No inventory associated with any external areas of the SGHWR is captured in this
report. It is assumed that any such contamination, if present, will be removed or
confirmed as OoS (see INV-SGHWR-001).

For the purposes of this assessment, the rooms and components associated with the
SGHWR disposal inventory are grouped into the following features:

e Bioshield.

e Mortuary tubes.

e Primary containment.

e Secondary containment.
e Ponds.

e Ancillary areas.

e SGHWR bulk structure.
e Backfill.

SGHWR Characterisation Activities

The characterisation data contributing to the SGHWR inventory span almost two
decades and were taken for a variety of purposes. The duration over which the data
were taken and the diversity of objectives means that there is no consistent sampling
methodology supporting the inventory for each component.

The majority of the characterisation campaigns supporting the inventory followed a
Data Quality Objective (DQO) methodology. A key exception to this is the D60
endpoint characterisation study in 2005 which instead relied upon expert judgement
and plant knowledge to select core locations without a pre-defined methodology. The
2005 campaign underpins the inventory for a number of the SGHWR components.

It should also be noted that in some campaigns, inventory derivation was not considered
in the methodology design. This includes the oil spill characterisation campaign and
the cofferdam sediment sampling. Where these campaigns provide relevant data, they
are nonetheless included in the inventory derivation.
Sampling strategies for SGHWR characterisation fall into four broad approaches:

e Probabilistic sampling in which sampling locations are randomly chosen.

e Probabilistic sampling in which sampling locations are systematically chosen
(e.g. cores at fixed intervals).

¢ Judgemental sampling targeting locations of expected contamination identified
based on radiological data (such as hand-held probe or large area High
Resolution Gamma Spectrometer (HRGS) surface surveys).

e Judgemental sampling targeting locations of expected contamination identified
based on expert judgement and knowledge of process history.

SGHWR characterisation studies often adopted a mix of both probabilistic and
judgemental sampling to ensure that samples collected were representative of both
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hotspots and diffuse contamination. In some cases, sampling locations were guided by
survey measurements of particular radionuclides such as *'Cs (informed by process
history and contamination provenance); it is acknowledged that in such surveys less
easy-to-detect radionuclides may have been present but not targeted by the sampling.
Sampling strategy and its likely effect on the representativeness of the resulting
characterisation dataset is a key factor in the assessment of overall confidence in and
significance of the inventory of different features and components (Section 4).

A timeline of the major SGHWR characterisation studies is presented in Table 2.1 and
illustrated graphically in Figure 2.4. The list is not exhaustive and there are additional
activities targeting individual rooms or components that are not captured.

Table 2.1: Major SGHWR characterisation studies underpinning the inventory,
their respective aims and adopted approach.

Date | Sampling study, aim and approach
D60 endpoint characterisation study
Aim: To scope the level contamination throughout the SGHWR structure, to establish

2 | potential remediation requirements and to facilitate waste estimates.

& Approach: Judgemental sampling based on plant history and expert advice. Cores
targeted areas of expected contamination as well as areas expected to be clean across
the entirety of the SGHWR structure.

Active Workshops
Aim: To demonstrate that the active workshops would meet delicensing criteria.

g Approgch:_ Initial HRGS area survey of floor and walls_ usgd to develop a

| contamination map of the workshops which was then used to identify preferred core
locations. A proportion of cores targeted identified areas of higher activity and the
remainder were taken randomly.

Cofferdams (sediment/water)

Aim: To enable disposal of the groundwater in the cofferdams to the Active Liquid
Effluent System (ALES).

Approach: Most contaminated cofferdams (based on prior sampling) targeted, plus an
additional cofferdam to ensure samples were spatially well distributed.

Off-gas beds

o« |Aim: To determine a fingerprint, determine the amount of decontamination required

S |and demonstrate that the room will be capable of being delicensed.

o Approach: Mix of systematic sampling of walls and floors and targeted sampling based
on knowledge of process history.

Pond clean-up areas
Aim: To determine a fingerprint, determine the amount of decontamination required
and demonstrate that the room will be capable of being delicensed.
Approach: Judgemental sampling approach targeting areas of both high and low
activity identified by an area survey.
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Date | Sampling study, aim and approach
Maintenance and decontamination pit
Aim: To determine the activity in the pit and its distribution, and support development
of a fingerprint and risk assessment for the pit.
Approach: An initial area survey was undertaken to identify areas of elevated
contamination. A proportion of cores targeted identified areas of higher activity and
the remainder were taken randomly.
Ponds
o |Aim: Develop an inventory for the ponds and assess the depth of penetration of
S | contamination through the walls.
~ Approach: Sampling of the walls based on a uniform mesh. Sampling of the floor
based on a mix of random and judgemental sampling based on prior survey data.
Effluent delay and sludge tanks
Aim: Develop a fingerprint, estimate the contamination and provide sufficient
analytical data to determine/underpin Best Available Technique (BAT) for risk
assessment and remediation.
Approach: Areas from floor selected based on process knowledge and/or visual
observations, focusing on areas with a higher risk of contamination.
D630 Rubble stockpiles
o |AIm: Preliminary programme of characterisation undertaken in support of on-going
S |technical and optioneering programmes.
o Approach: Mix of random and judgemental sampling based on a large area surface
survey.
Primary containment
9 | Aim: Assess the remaining radiological inventory and likely activity concentrations.
& Approach: Judgemental sampling based on process history for the floor and uniform
sampling of the walls.
Oil spills
o |AIM: To characterise oil spills across the SGHWR building and to identify the
& |associated radiological and chemical contamination.
~ Approach: Judgemental sampling based on location of visibly identified oil spills as
well as one sample taken from a clean (no oil) area as a control.
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Figure 2.4:  Partial timeline of SGHWR characterisation activities, indicating the
reporting dates for characterisation data supporting the SGHWR end
state inventory.

SGHWR Characterisation Data Presentation and Inventory Calculation

As noted in Section 1.4, the data presented in this report are underpinned by a series of
spreadsheets. For SGHWR, there is a set of underlying spreadsheets covering specific
features, components or levels within the reactor complex (referenced within the
relevant sections), and an overarching main SGHWR inventory spreadsheet [14]. The
split of information and calculations between the underlying spreadsheets and the main
SGHWR spreadsheet is as follows:

e Raw and manipulated characterisation data supplied by NRS, including activity
concentrations, and key dimensional data (generally surface area and
contamination depth) for individual rooms and areas can be found in the
underlying spreadsheets.

e Each underlying spreadsheet includes a “Characterisation Data Summary” sheet
which collates (via links to other sheets in the file) all information to be imported
into the main SGHWR spreadsheet in a common format.

e Data are copied and pasted directly from each of these summary sheets into the
“Measured Activity Data” sheet of the main SGHWR spreadsheet, which
therefore acts as a compilation of key data from all underlying spreadsheets. No
further data manipulation is carried out on this sheet, maintaining traceability
between the main and underlying spreadsheets.

e Further sheets in the main spreadsheet are used to estimate the activity
concentrations of missing or hard-to-measure radionuclides, and decay all
activity concentrations to the inventory date of 01/01/2027.

e The main spreadsheet also uses universal density assumptions for different
materials (see Section 2.9) to calculate masses of contaminated material (at
room and feature level) and total activities at feature level, split into below-
ground components that will be left in-situ and above-ground components that
will form part of the void backfill.
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In the feature-specific sections below (Sections 2.10 to 2.17), characterisation data and
figures are generally taken from the underlying spreadsheets, while the feature-level
inventory tables are taken from the main SGHWR inventory spreadsheet.

SGHWR Fingerprints

Many radionuclide fingerprints [23] have been developed for the SGHWR, primarily
for the purposes of waste disposal and assessment. These fingerprints reflect the
varying radiation and contamination sources, the environments, and the proportion and
type of materials with which the sources interact. Typically, a fingerprint for an area
will be developed or verified during a sampling and analysis campaign. Fingerprint
derivation is required to be documented in a Note for the Record and reviewed and
approved by a Radioactive Waste Advisor (RWA)’ for solid waste [24].

These area fingerprints typically reflect averaged radionuclide species found across the
waste types in the investigation; however, at a more local scale significant heterogeneity
in species may be encountered. For instance, experience indicates that significant
radionuclide ratio differences may occur between surface contaminated material and
contamination that has penetrated deeper into the material (usually carried in the liquid
phase). Generally, some radionuclides including tritium and *°Sr penetrate further into
concrete than other radionuclides such as ®Co and alpha emitters, which are retained
in the surface layers and generally penetrate no further than the paint layer. Atasample
scale (e.g. a core sample taken through a wall), this commonly leads to two distinct
contaminant profiles, one containing a majority of low mobility radionuclides in the
surface layer, and the other containing more mobile radionuclides in the concrete below
the surface.

In this assessment, SGHWR waste fingerprints have been used to fill gaps that may be
present in the analytical dataset (e.g. where radionuclides were not included in the
requested analysis suite or were reported at the limit of detection (LOD)). Due to the
size of the underlying dataset, this adjustment is made at a room scale, rather than
sample scale. The uncertainty introduced by applying the various SGHWR fingerprints
can vary in significance. For example, if there is a substantial characterisation dataset
and the fingerprint is only used to fill the gap for a few minor contributors to the
inventory and/or if the fingerprint applied is for the same material subject to the same
operational history, then the additional uncertainty would be insignificant.
Alternatively, as an example, if partial decontamination of a room was undertaken by
removal of some areas of significantly contaminated paint, then application of a
fingerprint based on paint/concrete core samples taken prior to decontamination would
bias the correction towards a paint composition®. Similarly, a fingerprint used in end
state inventory derivation should ideally be fully representative of the substrate it is to
be applied to. However, in some instances, due to limitations in the dataset, the
fingerprints applied in this assessment may have been derived for waste that has since

” RWA designations have now been replaced with Appointed Suitably Qualified Experienced Persons
(Monitoring) (ASQEP(M)), equivalent to Providers of Radioactive Substances Legislation Advice.

8 Where possible, the underlying fingerprint paint and concrete data components have been separated
out and/or the paint fraction in the fingerprint reduced to better reflect the material being considered
in this assessment (e.g. see discussion for FP-016* in Table 2.2).
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been removed rather than the waste that remains. Differences in substrate materials
and relative radionuclide migration mean that application of a fingerprint based on
removed material will have increased uncertainty in the inventory estimate. The
SGHWR fingerprints were reviewed at each use to apply the most suitable of those
available and, where it is considered that this has notably increased uncertainty, this has
been reflected in the inventory confidence assessment presented. Additionally, where
there is a risk that key radionuclides (particularly those likely to drive significant
impacts in the PA, such as actinides) may not be captured, alternative fingerprint
assumptions are considered in the derivation of alternative inventories.

The approach adopted for applying fingerprints to a dataset is by ratio against a selected
determinand common to both the fingerprint and analytical data, typically from the
gamma spectrometry dataset, which is available for nearly all samples. If a fingerprint
was entirely representative of the waste then any common determinand could be
selected. In practice this is not the case and more accurate predictions can be made by
selection on the basis of radionuclide relationships established during assessments of
SGHWR decommissioning wastes, such as described in [25]. The approach generally
adopted in the current assessment is as follows:

e Calculation of >Fe and %3Ni based on %°Co.
e Calculation of uranium isotopes based on 23U.

e Calculation of plutonium and curium isotopes based on ?**Am, preferentially
adopting alpha spectroscopy data over gamma spectroscopy data when both are
available.

e Commonly using **"Cs for other radionuclides.
For calculations of the bioshield using activation model data, ®°Co was used for all

radionuclides. The uncertainties associated with the use of fingerprints are captured in
INV-SGHWR-002.

The source and derivation approach for fingerprints used in the SGHWR inventory are
summarised in Table 2.2. Radionuclide activities and reference dates for the
fingerprints are captured in Table 2.3 and Table 2.4.

Table 2.2:  Source and description of SGHWR fingerprints.

FP # Descriptor Derivation Approach Source
FP-003 |D60 Secondary |FP-003 removes %Ra from the original fingerprint FP-156, as it |[26]
Containment is naturally-occurring radioactive material (NORM) and was only
General Area detected at near the LOD in a small fraction of contributing
samples.
FP-004 |General A59 FP-004 is a combined fingerprint for waste arising from the A59 |[27]
Fingerprint building (which has now been demolished, with rubble
contributing to the site material stockpile). The fingerprint was
calculated from the combination of five other fingerprints which
were derived from the total activity of A59 waste bags. The
contributing fingerprints are:
e FP-146 — Pressurised suit area
e FP-147 — All other SB wastes
e FP-148 — North Cave Line
e FP-149 - Cave 9
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FP #

Descriptor

Derivation Approach

Source

e FP-150 — Remaining bags
The contributing fingerprint activities for each radionuclide were
added together to derive the combined fingerprint activities.

FP-016* | SGHWR Active

Workshop -

Fingerprints were derived separately for concrete and paint
samples taken from across the active workshops and associated
areas prior to decontamination. FP-016* is a combined
fingerprint which is calculated from a weighted average of the
concrete and paint fingerprints, assuming paint accounts for 0.1%
of the waste activity and that concrete accounts for the remaining
99.9%. The original FP-016 was derived for waste sentencing
and assumed a 90% paint to 10% concrete ratio which is
considered inappropriate for inventory derivation for material left
in-situ. The following assumptions were made in the
development of the fingerprints:

e All LOD values were reported as half LOD value for
fingerprint development where the radionuclide was
identified in any sample.

e %Ni and 2*2Am activities were derived from their respective
ratios to ®°Co and 2*'Pu in FP-003.

e 905 values were assigned based on the gross beta values
(excluding *¥'Cs and Co values).

[84, 84,
14]

FP-018

SGHWR Pond
Clean-Up

Fingerprints were derived separately for concrete and paint
samples from the Pond Clean Up Area and Associated Rooms
(Rooms 222, 223, 224, 225 and 228). Radionuclides at LOD or
attributable to NORM were omitted from the fingerprints. The
combined fingerprint FP-018 was calculated from a weighted
average of the concrete and paint fingerprints, assuming paint
accounts for 0.1% of the total waste volume (which provides a
pessimistic activity calculation) and concrete accounts for 99.9%
of the total volume.

[66]

FP-026

SGHWR Off-Gas
Beds

Nuclide ratios were derived from a total of 1 smear sample, 9
paint samples and 37 concrete/brick samples which were
collected from the floor and walls of the Off-Gas Bed rooms
(rooms 236, 237, 253, 254, 258 and 324). Fingerprints were
derived separately for concrete and paint and the combined
fingerprint was calculated from a weighted average of the
concrete and paint fingerprints, assuming paint accounts for 0.1%
of the total waste volume (which provides a pessimistic activity
calculation) and concrete accounts for 99.9% of the total volume.

[28]

FP-028

SGHWR Primary
External
Contamination

FP-028 was derived from samples taken from across the primary
containment environment (smears from loose contamination and
paint from general surfaces), as well as from metal samples from
individual ancillary circuits. The fingerprint was developed based
on relative contributions from the different sources:

e Smears (surface contamination): 50%

e Paint (fixed contamination): 20%

e Metal (bound contamination): 30%
%Fe, 8Ni, uranium and plutonium activities were extrapolated
from the expected ratio to ®Co where not measured. %Sr activity

[25, 88]
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Derivation Approach

Source

was conservatively extrapolated by assuming it is present in its
highest measured ratio to *3’Cs in the primary containment.

FP-030

SGHWR
Moderator
Circuit

The moderator circuit fingerprint was produced based on a single
metal sample (D60-P/14/D20/MET/009) as this was judged to be
the most representative of the pipework as a whole and also
minimised the contribution of scale within the pipe which has a
disproportionate concentration of ®°Co. Alpha radionuclides are
excluded from the fingerprint on the basis that there is no history,
provenance or positively identified analytical data to suggest the
presence of alpha radionuclides. *Fe and ®*Ni activities were
extrapolated from the expected ratio to ®°°Co where not measured.
%0Sr activity was conservatively extrapolated by assuming it is
present in its highest measured ratio to **’Cs in the primary
containment.

[25, §7]

FP-034

SGHWR Fuel
Ponds

The fingerprint was derived from a set of 19 floor cores from the
SGHWR ponds. Radionuclides attributable to NORM or which
were at LOD in all samples were omitted from the fingerprint.
The #9Pu/?*Pu and *°Sr activities were extrapolated from the
gross alpha and beta results respectively.

[82]

FP-038

SGHWR
Maintenance and
Decontamination
Pit

The fingerprint was derived from a set of 8 cores (4 each from the
floor and walls) from the maintenance and decontamination pit.
Radionuclides with results that were all at LOD were removed
from the FP calculation. To ensure that the amount of **Sr within
the fingerprint is representative, ®Sr activities were extrapolated
from detectable gross beta activities where direct laboratory
analysis for this radionuclide did not occur (it was assumed that
all gross beta activity not attributable to *’Cs was due to *Sr and
its daughter *°Y). Fingerprints were derived separately for
concrete and paint and the combined fingerprint was calculated
from a weighted average of the concrete and paint fingerprints,
assuming paint accounts for 1% of the total waste volume (which
provides a pessimistic activity calculation) and concrete accounts
for 99% of the total volume.

[29]

FP-046

SGHWR
Condenser Cell

The fingerprint was derived from a total of ten concrete samples
(5 cores and 5 chipping samples). For the cores, only data for the
top 20 mm of material was included as the activities at deeper
intervals were mostly at LOD.

[30]

SGHWR
Bioshield
Concrete / Rebar
Activation

Derived from Monte Carlo N-Particle® (MCNP) neutron
transport and EASY-2003 activation modelling of the SGHWR
reactor core and bioshield. The radionuclides in the activation
model have been screened to eliminate those that have a half-life
less than one year or that account for less than 0.01% of the total
modelled activity. The screened-out radionuclides account for a
total of 0.03% of the activity for the concrete fingerprint and
0.02% for the rebar fingerprint. The activities were renormalised
following screening such that the total activity is conserved.

[44; 51]
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Table 2.3:  Screened SGHWR bioshield activation fingerprints.
Bioshield concrete Bioshield rebar
. : (01/01/2006) (01/01/2006)
el el Proportion of . Proportion of .
activity Activity (Ba/g) activity Activity (Bg/g)
SAr 3.16E-04 28.0 - -
1%3Ba 2.81E-03 249.8 - -
1C 7.11E-04 63.1 - -
“Ca 1.45E-03 129.0 - -
®Co 4.27E-03 378.7 2.51E-03 160.1
134Cs 3.89E-04 34.6 - -
152Ey 7.72E-02 6855.9 - -
B4y 5.79E-03 513.8 - -
15gy 1.24E-04 11.0 - -
*Fe 5.10E-03 452.5 9.95E-01 63588.6
*H 9.00E-01 79903.0 1.45E-04 9.3
3Ni 1.42E-03 125.9 2.88E-04 18.4
1¥1Sm 6.51E-04 57.8 - -
2047 - - 1.74E-03 1111
113mCq - - 1.05E-04 6.7
Total 88,803.1 63,894.2
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Table 2.4: Radionuclide activity proportions for SGHWR fingerprints.
FP-003: FP-004: FP-016*: FP-018: FP-026: FP-028: FP-030: FP-034: FP-038: FP-046:
D60 General A59 SGHWR SGHWR |SGHWR Off-| SGHWR SGHWR |SGHWR Fuel| SGHWR SGHWR
Secondary | Fingerprint Active Pond Clean- | Gas Beds Primary Moderator Ponds Maintenance | Condenser
Nuclide | Containment Workshop Up External Circuit & Decon Pit Cell
General Area Combined Contam
(01/06/2005) | (24/10/2018) | (01/12/2012) | (13/12/2012) | (01/06/2005) | (01/01/2006) | (01/06/2005) | (01/09/2016) | (01/01/2016) | (01/08/2017)
*H 1.01E-01 - 7.81E-01 7.25E-01 5.17E-01 6.24E-02 6.93E-01 3.92E-04 3.32E-01 1.92E-01
14C 1.02E-02 - 5.45E-03 5.38E-03 2.60E-01 8.86E-04 2.28E-02 1.88E-04 1.36E-02 2.21E-02
B1Cs 3.79E-01 4.76E-03 1.04E-01 2.52E-01 1.47E-01 8.52E-01 2.18E-03 3.36E-01 5.76E-01 7.47E-01
*Co - - - - - - 2.70E-01 - - -
%Co 2.68E-01 3.51E-05 5.26E-03 9.69E-04 3.15E-03 4.95E-02 4.54E-03 5.63E-03 2.34E-03 6.08E-03
21 Am 9.77E-04 1.07E-04 8.78E-05 5.72E-03 2.14E-04 2.30E-05 - 1.39E-02 4.97E-04 -
%Nb - - - - - - 2.29E-04 9.32E-05 - -
125gh - 6.92E-08 - - - - - - - -
2Ry - - - - - - 3.13E-03 - - -
ey - - - 2.90E-07 - - 8.25E-04 1.24E-03 - -
15gy - - - - - - 3.21E-04 1.68E-04 - -
SFe 1.15E-01 - - 2.13E-07 3.55E-02 1.22E-02 1.21E-03 5.33E-04 8.91E-03 8.00E-03
SNi 9.13E-02 3.03E-04 3.79E-03 2.22E-03 8.27E-03 2.31E-02 2.04E-03 7.09E-03 1.53E-02 1.14E-02
05y 2.19E-02 1.73E-03 9.22E-02 8.04E-05 9.60E-03 1.38E-04 1.13E-04 5.13E-01 5.16E-02 1.38E-02
241py 1.09E-02 2.96E-04 6.47E-04 - 1.48E-02 1.99E-04 - 7.80E-02 - -
234y 2.89E-04 1.73E-08 1.38E-03 1.56E-03 9.72E-04 - - 4.84E-04 - -
2%y 2.22E-05 8.63E-09 1.08E-04 1.09E-04 5.85E-05 - - 2.05E-05 - -
236y - - - - - - - 2.05E-05 - -
238y 2.37E-04 1.04E-07 1.14E-03 1.27E-03 1.36E-03 - - 1.54E-04 - 1.12E-04
238py 3.73E-04 1.08E-05 1.68E-03 1.94E-03 2.91E-04 9.16E-06 - 5.56E-04 - -
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FP-003: FP-004: FP-016*: FP-018: FP-026: FP-028: FP-030: FP-034: FP-038: FP-046:
D60 General A59 SGHWR SGHWR | SGHWR Off-| SGHWR SGHWR |SGHWR Fuel| SGHWR SGHWR
Secondary Fingerprint Active Pond Clean- Gas Beds Primary Moderator Ponds Maintenance | Condenser
Nuclide | Containment Workshop Up External Circuit & Decon Pit Cell
General Area Combined Contam
(01/06/2005) | (24/10/2018) | (01/12/2012) | (13/12/2012) | (01/06/2005) | (01/01/2006) | (01/06/2005) | (01/09/2016) | (01/01/2016) | (01/08/2017)
239py 3.61E-04 5.04E-05 1.72E-03 1.96E-03 8.75E-04 1.56E-06 - 2.31E-02 - -
240py 2.95E-04 7.01E-05 1.40E-03 1.60E-03 8.75E-04 1.56E-06 - 1.89E-02 - -
23Cm 6.77E-07 - - 3.22E-06 - - - 1.09E-06 - -
244Cm 4.56E-05 4.78E-05 1.59E-04 2.03E-04 - - - 4.75E-05 - -
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Naturally-occurring Radioactivity in SGHWR

All building materials contain various amounts of naturally-occurring radioactive
nuclides. Materials derived from rock and soil contain mainly natural radionuclides of
the uranium (*%U) and thorium (?%2Th) series, and the radioactive isotope of potassium
(*°K). In the uranium series, the decay chain segment starting from radium (??°Ra) is
radiologically the most important and, therefore, reference is often made to radium
instead of uranium [31]. The world-wide average concentrations of radium, thorium
and potassium in the Earth’s crust are about 0.04 Bg/g, 0.04 Bg/g and 0.4 Bqg/g,
respectively [31].

The bulk of the material in the SGHWR and demolished buildings now forming the
rubble mounds comprises concrete and brick. Summary statistics of UK and EU
concrete and brick ?*°Ra, 2?Th and “°K activity concentrations are presented in
Table 2.5.

Table 2.5:  Summary of compiled UK and EU 2?%Ra, 2%2Th and “°K activity
concentrations in concrete and brick in [32].

Material

*?°Ra (Bg/qg) 2Th (Bg/g) K (Ba/g)

Area

Min

Mean

Max

Min

Mean

Max

Min

Mean

Max

UK

0.018

0.060

0.089

0.013

0.032

0.043

0.370

0.492

0.650

Concrete

EU

0.003

0.060

1.300

0.003

0.034

0.556

0.014

0.341

1.190

UK

0.002

0.049

0.094

0.003

0.034

0.081

0.012

0.560

1.000

Brick

EU

0.0001

0.051

0.281

0.002

0.049

0.233

0.012

0.563

1.098

In the SGHWR and demolished buildings now forming the rubble mounds, 28U and
other uranium isotopes may also be present from nuclear operations. However, due to
the long half-lives of these radionuclides, insufficient time has elapsed since their
generation to allow significant ingrowth of daughter products from the decay of
anthropogenic uranium inventories. No records of operations using NORM have been
identified on site that could have imparted elevated levels of these radionuclides from
natural sources.

For the purposes of deriving an inventory, potentially naturally-occurring radionuclides
have been treated as follows:

e Those that have been identified in SGHWR or rubble mounds fingerprints (34U,
235 and 2%U) are included in the inventory, as an anthropogenic source cannot
be ruled out. A significant, but patchy, analytical dataset has been accumulated
for naturally-occurring uranium isotopes, comprising gamma scan (>3°U) and/or
alpha spectrometry (34U and 2*8U); however, for some components/rooms no
data exist. The approach taken is that where data exists for 234U, 23U or 2%U,
no attempt has been made to separate and remove a contribution from a natural
source. Where a gap in the uranium dataset exists (i.e. one or more of the
isotopes are missing for a sample), but uranium is present in the waste
fingerprint, then the waste fingerprint has been used to derive the missing
values.
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e Those that have half-lives of less than one year are excluded from the inventory
on the basis that they will not be significant over timescales relevant for the end
state.

e Those that are not identified in the SGHWR or rubble mounds fingerprints and
have half-lives of more than one year (such as “°K, ?®Ra and 2'°Pb), are
considered on a case-by-case basis. The general approach is to conservatively
include them in the inventory if the relevant dataset includes both some above-
LOD results and some (LOD or above-LOD) results that are higher than the
range expected in UK concrete as set out in Table 2.5. They are therefore
usually excluded (i.e. a natural origin assumed) if either all results are LOD or
all results are within the expected ranges, although they may be included for
consistency if the majority of other rooms in the same area meet the criteria for
inclusion. In the few datasets where 2°Pb is reported, the values are compared
with those of 2%°Ra to decide whether a case can be made for a natural origin.
All such justifications are clearly set out in the relevant underlying spreadsheets
for SGHWR features.

Future Contamination

There are a number of activities still occurring in the SGHWR or planned to occur that
may contribute to the overall disposal inventory. The most consequential of these
activities is expected to be the segmentation of the reactor core, which will involve
activities in a number of areas spanning the primary and secondary containments as
well as parts of the ancillary areas. Historical and ongoing decommissioning activities
also mean that rooms have been re-purposed, walls removed and new structures added.

Under existing plans, the reactor core segmentation process cell itself will be situated
on the Level 4 platforms in the primary containment (Rooms 413 and 414). The
maintenance cell and semi-remote operations area will extend from the North Side
Lagging Box Platform (421) into the North Corridor (411), through the current
secondary containment boundary wall into the Guaranteed Supplies Switch Room (456)
and Document Store (457). A number of other areas will be involved in supporting the
segmentation activities as storage or import/export areas, including the mortuary tube
area (412), the deuterising plant room (427), the south transducer room (429), the Failed
Can Detection (FCD) plant room (431), the neutron shield plant room (516), and the
cluster loop rooms (612 and 628) [33]. In addition, the extract pump pit (328) and the
Emergency Cooling Water (ECW) tank room/active scaffold store (446) have the
potential to be reused during segmentation. The activities undertaken and rooms
involved are subject to change, and will be accounted for in future updates of this report
as core segmentation proceeds.

Following the core segmentation there will be a post-operational clean-out of the area.
This will include the removal of Segmentation Cell Plant followed by
remediation/decontamination of the affected areas.

Furthermore, there are a number of areas within the SGHWR building that were being
used for ongoing waste operations until recently. These include the Winfrith Abrasive
Cleaning Machine (WACM) facility (Room 480) for cleaning contaminated metals, the
new fuel room (now a drum store) (458), and the Segmented Gamma Scanner (SGS)
area (470). However, contamination levels in the waste processing areas were assessed
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during routine operational surveys and are known to be very low [22; 33]. All waste
handling plant has now been removed and the rooms decontaminated.

The uncertainty in the disposal inventory due to ongoing and future sources of
contamination is captured in uncertainty INV-SGHWR-009.

Presence of Barytes Concrete in the SGHWR

Barytes concrete uses a barium aggregate to substantially enhance the shielding
properties of the concrete. Within the SGHWR barytes concrete is known to be present
in the walls, roof and floor of the D.O plant room, the two element loop room and the
cluster loop room [34; 35]. An excerpt of one of the SGHWR sections indicating the
presence of barytes concrete is presented in Figure 2.5. Barytes concrete is not believed
to be present in the bioshield.
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Figure 2.5:  Section of the SGHWR structure showing the location of barytes
concrete (hatched areas) [35]. Barytes concrete comprises the walls,
roof and floor of the two element loop room (labelled north test loop
room in diagram), cluster loop room (south test loop room) and the D.O
plant room (labelled DO clean-up).
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The locations where barytes concrete has been identified are not in areas of substantial
irradiation. Barytes concrete is typically used where additional shielding is required
and/or there is insufficient space to use ordinary concrete; Wilson [36] states that
barytes concrete was used in SGHWR where it was not possible to increase the wall
thickness to provide an effective neutron shield. It is speculated that barytes concrete
was used in the identified areas because both the two element loop and cluster loop
were expected to be used as experimental circuits and substantial shielding may have
been needed for anticipated experiments (which never eventualised).

None of the barytes concrete in the SGHWR is expected to be activated, meaning that
only activity due to surface contamination needs to be considered. It is assumed that
where equivalent contamination of barytes and normal concrete occurs, the activity
density (Bg/m®) will be the same. Barytes concrete is higher density than normal
concrete so the activity per unit mass of barytes concrete (in Bg/g) will be lower than
the equivalent specific activity of normal concrete. This assumption allows sample data
for barytes concrete to be applied to normal concrete and vice versa, with the specific
activity scaled by the ratio between the densities of the concretes.

SGHWR Common Physical Parameters

The SGHWR contains several hundred rooms. In derivation of the inventory a number
of common physical parameters have been used based on data available in existing
Winfrith waste calculations [14; 21] and available literature. Common density values
are listed in Table 2.6. Room or component-specific parameters such as surface areas
and depths of contamination are discussed in the following sections or in the underlying
references.

Table 2.6:  Adopted SGHWR infrastructure material densities.

Material Density [kg/m®] |Source
Density of structural concrete used in the Conceptual

Concrete (in-situ) 2,400 Site Model (CSM) [21].
Broken concrete 1714 Assume in-situ concrete density with a bulking factor
of 1.4 [37].
Assume the density of broken concrete rubble
Compacted 1967 compacts by a factor of 13% on emplacement

broken concrete (equivalent to a bulking factor of 1.22 compared to

in-situ volume) [37].

Wilson [36] states the planned barytes density was
218 Ibs/cu. ft. (~3,492 kg/m?). The slightly higher
density of barytes concrete used in the Dragon
bioshield has been adopted [131].

Assume density of waterborne wall paint from [38],
Paint 1,500 adopted in conjunction with an assumed paint
thickness of 1 mm (see discussion in text below).

Density of plain carbon steel from CRC Handbook of
Chemistry and Physics [39, p.12-204].

Density of brick selected from high end of range (1.4-
Brick 2,200 2.2 g/cm?) given in table “Density of Various Solids”,
in CRC Handbook of Chemistry and Physics [39].

Barytes concrete 3,650

Steel 7,860
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Material Density [kg/m®] |Source

Density of type E epoxy resin fibreglass given in
ASM engineered materials handbook [40, Tab.37].

Fibreglass 1,880

The density of paint provides a challenge as there is a large spectrum of wet paint
densities depending on the specific paint type [41]. The bulk density can also increase
or decrease during drying depending on the formulation and application of the paint,
which results in an even larger spread of potential densities®. A further issue is that the
mass of paint in an area is derived from the surface coverage rather than volume, which
requires coupled assumptions about the dry density and dry film thickness of the paint.

In order to derive a surface density (i.e. kg/m?) for paint in the inventory, the drying of
paint is neglected. This is pessimistic as the surface density will always decrease as
solvent evaporates (as opposed to volume density which can increase due to the film
becoming thinner). This also enables the use of density and coverage values for wet
paint, which are more readily available than equivalent values for dry paint. The
following density and coverage assumptions are made:

e A wet paint density of 1,500 kg/m? is adopted, equivalent to the highest density
paint in [38] (waterborne wall paint). This is also consistent with the density of
standard wall and ceiling paint from 3M [41].

e A surface coverage of 6 m?/I per coat is assumed, equivalent to the lowest
surface coverage quoted in [38] (lowest surface coverage selected to be
pessimistic as surface coverage is inversely proportional to surface density).

e Six coats of paint are arbitrarily assumed; plant staff at SGHWR have expressed
that this is expected to be a conservative assumption (more paint is more
conservative because the highest activity concentrations are generally found in
the paint layer).

The above values and assumptions result in an overall film thickness of 1 mm and a
resulting surface density of 1.5 kg/m?.

The uncertainties associated with use of the adopted physical parameters are captured
in INV-SGHWR-003.

2.10 Bioshield
2.10.1 Feature Description

The SGHWR bioshield is a reinforced concrete structure located at the centre of the
primary containment, which enclosed the reactor core during reactor operation. This is
shown schematically in Figure 2.6. The bioshield is located on Level 1 to Level 3 of
the SGHWR building (Figure 2.7).

®  The bulk density of a paint depends on both the dry particle density of the solids in the paint as well
as the amount of porosity (void space) in the dry paint layer. For a solvent-based paint, the porosity
will mostly be introduced as the solvent evaporates during drying; the density behaviour of the paint
during drying will be linked to the extent to which the solids contract to fill the introduced porosity.
Epoxy-based paints may not have any component that evaporates and the density will not change as
the paint dries.
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The walls of the bioshield vary in thickness. Adjacent to the fuel storage ponds the
thickness is as low as 1.22 m (4’); however, elsewhere the wall is 1.5 — 1.6 m thick.
Adjacent to the Liquid Shut Down (LSD) plant room, the bioshield is attached to the
primary containment and in combination forms a wall 2.82 m (9°3”)% thick (see
Table 2.7).

1-Upper neutron shield 8—Channel assembly

2-Upper auxiliary neutron shield 9—Interlattice tubes (floodable)
3—Calandria 10~Liquid shutdown tube
4-Lower auxiliary neutron shield 11-D,0 outlet ring main
5—Lower neutron shield 12-D,0 inlet ring main
6—Radial neutron shield 13—Qutlet water pipes

7=Tie bolts 14~Inlet water pipes

Figure 2.6:  Schematic diagram of the SGHWR core and surrounding concrete
bioshield [44].

10 This incorporates aspects of the primary containment structure.
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Figure 2.7. SGHWR bloshleld (highlighted green) viewed from the NE end floor
levels are indicated (edited from [42]).

Table 2.7: Dimensions of the SGHWR bioshield [51].

Parameter Value [m]
Wall thickness (Fuel Storage Pond) 1.22

Wall thickness (N, S) 1.56

Wall thickness (LSD plant room) 1.549 (2.82 total)
Height 6.99

2.10.2 Origin and Constraints on Radiological Inventory

The SGHWR bioshield inventory is based on two main sources:

e Radiological characterisation data of two cores taken through the bioshield [43],
comprising concrete and limited rebar samples.

e Modelling of neutron activation of the concrete and rebar in the bioshield [44].
Characterisation Data

Current characterisation data for the bioshield comprises data from two cores analysed
in 2005. One core was taken from Room 245, the Active Tools Store (ATS), and is
near the mid-height of the reactor [43] and the other core was taken from the LSD plant
room (Room 334) near the top of the reactor [45]. The cores were taken in different
campaigns and have differing analytical suites. The ATS core comprises concrete and
paint as well as three rebar samples, while the LSD core is limited to only concrete and
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paint data. Data for the ATS core is summarised in Table 2.8 and Figure 2.8, and for
the LSD core in Table 2.9 and Figure 2.9.

It was originally considered that the ATS core at the midpoint of the reactor would
represent the position of highest neutron flux in the bioshield, although the subsequent
neutron transport calculations undertaken in support of the activation modelling showed
that there is in fact a higher neutron flux into the bioshield associated with the ion
chamber basket penetrations and at the upper rim of the reactor due to neutron leakage
between the radial and upper neutron shield tanks [44]. The LSD core samples the
region of the bioshield impacted by the neutron leakage at the upper rim of the reactor
and the data correspondingly reflects higher activation in the LSD core than the ATS
core. The section of the bioshield near the ion chamber basket penetrations has not
been characterised and the lack of data on the activation associated with these and other
radial bioshield penetrations is an outstanding uncertainty in the bioshield inventory.

The data for some radionuclides, particularly ®°Co, *4C, #'Ca, *?Eu and **Eu, indicate
a clear decreasing trend in activity in concrete away from the inside surface of the
bioshield to greater depths than typically expected by ingress of contamination from
the surface. This is consistent with a source from neutron activation. Tritium also
follows a decreasing trend, albeit with a differing slope. However, H is known to be
mobile in concrete and to have deeply penetrated the SGHWR structure from
contamination sources and so its presence may not therefore be solely attributable to
in-situ activation.

A number of other radionuclides, for example *°K and 23U, also show decreasing trends
away from the reactor core but are reported at LOD. It is uncertain whether these are
simply analytical artefacts or represent an increase in the concentration of radionuclides
that are expected to be present naturally in concrete (Section 2.6). However, it is noted
in the ATS core that low (0.51 — 2.4 Bq/g), but above LOD, results for Gross Alpha are
reported for the innermost three concrete samples, covering 200 mm of core (samples
from deeper depths are all LOD), suggesting that some elevated alpha-emitting
radionuclides may be present.

The highest measured activity in the two cores is for ®H in the painted surface of Room
213 (bioshield inner surface) with an activity of 27,000 Bg/g. Tritium in the concrete
below this sample was lower (8,500 Bg/g), but still the second highest activity
measured. Caesium-137 was also highly elevated in the inner painted surface of the
LSD core at 850 Bg/g; however, it falls off rapidly to 14 Bg/g in the underlying concrete
sample, consistent with a source from contamination.

After around 1,000 mm depth (from the inner bioshield surface) a clear activation trend
in concrete becomes difficult to discern. In the LSD core this reflects an absence of
data; however, in the ATS core activity levels reach the reported analytical limits of
detection. Further into the core at just over 1,500 mm, a rise in activity occurs for some
determinands that would not be expected due to activation. This appears to correspond
to the location of a 17 ‘flexcell’ joint, denoted on Figure 2.8 and Figure 2.9, which
essentially separates the bioshield from the surrounding primary containment structure.
In the ATS core a fibrous layer was found which is likely to represent the flexcell joint;
this was removed and analysed separately by gamma spectrometry. This sample
contained 120 (+10) Bg/g of 1*'Cs and 3.3 (+0.2) Bg/g of ®°Co. It is likely that this joint
acts as a pathway for low-level activity transport into the wall, hence disrupting the
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activation trend. The elevated '¥’Cs could potentially have arisen from liquid
contamination leaks from the pipework at the top of the reactor, or from spills occurring
during refuelling; alternatively, the result could be erroneous. As there is no further
evidence for any mechanism, the lack of full understanding of the results from this layer
is noted as an uncertainty in the bioshield characterisation data (INV-SGHWR-006).

Beyond the flexcell joint, 3'Cs, ®Co and *H activity concentrations can be seen to
increase again in the LSD core, but remain lower than the levels within the bioshield.
This is likely to relate to ingress of contamination from the secondary containment, but
the mechanism behind it is also noted as an uncertainty (INV-SGHWR-006).

To avoid interpretation of data below the limit of detection, a working assumption is
that a circle with a diameter extending to the flexcell joint denotes the limit of activation
(Figure 2.10). Vertically the full bioshield height is assumed to be activated, although
in practice the top and bottom parts of reactor bioshields typically have significant
shielding and somewhat lower activities may be expected in these areas (Figure 2.7;
INV-SGHWR-004).

For the rebar samples little activity is reported (Table 2.8). Tritium was detected in all
three samples in a narrow range (0.72-1.2 Bg/g). This is not a contaminant expected to
form in steel and could be associated with adsorption to the rebar surface. %°Co
(0.072 Bg/g) and ®*Ni (0.075 Bg/g) were also detected in the innermost rebar sample.
A sole *°Fe analysis was also undertaken for this sample, but was reported as an elevated
limit of detection (<1 Bq/g). While the reported rebar activities are low, it is noted that
the innermost rebar sample was taken from the concrete core sample from between 740
and 1280 mm from the inner bioshield surface and so it is likely that higher activities
will be present in rebar closer to the reactor core.
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Table 2.8:  Analytical results (Bg/g) of an SGHWR bioshield core sample taken from the ATS and analysed in 2005 [43]. (This page is set to print on A3.)
Specific Activity [Bg/g]
R C RE] Rl Ciae I L el pistance fro[rrrllrmner surtace Gross | Gross Bacs | 187cs | 57Co | %8Co | °Co | 24Am | Mn | ©zn 235 55Fe | 63Nj 3 uc 4acy | %ca 152 154g
Alpha Beta
Paint Paint <0.2 0.46 <0.06 0.5 <2 <0.05 | 0.12 <0.06 | <0.05 | <0.2 <0.2 3.9 <0.8 <0.3
866 GAUS48/L 0-50 2655 <0.3 0.57 <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 <0.01 6.6 <0.04 <0.02
Concrete 50-150 2580 <0.3 <0.2 <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.02 | <0.01 6.4 <0.08 <0.03
150-250 2480 <0.3 <0.3 <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 4.4 <0.04 <0.02
866R | GAU548/2 Rebar n/s <0.2 <0.5 <0.03 | <0.03 | <0.06 | <0.03 | <0.06 | <0.02 | <0.03 | <0.08 | <0.06 0.72 <0.4 <0.1
250-410 2350 <0.3 <0.2 <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.02 | <0.01 0.24 <0.08 <0.02
867 GAU548/3 | Concrete 410-570 2190 <0.3 <0.2 <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 0.24 <0.05 <0.02
570-750 2020 <0.3 <0.2 <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.02 | <0.01 1.7 <0.08 <0.03
750-910 1850 <0.3 <0.3 <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 11 <0.04 <0.02
868 GAU548/4 | Concrete 910-1070 1690 <0.3 <0.2 <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.02 <0.1 5.2 <0.09 <0.03
1070-1260 1515 <0.4 8.2 <0.01 6.1 <0.04 | <0.01 | 0.057 | <0.04 | <0.01 | <0.02 <0.04 46 <0.06 0.045 <0.03
868R | GAU548/5 Rebar n/s <0.2 <0.5 <0.03 | <0.02 | <0.08 | <0.02 | <0.06 | <0.03 | <0.02 | <0.07 | <0.09 12 <0.3 <0.1
1260-1440 1330 <0.4 0.31 <0.01 | 0.017 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 <0.01 57 0.08 <0.04 <0.02
869 GAUS48/6 | Concrete 1440-1620 1150 <0.3 <0.2 <0.01 | <0.01 | 0.003 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 18 <0.05 <0.02
1620-1800 970 <0.3 0.28 <0.01 | <0.01 | <0.01 | <0.01 | 0.017 | <0.01 | <0.01 | <0.03 | <0.01 61 0.063 <0.03
1800-1980 790 <0.3 0.56 <0.01 | <0.01 | <0.02 | <0.01 0.16 <0.01 | <0.01 | <0.03 | <0.02 330 <04 | <02 0.3 <0.05
869R | GAU548/7 Rebar n/s <0.23 <0.45 | <0.03 | <0.03 | <0.06 | <0.03 | 0.072 | <0.02 | <0.03 | <0.08 | <0.06 <1l | 0.075 | 0.72 <0.4 <0.1
1980-2080 650 <0.4 4.5 <0.01 | <0.01 | <0.03 | <0.01 0.85 <0.01 | <0.01 | <0.05 <0.04 630 0.85 0.63 | <0.1 15 0.1
2080-2180 550 <0.4 8.6 <0.03 | <0.03 | <0.07 | <0.03 2.1 <0.02 | <0.03 <0.1 <0.08 730 0.99 n/a n/a 35 0.27
2180-2280 450 <0.4 30 <0.09 | <0.07 | <0.2 0.077 5.7 <0.04 | <0.09 | <04 <0.2 640 0.65 )1 <01 15 0.99
870 GAU548/8 | Concrete 2280-2380 350 <0.4 74 <0.1 <0.09 <0.2 0.19 17 <0.08 | <0.09 <0.4 <0.3 1100 1.3 32 2.3
2380-2480 250 0.51 120 0.17 <0.1 <0.3 0.36 27 <0.08 <0.2 <0.8 <0.3 1300 1.6 6.3 <0.1 82 5.3
2480-2580 150 0.74 240 0.13 <0.1 <0.4 0.74 63 <0.1 <0.2 <0.7 <0.4 1700 2.8 14 <0.1 120 7.2
2580-2680 50 24 450 <0.3 <0.3 <0.6 15 80 <0.2 <0.3 <2 <0.7 2500 4.3 23 <0.1 260 19
Note: GAU report 548 states a fibrous layer was found at the top of this core (inferred as sample 869). This was removed and analysed separately by gamma spectrometry. This sample contained 120 (+10) Bg/g of ¥'Cs and 3.3 (+0.2) Bg/g of ®Co.
n/s — not stated. Results for a number of naturally-occurring radionuclides at LOD levels have been omitted from the table.
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Table 2.9:  Analytical results (Bg/g) of an SGHWR bioshield core sample taken from the LSD plant room and analysed in 2005 [43]. (This page is set to print on A3.)
Magnox Ref ; Core Interval Distance from 134 137 57 58 60 241 54 65 235 3 152 154
GAU Ref | Media Inner Surface Cs Cs Co Co Co Am Mn Zn U H Eu Eu
WA/SAMPLE/ [mm] [mm]
Paint Paint Initial 2811 <0.090 0.54 <0.14 <0.083 0.33 <0.043 <0.083 <0.26 <0.15 73 0.32 <0.40
0-50 2786 <0.006 0.17 <0.011 <0.005 <0.009 0.005 <0.005 <0.014 <0.011 32 <0.067 | <0.024
50-100 2737 <0.004 0.006 <0.011 <0.003 0.031 <0.004 <0.003 <0.009 <0.012 47 <0.046 | <0.019
100-150 2687 <0.009 0.019 <0.013 <0.008 <0.016 <0.004 <0.008 <0.024 <0.014 45 <0.11 <0.037
150-350 2562 <0.007 0.007 <0.010 <0.006 0.007 <0.003 <0.006 <0.018 <0.011 32 <0.087 | <0.031
958 GAUG26/2 | Concrete 350-550 2362 <0.005 0.006 <0.015 <0.004 0.008 <0.005 <0.004 <0.010 <0.016 5 <0.052 | <0.025
2260-2460 1469 <0.15 <0.12 <0.25 0.19 21 <0.071 <0.14 <0.76 <0.27 840 45 3
2460-2660 252 <0.34 <0.29 <0.81 1 110 <0.25 <0.32 <15 <0.86 2700 180 13
2660-2710 127 <0.64 <0.49 <11 1.9 140 <0.31 <0.61 <3.1 <12 4500 370 34
2710-2760 77 0.24 0.5 <1.0 1.9 140 <0.31 <0.39 <18 <11 5700 280 28
2760-2810 27 <0.56 14 <14 1.8 170 <0.42 <0.49 <24 <15 8500 310 29
Paint Paint Final 1 <6.4 850 <11 <5.7 170 <3.3 <55 <25 <12 27000 200 36
Note: Results for a number of naturally-occurring radionuclides at LOD levels have been omitted from the table.
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Figure 2.8:  Profile of selected 2005 radionuclide data from the ATS concrete core through the SGHWR bioshield and primary containment.
Based on structural drawings the two vertical grey lines at ~1,550 mm have been added to represent a 1 inch ‘flexcell’ joint
separating the two structures; similarly, the grey line at 2,819 mm represents the outer wall of the primary containment. However,
the reported ATS core length is only 2,680 mm. A fibrous layer believed to be the flexcell joint was found in the ATS core and
analysed for ®°Co and *¥’Cs. The %°Co has been added to this plot and is represented by the point at 1,515 mm and =~ 6 Bg/g; as
such, a slight offset is evident. This has been accounted for in calculations.
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Figure 2.9:  Profile of selected 2005 radionuclide data from a concrete core from the LSD plant room through the SGHWR bioshield. Based
on structural drawings the two vertical grey lines at ~1,550 mm have been added to represent a 1 inch ‘flexcell’ joint separating the
two structures; similarly, the grey line at 2,819 mm represents the outer wall of the primary containment. The reported core length
of 2,810 mm is a close fit to the drawings.
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Figure 2.10: Top-down view of the SGHWR bioshield showing inferred zone of
bioshield activation between the core (red circle) and ‘flexcell’ joint
(outside of the yellow circle). The blue box indicates the simplified
bioshield outer dimensions adopted for contamination estimation.
Bioshield plan from [46].

Neutron Activation Modelling for Primary Bioshield

Hertel [44] reports the results of 3D neutron activation modelling of the components
within, and including, the calandria as well as the primary system shielding surrounding
the reactor (including the concrete bioshield and rebar). The calculations were
undertaken to support waste classification and quantification decisions. Neutron fluxes
were assessed using the MCNP® code [47] and the fluxes were then input into the
EASY-2003 activation code package [48], along with estimates of material
compositions and the operating history of the SGHWR.

In the absence of real SGHWR material compositions, the major element concrete
composition used in the MCNP® modelling was taken from the U.S. National Institute
for Standards and Technology (NIST) [49]. The bioshield concrete trace element
composition was taken from [50], a U.S. Nuclear Regulatory Commission concrete
specification based on data from American nuclear plants. The potentially strong
geographic variation in concrete composition is highlighted as a significant contributing
uncertainty with this activation data (INV-SGHWR-005). For example, it is
acknowledged that the Ca content could be higher than assumed in the activation
modelling if the Winfrith bioshield concrete used a limestone aggregate, as it would
then be present in the aggregate as well as the cement. However, the fact that the
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modelled *'Ca activities are higher than those measured in the bioshield cores
(Figure 2.11) indicates that this is unlikely to be the case.

The bioshield was split into a number of vertical and radial flux intervals. Activities
were derived at four radial intervals of the bioshield based on the flux averaged over
the full height of the bioshield and based on the vertical interval with the largest flux.
The average and maximum predicted activation product levels in January 2006 are
given in [44, Tab.7-29 and Tab.7-30] for the bioshield concrete and in [44, Tab.7-31
and Tab.7-32] for the rebar. A total of 128 isotopes are predicted to be formed in the
activation modelling, although the majority contribute insignificant amounts of activity.

The uncertainties associated with use of the activation model are summarised in INV-
SGHWR-005.

Comparison of Modelling and Characterisation Data

Selected results for both analysed and modelled bioshield concrete data are compared
in Figure 2.11 as well as data for >>Fe, which is an example of a radionuclide with only
modelled data. The results indicate that the modelling overestimates, to variable
degrees, the levels of radionuclides present in the concrete core samples except for
137Cs, which underestimates the activities. While the model may predict some *'Cs
formation due to activation, as discussed above, the proximity of **'Cs with surfaces or
joints is more consistent with a source of *’Cs from ingress of fission product
contamination. Caesium-137 is the contaminant which may be most easily identifiable
as sourced through surface contamination. To account for the presence of any co-
contaminants in the measured dataset, the SGHWR Primary External Contamination
fingerprint (FP-028; see Section 2.10.4) was applied (based on the 1*’Cs activity) to the
concrete associated with both the inner and flexcell-related concrete contamination.
Conservatively, this may result in a small amount of double counting of activity, where
both activation and contamination are co-located.

The discrepancy between modelled and analysed results for most radionuclides is
commonly several orders of magnitude and as such the direct use of the modelling to
supply activity concentrations in the inventory calculations is not justified. The
discrepancy is assumed to arise because the activation modelling made assumptions
about the material compositions present (e.g. using concrete compositions for US
nuclear plants rather than SGHWR), which would lead to different proportions of
activation products due to differences in the trace elements present in geographically
varying concrete. However, the activation model results do predict the presence of a
number of radionuclides not captured in the analytical results (e.g. >°Fe). As such, in
order to provide additional indicative values for these radionuclides, the modelled data
were used to develop a bioshield concrete activation fingerprint [51].

Only limited rebar results are available for the bioshield and, of the three samples, two
were taken from outside of the flexcell joint (the assumed maximum activation extent).
Measured and modelled values for %°Co and %3Ni are presented in Figure 2.12. The very
limited data suggest, as per the concrete results, that the model over-estimates the
activity concentrations. However, as so little rebar data is available, a fingerprint was
developed directly from the modelled data ([51]; INV-SGHWR-006).

Fingerprints are derived for the bioshield concrete and rebar based on the activation
modelling. Isotopes are screened to eliminate those which are stable, have half-lives of
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less than one year, or contribute less than 0.01% to the total fingerprint activity. The
screening exercise reduces the 128 isotopes predicted in the modelling to a set of 13
radionuclides in the concrete fingerprint and 6 radionuclides in the rebar fingerprint.
The eliminated radionuclides account for 0.03% of the total activity for the concrete
fingerprint and 0.02% of the total activity for the rebar fingerprint.
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Figure 2.11: Comparison of analysed and modelled bioshield concrete radionuclide activity data. Measured data have been decay
corrected to January 2006 in order to be compared to the modelling data.
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Figure 2.12: Comparison of analysed and modelled bioshield rebar radionuclide activity data. Measured data have been decay corrected
to January 2006 in order to be compared to the modelling data. Key as for Figure 2.11.
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2.10.3 Bioshield Inventory Estimate

The bioshield inventory was derived assuming the following four contributing
components:

e Activated concrete.

e Activated rebar.

e Paint.

e Contaminated concrete.

The volume of activated concrete was derived assuming an annular cylinder of concrete
the full height of the bioshield, with an inner surface corresponding to the inner face of
the bioshield and outer diameter corresponding to the location of the flex cell joint
(resulting in the area between the red and yellow circles in Figure 2.10). The activation
inventory was derived from the maximum and average measured radionuclide activities
in segments of the bioshield cores deeper than the flex cell joint. Missing radionuclides
were scaled from the activation modelling based on the measured ®Co activity. This
is conservative as samples are disproportionately concentrated towards the centre of the
bioshield where the activation is highest.

The quantity of activated rebar is not accurately known. An assumption of 3% by
volume of the activated concrete was assumed consistent with common proportions in
structural concrete (the concrete inventory conservatively neglects the volume taken up
by rebar). Only a single rebar sample is available within the assumed zone of activation
and its precise location within the bioshield is not known, although it was at least
790 mm from the inner surface of the bioshield. All analytes in the rebar samples are
at or near the LOD. Consequently, the activities were derived entirely from the
SGHWR rebar activation fingerprint [44]. The rebar fingerprint is scaled by the
discrepancy between the observed and measured concrete activation activities for ©°Co.

A simplified geometry was adopted for paint and contamination inventory estimation
which treats the bioshield as an 8.05 x 8.05 x 6.99 m cuboid with a cylindrical cut-out
for the reactor passing through the centre of the square faces. The mapping of the
simplified geometry onto the plan of the bioshield is shown in Figure 2.10. This
approximation neglects the construction joints at the corners of the bioshield, although
this is offset by the assumption that surface is available for contamination where the
bioshield integrates with the primary containment.

The paint volume was derived assuming paint covers all of the surfaces of the simplified
bioshield geometry except the east and west faces, as these correspond to where the
bioshield joins with the primary containment and as such are not painted. Activity
values are derived from the measured specific activities of the inner surface paint
sample in the LSD core (as no paint sample from the inner face of the bioshield was
present in the ATS core). The activation and contamination components are not
separated in this case as the sample data are likely to be representative of all sources of
activity in the paint.

The contaminated concrete volume is derived by assuming contamination extends to a
depth of 20 mm from all surfaces of the simplified bioshield geometry. Unlike for
paint, all surfaces are included in the volume estimation as the contamination in the
flexcell joint demonstrates that contamination can be expected where the bioshield
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connects to the primary containment, as well as surfaces accessible to the primary
containment atmosphere. The contamination is derived by scaling the activities of FP-
028 to the measured *’Cs concentration in the concrete samples where contamination
is observed (the core sample adjacent to the flexcell and the core sample adjacent to the
inner surface of the bioshield). The sample of flexcell material is also pessimistically
included in the average and maximum activity calculations.

Maximum and average activity concentrations and an estimate of the radioactive
inventory are presented in Table 2.10, based on the data and approach described in
Section 2.10.2, [51] and [14].

Table 2.10: Estimated SGHWR bioshield disposal inventory, including maximum
and average activity concentrations and inventory based on average
activity concentrations, presented for an inventory reference date of
01/01/2027. 100% of this activity will be disposed of in-situ.

Radionuclide Maximum [Bq/g] Average [Bg/g] Dlspos[?\l/lglc\ll]entory
°H 8.02E+03 4.03E+02 3.08E+05
1“C 4.29E+00 1.10E+00 8.42E+02

13Cs 4.57E-04 8.50E-05 6.50E-02
187Cs 5.18E+02 8.15E+00 6.23E+03
®Co 9.96E+00 2.03E+00 1.55E+03
21Am 3.19E+00 8.17E-02 6.25E+01
152Ey 1.23E+02 2.43E+01 1.86E+04
134y 6.31E+00 1.08E+00 8.24E+02
15gy 2.16E-01 4.23E-02 3.24E+01
SFe 8.06E+01 2.32E+00 1.77E+03
&Ni 6.36E+01 9.29E+00 7.11E+03
05r 8.18E-02 1.22E-03 9.34E-01
241py 7.11E-02 1.06E-03 8.11E-01
133Ba 2.60E+01 5.11E+00 3.91E+03
25y 1.20E+01 3.06E-01 2.34E+02
238py 7.64E-03 1.14E-04 8.72E-02
2%py 1.53E-03 2.29E-05 1.75E-02
240py 1.53E-03 2.28E-05 1.75E-02
OAr 1.10E+01 2.17E+00 1.66E+03
“Ca 2.30E+01 5.37E+00 4.11E+03
13mcd 6.17E-01 1.64E-02 1.25E+01
1515m 2.04E+01 4.01E+00 3.07E+03
2047 6.11E-01 1.62E-02 1.24E+01
Total 8.92E+03 4.69E+02 3.58E+05
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2.10.4 Sensitivity Analysis and Further Characterisation

There is considerable uncertainty in the estimate of the bioshield inventory. In
particular, the sampling of the bioshield, consisting of two cores, is insufficient to
consider it fully characterised. The primary risk is that the cores do not capture the
most activated portion of the bioshield and may therefore be underestimating the
activation inventory. However, the ATS core was drilled into the area of expected
highest neutron flux at the reactor mid-point and the LSD core was drilled into the area
of highest flux predicted by the activation modelling (the higher measurements for the
LSD core compared to those of the ATS core support this modelling prediction). Thus,
measurement of substantially higher activity in any additional cores is not expected. In
addition, the assumed depth of activation (1,500 mm from the core) over which the
average activity concentration is applied to calculate the total inventory is conservative.

The uncertainty relating to the contamination contribution to the bioshield inventory is
considered negligible as the contamination makes up less than 2% of the overall
bioshield average inventory estimate, and the paint contribution is less than 0.5%. The
geometry assumptions used in the calculation are also conservative.

There is uncertainty in the amount of rebar present, with 3% by volume assumed, and
the rebar activities are also not underpinned by any sample data from the rebar. The
rebar content may be greater than 3%, but the current activity contribution is only 0.5%
of the overall bioshield average inventory estimate. In addition, the calculation is
conservative in that the bioshield volume occupied by the concrete is not reduced to
account for the displacement by the rebar, but is effectively double-counted when
calculating the activity.

The uncertainty in the bioshield inventory can be addressed by making alternative
assumptions and exploring the effect on the calculated inventory. Two possible
approaches have been considered: i) applying the maximum activity concentration to
the entire activated bioshield, and ii) scaling measured core activities into line with the
(much higher) activation modelling activities. The second of these approaches has been
shown through application to be the more conservative (resulting in a factor of 14.6
increase in the bioshield inventory compared to a factor of 4.2 increase), so this
approach has been adopted and is explained in detail below.

In order to derive this alternative inventory, the adopted activation inventory activities
have been scaled by a factor equal to the ratio between the measured and modelled *'Ca
activities extrapolated to the inner face of the bioshield. Calcium-41 is chosen as a
marker because calcium is a key component of Portland cements and should therefore
be among the most abundant elements in the bioshield. Of the radionuclides analysed
for in the cores, calcium is also the element that comprises the highest mass fraction of
the concrete composition assumed in the activation modelling. It should therefore
provide a better marker to scale to than radionuclides which arise from the activation
of ‘trace’ elements as these will be subject to greater variation. The extrapolated *'Ca
activity on the inner face of the bioshield is 33.4 Bq/g for the measurement data and
496.8 Bg/g for the modelled activation. The scaling factor for the alternative activation
inventory is therefore 14.9 (for both concrete and rebar components).

This alternative inventory for the bioshield is presented in Table 2.11. The average
activity of the bioshield at the inventory reference date is 6,800 Bg/g, which is almost
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entirely tritium (a beta emitter). The overall activity of the alternate, more conservative,
bioshield inventory therefore is still below the upper threshold of low-level waste
(LLW) in the UK, which is 4 GBg/tonne (4,000 Bg/g) alpha and 12 GBg/tonne
(12,000 Bg/g) beta/gamma.

Table 2.11:  Alternative SGHWR bioshield activation inventory, presented for an
inventory reference date of 01/01/2027.

Alternative Alternative Bioshield
Radionuclide Bioshield Average | Disposal Inventory
(Ba/g) (MBq)

°H 5.97E+03 4.56E+06
14C 1.62E+01 1.24E+04
134Cs 1.25E-03 9.55E-01
1¥7Cs 1.41E+01 1.08E+04
%Co 3.01E+01 2.30E+04
241Am 1.20E+00 9.20E+02
152y 3.61E+02 2.76E+05
14Ey 1.60E+01 1.22E+04
SSey 6.29E-01 4.81E+02
*Fe 3.45E+01 2.64E+04
3Ni 1.34E+02 1.02E+05
05y 1.22E-03 9.34E-01
241py 1.06E-03 8.11E-01
13333 7.59E+01 5.80E+04
25y 4.52E+00 3.45E+03
238py 1.14E-04 8.72E-02
239py 2.29E-05 1.75E-02
240py 2.28E-05 1.75E-02
OAr 3.22E+01 2.46E+04
“Ca 7.99E+01 6.11E+04
13mCd 2.43E-01 1.86E+02
131Sm 5.96E+01 4.56E+04
2047 2.41E-01 1.84E+02
Total 6.83E+03 5.22E+06

As discussed later in Section 2.18, the bioshield is the single most significant
contributor to the SGHWR end state inventory estimate, comprising almost 60% of the
total activity. Therefore, any additional characterisation that can be undertaken
following the core segmentation and post-operational clean-out of the area would be
beneficial. However, it is expected that any new bioshield inventory estimate
underpinned by such data would be bounded by the alternative estimates presented
above. Both the reference and alternative inventories will be considered in the
radiological PA.
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2.11 Mortuary Tubes
2.11.1 Feature Description

Ten storage locations for irradiated items were provided in the construction phase of
the SGHWR Primary Containment [52], which are referred to as the mortuary tubes.
Vertically cast into the bioshield, each tube consists of a ‘cast-in’ liner measuring
approximately 9” (0.23 m) diameter by 32’ (9.8 m) long. The tops of the mortuary
tubes are sited at the 132° 10” AOD level, at the top of the bioshield. The tubes run the
full 23’ (7.0 m) height of the bioshield and extend a further 9 (2.7 m) vertically down
into the east wall of the primary containment under the reactor bioshield. The lower
end of each tube is fitted with a 90° bend that exits into area 111 at 100” 9” AOD. Based
on the inner diameter (0.235 m), outer diameter (0.244 m) and length (9.754 m), the
total volume of the metal of a single mortuary tube liner is estimated to be 0.035 m?,
which equates to a total steel mass of 275 kg [51].

The mortuary tube positions are identified as Z1 to Z10, where Z1 is located furthest
south and Z10 furthest north. A plan view of the locations of the mortuary tubes on the
top face of the bioshield is shown in Figure 2.13. The mortuary tube liners are between
509 mm from the inner edge of the bioshield at the closest point and 1,265 mm at the
farthest point, which means they are all within the radius of activation considered in
Section 2.10.

Nine of the ten mortuary tubes contain stored items that have yet to be removed.
Although the items will be removed during decommissioning and the tubes cleaned, it
is expected that residual radioactivity will remain within the tube structures. Therefore,
an estimate of the residual activity that may remain in the tubes is included here, with
a fingerprint based on the previously stored items. However, this is considered to be
an indicative estimate as there is uncertainty regarding the degree of cleaning that can
be achieved and there is uncertainty as to the tube contents in some cases, due to the
quality of the historical documentation and inability to access the contents at this stage
[52]. A photograph of the tops of the mortuary tubes taken in August 2015 is presented

in Figure 2.14.
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Figure 2.13: Plan view of the top of the bioshield (grey) showing the locations of the
ten mortuary tubes (circles labelled Z1-10 on left of Figure) relative to
the location of the reactor core (large double circle labelled 213) [53,
Sheet 5].
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Figure 2.14: Image of the tops of the mortuary tubes taken in August 2015. Image
looks north (closest visible mortuary tube is Z1); the top of the reactor
is on the left. Mortuary tube Z3 is covered by a yellow square lead-filled
blanket whose purpose is to shield the current contents; this will be
removed as part of decommissioning [52].

2.11.2 Origin and Constraints on Radiological Inventory

100

101

Radiological data for the tubes consists only of dose measurements taken either when
the contained items were emplaced or during a survey with a probe at the top or lowered
into a tube as access allowed. The current understanding of the mortuary tube contents
is recorded in Table 2.12. It is understood that all items stored in the mortuary tubes
are components of the reactor, with the exception of the three cans in Z5 that contain
solid ILW debris recovered during final cleaning operations on the ponds.

During reactor decommissioning the stored items in the mortuary tubes will be removed
and the tubes will be cleaned. It is expected that the metal tube liners will remain in-
situ, as they are cast into the bioshield. The degree and location of the activity that
could remain in the tubes, in terms of contamination and activation of the tubes
themselves or loose contamination released from the stored items, is unknown.
Therefore, a high-level conservative estimate has been developed that assumes there
are five potential sources for the residual activity in the mortuary tubes based on the
items stored and the location of the tubes:

e Contamination carried over from items that came from the reactor core.

e Contamination carried over from items that may have been in contact with the
moderator circuit.
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e Contamination carried over from items that came from the ponds.

e Contamination arising from the degradation of activated stored items.

e Activation of the metal tubes themselves due to reactor neutron flux in the
bioshield.

The potential activity from each source is considered separately and the total inventory
is derived from the sum of all potential sources of activity. Each of the contamination
activities is derived by scaling a suitable fingerprint to an activity which is expected to
be limiting of the contamination present in the mortuary tubes.

Table 2.12:  Understanding as of July 2016 of the contents of the SGHWR mortuary
tubes. Summarised from [52].

Mortuary Dose Year of dose

tube MBI S L] [mSv/h] | measurement
RIG C removed from the reactor core, 60
circa 31” (9.4 m) long

71 RIG A r’emoved from the reactor core, 55 SE00 1994
circa 25’ (7.6 m) long
RIG C Liner Support tube, circa 14’ 9”

30

(4.5 m) long

z2 RIG B, circa 26’ (7.9 m) long 60 668 2004

Z3 None / believed to be empty 32.25 2004

Z4 Unknown item on end of extension bar >125 300 2003
Believed to be a can containing channel
tube stool from reactor grid position Unknown | 1300 1994

75 uo9
Three cans containing solid ILW from Unknown | 189.2 2004
the ponds

76 Remaining lengths of niobium channel 137 2955 1969
tube

27 Remaining lengths of niobium channel 137 970.0 1969
tube

78 Remaining lengths of niobium channel 137 2025 1969
tube

29 Remaining lengths of niobium channel 137 295 5 1969
tube

210 4.3 m long can containing ILW reactor 109 25000 1994
components, contents uncertain

Reactor Core / Primary Circuit Contamination

It is unlikely that any contamination of the mortuary tubes from stored items that were
retrieved from the reactor core would exceed that of the primary circuit pipework.
Thus, a conservative activity estimate was derived by assuming the primary circuit
pipework fingerprint [25, Tab.10] scaled to an activity of 200 Bg/g, which is equal to
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the lowest primary circuit pipe activity measured for the contaminated run (between the
primary manifold and chemical clean) [25, §6.1.2]. A maximum activity of 400 Bg/g
was assumed based on the maximum activity of primary circuit pipework [25, §6.1.2].
A reference date of 14/09/2015 was adopted for this contribution. As it is unknown
whether contamination is loose or fixed, it is all conservatively assumed to be present
after cleaning (the same applies for the moderator circuit and ponds contamination
components). The results of the radiological PA, using this preliminary inventory as a
first pass input, will determine the extent of decontamination needed. Future
optimisation work will determine whether such decontamination is feasible or whether
a case could be made for leaving the activity in-situ.

Moderator Circuit Contamination

It is assumed that any contamination of the mortuary tubes from stored items that were
in contact with the moderator circuit will not exceed that of the moderator circuit
pipework itself. Therefore, a conservative activity estimate was derived by assuming
the moderator circuit fingerprint (FP-030) scaled to 322 Bg/g, which is the activity for
the section of the moderator circuit between the reactor and the clean-up plant.
Similarly, the maximum activity estimate was derived by scaling FP-030 to 650 Bqg/g,
the maximum activity reported for the moderator circuit pipework. A reference date of
14/09/2015 was adopted for this contribution.

Ponds Contamination

Consistent with the preceding contribution estimates, it is assumed that the activity of
the mortuary tubes arising from stored items retrieved from the ponds will not exceed
that of the ponds’ liners. It is acknowledged that, given the diluting effect of pond
water, only a fraction of the activity arising from highly active items placed within the
ponds would have ended up on the pond wall; however, in the absence of any other
information this assumption is believed to be appropriate for a first pass inventory
estimate to be used as an input to the PA, the results of which will then inform future
characterisation and clean-up priorities and requirements. The possibility of a
significantly higher residual inventory in the mortuary tubes is considered in the
sensitivity analysis (Section 2.11.4). The ponds contamination activity estimate was
derived by assuming the ponds fingerprint (FP-034) with the maximum and average
activity of the fuel pond liner (respectively 11,340 Bg/g and 3,289 Bg/g). A reference
date of 14/09/2015 was adopted.

Degradation of Activated Stored Items

With the exception of the ILW items from the ponds in tube Z5, which are contained in
three cans, the known contents of the mortuary tubes are all reactor components and so
are expected to be activated. However, the degree of activation and the amount of
material that may have degraded and contaminated the tubes is unknown. Therefore,
an indicative estimate has been derived. The SGHWR activation modelling study [44,
Tab.7-11] calculates an average activation activity of 58.8 MBqg/g for SGHWR
Zircaloy fuel channel tubes, which has been assumed to be representative of reactor
core items. If it is arbitrarily assumed that 100 g of activated metal separates from
stored items and remains in each mortuary tube following cleaning, and that the
contamination is uniformly dispersed throughout the tube, the activity of the liner would
be 21,400 Bg/g. An equivalent estimate for the maximum activity was derived using
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the maximum flux Zircaloy fuel channel tubes activation, resulting in an activity of
23,000 Bg/g. It is acknowledged that the assumption of 100 g of activated material
remaining following cleaning cannot be underpinned. However, for a first pass
inventory estimate to be used as an input to PA, the results of which will then inform
future characterisation and clean-up priorities and requirements, it is believed to be
appropriate. The possibility of a significantly higher residual inventory in the mortuary
tubes is considered in sensitivity analysis (Section 2.11.4).

The bioshield rebar activation fingerprint at 01/01/2006 was applied to the calculated
activity concentrations. The different alloys used for reactor components and higher
neutron fluxes in the reactor will result in a different activation profile to that calculated
for the rebar. However, given the large uncertainties in the derived activities, as well
as in the current and historical mortuary tube contents, derivation of a new fingerprint
for this indicative inventory estimate was not considered meaningful. This could be
carried out in the future if PA results indicate that the mortuary tubes warrant more
detailed characterisation.

Activation of Mortuary Tube Liners

The activation of the mortuary tube liners themselves by neutrons from the reactor was
calculated using the average and maximum flux activities of bioshield rebar in the 18”
to 38 radial interval (respectively 3,790 Bg/g and 18,600 Bg/g) from the SGHWR
activation modelling study [44, Tab. 7-31 and 7-32]. The metal of the mortuary tube
liners is all in the radial interval 20” to 50” from the inner edge of the bioshield so the
neutron flux at this depth should be appropriate. The bioshield rebar activation
fingerprint is applied for a reference date of 01/01/2006.

2.11.3 Inventory Estimate

The overall inventory estimate assumes that the activities from all five sources apply
uniformly to all of the steel in the vertical segment of all ten mortuary tube liners. This
assumption pessimistically neglects the limited pathway for certain sources of
contamination (e.g. only one tube is known to currently contain waste from the ponds)
and the fact that only the segment of the tubes within the bioshield would be activated.
The potential for contamination to pool at the elbow bend at the bottom of the mortuary
tubes is neglected; it is assumed that any accumulation of loose contamination at the
bend would be removed when the tubes are cleaned.

The total mass of all ten mortuary tube liners is estimated to be 2,750 kg based on the
known dimensions of the liners and the density of steel from Table 2.6. Each of the
inventory contributions are decayed to a reference date of 01/01/2027 and added
together to obtain the total disposal inventory. Table 2.13 records the average activity
concentration at the original reference date for each contribution and at the reference
date for the inventory estimate. Due to the substantial amount of short-lived activation
products (particularly >°Fe) in the rebar activation fingerprint, the activity contributions
due to direct activation and stored item activation contamination are significantly
reduced by the inventory reference date.

The overall activity concentration of the mortuary tube liners at the reference date is
2,945 Bg/g, which equates to a disposal inventory of 8,096 MBg. The activity is
dominated by the assumed contribution from the ponds, which is conservatively
assumed to be present in all tubes although only one tube is known to contain ponds
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waste. The maximum and average activity concentrations for each radionuclide and
the estimated radioactive inventory for the mortuary tubes are presented in Table 2.14.

Table 2.13: Decayed average activity concentration and disposal inventory
contributions of activity sources for the SGHWR mortuary tubes at the
inventory reference date of 01/01/2027 [51].

Original Decay Decayed Disposal
activity time to activity b
. - Inventory
concentration | reference | concentration [MBq]
[Ba/g] date [y] [Ba/g]
Primary circuit contamination 200 11.3 130 357
Moderator circuit 322 11.3 179 492
contamination
Ponds contamination 3,290 11.3 2,500 6,874
Stored item contamination 21,400 21.0 116 318
Direct activation 3,790 21.0 21 40
Total: 2,945 8,096

Table 2.14:  Estimated SGHWR mortuary tubes in-situ disposal inventory, including
maximum and average activity concentrations, and a total inventory
based on the average activity concentration and the rebar activation
fingerprint. All data are presented for an inventory reference date of
01/01/2027. Although conservative, this inventory is considered to be
preliminary because only limited data are currently available.

. . . Disposal
Radionuclide |Maximum [Bqg/g]| Average [Bag/g] Inven tof’)y [MBd]

*H 3.24E+02 1.61E+02 4.43E+02

N 3.48E+01 1.67E+01 4.61E+01
B¥7Cs 2.94E+03 8.54E+02 2.35E+03
Co 3.50E-06 1.73E-06 4.76E-06
%Co 4.75E+01 2.44E+01 6.70E+01
241Am 1.63E+02 4.75E+01 1.31E+02
%Nb 1.46E+00 4.90E-01 1.35E+00
1255 3.19E-02 1.59E-02 4.38E-02
12Ey 1.60E+00 7.94E-01 2.18E+00
=1 6.18E+00 1.84E+00 5.06E+00
ey 4.63E-01 1.39E-01 3.83E-01
SFe 1.12E+02 1.23E+02 3.39E+02
&Ni 2.98E+02 1.40E+02 3.85E+02
05r 4.43E+03 1.28E+03 3.53E+03
241py 5.25E+02 1.52E+02 4.19E+02
133Ba 5.32E-03 2.66E-03 7.32E-03
24y 5.36E+00 1.56E+00 4.28E+00
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Radionuclide |Maximum [Bg/g]| Average [Bg/g] InveEl)tIZf’);S[?\l/qu]

2%y 2.27E-01 6.58E-02 1.81E-01
236y 2.27E-01 6.58E-02 1.81E-01
238y 1.70E+00 4.93E-01 1.36E+00
238py 5.74E+00 1.68E+00 4.61E+00
29y 2.56E+02 7.43E+01 2.04E+02
240py 2.09E+02 6.05E+01 1.66E+02
2Cm 9.44E-03 2.74E-03 7.53E-03
244Cm 3.54E-01 1.03E-01 2.82E-01
1smcq 8.58E-01 9.40E-01 2.58E+00
2047 8.50E-01 9.31E-01 2.56E+00
Total 9.37E+03 2.95E+03 8.11E+03

2.11.4 Sensitivity Analysis and Further Characterisation

As there are no sample data for the mortuary tubes, there is significant uncertainty in
the derived inventory estimate (INV-SGHWR-011). The approach applied here has
attempted to bound this by adopting very conservative assumptions when deriving an
activity estimate. Therefore, developing an alternative inventory estimate that simply
applies the maximum activity concentration is considered to be of limited value in
sensitivity analysis.

One of the key observable trends in Table 2.13 is the large reduction in the assumed
activation inventory over time due to the significant fraction of short-lived activation
products such as *°Fe and ®°Co. Therefore, the alternative inventory for the mortuary
tubes presented here explores the effect of the adoption of a different fingerprint for the
activated reactor component debris.

An alternative activation fingerprint was derived for activated debris from stored items
remaining in the mortuary tubes based on the average modelled activation of the
Zircaloy fuel channel tubes [44, Tab.7-11]. To derive the fingerprint, isotopes were
screened to eliminate those which have half-lives of less than one year or that contribute
less than 0.1% to the total activity. The screening exercise reduced the 128 isotopes
predicted in the modelling to a set of 18 radionuclides that were then renormalised to
derive the fingerprint. In line with the reference inventory, the alternative fingerprint
was scaled to an overall activity of 21,400 Bg/g over the mass of the mortuary tube
liners.

The Zircaloy fingerprint includes seven radionuclides that do not appear anywhere else
in the derived SGHWR inventory: ™Nb, 78"Hf, 85Kr, Ni, 1%pt, 12IMSn and %3zr
(Table 2.15). This can be attributed to the different composition of the Zircaloy as
compared to the rebar assumed in the reference inventory. In the reference inventory
the mortuary tube activity from stored item contamination reduced from 21,400 Bq/g
at 01/01/2006 to 116 Bqg/g at the inventory reference date. The lower proportion of
short-lived activation products in the alternative fingerprint means that the alternative
inventory activity reduces much less, from 21,400 Bg/g at 01/01/2006 to 6,010 Bg/g at
the inventory reference date.
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The activity of the mortuary tubes from all sources in the alternative inventory is
9,300 Bg/g. Assuming that the short-lived daughters of %Sr, 12°Sh, %3zr, 12'™Sn and
239py (respectively 20y, 12mTe, BMNp, 1215 and 235™U) are in secular equilibrium with
their parents, they would contribute an additional 1,400 Bg/g for a total liner activity of
10,800 Bg/g. The majority of the activity is beta/gamma, with a small alpha component
accounting for 400 Bg/g. The alternative disposal inventory activity is at the upper end
of the LLW category but still below the ILW threshold of 4 GBg/tonne (4,000 Bg/g)
alpha and 12 GBg/tonne (12,000 Bqg/g) beta/gamma.

Characterisation of the mortuary tubes will be undertaken following core segmentation
and post-operational clean-out in this area.

Table 2.15:  Alternative activated component debris fingerprint and assumed activity
derived from the activation modelling of the Zirconium channel tubes
derived from [44, Tab.7-11]. Presented for a reference date of

01/01/2006.
Radionuclide Proportion of fingerprint gﬁg\;gﬁt%frgéoirttelﬁgég?g]s
133Ba 7.17E-03 1.53E+02
1“C 9.73E-03 2.08E+02
8Co 3.60E-01 7.69E+03
1%4Cs 1.36E-01 2.91E+03
18 f 1.73E-03 3.70E+01
9mNb 1.13E-01 2.42E+03
%Nb 5.08E-03 1.08E+02
&Ni 2.11E-01 4.50E+03
24Cm 1.28E-03 2.73E+01
SFe 3.30E-02 7.06E+02
Kr 1.16E-03 2.47E+01
Ni 1.04E-03 2.21E+01
193pt 1.56E-03 3.33E+01
238py 1.23E-03 2.63E+01
1255 8.55E-02 1.83E+03
12Imgn 7.55E-03 1.61E+02
2047 2.18E-02 4.65E+02
B7r 1.95E-03 4.17E+01
Total 1.00E+00 2.14E+04
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Table 2.16: Estimated alternative SGHWR mortuary tubes in-situ disposal
inventory, including maximum and average activity concentrations,
inventory based on average activity concentrations and alternative
Zircaloy activation fingerprint for the stored item debris. All data are
presented for an inventory reference date of 01/01/2027.

Alternative
Radionuclide Maximum [Bg/g] | Average [Ba/g] |Inventory
(MBq)
*H 3.24E+02 1.60E+02 4.40E+02
14C 2.23E+02 2.40E+02 6.59E+02
134Cs 2.72E+00 2.72E+00 7.47E+00
18Cs 2.94E+03 8.54E+02 2.35E+03
Co 3.50E-06 1.73E-06 4.76E-06
%Co 5.23E+02 5.44E+02 1.50E+03
241Am 1.63E+02 4.75E+01 1.31E+02
%Nb 1.17E+02 1.17E+02 3.22E+02
1255h 1.01E+01 1.01E+01 2.77E+01
12Ey 1.60E+00 7.94E-01 2.18E+00
B4EY 6.18E+00 1.84E+00 5.06E+00
ey 4.63E-01 1.39E-01 3.83E-01
%Fe 9.08E+01 2.28E+01 6.26E+01
&N 4.19E+03 4.32E+03 1.19E+04
0Sr 4.43E+03 1.28E+03 3.53E+03
241py 5.25E+02 1.52E+02 4.19E+02
133Ba 4.13E+01 4.13E+01 1.14E+02
234y 5.36E+00 1.56E+00 4.28E+00
25U 2.27E-01 6.58E-02 1.81E-01
236y 2.27E-01 6.58E-02 1.81E-01
238y 1.70E+00 4.93E-01 1.36E+00
238py 2.40E+01 2.56E+01 7.05E+01
239y 2.56E+02 7.43E+01 2.04E+02
240py 2.09E+02 6.05E+01 1.66E+02
28Cm 9.44E-03 2.74E-03 7.53E-03
24Cm 1.31E+01 1.32E+01 3.64E+01
13mCd 6.94E-01 1.41E-01 3.89E-01
2047 1.06E+01 1.08E+01 2.97E+01
9mNb 1.06E+03 1.06E+03 2.90E+03
18nHf 2.49E+01 2.49E+01 6.84E+01
&Kr 6.86E+00 6.86E+00 1.89E+01
Ni 2.38E+01 2.38E+01 6.55E+01
193pt 2.67E+01 2.67E+01 7.35E+01
12Imgpy 1.25E+02 1.25E+02 3.43E+02
87y 4.48E+01 4.48E+01 1.23E+02
Total 1.54E+04 9.30E+03 2.56E+04
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2.12 Primary Containment
2.12.1 Feature Description

The primary containment comprises a massive concrete structure with walls 1.2-1.5 m
thick extending from Level 1 to Level 6 (Figure 2.15); it housed the reactor core and
numerous support operations and processes, including steam drums, clean-up plant,
electrical control etc. The bioshield and mortuary tubes lie within the primary
containment but due to their differing contamination characteristics they are described
separately (see Sections 2.10 and 2.11).

The majority of the primary containment forms a single contiguous space with the
reactor and bioshield roughly in the centre. The space comprises a number of areas and
platforms that have unique room designations, but these are not meaningfully separated
by walls or complete floors: the areas comprising the main space of the primary
containment are Rooms 111, 211, 212, 311, 312, 411, 412, 413, 414,511, 512 and 513.
In addition, there are two rooms on Level 6 separated by thick walls from the main
primary containment space that housed experimental circuitry — the two-element loop
(Room 611) and cluster loop (Room 612) rooms.

The location and dimensions of the primary containment are shown in Figure 2.15 to
Figure 2.18 below, and the dimensions are summarised in Table 2.17.
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Figure 2.15: SGHWR primary containment on Level 1 (Room 111), boundary
highlighted in red (from [53, Sheet 2]).
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Figure 2.16: SGHWR primary containment on Level 6, boundary highlighted in red
(from [53, Sheet 7]).
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Figure 2.17: Schematic floor plan including dimensions of the SGHWR primary
containment at the 94°6” mAOD (28.80 mAOD) level. The area has
been split into three regions (A, B and C), which correspond to the
regions referred to in Table 2.17. From [54].
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Figure 2.18: Vertical cross-section through the primary containment showing wall
heights [35].

Table 2.17:  Wall and floor dimensions of the SGHWR primary containment [54].

Floor
Region Length [m] Width [m]
A 18.6 7.3
B 15.9 9.1
C 18.6 7.3
Walls
Region Length [m] Height [m]
94’ 6” - 109 90.1 457
109’ — 132’ 10” 71.8 7.26
132> 107 - 164’ 6” 67.8 9.65
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2.12.2 Origin and Constraints on Radiological Inventory
General Primary Containment Concrete Contamination

The main space of the primary containment was exposed to contamination due to
operational leaks from liquid circuits. Wall penetrations also provide potential
pathways for spread of contamination.

Analytical results from two primary containment characterisation campaigns in 2005
and 2019 are available. The 2005 characterisation [43, Tab.9; 54] comprises samples
taken from depth intervals from nine concrete cores from the primary containment
basement structure (Room 111). Two of these cores are from the wall and the remaining
seven cores are from the floor. Plant experts determined the locations of the core
samples using their facility knowledge to identify areas of specific interest, such as
areas of known or high levels of contamination, along with general areas not expected
to be contaminated, to build an overview of the radiological condition of the structure.
The following radionuclides were analysed in this characterisation programme: °H,
241Am, 134CS, 137CS, 652n1 57C0, 58(:0, 60C01 54Mn, 40K, 234Th, 2ssu, 226Ra, 214Pb, 212Pb,
12Ey and PEu.

The maximum radionuclide activities recorded in the nine cores are for 1*’Cs and *°Co
in paint layer samples from floor cores, with up to 1,200 Bg/g recorded in the surface
paint layer (Table 2.18). The next highest activities are recorded for 3H (maximum
830 Bg/g) from 50-100 mm depth within the concrete floor; however, *H was also
measured at levels of up to 750 Bg/g in the deepest (100-155 mm) floor core samples.
The data for ¥'Cs, ®°Co and 3H from all nine cores are plotted in Figure 2.19. The
figure indicates a rapid fall off of activity for 13’Cs and ®°Co into the concrete core, with
much higher activity in the paint layers. In contrast, for *H the activity in the concrete
is typically higher than in the paint and penetrates throughout the full core depth at
above LOD values.

Most other radionuclides reported were at the LOD or at very low levels close to the
LOD and consistent with an origin from naturally-occurring radioactivity (e.g. 2*2Pb,
214pp; see Section 2.6).

Previous sampling within the primary containment has been biased towards high
activity circuits for waste sentencing purposes and general area samples to determine
applicability of external contamination fingerprints. Magnox Ltd [55], recognising that
there was limited characterisation data for the sub-structure contamination and that this
would be significant for the end state risk assessment, planned a sampling campaign
using a DQO methodology for the walls, floors and bioshield of the primary
containment. Sixteen cores were taken in 2019 from the floor and walls of Room 111
as well as one core from the octagonal sump below the reactor (shown in Figure 2.15).
The floor sample locations were based on areas of known interest, and systematic
locations were selected across each wall face to ensure that the walls were sampled with
an evenly distributed coverage.

The 2019 samples were analysed via a number of methods [56]. Notable additions to
the analytical suite from that undertaken in 2005 include '“C, 5°Fe, ®Ni, %°Sr, *Tc,
uranium, plutonium and curium isotopic analysis. The presence of a discrete/
widespread paint layer was not evident in the 2019 samples and as such was not
analysed for. Results are summarised in Table 2.19. Of the new additions to the
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analytical coverage, maximum results of 15 Bg/g **C, 10 Bg/g Ni, 0.3 Bg/g *Fe,
0.22 Bg/g *°Sr, and < 0.07 Bg/g **Tc were reported. Very low or LOD results were
reported for uranium, plutonium and curium isotopes.

The data show that, except for tritium, contaminants in the concrete are bounded by the
150 mm core depths used in the Room 111 sampling. Average concrete activities over
a depth of 150 mm are adopted and should be representative of the total activity present
for these radionuclides. A 1-mme-thick paint layer is assumed to cover all walls and the
floor of the primary containment (see Section 2.9). This is a conservative assumption
as the internal faces (walls, floors and ceilings) of the primary containment were shot
blasted as part of the asbestos cleaning process.
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Figure 2.19: ¥'Cs, ®°Co and 3H activity profiles from 2005 SGHWR primary
containment concrete cores (Room 111). Samples at ~0 mm are paint.
Depth indicates sample interval centre.
indicates average activity in the concrete samples only (i.e. excluding

paint).
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Table 2.18:  Summary of key analytical results (Bg/g) of SGHWR primary containment (Room 111) paint and concrete core samples analysed
in 2005.

Sample 3H 21Am 134Cg 137Cg 57Co 80Co 235 152, 154E

Type
Paint Average 73.8 0.54 1.40 578 <1.72 539 <1.78 <14.6 <3.62

ain
Maximum 110 1.10 3.00 1,200 <3.40 1,200 <3.5 <29 <6.90
Average 199 <0.008 0.01 6.69 0.03 0.63 0.03 0.08 <0.03

Concrete -

Maximum 830 <0.07 0.06 130 0.21 13 0.22 0.36 <0.17
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Table 2.19: Summary of key analytical results (Bg/g) of SGHWR primary
containment (Room 111) concrete core samples analysed in 2019 [55,

56].

Radionuclide Average [Bg/g] Maximum [Bg/g]
Gross alpha <0.523 4
Gross beta 11.56 67

°H 60.13 230
4C 441 15
BICs 11.54 71
%Co 0.884 6
108mAg 0.009 0.044
133Ba <0.035 0.310
152y <0.094 <0.500
21Am <0.014 <0.040
*Fe 0.157 0.310
®3Ni 3.25 10
gy <0.098 0.220
®Tc <0.056 <0.070
2y § <0.008 <0.010
24U 0.005 0.008
U § <0.001 <0.001
281 ¢ 0.005 0.007
238py ¢ 0.002 0.004
239.240py ¢ 0.003 0.012
239py g 0.002 0.007
240py ¢ 0.001 0.005
241py B <0.080 0.170
242py ¢ <0.001 <0.001
21Am a 0.004 0.022
243+28Cm ¢ <0.002 0.017
#Cm a <0.00004 0.00038
24Cma <0.002 0.017

8§ - denotes measurement by inductively coupled plasma mass spectrometry (ICP-MS); a — denotes
measurement by alpha spectrometry; p —denotes measurement by liquid scintillation counting.

Primary Containment Bulk Concrete Tritium Contamination

As tritium activities remain substantial in the final segments of sampled cores from
Room 111, it cannot be assumed that the 150 mm core depth will capture the full tritium
activity.  An additional inventory entry is therefore derived to account for the
contamination of the bulk primary containment concrete.

Data for deeper intervals of concrete in the primary containment structure are only
available from the two bioshield cores discussed in Section 2.10.2, which first pass
through the primary containment structure before entering the bioshield. The first 5* of
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each of these cores is taken to correspond to the segment through the primary
containment wall. The core data confirm elevated tritium activity concentrations at
deeper core intervals, with an average tritium activity of 17.8 Bq/g over the first 5’
(Table 2.20). The majority of other radionuclides are at or close to the LOD over this
interval, with the exception of $*’Cs, which is elevated in a single sample associated
with the flexcell joint noted in Section 2.10.2.

The walls of the primary containment vary in thickness from 4’ to 5’; for the derivation
of the bulk concrete tritium inventory, it is pessimistically assumed the primary
containment walls are 5° (1,524 mm) thick in all places. The first 150 mm of concrete
is excluded from this bulk concrete activity because it is covered by the estimate derived
from the Room 111 data above.

Table 2.20: Summary of tritium analytical results (Bg/g) for SGHWR primary
containment bulk concrete using the first 5’ segments of the 2005 LSD
and ATS bioshield cores (Section 2.10.2).

Sample Type Activity °H
Average 17.8
Maximum 57.0

Concrete - Bulk

It is acknowledged that the bioshield cores were positioned in locations of expected
high neutron flux rather than to capture tritium ingress, and therefore they may not be
representative of tritium ingress across the whole primary containment (INV-SGHWR-
006). However, the approach is believed to be reasonable given the high mobility of
tritium, and the impact of uncertainty related to the adequateness of characterisation
data is considered in the sensitivity analysis (Section 2.12.4).

Octagonal Sump and Duct

The octagonal sump, located directly under the core, collected active effluent to feed
into the active drainage. A duct leads out of the sump to the west wall of the primary
containment. The octagonal sump and duct are both three feet deep. Within the duct
and adjacent to the octagonal sump, a further square sump is set into the duct floor (2’
square by 3’ deep).

One core was taken from the floor of the octagonal sump in 2019; a further core planned
to be taken from the deeper square sump could not be taken due to poor access [55; 56].
The top section of the sump core had the highest bulk alpha activity of any of the cores
in the primary containment (4 Bg/g); however, the activities of individual radionuclides
were not exceptionally high compared to the other samples taken in Room 111. A
number of radionuclides were excluded from the analytical suite for this core, notably
tritium. The tritium activity from the floor core with the highest tritium concentration
from Room 111 was therefore assumed. Data for 1**Cs, >’Co, **Eu, *°K and ?*Ra were
only available for the 2005 primary containment sampling campaign, so the average
and maximum activities of these radionuclides were adopted from the 2005 cores to
develop an estimate for the octagonal sump and duct. The activities of key
radionuclides adopted for the sump are presented in Table 2.21. The contribution of
other radionuclides was estimated using the SGHWR primary external contamination
fingerprint (FP-028).
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Table 2.21: Summary of key analytical results (Bg/g) for the SGHWR octagonal sump, presenting the adopted maximum and average from the
sump core and from other cores in the primary containment [54; 56]. Red font indicates results at the LOD.
Sample Type 3H 241Am 134CS 137CS 57C0 GOCO 235U 152Eu 154Eu 226Ra
Data from sump core | Average - 2.73E-02 - 2.23E+01 - 1.37E+00 | 1.00E-03 | 1.23E-01 - -
(D60/PRI/CON/111/Floor
Core/07) Maximum - 4.00E-02 - 6.70E+01 - 4.10E+00 | 1.00E-03 | 3.00E-01 - -
Data from primary Average |1.90E+02 - 1.02E-04 - 5.07E-08 - - - 1.14E-02 | 1.11E-01
containment cores | Nayimum | 2.30E+02| - 5.15E-04 - 4.24E-07 - - - 5.64E-02 | 9.04E-01
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Two Element and Cluster Loop Rooms

The two element loop room (Room 611) and cluster loop room (612) on Level 6 housed
the two element loop and cluster loop experimental circuits. The walls and floors of
both of these rooms are made of barytes concrete. No material sampling data are
available for either room.

The cluster loop circuit was used in line with the primary circuit. For the derivation of
the inventory for Room 612, it is assumed that the contamination is equal to that of the
LSD plant room, which shares a contamination pathway (primary circuit) and should
be pessimistic as it is one of the more contaminated process plant rooms. The derivation
of the LSD plant room inventory is discussed in Section 2.13.2.

The two element loop was never used, and so the potential for contamination in that
room is minimal [22]; consequently no inventory has been derived.

2.12.3 Inventory Estimate

Maximum and average radionuclide activity concentrations and a radionuclide
inventory based on the average activity concentration data have been derived for the
primary containment structure to be disposed in-situ based on:

e The known and assumed physical attributes of the contaminated structure,
including material densities (Table 2.6) and room surface areas ([14] and
underlying references).

e The available radionuclide characterisation data from Room 111, as collated in
[14].

e The tritium data for deeper intervals of primary containment concrete from the
ATS and LSD bioshield cores.

e The SGHWR primary external contamination fingerprint (FP-028).

e The available radionuclide characterisation data for the LSD plant room
(Section 2.13.2).

e The proportion of the primary containment below the assumed demolition
datum.

The top of the bioshield, 132°10” mAOD (40.49 mAQOD), is almost exactly 1 m below
the south side ground level (41.61 mAOD)!. This essentially corresponds to the top
of Level 3 in the general building area. It is assumed that the primary containment will
be demolished to the top of the bioshield. Using the calculated volumes of the differing
height sections of the primary containment main space [54], the proportion of the
contaminated structure remaining in-situ (67%) can be estimated (Table 2.22). The

11 As observed in Figure 2.3, there is a difference of approximately 1 m in ground level from the south
to the north side of the SGHWR (41.61 mAOD to 40.53 mAOD). The higher of the two values has
been used here since it is assumed unlikely that ~1 m of the bioshield would be removed when the
ground could be reprofiled. It is also more conservative for the inadvertent human intrusion
calculations to assume that the bioshield activity remains in a single location rather than be distributed
across the backfill. Thus, there is a small uncertainty in the proportion of the inventory that may
contribute to the in-situ or backfill components (INV-SGHWR-007), but the total inventory remains
the same.
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sump in the primary containment is all to be disposed of in-situ, and the two element
and cluster loop rooms will be demolished and contribute to the backfill.

Table 2.22:  Estimated volumes of primary containment components to be disposed
of in-situ and as backfill based on the surface areas of each component.
Volume
PSS Fraction - Contaminated
Depth of . Building .
Component . . [ Disposed Disposal Volume
Contamination . Level 5
(mm) In-situ (m°)
[%0]
Octagonal sump 150 100 | BelowLl | In-situ 9.8
and duct concrete
Primary L1-L3 In-situ 1.3
containment 1 67.3 L4 and .
paint? above Backfill 0.7
Primary L1-L3 In-situ 202.4
containment 150 67.3 L4 and .
surface concrete above Backfill 98.1
Primary L1-L3 In-situ 1853.9
containment bulk 1374 67.3 L4 and .
concrete above Backfill 899.0
Cluster Loop 550 0 L6 Backfill 107.8
Room concrete
Cluster Loop 1 0 L6 Backfill 0.2
Room paint
Total 3173

The inventory for the SGHWR primary containment structure is developed from the
above data in [14] and underlying references. The overall inventory for the primary
containment is derived from the sum of the following inventories derived for each
component:

e The average activity concentration derived from the paint sample data in Room
111 applied to the assumed volume of paint which will remain in-situ on the
walls and floor of the primary containment following demolition of the structure
(1.3 md)%2,

e The average activity concentration derived from the concrete sample data in
Room 111 applied to the top 150 mm of concrete remaining in-situ for the walls
and floor of the primary containment (202.4 m®).

e The average activity for the octagonal sump and duct applied to the top 150 mm
of the concrete of the sump and duct (9.8 m®).

12 Note that, as per paragraph 127, the internal faces (walls, floors and ceilings) of the primary
containment have been shot blasted and surface coatings removed as part of the asbestos cleaning
process. However, a paint layer is conservatively assumed to be present.
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e The bulk tritium contamination derived from the average activity in relevant
segments of the bioshield cores applied to the estimated unaccounted-for
volume of the primary containment concrete remaining in-situ (i.e. concrete
deeper than 150 mm and below the demolition cutline; estimated to be

1853.9 m?).

The maximum and average activity concentrations and the derived in-situ disposal
inventory and alternative inventory are presented in Table 2.23.

The activity associated with the primary containment above the demolition cutline,
consisting of about a third of the paint, surface concrete and bulk concrete and the
entirety of the cluster loop room, is included in the backfill inventory which is discussed

in Section 2.17.

Table 2.23: SGHWR primary containment in-situ disposal inventory, including
maximum and average activity concentrations, and a disposal inventory
based on the average activity concentrations. An alternative inventory
based on the maximum average activity concentrations is also presented
(see discussion in Section 2.12.4).

inventory reference date of 01/01/2027.

All data are presented for an

_ _ Maximum Disposal Alternative
Radionuclide [Ba/g] Average [Bg/g] Inventory Inventory
[MBq] [MBq]
*H 2.47E+02 1.04E+01 5.14E+04 1.99E+05
14C 1.50E+01 4.32E-01 2.14E+03 7.28E+03
134Cs 2.13E-03 1.23E-06 6.08E-03 2.49E-02
1¥7Cs 7.30E+02 9.21E-01 4.57E+03 4.12E+04
'Co 5.87E-09 5.66E-12 2.81E-08 1.97E-07
Co 7.02E+01 3.38E-02 1.68E+02 1.25E+03
1AM 1.11E+00 7.35E-04 3.65E+00 1.37E+01
152y 9.50E+00 6.82E-03 3.38E+01 1.89E+02
= 1.24E+00 8.99E-04 4.46E+00 1.81E+01
Fe 1.35E+00 2.55E-03 1.26E+01 2.55E+01
3N 4.48E+02 3.99E-01 1.98E+03 5.74E+03
Sy 1.83E-01 8.03E-03 3.98E+01 8.95E+01
241py 3.03E+00 6.24E-03 3.10E+01 6.47E+01
133Ba 1.88E-01 2.17E-03 1.08E+01 9.28E+01
®Tc 7.00E-02 5.74E-03 2.85E+01 3.52E+01
233 1.00E-02 7.70E-04 3.82E+00 5.05E+00
23y 8.00E-03 5.30E-04 2.63E+00 4.03E+00
23 3.50E+00 2.20E-03 1.09E+01 1.14E+02
238 7.00E-03 5.24E-04 2.60E+00 3.52E+00
238py 3.26E-01 2.27E-04 1.13E+00 2.56E+00
2%y 6.53E-02 1.72E-04 8.53E-01 3.35E+00
240py 6.52E-02 1.43E-04 7.08E-01 2.76E+00
242py 1.00E-03 5.98E-05 2.96E-01 5.07E-01
282Cm* 7.58E-09 4.99E-10 2.48E-06 3.81E-06
283Cm 3.15E-04 3.23E-06 1.60E-02 1.53E-01
24Cm 1.24E-02 1.28E-04 6.33E-01 6.05E+00
20> 1.37E-04 9.04E-06 4.49E-02 6.90E-02
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Maximum Disposal Alternative
Radionuclide [Ba/a] Average [Bg/g]| Inventory Inventory
[MBq] [MBq]
*Ra 1.49E+01 1.45E-02 7.19E+01 4.89E+02
Total 1.55E+03 1.22E+01 6.05E+04 2.55E+05

* 282Cm and 252Cf originally reported as a combined activity. For the purpose of this inventory estimate,
it is conservatively assumed that the individual activity of both radionuclides is equal to the reported
combined activity at the time of analysis.

2.12.4 Sensitivity Analysis and Further Characterisation

The main source of uncertainty for the inventory derived for the primary containment
is the adequateness of the characterisation data (INV-SGHWR-006). The primary
containment main space surface inventory (consisting of the paint and top 150 mm of
concrete) is based on a large number of cores exclusively from the lowest level of the
primary containment (Room 111). As the primary containment main space extends a
further 16 m above the top of Room 111, the sampling data is insufficient to consider
the primary containment fully characterised. The other contributions to the inventory
are also underpinned by few cores: the bulk concrete by two cores, and the sump by
one core. No sampling data are available for the cluster loop transducer room, with the
inventory assumed to be equal to the LSD plant room.

Calculating the inventory based on the maximum, rather than average, activity values
for each material gives an alternative total disposal inventory as shown in Table 2.23.
The maximum activity values are conservative because they are derived from the
maximum for each radionuclide from all samples, rather than the sample with the
highest total activity; it is highly unlikely that a single sample would contain the
maximum for every radionuclide.

The alternative disposal inventory is greater than the main disposal inventory estimate
by a factor of four. Most radionuclides increase by a factor of between one and ten,
with the largest proportional increase observed for 2°U (10.5-fold increase) and the
lowest proportional increase observed for **Tc (1.23-fold increase). The dominant
contaminant remains tritium followed by **Cs.

Additional characterisation that can be undertaken following the core segmentation and
post-operational clean-out of the primary containment area would help to reduce
uncertainty in the inventory estimate. However, given that sampling has been both
biased towards known contamination areas and also considered systematically in more
recent campaigns, it is expected that any new primary containment inventory estimate
underpinned by such data would be bounded by the alternative estimate presented
above. Both the reference and alternative inventories will be considered in the
radiological PA.

2.13 Secondary Containment

2.13.1 Feature Description

The secondary containment comprises a concrete structure extending from Level 1 to
Level 9 that housed the turbine / alternator, emergency water supplies, additional circuit
supplies, plantrooms, ponds complex, effluent facilities and workshop areas. Circuits/
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systems in the primary containment fed into the secondary containment, allowing the
transfer of contamination to some areas.

Key components of the secondary containment feature include:

Process plantrooms that supported specific systems and operations in the core
and primary containment. Plantrooms were generally used to clean-up systems
by removing radiological and chemical contaminants. Due to the processes
involved there was significant potential for radiological and chemical
contamination.

Moderator process areas including filter room / ion exchange rooms, etc.

Pond clean up areas / rooms where numerous operations were carried out in
support of maintaining pond conditions and supporting operations.

Secondary containment primary circuit process areas. The primary circuit was
the highest activity circuit in the reactor. There was no heat exchange process
prior to electricity generation in the turbines and therefore a significant portion
of the total contamination would have carried into the secondary containment.
The primary circuit clean-up processes to remove radiological and chemical
contamination occurred in the secondary containment and there is significant
potential for contamination to have been deposited.

Ventilation system and support areas for the secondary containment.

Secondary containment general and ancillary areas. The general and ancillary
areas cover all open areas within the secondary containment, including the
turbine floor, walkways, high level structures, vehicle loading areas, and access
and exit points. These did not generally support process operations, but were
exposed to the containment environment.

Waste processing areas for waste operations.

The secondary containment also includes a set of areas which have unique basal floor
elevations, base slab thicknesses or exposure to groundwater that makes them of
specific interest for the end state PA. These areas are:

The cofferdams, which were installed in the basement to ensure that there was
no discharge outside of the facility and which allowed ground water monitoring
during operation.

The Effluent Vault (room 124) and delay tank rooms (rooms 125 and 126),
which form basement (L1) structures to the south and west of the primary
containment. The rooms were used for storage of sludge and effluent prior to
discharge to the External Active Sludge Tanks (EAST) or ALES, respectively.

The condenser cell (Room 241), the area supporting the condenser, which
condensed primary circuit water after the turbine.

The steam labyrinth and pipe corridors (Room 243), which contained the main
steam and feed pipes between the reactor and the turbine.

It should also be noted that a number of rooms were merged and/or repurposed
following the reactor shutdown. For example, the Failed Can Detection (FCD)
plantroom (room 431) was combined with the waste sorting area (428), south transducer
room (429), and the two element transducer room (432), and subsequently used as a
thorium store.
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Figure 2.20: SGHWR secondary containment on Level 2 (from [57]).

2.13.2 Origin and Constraints on Radiological Inventory

As described above, the SGHWR secondary containment comprises dozens of rooms
and components, from contaminated waste processing rooms to stairwells and inactive
stores. As a consequence, the clean-up and characterisation programme covered a
range of options:

e No characterisation to extensive characterisation.
e No decontamination to decontamination to OoS levels.

The specific origins and constraints of the radiological inventory of each
room/component are captured in [14] and in underlying references.

It is noted that data for Levels 4 and above is patchy with many rooms uncharacterised;
however, many of these are deemed to have low contamination significance based on
their operating history [22] (INV-SGHWR-010).

The details of a number of key inventory and engineering components are described
below.

Process Plant Rooms

The only detailed material sampling data available for the process plant rooms structure
in most areas was collected prior to decontamination of the rooms [58; 59]. The highest
activity measurements recorded in the secondary containment came from a single
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historical core taken in 2005 from Room 247 (Level 2) [60], an access area to the
primary containment. This yielded paint activities of 570 Bg/g 3H, 1,500 Bg/g **'Cs
and 10,000 Bg/g %°Co. In the underlying concrete *’Cs and %Co activities fell
significantly (2.1 Bg/g and 0.88 Bq/g, respectively); while 3H activities rose to as high
as 2,500 Bg/g in the 48-96 mm deep sample. Results from other radionuclides are much
lower and typically at the LOD. The *¥’Cs, %°Co and 3H profiles through this core are
shown in Figure 2.21. No attempt has been made to exclude the inventory associated
with the paint because some rooms are not yet decontaminated/are still in use and
decontaminated rooms may still include some paint; inclusion of the activity associated
with paint pre-decontamination will conservatively over-estimate the inventory where
a room has been decontaminated.

Different approaches to the derivation of the inventory for the process plant rooms have
been adopted depending on the circumstances of the individual rooms. The different
approaches are as follows:

e The ion chamber room (Room 247), LSD plant room (334) and neutron shield
plant room (516) each have historical cores from 2005 [45; 59] that are adopted
in the derivation of the inventory for each room. Fingerprint FP-003 (D60
Secondary Containment General Area) has been adopted for room 247 and FP-
028 (SGHWR Primary External Contamination) for room 334.

e The thorium store (431), formally the FCD plant room, was combined with the
deuterising plant room (427), waste sorting area (428), south transducer room
(429), and two element transducer room (432) when the walls in this area were
removed. An inventory for the floor and walls of the combined areas of rooms
428, 429, 431 and 432 has been derived from a pair of historical cores from the
FCD plant room [59] and FP-028. The floor area associated with the Room 427
is treated separately as this room was associated with the moderator process
areas and has elevated tritium contamination.

e For the north transducer loop room (332) and cluster loop transducer room (628)
there is no sampling data. The activity densities for the LSD plant room are
adopted as the source of contamination is the same (primary circuit) and the
LSD plant room is one of the more contaminated primary circuit process plant
rooms. A set of health physics monitoring surveys have been undertaken in
these rooms that did not identify any hotspots.

e The two element transducer room (432), and loop make-up room (723) were
designed as process plant rooms but did not house any active circuitry or
operations and therefore the potential for contamination is minimal. No
inventory has been derived for these rooms.

The two element loop room (611) and cluster loop room (612) are considered process
plant rooms but are located in the primary containment; the approach for these areas is
discussed in Section 2.12.
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Figure 2.21: 3H, ¥¥’Cs and %°Co activity profiles through an SGHWR secondary

containment concrete core from Room 247 (sample taken in 2005).
Samples at ~0 mm are paint. Depth indicates sample interval centre.
The dashed orange line indicates average activity in the concrete
samples only (i.e. excluding paint).

Moderator Process Areas

Given the history, provenance and available sampling data, the primary contaminant of
concern in these areas is tritium. During operations, the moderator circuit became
activated to form high concentrations of tritium, which would then be transferred to the

plantrooms in the secondary containment.
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As tritium is intrinsically linked to water, any loss of containment or spills led to tritium
contamination of the process area concrete floors and walls. Limited sampling and
analysis (typically one core per room) indicates significant ingress of 3H contamination
into the concrete of the ion exchange room (Room 336) and the deuterising plant room
(Room 427) [22; 61]. The highest activity levels were found in the deuterising plant
room where the average activity to a depth of 100 mm was 1,350 Bg/g ®H. Other
radionuclides are typically much lower in activity concentration with values commonly
approaching the LOD.

Different approaches to the derivation of the inventory for the moderator process rooms
have been adopted depending on the circumstances of the individual rooms:

e For the DO ion exchange room (Room 336), the walls, ceiling and floor of the
room are known to be made of barytes concrete. Sample data consist of a single
core through the south wall (into Room 334) with analysis undertaken to a depth
of 350 mm [45]. As the sample activity data are measured for barytes concrete,
the density of barytes concrete is adopted for the derivation of the inventory for
this room; fingerprint FP-030 is applied based on the SGHWR moderator
circuit.

e The deuterising plant room (Room 427) no longer exists, its walls having been
removed and the space merged into Room 431. However, the deuterising plant
room had a substantially different contamination profile to the surrounding
rooms, so a separate inventory has been derived for the floor area of the former
Room 427. The floor of the room is a 3” screed over barytes concrete (which
forms the roof of Room 336). Data are available from two cores of the screed
layer taken in 2019 [62]. The inventory is derived from the average activity of
these cores assuming the density of normal concrete; fingerprint FP-030 is
applied.

e The D20 hold-up tank room (formally Room 246) no longer exists and is now
part of the ion chamber room (Room 247). There are no cores targeting the
former D20 hold-up tank room specifically, but the average measured tritium
activity in Room 247 (1,855 Bq/qg) is higher than the average for either of the
other moderator process rooms; this suggests the Room 247 samples are
capturing tritium contamination associated with the moderator circuit. The
inventory for Room 246 is therefore included in the inventory estimate for
Room 247.

Primary Circuit Process Areas

The primary circuit process areas within the secondary containment were deplanted in
the Phase 1 decommissioning and a limited amount of concrete decontamination was
undertaken [22]. A number of the rooms in this group have been repurposed since
deplanting, and some will also be reused during the reactor core segmentation. A
number of approaches were taken to derive inventory contributions for the primary
circuit process areas:

e For the main pump pit (240), data consist of three concrete cores from January
2023 targeting oil spills [63] and a single historical core from 2005 [58]. The
2005 data were decayed to January 2023 and an inventory was derived from the
average activities of each radionuclide from all cores. Missing radionuclides
were derived from FP-003 (D60 General Area waste).
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e The inventory for the combined boiler feed pump area, POWDEX filter room
and feed heater valves (329/1, 329/2 and 329/3) is derived from three historical
cores from 2005 [58; 59] and two cores targeting oil spills from 2023 [63]. Only
the top 150 mm of core WA/SAMPLE/0949 has been included in the average
as it crosses into Room 330. The waste volume calculation assumes
contamination of both the floors and walls of the rooms; a pessimistic
simplification has been made that includes the walls of area 445 (which is above
329/1 and 329/2 and open to 329/3) in the waste volume calculation.

e An inventory is derived for the extract pump pit (328), which is within Room
329, from a single historical core from the pit [59]. Missing radionuclides were
derived from FP-003 (D60 General Area waste).

e The inventory for the Feed Heater Cell (Room 330) is derived from six floor
cores, two rubble samples and 16 chipping samples from the floor, wall and
plinths of the room [64]. Fingerprint FP-003 was used to derive missing
radionuclides.

e The inventory for the Phillips filter room (Room 326/2) has been derived from
two concrete cores taken in 2023 targeting oil spills [63]. Fingerprint FP-003
was used to derive missing radionuclides.

e There are no sample data for the Emergency Cooling Water (ECW) tank room
(446); activities have been assumed to be equal to those derived for the adjacent
Feed Heater Cell due to the proximity and shared source term (primary circuit).

e The characterisation of the deaerator tank room (922) consisted of six cores and
nine chipping samples [65]. The inventory was derived conservatively by
assuming contamination consistent with the worst-case sample. Fingerprint
FP-026 (off-gas beds) was used to derive missing radionuclides.

The Ancillary Cooling Water (ACW) system and the cooling water switch room are
considered primary circuit process areas but are located outside the secondary
containment; the approach for these areas is discussed in Section 2.15.

Pond Clean Up

Numerous operations were carried out in the pond clean-up areas, located on Level 2
of the building, in support of maintaining pond conditions and supporting operations.
Characterisation of the pond clean up rooms was completed in 2013 [66; 67]. Analysis
identified a wide range of activities and sub-fingerprints. The pond clean-up areas were
prone to hot spots of abnormal contamination profiles in terms of their radionuclide
ratios, likely associated with spills from specific operations [22]. Analytical results
have shown *¥’Cs to be the principal radionuclide of concern in the rooms, although 3H,
%0Co, *°Fe and ®*Ni were also identified. The extent of contamination ingress was
predominantly confined to the paint layer, with limited penetration into the concrete or
masonry beneath [22]. The pond clean-up areas were decontaminated after the 2013
sampling by scabbling. In decontaminated areas, sampled paint is excluded from the
derivation of average and maximum activities. The pond clean-up areas have been
surveyed using health physics instrumentation to ensure no hot spots of contamination
remain.

Fingerprint FP-018 was derived for the SGHWR pond clean up areas and used to
determine the activities of radionuclides missing from the analytical suite for each area.
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The activities for plutonium and curium isotopes were derived from the bulk alpha
activities based on the ratio of alpha emitting isotopes in FP-018. Similar inventory
derivation approaches are adopted for each of the individual rooms:

For the Fuel Transfer Facility (Room 222) and chemist store (225) the
inventories were derived from three cores for each room [66]. Following
decontamination, paint is assumed to be present on all of the walls but not the
floor.

For the pond clean up room (223), the inventory was derived from 20 cores [66].
Following decontamination, paint is assumed to be present on the entirety of the
east wall only.

For the filtration and ion exchange plant room (224) the inventory was derived
from three cores [66]; no paint is assumed to remain following decontamination.

For the Rig Plant room (228) the inventory was derived from six cores [66].
Paint is assumed to be present on the entirety of the walls but not the floor.

A separate inventory has been derived for the duct running from Room 224 to
228 from three cores taken from within the duct [66]. There is a crack in the
floor of the duct (located towards the west) which was identified as having
elevated contamination during the back-out survey. Further decontamination of
the area (scabbling of the floor) resulted in increasing contamination suggesting
that contamination has tracked and pooled within this crack. As the paint layer
was typical of surface contamination found within the floor, there is reasonable
supposition to extrapolate the contamination profile within the paint to that
within the crack. Therefore, an estimate of the activity within the crack based
on the specific activities of the nearby paint has been developed, pessimistically
assuming 1 m® of pooled paint.

Ventilation System and Support Areas

The ventilation system for the secondary containment was modified several times over
the years to support modified operations, in particular after Phase 1 decommissioning
to maintain containment. During operations the ventilation system would have been
exposed to contaminated gaseous streams from throughout the reactor operations.
Identified contamination associated with these areas is very low, approximately
2.5 Bg/g *'Cs, and largely confined to the paint [22, §8.8]. A number of the ventilation
system areas have been decontaminated. The approach to inventory derivation for the
ventilation system and support areas for the secondary containment was:

The off-gas beds (236) and off-gas plant (237), which were used to clean out-
going gases, were decontaminated to OoS. The fingerprint FP-026 (off-gas
beds) was derived from material prior to decontamination. Material sampling
consists of floor and wall cores from each room [68]. The alpha, Ni, Fe and Sr
results obtained for Room 237 were applied to Room 236. Each of these rooms
share a common source term and pathway/distribution mechanisms; therefore
extrapolating this data across both rooms is appropriate.

The inventory for the lower ventilation plant room (238) is based on a single
historical core [58]; missing radionuclides have been derived from FP-003 (D60
General Area waste). The associated airlock (221) is assumed to be clean.
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An inventory was derived for the ventilation plant and associated rooms on
Level 5, comprising the secondary containment cooler room (522/1, 522/2),
upper ventilation plant room (523, 524), V46 plant room (525), plenum and
recirculating fan (526), from cores and chipping samples [69]. Radionuclides
missing from the analytical suite were derived from Fingerprint FP-026. The
alpha, 2*'*Pu, Ni, Fe and Sr results obtained for Room 522/1 were applied to the
entire area.

The heat and vent plant room (842) is within the secondary containment but is
adjacent to, and associated with, the Climate Control Room (CCR) plant rooms
on Level 8 (which are outside the secondary containment). The inventory for
room 842 has been derived from the average activity data for the CCR plant
rooms. The approach and data used for the CCR plant are discussed in Section
2.15.

There is a single historical core from the floor of the input ventilation duct (726,
727), which received fresh air from outside and circulated it through into the
secondary containment [59]. The activity from this core was applied to the
concrete floor in both areas as well as the floor area of the recirculation
ventilation duct (728).

The remaining secondary containment ventilation system and support areas are
the Level 4 ventilation plant rooms, clean-up and filter beds (435-438). These
areas have not been characterised and an inventory has not been derived.

Some ventilation system areas are located outside the secondary containment; the
approach for these areas is discussed in Section 2.15.

Secondary Containment General Areas

This group comprises all open areas within the secondary containment, including the
turbine floor, walkways, high level structures, vehicle loading areas, access and exit
points and the steam labyrinth and pipe corridors. These did not generally support
process operations, but were exposed to the containment environment. Contamination
levels are generally very low across these areas. The approach for key rooms in this
group was as follows:

The inventory for the ponds access area (423) was estimated by assuming
uniform activity on the floor and walls derived from a single historical core [59].
The area of the pond covers (423/1) is neglected as these are made of metal and
are expected to be removed. Fingerprint FP-003 was used to derive missing
radionuclides.

The inventory for the vehicle unloading bay (433) was estimated assuming
uniform activity on the floor and walls equal to the average activities derived
from asingle historical core [59]. A bunded area in the unloading bay contained
some of the feed pipework and regulating valves for the reactor. The inventory
for the floor of the bunded area was derived separately from a historical core
targeting this component [59]. Fingerprint FP-003 was used to derive missing
radionuclides.

The inventory for the turbine floor (722) access area was derived by assuming
contamination on the floor only, as the space is open to the secondary
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containment. Activity data were derived from a single historical core [58] and
Fingerprint FP-003 was used to derive missing radionuclides.

e Room 827 (roof of neutron shield plant room) covers the majority of the top of
the primary containment. The inventory was derived from a single historical
core [58] assuming uniform contamination of the floor. The floor area taken up
by the charge machine platform has been included in the waste volume estimate.
Fingerprint FP-026 (off-gas beds) was adopted, as the primary contamination
pathway is expected to be exposure to the secondary containment atmosphere.

e The inventories for the roofs of the north and south suppression chambers (923
and 924) were derived from a single historical core from the roof of the north
suppression chamber [59]. The inventory was derived assuming uniform
contamination of the floor only as both areas are open platforms. Fingerprint
FP-026 (off-gas beds) was adopted, as the primary contamination pathway is
expected to be exposure to the secondary containment atmosphere.

A number of general containment and ancillary areas have not been characterised
and/or do not have an inventory derived as they are expected to have negligible
contamination.

Cofferdams

The SGHWR cofferdams surround the underground portion of the ponds and primary
containment structure (Figure 2.22). The cofferdams were originally built to allow
access for monitoring the below-ground structures in the vicinity of the ponds and
primary containment, but due to groundwater ingress an alternative monitoring regime
of sampling this groundwater was implemented [70, 81.1]. The voids are filled with
groundwater, the level of which depends upon the water table; the contact between the
cofferdams and groundwater makes them an important component for the end state.
The cofferdams have been filled with pea gravel to provide structural support.

Groundwater monitoring in the cofferdams commenced in the early 1990s. In 1994 the
groundwater in the cofferdams was found to contain elevated levels of tritium at
concentrations of 1.3, 2.1 and 4.1 Bg/g in Cofferdams 130, 132 and 139 respectively
[70]. By 2004 these activity concentrations had dropped to 0.05, 0.21 and 0.76 Bg/g
respectively.

Selected cofferdams were sampled during 2005 [71] and 2013 [70; 72]. During 2005
cores were drilled from the walls of selected cofferdams (130, 132, 135, 139 and 142),
targeting cofferdams where the groundwater had been observed to have elevated tritium
and gross beta activities. A layered analysis was carried out on the cores, with total
core depths varying between 105 mm and 320 mm. The 2013 sampling campaign,
which collected sediment and water samples, adopted a pessimistic sampling strategy;
targeting the same set of dams targeted in the 2005 campaign as well as an additional
dam (144) in order to ensure at least two cofferdams were sampled on each side of the
building [70].
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Figure 2.22: Locations of the SGHWR cofferdams (red) and delay and sludge tank
rooms (yellow) on Level 1. Plans are orientated such that north side is
at the bottom of the figure. Adapted from [53, Sheet 2].

Tritium, 2®U and gamma spectroscopy were commonly reported across the two
sampling dates. The inventory for these radionuclides comprises three distinct data
groups: data from the cofferdams grouped along the north (numbers 140 — 144), east
(134 —139) and south (129 — 133, and 145) sides. Adjacent cofferdams are interlinked
by 6” pipework at the base; therefore, a degree of homogeneity of more mobile
radionuclides between cofferdams is expected. Results have been extrapolated to the
unsampled cofferdams.

During 2013 additional alpha and beta analysis was undertaken for >°Fe, 14C, 8Ni, %S,
234Y/2%8U, Pu and Cm, but was limited to the sediment from one cofferdam (number
132). Results were all at LOD except for ®Sr (0.036 Bg/g), **U (0.00528 Bg/g) and
238 (0.00476 Bqg/g). The results of these radionuclides were then conservatively
applied to the remaining coffer dam structures.

Measured contamination levels in the cofferdams are very low, with maximum
activities recorded for ®H of 9.2 Bg/g (2005) in a brick sample from cofferdam 6 and
3.6 Bg/g *'Cs (2013) in a sediment sample from cofferdam 142.

With the exception of tritium, the majority of the activity is located in the sediment and
in the top segment of the cores only (top 50 to 70 mm). The component activity has
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been derived from the average of all samples for the grouped cofferdams, including
sediment samples. No specific contamination fingerprint for the cofferdams has been
derived. However, it is assumed that the SGHWR ponds fingerprint (FP-034) is
appropriate as it is possible that contamination in the cofferdams originated via ingress
from fractures in the pond walls®3. The resulting activity concentrations at the inventory
reference date of 01/01/27 for the north, south and east cofferdam groups are presented
in Table 2.24.

The top 200 mm of the concrete or brick walls of each cofferdam is assumed to be
uniformly contaminated over the full height (6.28 m for all south cofferdams, 8.69 m
for east and north cofferdams). Brick and concrete surface areas were derived from
building plans. The pea gravel within the cofferdams, which is expected to remain in-
situ, is assumed to be clean as discussions with plant staff indicate that it was added to
the cofferdams in 2017, after contamination ingress.

Table 2.24: The maximum and average activities for the North, South and East
Cofferdams at the inventory reference date of 01/01/2027.
North Cofferdams South Cofferdams East Cofferdams
Radionuclide activity (Ba/g) activity (Ba/g) activity (Bg/qg)
Average | Maximum | Average | Maximum | Average | Maximum
°H 2.58E-01 | 8.32E-01 | 5.03E-01 | 1.37E+00 | 4.81E-01 | 2.73E+00
1“C 2.26E-02 | 3.03E-02 | 5.14E-03 | 5.19E-03 | 4.15E-03 | 5.29E-03
187Cs 5.16E-01 | 2.61E+00 | 7.88E-02 | 8.45E-01 | 5.81E-02 | 4.14E-01
*Co 4.06E-07 | 5.23E-07 | 2.68E-07 | 4.18E-07 | 5.07E-07 | 8.37E-07
Co 1.79E-02 | 6.69E-02 | 2.58E-03 | 6.50E-03 | 2.92E-03 | 6.50E-03
241Am 7.86E-03 | 3.54E-02 | 3.26E-03 | 8.35E-03 | 3.99E-03 | 7.30E-03
%Nb 2.15E-03 | 2.30E-03 | 7.90E-04 | 8.00E-04 | 2.16E-03 | 3.50E-03
125G 7.18E-04 1.14E-03 4.73E-04 6.07E-04 5.96E-04 1.02E-03
152Ey 2.39E-03 | 2.78E-03 | 1.45E-03 | 1.87E-03 | 2.29E-03 | 3.36E-03
134y 1.15E-03 | 1.20E-03 | 5.77E-04 | 9.03E-04 | 1.11E-03 | 1.76E-03
5Eu 1.63E-03 | 2.42E-03 | 7.49E-04 | 9.80E-04 | 2.31E-03 | 3.46E-03
*Fe 4.25E-03 4.25E-03 4.25E-03 4.25E-03 4.25E-03 4.25E-03
&Ni 3.58E-02 | 3.58E-02 | 3.58E-02 | 3.58E-02 | 3.58E-02 | 3.58E-02
0Sr 2.60E-02 | 2.60E-02 | 2.60E-02 | 2.60E-02 | 2.60E-02 | 2.60E-02
241py 2.53E-02 | 1.14E-01 | 1.05E-02 | 2.69E-02 | 1.29E-02 | 2.36E-02
234y 5.28E-03 | 5.28E-03 | 5.28E-03 | 5.28E-03 | 5.28E-03 | 5.28E-03
2%y 4.86E-03 | 1.00E-02 | 8.16E-03 | 2.00E-02 | 9.90E-03 | 2.00E-02
236y 4.86E-03 | 1.00E-02 | 8.16E-03 | 2.00E-02 | 9.90E-03 | 2.00E-02

13 An explicit contamination pathway has not been confirmed for the cofferdams. Alternatively to
contamination from the ponds, it has also been suggested that the contamination may have migrated
into the cofferdams from outside the SGHWR, possibly from the EAST/ALES effluent drawpits.
However, using the ponds fingerprint is conservative.
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North Cofferdams South Cofferdams East Cofferdams
Radionuclide activity (Bag/g) activity (Bag/g) activity (Bag/g)

Average | Maximum | Average | Maximum | Average | Maximum

238y 4.76E-03 | 4.76E-03 | 4.76E-03 | 4.76E-03 | 4.76E-03 | 4.76E-03
238py 1.22E-03 | 1.22E-03 | 1.22E-03 | 1.22E-03 | 1.22E-03 | 1.22E-03
2%y 297E-04 | 297E-04 | 2.97E-04 | 2.97E-04 | 2.97E-04 | 2.97E-04
240py 242E-04 | 2.42E-04 | 2.42E-04 | 2.42E-04 | 2.42E-04 | 2.42E-04
242py 1.10E-04 | 1.10E-04 | 1.10E-04 | 1.10E-04 | 1.10E-04 | 1.10E-04
23Cm 1.20E-06 | 1.20E-06 | 1.20E-06 | 1.20E-06 | 1.20E-06 | 1.20E-06
244Cm 4.65E-05 | 4.65E-05 | 4.65E-05 | 4.65E-05 | 4.65E-05 | 4.65E-05
242Cm/ ®2Cf | 1.92E-05 | 1.92E-05 | 1.92E-05 | 1.92E-05 | 1.92E-05 | 1.92E-05
Total 9.48E-01 | 3.80E+00 | 7.06E-01 | 2.39E+00 | 6.74E-01 | 3.33E+00

Effluent, Delay and Sludge Tanks

The Effluent, Delay and Sludge tanks rooms were characterised in 2016 [73; 74].
Notable activities include up to 91 Bg/g **'Cs, 30 Bg/g ®°Co and 22 Bg/g ®Ni in a
shallow 0-20 mm sample from a concrete core from the Effluent Vault (Room 124).
Activities measured in 20-70 mm samples were much lower. No data were obtained
from the No. 3 Delay Tank Room (Room 125) so the data for the adjacent Delay and
Sludge Tank room (Room 126) were used given the similar contamination pathway.
The characterisation data and waste volume estimates are captured in [75].

An additional two cores were taken in January 2023 in Room 124 targeting oil spills
[63]; these cores measured lower activities than the 2016 cores (the average decay-
corrected activity for 2016 cores was 1.2 Bg/g, whereas the total activity in the 2023
cores was <0.5 Bg/g). The 2023 cores were conservatively neglected in the derivation
of the inventory.

Process knowledge indicates that the major contributor to contamination in the delay
tanks would have been the moderator system. However, in addition, any process liquid
from across the system could have been disposed of to the active drains. Therefore, all
potential radiological and chemical contaminants could be of concern [22]. As such
the D60 General Area Waste Fingerprint (FP-003) is considered the most applicable in
this area.

The delay tank rooms (125 and 126) have a unique basal floor elevation (see
Section 2.17.2). The location of these two rooms on Level 1 is indicated in Figure 2.22.
The estimated maximum and average activity for room 126 are presented in Table 2.25.
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Table 2.25:  Maximum and average activity and inventory based on average activity
for the delay and sludge tank room (Room 126). The disposal inventory
for the No. 3 Delay Tank Room (Room 125) is also shown, based on the
average activity for Room 126. Presented for an inventory reference

date of 01/01/2027.

Radionuclide Maximum Room 126 [Bg/g] | Average Room 126 [Bq/g]
*H 4.50E+00 2.53E+00
1C 1.40E+00 3.85E-01

BICs 4.03E+01 1.24E+01
%Co 2.14E+00 4.24E-01
21Am 2.06E-02 9.84E-03
*Fe 5.27E-02 2.63E-02
BN 1.30E+01 6.53E+00
05y 1.56E-01 9.94E-02
241py 1.83E-01 1.40E-01
®Tc 4.53E-02 1.39E-02
129 9.72E-02 2.99E-02
23y 5.00E-03 4.57E-03
24y 1.20E-02 9.71E-03
25y 6.00E-04 4.86E-04
238y 1.20E-02 8.71E-03
238py 5.53E-03 4.74E-03
29py 9.36E-03 4.40E-03
240py 7.63E-03 3.59E-03
242py 5.00E-03 5.00E-03
28Cm 1.74E-04 4.33E-05
24Cm 6.61E-03 1.64E-03
282Cm/ %2Cf 6.89E-05 5.51E-05
Total 6.20E+01 2.26E+01

Condenser Cell

The condenser cell (Room 241), highlighted in yellow in Figure 2.23, housed the
condenser where primary circuit water was condensed after passing through the turbine.
The base slab of the condenser cell is much thicker (2.74 m) than the majority of the
rooms on this level (which are generally no more than 0.53 m thick).

The inventory is based on a set of five cores and five wall chippings from the room
[76]. The highest measured activity was 3’Cs with 250 Bg/g in one core sample. The
remaining highest activities were measured for tritium (18 Bg/g), *°Sr (5.6 Bg/g), **C
(3.1 Bg/g) and ®3Ni (1.9 Bg/g). Remaining radionuclides were at or close to LOD in all
samples. Almost all contamination was confined to the top 20 mm of the cores, with
the exception of tritium which was measured at elevated activities (2-3 Bg/g) in the
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deepest core segments. Fingerprint FP-046 (condenser cell) was derived specifically
for this component.

The inventory is derived for the condenser cell assuming the average activity of samples
and a contamination depth of 50 mm for the floor and walls of the room. The average
and maximum activities for the condenser cell at the inventory reference date of
01/01/2027 are presented in Table 2.26.

Figure 2.23: Location of the steam labyrinth and feedpipe corridors (red), raised sub-
area (blue) and condenser cell (yellow) on Level 2. Adapted from [53,
Sheet 3].

Galson Sciences Ltd & NNL Page 96 of 315 17 December 2024

OFFICIAL



OFFICIAL

1624-10
Version 2

Table 2.26: Maximum and average activity for the condenser cell (Room 241).
Presented for an inventory reference date of 01/01/2027.

Radionuclide Average [Bg/g] Maximum [Bg/g]
°H 5.86E+00 1.06E+01
1“c 1.16E+00 3.10E+00

BICs 3.14E+01 2.01E+02
%Co 9.02E-02 2.32E-01
241Am 1.10E-02 1.10E-02
*Fe 3.69E-02 5.53E-02
Ni 5.61E-01 1.78E+00
gy 5.75E-01 4.46E+00
241py 3.17E-01 3.17E-01
23y 5.00E-03 5.00E-03
z4y 6.10E-03 8.00E-03
25y 5.00E-03 5.00E-03
238y 5.90E-03 7.00E-03
238py 4.64E-03 4.64E-03
239py 2.75E-03 2.75E-03
240py 2.24E-03 2.24E-03
242py 5.00E-03 5.00E-03
283Cm 9.59E-05 1.60E-04
24Cm 3.68E-03 6.14E-03
282Cm/ 2Cf 4.25E-04 4.25E-04
Total 4.00E+01 2.22E+02

Steam Labyrinth

The steam labyrinth and feedpipe corridors (Room 243) contained the main steam and
feed pipes between the reactor and the turbine. Most of the floor area is at the
133 6” mAOD level and is located above the primary containment basement (Room
111) and the effluent vault (Room 124). A raised area on the west side of the room is
partially founded on ground and partially underlain by weak concrete up to 5 m thick
[21]. The location of the steam labyrinth and the raised area are presented in
Figure 2.23.

Characterisation consists of two concrete cores analysed in January 2023 targeting oil
spills [63] and two historical cores from 2005 [45]. The data suggest that the majority
of the contamination is confined to the paint; the maximum measured 3’Cs activity was
550 Bg/g in a paint sample in one of the 2005 cores. The maximum 3¥’Cs activity
measured in the concrete was 0.37 Bg/g in one of the 2023 cores. The exception is
tritium, which is observed in all segments of the 2005 concrete cores with an average
activity of 11.6 Bg/g (tritium was not analysed for in the 2023 cores). To derive an
inventory for Room 243, the 2005 core and paint data was decayed to January 2023 and
the disposal inventory derived from the average activity of both sets of cores. Missing
radionuclides were estimated using Fingerprint FP-003 (D60 General Area waste).
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The waste volumes for Room 243 are estimated from the total area of the floor and
walls, assuming a concrete contamination depth of 150 mm and a paint thickness of
1 mm. The maximum and average activities for paint and concrete are presented in
Table 2.27.

Table 2.27: Maximum and average activities for paint and concrete in the steam
labyrinth and pipe corridors (Room 243). Presented for a reference date

of 01/01/2027.
_ _ Room 243 Paint Room 243 Paint Room 243 Room 243
Radionuclide — Average _ Max [Ba/g] Concrete — Concrete — Max
[Ba/g] Average [Ba/g] [Ba/g]
*H 3.16E+00 4.45E+00 3.44E+00 6.24E+00
1C 7.38E+00 1.47E+01 2.69E-03 1.49E-02
B1Cs 1.68E+02 3.35E+02 6.13E-02 3.39E-01
Co 2.79E-09 4.81E-09 1.63E-06 7.71E-06
%Co 7.05E+00 1.41E+01 2.69E-03 1.28E-02
21Am 5.19E-01 8.70E-01 1.00E-01 1.08E-01
%Nb - - 5.50E-04 6.80E-04
125gh - - 2.45E-03 2.75E-03
152y 2.05E+00 3.31E+00 1.56E-02 3.31E-02
B4EY 4.40E-01 7.36E-01 3.47E-03 6.31E-03
»Fe 2.18E-01 4.34E-01 8.29E-05 3.96E-04
SN 3.53E+01 7.04E+01 1.35E-02 6.43E-02
0gr 9.48E+00 1.89E+01 3.46E-03 1.91E-02
241py 1.70E+00 2.86E+00 3.29E-01 3.54E-01
®Tc 1.89E-01 3.77E-01 6.90E-05 3.82E-04
1291 4.05E-01 8.07E-01 1.48E-04 8.18E-04
24U 1.97E+01 3.38E+01 1.23E-01 2.99E-01
2%y 1.51E+00 2.60E+00 9.47E-03 2.30E-02
238y 1.62E+01 2.77E+01 1.01E-01 2.45E-01
238py 1.39E-01 2.33E-01 2.68E-02 2.88E-02
239y 1.59E-01 2.67E-01 3.08E-02 3.31E-02
240py 1.30E-01 2.18E-01 2.51E-02 2.70E-02
23Cm 1.79E-04 3.00E-04 3.45E-05 3.72E-05
244Cm 8.81E-03 1.48E-02 1.70E-03 1.83E-03
26Ra 6.34E+00 1.09E+01 4.25E-02 8.52E-02
0K 1.19E+01 1.70E+01 1.60E-01 3.00E-01
Total 2.92E+02 5.60E+02 4.50E+00 8.24E+00

Other
Other areas within the secondary containment for which an inventory was derived are:
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e Waste sorting area (227) and black drum store (230), for which there is a single
historical core each [58]. FP-003 (D60 General Area waste) was applied to
derive missing radionuclides.

e The inventory for “area below dirty oil tank” (Room 242) is derived from two
concrete cores analysed in January 2023 targeting oil spills [63]. Fingerprint
FP-003 used to derive missing radionuclides. No paint was assumed as it is
absent from the samples.

e Inventories were derived for the pipe corridors (321) and transverse cable tunnel
(322) assuming uniform contamination on the floor and walls derived from
historical sampling data for each room [58; 59]. Two cores were also taken
from the pipe corridors in January 2023 targeting oils spills [63]; the maximum
activity for the 2023 cores was 0.7 Bqg/g, which is lower than the average activity
of 2.8 Bg/g for the decay-correlated historical cores. The 2023 data were
conservatively neglected for the derivation of the inventory. Missing
radionuclides were derived using fingerprint FP-003.

e Sample data from eight cores, containing both fibreglass and concrete samples
[69], were obtained for the Maintenance and Decontamination Pit (520). The
fingerprint FP-038 (Maintenance and Decontamination Pit) was derived
specifically for this room.

e The delay tank pump room (231) is directly above the delay tank room and is
characterised by only a single historical core [58]. Activities in this core are
substantially lower than the tank rooms themselves, although a similar
contamination profile is evident. Fingerprint FP-003 was applied to this room,
consistent with the approach taken for the delay tank room.

e Areas on Level 8, including the instrument active workshops (836 and 837),
health physics store (838) and corridor (840), chart rooms (841 and 844), store
room (845) and hoist well (846), have been decontaminated. Characterisation
data consists of one core from Room 836 and chipping samples from 836, 837,
840, 842, 844 and 835 [77]. The remaining contamination is very low. The
inventory for the grouped rooms was derived from the average activity of the
sample data and using Fingerprint FP-026 (off-gas beds).
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2.13.3 Inventory Estimate

Maximum and average radionuclide activity concentrations and a radionuclide
inventory based on the average activity concentration have been derived for the
secondary containment structure based on:

e The known and assumed physical attributes of the contaminated structure,
including material densities (Table 2.6) and room surface areas ([14] and
underlying references).

e The available radionuclide characterisation data from the structure, as collated
in [14].

e The relevant fingerprints presented in Section 2.5.

e Assumed depths of penetration of contamination into the building fabric.

e The proportion of the secondary containment below 40.6 mAQOD (the assumed
demolition datum), which is assumed to comprise Levels 1-3 of the existing
structure.

The inventory for the SGHWR secondary containment structure is developed from the
above data in [14] and underlying references. Maximum and average activity
concentrations and an estimate of the radioactive inventory based on average activity
concentrations are presented in Table 2.28.

Galson Sciences Ltd & NNL Page 100 of 315 17 December 2024

OFFICIAL



OFFICIAL

1624-10
Version 2
Table 2.28: SGHWR secondary containment in-situ disposal inventory, including
maximum and average activity concentrations, and a disposal inventory
based on the average activity concentrations. An alternative inventory
based on the maximum activity concentration for each component
within the secondary containment is also presented (see discussion in
Section 2.12.4). Presented for a reference date of 01/01/2027.
. . Maximum Disposal Alternative
ReaemieliEt: [Bg/o] e ] InventoFr)y [MBq] | inventory (MBQ)
°H 7.42E+02 1.33E+01 5.60E+04 8.00E+04
4C 4.01E+01 1.03E-01 4.35E+02 1.55E+03
134Cs 1.95E-02 2.52E-05 1.06E-01 2.81E-01
187Cs 9.14E+02 1.46E+00 6.14E+03 3.91E+04
Co 2.24E-05 1.47E-06 6.17E-03 1.42E-02
%Co 5.86E+02 8.16E-02 3.44E+02 1.06E+03
241 Am 1.01E+01 2.97E-02 1.25E+02 2.38E+02
%Nb 1.70E-01 5.98E-04 2.52E+00 3.67E+00
1255 2.07E-02 4.78E-04 2.01E+00 3.21E+00
152y 2.78E+01 1.40E-02 5.88E+01 9.43E+01
B4Ey 3.51E+00 2.86E-03 1.20E+01 1.84E+01
ey 7.55E-02 7.28E-04 3.06E+00 5.02E+00
SFe 1.81E+01 7.33E-03 3.09E+01 4.74E+01
&Ni 2.93E+03 1.04E+00 4.40E+03 8.38E+03
0Sr 5.15E+01 3.52E-02 1.48E+02 4.61E+02
241py 9.88E+00 8.98E-02 3.78E+02 5.00E+02
“Tc 1.03E+00 7.16E-04 3.01E+00 1.18E+01
129] 2.20E+00 1.53E-03 6.46E+00 2.52E+01
23y 6.00E-03 4.00E-04 1.68E+00 1.84E+00
24y 8.84E+01 8.50E-02 3.58E+02 6.35E+02
235y 6.80E+00 8.90E-03 3.75E+01 6.62E+01
236y 2.00E-02 1.48E-03 6.22E+00 1.34E+01
238y 7.25E+01 7.01E-02 2.95E+02 5.23E+02
238py 3.15E+00 8.33E-03 3.51E+01 6.54E+01
2%y 3.56E+00 9.21E-03 3.87E+01 7.33E+01
240py 2.89E+00 7.50E-03 3.16E+01 5.97E+01
242py 5.00E-03 4.42E-04 1.86E+00 1.86E+00
282Cm* 2.19E-09 9.73E-11 4.09E-07 4.20E-07
23Cm 4.19E-03 1.38E-05 5.79E-02 1.21E-01
24Cm 2.14E-01 6.40E-04 2.69E+00 5.59E+00
22Cf* 4.25E-04 1.43E-05 6.03E-02 6.60E-02
226Ra 2.77E+01 3.85E-02 1.62E+02 3.14E+02
0K 7.00E+01 1.51E-01 6.35E+02 1.24E+03
Sum 5.62E+03 1.65E+01 6.97E+04 1.35E+05

*  22Cm and 2°2Cf originally reported as a combined activity. For the purpose of this inventory estimate,
it is conservatively assumed that the individual activity of both radionuclides is equal to the reported
combined activity at the time of analysis.

Galson Sciences Ltd & NNL

Page 101 of 315

OFFICIAL

17 December 2024



OFFICIAL

1624-10
Version 2

2.13.4 Sensitivity Analysis and Further Characterisation

The main source of uncertainty for the inventory derived for the secondary containment
is the adequateness of the characterisation data (INV-SGHWR-006). Many rooms are
only characterised by a single core and almost all rooms do not have a statistically
representative set of samples (instead relying on plant and process knowledge to target
areas of known or suspected contamination, an approach that can bias datasets). The
derived inventory assumes that the samples can be treated as representative, scaling the
average activities of the samples to derive the activity of each room. These are likely
to be conservative assessments.

The alternative inventory for this area instead adopts the maximum activity measured
for each radionuclide in each inventory contribution for each component (generally
paint and concrete for each room) and assumes this will be representative of the overall
activity of the contribution. The alternative inventory is presented in Table 2.28. The
inventory based on the maximum activities is 133,000 MBq, approximately twice that
of the inventory based on the average activities. The activities of most radionuclides in
the alternative inventory are approximately double that in the reference inventory; the
largest increase is that of 1*’Cs which increases by a factor of 6.4. The large increase
in B¥7Cs activity is driven by the sampling of 3'Cs hotspots in concrete in the condenser
cell and pond clean up areas.

A substantial dataset is available for the secondary containment as a whole, although
there is considerable variation in the amount of characterisation data for each
component. Limited data for a component typically occurs where there is an
expectation of low contamination due to process history, with targeted characterisation
for expected contamination areas. As such, additional characterisation data will help
to refine the inventory, but is not expected to be inconsistent with the overall estimate
presented here.

2.14 Ponds
2.14.1 Feature Description

There are three distinct types of ponds within the SGHWR reactor:
e Fuel element ponds for the storage of spent fuel prior to off-site transport.

e Dump ponds used to condense steam that had been ‘dumped’ from the primary
circuit in the event that pressure release valves on the steam drums were tripped.

e Suppression ponds, designed to condense any steam produced during a loss of
coolant accident and in the event of reactor trips on the primary circuit.

The location of these ponds, which are adjacent to the primary containment, is
illustrated in Figure 2.24. Although areas within the ponds facility are all inter-
connected, the source term varied depending on the pond in question (i.e. primary
circuit for the dump and suppression ponds, and spent fuel for the fuel element pond).
Therefore it can be expected that there will be variations within the type and amount of
contamination between different ponds.
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Figure 2.24: SGHWR Ponds on Level 1, comprising North Centre Dump Pond (112);
South Centre Dump Pond (113); Fuel Element Transfer Tunnel (120);
North Suppression Pond (121); Fuel Element Pond (122); and South
Suppression Pond (123). From [53, Sheet 2].

The ponds were in use throughout the SGHWR operating life and are known to be
relatively highly contaminated. The ponds were emptied after transfer of fuel ceased
and drained between 2003 and 2005 [78]. A limited cleaning operation was completed
using water jetting and decontamination agents prior to fixing remaining contamination
using a waterproof paint. The ponds’ concrete and fibreglass liners will remain in-situ
at the IEP. An inspection in 2014 found some areas of the paint and fibreglass layer to
be peeling. A number of joints and cracks have been identified in the pond walls and
floor. Dimensions of the contaminated pond structure are presented in Table 2.29 and

Table 2.30.
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Table 2.29:  Dimensions of pond floors, where length is defined as the long axis [83].

Pond Length [m] Width [m]
Fuel Element Pond (122) 22.9 4.9
North Suppression Pond (121) 7.3 7.2
South Suppression Pond (123) 7.3 7.2
North Centre Dump Pond (112) 95
South Centre Dump Pond (113) 95
Fuel Transfer Tunnel (120) 95 15

Table 2.30:  Dimensions of pond walls [83].

Pond Perimeter [m] Height [m]*
Fuel Element Pond (122) 55.6 10.7
North Suppression Pond (121) 29 10.7
South Suppression Pond (123) 29 10.7
North Centre Dump Pond (112) 23 10.7
South Centre Dump Pond (113) 23 10.7
Fuel Transfer Tunnel (120) 22 10.7

*10.7 m represents the maintained pond liquor level.

2.14.2 Origin and Constraints on Radiological Inventory

A significant characterisation programme was completed for the SGHWR ponds in
2016 [79; 80; 81] comprising 17 cores from pond floor areas and 126 wall cores with
associated health physics monitoring. The aims of the programme were to determine
the distribution of contamination between the fibreglass liner and underlying bulk
material, the depth and type of contamination ingress into the bulk material, and to
assess the variability in contamination levels at varying elevations above the pond floor.

Many of the highest activities from the ponds characterisation programme were found
in a painted fibreglass sample in a single core (core 5) from the floor of the Fuel Element
Pond. Above LOD results from this sample are presented in Table 2.31 and selected
results are presented in Figure 2.25 along with the underlying concrete samples from
core 5. The results show that the bulk of the contamination is held within the 3-mm-
thick fibreglass liner, orders of magnitude higher than that in the concrete beneath the
liner. The dominant radionuclides in the fibreglass sample are *’Cs and %°Sr, with
approximately equal activities. The tritium has a different distribution along the core
length compared to other radionuclides, with relatively constant levels measured
through the core depth and with a slightly lower fibreglass activity. This was observed
across the ponds with pond floor tritium concrete averages ranging from 1.93 Bg/g in
the 50-100 mm interval from the Dump Ponds to 2.65 Bg/g in the 0-50 mm interval
from the Fuel Transfer Tunnel. This contrasts to fibreglass tritium activity levels of
0.48-0.55 Bqg/g. Variation in activities across the Fuel Element Pond suggests
contamination is distributed heterogeneously [79].
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Other pond floors were found to have much lower total activities than the Fuel Element
Pond. The floor beta/gamma activity fingerprint was found to vary from pond to pond
with %Sy, 1¥’Cs and 2*'Pu dominating in the Fuel Element Pond, *’Cs, ®Co and %Ni
within the Fuel Transfer Tunnel and Dump Ponds, and **’Cs, 83Ni and °°Sr within the
Suppression Ponds [79].
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Figure 2.25: ¥'Cs, 241Am, %Sr, **Eu and *H activity profiles through SGHWR Fuel
Element Pond core 5 [81]. Samples at ~0 mm are paint/fibreglass,
depths beyond that are concrete. Depth indicates sample interval centre.
LOD values have hollow symbols.
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Table 2.31:  Above limit of detection results (Bg/g) from fibreglass sample D60/SEC/CON/122 taken from the floor of the SGHWR Fuel

Element Pond [83].

Gross Gross 3 137 60 241 154 155 90 241 239p /240 239 240
Alpha Beta hi Cs Co Am Eu Eu Sr Pu Pu/?°Pu Pu Pu
D60/SEC/CON/122 340 11,000 0.3 3,700 1.9 160 13 1.6 3,650 | 896 162 89.19 | 72.81
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Alpha contamination (principally 2*!Am and Z°Pu/?*°Pu) was found to be largely
restricted to the fibreglass layer with the highest specific activities in the Fuel Element
Pond Floor (126.95 Bg/g). Beneath the fibreglass much lower activities (~0.04 —
0.18 Bg/g) were recorded.

Construction joints and cracks within the floor were intended to be targeted for
sampling. Visible cracks were evident in a screed layer beneath the fibreglass but on
removal of the screed were found not to propagate into the underlying base slab [79].
Health physics monitoring also showed background doses at the intersection of the
screed cracks with the base slab. There was difficulty in locating floor construction
joints even following removal of the overlying screed in the areas to be sampled. Where
the screed was removed, health physics monitoring again showed background doses
indicating contamination had been held up in the fibreglass layer and screed.

On the pond walls contamination is again located primarily in the fibreglass liner with
the highest beta/gamma activities found in the Fuel Element Pond (maximum 790 Bg/g)
and lowest levels in the north centre dump pond (0.6 Bg/g). Beta/gamma activity was
found to be dominated by **’Cs. Beneath the fibreglass beta/gamma activity is
considerably reduced, with a range between LOD and 7.4 Bqg/g in the upper 50 mm and
generally LOD levels in deeper samples. Alpha activity follows a similar pattern with
maximum specific activity of 340 Bqg/g in the fibreglass (Fuel Element Pond) falling to
or near LOD (generally ~0.2 Bg/g) in the underlying concrete. Tritium was found to
be relatively evenly distributed throughout the walls with lowest levels in the fibreglass
(0.3-0.8 Bg/g), rising slightly in the 0-50 mm section (0.9-1.9 Bg/g) and generally
falling slightly in the 50-200 mm section.

It is generally observed across the ponds that °°Sr is either dominant or at a similar
activity to $¥’Cs in the very active fibreglass samples (hotspots) but that considerably
less °°Sr than '¥’Cs is present in the lower activity fibreglass samples and in the
concrete. The discrepancy is likely due to the higher relative mobility of *’Cs which
results in greater diffusion of this radionuclide away from its source. Although it is
likely that *¥'Cs and °°Sr would have been released in relatively similar quantities, it is
found that *3’Cs is the dominant radionuclide in the inventory. The apparent overall
discrepancy between the 3’Cs and °Sr activities in the inventory may be partially a
consequence of the cleaning operations undertaken during the decommissioning of the
ponds which could credibly have removed relatively more *°Sr than *’Cs due to %°Sr
being more concentrated in hotspots and generally less dispersed than 3’Cs.

Wall construction joints were cored at intersections between vertical and horizontal
joints, close to the pond floor where hydrostatic pressure would have been greatest.
However, analysis showed only low levels of contamination comparable to the cores
targeting bulk concrete from the pond walls.

Several wall cracks are visible on the external walls of the Fuel Element and
Suppression Ponds with white efflorescence and elevated dose rate (several 100 cps)
indicating a degree of contaminant migration through the walls. Cores targeting these
cracks found that the bulk of the contamination is attributable to *’Cs with activities
between 14.5-64 Bg/g on Level 2 and 3.2 Bg/g on the external wall of the Fuel Element
Pond on Level 3. All other beta/gamma and alpha emitting radionuclides were below
0Oo0S. Tritium was found to be uniformly distributed (2.3 Bg/g to 3 Bg/g). It is noted
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that the extent of cracking is difficult to assess due to the fibreglass liner on the pond
internal walls and a lack of access to many of the ponds external walls.

Fingerprint FP-034 was derived specifically for the SGHWR Fuel Ponds [82]; this
fingerprint is presented in Table 2.4 and was used to derive missing radionuclides from
the sample data.

2.14.3 Inventory Estimate

The assumed depths of contamination for components in the ponds area are captured in
Table 2.32; their derivation is discussed below.

Table 2.32:  Assumed depth of contamination penetration into SGHWR ponds
materials [83].

Material Depth [mm]
Concrete (walls and floor) 200
Concrete (construction joints, effective
- 21.6
width)
Concrete (cracks, effective width) 43.2
Paint Captured in fibreglass data
Fibreglass 3

The volumes of contaminated pond wall and floor materials were calculated using
engineering plans to determine the surface area and assuming the fibreglass layer to be
3 mm thick, with the remaining activity held within the top 200 mm of underlying
concrete [79; 83].

Evidence from the sampling suggests a lack of contamination in floor construction
joints, while in contrast elevated contamination levels are observed in the wall
construction joints. The lack of contamination in the floor construction joints might be
attributed to the additional overlying layer of screed separating them from the pond
water that was not present on the walls.

An estimate of the total contamination inventory associated with the wall construction
joints was derived by assuming that the elevated contamination associated with the
construction joints is localised within a thin plane in the joint itself running the full
width of the associated wall. The length and width of the construction joints planes
were derived from engineering plans. An example of the distribution of construction
joints and cracks in the Fuel Element Pond (122) east wall is presented in Figure 2.26.
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Figure 2.26: Schematic of Fuel Element Pond (122) east wall construction joints and
cracks [83].

The measured activity concentrations are an average value over the volume of the
cylindrical core taken. To derive the activity associated with a construction joint plane,
which is assumed to be concentrated in a thin layer, it is therefore necessary to adopt
an “effective width” that can be used to derive a waste volume from the known surface
area of construction joints, which maintains the same ratio of (assumed) contaminated
to uncontaminated material as in the cores. The effective width, d.,tam, fOr a plane
of contamination is equal to the volume of the core, V,,,., divided by the surface area
of the plane sampled by the core, A ontam- FOr a core of radius 7,,,. and length I.,,
which is positioned such that the axis is on the plane of contamination:

2
Vcore _ T[rCO‘l"e lcore _ T[rCO‘l"e

dcontam -

Acontam erOT‘e lcore 2

A diagram of a core relative to the assumed plane of contamination and the relevant
dimensions is shown in Figure 2.27.

For construction joints, the cores are taken at the intersection of two planes and so the
area of plane sampled is doubled and d . ntqm = % Given the core radius of
27.5 mm, an effective width of 21.6 mm is derived for the construction joints. This
value is multiplied by the area of the construction joint planes to derive a waste volume
to which the average activity of the cores can be applied. Activities from the Fuel
Element Pond construction joint samples were extrapolated to other joints in this pond.
Likewise, results from the Suppression and Dump Pond construction joints were
extrapolated to other joints in these areas.
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Assumed plane of
contamination

Figure 2.27: Diagram of the assumed plane of contamination associated with a
construction joint or crack and the associated area sampled by a core
intersecting the plane. Note construction joint cores are taken at the
intersection of two planes and so the area of sampled contamination is
doubled.

Volume calculations for the observed cracks were undertaken as for the construction
joints. The planar area was estimated using known wall thicknesses and either visible
measurements of the crack length, or, where partially obscured, by assuming that the
cracks run the full length of the wall. The number of cracks was based upon
observations of the visible exterior walls [79; 83]. An effective contamination width
was calculated to maintain the sampled plane:core volume ratio as for construction
joints. The cores targeting cracks were taken on the plane of a single crack rather than
at the intersection of two planes as for the construction joints, so a contamination width

of deoneam = —<2r¢ = 43.2 mm was derived for cracks.

The inventory for the SGHWR ponds structure is developed from the above data in [14]
and underlying references. Maximum and average activity concentrations and an
estimate of the radioactive inventory based on average activity concentrations are
presented in Table 2.33.

Table 2.33:  SGHWR ponds in-situ disposal inventory, including maximum and
average activity concentrations, a disposal inventory based on average
activity concentrations, and an alternative inventory based on more
pessimistic dimensional assumptions (as discussed in Section 2.14.4).
All data are presented for a reference date of 01/01/2027.

Radionuclide | Maximum [Bq/g] | Average [Bg/g] Inveg'zgfss[?\l/l Bq] Inv'g:forrr;/aﬁ\\;lzq]
*H 2.40E+00 8.20E-01 9.55E+02 1.02E+03
14C 7.99E-01 9.61E-02 1.12E+02 1.24E+02
B7Cs 2.92E+03 2.93E+00 3.41E+03 7.02E+03
®Co 1.75E+01 2.13E-02 2.48E+01 5.18E+01
21Am 1.69E+02 1.28E-01 1.49E+02 3.07E+02
*Nb 5.40E-01 2.11E-03 2.46E+00 3.70E+00
14y 5.65E+00 1.05E-02 1.22E+01 2.08E+01
15Ey 3.56E-01 1.17E-03 1.36E+00 2.06E+00
%Fe 2.41E-01 2.45E-02 2.85E+01 3.14E+01
3Ni 2.23E+01 1.82E-01 2.12E+02 3.39E+02
05y 3.16E+03 3.50E+00 4.08E+03 8.48E+03
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Radionuclide | Maximum [Bg/g] | Average [Bqg/g] Invelr?':(S)Fr))c/)S[?\l/qu] Invﬁ:]tgrnyaﬂ\\/llzq]
241py 5.44E+02 6.74E-01 7.85E+02 1.31E+03
129] 2.00E-01 1.03E-01 1.20E+02 1.29E+02
3%Cl 1.00E-01 9.29E-02 1.08E+02 1.17E+02
233y 5.00E-01 4.62E-01 5.38E+02 5.80E+02
24y 3.50E+00 9.46E-03 1.10E+01 1.57E+01
235y# 3.90E-01 9.57E-03 1.11E+01 1.24E+01
236y* 3.90E-01 9.57E-03 1.11E+01 1.24E+01
238y 1.00E+00 6.67E-03 7.77E+00 9.58E+00
238py 3.50E+00 7.84E-03 9.13E+00 1.41E+01
239py 8.92E+01 1.24E-01 1.45E+02 2.96E+02
240py 7.27E+01 1.01E-01 1.18E+02 2.41E+02
242py 3.00E-01 8.29E-04 9.66E-01 1.38E+00
242Cm* 2.11E-10 7.20E-12 8.39E-09 8.85E-09
243Cm 5.04E-03 8.78E-05 1.02E-01 1.18E-01
244Cm 1.91E-01 3.33E-03 3.88E+00 4.48E+00
2Cf* 1.34E-04 4.57E-06 5.32E-03 5.61E-03
Sum 7.01E+03 9.32E+00 1.09E+04 2.01E+04

#2354 and %8U originally reported as a combined activity in some analyses. For the purpose of this
inventory estimate, it is conservatively assumed that, in such analyses, the individual activity of both
radionuclides is equal to the reported combined activity at the time of analysis.

*  22Cm and 2°2Cf originally reported as a combined activity. For the purpose of this inventory estimate,
it is conservatively assumed that the individual activity of both radionuclides is equal to the reported
combined activity at the time of analysis.

2.14.4 Sensitivity Analysis and Further Characterisation

A sampling and analysis plan and a series of DQOs were developed and followed for
the ponds sampling campaign [79]. The collected samples are therefore assumed to be
representative of the contamination present.

The primary source of uncertainty in the inventory is expected to be the volume of
material that is assumed to be contaminated. The alternative inventory for the ponds
considers the effect of more pessimistic dimensional assumptions about the
contaminated material volume. Table 2.34 records the reference and alternative
dimensional parameter values and the rationale for the alternative value.

The overall activity for the alternative inventory is recorded in Table 2.33. The total
activity in the alternative inventory is almost double that of the reference inventory.
The difference in the total activity is mostly due to the doubling of the assumed ponds
liner thicknesses as the fuel pond liner comprises the majority of the ponds activity.
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Table 2.34:  Original reference and sensitivity values for dimensional data adopted
for the ponds contamination, and the rationale for the adopted sensitivity
value.
Originally .
Parameter Rationale and approach adopted Altsgm;uve
value
Volume of It is possible that not all cracks in the
contamination ponds have been identified. The adopted 1.85 m3 3.70m?3
from cracks volume values are doubled.
Volume of The location and extent of construction
contamination joints is well known from building 3 3
. . 71.6m 71.6m
from construction| drawings. The adopted volume values are
joints maintained.
The dimensions of the ponds are well
Dimensions of known from the construction drawings. i i
ponds The adopted dimensional values are
maintained.
Contamination assumed to be to the water
Heiaht of level in the ponds. Alternative inventory
ght ol considers it possible for contamination to 10.7m 11.5m
contamination
reach the level of the ponds access area
(level 4).
Core data suggests contamination (with
Depth of : o .
L exception of tritium) is bounded by the
contamination of 0.2m 0.2m
core depths. The adopted depth values are
the bulk concrete o
maintained.
Thickness of the There is uncertainty in the thickness of the
fibrealass ond fibreglass liner (estimates vary from 2 mm 3mm 6 mm
?. P to 3 mm). The adopted thickness is
iners
doubled.

2.15 Ancillary Areas
2.15.1 Feature Description

A considerable number of rooms in the SGHWR exist outside the secondary
containment structure (Figure 2.28). The vast majority of these rooms did not support
active process operations. The rooms are grouped into larger components based on use
or proximity as follows:

e Active Workshops (251 - 252), which received plant and equipment from the
facility and other areas on site for maintenance. This resulted in contamination
of the floor and walls. The workshops were in use throughout the operational
period of the SGHWR.

e The ACW system, which continuously topped up the primary circuit to maintain
water levels and pressure. Areas associated with the ACW system include the
ACW pumphouse (256/1), Chiltern tank (256/2), the switch room (483/1), and
an additional pumphouse (484).
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e The Boiler House Basement (253), Fuel Oil Tank Room (254) and Cooling
Water Washout Pit (258) are a set of adjoining rooms to the south of the primary
containment that housed non-active plant and operations.

e Ventilation system and support areas.

e North Annexe miscellaneous areas, comprising primarily offices, stores and
electrical facilities.

e South Annexe miscellaneous areas, which includes a number of large rooms on
Level 4 as well as various switch rooms, toilets, labs, stores and offices.

2.15.2 Origin and Constraints on Radiological Inventory
Active Workshops

The highest levels of contamination measured in the ancillary areas are from the Active
Workshops. Characterisation of this area was completed in 2012 [84] and identified a
fingerprint (FP-016*) consisting primarily of **’Cs, *H, 4C and ®°Co. Contamination
was removed to a level that would be consistent with the rooms being OoS of EPR 2016
and IAEA requirements (by sum of fractions) in 2021 [22]. This demonstration was in
accordance with the requirements for the end state as defined at the time (2012). A hot
spot of tritium contamination identified was partially removed and partially left in-situ
to decay to a level that would be OoS by 2021 [22].

Following decontamination, the highest measured activities include 140 Bg/g tritium,
2.7 Bg/g *¥"Cs and 0.8 Bg/g *C from Room 251/4, and 0.9 Bg/g %°Co from Room 251/2.
The tritium and *¥’Cs maximum results were from concrete samples while the *C and
0Co maximum results were from paint samples.

Inventory contributions were derived from characterisation data from each room, with
radionuclides missing from the analytical suite determined from the specifically-
derived fingerprint FP-016* (active workshops). Separate contributions were derived
for the active workshop areas 251/1, 251/2, the active workshops stairwell (252) and
the airlock (226). Areas 251/3, 251/4 and 251/5 were grouped together and an
inventory was derived for the walls and floor of the space as well as the low dividing
brick walls delimiting each area.

ACW System

Although connected to the primary circuit, the ACW system had significantly lower
levels of contamination than most areas associated with the primary circuit as it acted
as a clean feedwater system. The areas associated with the ACW system are the ACW
pumphouse basement and Chiltern tank (256/1, 256/2), ACW switch room (483/1) and
the ACW pumphouse (484).

Characterisation data for the ACW system consists of a single historical core from the
pumphouse basement taken during the 2005 sampling campaign [58]. The radionuclide
with the highest measured activity was “°K with 0.35 Bg/g, the highest measured tritium
activity was 0.11 Bg/g. Fingerprint FP-003 (D60 General Area waste) was used to
derive the missing radionuclides. The inventory for the ACW system was derived by
assuming all rooms have surface contamination equivalent to that captured by the 2005
core. The low confidence in the representativeness of the single core is offset by the
low contamination significance of this area.
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Boiler House Basement, Fuel Oil Tank Room and Cooling Water Washout Pit

The inventories for the Boiler House Basement (253), Fuel Oil Tank Room (254),
Cooling Water Washout Pit (258) and the adjacent airlock and cable duct (323 and 324)
were derived separately using core and chipping samples from each room [68]. The
activities are uniformly low with the highest measured activity being 2.4 Bg/g of tritium
measured in the airlock. Missing radionuclides were derived from FP-026 (SGHWR
off-gas beds). For Ni, Fe and Sr, the results obtained for the Fuel Oil Tank Room
(Room 253) were applied to the other rooms in this group.

Ventilation System and Support Areas

The primary part of the ventilation system located outside the secondary containment
is the CCR vent plant and equipment, and plant rooms on Level 8 (852, 853, 854, 855,
859). Measurement data consist of one floor core from each of Room 859 and 852, a
total of nine chipping samples from various rooms, one wood, metal and paint sample
and one smear sample [85]. Uniform very low activities were found within paint, with
very little differentiation between the paint and underlying brick or concrete.
Therefore, activity calculations on paint as a separate layer were not required (average
activities were formed from combining the results from the paint and concrete samples).
The rooms were grouped together and the average activities were applied to derive the
inventory for all rooms. Missing radionuclides were derived using fingerprint FP-026.

The heater room/main airlet (559/560) on Level 5 lies outside the secondary
containment but is accessed through and associated with the other ventilation plant on
Level 5 (which lie inside the secondary containment). Characterisation data consist of
one core and a number of paint and chipping samples; fingerprint FP-026 (SGHWR
off-gas beds) was applied to the averaged activities to derive missing radionuclides
[69].

There is a single further vent plant room on Level 6 (663) for which no inventory is
derived; no sample data are available, although the area has been remediated and is
considered to have background contamination levels.

North Annexe Miscellaneous Areas

Rooms outside the secondary containment in the North Annexe did not support any
active processes, being largely offices, stores and electrical facilities. Airlocks into the
secondary containment are present on Levels 3, 4 and 6. Activities were uniformly low
with the highest activity measured in Room 357, where a gross alpha activity of
1.1 Bg/g and a gross beta activity of 1.5 Bg/g was measured in a wall chipping sample
[86].

The construction in parts of the North Annexe is known to be mixed brick and concrete,
but the exact ratio of each material is not known. The inventory estimates for these
rooms pessimistically adopt the density of concrete for scaling activity densities that
are derived from brick samples. Where an inventory was estimated, fingerprint FP-026
(SGHWR off-gas beds) was adopted to derive the activities of radionuclides missing
from the analytical suite as the primary contamination pathway is exposure to the
containment atmosphere.
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Characterised areas in the North Annexe consist of:

e The cable basements on Level 3 (Rooms 352, 353, 357 and 358): the
characterisation data for each room consist of one floor core and at least two
chipping samples from 2014 [86].

e Theairlock (360), turnstile area (361) and monitoring area (362) on Level 3: the
characterisation data consist of one floor core and at least two chipping samples
for each room from 2014 [86].

e Two of the cable mezzanines on Level 5 (Rooms 551-552): there is a single core
each from 2005 [87; 88].

e The 90 ton tank room (951) and lift motor room (952): sample data are available
from 2014 [89].

The ventilation plant rooms on Levels 5 and 8 are treated separately due to having a
common function and source term. The remaining rooms outside the secondary
containment in the North Annexe are uncharacterised as they consist of offices,
corridors, toilets, stores and electrical facilities. These uncharacterised rooms are
assumed to be inactive (see INV-SGHWR-010).

South Annexe Miscellaneous Areas

Rooms outside the secondary containment in the South Annexe had a number of
functions. The active workshops, ACW system, Boiler House Basement and associated
areas are part of the South Annexe but are covered in their own sections. The
approaches adopted for inventory derivation for the remaining rooms in the South
Annexe and outside the secondary containment were as follows:

e The cooling water switch room (485) and the associated airlock (439) had no
radiological processes occurring within them as they housed electrical
distribution boards. A radiological transit route did exist via movements of
personnel in and out of the secondary containment area through the airlock [90].
The inventory for these rooms was derived from a set of two paint and two
concrete samples from the area [91]. Fingerprint FP-003 (D60 General Area
waste) was applied.

e The Segmented Gamma Scanner (SGS) area (Room 470) incorporates the
former area of both Rooms 470 and 466. The SGS has now ceased use and been
removed; the room has been decontaminated and is used as a construction
office. The inventory has been conservatively derived from a single historical
core from 2005 from the mechanical workshop [58]. Fingerprint FP-003 was
applied to derive missing radionuclides. The room has been surveyed to ensure
no loose contamination.

e The new fuel room (458) amalgamates former rooms 458, 459, 460, 461, 462
and 463. This room has been decontaminated and is now the entry / exit airlock
for the secondary containment, body monitors and health physics lab. There is
no characterisation data for this room so the activities for the adjacent SGS area
were conservatively adopted.

e The vehicle airlock (476) is used to admit vehicles to the secondary
containment. The inventory has been derived from a single historical floor core
from 2005 [58]; fingerprint FP-003 was applied to derive missing radionuclides.
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e The Winfrith Abrasive Cleaning Machine (WACM) area (Room 480)
incorporates the area of the former Rooms 480, 481 and 482. Room 480
previously held the auxiliary boilers which provided domestic heating and
steam to the plant. The WACM has now been dismantled and removed, with
the room in use as a construction materials store. The inventory has been
derived from single historical core taken in 2005 from near one of the boilers
[58]; fingerprint FP-003 was applied to derive missing radionuclides.

Remaining uncharacterised rooms in the South Annexe consist of the laundry and
various switch rooms, toilets, labs, stores and offices. The majority of these rooms are
in the office complex on Level 6. These uncharacterised rooms are assumed to be
inactive (see INV-SGHWR-010).
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Figure 2.28: Examples of SGHWR ancillary areas on Levels 2 and 3. Indicated areas
are Active Workshops (top left); the Fuel Oil Tank room, Boiler House
Basement and airlock (top centre); ACW pumphouse basement (top
right); and cable basements (bottom). Edited from [57].

2.15.3 Inventory Estimate

The inventory for the SGHWR ancillary areas was developed from the above data in
[14] and underlying references. Maximum and average activity concentrations and an
estimate of the radioactive inventory based on average activity concentrations are
presented in Table 2.35.
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Table 2.35: SGHWR ancillary areas in-situ disposal inventory, including maximum

and average activity concentrations, inventory based on average activity

concentrations, and an alternative inventory based on maximum activity

concentrations in each room (as discussed in Section 2.15.4). All data

are presented for an inventory reference date of 01/01/2027.
Disposal Alternative
Radionuclide Maximum [Bag/g] | Average [Bg/g] Inventory inventory
[MBq] [MB(]

*H 6.34E+01 1.24E+00 2.35E+03 1.06E+04
1C 7.99E-01 3.94E-02 7.45E+01 3.77E+02
134Cs 5.00E-06 3.36E-07 6.35E-04 7.61E-04
187Cs 1.95E+00 6.02E-02 1.14E+02 7.76E+02
Co 2.60E-11 2.44E-12 4.61E-09 4.94E-09
®Co 1.41E-01 2.45E-03 4.64E+00 3.38E+01
21Am 5.48E-02 3.71E-03 7.01E+00 3.34E+01
152Ey 2.88E-02 1.85E-03 3.51E+00 4.67E+00
B4y 5.61E-03 4.12E-04 7.79E-01 9.34E-01
SFe 1.47E-03 4.56E-04 8.62E-01 1.19E+00
&Ni 5.89E-01 2.68E-02 5.08E+01 1.68E+02
Sy 1.70E+00 5.47E-02 1.03E+02 6.55E+02
241py 1.87E-01 2.00E-02 3.79E+01 1.06E+02
®Tc 5.34E-05 4.46E-07 8.44E-04 1.15E-03
1291 1.14E-04 9.56E-07 1.81E-03 2.45E-03
24y 2.56E+00 8.55E-02 1.62E+02 9.82E+02
2%y 2.00E-01 6.13E-03 1.16E+01 7.52E+01
238y 2.11E+00 8.39E-02 1.59E+02 8.45E+02
238py 8.56E-01 1.74E-02 3.29E+01 3.17E+02
2%y 9.81E-01 2.07E-02 3.91E+01 3.65E+02
240py 7.97E-01 1.70E-02 3.22E+01 2.97E+02
23Cm 2.07E-06 1.75E-07 3.31E-04 3.31E-04
244Cm 5.29E-02 1.04E-03 1.98E+00 1.95E+01
2%Ra 6.96E-01 2.05E-02 3.88E+01 3.39E+02
K 1.00E+00 5.52E-02 1.04E+02 5.64E+02
Sum 7.81E+01 1.76E+00 3.33E+03 1.66E+04

2.15.4 Sensitivity Analysis and Further Characterisation

The main source of uncertainty for the ancillary areas is the adequateness of the

characterisation data (INV-SGHWR-006).

The characterisation of rooms in the

ancillary areas largely does not follow a DQO process for the individual rooms and
there is not a statistically representative set of samples. Instead, characterisation has
been undertaken based on plant and process knowledge to target areas of known or
suspected contamination. The derived reference inventory conservatively assumes that
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the samples can be treated as representative, scaling the average activities of the
samples to derive the activity of each room.

The alternative inventory for the ancillary areas has been derived using the maximum
activity measured for each radionuclide in each room and assumes this will be
representative of the overall activity of the room. The alternative inventory is presented
in Table 2.35. The alternative inventory is 15,600 MBq, almost five times that of the
inventory based on the average room activities. The individual radionuclide total
activities increase by a factor of between 1 and 10, but tritium dominates both the
disposal and alternative inventory estimates.

2.16 SGHWR Bulk Structure
2.16.1 Feature Description

It is observed that the core depths for many features in the SGHWR do not bound the
tritium content as it is highly mobile in concrete. It is also observed that measurable
tritium contamination is present in areas with no history of processes or activity that
would lead to contamination. These observations suggest tritium has diffused
throughout the SGHWR structure.

An inventory is therefore derived for the bulk volume of concrete in the SGHWR
structure to account for tritium contamination that is not captured by the discrete
features discussed in previous sections. This inventory entry comprises all of the
SGHWR structure not explicitly captured by an existing inventory derivation:

e All uncharacterised rooms in the SGHWR. The majority of these rooms (159)
are in the ancillary areas, with the remaining rooms largely in the secondary
containment (57) and a single room with no inventory (the unused two element
loop room) in the primary containment.

e Deeper intervals of structural materials not captured by core data in
characterised rooms across the SGHWR.

2.16.2 Origin and Constraints on Radiological Inventory
Radiological Inventory

The available characterisation data comprises all of the tritium sample data for the
SGHWR taken to-date. To derive an inventory for the bulk structure, a pragmatic
approach is taken in which the assumed tritium contamination of the bulk structure is
taken to be the median adopted tritium activity for characterised rooms that contain
concrete in the SGHWR. This approach avoids the strong bias that would be introduced
to a mean by the small number of very active rooms, but also includes all the source
data in the derived value. The grouping of sample data into rooms rather than taking
all the samples separately avoids biasing the result towards well characterised rooms
underpinned by a disproportionate number of samples.

The sample data supporting the inventory are taken from a number of dates spanning
the period 2005-2023; the median value was taken from the raw data without decay-
correction to a common date. For subsequent decay to the inventory reference date
(01/01/2027), the most recent sample date for any component in the SGHWR
(01/01/2023) was taken as the overall sample date for the bulk structure. The 18-year

Galson Sciences Ltd & NNL Page 118 of 315 17 December 2024

OFFICIAL



OFFICIAL

1624-10
Version 2

spread in sample dates will introduce some uncertainty (more than one half-life for
tritium) into the derived value, but this will conservatively over-estimate the tritium
content.

The tritium contamination of the bulk concrete of the primary containment structure is
considered as a separate inventory entry, the derivation of which is discussed in
Section 2.12.2.

The median tritium activity for components in the SGHWR is 0.814 Bg/g, which
corresponds to one of the south cofferdams (Room 132). Following decay to the
inventory reference date of 01/01/2027, the remaining tritium activity is 0.650 Bqg/g.

Material Mass Balance

The total volume of SGHWR structural materials and the fraction above/below ground
was derived from the calculations in the CSM [21, Tab.606/3]. To derive a bulk
concrete value, the total volume of all other inventory entries (apart from backfill from
the D60 stockpile; see Section 2.17) was subtracted from the estimated total volume of
SGHWR structural materials. The estimated volumes of the SGHWR structural
materials and radiological inventory are presented in Table 2.36 along with the
unaccounted-for volume that is assumed to be tritium-contaminated bulk concrete. The
approach to volume derivation neglects the different densities of other structural
materials such as rebar and brick. This is expected to be conservative because:

e Tritium is not expected to diffuse significantly into metal, so neglecting the
volume of rebar and other metals will be pessimistic.

e The adopted concrete density is higher than the adopted brick density, so the
concrete density will be pessimistic for brick.

e For barytes concrete, the contamination per unit volume is expected to be
equivalent to regular concrete (see Section 2.8), the adopted methodology will
therefore be representative for barytes concrete.

e Other structural materials are expected to comprise only a small fraction of the
disposal volume.

Table 2.36: The estimated total volumes of SGHWR structural materials and
inventory entries above and below the assumed demolition datum
(40.6 mAOD) and the derived bulk concrete volume. All volumes are
for the intact structural materials.

Total volume Total volume Assumed volume of
SGHWR structural | SGHWR radiological | contaminated SGHWR
materials [m?] inventory [m?] bulk concrete [m®]
Above 40.6 mAOD 11,087 3,092 7,995
Below 40.6 mAOD 17,321 5,405 11,916
Total 28,408 8,498 19,910

2.16.3 Inventory Estimate

The inventory for the bulk SGHWR structure is derived from the total unaccounted-for
volume of SGHWR structural materials, the density of structural concrete (Table 2.6)

Galson Sciences Ltd & NNL Page 119 of 315 17 December 2024

OFFICIAL



OFFICIAL

1624-10
Version 2

and the adopted median tritium activity at the inventory reference date (0.650 Bq/g).
The total in-situ bulk tritium contamination disposal inventory is 18,600 MBq at
01/01/2027 and the total above ground disposal inventory is 12,500 MBq. The total
estimated SGHWR bulk structural tritium contamination activity is 31,100 MBqg.

2.16.4 Sensitivity Analysis and Further Characterisation

Uncertainty in the bulk SGHWR contamination estimate primarily stems from the
nature of unaccounted-for contamination and the total activity. The reference estimate
assumes that the only pathway for contamination of the unaccounted-for structure is via
diffusion through the bulk concrete and therefore that tritium is the key contaminant of
concern. This will be an accurate representation for deep intervals of concrete but the
uncharacterised rooms throughout the SGHWR structure may be exposed to
contamination through pathways such as the movement of personnel and exposure to
the containment atmosphere (the probability of operational leaks, spills or other direct
contamination is minimal as the majority of unaccounted-for areas did not house
operations or active plant).

The alternative inventory considered here adopts the overall average activity
concentrations for all radionuclides in the ancillary areas. The combined in-situ and
backfill disposal inventory for the ancillary areas (i.e. the entire ancillary areas structure
as it currently stands) was adopted for both the in-situ and backfill contributions for the
bulk structure as the elevation of uncharacterised rooms and concrete is not expected to
significantly affect the inventory. The ancillary areas are the least active feature of the
SGHWR inventory and also contain the majority of the uncharacterised rooms. Given
that inventories are derived for the subset of rooms in the ancillary areas that are
expected to be more contaminated, this is expected to be pessimistic.

The adopted average activity and overall derived alternative inventory for the in-situ
bulk SGHWR structure is presented in Table 2.37. The overall average activity of the
ancillary areas is lower than that of the ancillary areas in-situ disposal inventory
(Table 2.35) as the above-ground rooms are much less active on average. Tritium
remains the primary component of the alternative inventory, with a slightly higher
activity than the reference disposal inventory (0.76 Bg/g rather than 0.65 Bg/g). The
overall activity is 1.24 Bqg/g, with the primary contributing radionuclides being *H,
137Cs, 234U, 228 and “°K. The relatively high activities of 2>*U and 238U are mainly due
to the large ratio of these radionuclides to 2°U in FP-003 (the majority of the 2**U and
2381 activities in the ancillary areas were derived from this fingerprint). The alternative
total activities for the in-situ and above-ground components of the bulk structure are
35,400 MBq and 23,800 MBq respectively, giving a total of 59,200 MBq.
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Table 2.37:  Average activity and derived alternative in-situ disposal inventory for
the SGHWR bulk structure. Presented at the inventory reference date of

01/01/2027.

Radionuclides Average [Bg/g] Invﬁ::fgrr;/at:\\;l%q]
°H 7.64E-01 2.18E+04
1“c 2.74E-02 7.85E+02

134Cs 9.83E-07 2.81E-02
187Cs 3.69E-02 1.05E+03
*Co 6.82E-12 1.95E-07
%Co 1.56E-03 4.47E+01
241Am 3.35E-03 9.59E+01
152y 5.31E-03 1.52E+02
B4EY 1.18E-03 3.36E+01
%Fe 3.50E-04 1.00E+01
3Ni 1.83E-02 5.24E+02
0Sr 2.87E-03 8.20E+02
241py 1.61E-02 4.62E+02
®Tc 5.05E-06 1.45E-01
129 1.08E-05 3.10E-01
284y 8.44E-02 2.41E+03
235# 6.48E-03 1.85E+02
20# 1.65E-05 4.72E-01
238y 7.93E-02 2.27E+03
238py 9.24E-03 2.64E+02
29y 1.11E-02 3.18E+02
240py 9.17E-03 2.62E+02
242py 7.34E-06 2.10E-01
242Cm* 1.97E-14 5.62E-10
Cm 5.86E-07 1.68E-02
244Cm 5.54E-04 1.58E+01
Z2Cf* 1.49E-07 4.25E-03
226Ra 2.35E-02 6.72E+02
K 1.12E-01 3.21E+03
Total 1.24E+00 3.54E+04

# 235 and U originally reported as a combined activity in some analyses. For the purpose of this
inventory estimate, it is conservatively assumed that, in such analyses, the individual activity of both
radionuclides is equal to the reported combined activity at the time of analysis.

*  22Cm and 2°2Cf originally reported as a combined activity. For the purpose of this inventory estimate,
it is conservatively assumed that the individual activity of both radionuclides is equal to the reported
combined activity at the time of analysis.
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2.17 SGHWR Backfill

2.17.1 Feature Description

Following demolition of the SGHWR above-ground structure (the demolition datum is
assumed to be 40.6 mAOD, or 1 m below ground level), the rooms on Levels 1-3 will
become below-ground voids [21]. It is intended that these voids will, subject to risk
assessment and regulatory acceptance, be filled with clean and/or radiologically
contaminated materials originating from site decommissioning work prior to capping.
The below-ground voids are grouped into a number of regions as indicated in

Figure 2.29:
e Region 1, which includes the primary containment, ponds, effluent vault and
cofferdams

e Region 2, which consists of the delay tank rooms, condenser cell (referred to as
turbine hall in Figure 2.29) and part of the steam labyrinth.

e The North Annexe.
e The South Annexe, which also includes the pump pit.

Base map is Magnox drawing
1W936655 “124'0"” AOD
Floor Level (Level 3). Issue G.

South Annexe

Base slab and surface finishing between 0.23 m and 0.53 m thick.

y Floor is in places founded on ground and in places is suspended.
116’ (35.4 mAOD)

Steam labyrinth

Delay tank room
112’ 6” (34.3 mAOD)

Base slab 0.91 m thick

100’6” (30.6 mAOD) — Base slab 0.69 m thick and

partially underlain by weak

i ] .
~[ . - S : concrete >5m thick
| Primary containmentand e Turbine hall -l H
' neighbouring spaces S Base slab 2.74 m thick
: : 116’ (35.4 MAOD) H

. Baseslab2.74 m thick - |
South Annexe | 946" (28.8mAOD) ol i
i : e -

a Pump pit

M
North Annexe Included in South Annexe
North Annexe Base slab typically 0.33 m thick
124’ (37.8 mAOD)

.~ 120’ (36.6 mAQOD)

)
Figure 2.29: SGHWR below-ground voids conceptualised following demolition of
above-ground building structure [21, Fig.606/4].

There are three potential on-site sources of contaminated materials in consideration for
disposal to the SGHWR voids. In order of priority these include:

1. concrete blocks and brick/concrete rubble from demolition of the above-
ground (Levels 4-10) SGHWR structure;

2. rubble from stockpiles already outside the SGHWR; and

3. other Winfrith site wastes.
Currently the need for use of ‘other Winfrith site wastes’ has not been identified as
current volume estimates suggest stockpile rubble will still be left over after backfilling.
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As such, the contaminated backfill inventory considered in this report is assumed to be
limited to the first two options only (INV-SGHWR-007).

2.17.2 Origin and Constraints on Radiological Inventory
Above-ground SGHWR Structure

The above-ground SGHWR structure comprises portions of the main building features
and components discussed previously in this report. Features with portions above
40.6 mAOD include the primary containment, the secondary containment, ancillary
areas and the bulk structure. The bioshield, mortuary tubes and ponds are entirely
below the demolition datum and will not contribute to the backfill inventory.

The Level 4 floor level is 41.6 mAOD, although some rooms have different floor levels
in the range 39.2 to 42.4 mAOD. It is assumed that the entirety of the inventory for all
rooms on Level 4 and above will contribute to the backfill.

Rooms on Levels 1-3 are generally assumed not to be demolished and so do not
contribute to the backfill. Some features below Level 4 extend up multiple levels to
above the 41.6 mAOD level. These areas are identified from the Level 4 floor plans.
An estimate has been made for each of these areas on a case-by case basis as to the
proportion of the inventory which can be considered above or below the demolition
datum (this generally included all of the floor area below the demolition datum and
partitioned the walls based on their total height). Rooms for which this approach is
taken include the feed heater cell, boiler feed pump area and the primary containment
main space. The inventory contributions of the above-ground portions of the SGHWR
features to the backfill are shown in Table 2.38.

Table 2.38:  Contributions of the SGHWR features to the backfill inventory at a
reference date of 01/01/2027. Not shown are the mortuary tubes,
bioshield and ponds, which are entirely disposed of in-situ. The rubble
mounds make a further contribution to the backfill inventory, as
discussed below.

Radionuclide Primary Secondary Ancillary areas | Bulk structure
(MBaq) (MBaq) (MBaq) (MBaq)
°H 2.71E+04 8.33E+03 4.94E+02 1.25E+04
4c 1.04E+03 6.91E+02 2.78E+01 -
134Cs 4.54E-03 4.10E-02 3.03E-03 -
B¥7Cs 2.03E+03 1.71E+03 2.37E+01 -
Co 2.04E-08 3.15E-03 2.08E-08 -
®Co 7.60E+01 1.19E+01 1.19E+00 -
241Am 3.00E+00 5.60E+01 5.48E+00 -
%Nb - 2.73E+01 - -
1255h - 6.57E-01 - -
12Ey 2.49E+01 1.61E+02 1.63E+01 -
=1 3.79E+00 2.51E+01 3.60E+00 -
SSey - 2.26E+00 - -
*Fe 6.01E+00 1.03E+01 4.44E-01 -
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. . Primary Secondary Ancillary areas | Bulk structure
Radionuclide (MBg) (MBq) (MBq) (MBq)
&Ni 9.24E+02 1.07E+02 1.76E+01 -
0Sr 1.93E+01 5.93E+01 3.40E+00 -
241py 1.45E+01 2.25E+02 2.23E+01 -
13333 4.97E+00 - - -
®Tc 1.32E+01 9.32E-02 1.80E-02 -
129 - 2.00E-01 3.86E-02 -
283y 1.77E+00 1.19E+00 - -
234y 1.22E+00 2.90E+02 1.53E+02 -
2y# 9.46E+00 2.96E+01 1.26E+01 -
26Y# - 7.74E-01 6.16E-02 -
238y 1.21E+00 2.59E+02 1.37E+02 -
238py 5.26E-01 1.56E+01 1.53E+00 -
239y 4.07E-01 1.85E+01 2.32E+00 -
240py 3.38E-01 1.54E+01 2.04E+00 -
242py 1.35E-01 1.40E+00 2.74E-02 -
282Cm* 1.15E-06 9.65E-08 7.33E-11
Cm 7.67E-03 2.62E-02 1.85E-03 -
24Cm 3.03E-01 1.19E+00 8.84E-02 -
B2Cf* 2.08E-02 3.09E-02 5.54E-04 -
226Ra 4.86E+01 1.01E+02 4.88E+01 -
K 6.28E+01 4.55E+02 3.13E+02 -
Total 3.14E+04 1.26E+04 1.29E+03 1.25E+04

# 235 and %%U originally reported as a combined activity in some analyses. For the purpose of this
inventory estimate, it is conservatively assumed that, in such analyses, the individual activity of both
radionuclides is equal to the reported combined activity at the time of analysis.

*  22Cm and %2Cf originally reported as a combined activity in some analyses. For the purpose of this
inventory estimate, it is conservatively assumed that the individual activity of both radionuclides is
equal to the reported combined activity at the time of analysis.

Rubble Stockpiles

Mechanically-broken site-derived brick and concrete demolition rubble is currently
stockpiled approximately 100 m to the east of the SGHWR in four stockpiles
(Figure 2.30 and Figure 2.31).

The origin of material within Stockpiles #1 and #2, which is estimated at 16,800 m®
[92], is from mixed locations across the Winfrith site and includes inactive and
potentially active material [93; 94]. Active material entering the stockpiles was
radiologically 'cleared' through the Exploranium gate monitor prior to storage and was
deemed to satisfy the RSA 93 Substances of Low Activity (SOLA) Exemption Order.
Since this time Schedule 23 of EPR 2016 has been implemented (and subsequently
amended) with revised assessment criteria for determining whether material is OoS of
RSR. INV-SGHWR-006 and INV-SGHWR-008 capture the uncertainty relating to
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whether the rubble in the mounds is O0S. Weights of materials deposited and removed
were estimated at the time of storage/recovery, mostly based on lorry movements.

255 Material stockpiled in Stockpile #3 comprises approximately 3,500 m® broken concrete
and brick derived from the demolition of the A51 and A52 facilities. Comprehensive
pre-demolition characterisation of the material was undertaken and the rubble contained
within this stockpile is considered to be OoS under the EPR sentencing criteria [95].

256 Material stockpiled in Stockpile #4 was sourced from the D63/D64 Cooling Tower
Basins [96] and estimated to be around 1,400 m® [92]. Two notes for the record [97;
98] describing the pre-demolition characterisation of the slabs indicate the material is
OoS.
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Figure 2.31: Main Rubble Stockpile (Stockpile 1) [99].

A full programme of characterisation for the stockpiles is planned prior to sentencing
for final disposal [99]. However, between May and June 2018 a preliminary
programme of characterisation was undertaken in support of on-going technical and
optioneering studies [93]. This programme involved a ‘Groundhog Fusion’ gamma
radiation survey to identity surface/near-surface areas of potentially elevated activity,
followed by sampling at depths between 0.2 and 2.9 m from 21 machine-excavated trial
pits. Nineteen of the locations were selected to provide a reasonable level of
geographical coverage across the four stockpiles and were essentially non-judgemental
sampling locations. Two targeted locations were selected on the basis of the results of
the Groundhog survey work. Location RS/12 targeted a Groundhog anomaly. The
location of the anomaly is shown in Figure 2.32 and appears to be associated with some
black geo-textile material. The material was also present in one of the other trial pits
but with no associated contamination. The view on site is that this material was from
remediation works associated with the A59 building where it was used to create a
‘platform’ onto which rubble was characterised. The second targeted sample location
was chosen to cover an area where no Groundhog data had been collected [93].
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Figure 2.32: Rubble mound sample location RS/12, indicating elevated radiation,
potentially associated with the black material [100].

The excavated material was first placed in a waste drum prior to assessment using the
on-site SGS assay system. With the exception of drum RS/12, all of the filled drums
had a contact dose rate of 0.1 pSv/hr. Drum RS/12 had a contact dose rate of 0.6 uSv’/hr.
When the gamma data was integrated with a range of site fingerprints only drum RS/12
was determined to have levels of artificial activity that may require designation as ‘In
Scope’; however, no formal OoS assessment was produced. Drum RS/12 was not
opened and the drum and material were disposed of as waste; as such, the source of the
activity was not confirmed.

A total of 19 samples in 2018 were subject to gross alpha / beta and high-resolution
gamma spectrometry analysis. Five samples were also subject to total tritium and *4C
analysis. The data, in Bg/g, are summarised in Table 2.39.
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Table 2.39:  Key radiological analysis for rubble mound samples. All results are in Bg/g for sample count dates on 23-25 October 2018 [93;
94]. A number of additional gamma emitters are omitted where a natural origin is suspected and/or all results reported were LOD.
G(';;Si dﬂ;a G{:SSEOBK(;ta T-Il’-i(;itﬂlm uc 218m 57Co 80Co 134Cg 137Cg 152 154 155 1255, 2351
n 19 19 5 5 19 19 19 19 19 19 19 19 19 19
n>LOD 19 19 1 4 2 0 0 0 17 0 0 0 0 10
Maximum 0.249 0.236 0.126 0.006 0.006 | <0.0007 | <0.0020 | <0.0015 | 0.03540 | <0.0019 | <0.0015 | <0.0057 | <0.0067 | <0.0022
Average 0.148 0.121 0.041 0.005 0.002 | <0.0005 | <0.0007 | <0.0007 | 0.00598 | <0.0013 | <0.0009 | <0.0030 | <0.0031 | 0.0012
Minimum 0.107 0.048 <0.020 0.004 | <0.0008 | <0.0003 | <0.0002 | <0.0002 |<0.00055| <0.0006 | <0.0006 | <0.0015 | <0.0009 | <0.0006
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The radiological analysis from the analysed drums shows very low levels of artificial
activity in all samples and an additional component from naturally-occurring
radionuclides (e.g. 22Ac, %?°Ra, 2°U).

The most appropriate fingerprint for the rubble mounds was identified as FP-004 (A59
combined fingerprint), as A59 is a significant source of the potentially active material
in the main rubble mounds. Table 2.40 presents FP-004 along with a scaled version of
the fingerprint that just satisfies the EPR 2016 OoS sum of quotients levels [101; 102],
which is the activity level at which more recent additions to the rubble mounds were
‘cleared’'®. The table also presents maximum activities for determinands for samples
from the 2018 sampling campaign. Comparison of available analytical results against
the scaled FP-004 activity indicates measured values are lower for **Am, ¥’Cs and
%0Co. Measured values for 12°Sb are above the scaled FP-004 activity; however, all
1255h results were below the LOD. Both values are much lower than the QoS level for
1255p of 0.1 Bg/g. Measured 2*°U exceeds the scaled FP-004 activity; however, this is
likely to reflect a significant naturally-occurring component from the concrete. All
values are well below the QoS level for 23°U of 1 Bg/g. Both *H and '“C are not in the
FP-004 fingerprint but were measured in some of the samples at detectable levels. The
analysis suggests that the FP-004 fingerprint is generally appropriate for application to
the rubble mounds, but that the inventory of some radionuclides needs estimating by an
alternative approach.

None of the results indicate that the bulk material is classified as in-scope of radioactive
substances regulation [93], although the sampling undertaken to date is not sufficient
to be statistically representative of all the rubble mound material (INV-SGHWR-006).

Table 2.40: FP-004 (A59 combined fingerprint) as activity percentages on
24/10/2018 and scaled to the EPR 2016 OoS criteria. The maximum
measured activity from the rubble mounds is also shown for comparison.

FP-004 Maximum Activity
Radionuclides| Half-Life (A5.9 TEPPIg%S gaclﬁ.%?t? from 2018 _Rubble
C_:ombmfed Tab.2 00S Sampling
Fingerprint)
[yr] [%0] [Ba/g] [Ba/g]
Alpha Isotopes
iy 2.46E+05 2.33E-04 1.85E-06
25y 7.04E+08 1.16E-04 9.27E-07 2.20E-03
238y 4.47E+09 1.40E-03 1.04E-05
238py 8.77E+01 1.45E-01 1.16E-03
239py 2.41E+04 6.80E-01 5.41E-03
240py 6.56E+03 9.46E-01 7.54E-03
24%Cm 1.81E+01 6.45E-01 5.14E-03
241Am 4.32E+02 1.45E+00 1.15E-02 6.40E-03

14 The RSA93 SoLA exemption level of 0.4 Bg/g against which earlier additions to the rubble mounds
were ‘cleared’ was also considered for scaling FP-004, but this led to a less conservative total activity
than scaling to the EPR 2016 OoS levels.
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FP-004 FP-004 scaled to Maximum Activity
Radionuclides| Half-Life | A% | EpRIs, sch23 fromsicr’nlslﬁgbb'e
Fingerorint Tab.2 OoS
gerprint)
Subtotal 3.9 0.03
Non-alpha Isotopes
°H 1.23E+01 - - 1.26E-01
(¢ 5.70E+03 - - 6.00E-03
3Ni 1.00E+02 4.09E+00 3.26E-02
%Co 5.27E+00 4.73E-01 3.77E-03 2.00E-03
0Sr 2.88E+01 2.33E+01 1.85E-01
1255h 2.76E+00 9.34E-04 7.44E-06 6.70E-03
187Cs 3.02E+01 6.43E+01 5.12E-01 3.54E-02
241py 1.44E+01 3.99E+00 3.18E-02
Subtotal 96.1 0.77
Total 100 0.80

Material Mass Balance

Four voids are assumed to be generated as part of the demolition activities (Figure 2.29
and Table 2.41) with a total volume of 29,739 m®. It should be noted that the volumes
of these voids, and of the backfill constituents, are only treated here at a conceptual
level and that the values presented may be subject to change as optioneering and
demolition work progress (INV-SGHWR-007).

The intact volume of the above-ground structure (concrete and brick) of the SGHWR
is intended to be demolished and used as backfill. In places the structure will be
demolished using wireline cutting and the resulting concrete blocks will be placed in
Region 1. The remaining structure will be demolished using conventional demolition
techniques and the resulting rubble will be compacted to fill part of the remaining void
space.

The demolition is expected to generate 6,300 m3 of blocks and 5,840 m® of compacted
rubble. The remaining 17,599 m?® of void space is to be filled using material from the
rubble mounds. The total volume of the rubble mounds is estimated to be 21,723 m?,
which is expected to be reduced by approximately 18% on compaction during
emplacement. However, given the uncertainties in volumetric estimates of void and
backfill, and in the packing efficiency and degree of compaction, it is unlikely that a
precise understanding of the material balance will be achieved until implementation of
demolition and disposal. Therefore, it is conservatively assumed for the purposes of
the inventory calculations that all the above-ground structure and stockpiled material
will be disposed of in the SGHWR voids.
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Table 2.41: Key SGHWR void sizes and volumes of material assumed to fill the
voids (adapted from [21, Tab.606/7]).

. Void Volume Demolition Block Voltime ave_ul_able
Constituent for demolition
(m3) Volume (m3) .

arisings (m3)
SGHWR Region 1 11,649 6,300 5,349
SGHWR Region 2 3,425 0 3,425
SGHWR North Annexe 4,164 0 4,164
SGHWR South Annexe 10,501 0 10,501
Total Volume 29,739 6,300 23,439

The mass of each inventory disposal feature and the in-situ and backfill mass
contributions are presented in Table 2.42. Note that the table includes only masses of
assumed contaminated/activated material associated with each feature. The bulk
SGHWR structure entry accounts for the estimated remaining unaccounted-for mass of
the SGHWR building, which includes parts of the secondary containment, ponds, and
ancillary areas.

Table 2.42: SGHWR contaminated/activated material mass in each feature of the
disposal inventory and its contribution to the backfill [14].

Feature inv;c{ga:’ly?s;fuorz ®) Masisnfjslistrlajo(ssd gl Mass to backfill (t)
Bioshield 765 765 -
Mortuary tubes 3 3 -

Primary containment 7,614 4,961 2,653
Secondary containment 7,082 4,209 2,873
Ponds 1,165 1,165 -

Ancillary areas 3,728 1,891 1,837
Bulk SGHWR structure 47,785 28,598 19,187
Rubble mounds 34,621 - 34,621
Total 102,762 41,591 61,171

2.17.3 Inventory Estimate

The available characterisation data for the rubble mounds suggests that the majority of
the material is at O0S levels with respect to EPR 2016 (INV-SGHWR-008), although
this will not be confirmed until the time of disposal. For the purposes of the SGHWR
disposal inventory it is assumed that the entirety of the material is at OoS levels as
determined from the A59 fingerprint FP-004 (Table 2.40), but also including a
contribution of 3H, **C and ?*°U based on average activities from the 2018 rubble
sampling (Table 2.39).

The remainder of the backfill radiological inventory of the SGHWR comprises the
demolished above-ground (Level 4-10) SGHWR structure.
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The exact details of the backfilling process are not yet confirmed and, given the
uncertainties in volumetric estimates of voidage and backfill and other variables, it is
unlikely that a precise understanding of the material balance will be achieved until
implementation of demolition and disposal.

Average and maximum activity concentrations and an estimate of the radioactive
inventory for the backfill comprising both rubble and the SGHWR above-ground
structure are presented in Table 2.43. Maximum activity concentrations were derived
directly by taking a maximum of rubble mound and SGHWR Level 4-10 data [14].
Average activities were calculated by dividing the total inventory by the estimated

material mass.

Table 2.43:  SGHWR backfill disposal inventory, including maximum and average
activity concentrations and disposal inventory based the on average
activity concentrations, presented for an inventory reference date of

01/01/2027.

Radionuclide Maximum (Bg/g) Average (Bg/g) Dlspos(?\lmlsnc;/)entory
SH 1.20E+03 8.06E-01 4.93E+04
1C 4.77E+01 3.16E-02 1.93E+03

134Cs 2.13E-03 7.94E-07 4.86E-02
BICs 8.23E+02 3.02E-01 1.84E+04
Co 2.24E-05 5.15E-08 3.15E-03
%Co 7.02E+01 2.18E-03 1.34E+02
21Am 1.11E+00 7.69E-03 4.70E+02
%Nb 1.36E+01 4.47E-04 2.73E+01
1255h 2.12E-03 1.13E-05 6.89E-01
152y 6.16E+01 3.30E-03 2.02E+02
B4y 8.59E+00 5.31E-04 3.25E+01
ey 8.21E-01 3.70E-05 2.26E+00
*Fe 1.35E+00 2.75E-04 1.68E+01
&N 4.48E+02 3.46E-02 2.11E+03
gy 7.67E+00 8.75E-02 5.35E+03
241py 3.03E+00 1.64E-02 1.00E+03
1%3Ba 1.88E-01 8.12E-05 4.97E+00
¥Tc 7.53E-02 2.18E-04 1.34E+01
129 1.61E-01 3.89E-06 2.38E-01
23y 1.00E-02 4.84E-05 2.96E+00
iy 7.54E+00 8.67E-03 5.31E+02
2% 3.50E+00 1.55E-03 9.47E+01
236# 5.00E-03 1.37E-05 8.36E-01
238y 8.61E+00 1.49E-02 9.13E+02
238py 3.26E-01 9.01E-04 5.51E+01
239py 4.49E-01 3.41E-03 2.09E+02
240py 4.49E-01 4.55E-03 2.78E+02
242py 5.00E-03 2.55E-05 1.56E+00
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Radionuclide Maximum (Bg/g) Average (Bg/g) Dlspos(?\l/lgl(;/)entory

22Cm* 7.58E-09 2.04E-11 1.25E-06
28Cm 3.15E-04 5.84E-07 3.57E-02
24Cm 1.24E-02 2.15E-03 1.32E+02
Z2Cf* 4.25E-04 8.55E-07 5.23E-02
26Ra 1.49E+01 3.24E-03 1.98E+02
K 1.90E+01 1.36E-02 8.31E+02
Sum 2.74E+03 1.35E+00 8.23E+04

#]* 23U and 28U (**2Cm and 22Cf) originally reported as a combined activity in some analyses. For
the purpose of this inventory estimate, it is conservatively assumed that, in such analyses, the
individual activity of both radionuclides is equal to the reported combined activity at the time of
analysis.

2.17.4 Sensitivity Analysis and Further Characterisation

The backfill consists of the above-ground portions of the primary containment,
secondary containment, ancillary areas and bulk SGHWR structure (i.e.
uncharacterised areas) as well as the rubble mounds. The uncertainty in the disposal
inventory associated with the backfill is therefore composed of the uncertainty in the
activities and volumes of these contributing features and components. To address these
uncertainties the alternative inventory for the backfill makes the following assumptions:

e The inventory contributions from the primary containment, secondary
containment, ancillary areas and SGHWR bulk structure assume the alternative
inventories for these features.

e The inventory for the rubble mounds is derived assuming the mounds have
uniform activity equal to the maximum measured activity for each radionuclide,
or activity at the EPR 2016 OoS scaled fingerprint (whichever is higher).

e Each feature is assumed to contribute an additional 10% contaminated material
volume than estimated in the reference inventory (equating to 63,600 tonnes of
backfill rather than 57,900 tonnes). This is not assumed to affect the in-situ
disposal inventories and will result in some double counting of volume.

Table 2.44 presents the contributions to the alternative backfill inventory for each
feature and the rubble mounds.

Slightly over half of the backfill activity is from the primary containment, with the
remainder of activity contributed primarily by the rubble mounds, bulk structure and
secondary containment. The ancillary areas contribute less than 1% of the backfill
activity. The average activity of the backfill is 3.5 Bg/g, the majority of which is
tritium. ¥’Cs and **C are the second and third most active radionuclides, contributing
23% and 4% of the inventory respectively.
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Table 2.44:  Activity contributions for each feature and the rubble mounds to the
alternative backfill inventory. Presented for an inventory reference date

of 01/01/2027.
. Ancillary | Rubble | Bulk | Backfil
Radionuclide P[ll’\l/lrgzr]y Se[c'\c;Irllgdqa]ry areas mounds | structure Ilr?\llseeﬁzarly
[MBq] | [MBql | [MBa] | “1yipq)
*H 9.72E+04 | 1.08E+04 | 6.29E+02 | 2.75E+03 | 1.47E+04 | 1.26E+05
1“c 3.53E+03 | 2.77E+03 | 4.02E+01 | 2.08E+02 | 5.26E+02 | 7.08E+03
13Cs 1.28E-02 | 1.01E-01 | 4.08E-03 | 0.00E+00 | 1.89E-02 | 1.37E-01
18Cs 1.93E+04 | 1.04E+04 | 7.25E+01 | 1.47E+04 | 7.08E+02 | 4.52E+04
5Co 9.70E-08 | 7.28E-03 | 2.66E-08 | 0.00E+00 | 1.31E-07 | 7.28E-03
8Co 5.91E+02 | 5.07E+01 | 2.67E+00 | 4.45E+01 | 3.00E+01 | 7.18E+02
21Am 7.67E+00 | 7.14E+01 | 8.13E+00 | 4.06E+02 | 6.43E+01 | 5.57E+02
%“Nb 0.00E+00 | 6.83E+01 | 0.00E+00 | 0.00E+00 6.83E+01
125G 0.00E+00 | 8.60E-01 | 0.00E+00 | 3.29E-02 8.93E-01

12y 9.54E+01 | 3.64E+02 | 2.49E+01 | 0.00E+00 | 1.02E+02 | 5.86E+02
B4EY 9.69E+00 | 5.34E+01 | 4.93E+00 | 0.00E+00 | 2.26E+01 | 9.06E+01

PEy 0.00E+00 | 4.85E+00 | 0.00E+00 | 0.00E+00 4.85E+00
>Fe 1.20E+01 | 1.51E+01 | 1.49E+00 | 0.00E+00 | 6.72E+00 | 3.54E+01
N 2.67E+03 | 3.08E+02 | 6.75E+01 | 1.07E+03 | 3.52E+02 | 4.47E+03
%0gr 4.33E+01 | 2.20E+02 | 6.47E+00 | 5.27E+03 | 5.50E+02 | 6.09E+03
241py 3.07E+01 | 2.84E+02 | 4.10E+01 | 7.41E+02 | 3.10E+02 | 1.41E+03
133Ba 4.43E+01 | 0.00E+00 | 0.00E+00 | 0.00E+00 4.43E+01
¥Tc 1.65E+01 | 2.27E-01 | 2.15E-02 | 0.00E+00 | 9.70E-02 | 1.68E+01
1291 0.00E+00 | 4.87E-01 | 4.61E-02 | 0.00E+00 | 2.08E-01 | 7.41E-01
23y 2.36E+00 | 1.19E+00 | 0.00E+00 | 0.00E+00 3.54E+00
24y 1.88E+00 | 4.18E+02 | 2.85E+02 | 1.52E+02 | 1.62E+03 | 2.48E+03

2B 5.86E+01 | 4.06E+01 | 2.20E+01 | 7.62E+01 | 1.24E+02 | 3.22E+02
236 # 0.00E+00 | 7.74E-01 | 6.16E-02 | 0.00E+00 | 3.17E-01 | 1.15E+00

28y 1.65E+00 | 3.71E+02 | 2.78E+02 | 9.14E+02 | 1.52E+03 | 3.09E+03
23%8py 1.21E+00 | 1.95E+01 | 2.52E+00 | 3.75E+01 | 1.77E+02 | 2.38E+02
239py 1.62E+00 | 2.37E+01 | 5.18E+00 | 1.87E+02 | 2.13E+02 | 4.31E+02
240py 1.33E+00 | 1.98E+01 | 4.84E+00 | 2.61E+02 | 1.76E+02 | 4.63E+02
242py 2.36E-01 | 1.42E+00 | 2.74E-02 | 0.00E+00 | 1.41E-01 | 1.83E+00

22Cm* 1.79E-06 | 9.65E-08 | 7.33E-11 | 0.00E+00 | 3.77E-10 | 1.88E-06
28Cm 7.43E-02 | 3.34E-02 | 2.21E-03 | 0.00E+00 | 1.12E-02 | 1.21E-01
24Cm 2.93E+00 | 1.52E+00 | 1.06E-01 | 1.30E+02 | 1.06E+01 | 1.45E+02
B2Cf* 3.23E-02 | 3.09E-02 | 5.54E-04 | 0.00E+00 | 2.85E-03 | 6.67E-02
226Ra 2.40E+02 | 1.47E+02 | 6.40E+01 | 0.00E+00 | 4.51E+02 | 9.02E+02

K 5.14E+02 | 6.83E+02 | 5.01E+02 | 0.00E+00 | 2.15E+03 | 3.39E+03
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. Ancillary | Rubble Bulk B.aCkf'“

. . Primary | Secondary Disposal
Radionuclide [MBg] [MBq] areas mounds | structure Inventory

MB MB MB
[MBa] | [MBal | [MBq]l | "o
Total 1.24E+05 | 2.71E+04 | 2.06E+03 | 2.69E+04 | 2.38E+04 | 2.04E+05

#]* 23U and 28U (**2Cm and 22Cf) originally reported as a combined activity in some analyses. For
the purpose of this inventory estimate, it is conservatively assumed that, in such analyses, the
individual activity of both radionuclides is equal to the reported combined activity at the time of
analysis.

2.18 SGHWR Inventory Summary
2.18.1 1Summary Tables

Estimates for the maximum and average activity concentrations and radiological
inventory for the different SGHWR features have been compiled from the previous
sections and are presented in Table 2.45, Table 2.46 and Table 2.47, respectively. The
inventory is presented at the inventory reference date of 01/01/2027.

In the following tables, # and * denote that 23U and 23U, or 2*2Cm and 5°Cf, were
originally reported as a combined activity in some analyses. For the purpose of this
inventory estimate, it is conservatively assumed that, in such analyses, the individual
activity of both radionuclides is equal to the reported combined activity at the time of

analysis.

Table 2.45:  SGHWR maximum activity concentrations (Bg/g) summary for in-situ
features and backfill presented for a reference date of 01/01/2027. The
feature with the highest activity for each radionuclide is highlighted red.
An inventory for in-situ bulk SGHWR tritium contamination is not
included as a maximum activity concentration has not been derived.

Radio- | Bioshield | "20M4"Y | Primary Se;?;d- e Agcrlé[aasry Backfill
nuclide | (in-situ) (in-situ) (in-situ) (in-situ) (in-situ) (in-situ)
3H 8.02E+03 | 3.24E+02 | 2.47E+02 | 7.42E+02 | 2.40E+00 | 6.34E+01 | 1.20E+03
“C | 429E+00 | 3.48E+01 | 1.50E+01 | 4.01E+01 | 7.99E-01 | 7.99E-01 | 4.77E+01
134Cs | 4.57E-04 - 2.13E-03 | 1.95E-02 - 5.00E-06 | 2.13E-03
37Cs | 5.18E+02 | 2.94E+03 | 7.30E+02 | 9.14E+02 | 2.92E+03 | 1.95E+00 | 8.23E+02
SCo - 3.50E-06 | 5.87E-09 | 2.24E-05 - 2.60E-11 | 2.24E-05
0Co | 9.96E+00 | 4.75E+01 | 7.02E+01 | 5.86E+02 | 1.75E+01 | 1.41E-01 | 7.02E+01
21Am | 3.19E+00 | 1.63E+02 | 1.11E+00 | 1.01E+01 | 1.69E+02 | 5.48E-02 | 1.11E+00
%Nb - 1.46E+00 - 1.70E-01 | 5.40E-01 - 1.36E+01
1255 - 3.19E-02 - 2.07E-02 - - 2.12E-03
1B2Ey | 1.23E+02 | 1.60E+00 | 9.50E+00 | 2.78E+01 - 2.88E-02 | 6.16E+01
Eu | 6.31E+00 | 6.18E+00 | 1.24E+00 | 3.51E+00 | 5.65E+00 | 5.61E-03 | 8.59E+00
15Ey | 2.16E-01 | 4.63E-01 - 7.55E-02 | 3.56E-01 - 8.21E-01
Fe | 8.06E+01 | 1.12E+02 | 1.35E+00 | 1.81E+01 | 2.41E-01 | 1.47E-03 | 1.35E+00
3Ni | 6.36E+01 | 2.98E+02 | 4.48E+02 | 2.93E+03 | 2.23E+01 | 5.89E-01 | 4.48E+02
%sr | 8.18E-02 | 4.43E+03 | 1.83E-01 | 5.15E+01 | 3.16E+03 | 1.70E+00 | 7.67E+00
2py | 7.11E-02 | 5.25E+02 | 3.03E+00 | 9.88E+00 | 5.44E+02 | 1.87E-01 | 3.03E+00
133Ba | 2.60E+01 | 5.32E-03 | 1.88E-01 - - - 1.88E-01
T - - 7.00E-02 | 1.03E+00 - 5.34E-05 | 7.53E-02
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Radio | Blodild | upes” | Frimeny | “ary | Ponde | aveas | gack
(in-situ) (in-situ) (in-situ)
129 - - - 2.20E+00 | 2.00E-01 | 1.14E-04 | 1.61E-01
3C| - - - - 1.00E-01 - -
23y - - 1.00E-02 | 6.00E-03 | 5.00E-01 - 1.00E-02
234y - 5.36E+00 | 8.00E-03 | 8.84E+01 | 3.50E+00 | 2.56E+00 | 7.54E+00
25y# | 1.20E+01 | 2.27E-01 | 3.50E+00 | 6.80E+00 | 3.90E-01 | 2.00E-01 | 3.50E+00
26# - 2.27E-01 - 2.00E-02 | 3.90E-01 - 5.00E-03
28y - 1.70E+00 | 7.00E-03 | 7.25E+01 | 1.00E+00 | 2.11E+00 | 8.61E+00
2%py | 7.64E-03 | 5.74E+00 | 3.26E-01 | 3.15E+00 | 3.50E+00 | 8.56E-01 | 3.26E-01
2%py | 1.53E-03 | 2.56E+02 | 6.53E-02 | 3.56E+00 | 8.92E+01 | 9.81E-01 | 4.49E-01
20py | 153E-03 | 2.09E+02 | 6.52E-02 | 2.89E+00 | 7.27E+01 | 7.97E-01 | 4.49E-01
242py - - 1.00E-03 | 5.00E-03 | 3.00E-01 - 5.00E-03
22Cm* - - 7.58E-09 | 2.19E-09 | 2.11E-10 - 7.58E-09
23Cm - 9.44E-03 | 3.15E-04 | 4.19E-03 | 5.04E-03 | 2.07E-06 | 3.15E-04
244Cm - 3.54E-01 | 1.24E-02 | 2.14E-01 | 1.91E-01 | 5.29E-02 | 1.24E-02
252Cf* - - 1.37E-04 | 4.25E-04 | 1.34E-04 - 4.25E-04
226Ra - - 1.49E+01 | 2.77E+01 - 6.96E-01 | 1.49E+01
K - - - 7.00E+01 - 1.00E+00 | 1.90E+01
SAr | 1.10E+01 - - - - - -
“Ca | 2.30E+01 - - - - - -
mcd | 6.17E-01 | 8.58E-01 - - - - -
5Sm | 2.04E+01 - - - - - -
247] | 6.11E-01 | 8.50E-01 - - - - -
Total | 8.92E+03 | 9.37E+03 | 1.55E+03 | 5.62E+03 | 7.01E+03 | 7.81E+01 | 2.74E+03
Table 2.46: SGHWR average activity concentrations (Bg/g) summary for in-situ
features and backfill presented for a reference date of 01/01/2027. The
feature with the highest activity for each radionuclide is highlighted red.
Not shown is the in-situ bulk structure, which has an average activity of
0.650 Bg/g of tritium only.
. Lo Mortuar . Second- Ancillar
o | o | ues” | T | ey | o Aves | cac
(in-situ) (in-situ) (in-situ)
H 4.03E+02 | 1.61E+02 | 1.04E+01 | 1.33E+01 | 8.20E-01 | 1.24E+00 | 8.06E-01
“C | 1.10E+00 | 1.67E+01 | 4.32E-01 | 1.03E-01 | 9.61E-02 | 3.94E-02 | 3.16E-02
34Cs | 8.50E-05 - 1.23E-06 | 2.52E-05 - 3.36E-07 | 7.94E-07
87Cs | 8.15E+00 | 8.54E+02 | 9.21E-01 | 1.46E+00 | 2.93E+00 | 6.02E-02 | 3.02E-01
5Co - 1.73E-06 | 5.66E-12 | 1.47E-06 - 2.44E-12 | 5.15E-08
%0Co | 2.03E+00 | 2.44E+01 | 3.38E-02 | 8.16E-02 | 2.13E-02 | 2.45E-03 | 2.18E-03
2IAm | 8.17E-02 | 4.75E+01 | 7.35E-04 | 2.97E-02 | 1.28E-01 | 3.71E-03 | 7.69E-03
%Nb - 4.90E-01 - 5.98E-04 | 2.11E-03 - 4.47E-04
1255 - 1.59E-02 - 4.78E-04 - - 1.13E-05
52Ey | 2.43E+01 | 7.94E-01 | 6.82E-03 | 1.40E-02 - 1.85E-03 | 3.30E-03
ey | 1.08E+00 | 1.84E+00 | 8.99E-04 | 2.86E-03 | 1.05E-02 | 4.12E-04 | 5.31E-04
15gy | 4.23E-02 | 1.39E-01 - 7.28E-04 | 1.17E-03 - 3.70E-05
%Fe | 2.32E+00 | 1.23E+02 | 2.55E-03 | 7.33E-03 | 2.45E-02 | 4.56E-04 | 2.75E-04
Ni | 9.29E+00 | 1.40E+02 | 3.99E-01 | 1.04E+00 | 1.82E-01 | 2.68E-02 | 3.46E-02
%gr | 1.22E-03 | 1.28E+03 | 8.03E-03 | 3.52E-02 | 3.50E+00 | 5.47E-02 | 8.75E-02
21py | 1.06E-03 | 1.52E+02 | 6.24E-03 | 8.98E-02 | 6.74E-01 | 2.00E-02 | 1.64E-02
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ucice | (nsitg) | TS | (nsitey | @Y | sy | Avees | Backl
(in-situ) (in-situ) (in-situ)
1%Ba | 5.11E+00 | 2.66E-03 | 2.17E-03 - - - 8.12E-05
*Tc - - 5.74E-03 | 7.16E-04 - 4.46E-07 | 2.18E-04
129) - - - 1.53E-03 | 1.03E-01 | 9.56E-07 | 3.89E-06
Cl - - - - 9.29E-02 - -
23y - - 7.70E-04 | 4.00E-04 | 4.62E-01 - 4.84E-05
24y - 1.56E+00 | 5.30E-04 | 8.50E-02 | 9.46E-03 | 8.55E-02 | 8.67E-03
25y* | 3.06E-01 | 6.58E-02 | 2.20E-03 | 8.90E-03 | 9.57E-03 | 6.13E-03 | 1.55E-03
26Y# - 6.58E-02 - 1.48E-03 | 9.57E-03 - 1.37E-05
28y - 4.93E-01 | 5.24E-04 | 7.01E-02 | 6.67E-03 | 8.39E-02 | 1.49E-02
28py | 1.14E-04 | 1.68E+00 | 2.27E-04 | 8.33E-03 | 7.84E-03 | 1.74E-02 | 9.01E-04
2%py | 2.29E-05 | 7.43E+01 | 1.72E-04 | 9.21E-03 | 1.24E-01 | 2.07E-02 | 3.41E-03
20py | 2.28E-05 | 6.05E+01 | 1.43E-04 | 7.50E-03 | 1.01E-01 | 1.70E-02 | 4.55E-03
242py - - 5.98E-05 | 4.42E-04 | 8.29E-04 - 2.55E-05
22Cm - - 4.99E-10 | 9.73E-11 | 7.20E-12 - 2.04E-11
23Cm - 2.74E-03 | 3.23E-06 | 1.38E-05 | 8.78E-05 | 1.75E-07 | 5.84E-07
244Cm* - 1.03E-01 | 1.28E-04 | 6.40E-04 | 3.33E-03 | 1.04E-03 | 2.15E-03
252Cf* - - 9.04E-06 | 1.43E-05 | 4.57E-06 - 8.55E-07
25Ra - - 1.45E-02 | 3.85E-02 - 2.05E-02 | 3.24E-03
K - - - 1.51E-01 - 5.52E-02 | 1.36E-02
SAr | 2.17E+00 - - - - - -
“Ca | 5.37E+00 - - - - - -
mcd | 1.64E-02 | 9.40E-01 - - - - -
51Sm | 4.01E+00 - - - - - -
24T| | 1.62E-02 | 9.31E-01 - - - - -
Total | 4.69E+02 | 2.95E+03 | 1.22E+01 | 1.65E+01 | 9.32E+00 | 1.76E+00 | 1.35E+00
Table 2.47: SGHWR disposal inventory (MBq) summary for in-situ features and
backfill presented at reference date of 01/01/2027. The feature with the
highest activity for each radionuclide is highlighted red.
Radio- | Bioshield M_I()_L%Jeiry Primary | Secondary | Ponds AnAcrl(IaIaaSry Backfill All
nuclide | (in-situ) (in-situ) (in-situ) (in-situ) (in-situ) (in-situ)
°*H 3.08E+05 | 4.43E+02 | 5.14E+04 | 5.60E+04 | 9.55E+02 | 2.35E+03 | 4.93E+04 | 4.69E+05
UC | 8.42E+02 | 4.61E+01 | 2.14E+03 | 4.35E+02 | 1.12E+02 | 7.45E+01 | 1.93E+03 | 5.59E+03
1%Cs | 6.50E-02 - 6.08E-03 | 1.06E-01 - 6.35E-04 | 4.86E-02 | 2.26E-01
37Cs | 6.23E+03 | 2.35E+03 | 4.57E+03 | 6.14E+03 | 3.41E+03 | 1.14E+02 | 1.84E+04 | 4.13E+04
SCo - 4.76E-06 | 2.81E-08 | 6.17E-03 - 4.61E-09 | 3.15E-03 | 9.33E-03
0Co | 1.55E+03 | 6.70E+01 | 1.68E+02 | 3.44E+02 | 2.48E+01 | 4.64E+00 | 1.34E+02 | 2.29E+03
1AM | 6.25E+01 | 1.31E+02 | 3.65E+00 | 1.25E+02 | 1.49E+02 | 7.01E+00 | 4.70E+02 | 9.49E+02
%Nb - 1.35E+00 - 2.52E+00 | 2.46E+00 - 2.73E+01 | 3.36E+01
1255h - 4.38E-02 - 2.01E+00 - - 6.89E-01 | 2.74E+00
152Ey | 1.86E+04 | 2.18E+00 | 3.38E+01 | 5.88E+01 - 3.51E+00 | 2.02E+02 | 1.89E+04
154y | 8.24E+02 | 5.06E+00 | 4.46E+00 | 1.20E+01 | 1.22E+01 | 7.79E-01 | 3.25E+01 | 8.91E+02
15Ey | 3.24E+01 | 3.83E-01 - 3.06E+00 | 1.36E+00 - 2.26E+00 | 3.94E+01
SFe | 1.77E+03 | 3.39E+02 | 1.26E+01 | 3.09E+01 | 2.85E+01 | 8.62E-01 | 1.68E+01 | 2.20E+03
6Nj | 7.11E+03 | 3.85E+02 | 1.98E+03 | 4.40E+03 | 2.12E+02 | 5.08E+01 | 2.11E+03 | 1.62E+04
%gr | 9.34E-01 | 3.53E+03 | 3.98E+01 | 1.48E+02 | 4.08E+03 | 1.03E+02 | 5.35E+03 | 1.33E+04
21py | 8.11E-01 | 4.19E+02 | 3.10E+01 | 3.78E+02 | 7.85E+02 | 3.79E+01 | 1.00E+03 | 2.65E+03
33Ba | 3.91E+03 | 7.32E-03 | 1.08E+01 - - - 4.97E+00 | 3.92E+03
T - - 2.85E+01 | 3.01E+00 - 8.44E-04 | 1.34E+01 | 4.49E+01
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Radio- | Bioshield bRV Primary | Secondary | Ponds Al .
nuclide | (in-situ) | PSS | (inesitu) | (in-situ) | (in-situ) | Aeas. | Backfill All
(in-situ) (in-situ)

129] - - - 6.46E+00 | 1.20E+02 | 1.81E-03 | 2.38E-01 | 1.27E+02
36C| - - - - 1.08E+02 - - 1.08E+02
233y - - 3.82E+00 | 1.68E+00 | 5.38E+02 - 2.96E+00 | 5.46E+02
B4y - 4.28E+00 | 2.63E+00 | 3.58E+02 | 1.10E+01 | 1.62E+02 | 5.31E+02 | 1.07E+03
25# 2.34E+02 | 1.81E-01 | 1.09E+01 | 3.75E+01 | 1.11E+01 | 1.16E+01 | 9.47E+01 | 4.00E+02
Vi - 1.81E-01 - 6.22E+00 | 1.11E+01 - 8.36E-01 | 1.84E+01
238y - 1.36E+00 | 2.60E+00 | 2.95E+02 | 7.77E+00 | 1.59E+02 | 9.13E+02 | 1.38E+03
238py 8.72E-02 | 4.61E+00 | 1.13E+00 | 3.51E+01 | 9.13E+00 | 3.29E+01 | 5.51E+01 | 1.38E+02
239py 1.75E-02 | 2.04E+02 | 8.53E-01 | 3.87E+01 | 1.45E+02 | 3.91E+01 | 2.09E+02 | 6.36E+02
240py 1.75E-02 | 1.66E+02 | 7.08E-01 | 3.16E+01 | 1.18E+02 | 3.22E+01 | 2.78E+02 | 6.27E+02
242py - - 2.96E-01 | 1.86E+00 | 9.66E-01 - 1.56E+00 | 4.68E+00
22Cm - - 2.48E-06 | 4.09E-07 8.39E-09 - 1.25E-06 | 4.14E-06
23Cm - 7.53E-03 | 1.60E-02 | 5.79E-02 | 1.02E-01 | 3.31E-04 | 3.57E-02 | 2.20E-01
24Cm* - 2.82E-01 | 6.33E-01 | 2.69E+00 | 3.88E+00 | 1.98E+00 | 1.32E+02 | 1.41E+02
22Cf* - - 449E-02 | 6.03E-02 | 5.32E-03 - 5.23E-02 | 1.63E-01
226Ra - - 7.19E+01 | 1.62E+02 - 3.88E+01 | 1.98E+02 | 4.71E+02
0K - - - 6.35E+02 - 1.04E+02 | 8.31E+02 | 1.57E+03
SAr 1.66E+03 - - - - - - 1.66E+03
4Ca 4.11E+03 - - - - - - 4.11E+03
smcd | 1.25E+01 | 2.58E+00 - - - - - 1.51E+01
51Sm | 3.07E+03 - - - - - - 3.07E+03
2047 1.24+01 2.56E+00 - - - - - 1.50E+01
Sub-total| 3.58E+05 | 8.11E+03 | 6.05E+04 | 6.97E+04 | 1.09E+04 | 3.33E+03 | 8.23E+04 | 5.93E+05
3H (bulk structure in-situ) 1.86E+04
Total 6.12E+05

The highest maximum activity is 8.02E+03 Bg/g for tritium in the bioshield, followed
by 4.43E+03 Bq/g for ®°Sr in the mortuary tubes (Table 2.45). The majority of the
maximum activity concentrations are in the mortuary tubes (11 of 40) and secondary
containment (11 of 40). The remaining maximum activities are in the backfill (7 of 40),
bioshield (7 of 40), ponds (6 of 40) and primary containment (1 of 40). The backfill
shares three joint maximum activity concentrations (two with the secondary
containment and one with the primary containment) where an individual room in which
a maximum overall activity is located is part disposed of in-situ and part disposed of as
backfill.

The mortuary tubes have the majority (23 of 40) of the highest average activity
concentrations; this is attributed to the fact that the mortuary tubes inventory comprises
one activated component and also the conservative assumptions made in its derivation
due to a lack of data. The remaining highest average concentrations are in the bioshield
(8 of 40), ponds (4 of 40), secondary containment (3 of 40), and primary containment
(2 of 40). The ancillary areas and backfill do not have any highest activity
concentrations.

The total estimated radionuclide inventory for the SGHWR is 6.12E+05 MBg. The
majority of the inventory, 5.30E+05 MBq, is disposed of in-situ; the estimated total
activity of the backfill is 8.23E+04 MBq.
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Figure 2.33 presents the overall activity contribution of each feature and percentage of
the total disposal inventory. The bioshield contributes the highest proportion (58.6%)
of the total radionuclide inventory. The bioshield dominates the inventory due to its
high average activity concentrations, despite a fairly small overall mass. The next two
largest contributions are from the primary containment (9.9%) and the secondary
containment (11.4%), which both have moderate average activities (~10 Bg/g) and
masses. The large masses of the backfill and bulk SGHWR structure result in fairly
significant respective contributions (13.5% and 3.0%) to the disposal inventory despite
their low average activity concentrations. Conversely, the high average activity of the
mortuary tubes is offset by their very low overall mass, resulting in a small overall
contribution to the inventory (1.3%). The remaining contributions are from the ponds
(1.8%) and the ancillary areas (0.5%), which couple low masses with moderate to low
average activities.

Total activity [MBq, %]

Backfill, 82,337 MBq,
B Bulk SGHWR structure, 13.5%

18,593 MBq, 3.0%

" Bioshield, 358,490

Ancillary areas, MBq, 58.6%

3,331 MBg, 0.5%

= Ponds, 10,856 MBq,
1.8%

= Secondary containment,
69,653 MBq, 11.4%

Primary containment,
60,526 MBq, 9.9% ®  Mortuary Tubes,
8,106 MBg, 1.3%
Figure 2.33: The radiological inventory contribution from each in-situ feature in the
SGHWR and the backfill.

2.18.2 Inventory Location

In Figure 2.34 a plan view and cross-section of the SGHWR in-situ disposal structure
is illustrated along with the inventory of the in-situ features (excluding elements to be
included in the backfill and bulk tritium contamination which permeate the entire
structure). The figure shows that the majority of the inventory is located in a relatively
small volume of the structure.
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2.18.3 Inventory Fingerprint

281

Figure 2.35 presents pie charts illustrating the main radionuclides in each SGHWR in-
situ disposal feature and the backfill. The figure shows that *H dominates in the
majority of features with the exceptions of the ponds and mortuary tubes. The similarity
of the ponds and mortuary tubes is expected as the majority of the mortuary tubes
assumed activity is from the ponds fingerprint. The ponds inventory also stands out
due to the abundance of ®°Sr and actinides including U and Pu isotopes. In the bioshield
a number of ‘exotic’ radionuclides predicted by neutron activation modelling are
visible, including **Ba, **Ar and *1Sm, as well as measured activation products such
as %Eu and °Co. Outside of the bioshield, in the primary and secondary containment
and ancillary areas, *Cs and ®*Ni are commonly-occurring radionuclides.

SGHWR in-situ disposal inventory

|:| Bioshield 68% |:| Secondary 13%
. Mortuary Tubes 2% . Ponds 2%
. Primary 11% . Ancillary Areas 1%

Figure 2.34: Plan (top) and cross-sectional (bottom) views of the SGHWR in-situ
disposal inventory by component. Based on the Level 3 plan [53, Sheet
4] and [42]. The backfill and bulk SGHWR tritium contamination are
not shown.
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m Cm-243 m Cm-244 = Cm-242/Cf-252 = Ra-226 = K-40 = Ar-39 = Ca-41 = Cd-113m = Sm-151 = TI-204

Figure 2.35: Radionuclide inventory fingerprint for SGHWR in-situ disposal features and backfill at 01/01/2027. Radionuclides contributing less than 0.3% are unlabelled. (This page is set to print on A3.)
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2.18.4 Sensitivity Analysis Summary

Throughout this section, alternative inventories have been derived to explore the
inventory sensitivity to uncertainties in the source data. Although the alternative
inventories explore the impact of uncertainties, they are not considered to be realistic
estimates. Table 2.48 records the activity difference between the reference inventory
estimate and the alternative inventories calculated in these analyses for the different
SGHWR components and features. The percentage of the total inventory and factor
increase for the alternative inventories are also recorded. Table 2.49 presents a
summary of the alternative inventory for each feature and the total SGHWR inventory
under the alternative assumptions.

The largest increase in activity is seen in the bioshield, which was already the most
active feature in the SGHWR and accounts for 88.3% of the activity in the alternative
inventory rather than 58.6% in the reference inventory. The next largest contribution
in the alternative inventory is the primary containment, which contributes 4.3%,
overtaking the secondary containment due to the larger proportional increase in
inventory. The smallest increase is seen in the ponds inventory, which is appropriate
as these are the best-characterised of the SGHWR components.

The total activity of the alternative inventory is 5.91E+06 MBq which is a factor of 9.7
higher than the reference inventory (6.12E+05 MBq). The majority of the increase is
driven by the alternative bioshield inventory. The component total activities increase
by a factor of between 1 and 15 for the alternative inventory assumptions. The largest
proportional increase is for ***Cs, which increases by a factor of nearly 40 driven mostly
by the alternative stored item activation fingerprint adopted for the alternative mortuary
tubes inventory. Another consequence of the alternative stored item activation
fingerprint is the addition of radionuclides ®MNb, 8"Hf, 8Kr, **Ni, 193pt, 12IMSn and
93Zr to the inventory.

Table 2.48: Comparison between the reference inventory estimate and the
alternative inventory as explored in sensitivity analyses. Activity data
are presented for a date of 01/01/2027.

Reference
Inventory Alternative Inventory Estimate
Feature Estimate
Increased
[0) 0,
MBq % |Changes made MBq by factor %)

Assume activity increases by
Bioshield 3.58E+05| 58.6 |uniform factor 14.6 to bring in |5.22E+06| 14.6 88.3
line with activation modelling

More pessimistic inventory for

stored item debris 2.56E+04| 3.2 0.4

Mortuary Tubes |8.11E+03| 1.3

Prima .
Contairr):ment 6.05E+04| 9.9 Adopt maximum rath-er-than 2.55E+05 4.2 4.3
S q average measured activities for

econdary 6.97E+04| 11.4 |each component. 1.35E+05| 1.9 | 23
Containment
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Reference
Inventory Alternative Inventory Estimate
Feature Estimate
Increased
0] 0,
MBq Yo |Changes made MBq by factor Yo
More pessimistic dimensional
Ponds 1.09E+04| 1.8 |assumptions in derivation of |2.01E+04 1.9 0.3
contaminated volume.
Adopt maximum rather than
Ancillary Areas |3.33E+03| 0.5 |average measured activities for| 1.66E+04 5.0 0.3
each component.
Assume average measured
Bulk Structure | 1.86E+04| 30 [Ancillary areasactivity applies | 5 gpe 041 19 | 06
to all uncharacterised
structure.
Alternate inventories for
contributing features,
Backfill 8.23E+04 | 13.5 |maximum activities for rubble | 2.04E+05 25 3.4
mounds and extra 10% overall
volume.
Total SGHWR
. + +
inventory 6.12E+05| 100 5.91E+06 9.7 100
Table 2.49: SGHWR alternative disposal inventory (MBqg) summary for each
feature, presented for a reference date of 01/01/2027. The feature with
the highest activity for each radionuclide is highlighted red.
Radio- | . . Mortuary . Second- Ancillary Bulk .
nuclide Bioshield Tubes Primary ary Ponds Areas | Structure Backfill Total
°H 4 56E+06 | 4.40E+02 | 1.99E+05 | 8.00E+04 | 1.02E+03 | 1.06E+04 | 2.18E+04 | 1.26E+05 | 5.00E+06
4C 1.24E+04 | 6.59E+02 | 7.28E+03 | 1.55E+03 | 1.24E+02 | 3.77E+02 | 7.85E+02 | 7.08E+03 | 3.02E+04
134Cs | 9.55E-01 | 7.47E+00 | 2.49E-02 | 2.81E-01 - 7.61E-04 | 2.81E-02 | 1.37E-01 | 8.90E+00
187Cs | 1.08E+04 | 2.35E+03 | 4.12E+04 | 3.91E+04 | 7.02E+03 | 7.76E+02 | 1.05E+03 | 4.52E+04 | 1.48E+05
5Co - 4.76E-06 | 1.97E-07 | 1.42E-02 - 4.94E-09 | 1.95E-07 | 7.28E-03 | 2.15E-02
®0Co | 2.30E+04 | 1.50E+03 | 1.25E+03 | 1.06E+03 | 5.18E+01 | 3.38E+01 | 4.47E+01 | 7.18E+02 | 2.76E+04
21Am | 9.20E+02 | 1.31E+02 | 1.37E+01 | 2.38E+02 | 3.07E+02 | 3.34E+01 | 9.59E+01 | 5.57E+02 | 2.30E+03
%Nb - 3.22E+02 - 3.67E+00 | 3.70E+00 - - 6.83E+01 | 3.98E+02
1256 - 2.77E+01 - 3.21E+00 - - - 8.93E-01 | 3.18E+01
152Ey | 2.76E+05 | 2.18E+00 | 1.89E+02 | 9.43E+01 - 4.67E+00 | 1.52E+02 | 5.86E+02 | 2.77E+05
4Ey | 1.22E+04 | 5.06E+00 | 1.81E+01 | 1.84E+01 | 2.08E+01 | 9.34E-01 | 3.36E+01 | 9.06E+01 | 1.24E+04
15Ey | 4.81E+02 | 3.83E-01 - 5.02E+00 | 2.06E+00 - - 4.85E+00 | 4.93E+02
SFe | 2.64E+04 | 6.26E+01 | 2.55E+01 | 4.74E+01 | 3.14E+01 | 1.19E+00 | 1.00E+01 | 3.54E+01 | 2.66E+04
8Ni | 1.02E+05 | 1.19E+04 | 5.74E+03 | 8.38E+03 | 3.39E+02 | 1.68E+02 | 5.24E+02 | 4.47E+03 | 1.34E+05
05y 9.34E-01 | 3.53E+03 | 8.95E+01 | 4.61E+02 | 8.48E+03 | 6.55E+02 | 8.20E+02 | 6.09E+03 | 2.01E+04
21py | 8.11E-01 | 4.19E+02 | 6.47E+01 | 5.00E+02 | 1.31E+03 | 1.06E+02 | 4.62E+02 | 1.41E+03 | 4.27E+03
133Ba | 5.80E+04 | 1.14E+02 | 9.28E+01 - - - - 4.43E+01 | 5.83E+04
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r?uat:cliilg(-a Bioshield M?L%Jeiry Primary Se;cr);d- Ponds Agcr'éssry StEJltj:Itlflre Backfill | Total
®Tc - - 3.52E+01 | 1.18E+01 - 1.15E-03 | 1.45E-01 | 1.68E+01 | 6.39E+01
129] - - - 2.52E+01 | 1.29E+02 | 2.45E-03 | 3.10E-01 | 7.41E-01 | 1.56E+02
3%Cl - - - - 1.17E+02 - - 0.00E+00 | 1.17E+02
33y - - 5.05E+00 | 1.84E+00 | 5.80E+02 - - 3.54E+00 | 5.90E+02
34y - 4.28E+00 | 4.03E+00 | 6.35E+02 | 1.57E+01 | 9.82E+02 | 2.41E+03 | 2.48E+03 | 6.53E+03
235# | 3.45E+03 | 1.81E-01 | 1.14E+02 | 6.62E+01 | 1.24E+01 | 7.52E+01 | 1.85E+02 | 3.22E+02 | 4.23E+03
236 # - 1.81E-01 - 1.34E+01 | 1.24E+01 - 4.72E-01 | 1.15E+00 | 2.76E+01
28y - 1.36E+00 | 3.52E+00 | 5.23E+02 | 9.58E+00 | 8.45E+02 | 2.27E+03 | 3.09E+03 | 6.74E+03
238py | 8.72E-02 | 7.05E+01 | 2.56E+00 | 6.54E+01 | 1.41E+01 | 3.17E+02 | 2.64E+02 | 2.38E+02 | 9.72E+02
2%py | 1.75E-02 | 2.04E+02 | 3.35E+00 | 7.33E+01 | 2.96E+02 | 3.65E+02 | 3.18E+02 | 4.31E+02 | 1.69E+03
20py | 1.75E-02 | 1.66E+02 | 2.76E+00 | 5.97E+01 | 2.41E+02 | 2.97E+02 | 2.62E+02 | 4.63E+02 | 1.49E+03
242py - - 5.07E-01 | 1.86E+00 | 1.38E+00 - 2.10E-01 | 1.83E+00 | 5.78E+00
22Cm* - - 3.81E-06 | 4.20E-07 | 8.85E-09 - 5.62E-10 | 1.88E-06 | 6.12E-06
243Cm - 7.53E-03 | 1.53E-01 | 1.21E-01 | 1.18E-01 | 3.31E-04 | 1.68E-02 | 1.21E-01 | 5.38E-01
244Cm - 3.64E+01 | 6.05E+00 | 5.59E+00 | 4.48E+00 | 1.95E+01 | 1.58E+01 | 1.45E+02 | 2.33E+02
22Cf* - - 6.90E-02 | 6.60E-02 | 5.61E-03 - 4.25E-03 | 6.67E-02 | 2.11E-01
225Ra - - 4,89E+02 | 3.14E+02 - 3.39E+02 | 6.72E+02 | 9.02E+02 | 2.72E+03
0K - - - 1.24E+03 - 5.64E+02 | 3.21E+03 | 3.39E+03 | 8.39E+03
BAr | 2.46E+04 - - - - - - - 2.46E+04
4Ca | 6.11E+04 - - - - - - - 6.11E+04
113mCd | 1.86E+02 | 3.89E-01 - - - - - - 1.86E+02
151Sm | 4.56E+04 - - - - - - - 4 56E+04
204T| | 1.84E+02 | 2.97E+01 - - - - - - 2.14E+02
93mMNp - 2.90E+03 - - - - - - 2.90E+03
17enyf - 6.84E+01 - - - - - - 6.84E+01
8Kr - 1.89E+01 - - - - - - 1.89E+01
5N - 6.55E+01 - - - - - - 6.55E+01
193pt - 7.35E+01 - - - - - - 7.35E+01
12lmgp - 3.43E+02 - - - - - - 3.43E+02
BZr - 1.23E+02 - - - - - - 1.23E+02
Total | 5.22E+06 | 2.56E+04 | 2.55E+05 | 1.35E+05 | 2.01E+04 | 1.66E+04 | 3.54E+04 | 2.04E+05 | 5.91E+06

#]* 235U and %8U (**>Cm and 22Cf) originally reported as a combined activity in some analyses. For
the purpose of this inventory estimate, it is conservatively assumed that, in such analyses, the
individual activity of both radionuclides is equal to the reported combined activity at the time of

analysis.
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Inventory Associated with the Dragon Reactor
Complex

Background

The Dragon Reactor complex (B7) was constructed in the late 1950s and early 1960s
[103, 83.2.2] and consists of a number of structures and ancillary plant on the western
edge of the site, as observed in Figure 3.1, Figure 3.2 and Figure 3.3. The principal
structure in the complex is the Dragon Reactor (building B70) itself, which is attached
by a wide corridor to the fuel store building (B78) [104, §6]. The basement of the now
demolished services building (B72) contains operational power cables between B70
and the control building (B71), which will be deplanted once use of the cables has
ceased [104, §6].

Figure 3.1:  Aerial views of the Dragon Complex in 1965 and 2012 (edited from
[103, Photo.3 and cover page]).

Key: 62 = Active fuel storage building (B78)

1 = Outer concrete containment / B70 reactor 63 = Services building (removed to basement)
building B72

56 = Vehicle airlock entrance 64 = Cooler building (B75) and stack

60 = Personnel walkway 65 = Delay tanks (B76) (now removed)

61 = Control building (B71) / Western Offices 66 = Fuel oil storage tanks (now removed)
Figure 3.2:  Dragon Reactor Complex (edited from [105]).
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Figure 3.3:  End State Zone 9 location Plan [103; Fig.1].
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3.1.1 Dragon Reactor

The Dragon Reactor was a 20 MW high-temperature experimental reactor [106, 81]. It
was built and managed as part of an Organisation of Economic Co-operation and
Development (OECD) project to develop high temperature reactors (HTR) with helium
coolant, and to develop graphite-coated uranium-thorium fuel cycle technology [106,
81]. The reactor contained 37 fuel element positions and it was operated with various
fuel types and numerous core configurations throughout its operating life [106, §2.2].
Constructed between 1959 and 1962 [104, 86], the reactor first went critical on 23
August 1964 and operated for 10 years, until it was shut down in September 1975 [106,
82.2].

The B70 Dragon Reactor building is cylindrical in shape, 26 m high (above ground
level) and 35.5m in diameter, and the external structure comprises the outer
containment for the facility [104, 86.1]. The Reactor basement extends 7.6 m below
ground level with the top of the base slab at 27.2 mAQOD, and 3.7 m of steel-reinforced
concrete beneath that [104, 86.1; 107, §2.1]. Plant areas in the Dragon Reactor building
are routinely referenced using heights above or below ground floor level, ranging from
the reactor pit set into the base slab at -29” (8.84 m) to +61.5° (18.75 m).

The Dragon Reactor hall arrangement is illustrated in Figure 3.4. The 2-ft-thick
(0.61 m) outer concrete containment is labelled ‘Wall A’ in Figure 3.4, with the outer
annulus existing between Walls A and B. The inner steel containment shell sits inside
Wall B; everything inside the steel shell is known as the inner containment. Wall C is
located inside the steel shell, extending from the floor to the +18” level where it supports
a floor at the 18ft level in the inner containment and was the outer wall for several plant
rooms. There also exist various below-ground structures outside of Wall A, including
the service duct and ventilation, active and pipe ducts®®.

As presented in Figure 3.4, the thermal shields (consisting of seven layers of inch-thick
steel plates separated by running water in 1-inch gaps [108, §3.3]) surround the Reactor
Pressure Vessel (RPV), which is then enclosed by the cylindrical 1.75-m-thick
reinforced concrete bioshield (Wall D) [107, §2.1]. There was one penetration through
the thermal shield and bioshield where the Purge Gas Pre-Cooler (PGPC) was located
[108, 82], and penetrations for irradiation and viewing facilities just below the Main
Shield Plug (not shown in Figure 3.4).

15 Based on discussions with facility staff, it is assumed that these structures are not contaminated and
that the voids associated with them will be filled with clean material. They are therefore not
considered further in this report.
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outer containment) annulus

Wall B (inner
concrete wall)
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Figure 3.4:  Split-view graphical model of the status in 2018 of the Dragon Reactor
Building (edited from [108, Fig.1]).

290 In September 1975 the Dragon Reactor was shut down and the fuel was removed,
packaged and transported to the Harwell site [106, §1.1]. All of the water systems were
drained and dried. To maintain the integrity of the Dragon Reactor structure, dummy
fuel assemblies were inserted and some components, such as the steel encapsulated
boron carbide control rods, were left in place [106, §2.2.1].

201 Since reactor operations ceased, a significant amount of plant has been removed. The
outer annulus between Walls A and B housed much of the ancillary equipment for the
reactor and has now been almost fully de-planted [108, 82]. All auxiliary and primary
circuit radioactive plant has been removed from the reactor facility [107, §2.3],
including the Main Shield Plug and bricks above the core to the 18’ level [109, §2.1].
Therefore, only the core of the reactor remains in the containment building. The next
decommissioning phase is to build the plant that will be used to remotely dismantle the
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reactor core and core internals; it is expected that the reactor will be fully removed over
the next few years. This work includes removal of the steel thermal shield tanks outside
the core using remote laser cutting, and removal of the bulk asbestos thermal lining
between the shield tanks and the bioshield [109, §2.1].

Based on knowledge of operational history, available records and characterisation
information, it is expected that the decommissioned reactor core components will range
from intermediate to very low-level radioactive waste (ILW to VLLW) or OoS, as
illustrated graphically in Figure 3.5 (although some areas require further investigation
to enhance the available characterisation information) [107, §11]. The RPV and its
content, steel thermal shields, accessible asbestos and accessible metal will be removed
from the reactor hall and disposed of off-site. All that is proposed to remain at the end
state are the below-ground portions of the reinforced concrete walls A-D and the below-
ground section of the inner steel containment shell.
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Figure 3.5:  Expected waste categorisation for Dragon Reactor core components to
be decommissioned [107, §11], based on knowledge of operational
history and characterisation information. Although the latter is limited
in some areas, characterisation has typically focussed on areas of
concern/expected contamination and is therefore expected to be
bounding.
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3.1.2 Dragon Fuel Store and Mortuary Hole Structure

293

294

3.2

295

The B78 Fuel Storage Building is connected to the Reactor Building B70 by a vehicle
access-way and to the outer containment by a personnel access-way running alongside.
The floor slab of the B78 building is contiguous with that of the B70 building vehicle
airlock and there are steel rail tracks embedded in the floor slab running all the way
from B78 to the reactor core. The B78 building includes a Fuel Storage Area (empty
of fuel), a 30 t electric overhead travelling crane and a redundant active drain. The B78
facility also includes a number of offices on the west side together with personnel and
workshop facilities. Vehicular access is provided through the north face roller shutter
door.

The function of the B78 building was to provide a storage area for Dragon fuel elements
during its operational life, although it was also used for the storage of other materials
following defueling of the Dragon Reactor. The mortuary hole structure includes a 50-
hole used fuel (“primary”) store and a 40-hole fresh fuel store [110, 81]. Fuel removed
from the reactor was stored in the carousel beneath the fuel transfer tunnel in B70 before
being transferred to the primary storage holes. Constructed in a concrete lined and
filled pit roughly 5 m below ground level in B78, the primary mortuary hole system
comprises vertical galvanised mild steel tubes [110, §2.1] with a wall thickness of
13 mm (as calculated from dimensions given in Table 3.38).

Outlet Vent |lt—

————— f

Inlet Vent

, . ‘ ’
—— [ Holes |

B 3 —

Figure 3.6:  Primary mortuary holes and ventilation system (fenced compound now
removed) [117, Fig.1].

Proposed End State

In-situ disposal of the Dragon Reactor bioshield and sub-surface concrete structures in
B70, and the Dragon Fuel Mortuary Hole Structure in B78, has been identified as a
credible option for the Winfrith site end state [104, §10] and subsequently as the
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preferred option [111]. In-situ disposal of the B78 floor slab has also subsequently been
identified as the preferred option [112].

Following final decommissioning and removal of plant and accessible metal, it is
expected that all that will remain in the B70 Dragon Reactor building will be the outer
annulus (reinforced concrete Walls A and B), the below-ground portion of the inner
steel containment shell, Wall C (reinforced concrete) and the bioshield (reinforced
concrete) [108, 82]. The steel thermal shield tanks and the RPV will be removed so
that the only metal left in-situ will be the inaccessible inner steel containment shell*®
and steel reinforcement in the concrete walls, bioshield and base slab.

Although the details have not been finalised (INV-DRAGON-002), the concept design
that will be applied to the disposal [111] involves decommissioning and removal of the
Dragon Reactor core, demolishing the reactor building and associated structures to
ground level [112]} and then re-profiling the ground in this area and/or adding
additional material to ensure at least 1 m of radiologically clean cover material is
emplaced over the remaining below-ground structures. The concrete and masonry
waste from demolition of the above-ground portion of the Dragon Reactor and Dragon
Fuel Storage buildings will be used to backfill the below-ground voids left by
demolition of the Dragon Reactor building; any remaining voids will be filled using
material from the existing site stockpiles. An engineered cap will be emplaced over the
below-ground Dragon structure to slow infiltration and leaching (the specific design is
to be determined through detailed assessment) [104, 81.1]. A single cap is assumed to
cover the Dragon Reactor building and the B78 floor slab (which includes the mortuary
holes) [21, Fig.606/17].

All non-concrete and masonry items within B78 and the building structure itself will be
removed; the demolished concrete and masonry will be used to backfill below-ground
voids in the B70 building as noted above. The 40 new fuel storage holes are constructed
in steel cassettes of five that can be removed relatively easily from their pit and so these
will be extracted, leaving only the 50 primary mortuary holes [113]. The primary
mortuary holes and remaining ventilation system (the lateral cuboid sections and curved
structures — see Section 3.9) will be stabilised via infilling with clean grout to create a
monolith structure [104, ES; 108, 8§2], and at least 1 m of radiologically clean cover
material will be emplaced over the primary mortuary holes and floor slab, along with
an engineered cap.

Illustrative cross-sectional and plan views of the proposed Dragon complex end state
are provided in Figure 3.7 and Figure 3.8.

Four inventory sets are therefore needed to model the Dragon Reactor complex: one for
the below-ground B70 Dragon Reactor building structure potentially remaining in-situ;

16 Removing the below-ground portion of the inner steel containment shell could undermine the
integrity of the underground structure. Additionally, to remove it would also mean demolishing and
removing parts of the concrete walls on either side of the steel shell (Walls B and C), which would
not be proportionate given the small magnitude of the estimated associated inventory.

17" Demolition to ground level is pragmatic because the top of the metal mortuary hole structure is at
ground level [21] and the floor slab into which it is set spans both B78 and B70. The effort involved
in removing the floor slab and demolishing to a lower level is considered to be disproportionate to
any benefits.
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one for material used as the B70 backfill; one for the below-ground Dragon Mortuary
Hole Structure; and one for the B78 floor slab potentially remaining in-situ.

- NEICATAE 8L REACE CaknCE PR
oo MRS Cup o RePERERGE » et HtERy
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L
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SECTION D - LOOKING WEST (1:250)

RS BECTION STRUCTURE ASSUMED FROM THE 250 pres—
\WEST.EAST PROJECTION ON REFERENCE 3 (SEE NOTES)

Figure 3.7:  Illustrative cross-section of the in-situ below-ground Dragon Reactor
building and Mortuary Hole Structure with a single cap covering both
structures [114]. The floor slab connecting B78 and B70, which is now
anticipated to be left in-situ, is not shown.

75.9m |

Primary
Mortuary Holes

37.2m

6.4m

R Fresh fuel
holes

B70B it Outer Annulus

Figure 3.8:  Plan of the key subterranean parts of the Dragon Reactor building (B70)
and Mortuary Hole Structure [104, Fig.3]. The grey hatched area is
below-ground void space to be infilled. It is currently assumed that the
40 fresh fuel hole structure will be removed. The floor slab connecting
B78 and B70, which is now anticipated to be left in-situ, is not shown.

3.3 Sources of the Dragon Reactor Complex Radioactive Inventory

301 The majority of the radiological inventory present in the Dragon Reactor complex in-
situ disposal at the end state is expected to be concentrated in the bioshield, which is
mildly activated. However, due to the experimental nature of the reactor operation and
the additional shielding provided by graphite blocks within the RPV, the bioshield

Galson Sciences Ltd & NNL Page 152 of 315 17 December 2024

OFFICIAL



OFFICIAL

1624-10
Version 2

concrete is only lightly activated when compared with a Magnox power station reactor
bioshield [106, §6.2.1; 104, §6.2.1].

The remaining inventory is associated with low-level contamination in the building
paint, walls and floors of the B70 and B78 building structure. In B70, this
contamination, much of which is already below O0S levels, derives from a number of
sources:

e Operational activities during the lifetime of the facility — ©*’Cs is a common
contamination product [122, 83.1].

e Historically, 3H dials were stored at the -25” level in the outer annulus, the
leaking of which led to some contamination [109, §2.1.4].

e There is patchy contamination (3H, ¥’Cs and %°Co) elsewhere in the facility
from decommissioning, found primarily in the paint layer [109, §2.1.4]. The
radionuclides *’Cs and °°Co are not believed to have penetrated into the
concrete, but there is some evidence of 3H migration into the concrete in higher
activity areas [109, 82.1.4]. Some fission product contamination is also present.

e Historic decommissioning activities, and those to be undertaken, have the
potential to redistribute some contamination within the facility since they
involve remote drilling, sawing and laser cutting [109, 82.1]. The degree of
contamination cannot be predicted, but it is assumed that this will be
decontaminated as appropriate.

e During a lifting operation in the cathedral area on the 22 March 2021 to transfer
the PGPC into a bespoke shielded container, contaminated water spilled onto
the concrete floor [115]. Characterisation and clean-up of the spill is currently
ongoing and it is expected to be largely decontaminated [116].

There is the potential for some low-level actinide contamination beneath the fuel
carousel and fission product contamination in the steel-lined sump beneath the reactor
[109, §2.1]; these areas will be characterised once they are accessible, but it is assumed
here that they will be decontaminated as appropriate and so are not included in the end
state inventory estimate (INV-DRAGON-001). These areas would be expected to have
a different contamination fingerprint to that of the general building structure.

As well as containing the spent and fresh fuel stores, the B78 building has been used
more generally for decommissioning activities and waste packaging prior to dispatch
off site. General contamination in the B78 building is assumed to have a similar source
to those listed above for B70 (with the exception of the *H dial storage and the PGPC
spill in B70).

The primary mortuary holes were used to store spent fuel and are therefore expected to
be contaminated with actinide and fission product radionuclides. Following defueling
of the Dragon Reactor, the mortuary holes were also used to house various items from
the on-site Post Irradiation Examination (PIE) facility (A59), which gives the potential
for increased contamination, particularly of alpha emitters not normally associated with
Dragon in significant quantities [108, 82; 117, 81]. The PIE facility examined a variety
of fuel assemblies and their structural components, including fuel from other on-site
reactors and also from off-site facilities [117, 82].
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It is assumed that the remaining plant and structures comprising the Dragon reactor
complex are either radiologically uncontaminated, OoS of RSR, or will be
decontaminated prior to their demolition and removal from site (INV-DRAGON-001);
there is no expectation that any other Dragon reactor complex below-ground concrete
structures will be left in-situ at the end state. Similarly, no inventory associated with
external areas of the Dragon reactor complex is captured in this report. It is assumed
that any such contamination, if present, will be removed or is OoS (INV-DRAGON-
001).

For the purposes of this assessment, the components associated with the disposal
inventory are grouped into the following features:

e Dragon Reactor bioshield:;

e Dragon Reactor (B70) building general surface contamination and additional *H
ingress into the structure;

¢ Residual contamination from the Dragon Reactor building PGPC contaminated
water spill;

e Dragon Fuel Storage (B78) building general surface contamination and
additional *H ingress into the structure;

e Dragon Reactor structure backfill; and
e Primary Mortuary Hole Structure.

The Dragon Reactor Bioshield
Feature Description

The bioshield (Wall D in Figure 3.4) is composed of reinforced concrete extending
from the steel base plate; as of 2024 the bioshield had been removed down to the +18’
level. The majority of the bioshield was shielded from significant activation by the
thermal shields, but mild activation within the bioshield concrete and rebar has occurred
[108, §3.3].

Higher levels of activation are expected in the region where the PGPC unit extended
out from the reactor into the cathedral, penetrating the thermal shields and potentially
creating a pathway for neutrons [108, §3.3]. The PGPC unit was attached to the lower
section of the RPV and protruded into the cathedral room located at the -16’ level (See
Figure 3.5); the PGPC was removed from its in-situ position in January 2018 (but
remained within the Dragon Reactor building; see Section 3.6).

The bioshield, which forms a cylinder around the RPV and thermal shield tanks, is 5'9"
(1.75 m) thick at its widest point [118; 107, §2.1] and then narrows slightly (with a
larger inner diameter) towards the top of the reactor chamber. Table 3.1 summarises
key dimensions and elevations associated with the bioshield.
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Table 3.1:  Dimensions of the Dragon Reactor bioshield. Data from [118] and
extracted by NRS from the AutoCAD Inventor model file “Dragon
Current State Model Issue 3.

Parameter Value [m]
Wall thickness 1.75
Internal diameter 4.72
Total height (as of 2024) 12.57
Below-ground height 7.17
Above-ground height 5.4

3.4.2 Origin and Constraints on Radiological Inventory

The Dragon bioshield inventory is based on three main sources:
¢ Radiological characterisation data of six cores taken through the bioshield.
e Fingerprints derived for Dragon concrete blocks and the mild steel baseplate.

e Analogy with the neutron activation modelling of the concrete and rebar in the
SGHWR bioshield, noting that the SGHWR activation data can only give a
general indication of possible activation in the Dragon bioshield, and that direct
comparison of total activities is not appropriate (see further discussion later in
this section on page 162).

Characterisation Data

Current characterisation data for the bioshield comprises data from six cores taken in
2005, 2013 and 2017.

As part of a concrete coring campaign two cores were taken through the bioshield in
2005 at two different locations to determine whether the concrete and its associated
rebar had been activated [119'%; 120]. The core taken through the bioshield at the
Ground Floor 0° radial was chosen to represent the intersection of the horizontal plane
that goes through the reactor centre with the bioshield (i.e. the maximum neutron flux
location), and the core taken at the +18’ level was to determine whether the concrete
had been activated at the furthest point from the maximum flux position [119, 82.2].

The 2005 cores were sub-sampled throughout their length to determine the activation
profile for the concrete, resulting in 23 separate concrete samples. A single rebar
sample was analysed from the Ground Floor core and two from the +18’ core. The core
taken from the maximum neutron flux location (Ground Floor 0°) showed slight
activation of the concrete to a depth of 750 mm and also activation of the rebar situated
at a depth of 100 mm from the surface of the bioshield [119, 81]. The activation
products *C, ®Co, ®Ni and ?'>*Eu were identified at very low levels with the
dominant isotope being tritium (maximum 9.7 Bg/g). The +18’ level core was also sub-

18 Reference 119 is used in the absence of any other suitable source, but the validity of this reference is
questionable — it is an undated draft project report, believed to have been developed around 2006/07.
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sampled throughout its depth but showed very limited activation of the concrete and no
activation of the rebar.

Three cores were taken in 2013 through the bioshield, asbestos layer and thermal shield
metal layers, primarily to obtain material samples of the RPV and Side Thermal Shield
Tanks at multiple elevations [121, §2.2]. The heights of the cores were set nominally
at +6' -3, +1” -0' and -5' 07, all at 315° radial, as indicated in Figure 3.9, but the actual
drill heights were slightly different.

Only samples from either end of the 2013 bioshield concrete cores were analysed, with
results obtained for the samples from both ends of two cores and only the outer end of
the third core. No rebar samples were obtained. Most results were at the LOD, but
tritium was detected in three samples (maximum 0.56 Bqg/g), and slight activation was
demonstrated through measurement of *C in one sample (0.15 Bg/g), ®°Co in one
sample (0.024 Bg/g), and *?Eu in two samples (maximum 0.48 Bg/g). The fission
product *’Cs was also detected in four of the five samples (maximum 0.69 Bq/g), but
this is assumed to be due to contamination on the external bioshield surfaces (INV-
DRAGON-004).

Wall 'D'
Bio-Shield

Penetratiaon at +6'-3"

Penetration at +1-0"

\\

Thermal
Shield Tanks
/ — 0' Floor Level

N

Penetration at -5-0"

Figure 3.9: 2013 core nominal drilling locations through the bioshield [121, Fig.2].
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In order to decommission the PGPC, a 2000 mm core was made in 2017 from the
Helium Clean Up Plant (HCUP) room through the bioshield and thermal shields, to
allow the cutting laser access to the upper section of the PGPC close to where it attached
to the RPV [122, §81]. The approximate location of the core is shown in Figure 3.10,
which was taken at about the -5’ level at ~85° [122, 82]. Bioshield activation in this
region is expected to be greater than elsewhere due to the neutron pathway offered by
the PGPC.

ROOF OF =
SERVICE DUCT

__;55‘::-' |
=LY |

h Base ofVehicle
\/ \ Airlock
BUILDING ____
: @ NORTH

180°—

Bicshield

Figure 3.10: Drawing of the Dragon -5’ level showing the approximate location of
the core taken in 2017 (red dashed line) [122, Fig.1].

The stated core length is greater than the thickness of the bioshield (~2000 mm
compared with 1750 mm) as the core was drilled at an angle through the bioshield. The
bioshield core was “sliced”, with sub-samples taken from some of the slices; starting
from the outermost (HCUP) end, a 20 mm slice sub-sample was taken out of the start
of each 120 mm length all the way along the core up until the final 300 mm closest to
the reactor [122, §3.1.1]. The final 300 mm length was cut into 15 x 20 mm slices, each
then forming the basis of a sub-sample [122, §3.1.1]. This resulted in a total of 29
concrete samples for analysis. All the concrete sub-samples were analysed by gamma
spectrometry and the two samples closest to the reactor core were also analysed for
activation products commonly found in concrete (°H, *C, “!Ca, °Fe and ®Ni) [122,
83.1.1].
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Of the rebar sections removed from the concrete, the piece of rebar with the highest
activity was used to form a sample for analysis, with the sub-sample of this in the form
of swarf [122, 83.1.4; 123, p.4]. The same determinands were analysed for as for the
concrete samples, although analysis of *Cl was requested instead of #'Ca. It was not
recorded from where in the bioshield core the rebar sample was obtained [122, §2]
(INV-DRAGON-004).

The sample analysis was reported in 2018 [123]. The gamma spectrometry results show
that 2Eu was present in all of the samples up to 550 mm from the inner bioshield
surface (ranging 0.01-2.3 Bg/g), and ®°Co was also present in all but two of these
samples (ranging 0.01-0.098 Bq/g). A few above LOD results for 3Ni and ™Eu were
also observed. Tritium activities of 14-25 Bqg/g were measured in the five analysed
samples (also within 550 mm of the inner surface), but *'Ca was beneath the LOD in
the two samples considered. The fission product *’Cs was measured above LOD in
two samples (maximum 0.002 Bg/g), but this is assumed to be due to cross-
contamination of the samples (INV-DRAGON-004). Only two results were above
LOD for the rebar sample — *°Fe (1.6 Bg/g) and **’Cs (0.0012 Bq/g).

The raw sample analysis results for all six cores are reported in the accompanying
Dragon inventory spreadsheet [15], decayed to a common analysis date of 05/04/2018.
Those above LOD sample results for this characterisation data are provided in
Table 3.2.
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Table 3.2: Dragon bioshield concrete and rebar sample analysis results for the six
cores taken in 2005, 2013 and 2017 [119-123]. The rebar samples are
shaded green. Sample distance from the inner bioshield surface
conservatively corresponds to the innermost side of the sample. Blank
cells indicate the determinand was not requested to be analysed; a dash
indicates that the sample was analysed for, but reported at LOD.
Radionuclides where every result was at LOD, and above LOD results
for the naturally-occurring radionuclides (“°K, 28T, 219Pb, 212Pp, 214pp,
228Ra, 228Ac, 22Th, 24Th, 234U, 2%U), are reported in the accompanying
Dragon inventory spreadsheet [15]. All results are decayed to the date
of the most recent sample, 05/04/2018.
Distance
GAU ID Magnox ID fromInner| *H | “C | ®Fe | ®Co | ®Ni | ¥Cs | 2Eu | Eu
Surface
[mm] | [Ba/g]|[Ba/g] | [Ba/g] | [Ba/g] | [Ba/g] | [Ba/g] | [Ba/g] | [Ba/d]
2017 core at the -5 level
GAU3875/40 | DRA/SAMP/009A 1870 - - - -
GAU3875/1 |DRA/SAMP/9BB 1850 - - - -
GAU3875/2 |DRA/SAMP/009B 1730 - - - -
GAU3875/3 |DRA/SAMP/010 1610 - - - -
GAU3875/4 |DRA/SAMP/011 1490 - - - -
GAU3875/5 |DRA/SAMP/012 1370 - - - -
GAU3875/6 |DRA/SAMP/013 1150 - - - -
GAU3875/7 |DRA/SAMP/014 1130 - - - -
GAU3875/8 |DRA/SAMP/015 1010 - - - -
GAU3875/9 |DRA/SAMP/016 890 - - - -
GAU3875/10 | DRA/SAMP/017 770 - - - -
GAU3875/11 | DRA/SAMP/018 650 - 0.0009 - -
GAU3875/12 | DRA/SAMP/019 530 - - 0.014 -
GAU3875/13 | DRA/SAMP/020 410 - - 0.051 -
GAU3875/14 | DRA/SAMP/021 290 0.011 - 0.28 -
GAU3875/15 | DRA/SAMP/022 270 0.014 - 0.3 -
GAU3875/16 | DRA/SAMP/023 250 0.015 0.002 | 04 -
GAU3875/17 | DRA/SAMP/024 230 0.019 - 0.4 -
GAU3875/18 | DRA/SAMP/025 210 0.024 - 0.66 -
GAU3875/19 | DRA/SAMP/026 190 0.035 - 0.82 -
GAU3875/20 | DRA/SAMP/027 170| 12 0.036 - 0.77 -
GAU3875/21 | DRA/SAMP/028 150 0.055 - 1.05 -
GAU3875/22 | DRA/SAMP/029 130 0.042 - 1.52 -
GAU3875/23 | DRA/SAMP/030 110 0.053 - 2.3 | 0.07
GAU3875/24 | DRA/SAMP/031 90| 25 0.049 - 1.52 -
GAU3875/25 | DRA/SAMP/032 70 0.063 - 1.48 | 0.049
GAU3875/26 | DRA/SAMP/033 50| 18 0.054 - 1.8 | 0.07
GAU3875/27 | DRA/SAMP/034 30| 19 - - 0.098 - - 2 0.048
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Distance
GAU ID Magnox 1D from Inner| °H 14C | %Fe | ®Co | ®Ni | B'Cs | Eu | *Eu
Surface

GAU3875/28 | DRA/SAMP/035 0| 14 - - 0.074 | 0.24 - 1.9 -
GAU3875/39 | DRA/SAMP/044 - 1.6 - - |0.0012| - -
2013 core nominally at +6'-3"", 3150 Radial
GAU2995/9 |Clk 1870| 011 | - - | 027 | - -
2013 core nominally at +1'-0", 3150 Radial
GAU2995/8 |C2i 0| 0.44 - - 0.62 | 0.056 -
GAU2999/6 |C2j 1870 0.34 - - - -
2013 core nominally at -5'-0", 3150 Radial
GAU2999/8 |C3i 0 - 0.014 - 0.025 | 0.385
GAU2995/10 | C3j 1870| 0.14 | 0.15 - 0.120 - -
2005 core at ground floor, Oo Radial
GAU777/1 |WAJ/SAMPLE/1132 1700| 3.01 - - - - - - -
GAU777/1 |WAJ/SAMPLE/1132 1650 4.03 - - - - - - -
GAU777/1 |WAJ/SAMPLE/1132 1600| 4.95 - - - - - - -
GAU777/1 |WAJ/SAMPLE/1132 1500| 0.56 - - - - - - -
GAUT777/1 WA/SAMPLE/1132 1250| 2.40 - - - - - - -
GAUT777/1 WA/SAMPLE/1132 1000| 0.56 - - - - - - -
GAUT777/1 WA/SAMPLE/1132 750 1.33 - - - -
GAUT777/1 WA/SAMPLE/1132 500| 1.53 - - - 0.009 - - -
GAU777/1 |WA/SAMPLE/1132 250| 3.68 - - - 0.008 - 0.004 -
GAUT777/1 WA/SAMPLE/1132 150| 1.99 - - 0.0019 | 0.011 - 0.029 -
GAUT777/1 WA/SAMPLE/1132 100| 4.29 - - 0.0033 | 0.014 - 0.054 -
GAUT777/1 WA/SAMPLE/1132 50| 2.91 - - 0.0067 | 0.023 - 0.076 | 0.003
GAUT777/1 WA/SAMPLE/1132 0| 271 | 0.07 - 0.0025 | 0.005 - 0.035 | 0.002
GAU777/1 |WA/SAMPLE/1132 0| 0.00 - 0.03 | 0.123 | 0.285 - - -
2005 core at +18" level
GAU777/2 |WA/SAMPLE/1134 815| 4.70 - - - - - - -
GAU777/2 |WA/SAMPLE/1134 765| 0.17 - - - - - - -
GAU777/2 |WA/SAMPLE/1134 715| 1.07 - - - 0.009 - - -
GAU777/2 |WA/SAMPLE/1134 615| 0.51 - - - - - - -
GAU777/2 |WA/SAMPLE/1134 415| 0.71 - - - - - - -
GAUT77/2 WA/SAMPLE/1134 250 1.28 - - - - - - -
GAUT777/2 WA/SAMPLE/1134 150| 0.77 - - - -
GAUT777/2 WA/SAMPLE/1134 100| 2.76 - - - -
GAUT777/2 WA/SAMPLE/1134 50| 4.70 - - - -
GAUT777/2 WA/SAMPLE/1134 0| 3.68 - - - -
GAUT777/2 WA/SAMPLE/1134 0| 0.36 - - = =
GAUT777/2 WA/SAMPLE/1134 0| 0.14 - - - -
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Fingerprints

Two previously derived fingerprints have been considered in order to provide additional
indicative values through scaling to the available characterisation data.

In 2013 a fingerprint was derived for concrete bricks from the Upper Support Ring
(USR) above the RPV [124]. The results indicated the presence of ©°Co, 1521%4Ey, 22Na,
3H and “'Ca, demonstrating that sample activity was as a result of activation.
Comparison of bulk concrete and surface smear sample results for 3H showed that the
3H activity was as a result of activation, not surface contamination.

In deriving the USR fingerprint, reference [124] excluded above-LOD measurements
of 28U, 222Th and their daughters on the basis that they are naturally present in concrete,
typically in the range of 30-40 Bg/kg [31]. Potassium-40 was also excluded on the
basis that it is naturally-occurring in concrete (typically ~400 Bq/kg). Reference [124]
excluded 3’Cs and 2**Am from the fingerprint derivation because the results indicated
that they are present in insignificant quantities.

The 2013 USR concrete fingerprint, decayed and normalised to a common
characterisation date of 5/04/2018, is provided in Table 3.3. The radionuclide ®3Ni was
not reported in the fingerprint, but this would be expected to be present in activated
concrete (INV-DRAGON-004). The stated *'Ca concentration is regarded here to be
an indicative value as the “*Ca measurement is likely to have been referenced against a
similar low-energy beta emitter and not directly against a “'Ca instrument standard, as
certified standards are not readily available [125]. Similarly, ??Na is commonly
misidentified in gamma spectroscopy and, as a short-lived (2.6 y) product of fast
neutron activation/proton bombardment of Al or Mg, is unlikely to be present in notable
quantities (indeed, as discussed later in this section, ?Na is excluded from the derived
fingerprint for the concrete bioshield).

The second fingerprint considered is that derived for the mild steel baseplate above the
RPV in 2014 [126], which was generated using six mild steel samples from comparable
areas around the Dragon Reactor: two from the Primary Heat Exchanger thermal shield,
two from the Main Shield Plug (MSP), one from the thermal shield and one from the
Control Rod Drive. Due to the proximity of the baseplate to the reactor core, it is
believed to be both activated and lightly contaminated.

The sample results showed activation products found in steel (3H, **C, 53Ni and *°Fe)
and the fission product *¥'Cs [126, §2]. Alpha contamination (>*Pu, 2*°Pu and 2**Am)
from fuel contamination on one of the MSP samples was excluded from the fingerprint
because this was not applicable for the steel baseplate. A number of results were
inferred using the ratio to %°Co; this was particularly needed for 3CI where the activity
was inferred for five of the six samples (INV-DRAGON-004).

The 2014 mild steel baseplate fingerprint, decayed and normalised to a common
characterisation date of 5/04/2018, is also provided in Table 3.3. The *¥’Cs content is
as a result of surface contamination. The lack of the steel activation product *°Ni and
relatively high proportions of 1*C and 3¢Cl in the fingerprint are noted (INV-DRAGON-
004). Itis possible that the sole **Cl above LOD result may be a false positive, although
this would lead to a conservative over-estimate of the 3CI when using the baseplate
fingerprint to scale measured samples (see later discussion).
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USR concrete brick and Dragon mild steel baseplate fingerprints [124;

126], decayed and normalised to the Dragon bioshield core common
characterisation date of 05/04/2018 [15].

RER e gﬁ?kcggc[rc% basgg;;?esgsl[%]
H 82.11 4.26
15C 0.71 2.68

22Na 0.06
%Cl 0.65
4Ca 161
SFe 9.25
®Co 0.92 43.87
BN 36.59
#Cs 2.70
1%2Ey 14.02
ey 0.57
Total 100.00 100.00

Neutron Activation Modelling for Primary Bioshield

Activation modelling of the Dragon bioshield has not been undertaken. Therefore,
activation modelling results produced for the SGHWR have been used to inform
derivation of the Dragon bioshield fingerprint. The SGHWR activation modelling
study is discussed in Section 2.10.2.

The SGHWR is a different reactor type to that of Dragon, used different fuel and
operated at different energies and over different periods. As noted previously, the type
of concrete used in the activation model derives from a US Nuclear Regulatory
Commission specification, so is not specific to Winfrith, and the rebar steel is a generic
specification. The activation data are also calculated for 16 years after reactor
shutdown (1990 to 2006), whereas it is now over 40 years since Dragon was shut down.
Therefore, the activation data can only be considered to give a general indication of
possible activation in the Dragon bioshield (INV-DRAGON-005). Given these
considerations, only the average flux data [44, Tab.7-29 and Tab.7-31] have been
considered (the activity calculated using the maximum flux uses the maximum flux as
occurring in the 11" vertical compartment of the SGHWR activation model; given the
different reactor design, the maximum flux calculated is not appropriate for comparison
with Dragon).

In order to improve the correlation between the SGHWR activation modelling and the
Dragon bioshield, the modelled activation activity using the average flux has been
decayed — as Dragon has been shut down for 43 years from 1975 to the analysis date of
the 2017 core (April 2018), rather than the modelled 16 years, the additional decay
should be accounted for. Therefore, the modelled activity was decayed for a further 27
years (43 minus 16 years).

Over 200 isotopes were predicted to be formed by activation and subsequent decay in
the concrete and rebar, although a number are stable and many have half-lives of less
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than one year. The radionuclides modelled were reduced to a short-list of nine for
concrete and 15 for rebar by requiring an activity contribution greater than 0.1% and a
half-life greater than one year. Changing this requirement from 0.1% to 0.001%
increases the number of radionuclides to be considered without significantly increasing
the total calculated activity (the total activity increases from 99.8% and 9 radionuclides,
t0 99.9% and 21 radionuclides for concrete, and from 99.5% and 15 radionuclides to
99.8% and 33 radionuclides for rebar). In addition, the characterisation data show that
the Dragon bioshield is lightly activated and the corresponding impact to the total
Dragon activity would be very small. The resulting short-list of radionuclides along
with the SGHWR average activation activity decayed for comparison with the Dragon
bioshield is provided in Table 3.4 and presented graphically in Figure 3.11.

As the activation modelling is for the SGHWR bioshield, it is not appropriate to
compare the total activities. However, its value lies in considering the radionuclide
activity proportions and ratios. For example, for the first modelled 6” of the SGHWR
concrete bioshield, the 3H:*>?Eu ratio is 10.9 and the average ratio for the 2017 Dragon
bioshield core samples is 11.78. The same comparison for the *Eu:'%?Eu ratio is 0.034
and 0.032. This comparison is surprisingly close given the modelling assumptions and
difference in the reactors and their operation. However, the comparison is less positive
for the older core samples, with the average 3H:**2Eu and >*Eu:'*?Eu ratios for the 2005
cores being 261.4 and 0.059, respectively (although this may be a reflection of changing
sample analysis quality and ®H variability and mobility).

In the following inventory estimate, the SGHWR activation analysis informs the
development of the bioshield fingerprints but is not used directly. For the bioshield
concrete fingerprint, it is only used to estimate the contribution of **Eu in one set of
2013 core samples, and for the 1*3Ba and **Sm content. These three radionuclides only
form 0.28%, 0.21% and 0.25%, respectively, of the resulting fingerprint, and it is not
expected that use of Dragon activation analysis (if it were available) would lead to
significant changes in the inventory. For the bioshield rebar fingerprint, activation
analysis is explored as a possible basis for the fingerprint but is ultimately not used in
its derivation (see discussion on page 179).
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Table 3.4: Modelled SGHWR average bioshield concrete and rebar activation activity [44] decayed for an additional 27 years to represent the
Dragon shutdown period, and then filtered to require greater than 0.1% contribution to total activity and a half-life greater than
1 year. The process followed is defined in the accompanying Dragon inventory spreadsheet [15]. The short-list also included **Ar
and 8K, but these were excluded on the basis that they will be generated as a gas and will not remain in the concrete.

Radionuclide Activity in Bioshield Concrete (Average Flux) [Ba/kg] Activity in Bioshield Rebar (Average Flux) [Bg/kg]
Radial section 0-6” 6-12” 12-18” 18-38.28” 0-6” 6-12” 12-18” 18-38.28”

133Ba 1.11E+05 4.36E+04 1.63E+04 2.31E+03

14c 1.64E+05 6.19E+04 2.38E+04 3.73E+03 9.01E+02 3.41E+02 1.32E+02 2.06E+01
“Ca 3.34E+05 1.27E+05 4.90E+04 7.68E+03

13mCq 4.56E+03 1.89E+03 6.98E+02 9.31E+01
8Co 1.18E+04 4.65E+03 1.77E+03 2.61E+02
152y 4.14E+06 1.70E+06 6.75E+05 1.06E+05( 3.74E+03 1.53E+03 6.07E+02 9.51E+01
134Ey 1.42E+05 5.98E+04 2.33E+04 3.33E+03

*Fe 1.76E+05 6.69E+04 2.59E+04 4.04E+03
°H 4 53E+07 1.71E+07 6.66E+06 1.04E+06 7.31E+03 2.00E+03 6.46E+02 9.15E+01
93mNb

Ni 4.47E+02 1.70E+02 6.57E+01 1.03E+01
&N 2.70E+05 1.03E+05 3.96E+04 6.22E+03| 3.96E+04 1.49E+04 5.76E+03 9.04E+02
193pt 3.95E+02 1.49E+02 5.16E+01 6.14E+00
1®1Sm 1.34E+05 4.79E+04 1.75E+04 2.45E+03 1.47E+03 5.39E+02 1.97E+02 2.69E+01
12Imgn 4.71E+02 1.76E+02 5.90E+01 7.25E+00
157Th 3.66E+02 1.69E+02 6.65E+01 8.68E+00
2047 2.05E+03 8.21E+02 3.04E+02 4.23E+01
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Figure 3.11: Modelled SGHWR average bioshield concrete (top) and rebar (bottom)

activation activity [44] decayed for an additional 27 years to represent
the Dragon shutdown period, and then filtered to require greater than
0.1% contribution to total activity and a half-life greater than one year
[15].

Galson Sciences Ltd & NNL Page 165 of 315 17 December 2024

OFFICIAL




OFFICIAL

1624-10
Version 2

Derivation of Bioshield Concrete Fingerprint

A fingerprint for the Dragon bioshield concrete has been developed from the
characterisation data and using the specified fingerprints and indicative activation
analysis to infer results where results for individual radionuclides were either not
requested or were below the LOD. The approach taken is summarised by radionuclide
as follows.

*H

The measured above-LOD results for 3H (decayed to 5/04/18) are as follows:
e 2017 core samples: 5 measurements made, all above LOD (12-25 Bq/qg).
e 2013 core samples: 3 measurements made, all above LOD (0.1-0.4 Bqg/g).
e 2005 core samples: 23 measurements made, all above LOD (0.2-5.0 Bg/g).

The measured 3H activities are clearly not consistent between the datasets. The 2017
core is located in the area of the bioshield expected to have the least shielding and so
subject to high neutron flux. In addition, the 2017 core samples are from the reactor-
end of the core, whereas two of the 2013 samples are from the outer end of the core
(the 0.4 Bg/g value is from the inner end of the core sample). The 2005 ground floor
core is stated to have been taken from the maximum flux position and has higher results
than the 2013 core samples, but lower than the 2017 core.

Consistent with [108, §3.3], an estimate for the 3H activity in the other 2017 core
samples has been calculated by assessing the 3H:'%?Eu ratio (*>’Eu is used because it is
also present as an activation product, it has a similar half-life, it was analysed for in
every sample, and it is the radionuclide with the highest measured activity after °H,
although it is noted that it does not behave chemically in the same way as *H). The
average of the five calculated ratios is 11.8, but the maximum occurs for sample
GAU3875/24 at a distance of 90-110 mm from the inner surface, indicating there was
16.5 times more 3H activity than *?Eu. This is illustrated graphically in Figure 3.12.

Using the ratio of 3H:**?Eu does assume that both radionuclides have a constant activity
profile along the core and that the ratio between the profiles for both radionuclides is
constant. As can be seen from Figure 3.12, *H appears to peak approximately 100 mm
in to the core before tailing off, whereas '5?Eu appears to gradually reduce throughout
the core length (however, it is emphasised that there are very few data points on which
to base this statement). Logarithmically (Figure 3.13) the difference is not so
significant. The difference in behaviour is also supported by Figure 3.11 for decayed
activated SGHWR concrete, which shows similar behaviour to that in Figure 3.12.
Therefore, it is considered appropriate to infer the missing 2017 core 3H results using
the 3H:'%2Eu ratio and, conservatively, the maximum 3H:*>?Eu ratio value is used.
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Figure 3.12: Radionuclide activity profile in the innermost 600 mm length of the
2017 bioshield concrete core. Measured results (coloured symbols) are
from [123] and the two black dashed lines indicate where ®H activities
have been estimated using *H:*>2Eu average and maximum ratios.
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Figure 3.13: Repeat of Figure 3.12, but activity is plotted logarithmically to compare
the radionuclide activity profile in the core length.

The same approach is applied for the 2013 core data. For two of the three 2013 *H
measurements the associated *>2Eu value was at the LOD, so the 3H:!2Eu ratio of 8.0
is calculated for a single sample, GAU2995/8, where both the *H and *2Eu values are
above LOD and therefore this ratio is used to infer the 3H content for the missing results.

There was no need to infer the *H content for any of the 2005 samples since all reported
above LOD results.
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14C

Of the six cores, 23 samples were analysed for **C and only two were above the LOD
—0.15 Bg/g for the outer end of the 2013 -5' core and 0.07 Bg/g for the inner surface of
the 2005 ground floor core. Given its long half-life (5,700 y) and that '“C is expected
to be present in activated concrete, the 1*C content was inferred by ratio.

Ratios using the two measured *C results were considered. For the 2013 sample,
GAU2995/10, the associated >2Eu result was at the LOD and the ratio to *H was quite
high at 0.83. For the 2005 sample, GAU777/1, the ratios to *?Eu and *H were 1.08 and
0.01, respectively — the former result suggesting a larger **C content than ?Eu.
Therefore, alternative methods were assessed for calculating the ratio. The radionuclide
ratios in the concrete brick USR fingerprint [15; 124] were 0.051 for C:*?Eu and
0.009 for *C:3H at 5/04/2018; the same ratios in the decayed SGHWR activation
analysis first 6” section [44; 15] are 0.040 and 0.004, respectively. As the concrete
brick fingerprint ratios are slightly bounding of those suggested by the activation
analysis, and they are based on material obtained from Dragon, the fingerprint ratios
were used to infer the 1*C activity.

The 4C activity is scaled from the 2Eu values. Europium-152 is selected because: (1)
it is the next most dominant radionuclide in the results after 3H (which is mainly a
calculated estimate for the 2013 and 2017 cores); (2) it is a less mobile and variable
activation product than 3H (and therefore likely to be a better correlation to the *4C
content); and (3) a 1>2Eu value is available for the majority of samples. There are more
above-LOD 3H results for the 2005 core samples than *>?Eu, but it is considered more
appropriate to scale to the less mobile radionuclide.

22Na

None of the core samples were analysed for 22Na. The concrete brick fingerprint [124]
suggests that 22Na could be present in the Dragon bioshield concrete, but the core results
show that the bioshield is lightly activated so a substantial original inventory would not
be expected. In addition, ?Na has a half-life of only 2.6 y; the Dragon Reactor was
shut down in September 1975 (45+ years ago) so over 17 half-lives have lapsed. On
this basis, any 2°Na present in the bioshield is considered to be negligible and the
radionuclide is excluded from the derived bioshield concrete fingerprint.

36Cl

None of the concrete 2013 and 2017 core samples were analysed for 3CI. Of the 2005
core samples, 18 were analysed for **Cl and all were at the LOD (0.01-0.02 Bg/g).
Review of the decayed SGHWR activation analysis [44; 15] indicates that the ClI
content in the concrete bioshield is expected to contribute less than 0.02%. On the basis
of this expected small contribution, and the lack of any positive detections, *Cl is
excluded from the Dragon bioshield concrete fingerprint.

41Ca

Of the six cores, 23 measurements were made for **Ca but all were reported at the LOD
(<1 Bg/g for the 2017 core, <0.1 Bg/g for the 2013 cores and <0.4 Bqg/g for the 2005
cores). Given its long half-life (102,000 y) and that *'Ca is expected to be present in
activated concrete, the *'Ca was inferred by ratio. The radionuclide ratios in the
concrete brick USR fingerprint [15; 124] were 0.115 for *'Ca:*>?Eu and 0.020 for
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*1Ca:®H at 5/04/2018; the same ratios in the decayed SGHWR activation analysis first
6” section [44; 15] are 0.081 and 0.007, respectively. It was previously noted that the
41Ca concentration in the concrete brick USR fingerprint should only be considered to
be an indicative value, but as the fingerprint ratios are bounding of those suggested by
the activation analysis, and they are based on material obtained from Dragon, the
fingerprint ratios have been used to infer the “*Ca activity. As for 4C, the “*Ca activities
were scaled from °?Eu.

Fe

Of the six cores, 22 concrete samples were analysed for >>Fe — all were reported at the
LOD (0.01-0.3 Bg/g), bar one of the 2013 core samples with 1 Bg/g at the outer end of
the core. As every other result for this sample, GAU2999/6, was at the LOD, and the
sample is for the outer end of the core, the positive result is likely to be from surface
contamination rather than activation, and therefore not suitable for inclusion in the
bioshield activated concrete fingerprint.

Iron-55 is a common activation product, but the results show that the bioshield is lightly
activated and, with a half-life of just 2.74 y, more than 16 half-lives have lapsed since
the Dragon Reactor was shut down in 1975. On this basis, any >°Fe present in the
bioshield would be expected to be negligible. This is supported by the decayed
SGHWR activation analysis [44; 15], which indicates that >°Fe is expected to contribute
less than 0.003% to the total concrete bioshield activity, and by the fact that the
activated concrete brick USR fingerprint [15] does not include >°Fe. Therefore, >°Fe is
excluded from the Dragon bioshield concrete fingerprint.

GOCO

The measured above LOD results for 8°Co (decayed to 5/04/18) are as follows:

e 2017 core samples: All 29 samples were measured for ®°Co, with 15 above LOD
(0.01-0.1 Bg/g).

e 2013 core samples: All 5 samples were analysed for ®©°Co, with one above the
LOD (0.014 Ba/g).

e 2005 core samples: All 23 samples were analysed for ®°Co, with four above the
LOD (0.002-0.007 Bg/qg).

As previously, the gaps have been inferred by scaling to ™2Eu. Conservatively, the
maximum 8°Co:52Eu ratio for the 2017 (0.052), 2013 (0.050) and 2005 (0.229) cores
have been used (note that no above LOD ®°Co or 2Eu measurements were made for
the 2005 core at the +18” level, so the maximum ratio for the 2005 core at ground level
was used for both).

59Ni

The core samples were not analysed for *°Ni, a typical activation product. The
radionuclide cannot be excluded from the fingerprint on the basis of its half-life, since
it is long-lived (101,000 y). However, it is not included in the concrete brick USR
fingerprint [15] and the decayed SGHWR activation analysis [44; 15] shows that >°Ni
is expected to contribute less than 0.007% to the total concrete bioshield activity.
Therefore, this minor contributor to the Dragon bioshield concrete fingerprint is
excluded.
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63Ni
The measured above LOD results for Ni (decayed to 5/04/18) are as follows:

e 2017 core samples: The two inner-most samples were analysed, with one above
the LOD (0.24 Bq/g).

e 2013 core samples: Two samples were analysed for 53Ni, with both at the LOD.

e 2005 core samples: 18 samples were analysed, with seven above the LOD
(0.005-0.023 Ba/g).

The maximum ®3Ni:*°Co ratio for each core has been used to infer the ®*Ni content as
the chemical behaviour of ®°Co is more similar to that of 53Ni than *2Eu and there are
almost as many above LOD values for ®©°Co as there are for >?Eu. As the activation
product ®3Ni is not included in the concrete brick USR fingerprint [15; 124] no
comparison could be made, but comparison to the decayed SGHWR activation analysis
[44; 15] found that the sample-derived ratios are bounding and therefore should be used.

137CS

Caesium-137 is a typical fission product and as such would not be expected to be
present in any notable quantity in the samples from within the bioshield, although **'Cs
surface contamination is present within the facility. On this basis, the Dragon Project
Manager [108, §3.3] regarded the two above LOD values in the 2017 core samples
(0.001 Bg/g for GAU3875/11 and 0.002 Bg/g for GAU3875/16) as accidental
contamination during the extraction process and excluded them. Caesium-137 was also
measured in four of the five 2013 core samples; however, these samples were from
either end of the cores and therefore would also include surface contamination. All 23
samples from the 2005 cores reported *’Cs at the LOD. This is further supported by
the decayed SGHWR activation analysis [44; 15], which shows that **’Cs as a result of
activation is expected to contribute less than 0.00001% to the total activity. Therefore,
137Cs is not included in the bioshield concrete activation fingerprint.

13383 and 1Sm

The core samples were not analysed for the activation products ***Ba and **'Sm, and
there is no estimate for their presence in the concrete brick USR fingerprint [15]. The
decayed SGHWR activation analysis [44; 15] indicates that both radionuclides are
expected to be present in activated concrete in small quantities, but contributing more
than the 0.1% threshold used to filter the radionuclides. Therefore, **Ba and °'Sm
have been included in the Dragon bioshield concrete activation fingerprint in the
proportions suggested by the activation analysis. As for the scaling of other
radionuclides, the $33Ba and *1Sm activity has been scaled from the >2Eu values.

152Eu

All the samples were analysed for 2Eu with 17 of the 2017 samples above the LOD
(0.01-2.30 Bq/g), two of the 2013 samples above LOD (0.06 and 0.39 Bg/g), and five
of the 2005 samples above LOD (0.004-0.076 Bqg/g) (all stated at 5/04/2018).

154Eu

The measured above LOD results for ***Eu (decayed to 5/04/18) are as follows:

e 2017 core samples: All samples were analysed, with four above the LOD (0.05-
0.07 Bq/g).
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e 2013 core samples: Three samples were analysed, with all three at the LOD.

e 2005 core samples: All samples were analysed, with two above the LOD (0.002-
0.003 Bag/g).

The decayed SGHWR activation analysis [44; 15] suggests a **Eu:®?Eu ratio of
0.0329. The average ratio using the 2017 core sample data is 0.032, and 0.059 for the
2005 core sample data. Therefore, the datasets are consistent (less so for 2005 but the
same order of magnitude), and so the missing values for the 2013 core samples are
inferred using the average activation analysis ratio to *Eu. The maximum ®Eu:*2Eu
ratios for the 2017 and 2013 core samples (0.039 and 0.062, respectively) have been
used to infer the missing >*Eu results in these datasets.

Naturally-occurring Radionuclides

The gamma spectroscopy analysis for all cores observed the presence of naturally-
occurring radionuclides, including “°K, and those from the 28U and 22Th decay chains.
These radionuclides are excluded from the derived bioshield concrete fingerprint on the
basis that they are naturally occurring and consistent with typical values quoted for
concrete [31], and because they would not be expected to be produced via activation:

e The maximum “°K values of 170 Bg/kg for the 2017 core and 100 Bg/kg for the
2013 core are less than the typical natural concentration of 400 Bqg/kg [31,
Tab.1].

e Uranium series: The average activity for 2*U and 23U is 0.005 Bq/g for both,
implying they are in secular equilibrium and therefore from the same natural
source.

e Thorium series: 232Th is not reported in the 2017 and 2013 core data, but the
reported daughter radionuclides in this chain are all short-lived and have
activities less than, or consistent with, the typical 22Th content for concrete
(30 Bg/kg [31, Tab.1]). The 232Th results from 2005 support this also.

Activation Profile

The 2017 core sample results show no artificial activity in the outermost section of the
bioshield (more than 650 mm from the inner bioshield surface) with low LOD values
given. For the 2005 ground floor core, ®Ni is consistently recorded in all samples out
to about 750 mm, and **?Eu to 500 mm.

There are two 2013 outermost sample results above LOD, for *C and for ®H. For “C
the value is high (0.15 Bq/g), particularly when compared with the other two **C LOD
results of 0.02 Bg/g and the average *C activity inferred for the first 650 mm of
0.04 Bg/g. Given the lack of above LOD values for the other radionuclides at the outer
end of the 2013 bioshield cores (other than *H discussed below), it is assumed that this
result arises due to surface contamination or error.

Two 2013 core sample results for the outer end of the core measured very low levels of
3H; given the decreasing trend in the 2017 sample results towards the outer surface of
the bioshield, it is assumed that these two results derive from surface contamination
rather than activation. However, ®H above the LOD is measured in every core section
sample for both 2005 cores. Nonetheless, given the high mobility of °H, the difficulty
in detection, and the fact that the other key activation products (®°Co, %3Ni and >?Eu)
show a decreasing trend from the inner bioshield surface outwards but the *H appears

Galson Sciences Ltd & NNL Page 171 of 315 17 December 2024

OFFICIAL



OFFICIAL

1624-10
Version 2

random, all suggest that the results have arisen due to contamination rather than actual
activation throughout the entire length of the bioshield cores.

Given the above, it is assumed here that the outer section of the bioshield
(conservatively assumed to be greater than 750 mm) is not activated and that the
derived Dragon bioshield concrete activation fingerprint applies only to the first
750 mm from the inner bioshield surface.

Derived Fingerprint

The resulting dataset of measured and inferred Dragon bioshield concrete samples is
presented in Table 3.5. As per the above discussion, other than some *H values and one
14C sample result, all samples that are at least 750 mm from the inner bioshield surface
are reported at the LOD or are calculated from a LOD result (indicated by the red font).
Therefore, the fingerprint for the bioshield concrete is calculated from the average of
the above-LOD values for samples that are less than 750 mm from the bioshield inner
surface (at the bottom of Table 3.5 and in Table 3.6).

Table 3.5 also reports the average radionuclide concentration when considering only
the above-LOD values for 2017 core samples that are less than 750 mm from the
bioshield inner surface. The 2017 core is believed to be located in the area of the
bioshield with a potential neutron pathway along the PGPC (meaning there is
potentially less shielding and therefore greater activation), while the 2005 ground floor
core was stated to be in the area of highest neutron flux. The measured activities from
the 2017 core are generally higher (by ~x10), which suggests that the PGPC provided
an effective neutron pathway that compensated for being in a position of lower flux
than for the 2005 ground floor core. Including the 2005 and 2013 core data in the
derivation reduces the average total activity from 15.6 Bg/g to 9.5 Bq/g, although this
is dominated by the *H estimate — if °H is excluded then there is minimal difference in
the total average activity (1.5 Bq/g for 2017 core data alone compared with 1.1 Bg/g
for all six cores). The maximum activity is the same in both datasets since it is
dominated by the 2017 sample results. It would be conservative to derive the concrete
bioshield fingerprint just using the 2017 data, but this is not considered appropriate for
a fingerprint that is to be applied over the whole inner bioshield concrete volume. Given
that the activation will be lower towards the top and bottom of the bioshield, and that
most of the bioshield has more shielding than in the area of the PGPC, it is a more
realistic representation to derive the fingerprint using the average of all the core
samples. However, further characterisation to confirm that there are no areas of higher
activation in the bioshield (particularly in the regions where barytes concrete was used;
see later discussion) would support this approach (INV-DRAGON-004).

Galson Sciences Ltd & NNL Page 172 of 315 17 December 2024

OFFICIAL



OFFICIAL

1624-10
Version 2
Table 3.5: Dragon bioshield concrete sample analysis results for the six cores taken
in 2005 (GAU3875 samples), 2013 (GAU2995 and GAU2999 samples)
and 2017 (GAUT777 samples) [119-123], with results inferred as
discussed above if results for individual radionuclides were either not
requested or were below the LOD. Red font indicates the result was
reported as LOD or is calculated from an LOD value, blue shading
indicates a calculated/inferred result and green shading indicates a
directly measured value that has been decayed to the common date, and
no shading with black font indicates an above LOD value reported at
05/04/2018 (i.e. no calculation has been applied). The full analysis is
recorded in the accompanying Dragon inventory spreadsheet [15]. The
average and maximum values exclude LOD results and are for samples
located <750 mm from the inner bioshield surface (indicated by the red
dashed line). Presented at the date of the most recent sample,
05/04/2018.
Distance
Sample ID | from Inner °H T “Ca 8Co 53Ni 18Ba | 'Sm 12Ey 1S4Ey
Surface
[-] [mm] [Ba/gl | [Ba/gl | [Ba/gl | [Ba/gl | [Ba/gl | [Ba/gl | [Ba/g]l | [Ba/gl | [Ba/gl
GAU2995/9 1870 0.11 0.002 | 0.005 | 0.003 | 0.037 | 0.001 | 0.001 | 0.040 | 0.014
GAU2999/6 1870 0.50 0.003 | 0.007 | 0.003 | 0.078 | 0.001 | 0.002 | 0.064 | 0.002
GAU2995/10 1870 014 | 0150 | 0.005 | 0.002 | 0.030 | 0.001 | 0.001 | 0.040 | 0.014
GAU3875/40 1870 0.33 0.001 | 0.002 | 0.002 | 0.006 | 0.0004 | 0.0005 | 0.02 | 0.007
GAU3875/1 1850 0.49 0.002 | 0.003 | 0.002 | 0.006 | 0.001 | 0.001 0.03 | 0.009
GAU3875/2 1730 0.49 0.002 | 0.003 | 0.002 | 0.006 | 0.001 | 0.001 0.03 | 0.007
GAU777/1 1700 3.01 | 0.0003 | 0.0006 | 0.0005 | 0.008 | 0.0001 | 0.0002 | 0.005 | 0.002
GAUT777/1 1650 403 | 0.0005 | 0.0012 | 0.0010 | 0.008 | 0.0002 | 0.0004 | 0.011 | 0.003
GAU3875/3 1610 0.49 0.002 | 0.003 | 0.003 | 0.010 | 0.001 | 0.001 0.03 | 0.008
GAUT777/1 1600 495 | 0.0005 | 0.0012 | 0.0010 | 0.006 | 0.0002 | 0.0004 | 0.011 | 0.002
GAU777/1 1500 0.56 | 0.0005 | 0.0012 | 0.0010 | 0.007 | 0.0002 | 0.0004 | 0.011 | 0.003
GAU3875/4 1490 0.33 0.001 | 0.002 | 0.002 | 0.006 | 0.0004 | 0.0005 | 0.02 | 0.005
GAU3875/5 1370 0.33 0.001 | 0.002 | 0.001 | 0.003 | 0.0004 | 0.0005 | 0.02 | 0.005
GAU777/1 1250 2.40 | 0.0003 | 0.0006 | 0.0005 | 0.008 | 0.0001 | 0.0002 | 0.005 | 0.002
GAU3875/6 1150 0.16 0.001 | 0.001 | 0.001 | 0.003 | 0.0002 | 0.0002 | 0.01 | 0.003
GAU3875/7 1130 0.33 0.001 | 0.002 | 0.002 | 0.006 | 0.0004 | 0.0005 | 0.02 | 0.006
GAU3875/8 1010 0.33 0.001 | 0.002 | 0.002 | 0.006 | 0.0004 | 0.0005 | 0.02 | 0.008
GAUT777/1 1000 0.56 | 0.0003 | 0.0006 | 0.0005 | 0.007 | 0.0001 | 0.0002 | 0.005 | 0.002
GAU3875/9 890 0.33 0.001 | 0.002 | 0.002 | 0.006 | 0.0004 | 0.0005 | 0.02 | 0.007
GAUT777/2 815 470 | 0.0005 | 0.0012 | 0.0010 | 0.009 | 0.0002 | 0.0004 | 0.011 | 0.004
GAU3875/10 770 0.33 0.001 | 0.002 | 0.002 | 0.006 | 0.0004 | 0.0005 | 0.02 | 0.005
GAUT777/2 765 0.17 | 0.0005 | 0.0012 | 0.0010 | 0.009 | 0.0002 | 0.0004 | 0.011 | 0.003
CAUL 50 L AR L0000 L0001z L 00010 | 0904 0002 L 00008 | 2011 | Q003
GAUT777/2 715 1.07 | 0.0003 | 0.0006 | 0.0005 | 0.009 | 0.0001 | 0.0002 | 0.005 | 0.002
GAU3875/11 650 0.33 0.001 | 0.002 | 0.001 | 0.003 | 0.0004 | 0.0005 | 0.02 | 0.005
GAUT777/2 615 0.51 | 0.0003 | 0.0006 | 0.0005 | 0.009 | 0.0001 | 0.0002 | 0.005 | 0.002
GAU3875/12 530 0.23 0.001 | 0.002 | 0.001 | 0.003 | 0.0003 | 0.0003 | 0.014 | 0.001
GAU777/1 500 1.53 | 0.0003 | 0.0006 | 0.0005 | 0.009 | 0.0001 | 0.0002 | 0.005 | 0.002
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Distance
Sample ID | from Inner °H “c 4Ca %Co BN 133Ba 151Sm 2By S =
Surface
[] [mm] [Ba/gl | [Ba/g]l | [Ba/g] | [Ba/gl | [Ba/g]l | [Ba/g]l | [Ba/gl | [Ba/g]l | [Bal/d]
GAUT777/2 415 0.71 | 0.0005 | 0.0012 | 0.0010 | 0.009 | 0.0002 | 0.0005 | 0.011 | 0.003
GAU3875/13 410 0.84 0.003 | 0.006 | 0.003 | 0.010 | 0.001 | 0.001 | 0.051 | 0.002
GAU3875/14 290 4.61 0.014 | 0.032 | 0.011 | 0.036 | 0.007 | 0.008 0.28 0.011
GAU3875/15 270 4.93 0.015 | 0.034 | 0.014 | 0.045 | 0.008 | 0.008 0.3 0.012
GAUT777/1 250 3.68 | 0.0002 | 0.0004 | 0.0003 | 0.008 | 0.0001 | 0.0002 | 0.004 | 0.0002
GAUT777/2 250 1.28 | 0.0005 | 0.0012 | 0.0010 | 0.009 | 0.0002 | 0.0005 | 0.011 | 0.003
GAU3875/16 250 6.58 0.020 | 0.046 | 0.015 | 0.049 | 0.010 | 0.011 0.4 0.016
GAU3875/17 230 6.58 0.020 | 0.046 | 0.019 | 0.062 | 0.010 | 0.011 0.4 0.016
GAU3875/18 210 10.86 | 0.033 | 0.076 | 0.024 | 0.078 | 0.017 | 0.019 0.66 0.026
GAU3875/19 190 1349 | 0.042 | 0.094 | 0035 | 0.114 | 0.021 | 0.023 0.82 0.032
GAU3875/20 170 12 0.039 | 0.088 | 0.036 | 0117 | 0.020 | 0.022 0.77 0.030
GAU777/1 150 1.99 0.001 | 0.003 | 0.0019 | 0.011 | 0.001 | 0.002 | 0.029 | 0.001
GAUT77/2 150 0.77 | 0.0005 | 0.0012 | 0.0010 | 0.004 | 0.0002 | 0.0006 | 0.011 | 0.003
GAU3875/21 150 17.27 | 0.053 | 0.120 | 0.055 | 0.178 | 0.028 | 0.034 1.05 0.041
GAU3875/22 130 25.00 | 0.077 | 0.174 | 0.042 | 0.136 | 0.041 | 0.049 1.52 0.059
GAU3875/23 110 37.83 | 0117 | 0.263 | 0.053 | 0.172 | 0.062 | 0.074 2.3 0.07
GAUT777/1 100 4.29 0.003 | 0.006 | 0.0033 | 0.014 | 0.001 | 0.003 | 0.054 | 0.002
GAUT77/2 100 2.76 | 0.0005 | 0.0012 | 0.0010 | 0.004 | 0.0002 | 0.0006 | 0.011 | 0.003
GAU3875/24 90 25 0.077 | 0.174 | 0.049 | 0.159 | 0.041 | 0.049 1.52 0.059
GAU3875/25 70 2434 | 0.075 | 0.169 | 0.063 | 0.204 | 0.040 | 0.048 1.48 0.049
GAU777/1 50 2.91 0.004 | 0.009 | 0.0067 | 0.023 | 0.002 | 0.004 | 0.076 | 0.003
GAUT77/2 50 4.70 | 0.0005 | 0.0012 | 0.0010 | 0.006 | 0.0002 | 0.0006 | 0.011 | 0.004
GAU3875/26 50 18 0.091 | 0.206 | 0.054 | 0.175 | 0.048 | 0.058 1.8 0.07
GAU3875/27 30 19 0.101 | 0.229 | 0.098 | 0.318 | 0.053 | 0.065 2 0.048
GAU3875/28 0 14 0.096 | 0.218 | 0.074 0.24 0.051 | 0.061 1.9 0.074
GAU2995/8 0 0.44 0.003 | 0.006 | 0.002 | 0037 | 0.001 | 0.002 | 0.056 | 0.002
GAU2999/8 0 3.01 0.019 | 0.044 | 0.014 | 0.049 | 0.010 | 0.015 | 0.385 | 0.012
GAU777/1 0 2.71 0.07 0.004 | 0.0025 | 0.005 | 0.001 | 0.002 | 0.035 | 0.002
GAUT77/2 0 3.68 | 0.0005 | 0.0012 | 0.0010 | 0.004 | 0.0002 | 0.0006 | 0.011 | 0.003
All core data, | Average 8.38 0.04 0.09 0.03 0.10 0.02 0.02 0.75 0.03
<750 mm Maximum | 37.83 | 0.12 0.26 0.10 0.32 0.06 0.07 2.30 0.07
2017 core Average 14.15 0.05 0.12 0.04 0.14 0.03 0.03 1.02 0.04
data only, .
<750 mm Maximum | 37.83 0.12 0.26 0.10 0.32 0.06 0.07 2.30 0.07
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Table 3.6: Dragon bioshield concrete fingerprint derived using average concrete
sample results from the 2005, 2013 and 2017 cores (Table 3.2), and
scaling from the concrete brick USR fingerprint ([15], Table 3.3) and
decayed SGHWR activation analysis ([44; 15], Table 3.4). Fingerprint
presented at 05/04/2018 [15].

Radionuclide|  Half-life A"er"’Enggi“V'ty Average [%] AC'\t’i'\"j‘i)&m[gr;/g]
H 1.23E+01 8.381 88.693 37.829
19 5. 70E+03 0.041 0.430 0.117

“aCca 1.02E+05 0.085 0.904 0.263
®Co 5.27E+00 0.028 0.208 0.008
BN 1.00E+02 0.098 1.040 0.318
1398, 1.05E+01 0.020 0.209 0.062
1515m 9.00E+01 0.024 0.252 0.074
1526 1.35E+01 0.746 7.895 2300
ISy 8 59E+00 0.026 0.280 0.074
Total 9.45 100.00 4113

Derivation of Bioshield Barytes Concrete Fingerprint

Reinforced barytes concrete has been identified in the Dragon facility. The extent and
composition are not known (INV-DRAGON-006), although its presence is indicated
on some drawings (e.g. AE149323; Figure 3.14), generally around penetrations. The
drawings suggest that barytes concrete was used either to provide a greater level of
shielding (suggesting that higher activation was expected), or to provide a similar level
of shielding over a smaller concrete thickness. The significantly higher Ba content in
such concrete will result in different activation proportions as Ba is only a small
constituent of ordinary concrete. The Ba content in heavy (barytes) concrete could be
as much as 30-50% [127; 128] which, on a simple scaling basis, would substantially
increase the *3*Ba inventory from that in ordinary concrete. Zagar and Ravnik [129]
measured neutron activation in ordinary high-density concrete and barytes concrete.
Ordinary concrete contains mainly limestone (CaCOz) and silicon oxides (SiO2). The
aggregate phase in barytes concrete is composed mainly from barytes minerals (barite
BaSO. or witherite BaCOs). Both types of concrete considered by Zagar and Ravnik
were made with Portland cement [129, §2.1]. The study concluded that the residual
radioactivity in ordinary concrete is predominantly due to the presence of trace
elements, with key isotopes being “6Sc, ®°Zn, **Mn, ©Co, and ®2Eu, but the residual
gamma radioactivity in barytes concrete was predominantly due to *3Ba.

It has not been possible to identify what barytes concrete composition was used when
Dragon was constructed and no samples of barytes concrete from Dragon have been
analysed. Therefore, indicative composition information on barytes concrete has been
sought. Two studies comparing ordinary and heavy/barytes nuclear concrete were
obtained. The first, by Garcia et al. [127, Tab.1], a neutron activation study, included
composition information for an ITER-facility-like concrete (assumed to be a Ca-based
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concrete although the proportion is not as high as in other ordinary concrete
compositions) and a barytes concrete — the Ca and Ba components were 8.28 wt% and
0 wt% in the former and 5.02 wt% and 46.34 wt% in the latter. The second study
identified, by Tefelski et al. [128] on neutron shielding concretes, included composition
information for ordinary, borated, heavy, borated heavy and reinforced concretes used
in the following reactors: Ulysse de Saclay and the Réacteur Universitaire de Strasburg.
The composition data are presented in Table 3.7.

As a rough indicative estimate, the average reduction in the proportion of Ca content
and the increase in Ba content for the three shielding concretes identified is assumed to
scale directly to a change in the activation inventory for the bioshield concrete. No
attempt was made to account for the neutron absorption characteristics of Ba versus Ca.
Table 3.8 summarises the Ca and Ba in each pair of ordinary and barytes concrete.
Using the resulting average data, the Dragon bioshield activity associated with Ca has
been assumed to correspond to 12.4 wt% Ca content in the Ca-based concrete
composition, which reduces to 7.8 wt% in the Ba-based concrete. Similarly, the activity
associated with Ba in the Ca-based Dragon bioshield concrete fingerprint (Table 3.6) is
assumed to correspond to an original Ba content of 0.5 wt%, which increases to
40.2 Wt% in a Ba-based concrete. The fingerprint proportions for 'Ca and *Ba
activities were then scaled by these proportions. Changes in trace and other element
proportions are neglected, as are any differences in neutron transport properties and
concrete activation. It is emphasised that this is a very indicative estimate for the
inventory associated with barytes concrete activation in Dragon (INV-DRAGON-006),
especially given the simplifications made in this fingerprint estimate and the barytes
concrete volume estimate (see Section 3.4.3). The resulting Dragon bioshield barytes
concrete fingerprint is presented in Table 3.9.
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Figure 3.14: Extract from Drawing AE149323 (UKAEA, Version E, June 1961), a

plan view of the Dragon bioshield, where the hatched area indicates the
presence of barytes concrete.
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Table 3.7:  Concrete composition information for the Ulysse de Saclay and the Réacteur Universitaire de Strasburg reactors [128, Tab.1 and
Tab.2]. The abbreviation used are: OC — ordinary concrete, BC — borated concrete, HC — heavy concrete, BHC — borated heavy
concrete, RC — reinforced concrete. “U” and “R” designators mean Ulysse de Saclay or Réacteur Universitaire de Strasburg.

Concrele mass composilion of Ulysse de Saclay decommissioned reactor

Table 1

(Ulysse). Unils in ppm

Table 2

Concrete mass composition of Strashurg University decommissioned reactor
(RUS). Unils in ppm

Concrele Lype: 0OC-u BCU HC.U  BHC-U Concrete type: OC-R BC-R HC-R RC-R
Density gfem: 2.63 258 3.20 3.20 Density gfcm?: 2.63 2.58 3.20 442
H 3502 3505 1114 119 H 16438 8851 1180 2498
B 16 200042 6 21983 B 22 18314 5 5167
C 37190 37218 18553 18623 C 25168 27411 2499 7734
O 52086 514765 306846 285852 0 512453 520201 282393 146713
F 0 0 51559 51756 F 0 0 58286 0
Na 920 921 487 489 Na 6406 5631 574 1589
Mg 2776 2779 793 796 Mg 2083 7652 1216 2159
Al 14563 14574 4751 4769 Al 24083 22180 2580 6258
Si 217718 211824 T1586 63227 Si 278133 210148 40100 59296
P 202 262 95 96 385 348 44 99
5 3402 3404 92899 93253 5 4441 2513 105975 09
K 5153 5157 3459 3472 K 4096 9103 1050 2570
Ca 174004 174224 109248 109665 Ca 11409 14916 13982 43065
Ti 961 261 197 198 Ti 948 821 120 232
M 252 252 102 1107 Mn 495 1599 49 451
Fe 9645 9652 2025 2033 Fe 11350 13134 1440 720663
Sr 328 328 9557 9593 Sr 671 1645 10597 553
Ba 132 132 325722 326972 Ba 135322 834 417901 244
Galson Sciences Ltd & NNL Page 178 of 315

OFFICIAL

17 December 2024



OFFICIAL

1624-10
Version 2
Table 3.8:  Comparison of Ca and Ba proportions in three pairs of ordinary and
heavy/barytes concrete (OC and HC, respectively).
Ca wt% reduction Ba wt% increase
Data Source Wt% in | wtd%in | wt%in | wt%in
oC HC oC HC
ITER-facility-like and Barite concrete [127, 83 50 0.00 463
Tab.1]
Ulysse de Saclay ordinary and heavy
concrete [128, Tab.1] 17.4 10.9 0.01 326
Réacteur Universitaire de Strasburg
ordinary and heavy concrete [128, Tab.2] 114 4 1.35 418
Average 12.4 7.8 0.5 40.2
Table 3.9: Indicative Dragon bioshield barytes concrete fingerprint derived by
scaling the Ca and Ba proportions in the Dragon bioshield ordinary
concrete fingerprint (Table 3.6) using indicative concrete composition
information from [127; 128]. Fingerprint presented at 05/04/2018 [15].
Only the activities of “'Ca and *Ba (shaded) are changed from the
ordinary concrete fingerprint.
. . Average Activity 9 Maximum
Radionuclide [Ba/a] Average [%] Activity [Ba/g]
*H 8.381 75.234 37.829
14c 0.041 0.365 0.117
“Ca 0.054 0.483 0.166
8Co 0.028 0.253 0.098
&N 0.098 0.882 0.318
133Ba 1.742 15.636 5.437
1515m 0.024 0.214 0.074
12Ey 0.746 6.697 2.300
=V 0.026 0.238 0.074
Total 11.14 100.00 46.41

Derivation of Bioshield Rebar Fingerprint

As indicated in Table 3.2, the rebar data set is limited - there are four rebar samples and
only two of these provide a few above-LOD results. Review of the mild steel baseplate
fingerprint [126] and the thermal shield sample results (where available from the 2017
core) suggest significantly different ratios for a number of radionuclides (particularly
%Fe, 0Co and %3Ni) compared with that calculated using the decayed SGHWR rebar
activation analysis [44; 15]. While the SGHWR is an entirely different reactor and the
activation analysis is not directly comparable, review of measured and predicted ratios
for radionuclides in activated Dragon bioshield concrete were found to be surprisingly
similar. Therefore, it is considered that the significant difference between activation
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analysis for rebar and the baseplate fingerprint arises due to assumptions about the
composition of the reinforcing steel. The baseplate fingerprint [126] is based on
samples from mild steel components near the Dragon Reactor core, whereas steel
reinforcing bar typically has a wide range of trace contaminants and the steel grade may
be less controlled. Review of the activation analysis [44] shows a two order of
magnitude difference between the assumed Co content for mild steel and for rebar in
the activation model. The exact composition of rebar used in the Dragon bioshield is
not known (INV-DRAGON-006).

Therefore, the Dragon bioshield rebar fingerprint was derived by considering both the
baseplate fingerprint and the SGHWR activation analysis to calculate two separate
fingerprints and then, due to a lack of any further information on the Dragon rebar, the
most conservative of the two was selected (INV-DRAGON-006). Scaling to the 2017
thermal shield samples was not applied since measurements for a thermal shield are
included in the baseplate fingerprint [126].

Considering the 2017 rebar sample alone, the two alternative fingerprint options were
calculated by scaling to the measured %°Fe and **’Cs values. The average of the
SGHWR flux activation data (see Table 3.4) was used as there is no knowledge from
where the single rebar sample measurement was taken. The calculated fingerprint using
the steel baseplate fingerprint substantially bounds the total activity concentration
derived using the SGHWR activation analysis (16.8 Bg/g compared with 2.2 Bg/g) and
also includes a higher proportion of **C, which is long-lived and of more relevance to
the long-term safety assessment than shorter-lived radionuclides or those that that are
not as mobile or that have lower dose coefficients. The radionuclides present in the
activation analysis short-list (Table 3.4) that are not in the baseplate fingerprint
comprise ~5% of the activation analysis total activity. Therefore, in the absence of any
information on the composition of the bioshield rebar, the fingerprint derived using the
mild steel baseplate fingerprint to fill the data gaps has been selected to produce the
Dragon bioshield rebar inventory estimate.

Inclusion of the 2005 rebar sample data (measured above LOD and inferred using the
baseplate fingerprint) slightly increases the proportion of 3H, C, and Cl by a few
percent, increases *°Fe by ~13%, increases ®3Ni by ~18%, and decreases ®°Co by ~40%.
This is a substantial difference compared to what is (bar a few data points) the mild
steel baseplate fingerprint. An increase in the >>Fe proportion is consistent with the
SGHWR activation analysis, although ~70% is expected in that (compared with 25%
in the derived fingerprint), and a smaller proportion of %Ni.

The resulting Dragon bioshield rebar fingerprint is presented in Table 3.10.
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Table 3.10:  Dragon bioshield rebar fingerprint derived using average rebar sample

results from the 2017 and 2005 cores (Table 3.2) and scaling from the

mild steel baseplate fingerprint ([126], Table 3.3). Fingerprint presented

at 05/04/2018 [15].

Radionuclide Half-life AV r?ngg(]:t'V'ty Average [%0] Acl\t/il\?i);;/rrigr(;l/g]
°H 1.23E+01 0.21 7.68 0.36
1“C 5.70E+03 0.16 5.73 0.23
%Cl 3.01E+05 0.05 1.89 0.11
*Fe 2.74E+00 0.68 24.56 1.60
%Co 5.27E+00 0.12 4.43 0.12
&N 1.00E+02 1.54 55.67 3.11
187Cs 3.02E+01 0.0012 0.04 0.001
Total 2.77 100.00 5.54

3.4.3 Inventory Estimate

In developing a cautious inventory, a uniform activity profile has been assumed through
the Dragon bioshield, but only applied to the first 750 mm due to the lack of artificial
activity in the outermost section of the bioshield. The inventory calculated here only
includes that due to activation inside the concrete bioshield; contamination on the
surface is accounted for separately (see Section 3.4.4).

The density of the bioshield concrete has been determined from bioshield samples to
be 2,437.3 kg/m® [15; 130]. Using the dimensions in Table 3.1, the volume of concrete
in the first 750 mm (minus that associated with the barytes concrete) is 1.36E+02 m®
with mass 3.31E+05 kg [15].

The extent of the barytes concrete is not known (INV-DRAGON-006). An approximate
volume of barytes concrete has been estimated by scaling from drawing AE149323 and
conservatively assuming that the indicated barytes concrete region extends through the
full height of the bioshield, whereas in reality it is believed to have only been used
selectively around penetrations. The barytes volume in the first 750 mm bioshield
thickness is thus estimated to be 26.3 m® [15]. Using a barytes concrete density of
3,650 kg/m® [131, Appendix 1I, Tab.A.2.5], the barytes mass is estimated to be
9.59E+04 kg.

The Dragon Project Manager [108, p.10] has previously estimated that there is 150 kg
of rebar per m® of bioshield concrete. It has subsequently been identified that a
minimum of 1.5% steel within the bioshield was planned prior to construction [131,
Section 2.3.A]. Based on the density of the bioshield, this equates to a minimum of
~36 kg/m3. However, 150 kg/m?® (~6% steel) is assumed to pessimistically estimate the
inventory, which then also makes some allowance for any additional steel above the
specified minimum and for any steel activation past the 750 mm depth demonstrated
for the bioshield concrete. Thus, the mass of rebar in the activated bioshield section is
estimated to be 2.43E+04 kg.

The height of the bioshield extends above ground level by 5.4 m (Table 3.1); this top
portion of the bioshield will be demolished and used as part of the backfill for the
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Dragon voids. Based on this height and assuming constant cross-sectional area and
uniform activation contamination, 43% of the calculated bioshield inventory will
contribute to the backfill inventory. Thus, the inventory presented in this section is the
57% attributed to the in-situ portion of the bioshield; the other 43% of the inventory is
recorded in Section 3.8. The assumed contaminated volume and mass of in-situ
bioshield Portland concrete (i.e. below ground level) are 7.75E+01 m?® and
1.89E+05 kg, respectively. The assumed contaminated mass and volume of in-situ
barytes concrete are 1.50E+01 m® and 5.47E+04 kg, and the mass of rebar in the in-situ
activated bioshield section is estimated to be 1.39E+04 kg.

The maximum and average activity concentrations derived in the three Dragon
bioshield fingerprints have been decayed to the inventory reference date and are
presented in Table 3.11. The decay calculations have been undertaken using the
GoldSim-RT software package [132; 133; 134] and modelling the decay chains as
specified in the PA approach report [135, §6].

An estimate of the radioactive inventory is presented in Table 3.12, based on the data
and approach described in Section 3.4.2 and [15], using the average fingerprint values
for each of the three bioshield materials. The resulting average activity concentration
across the activated bioshield volume is also presented (accounting for the proportions
of ordinary concrete, barytes concrete and rebar). The maximum activity concentration
is given as that for the bioshield barytes concrete component as this is the highest of the
three material activity concentrations (see Table 3.11).
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Table 3.11:  Derived Dragon bioshield fingerprints and calculated average and maximum activity concentrations presented at 01/01/2027. *48Sm
and 2Gd are included in the fingerprint for completeness, as they were included in the modelled decay chains when decaying the
data from 5/04/2018 to 01/01/2027, but their impact will remain negligible unless a significantly longer decay period is assumed.

Bioshield Concrete - Portland Bioshield Concrete - Barytes Bioshield Rebar
el | At |sversosva | Min | Ao aversoe | METT | A [ awersoe | Mg
°H 5.125 87.225 23.134 5.125 75.234 23.134 0.130 6.821 0.222
1“C 0.041 0.691 0.116 0.041 0.596 0.116 0.159 8.320 0.228
36Cl 0.052 2.747 0.112
“Ca 0.085 1.454 0.263 0.054 0.789 0.166
%Fe 0.074 3.901 0.175
®Co 0.009 0.152 0.031 0.009 0.131 0.031 0.039 2.037 0.039
3Ni 0.092 1.574 0.299 0.092 1.357 0.299 1.452 76.122 2.931
187Cs 0.001 0.051 0.001
133Ba 0.011 0.189 0.035 0.979 14.374 3.057
148Sm 4.38E-30 7.45E-29 1.35E-29 4.38E-30 6.42E-29 1.35E-29
1%15m 0.022 0.379 0.070 0.022 0.327 0.070
152G 9.41E-15 1.60E-13 2.90E-14 9.41E-15 1.38E-13 2.90E-14
B2Ey 0.477 8.115 1.470 0.477 7.000 1.470
14y 0.013 0.223 0.037 0.013 0.192 0.037
Total 5.876 100.000 25.455 6.813 100.000 28.380 1.908 100.000 3.708
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Table 3.12:  Estimated Dragon bioshield in-situ (i.e. below ground level cutline) disposal inventory, with the inventory based on the average
fingerprint values for each material, and a maximum activity concentration drawn from that for the bioshield barytes concrete
component, presented for an inventory reference date of 01/01/2027.

Bioshield Bioshield Bioshield '_I'otal Average Maximum
Radionuclide le el GO Rebar Disposal Activity (EemiEs)
ortland Barytes [MBq] Inventory [Ba/g] Activity
[MB(] [MBq] [MB(] [Ba/g]
°H 9.68E+02 2.80E+02 1.81E+00 1.25E+03 4.856 23.134
1“C 7.67E+00 2.22E+00 2.20E+00 1.21E+01 0.047 0.116
36Cl 7.27E-01 7.27E-01 0.003
“Ca 1.61E+01 2.94E+00 1.91E+01 0.074 0.166
*Fe 1.03E+00 1.03E+00 0.004
®Co 1.69E+00 4.88E-01 5.39E-01 2.71E+00 0.011 0.031
&N 1.75E+01 5.06E+00 2.01E+01 4.27E+01 0.166 0.299
187Cs 1.36E-02 1.36E-02 5.29E-05
133Ba 2.09E+00 5.36E+01 5.57E+01 0.216 3.057
148Sm 8.27E-28 2.39E-28 1.07E-27 4.14E-30 1.35E-29
1%15m 4.20E+00 1.22E+00 5.42E+00 0.021 0.070
152G 1.78E-12 5.15E-13 2.29E-12 8.91E-15 2.90E-14
152y 9.01E+01 2.61E+01 1.16E+02 0.451 1.470
14y 2.47E+00 7.16E-01 3.19E+00 0.012 0.037
Total 1.11E+03 3.73E+02 2.65E+01 1.51E+03 5.861 28.380
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3.4.4 Sensitivity Analysis and Further Characterisation

Although the bioshield inventory estimate is supported by a substantial dataset derived
from core samples, there is some remaining uncertainty, particularly regarding the
representativeness of the fingerprint and whether it accounts for potentially high
activation areas indicated by barytes concrete (INV-DRAGON-004) and the fact that
no activation modelling has been undertaken for the Dragon Reactor bioshield (INV-
DRAGON-005). This uncertainty is accounted for by making alternative assumptions
and exploring the effect on the calculated inventory.

Calculating the inventory based on the maximum, rather than average, fingerprint
values for each material gives an alternative total disposal inventory as shown in
Table 3.13. The maximum fingerprint values are themselves conservative because they
are derived from the maximum for each radionuclide from all samples, rather than the
sample with the highest total activity; it is highly unlikely that a single sample would
contain the maximum for every radionuclide.

Table 3.13:  Alternative estimated Dragon bioshield in-situ (i.e. below ground level
cutline) disposal inventory, with the inventory based on the maximum
(rather than average) fingerprint values for each material, presented for
an inventory reference date of 01/01/2027.
Bioshield Bioshield Bioshield '_I'otal Activity
Radionuclide CF(,) TEEE= || CneeD= Rebar el Concentration
ortland Barytes [MBg] Inventory [Ba/g]
[MBq] [MBq] [MBq]
°H 4.37E+03 1.27E+03 3.08E+00 5.64E+03 21.9
N 2.20E+01 6.37E+00 3.16E+00 3.15E+01 0.122
%Cl 1.56E+00 1.56E+00 0.006
“Ca 4.97E+01 9.07E+00 5.88E+01 0.228
SFe 2.43E+00 2.43E+00 0.009
%Co 5.86E+00 1.70E+00 5.39E-01 8.10E+00 0.031
&Ni 5.65E+01 1.64E+01 4.07E+01 1.14E+02 0.441
187Cs 1.36E-02 1.36E-02 5.29E-05
1%3Ba 6.53E+00 1.67E+02 1.74E+02 0.675
148Sm 2.55E-27 7.38E-28 3.29E-27 1.28E-29
1%1Sm 1.31E+01 3.81E+00 1.70E+01 0.066
1%2Gd 5.48E-12 1.59E-12 7.07E-12 2.75E-14
12y 2.78E+02 8.04E+01 3.58E+02 1.391
=1 6.90E+00 2.00E+00 8.89E+00 0.035
Total 4.81E+03 1.55E+03 5.14E+01 6.41E+03 24.905

Comparing these values with those in

Table 3.12, the total inventories (MBq) for

bioshield Portland concrete and barytes concrete are approximately four times higher,
the total inventory for rebar is approximately two times higher, and the average activity
concentration (Bg/g) is approximately four times higher. The activity concentration is
equivalent to 0.025 GBg/tonne, still substantially below the upper limit for LLW in the
UK (4 GBg/tonne alpha and 12 GBg/tonne beta/gamma).
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A different way of accounting for the remaining uncertainty would be to uplift the total
inventory by a simple scaling factor of, say, ten, but this would not take into account
maximum fingerprint values for individual radionuclides that may be more than ten
times higher than the average value. In the case of the bioshield, using the maximum
fingerprint values results in less than an order of magnitude increase in the total
inventories and average activity concentration. As there is relatively high confidence
in the underpinning dataset, it is considered that these alternative estimates sufficiently
cover the remaining uncertainties and any uplift beyond them would be unnecessarily
conservative.

It may be possible in the future to obtain some radiological and chemical samples from
known barytes concrete locations in order to characterise the precise specification of
barytes concrete used and to determine whether these were higher activation areas (and
incorporate this into the inventory estimate if so). However, it is expected that any new
bioshield inventory estimate underpinned by such data would be bounded by the
alternative estimates presented above. Both the reference and alternative inventories
will be considered in the radiological PA.

Dragon Reactor Building (B70) General Contamination
Feature Description

The Dragon Project Manager [108, 83.2] notes that there are two main sources of
contamination within the building structure itself:

e Surface contamination of the walls, floors and ceilings being exposed to the
general Dragon area atmosphere throughout operation and decommissioning,
where contaminants may have been in the airflow or generated as a result of
operations/decommissioning; and

e Tritium ingress into the concrete structures from the storage of millions of Gas
Tritium Luminescent Devices (GTLDs, also known as Betalites), which were
recovered from old Trimphones pending the completion of a safe recovery
process for the tritium [136, 81] and were stored on the -25' level of B70 in the
late 1980s.

The surface area that may have been exposed to contaminants has been calculated using
data supplied from the Dragon Project Team and sourced from the “Dragon Start
Condition.iam” CAD Model [15]. This includes all concrete / brick surfaces for the
entire building, including the walls, floors and ceilings as well as the vent plant room,
as shown in Figure 3.4, that are expected to remain at the end state, whether in-situ
below ground or as part of the demolished above-ground portion that will be emplaced
as backfill. The steel shell surface area has also been included, but only for the section
below ground level (which is proposed to remain in-situ due to accessibility challenges
between the two concrete walls®), as the section above is expected to be removed. The
total surface area is calculated to be 16,883 m? [15]; note that this surface area excludes
that for building B78, which is accounted for separately in Section 3.7.

The surface area of the below-ground part of the structure to remain in-situ has been
estimated by: (1) accounting for the surface area of those features and components with
known proportions above/below ground level (e.g. the bioshield, steel shell); and (2)
for the rest of the below-ground structure, the total surface area of all levels in the
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building has been proportioned according to the ratio of the building height to the
ground level and assuming that there is equal surface area on every floor of the building
(INV-DRAGON-011). That is, the base of the first main floor in the structure is at -25°
(neglecting the reactor pit at -29") and the base of the roof area is at +61', so 38% of the
building is below ground. The total below-ground surface area is estimated to be
6,458 m? [15].

The surface area of the Betalite store area (area 121 in Figure 3.15) has been estimated
by approximating the red dashed area as a rectangle (there are no internal walls or other
surfaces within this area). The length of the rectangle is assumed to form 1/6" of the
Wall A inner circumference, the width is the difference between the Wall A inner and
Wall B outer radii, and the height is 10" (the difference between -25' and -15' levels).
This approach results in an approximate surface area of 258 m? for the Betalite store
(INV-DRAGON-011), which is entirely below ground [15].

270°

180

121 = Betalite
Store on -25' level

—25 FEET O INCH LEVEL

Figure 3.15: Plan view of the B70 Dragon Reactor building -25” level indicating the
location and scope of the Betalite store area (edited from [137]).

Origin and Constraints on Radiological Inventory

The Dragon building general surface contamination inventory is based on three main
sources:

¢ Radiological characterisation data from ten sampling datasets (giving a total of
99 surface samples) taken at various locations throughout the Dragon Complex,
upon which a contamination fingerprint is derived.
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e An in-situ sampling campaign of the Dragon building in March 2018, leading
to identification of a hotspot activity upon which to scale the fingerprint.

e A probe response calibration and activity conversion using a standardised NRS
procedure.

The 3H ingress inventory is based on two sampling datasets from the ten used for the
surface contamination fingerprint, which were for over 40 concrete cores sub-sampled
along their length giving a total of 165 “depth” concrete samples (excluding the paint
surface layer).

Characterisation Data and General Building Contamination Fingerprint

Various sampling campaigns have been carried out around the Dragon facility since
operations ceased and the Betalites were disposed of, and a number of general area
contamination fingerprints have been developed, some of which use results for items
subsequently removed and disposed of (these existing fingerprints have not been used
in this inventory assessment). A new general area fingerprint has been derived in this
inventory assessment specifically for application to the exposed building structure that
will remain on site, that incorporates all available relevant sampling data obtained over
the last few years and makes use of historic sampling data that can be verified by
contemporary reports.

A number of sampling and analysis campaigns of the building incorporating samples
from the various levels and radials of B70, including some of the equipment, and
locations in B78, have been undertaken. Results from ten sampling campaigns have
been used to derive the general building contamination fingerprint, as described in
Table 3.14.

An updated version of the official Dragon general area FP, FP002, was issued in
October 2022 [138]. This considered several hundred samples taken since 2006 and
was derived for the purpose of characterising waste consigned off site during ongoing
decommissioning. The underlying dataset was reviewed to determine whether any new
results should be added to the FP derived for the purposes of this inventory estimate.
However, all samples not already included are from metal and other infrastructure that
will be removed, and therefore do not provide useful constraints on the inventory for
on-site disposal.

Table 3.14:  The ten sampling datasets used to derive the Dragon general building
contamination fingerprint. The two sample sets coloured green were
used to estimate the H ingress inventory. It is assumed that any surface
metal and wood samples will not remain on site at the end state and so
results from all such samples (nine in total) were excluded from the

fingerprint.
Sample reference and source Description
report P
REPE1112 dated 14/10/99, 4 smear samples from the south, north and west walls in
revised in 2002 [139] B78, and the floor.

REPE1463 dated 21/03/1999, 5 core samples from unknown locations in B78.
revised 15/05/00 [140]
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Sample reference and source Descrioti
escription
report
REPG1316 dated 17/12/2001 2 core samples, a paint sample from the B70 outer
[141] containment area at -25” and a concrete sample from the
B70 inner containment at +18’.

REPE1126 (revised) dated 10 surface samples from the B70 inner and outer
18/01/02 [142] containment at various building levels.

RA13861 dated 13/02/02 [143] |1 wood sample and 1 concrete sample from unknown
locations in B70 (assumed to be from the inner
containment).

L060152, dated 11 April 2006 |31 concrete core samples divided to give a total of 151
[144] concrete and paint samples, taken from the inner and
outer containment at various levels in B70, as well as in
the Betalite store area and in B78. Results provided at
depths through the cores.

GAU748 date 15 February 2006 |10 paint and 8 metal samples taken from the vehicle
and GAUB800, dated 24 April airlock between B70 and B78.
2006 [145; 146]

GAU3558, dated 22 August 2 paint samples from either side of the blast door

2016 [147] separating B70 and B78 (the door is on the B78 side of
the vehicle airlock). The sampling plan is documented in
[148].

GAU3296, dated 1 April 2015 |1 paint sample from approximately 10’ in one of the

[149] corners of B78 and is of interest due to the ®°Co levels

that were found, which was attributed to
decommissioning works such as size reduction that have
been carried out in B78 [150].

Samples WA/SAMP/0339 to 20 paint and core samples taken to determine whether
WA/SAMP/0358, assumed date |tritium had permeated the concrete walls — samples taken
30/05/2003 [136] from the inner and outer walls at -25°, 0°, +18” and +36°.
Results provided at depths through the cores.

A table of the raw sample data is too large to sensibly include in this report but is
provided in the accompanying spreadsheet [15]. However, Table 3.15 summarises the
available surface samples characterisation data for selected radionuclides. It is
necessary to assess if there are distinct sub-groups within the characterisation dataset
or if it is appropriate to average across all surface samples from such a wide range of
areas. Therefore, the data presented in Table 3.15 have been grouped and analysed
according to the area of the Dragon Complex in which the sample was taken and also
by the building level of the sample.

Of the surface samples, the radionuclides reported with the most above-LOD results are
3H (68), ¥'Cs (58), and %°Co (26), and therefore the ratios between these radionuclides
were considered to see if there are significant differences. The surface samples from
the Betalite store area only report 3H values, so the ratios cannot be calculated for this
area.
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e Considering the activity ratio by building area, the *¥'Cs:*H ratio suggests the
outer (0.09), vehicle airlock (0.13) and B78 (0.08) sample results are similar.
The ratio for the inner wall sample group is higher (0.43) but probably still
within reason. When considering the same ratio across B70 building levels
there is not much variation (0.06-0.25).

e The ¥Cs:*°Co ratio suggests the inner (10.70), outer (8.76) and B78 (11.33)
sample groups are similar. The vehicle airlock is a bit higher (19.40), but it is
uncertain why. There is also a bigger variation in B70 level ratios (5.42-17.87),
particularly for -25” (6.98) and -18* (5.42), but these ratios are typically
calculated from only one to three samples.

There is always a reasonable amount of variation in reported 3H activity, but the Betalite
area average is substantially higher (1,366 Bqg/g based on five results, whereas the next
highest average is 42.7 Bg/g for two B78 samples). There is one very high *H paint
sample result (6,600 Bg/g, sample WA/SAMPLE/1164 / L060152-161 from the floor
in the Betalite area) that biases the whole 3H dataset. The 6,600 Bg/g result is assumed
to either be a true result that is highly localised, or to be in error as this is substantially
higher than the next highest *H measurement across all samples (226 Bg/g, from the -
25" level, but not from the Betalite area - the next highest 3H result in the Betalite area
is only 100 Bg/g). Comparison of the percentage of *H in the paint to the subsequent
concrete layer behind it for different samples in the Betalite area shows that the concrete
3H is 0.04% of that in the paint for the high floor sample, but the percentage is more
than two orders of magnitude higher for the inner and outer wall samples in the Betalite
area (17% for WA/SAMPLE/1161 inner wall and 12% for WA/SAMPLE/1162).
Given this uncertainty, for this inventory assessment the anomalously high sample
(WA/SAMPLE/1164) has been excluded from the dataset for the reference inventory
estimate. The impact of this exclusion is to reduce the average H activity for the
Betalite area from 1,366 Bg/g to 56.9 Bqg/g based on the four remaining sample results.
The possibility that the sample represents a real, albeit localised, area of very high 3H
contamination (INV-DRAGON-007) is explored further in sensitivity analysis in
Section 3.5.4.

Following review of the results, it was decided to group and use the samples for the
B70 inner and outer wall areas, the vehicle airlock and B78 to derive the general
building surface contamination fingerprint. However, to avoid unduly over-estimating
the 3H surface contamination inventory, it was decided to apply the Betalite area results
in a separate fingerprint that uses the ®H results from the Betalite area and the combined
results for the other radionuclides.

In developing the general building surface contamination fingerprint two aspects are
noted. First, for many radionuclides in the characterisation dataset, the measured
activities are very low and could be considered to be at the level of noise in the results
rather than being statistically meaningful. In addition, other than for 3H, *’Cs and %°Co,
there are insufficient results for the identified radionuclides to draw statistically
meaningful conclusions (regarding activity or distribution across the facility),
particularly for application of a general fingerprint across the whole Dragon facility
(INV-DRAGON-004 and INV-DRAGON-007). Further characterisation to reduce this
uncertainty may be undertaken as decommissioning proceeds. Nonetheless, the
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approach taken in developing the fingerprint and assumptions made regarding its
application to the entire building are generally conservative.

The approach taken to inclusion/exclusion of radionuclides from the general surface
contamination fingerprint is summarised as follows:

Given that the samples have been taken from a wide range of areas and that
there are few pairs of radionuclides from individual samples in each building
area to calculate radionuclide ratios for scaling, results have not been inferred
where results for individual radionuclides were either not requested or were
below the LOD.

The following radionuclides were excluded because no sample results are above
the LOD: *'Co, *®Co, 121, 13/Cs, 20U, ®Zn, >*Mn, **Eu, and **°Eu.

22Na is excluded as it is commonly misidentified and only noted in four results
from 1999 and, from a long-term PA viewpoint, it is also short-lived (2.6 y) so
it is conservative to maximise other longer-lived radionuclides in the
fingerprint.

40K, measured above the LOD in 92 surface and depth samples, is not included
in the fingerprint because it occurs naturally [124].

12Ey is observed in two metal airlock samples from 2006 (GAU748/11 and
GAU748/18), but it was at the LOD in another 151 paint/concrete samples (also
from 2006), many with very low LODs. This radionuclide is expected to only
be present via contamination though operations/decommissioning. It is not
included in the original general area FP (FP-002) [108; 151], and was not
reported in recent Dragon transfer flask [152] or B78 ventilation system [117]
fingerprints. As it is relatively short-lived (13 y half-life), it is not a significant
radionuclide for long-term PAs. The measured activities are low, comparable
to those of the reported LOD values and, as it is conservative to maximise
longer-lived radionuclides in the fingerprint (as it is applied to a closed system
in terms of total activity rather than scaling individual radionuclides ratios - see
later discussion), *>°Eu is excluded from the derived fingerprint. However, it
may be appropriate for additional *?Eu samples to be taken in the B78 and
vehicle airlock areas in the future and to consider separating out the B78 and
vehicle airlock areas from the Dragon general fingerprint, as **?Eu may well
only arise in areas where spent fuel was able to easily contaminate surfaces.

The following short-lived (<1 y half-life) naturally-occurring radionuclides are
not considered further: 2%, 2?Pb, 2*Pb, 21?Bi, 2“Bi, 22Ac, and *Th.

232 was analysed for in two samples with a single above-LOD result (sample
G1317 / WA/DRG/C/B70-B78/001, a concrete core from the inner wall area at
+18); the other results for this sample seem reasonable. Of the two results, the
LOD is 0.002 Bg/g and the above LOD result is also 0.002 Bg/g, so the single
positive result is low and possibly questionable. None of the other isotopes in
this decay chain were analysed for in this sample, but ~5 samples do report the
short-lived daughter 2'?Pb, although this is also a daughter of naturally-
occurring 2%2Th (see below). 22U arises through neutron capture on Th/U/Pa or
decay from 232Pa or 2®Pu; a mechanism for production of 232U at Dragon has
not been identified. This isotope was excluded from the original general area
fingerprint [108; 151] and it is not present in the B78 Ventilation System [117]
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and Dragon fuel transfer flask [152] fingerprints. Therefore, consistent with the
fingerprints mentioned, and due to the questionable sole result and lack of
identified production mechanism, 2*2U has been excluded from the derived
fingerprint.

e Apart from one concrete sample, all the samples that contain 2*2Th are from
paint. Fonseca and Pecequilo [153] show that for ThO used in white paint,
232Th content can range from 2-26 Bg/kg. Of the six sample results, the
maximum is 6 Bg/kg so it could be argued that the 22Th is present naturally and
therefore exclude it from the fingerprint (assuming that similar paint has been
used at Winfrith). However, 2%2Th was included (in small proportions) in the
original general area (FP002) [108; 151] and Dragon transfer flask [152]
fingerprints. As it is long-lived (1.41E+10 y) it is also conservative to include
it in the inventory for the PA, so it is retained in the fingerprint derived here.

e Uranium decay chain radionuclides (?8U, 234U, #°Th, ??°Ra, 2'°Pb) are observed
in a number of samples.

— 210pp: Seven of the 21 analysed samples were above the LOD, consisting
of one metal, one wood and five paint samples (0.03-0.16 Bqg/qg).

— 2%Ra: 25 samples were analysed, with two paint samples from the
vehicle airlock above the LOD (0.10-0.15 Bq/qg).

— 230Th: Four paint samples from the vehicle airlock (GAU800/1-/4) were
analysed, all returning above LOD results (0.001-0.004 Bqg/qg).

— 23y and 2**U: 11 samples paint and concrete samples from the vehicle
airlock and B78 were analysed, all returning above the LOD results
(0.004-2.210 Bg/g #*U and 0.002-2.450 Bg/g #8U).

238U and 24U are included in the original fingerprint, the B78 ventilation system
and the Dragon fuel transfer flask fingerprints [108; 151; 117; 152], but 2°Th,
226Ra and 2°Pb are not. Of the 25 samples analysed for 22°Ra, only two paint
samples were above LOD, equivalent to 100-150 Bg/kg, which is higher than
the range given by Fonseca and Pecequilo [153] for naturally-occurring ??°Ra
in paint and the typical value of 40 Bg/kg given by the European Commission
[31, Tab.1] for ?2°Ra in concrete (although the maximum concrete value in [31]
is 240 Ba/kg). Naturally occurring 22°Ra should be in secular equilibrium with
the parent 23U, but the average 22U activity is 0.46 Bg/g and the ??°Ra activity
is 0.12 Bg/g (note that only one sample reports both 2?Ra and 23U, so this can
only be an indicative comparison). The greater proportion of 23U would
suggest that there is more than a natural source of 28U present if it could be
shown that the ??°Ra was naturally occurring. As there is no clear justification
for excluding these radionuclides, they make small contributions to the derived
fingerprint, and because their long-lived nature means it is conservative to
include them in the PA, they have been retained in the fingerprint.

The resulting derived Dragon general building area surface contamination fingerprint
and the fingerprint for the Betalite store area are presented in Table 3.16.
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Table 3.15:  Summary of selected characterisation data considered in derivation of the Dragon general building surface contamination fingerprint [15]. Only the results from surface samples are included in this analysis,
with the sample activity presented at a common date of 11/04/2006. The results are grouped according to the Dragon Complex area in which the samples were taken, and by the building level from which
they were taken. See text for discussion of data and exclusions. The table continues with additional radionuclides on the next page. (This page is set to print on A3.)

Ratio *¥Cs:*H | Ratio ®*"Cs:%Co *H uc Fe Co 53N gy BCs
Total No.
No. |surface | No. | Av. | No. | Av. Sam‘;‘les Av. | Max. Sam‘;les Av. | Max. Sam‘;‘les Av. | Max. Sam‘;les Av. | Max. Sam‘;‘les Av. | Max. Sam‘;les Av. | Max. Sar'\r'%les Av. | Max.

samples | samples | Results | ratio | Results | ratio |°0," 3" | [Ba/g] | [Ba/g] (72, 55| [Bafg] | [Ba/gl |5 S | [Ba/al | [Baigl |5 Sp | [Bavdl | [Bargl | ™3, 5 | [Bardl | [Bargl | ™2, o | [Baral | [Bargl |3 5 | [Barg] | [Balg]
Breakdown by Dragon Complex area (surface samples only)
Inner wall up to
bioshield 80 24 4 0.41 6 1220 | 17 | 1110 | 35.74 2 0.31 | 0.40 0 0.00 6 010 | 0.8 0 0.00 1 0.04 | 0.04 10 0.99 | 4.47
tcr’]‘e‘tfr:n"g’f'v'v:ﬁ © 103 31 10 [009| 4 |[876| 25 |2099|22600| 0 0.00 0 0.00 4 007 | 0.10 0 0.00 0 000 | 15 | 042 | 1.07
Betalite store 29 5 0 4 56.89 | 100.34 | 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00
B78 Fuel Store 29 16 2 0.08 8 11.33| 2 4267 | 85.00 0 0.00 0 0.00 8 214 | 530 0 0.00 4 7.98 | 22.00 14 | 14.90 | 109.65
Vehicle Airlock | 23 23 11 | 0.19 4 1743 11 133 | 2.68 10 021 | 051 0 0.00 4 0.05 | 0.10 7 018 | 0.76 0 0.00 11 028 | 179
Breakdown by Dragon building level (surface samples only)
-25' 77 20 1 0.10 3 6.98 17 | 3791 |22600| O 0.00 0 0.00 3 0.09 | 0.14 0 0.00 0 0.00 3 050 | 0.87
Ef;afﬁg':tg'rgg 48 15 1 |01 | 3 |698| 13 | 3207 [22600] O 0.00 0 0.00 3 0.09 | 0.14 0 0.00 0 0.00 3 0.50 | 0.87
-18' 2 2 0 2 5.42 0 0.00 0 0.00 0 0.00 2 0.08 | 0.10 0 0.00 0 0.00 2 048 | 0.67
o} 62 16 3 0.25 2 17.87 | 12 5.87 | 15.00 0 0.00 0 0.00 2 012 | 0.8 0 0.00 1 0.04 | 0.04 6 1.07 | 447
+18' 37 12 6 0.24 2 13.98 7.58 | 35.74 1 023 | 0.23 0 0.00 2 0.06 | 0.07 0 0.00 0 0.00 9 047 | 1.93
+36' 32 8 3 0.06 1 12.73 21.81 | 61.00 0 0.00 0 0.00 1 007 | 0.07 0 0.00 0 0.00 4 063 | 1.07
Vehicle Airlock | 23 23 11 | 019 4 1743 | 11 1.33 | 2.68 10 021 | 051 0 0.00 4 0.05 | 0.10 7 0.18 | 0.76 0 0.00 11 0.28 | 1.79
B78 29 16 2 0.08 8 11.33 4267 | 85.00 0 0.00 0 0.00 8 214 | 530 0 0.00 4 7.98 | 22.00 14 | 14.90 | 109.65
Unknown 2 2 1 0.09 0 530 | 5.30 1 040 | 0.40 0 0.00 0 0.00 0 0.00 0 0.00 1 049 | 0.49
Sample results from all areas (surface samples only)
g(ilt;rﬁ:ig(rg 235 94 27 | 018 | 22 |1221| 55 | 1479 |22600| 12 | 023 | 051 0 000 | 22 | 083 | 530 7 018 | 0.76 5 6.40 | 22.00 | 50 | 456 |109.65
All areas 264 99 27 | 0.18 22 | 1221| 59 | 17.64 |226.00| 12 0.23 | 051 0 0.00 22 0.83 | 5.30 7 0.18 | 0.76 5 6.40 | 22.00 | 50 456 | 109.65
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241Am lSZEu 226Ra 230Th 232Th 232U 234U 235U 238U
Sax%les [L%\;Q] [II\BAc?/);] Sam(;)lles L, M Saﬁ%les L3 BV Samc:)'les L g Saﬁ%les 4, BV Sam?a-les (Y, b Sam%les L4, VS Sar’\rl:[)a-les L bfELs Sam%les L4 MY
>LOD sLop | [Ba/dl | [Ba/al |5, op | [Ba/d] | [Bald]l |5 op | [Bardl | [Ba/al |5, op | [BA/al | [Bald]l |5 op | [Bardl | [Badl |5, op | [Ba/al | [Baldl |5 op | [Barel | [Ba/dl |~ 5p | [Ba/al | [Bald]

Breakdown by Dragon Complex area
LTSSr:u\éVlZH upto g 0 0 0 1 0.006 | 0.006 1 0.002 | 0.002 1 001 | 001 1 0.003 | 0.003 1 001 | 001
tcr’]‘étfr:n";’f'v'\,:ﬁ ol 9 0 0 0 1 | 0003 |0003| o 1 002 | 0.02 0 1 001 | 001
Betalite store 0 0 0 0 0 0 0 0 0
B78 Fuel Store 2 222 | 258 0 0 0 0 0 5 081 | 221 3 019 | 0.47 5 1.01 | 245
Vehicle Airlock 0 0 2 012 | 0.15 4 0.003 | 0.004 4 0.002 | 0.002 0 4 0.01 | 0.02 1 0.01 | 0.01 4 0.004 | 0.007
Breakdown by Dragon building level
-25' 0 0 0 0 1 0.003 | 0.003 0 1 0.02 | 0.02 0 1 0.01 | 0.01
Ef;afﬁg':tg'rgg 0 0 0 0 1 0.003 | 0.003 0 1 002 | 0.02 0 1 001 | 0.01
-18' 0 0 0 0 0 0 0 0 0
(0} 0 0 0 0 0 0 0 0 0
+18' 0 0 0 0 1 0.006 | 0.006 1 0.002 | 0.002 1 0.01 | 0.01 1 0.003 | 0.003 1 0.01 | 0.01
+36' 0 0 0 0 0 0 0 0 0
Vehicle Airlock 0 0 2 012 | 0.15 4 0.003 | 0.004 4 0.002 | 0.002 0 4 0.01 | 0.02 1 0.01 | 0.01 4 0.004 | 0.007
B78 2 222 | 258 0 0 0 0 0 5 081 | 221 3 0.19 | 0.47 5 1.01 | 245
Unknown 0 0 0 0 0 0 0 0 0
Sample results from all areas (surface samples only)
All areas excl. 2 222 | 258 0 2 012 | 0.15 4 0.003 | 0.004 6 0.003 | 0.006 1 0002 | 0002 | 11 037 | 221 5 012 | 047 11 046 | 2.45
Betalite store
All areas 2 222 | 258 0 2 012 | 0.15 4 0.003 | 0.004 6 0.003 | 0.006 1 0.002 | 0.002 11 037 | 221 5 012 | 0.47 11 0.46 | 2.45
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Table 3.16: Dragon general building and Betalite store area surface contamination
fingerprints, and average and maximum activity concentrations, derived
using 99 surface characterisation samples [136-139] and grouped as
discussed above. Fingerprint presented at 11/04/2006 [15].

General Building Area Betalite Store Area
Radionuclide | Average |Maximum | Average | Average |Maximum | Average
[Ba/g] [Ba/g] [%0] [Ba/g] [Ba/g] [%0]

°H 14.791 226.000 48.734 56.890 100.340 78.524
14C 0.227 0.510 0.748 0.227 0.510 0.314
Co 0.828 5.299 2.727 0.828 5.299 1.142
&N 0.183 0.759 0.602 0.183 0.759 0.252
0gy 6.395 21.997 21.072 6.395 21.997 8.827
187Cs 4.557 109.651 15.015 4.557 109.651 6.290
21Am 2.219 2.577 7.311 2.219 2.577 3.063
210pp 0.067 0.159 0.220 0.067 0.159 0.092
2%Ra 0.125 0.150 0.412 0.125 0.150 0.173
230Th 0.003 0.004 0.010 0.003 0.004 0.004
232Th 0.003 0.006 0.008 0.003 0.006 0.003
234y 0.373 2.210 1.230 0.373 2.210 0.515
235y 0.118 0.470 0.390 0.118 0.470 0.163
238y 0.461 2.450 1521 0.461 2.450 0.637

Total 30.350 372.243 100.000 72.450 246.583 100.000

Due to the wide range of areas and items from which samples were taken, a number of
radionuclides not commonly found in the facility are contained within the resulting
fingerprint, mainly in the form of alpha emitters. The potential for Pu isotopes to be
included in the general fingerprint has been raised (e.g. in association with the high
proportion of 2*Am), as observed in the B78 Ventilation System fingerprint [117]. This
was considered by comparing **Am:U ratios in the B78 fingerprint with those derived
for the Dragon general building area fingerprint (Table 3.17), but it can be seen that the
ratios are not comparable with differences of two to three orders of magnitude, implying
distinctly different fingerprints. If this is ignored and the B78 fingerprint used to scale
Pu from 2*LAm, the estimated ?*'Pu content in the general area fingerprint would be
higher than the 3H content (35.4% 2*'Pu compared with 30.8% 3H). The ?*'Pu content
is greater than 3H in the B78 fingerprint, but it is unlikely that this would apply to
surface contamination throughout the facility, especially in those areas with limited fuel
handling. As there are no Pu sample measurements in the characterisation dataset and
only two 2*!Am results, the uncertainty in the considered approach is significant.
Applying such a fingerprint across the entire facility would result in a significant Pu
inventory that is not justified, especially as, where gross alpha/beta results are available
for the characterisation data, there is no indication that a significant proportion of the
activity is unaccounted for. Given this, the presence of Pu has not been inferred and it
is excluded from the Dragon general building contamination fingerprint at this time
(INV-DRAGON-007). See Section 3.5.4 for further analysis and discussion.
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Table 3.17: Comparison of 2$Am:U ratios in the B78 Ventilation System
Fingerprint [117] and the derived Dragon general building surface
contamination fingerprint (Table 3.16). Data presented at 11/04/2006

[15].
Ratio to 2!Am - B78 Ratio to *!Am - Derived
Fingerprint General Building Fingerprint
Radionuclide [-] [-]
iy 0.00510 0.16827
25y 0.00024 0.05336
238y 0.00024 0.20799

ViridiScope Sampling Campaign

ViridiScope carried out a sampling campaign of the Dragon building on 8 and
12-15 March 2018, with 147 samples collected and analysed in-situ for alpha, beta and
gamma radiation [154, p.13]. The survey involved the use of a remote laser sampling
tool that was able to climb the walls and ablate areas of paint for analysis [108, §3.2].
The Remotely Operated Vehicle (ROV) was deployed to areas of higher activity as
found in previous surveys at various levels around B70, and took samples from a
number of locations, including Wall A inner +36°, Wall B outer +36°, and hotspots on
Wall A inner -35” and Wall B outer -25’ [108, §3.2; 154, Tab.1-Tab.6].

The highest activity of 100 cps was measured using a DP6 probe for a Wall B outer
surface hotspot on the -25’ level on 14 March 2018 [154, p.15, Tab.4]. Reference [154,
p.15] stated that the gamma spectrum identified the activity to be *¥’Cs (219 Bq/g),
which shows good correlation with the total beta activity measurement of 239 Bq/g.
The alpha result was a LOD value of 0.13 Bg/g.

As a bounding estimate, the approach applied to calculating the Dragon building surface
contamination inventory has been to use the fingerprints derived above with the highest
activity patch measured in the ViridiScope survey to calculate a surface activity in
Bg/cm?, which is assumed to apply to a proportion of the entire building surface. Given
the low total inventory for Dragon (especially in comparison with SGHWR), it is
expected that such a conservative approach will not challenge the PA and
environmental safety case, but if a greater margin is required then a more detailed
estimate may need to be developed and/or additional characterisation undertaken to use
a more realistic inventory (INV-DRAGON-007). Furthermore, the derived general
building surface contamination fingerprint contains ~11% actinides, which is
considered to be pessimistic, particularly as the ViridiScope survey reported LODs for
alpha activity.

Probe Response Correction and Activity Conversion
In order to use the 100 cps hot spot activity measured in the ViridiScope survey [154,

Tab.4] to calculate an inventory estimate, a detection efficiency correction must be
applied to the measured count rate.

As the probe used was a DP6, only the detectable beta emitters for this probe are used
in the probe response calculation, with the alpha activity inferred from the beta response
based upon the relevant fingerprint. A standard calculation spreadsheet with defined
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DP6 probe efficiency values was supplied by NRS and has been incorporated into the
accompanying Dragon inventory spreadsheet, combined with the derived Dragon
building fingerprints [15]. The resulting efficiency calibration for both the general
building and Betalite area fingerprints is presented in Table 3.18.

The formula used to equate activity to a probe count rate measurement is specified by
Magnox Ltd [155, Annex B]. The probe measurement in the ViridiScope survey was
for fixed contamination and so the formula is simplified to the following:

Direct probe count rate [cps]

Activity [B 2] =
ctivity [Bq/cm’] Probe response [cps per Bq/cm?]

Using the above and the derived probe efficiencies in Table 3.18 for a 100 cps

measurement equates to 10.80 Bg/cm? assuming the general building contamination

fingerprint and 126.96 Bg/cm? for the Betalite fingerprint, both at 14/03/2018 [15].

Table 3.18: DP6 probe efficiency assuming the measured activity is of a hotspot
with characteristics specified by the derived Dragon general building
and Betalite store area surface contamination fingerprints (Table 3.16).
Efficiencies calculated for the 100 cps probe measurement date of
14/03/2018 [15; 154, Tab.4].
General Building Fingerprint | Betalite Area Fingerprint
| Probe e Sealea | EFfStive | e | Effetive
Radionuclide Efficiency for %Y and efficiency for %Y and efficiency
[%] strong beta [-] [%0] strong beta [-] [%]
%0Co 11.17 0.0072 0.080 0.0037 0.0003
90gr 17.51 0.1772 3.102 0.0912 0.283
Y 21.35 0.1772 3.782 0.0912 0.345
106Ry 0 0 0
106Rh 22.62 0 0
1255h 6.21 0 0
134Cs 13.49 0 0
187Cs 16.97 0.1352 2.294 0.0696 0.160
147Ppm 0 0 0
151Sm 0 0 0
192Ey 8.56 0 0
= 13.49 0 0
1S5Ey 0.41 0 0
14C 0 0.0094 0 0.0049 0
36Cl 18.580 0 0
®Tc 5.84 0 0
BN 0 0 0
Total Efficiency: 9.26 Total Efficiency: 0.79
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Tritium Ingress Profile

As discussed above, the surface sample results of the available Dragon characterisation
survey data have been used to derive the general building and Betalite area surface
contamination fingerprints.  The results for the sub-surface samples in the
characterisation survey data have been used to derive an estimate for tritium ingress
into Dragon building surfaces.

Two of the characterisation datasets discussed above were for core samples that were
sub-sampled [136; 144], giving rise to 165 sub-surface concrete samples at various
depths. Only tritium was measured in the 44 concrete sub-samples from the 2003
dataset [136], all above the LOD (0.14-44.0 Bg/g at 11/04/2006). In addition to the 120
above-LOD °H results (0.04-7.20 Bq/g) for the 121 samples in the 2006 dataset [144],
the gamma spectroscopy analysis considered 1°2 154 15gy 24 Am, 134 137Cg 57.58,60Cq
and *°K; nine samples reported above-LOD results for $3’Cs (0.003-0.032 Bg/g) and 84
for naturally-occurring 4°K (0.05-0.42 Bg/g). As *’Cs is relatively mobile and could
be present as contamination during sampling and “°K is present naturally, there is
limited evidence for contamination ingress into the Dragon building structure surfaces
by any radionuclide other than 3H.

Table 3.19 summarises the available sub-surface sample characterisation data for *H.
As for the surface samples, the data is also assessed for sub-groups within the
characterisation dataset or if it is appropriate to average across all samples. As
previously observed, the average inner and outer wall data groups show similar average
activities (0.52 Bg/g and 0.45 Bq/g, respectively). The B78 results are lower, but
comparable; no sub-surface samples were taken in the vehicle airlock. The results for
the Betalite area are, unsurprisingly, higher (average 4.81 Bg/g). Assessment across
B70 building depths also shows higher activity (2.27 Bg/g) on the -25’ level (where the
Betalite store is located) compared with 0.36-0.65 Bqg/g on the other building levels for
which data is available. The nature of the two separate groups is illustrated in
Figure 3.16, with the 3H results combined into all areas and the Betalite area, and
demonstrating the reduction in activity with increasing depth into the core samples.
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Summary of selected characterisation data considered in derivation of the Dragon tritium ingress estimate [15]. Only the results

from sub-surface samples are included in this analysis, with the sample activity presented at a common date of 11/04/2006. The
results are grouped according to the Dragon Complex area in which the samples were taken, and by the building level from which
they were taken. The actual sample depths have been allocated into depth groups using an approximate best fit.

3H activity Average *H activity at 11/04/2006 of samples at specified depth [Ba/g]
No. Av. | Max. | No. 0-5¢m No. 5- No. 10- No. 15- No. 30- No. 50- No. 65- No. | 100- | No. | 5cm

>L.OD | [Ba/g] | [Ba/g] | >LOD >LOD| 10cm |>LOD| 15cm |>LOD| 30cm [>LOD| 50cm [>LOD| 65cm [>LOD |100cm|>LOD |135cm|>LOD | bulk
Breakdown by Dragon Complex area
Inner wall up to bioshield | 56 052 | 1.76 | 20 | 058 | 13 | 0.39 7 0.44 4 0.38 4 0.34 4 0.96 0 0 4 0.71
Outerwalluptotheinner | 7, | 0.5 | 160 | 27 | 049 | 27 | 043 | 14 | 037 | 0 0 0 0 0 4 | 054
Betalite store 23 481 [43.96| 9 8.74 5 3.46 3 3.59 1 1.42 0 1 0.04 0 4 0.61 0
B78 Fuel Store 13 0.07 | 0.16 6 0.08 0.08 2 0.05 0 0 0 0 0 0
Vehicle Airlock 0 0 0 0 0 0 0 0 0
Breakdown by Dragon building level
-25' 56 227 | 4396 | 22 | 393 | 14 | 151 8 1.59 3 0.79 0 1 0.04 0 4 0.61 4 0.49
-25' excl. Betalite store 33 050 | 1.33 | 13 | 0.61 9 0.42 5 0.39 2 0.47 0 0 0 0 4 0.49
-18' 0 0 0 0 0 0 0 0 0 0
) 46 044 | 1.76 | 20 | 051 | 15 | 0.37 6 0.31 1 0.17 2 0.21 2 1.12 0 0 0
+18' 25 0.36 | 0.74 9 0.27 8 0.38 6 0.37 0 0 0 0 0 2 0.71
+36' 24 0.65 | 1.69 5 0.87 8 0.56 4 0.56 1 0.39 2 0.46 2 0.81 0 0 2 0.82
Vehicle Airlock 0 0 0 0 0 0 0 0 0 0
B78 13 0.07 | 0.16 6 0.08 5 0.08 2 0.05 0 0 0 0 0 0
Samples from all areas (sub-surface samples only)
All areas excl. Betalite 141 | 044 | 1.76 | 53 | 048 | 45 | 038 | 23 | 0.37 4 0.38 4 0.34 4 0.96 0 0 8 0.63
All areas 164 | 1.06 [43.96| 62 | 168 | 50 | 0.69 | 26 | 0.74 5 0.59 4 0.34 5 0.78 0 4 0.61 8 0.63
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Figure 3.16: Profile of 3H activity results according to sample core depth [15].

Figure 3.16 clearly shows that, consistent with the surface samples, the appropriate
approach to grouping the sub-surface *H data is by combining the inner, outer and B78
groups into one set and separately considering the Betalite results to avoid substantial
over-estimation of the 3H activity.

The *H activity for the two groups and by depth is summarised in Table 3.20. Looking
at the general building area data, the activity decreases with depth to ~50 cm, but
appears to increase in the single data point after this depth. However, the observed
activities are less than 1 Bg/g and the measurement uncertainty is significant. For the
Betalite area no samples were taken at 30-50 cm, there is one sample at 50-65 cm
(0.04 Bg/qg), the single sample was reported at the LOD for 65-100 cm, and then four
samples were reported for 100-135 cm (0.22-0.82 Bq/g).

In estimating the *H ingress inventory, the depth of ingress to assume across the
building must be determined. The calculation applied in this inventory assessment is
approximate, simply taking the calculated contaminated building surface area and
multiplying this by the depth of contamination, without accounting for the actual
surface thickness. Whilst *H activity data is available at depths to 135 cm, all the
walls/floors in the Dragon building are not this thick. Wall D (the bioshield) is the
thickest at 1.75 m and Wall B (the next thickest) is 1.3 m thick [15]; however, the
majority of other walls/surfaces are assumed to be less than this. Thus, it is proposed
that as >*H LOD values begin to be reported after 30 cm thick (for the Betalite area) and
most structural walls are assumed to be this thick, that the calculation of 3H ingress into
Dragon surfaces should be limited to 30 cm. This is considered to be appropriate for
this estimated inventory.
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Table 3.20:  Dragon building tritium ingress estimate for the general building and
Betalite store area using 165 sub-surface characterisation samples [136;
144] for the activity estimates between 0-135 cm, and assuming the
surface activity calculated in the general surface contamination
fingerprints for the *H activity in the paint layer (Table 3.16).
Fingerprint presented at 11/04/2006 [15].
PTG KA Average Maximum
General General . .
Layer g o Betalite Store | Betalite Store
Building Area | Building Area Area [By/g] Area [Ba/g]
[Ba/g] [Ba/g]
Paint layer 14.79 226.00 56.89 100.34
0-5cm 0.48 1.69 8.74 43.96
5-10cm 0.38 0.84 3.46 7.30
10-15¢cm 0.37 0.92 3.59 7.00
15-30cm 0.38 0.67 1.42 1.42
30-50cm 0.34 0.65
50-65cm 0.96 1.76 0.04 0.04
65-100cm
100-135cm 0.61 0.82

3.5.3 Inventory Estimate

As a bounding estimate, the approach applied to calculating the Dragon building surface
contamination inventory has been to use the derived fingerprints with the measured
highest activity patch, which is assumed to apply to a proportion of the entire building
surface. The applicable surface areas and the resulting total activities are presented in
Table 3.22, calculated using the average activity concentrations presented in
Table 3.21. This is an extremely pessimistic approach as it applies the highest
measured 100 cps hotspot surface contamination to the entire Dragon building.
Therefore an arbitrary assumption is made that only 5% of the surface activity is present
— this assumption is made on the basis that the building does not have any significant
contamination (INV-DRAGON-007); see further analysis and discussion in
Section 3.5.4.
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Table 3.21: Derived Dragon general building and Betalite store area surface
contamination fingerprints (Table 3.16), and average and maximum
activity concentrations, decayed to 01/01/2027. ?*’Ac, %°Th, #'pa, 23U
and 2*’Np are included in the fingerprint for completeness, as they were
included in the modelled decay chains when decaying the data from
11/04/2006 to 01/01/2027, but their impact will remain negligible unless
a significantly longer decay period is assumed.
General Building Area Betalite Store Area
] e | [Aarsoeos| G |V aversges
°H 4.609 70.426 30.544 17.728 31.268 62.846
1“C 0.227 0.509 1.501 0.227 0.509 0.803
8Co 0.054 0.347 0.360 0.054 0.347 0.192
BN 0.158 0.658 1.049 0.158 0.658 0.561
05y 3.883 13.356 25.733 3.883 13.356 13.765
B¥7Cs 2.831 68.110 18.758 2.831 68.110 10.034
210pp 0.094 0.154 0.625 0.094 0.154 0.334
26Ra 0.124 0.149 0.821 0.124 0.149 0.439
28Ra 0.002 0.006 0.015 0.002 0.006 0.008
2Ipc 1.39E-05 5.52E-05 | 9.21E-05 1.39E-05 | 5.52E-05 | 4.93E-05
28Th 0.002 0.005 0.015 0.002 0.005 0.008
29Th 4.27E-13 4.96E-13 | 2.83E-12 4.27E-13 4.96E-13 1.51E-12
230Th 0.003 0.005 0.021 0.003 0.005 0.011
232Th 0.003 0.006 0.017 0.003 0.006 0.009
231pg 5.19E-05 2.06E-04 | 3.44E-04 5.19E-05 | 2.06E-04 | 1.84E-04
23y 6.57E-10 7.63E-10 | 4.35E-09 6.57E-10 | 7.63E-10 | 2.33E-09
B4y 0.373 2.210 2474 0.373 2.210 1.324
235y 0.118 0.470 0.785 0.118 0.470 0.420
28y 0.461 2.450 3.058 0.461 2.450 1.636
Z'Np 1.46E-05 1.70E-05 | 9.69E-05 1.46E-05 1.70E-05 | 5.18E-05
241Am 2.146 2.493 14.224 2.146 2.493 7.609
Total 15.09 161.35 100.00 28.21 122.20 100.00
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Table 3.22:  Activity estimate for Dragon building surface contamination using the
derived average Dragon general building and Betalite store area surface
contamination fingerprints (Table 3.16) and applying a hot spot
equivalent surface activity measurement (9.91 Bg/cm? for the general
building and 102.58 Bg/cm? for the Betalite area) to the applicable
building surface area. The activity is calculated assuming the measured
hot spot activity applies to the entire building surface area, but is also
presented assuming only of 5% the building surface is contaminated.
Only the below-ground building structure surface areas are considered,
as the above-ground section forms the void backfill and is considered in
Section 3.6. Data presented at 14/03/2018 [15].
Component Surface Area | Total Activity | 5% of Total
P [m?] [Bq] Activity [Bq]
Below grou_nd B70 general_ building 6,200.0 6.144E408 3.072E+07
contamination (excl. Betalite area)
Betallte_ store area building 958.3 2 650E+08 1 325E407
contamination
Total 6,458.3 8.794E+08 4.397E+07

To calculate the total *H ingress inventory the mass of the paint and concrete layers is
required. These have been calculated using the surface areas in Table 3.22, the paint
and concrete density values cited in Table 3.23, and using the tritium sample depth
ranges in Table 3.20. For each of the sections (e.g. paint layer, 0-5 cm sub-sample,
etc.), the ®H contamination volume was calculated by multiplying the surface area of
the exposed surfaces within the building by the depth (up to 30 cm deep) and then
multiplying by the average activity.

The Dragon surface area value includes the inner and outer bioshield surfaces. As a
separate inventory estimate is calculated for the bioshield concrete, the ®H ingress
inventory is not applied to the bioshield concrete to avoid double-counting, but
contamination in the paint layer on the bioshield surface is included in the estimate as
that is not covered by the bioshield inventory estimate.

In using the entire contaminated building structure surface area value to estimate the
3H inventory, it is implicitly assumed that all surfaces are at least 30 cm thick (if single-
sided contamination) and that all surfaces are painted concrete. Whilst this may be
correct for the majority, the calculated surface area value does include some metal
surfaces (e.g. the metal floor slab) and the 1” steel wall; this is regarded as a
conservative assumption used to produce an indicative inventory estimate.

The resulting ®H ingress inventory estimate is presented in Table 3.24 for the original
survey date of 11/04/2006 and at 01/01/2027.
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Table 3.23:  Paint and concrete parameter values used in estimating the 3H ingress
inventory.
Parameter Value Unit |Source
Paint thickness 0.001 m ,ZA;sumptlon, consistent with discussion in Section
Assumption consistent with value adopted for
. . SGHWR (density of waterborne wall paint from
3
Paint density 1,500 kg/m [38], adopted in conjunction with an assumed paint
thickness of 1 mm; Section 2.9)
. Assumption consistent with previous PAs and
3
Concrete density 2,400 kg/m SGHWR (Table 2.6)

Table 3.24:  Estimated Dragon building H ingress below-ground in-situ disposal
inventory, presented for the characterisation date of 11/04/2006 and for

the inventory reference date of 01/01/2027, calculated using the average

activity.
Activity
Activity [Bq] at 11/04/2006 [Bq] at
1/01/2027
Paint
0-5cm 5-10cm | 10-15cm | 15-30cm Total Total
Layer
Below ground
structure (excl. |1.376E+08|3.488E+08|2.789E+08|2.676E+08|8.265E+08| 1.859E+09 | 5.793E+08
Betalite)
Betalite area 2.204E+07|2.709E+08|1.072E+08|1.112E+08|1.320E+08 | 6.434E+08 | 2.005E+08
Total per layer |1.596E+08|6.197E+08|3.862E+08|3.7838E+08|9.585E+08| 2.503E+09 | 7.798E+08

Using the approach as set out above and calculated in the Dragon inventory spreadsheet
[15], maximum and average activity concentrations and an estimate of the radioactive
inventory for the Dragon Reactor building are presented in Table 3.25 (note this
combines the average activity surface contamination and 3H ingress inventory
estimates). The average activity concentrations presented in Table 3.25 are calculated
assuming that the inventory is distributed over the contaminated layer; the tritium
ingress part of the inventory is calculated separately as this is over a much greater
thickness than the surface contamination. The maximum activity concentrations
presented in Table 3.25 are those derived for the general building surface contamination
fingerprint; these are used to provide an indication of maximum activity concentration,
but noting that they were derived for surface contamination only and exclude the
Betalite area. The inventory associated with the below-ground portions of the Dragon
building is presented in Table 3.25, with the above-ground inventory recorded in
Section 3.8. The decay calculations have been undertaken using the GoldSim-RT
software package [132; 133; 134] and modelling the decay chains as specified in the
PA approach report [135, 8§6].
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Table 3.25:

Estimated Dragon Reactor building general contamination in-situ

disposal inventory, including maximum and average surface activity
concentrations from the derived Dragon general building contamination
fingerprint and inventory based on average activity concentrations and
5% surface contamination, presented for an inventory reference date of

01/01/2027.
Racio- | BElowground | Betalite | oo | gty (sl Actay | MEmUm
nuclide [MBq] [MBq] Inventory Betalite) (Betalite area) [Ba/g]
[MBq] [Ba/g] [Ba/g]
°H 5.87E+02 2.06E+02 | 7.93E+02 4,741 18.804 70.426
1“c 3.53E-01 7.28E-02 4.26E-01 0.227 0.227 0.509
®Co 8.46E-02 1.74E-02 1.02E-01 0.054 0.054 0.347
&N 2.47E-01 5.09E-02 2.98E-01 0.158 0.158 0.658
05r 6.05E+00 1.25E+00 | 7.30E+00 3.883 3.883 13.356
1¥7Cs 4.41E+00 9.10E-01 | 5.32E+00 2.831 2.831 68.110
210pp 1.01E-01 2.08E-02 1.22E-01 0.065 0.065 0.154
26Ra 1.93E-01 3.98E-02 2.33E-01 0.124 0.124 0.149
28Ra 2.57E-03 5.29E-04 3.09E-03 0.002 0.002 0.006
.\ 4.39E-06 9.05E-07 | 5.30E-06 2.82E-06 2.82E-06 5.52E-05
228Th 1.97E-03 4.06E-04 2.38E-03 0.001 0.001 0.005
29Th 493E-14 1.02E-14 5.94E-14 0.000 0.000 4.96E-13
230Th 4.92E-03 1.01E-03 5.93E-03 0.003 0.003 0.005
232Th 3.92E-03 8.09E-04 4.73E-03 0.003 0.003 0.006
231pg 3.44E-05 7.08E-06 4.14E-05 2.20E-05 2.20E-05 2.06E-04
23y 1.80E-10 3.71E-11 2.17E-10 1.15E-10 1.15E-10 7.63E-10
24y 5.82E-01 1.20E-01 7.02E-01 0.373 0.373 2.210
235y 1.85E-01 3.81E-02 2.23E-01 0.118 0.118 0.470
238y 7.20E-01 1.48E-01 8.68E-01 0.461 0.461 2.450
Z'Np 9.59E-06 1.98E-06 1.16E-05 6.15E-06 6.15E-06 1.70E-05
21Am 3.35E+00 6.90E-01 | 4.04E+00 2.146 2.146 2.493
Total 6.03E+02 2.10E+02 | 8.12E+02 1.52E+01 2.93E+01 1.61E+02

3.5.4 Sensitivity Analysis and Further Characterisation

Four key areas of uncertainty remain within the inventory estimate for general

contamination of the Dragon Reactor Building:

The representativeness of the surface contamination characterisation dataset and
extent of surface contamination (INV-DRAGON-004; INV-DRAGON-007).

The representativeness of the 3H ingress contamination dataset (INV-
DRAGON-004).
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e The potential for the presence of Pu isotopes (INV-DRAGON-007).

e The potential for very high tritium contamination within the Betalite store area
(INV-DRAGON-007).

Each of these can be addressed by a sensitivity analysis, as discussed in the following
sub-sections.

Data Representativeness and Extent of Contamination

Although there are a large number of samples underpinning the fingerprint used, a DQO
process was not followed in their collection and so there remains uncertainty about the
representativeness of the underlying dataset. Additionally, the assumption that only
5% of surface activity is present (introduced to reflect anecdotal understanding of the
contamination level and to counteract the pessimistic use of the highest measured
hotspot to scale the fingerprint) is not underpinned.

The uncertainty relating to surface contamination can be accounted for by assessing the
impact of assuming that 100% of surface contamination, calculated using the highest
measured hotspot activity, is present. Such a scenario is believed to be extremely
pessimistic, since the building is not known to have any significant contamination, and
can therefore be considered to cover all residual uncertainty relating to general data
representativeness and contamination levels.

The uncertainty relating to ®H ingress can be accounted for by calculating the inventory
using the maximum rather than average activity concentrations, in the same way as was
applied in the bioshield sensitivity analysis.

Table 3.26 presents the alternative inventory calculated in this way.

Table 3.26:  Alternative Dragon Reactor (B70) Building general contamination
inventory, calculated using the alternative assumption that 100% (rather
than 5%) of surface contamination is present, and using maximum rather
than average activity concentrations to calculate the *H ingress
inventory, presented for an inventory reference date of 01/01/2027.

Radionuclide nggﬁ%‘ I[nISI éeo)l(]d' Betalite area [MBq] |r-1l;/%t:tlo[r);/sﬁ\3|s§:;|]
°H 2.04E+03 7.30E+02 2.77E+03
14c 7.07E+00 1.46E+00 8.52E+00
%Co 1.69E+00 3.49E-01 2.04E+00
&Ni 4.94E+00 1.02E+00 5.95E+00
05r 1.21E+02 2.50E+01 1.46E+02
187Cs 8.83E+01 1.82E+01 1.06E+02
210pp 2.02E+00 4.16E-01 2.44E+00
226Ra 3.86E+00 7.96E-01 4.66E+00
228Ra 5.13E-02 1.06E-02 6.19E-02
21N 8.78E-05 1.81E-05 1.06E-04
228Th 3.94E-02 8.12E-03 4.75E-02
29Th 9.85E-13 2.03E-13 1.19E-12
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Radionuclide nggﬁ%‘ I[nl\(il ée;]cl ' Betalite area [MB(Q] I r;l;/(;tr?:ol?;/sF&sgIC]]

230Th 9.84E-02 2.03E-02 1.19E-01
232Th 7.85E-02 1.62E-02 9.47E-02
231pg 6.87E-04 1.42E-04 8.29E-04
233y 3.60E-09 7.41E-10 4.34E-09
24y 1.16E+01 2.40E+00 1.40E+01
25y 3.69E+00 7.61E-01 4.45E+00
238y 1.44E+01 2.97E+00 1.74E+01
Z'Np 1.92E-04 3.95E-05 2.31E-04
241 Am 6.69E+01 1.38E+01 8.07E+01
Total 2.37E+03 7.97E+02 3.17E+03

Comparing the values in Table 3.26 to those in Table 3.25, it can be seen that the total
inventories (MBq) for each component are approximately four times higher in the
alternative inventory than in the reference inventory estimate. Assuming the equivalent
alternative inventories for B70 and B78 (as they are based on the same datasets — see
further discussion in Section 3.7) but no increase in the inventory of any of the other
Dragon features, the inventory and proportional contribution of each component of the
Dragon Reactor building to the overall Dragon inventory would change as shown in

Table 3.27.

Table 3.27:

Contributions of Dragon Reactor (B70) Building components to overall

Dragon inventory in the alternative inventory estimate compared to the
reference inventory estimate (based on activities at 01/01/2027).

Component of Dragon
Reactor (B70) Building
contamination

Reference inventory estimate
(5% surface contamination
present and *H ingress
calculated using average
activity concentration)

Alternative (100% surface
contamination present and
3H ingress calculated using
maximum activity
concentration)

MBg and % contribution to overall Dragon inventory

General area — surface
contamination

2.35E+01 (0.3%) in-situ;
3.95E+01 (0.5%) as backfill

4.70E+02 (3.5%) in-situ;
7.90E+02 (5.8%) as backfill

Betalite store — surface
contamination

9.06E+00 (0.1%) in-situ

1.81E+02 (1.3%) in-situ

General area — *H ingress

5.79E+02 (8.0%) in-situ;
9.83E+03 (13.6%) as backfill

1.90E+03 (14.0%) in-situ;
3.21E+03 (23.6%) as backfill

Betalite store — *H ingress

2.00E+02 (2.8%) in-situ

6.16E+02 (4.5%) in-situ

Total

8.12E+02 (11.2%) in-situ;
1.02E+03 (14.1%) as backfill

3.17E+03 (23.3%) in-situ;
4.00E+03 (29.4%) as backfill
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Potential Presence of Pu Isotopes

Section 3.5.2 (paragraph 402) discusses the potential for Pu isotopes to be included in
the general fingerprint and a possible approach for doing so using the B78 fingerprint.
This is subject to significant uncertainty and, since it results in a higher **Pu content
than 3H (which is not credible for the general Dragon building area), would result in a
significant Pu inventory that is not justified, even in a bounding case.

The recently updated Dragon General Area fingerprint FP-002 [138] also contains Pu
isotopes because they are present in smear samples from the B78 plenum chamber and
venting, from the non-retractable viewing gallery and from the internal charge machine.
Whilst this fingerprint is based on removed items, it shows that Pu contamination was
present in Dragon and therefore cannot be ruled out in the residual building
contamination, although there is no direct evidence for this. FP-002 offers an
alternative approach for including Pu isotopes in the Dragon Reactor Building
inventory. Using it to create a combined fingerprint results in the same issues as the
approach using the B78 fingerprint; instead, FP-002 can be used in its entirety to
calculate an alternative inventory including Pu, presented in Table 3.28. Although
FP-002 is based largely on items that will be removed (many non-concrete) and so is
not suitable for the reference inventory estimate, it does give a more realistic indication
of how much Pu may be present than any other available approach in this sensitivity
analysis. Note that, because the inventory is still scaled to the highest hotspot activity
(assuming 5% of surface contamination is present), the total MBq changes only very
slightly compared to the reference inventory estimate.

Table 3.28:  Alternative Dragon Reactor Building general contamination inventory,
with that for the non-Betalite area calculated using the updated FP-002
fingerprint [138], presented for an inventory reference date of

01/01/2027.
General area (exc. Betalite) SEENTE
area Total
clide | Total | Average 96 e A | MASEUT | Total | B
activity (quger- [B/g] concentration Activity [MBq]
[MBq] print) [Ba/g] [MB(q]
5.85E+02 26.270 4.03E+00 4.65E+01 2.06E+02 | 7.92E+02
1“C 5.72E-01 2473 3.67E-01 4.38E+00 7.28E-02 6.45E-01
Cl 8.23E-01 3.556 5.28E-01 6.29E+00 0.00E+00 8.23E-01
*Fe 4.62E-03 0.020 2.96E-03 3.53E-02 4.62E-03
®Co 5.55E-02 0.240 3.56E-02 4.25E-01 1.74E-02 7.29E-02
&N 1.47E+00 6.361 9.44E-01 1.13E+01 5.09E-02 1.52E+00
gy 3.28E+00 14.175 2.10E+00 2.51E+01 1.25E+00 | 4.53E+00
B7Cs 8.76E+00 37.875 5.62E+00 6.70E+01 9.10E-01 9.67E+00
152Ey 6.50E-01 2.808 4.17E-01 4.97E+00 6.50E-01
1B4Ey 6.13E-02 0.265 3.93E-02 4.69E-01 6.13E-02
210pp 3.50E-10 0.000 2.25E-10 3.21E-08 2.08E-02 2.08E-02
26Ra 4.11E-09 0.000 2.64E-09 1.74E-07 3.98E-02 3.98E-02
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General area (exc. Betalite) ez
area Total
e | Tol | averageos| Aoty | VB | o | D
activity (quger- [Ba/g] s Activity [MBq]

[MBq] print) [Ba/g] [MBq]
228Ra 4.53E-02 0.275 2.91E-02 4.87E-01 5.29E-04 4.58E-02
21N 8.97E-07 0.000 5.75E-07 3.39E-05 9.05E-07 1.80E-06
228Th 3.48E-02 0.263 2.23E-02 4.65E-01 4.06E-04 3.52E-02
29Th 1.76E-15 0.000 1.13E-15 1.99E-13 1.02E-14 1.19E-14
230Th 2.16E-06 0.000 1.38E-06 3.89E-05 1.01E-03 1.02E-03
232Th 6.93E-02 0.299 4.44E-02 5.30E-01 8.09E-04 7.01E-02
231pg 7.02E-06 0.000 4.50E-06 1.26E-04 7.08E-06 1.41E-05
23y 6.50E-12 0.000 4.17E-12 3.15E-10 3.71E-11 4.35E-11
24y 2.67E-02 0.115 1.71E-02 2.04E-01 1.20E-01 1.47E-01
25y 3.77E-02 0.163 2.42E-02 2.89E-01 3.81E-02 7.58E-02
238y 4.68E-02 0.202 3.00E-02 3.58E-01 1.48E-01 1.95E-01
238py 5.96E-02 0.258 3.82E-02 4.56E-01 5.96E-02
239py 2.53E-02 0.110 1.63E-02 1.94E-01 2.53E-02
240py 1.87E-02 0.081 1.20E-02 1.43E-01 1.87E-02
241py 8.09E-01 3.496 5.19E-01 6.19E+00 8.09E-01
Z'Np 3.53E-07 0.000 2.27E-07 7.40E-06 1.98E-06 2.33E-06
241Am 1.30E-01 0.696 8.33E-02 1.23E+00 6.90E-01 8.20E-01
Total 6.02E+02 100.00 1.49E+01 1.77E+02 2.10E+02 | 8.12E+02

Potential for High Tritium in Betalite Store Area

In the reference inventory estimate, the single anomalously high ®H result of 6,600 Bg/g
from a paint layer sample from the Betalite store area is excluded from the fingerprint,
as discussed and justified in Section 3.5.2. Subsequent discussion with site personnel
indicated that there may have been a credible reason for localised very high tritium
contamination in one area (for example, a leak on one wall due to the lids of the
Betalites stored against it not being sealed); however, this anecdotal evidence is highly
uncertain and not underpinned. Therefore, no change was made to the reference
inventory estimate, but the possibility can be accounted for by the calculation of an
alternative inventory including the anomalous result in the fingerprint. This change
only affects the Betalite store area.

Including the very high 3H sample increases the paint layer average for the Betalite
store area from 56.9 Bg/g to 1,366 Bg/g, and the total activity of the paint layer across
the Betalite store area from 2.20E+01 MBqg to 5.29E+02 MBq (all at a date of
11/04/2006). Assuming no increase in the inventory of any of the other Dragon
features, the inventory and proportional contribution of the Betalite store area to the
overall Dragon inventory would change as shown in Table 3.29.

If elevated tritium contamination were shown to be present in the Betalite store during
future decommissioning, there would be options to either include it in the disposal or
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to decontaminate or remove the worst-affected concrete. Optimisation would be
undertaken at this stage to determine the best management route.

Table 3.29:  Contributions of the Betalite store area to the overall Dragon inventory
for low-*H (excluding the anomalously high result; as per the reference
inventory estimate) and high-3H fingerprints (including it), based on
activities at 01/01/2027.

Reference inventory estimate | Alternative (100% surface
(5% surface contamination contamination present
Component of Betalite store present and *H ingress and *H ingress calculated
area contamination calculated using average using maximum activity
activity concentration) concentration)
MBg and % contribution to overall Dragon inventory
Surface contam. (low *H FP) 9.06E+00 (0.1%) 1.81E+02 (1.3%)
Surface contam. (high *H FP) 1.26E+02 (1.7%) 2.53E+03 (15.1%)
®H ingress (low *H FP) 2.00E+02 (2.8%) 6.16E+02 (4.5%)
3H ingress (high *H FP) 3.58E+02 (4.8%) 1.40E+03 (8.4%)
All (low *H FP) 2.10E+02 (2.9%0) 7.97E+02 (5.9%0)
All (high *H FP) 4.85E+02 (6.5%0) 3.93E+03 (23.5%)

Further Characterisation

Further sample collection and analysis for the purpose of better constraining the Dragon
Reactor Building inventory is not expected in the near term since a large number of
samples have already been collected. Further characterisation may be undertaken as
decommissioning proceeds, but this will be after the inventory freeze for assessments
in support of the permit application.

However, it is considered that the sensitivity analyses described in this section
adequately cover the remaining uncertainties, which will be further captured via
uncertainty analysis as part of PA. The alternative inventories explored in this section,
all of which are considered to be pessimistic, do not result in significant changes to the
overall Dragon inventory (i.e. increasing the order of magnitude), or in activity
concentration values that come close to the upper limit for UK LLW.

Residual Contamination from the Dragon Reactor Building
(B70) Purge Gas Pre-Cooler Contaminated Water Spill

Feature Description

The PGPC’s function was to cool the purge gases from the reactor core to
approximately 100°C [156]. This was achieved by passing the gas over three
interconnected cooling coils through which clean helium was circulated in a closed loop
system. The PGPC consists of an outer shell of carbon steel and various internal
components of stainless steel. The individual sampling lines (each with an outer
diameter of a quarter of an inch) carried a very low flow and were cooled by their
proximity to the outer shell.
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As noted in Section 3.4.1, the PGPC was removed from its in-situ position (connecting
the lower section of the RPV and the cathedral area at the -16’ level) in January 2018;
however, it remained within the Dragon Reactor Building. During a lifting operation
in the cathedral area on the 22 March 2021 to transfer the PGPC into a bespoke shielded
container, contaminated water spilled from it onto the concrete floor at the base of the
B70 reactor building (-25’ level) [115]. Characterisation and clean-up of the spill is
currently ongoing.

It is currently intended that the contaminated concrete resulting from the spill will be
decontaminated to 200 Bqg/g [116], a level consistent with the optimisation threshold in
the End State EAC. However, it is not clear whether this will be possible and so, to
bound the impact of incomplete removal, an estimate has been derived for residual
contamination that could remain on site. As the PGPC and its contents had been due to
be fully removed off site, residual contamination from this contaminated water spill
represents an additional inventory to that calculated in Section 3.4.4. The area in which
the spill occurred is entirely below ground level, so any contamination remaining after
clean-up needs to be included in the inventory that is anticipated to be left in-situ at the
site end state.

Origin and Constraints on the Radiological Inventory

As characterisation and clean-up are ongoing, the inventory presented below is a first
estimate made prior to the availability of comprehensive data. It is based on a number
of assumptions and is subject to significant uncertainty (INV-DRAGON-010).
However, it is believed to be a conservative inventory estimate, which will be refined
by further characterisation data.

The surface area of the spill is estimated to be approximately 3.3 m? [115]. The total
activity of the spill was estimated via MicroShield dose modelling using two different
approaches: 1) treating the spill area as one large circular source; 2) modelling the spill
as the sum of two separate sources, recognising the presence of the PGPC itself as well
as the non-uniformity of the dose rates [115]. Neither model accounts for the dose
contribution of the PGPC, which is conservative with regard to the characterisation of
the spill since any inventory remaining in the PGPC will be removed as originally
intended. This modelling gives an estimated range for the activity currently remaining
in the contaminated floor region of between 14 GBqg (Model 1) and 24 GBq (Model 2).

A smear sample taken from the PGPC shows contamination results that are closely
correlated with the Dragon primary coolant fingerprint [156]. This is to be expected,
since the items which were sampled during derivation of the primary coolant fingerprint
were exposed to a similar contamination pathway as the PGPC in terms of the passing
gases [156]. The primary coolant fingerprint, presented in Table 3.30, is therefore
considered to be representative of the PGPC spill.
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Table 3.30:  Dragon primary coolant fingerprint as originally derived and decayed to

the date of the PGPC spill [156, Tab.4].

Radionuclide % at 20/06/2012 [157] | % at 22/03/2021 (date of spill)

N 0.013 0.015

14C 0.04 0.049

%Co 0.031 0.012
131 Cs 98 98.38

*H 1.27 0.953

05y 0.591 0.588
Total 99.9 100.0

3.6.3 Inventory Estimate

The following assumptions (captured in INV-DRAGON-010) have been made in
deriving the inventory estimate presented in Table 3.31 below:

The total activity currently remaining in the contaminated floor region is
assumed to be 24 GBq, the upper end of the range given in [115].

Contamination is assumed to penetrate a depth of 10 mm into the concrete floor.
Using the estimated spill area of 3.3 m?, this gives an assumed contaminated
concrete volume of 0.033 m®. These assumptions only affect the activity
concentration, not the total activity.

The density of concrete is assumed to be 2400 kg/m?, as for the rest of the
Dragon Reactor Building. Using the assumed volume noted above, this gives a
contaminated concrete mass of 79.2 kg. This assumption only affects the
activity concentration, not the total activity.

Although it is intended to decontaminate the contaminated concrete resulting
from the spill to 200 Bg/g [116], the actual extent of clean-up that will be carried
out is not currently known and is likely to depend on health physics
requirements in addition to the results of PA modelling. Inventories are
presented below for four cases: (1) that no decontamination is undertaken
(extremely unlikely), that (2) 90% and (3) 99% of contamination is removed,
and (4) that decontamination is undertaken to reduce the activity concentration
to the upper limit of LLW (this corresponds to the removal of 95.5% of the
contamination).
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Table 3.31: Estimated additional Dragon building in-situ disposal inventory
associated with residual contamination from the PGPC contaminated
water spill, presented for an inventory reference date of 01/01/2027.
No 90% of _ 99°/c_> of _ Decontaminatt_ed _to
Radio- o B, T contamination contamination upper LLW limit
nuclide removed removed (95.5% removed)
MBq Ba/g MBq Ba/g MBq Bag/g MBq Ba/g
®Ni |3.46E+00|4.37E+01| 3.46E-01 | 4.37E+00 | 3.46E-02 | 4.37E-01 1.57E-01 1.98E+00
“C | 1.18E+01|1.49E+02|1.18E+00| 1.49E+01 | 1.18E-01 | 1.49E+00 | 5.33E-01 6.73E+00
0Co |1.35E+00|1.71E+01|1.35E-01 | 1.71E+00 | 1.35E-02 | 1.71E-01 | 6.12E-02 7.73E-01
187Cs | 2.07E+04 |2.61E+05|2.07E+03| 2.61E+04 |2.07E+02| 2.61E+03 | 9.37E+02 | 1.18E+04
SH |1.65E+02|2.09E+03|1.65E+01| 2.09E+02 |1.65E+00| 2.09E+01 | 7.48E+00 | 9.45E+01
%Sy |1.23E+02|1.55E+03|1.23E+01 | 1.55E+02 |1.23E+00| 1.55E+01 | 5.56E+00 | 7.02E+01
Total |2.10E+04|2.65E+05|2.10E+03| 2.65E+04 [2.10E+02| 2.65E+03 | 9.50E+02 | 1.20E+04

3.6.4 Sensitivity Analysis and Further Characterisation

As discussed above, there is substantial uncertainty surrounding the inventory of
residual contamination from the PGPC contaminated water spill. Data collected during
the ongoing clean-up is expected to reduce this significantly in the future. In general,
conservative assumptions have been used to derive this initial estimate; however, an
assumption that 99% of the contamination currently present will be removed during
clean-up may not be bounding.

As shown in Table 3.31, if a more cautious assumption that only 90% clean-up is
achieved is taken forward, both the total activity and activity concentration of this
feature would be an order of magnitude higher. It would have a much greater impact
on the overall Dragon inventory (constituting approximately 25% compared to 3% for
99% clean-up), and its activity concentration (equivalent to 27 GBg/tonne) would then
be above the upper limit for LLW in the UK (4 GBg/tonne alpha and 12 GBg/tonne
beta/gamma) and more than two orders of magnitude higher than any other Dragon
feature.

This sensitivity analysis shows that, based on current information, there will be a need
to ensure that at least 95.5% clean-up is achieved, since NRS does not intend to dispose
of ILW on site. Therefore, the 95.5% decontamination case has been taken forward as
the reference inventory for inclusion in the total Winfrith end state radiological
inventory, and hence in summary figures and tables in this report. However, additional
data collected during clean-up may provide sufficient confidence to reduce the total
activity estimate and hence decrease the level of required decontamination.

Because it is assumed that this feature will be decontaminated to the upper LLW limit
and this will be confirmed by survey data, no alternative inventory is calculated.
Similarly, because samples are yet to be taken, the maximum activity concentrations of
the PGPC spill reported in subsequent sections are the same as the average activity
concentration values, calculated as described above.
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Dragon Fuel Storage Building (B78) General Contamination
Feature Description

As described in Section 3.1.2 and illustrated in Figure 3.17, the B78 building is
connected to the B70 building by a contiguous floor slab into which steel rail tracks are
set. Rooms 312 and 321 in Figure 3.17 are assumed to correspond to the B70 vehicle
airlock, and general contamination in them (including the floor) is included in the
inventory estimate for B70 (Section 3.5). The mortuary hole structures are considered
separately (Section 3.9) and are not included in the scope of discussions in this section.

Although some rooms in B78 are believed to be clean, there is limited evidence to
support this, and it is conservatively assumed for the purpose of this inventory estimate
that the entire building is contaminated (INV-DRAGON-004). External walls are
assumed to be contaminated on the inside only, while internal walls are assumed to be
contaminated on both sides.

The total surface area within B78 that could potentially be contaminated is needed in
order to calculate an inventory. To estimate this, width and length dimensions were
measured directly from engineering drawings [158] and cross-checked against
dimensions taken from laser images (as supplied by NRS); where discrepancies
occurred, an intermediate value was adopted. All height dimensions were taken from
the laser images. Owing to lack of clarity in the drawings and laser images, and to
reduce the number of calculations, a simplified pattern of internal walls was adopted
(INV-DRAGON-011), which is assumed to be sufficiently accurate for the purpose of
this inventory estimate (and overall a slight over-estimate, which is conservative). Full
details of the surface area calculations and assumptions are included in the
accompanying Dragon inventory spreadsheet [15]. Table 3.32 presents the calculated
surface areas.
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Figure 3.17: Plan view of the B78 building and its connection to the Dragon Reactor
Building (B70) [extract from 158]. The primary and secondary
mortuary hole structures are shown within B78, labelled 140 and 141
respectively.
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Table 3.32:  Calculated surface areas within the B78 that could potentially be
contaminated.

Component of B78 Surface area (m?)
Floor slab (to remain in-situ) 710
Above cutline (to be demolished and used in B70 backfill) 3368

Origin and Constraints on Radiological Inventory

No additional data (i.e. beyond that already reported in Section 3.5) relating to the
fingerprint or contamination level in B78 are available. The existing dataset for general
Dragon Reactor Building (B70) contamination (Section 3.5.2) already includes samples
from B78, and as explained therein, ratios between 3H, $3’Cs and 8°Co suggest that there
is little difference between sample groups from B78, inner B70, outer B70 and the
vehicle airlock. Therefore, it is considered appropriate to use the same fingerprint for
B78 as for the B70 general building contamination (presented at 11/04/2006 in
Table 3.16 and at 01/01/2027 in Table 3.21).

The 2018 ViridiScope sampling survey [154], as used to determine the Dragon Reactor
general building contamination level, was restricted to B70. Limited B78 sample data
(listed in Section 3.5.2 with full details in the spreadsheet [15]) exist from between 1999
and 2006. The 1999 and 2000 samples show non-trivial contamination levels, the
majority coming from *°Sr and **’Cs, some of which will have decayed since the
samples were taken. The 2006 samples show minimal contamination. Given that the
only sample data available is not recent, it is considered preferable to use the same
approach as for B70, that is, based on the ViridiScope survey, using the highest count
rate (100 cps) and a probe efficiency calibration to calculate a hot spot equivalent
surface activity of 9.91 Bg/cm?, and assuming that only 5% of the total surface activity
calculated using this value is present (with other values used to calculate alternative
inventories in Section 3.7.4). The sample data suggest that this approach is
conservative.

As for B70, it is assumed that tritium has ingressed into the concrete structures of B78.
No additional B78-specific information is available; therefore, the B70 general building
(excluding the Betalite store area) tritium ingress profile is applied (Table 3.20; this
does include some samples from B78). Engineering drawings [158] suggest that walls
in B78 are no more than 30 cm thick. To avoid double counting (as the majority of the
walls are assumed to be contaminated from both sides), only ingress up to 15 cm depth
is considered.

Inventory Estimate

Using the approach as set out above and as calculated in the Dragon inventory
spreadsheet [15], maximum and average activity concentrations and an estimate of the
radioactive inventory for the Dragon Fuel Storage building are presented in Table 3.33
(note this combines the average activity surface contamination and 3H ingress inventory
estimates). The average activity concentrations presented in Table 3.33 are calculated
assuming that the inventory is distributed over the contaminated layer; this is calculated
separately for the tritium ingress part of the inventory as this is over a much greater
thickness than the surface contamination. The maximum activity concentrations
presented in Table 3.33 are those derived for the general B70 building surface
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contamination fingerprint; these are used to provide an indication of activity
concentration but note that they were derived for surface contamination only. The
inventory associated with the below-ground components of the B78 building (i.e. the
floor slab) is presented in Table 3.33, with the above-ground inventory recorded in
Section 3.8. As for the B70 building general contamination, the decay calculations
have been undertaken using the GoldSim-RT software package [132; 133; 134] and
modelling the decay chains as specified in the PA approach report [135, §6].

Table 3.33:  Estimated Dragon Fuel Storage building general contamination in-situ
disposal inventory, including maximum and average surface activity
concentrations from the derived B70 general building contamination
fingerprint and inventory based on average activity concentrations,
presented for an inventory reference date of 01/01/2027.

Radionuclide B78 Fl_oqr Slab Total Average Activity |Maximum Activity
Activity [MBq] [Ba/g] [Ba/g]
°H 3.82E+01 4.755 70.426
14c 4.04E-02 0.227 0.509
%Co 9.68E-03 0.054 0.347
3Ni 2.82E-02 0.158 0.658
0gy 6.93E-01 3.883 13.356
BICs 5.05E-01 2.831 68.110
210ph 1.16E-02 0.065 0.154
226Ra 2.21E-02 0.124 0.149
228Ra 2.94E-04 0.002 0.006
2Ipe 5.03E-07 2.82E-06 5.52E-05
228Th 2.25E-04 0.001 0.005
229Th 5.64E-15 0.000 4.96E-13
230Th 5.63E-04 0.003 0.005
282Th 4.49E-04 0.003 0.006
21pg 3.93E-06 2.20E-05 2.06E-04
28y 2.06E-11 1.15E-10 7.63E-10
24y 6.66E-02 0.373 2.210
25y 2.11E-02 0.118 0.470
238y 8.23E-02 0.461 2.450
Z'Np 1.10E-06 6.15E-06 1.70E-05
21Am 3.83E-01 2.146 2.493
Total 4.01E+01 1.52E+01 1.61E+02

3.7.4 Sensitivity Analysis and Further Characterisation

As the inventory estimate for the B78 building is based on the same dataset as for the
B70 reactor building, the same uncertainties (except for those relating to the Betalite
store) apply. These are:
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e The representativeness of the surface contamination characterisation dataset and
extent of surface contamination (INV-DRAGON-004; INV-DRAGON-007).

e The representativeness of the *H ingress contamination dataset (INV-
DRAGON-004).

e The potential for the presence of Pu isotopes (INV-DRAGON-007).

Further discussion on each of these uncertainties can be found in Section 3.5.4. There
is additional uncertainty regarding the applicability of the dataset to B78, as the
ViridiScope sampling survey used to determine contamination level did not include
B78 (INV-DRAGON-004); however, as discussed above, this approach is believed to

be conservative.

Table 3.37 presents equivalent alternative inventories for the B78 floor slab to those
calculated for the B70 building: one assuming that 100% of surface contamination is
present and using maximum rather than average concentrations to calculate ®H ingress;
and another using the Pu-containing fingerprint.

Table 3.34:  Alternative B78 floor slab inventories: (i) calculated using the
alternative assumption that 100% (rather than 5%) of surface
contamination is present, and using maximum rather than average
activity concentrations to calculate the H ingress inventory, and (ii)
using the Pu-containing FP-002 fingerprint [138]. All activities are
presented for an inventory reference date of 01/01/2027.

Alternative inventory (i) (100% Alt - .
Radionuclide| surface contamination present; e”.“a.“"e _mventory (if) (Pu-
maximum 3H ingress) [MBa] containing fingerprint) [MBq]

°H 1.83E+02 3.81E+01

1“C 8.09E-01 6.55E-02

36Cl - 9.41E-02

*Fe - 5.28E-04

8Co 1.94E-01 6.35E-03

&N 5.65E-01 1.68E-01

0Sr 1.39E+01 3.75E-01
187Cs 1.01E+01 1.00E+00
B2Ey - 7.44E-02
134Ey - 7.01E-03
210pp 2.31E-01 4.01E-11
26Ra 4.42E-01 4.70E-10
28Ra 5.87E-03 5.18E-03
2Ipc 1.01E-05 1.03E-07
228Th 4.51E-03 3.98E-03
29Th 1.13E-13 2.02E-16
230Th 1.13E-02 2.47E-07
232Th 8.98E-03 7.93E-03
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Radi . e inve_nto_ry 1) (100% Alternative inventory (ii) (Pu-
adionuclide| surface contamination present; e .
maximum °H ingress) [MBq] containing fingerprint) [MBQ]
231pg 7.86E-05 8.03E-07
23y 4.11E-10 7.44E-13
24y 1.33E+00 3.05E-03
25y 4.23E-01 4.32E-03
28y 1.65E+00 5.36E-03
238py - 6.82E-03
239py - 2.90E-03
240py - 2.14E-03
241py - 9.25E-02
Z'Np 2.19E-05 4.05E-08
21Am 7.66E+00 1.49E-02
Total 2.20E+02 4.00E+01

It can be seen from comparing the total activity values in Table 3.33 and Table 3.34
that the first alternative inventory is 5.5 times higher than the reference inventory
estimate. Assuming the equivalent alternative inventories for B70 and B78 (as they are
based on the same datasets) but no increase in the inventory of any of the other Dragon
features, the inventory and proportional contribution of each component of the B78
building to the overall Dragon inventory would change as shown in Table 3.35.

Table 3.35:  Contributions of Dragon Fuel Store (B78) Building components to
overall Dragon inventory in the alternative inventory estimate compared
to the reference inventory estimate (based on activities at 01/01/2027).

Reference inventory estimate (5% Alternative (100% surface
Component of | surface contamination presentand | contamination present and °H
B78 Building ®H ingress calculated using ingress calculated using

contamination average activity concentration) | maximum activity concentration)

MBg and % contribution to overall Dragon inventory

Surface 2.69E+00 (0.04%) in-situ; 1.28E+01 5.37E+01 (0.40%) in-situ;

contamination (0.18%) as backfill 2.55E+02 (1.88%) as backfill
*H ingress 3.74E+01 (0.52%) in—situ;_ 1.78E+02 1.66E+02 (1.22%) in—situ;_
(2.45%) as backfill 7.90E+02 (5.81%) as backfill
Total 4.01E+01 (0.55%) in-situ;_ 2.20E+02 (1.62%) in-situ;_
1.90E+03 (2.63%) as backfill 1.05E+03 (7.69%) as backfill

Further Characterisation

Further sample collection and analysis for the purpose of better constraining the Dragon
Fuel Store Building inventory is not expected in the near term. Further characterisation
may be undertaken as decommissioning proceeds, but this will be after the inventory
freeze for assessments in support of the permit application.
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However, it is considered that the sensitivity analyses described in this section
adequately cover the remaining uncertainties, which will be further captured via
uncertainty analysis as part of PA. The alternative inventories explored in this section,
all of which are considered to be pessimistic, do not result in significant changes to the
overall Dragon inventory (i.e. increasing the order of magnitude), or in activity
concentration values that come close to the upper limit for UK LLW.

Dragon Reactor Building (B70) Backfill
Feature Description

Any below-ground voids resulting from the demolition of the Dragon Reactor Building
will be filled with material originating from the Winfrith site. As stated in the
Conceptual Site Model [21], the concrete structures of both the Dragon Reactor
Building (B70) and the Dragon Fuel Storage Building (B78) above the cutline (ground
level) will be used to fill the Dragon void below the cutline. A remaining void space
of 1,099 m? is anticipated, which will be filled with material from the existing D630
rubble stockpiles (INV-DRAGON-003). The backfill material is expected to be in the
form of wireline-cut concrete blocks and demolition rubble that meets the defined EAC
[17] (i.e. metal, wood, hazardous materials, etc., will be excluded from the backfill).

Origin and Constraints on Radiological Inventory

The contaminated backfill inventory comprises the above cutline portion of the Dragon
bioshield (43% of the total bioshield activity) and the inventory associated with surface
contamination and *H ingress into the above cutline portion of the B70 building
structure (56% of the building surface contamination) and B78 building structure (83%
of the building surface contamination). The origin and constraints on these inventory
estimates are defined in Sections 3.4, 3.5 and 3.7, respectively. Uncertainties relating
to these inventory estimates apply equally to the below cutline portion that will remain
in-situ and the above cutline portion that will be demolished and used as backfill.

The above cutline portion of the bioshield inventory assigned to the backfill includes
the inventory associated with the rebar. Whilst the EAC [17] mean that accessible metal
will be excluded from the backfill, where the building is demolished by cutting into
separate blocks, the rebar will be retained. If the above cutline building were broken
into rubble, then accessible metal would be removed. As the exact demolition plans
are still evolving and it is conservative to include the rebar inventory, it has been
included in the backfill inventory (INV-DRAGON-003).

Preliminary calculations in the CSM [21, §2.6] indicate that the B70 Dragon void
volume (below ground level) will be 6,544 m®. It is currently anticipated that 400 m3
of blocks wireline cut from the primary containment (all emplaced within Wall C) and
5,045 m?® of conventional demolition arisings (the total volume expected to be produced
from B70 and B78) are to be emplaced in this void, leaving a shortfall of 1,099 m?,
These volumes are initial estimates and are subject to significant uncertainty (INV-
DRAGON-003). For the purposes of this inventory assessment, it is assumed that the
difference will be met using material from the existing D630 rubble stockpiles (see
discussion in Section 2.17.2). Since it is also assumed that the entirety of the stockpiled
material will be emplaced into the SGHWR voids, this represents deliberate double
counting for the purpose of inventory derivation; however, only a small volume is

Galson Sciences Ltd & NNL Page 219 of 315 17 December 2024

OFFICIAL



3.8.3

OFFICIAL

1624-10
Version 2

estimated to be needed to fill the Dragon shortfall. In the event that not enough
stockpile material is available to fill the shortfall in both the SGHWR and Dragon voids,
additional clean material will be used. Assuming that rubble stockpile material will
make up the entire shortfall is therefore conservative.

Inventory Estimate

Average and maximum activity concentrations and an estimate of the radioactive
inventory for the Dragon above-ground structures are presented in Table 3.36. The
maximum activity concentration is that for the general building surface contamination
fingerprint as this bounds that for the bioshield. In contrast, the average activity
concentrations for the backfill are dependent on the demolition approach and backfill
processing (i.e. blocks, rubble or compacted rubble), which is subject to significant
uncertainty (INV-DRAGON-003). For the purposes of calculating average activity
concentrations in this estimate, a density for the entire backfill of 1,967 kg/m?
(equivalent to the value for compacted broken concrete adopted in SGHWR
calculations; Table 2.6) has been assumed.
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Table 3.36:  Dragon Reactor (B70) building backfill disposal inventory, including maximum and average activity concentrations and inventory
based on average activity concentrations, presented for an inventory reference date of 01/01/2027.
Radio- ccl)3n7t(;rsnui :lgit(i:gn cc?nYtirsnui;];at(i:gn gcl)(r)mf:?:ailed- gcl)(r)mf:?:ailed- e Ave_r age Actil\\jli?;/( I(nt:lljirlr:jing
nuclide and °*H and *H ingress | Portland Barytes Rl b UL £ contamination)
ingress [MBa]| _[MBq] [MBq] (MBg | MBal | MBal | [MBd] [Bavel [Ba/g]

°H 9.95E+02 1.81E+02 7.29E+02 2.11E+02 1.36E+00 | 5.66E+01 2.17E+03 1.69E-01 7.04E+01

(¢ 5.94E-01 1.92E-01 5.78E+00 1.67E+00 1.66E+00 | 1.10E+01 2.09E+01 1.62E-03 5.09E-01

CI 5.47E-01 5.47E-01 4.25E-05

“Ca 1.22E+01 2.22E+00 1.44E+01 1.12E-03

*Fe 7.77E-01 7.77E-01 6.04E-05

%Co 1.42E-01 4.59E-02 1.27E+00 3.68E-01 4.06E-01 | 2.78E+00 5.01E+00 3.89E-04 3.47E-01
&Ni 4.15E-01 1.34E-01 1.32E+01 3.81E+00 1.52E+01 | 6.66E+01 9.93E+01 7.71E-03 6.58E-01

0gr 1.02E+01 3.29E+00 3.30E+02 3.43E+02 2.66E-02 1.34E+01
187Cs 7.42E+00 2.40E+00 1.03E-02 | 9.18E+02 9.28E+02 7.21E-02 6.81E+01
133Ba 1.58E+00 4.04E+01 4.19E+01 3.26E-03
148Sm 6.23E-28 1.80E-28 8.03E-28 6.24E-32
11Sm 3.16E+00 9.17E-01 4.08E+00 3.17E-04
192Gd 1.34E-12 3.88E-13 1.73E-12 1.34E-16

12Ey 6.78E+01 1.96E+01 8.75E+01 6.80E-03

=1 1.86E+00 5.39E-01 2.40E+00 1.86E-04

210pp 1.70E-01 5.49E-02 2.25E-01 1.75E-05 1.54E-01
26Ra 3.25E-01 1.05E-01 4.30E-01 3.34E-05 1.49E-01
228Ra 4.31E-03 1.39E-03 5.71E-03 4.43E-07 5.51E-03
21N 7.39E-06 2.39E-06 9.77E-06 7.59E-10 5.52E-05
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Radio- |contamination| contamination | Conerets - | Conerets | BIShield. | Stockpile | Total Disposal| - Average | » Vi i
. 5 S ebar rubble Inventory Activity N
nuclide _ and °H and °H ingress | Portland Barytes [MBg] [MBd] [MBd] [Ba/g] contamination)
ingress [MB(] [MBd] [MBq] [MBq] [Ba/g]
228Th 3.31E-03 1.07E-03 4.38E-03 3.40E-07 5.26E-03
29Th 8.28E-14 2.68E-14 1.10E-13 8.51E-18 4.96E-13
20Th 8.27E-03 2.67E-03 1.09E-02 8.50E-07 4.82E-03
22Th 6.60E-03 2.13E-03 8.73E-03 6.78E-07 6.00E-03
231pg 5.78E-05 1.87E-05 7.64E-05 5.94E-09 2.06E-04
233y 3.02E-10 9.77E-11 4.00E-10 3.11E-14 7.63E-10
24y 9.79E-01 3.16E-01 5.38E+00 6.68E+00 5.19E-04 2.21E+00
285 3.10E-01 1.00E-01 2.69E+00 3.10E+00 2.41E-04 4.70E-01
238y 1.21E+00 3.91E-01 3.23E+01 3.39E+01 2.63E-03 2.45E+00
Z'Np 1.61E-05 5.21E-06 2.13E-05 1.66E-09 1.70E-05
238py 2.35E+00 2.35E+00 1.82E-04
2%y 1.17E+01 1.17E+01 9.10E-04
240py 1.63E+01 1.63E+01 1.27E-03
241py 4.63E+01 4.63E+01 3.60E-03
241 Am 5.63E+00 1.82E+00 2.46E+01 3.21E+01 2.49E-03 2.49E+00
243Cm 8.13E+00 8.13E+00 6.31E-04
Total 1.02E+03 1.90E+02 8.36E+02 2.81E+02 | 1.99E+01 | 1.53E+03 | 3.884E+03 3.02E-01 1.61E+02
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3.8.4 Sensitivity Analysis and Further Characterisation

Uncertainties in the Dragon Reactor Building backfill inventory can be split into the
following:

e Those relating to demolition and backfilling strategy (INV-DRAGON-002 and
INV-DRAGON-003) rather than inherent radiological properties of backfill
components, by which exact volumes, densities and locations of the different
backfill components are not yet known (but will be known at the time of
emplacement). Consideration of the impact of such options is not within the
scope of this inventory report and will instead be covered in optimisation and
assessment reports.

e Those relating to the inventory of components used only in the backfill (i.e.
those without an in-situ portion). In the case of Dragon, this applies only to the
component of backfill sourced from the existing rubble stockpiles (INV-
DRAGON-006). Further characterisation of this rubble is not expected until
emplacement, well after the inventory freeze for assessments in support of the
permit application. A sensitivity analysis covering this uncertainty is presented
below.

e Those relating to the inventory of backfill components that also have an in-situ
portion, which have been covered in sensitivity analyses in the relevant sections
of this report:

o Bioshield (Portland concrete, barytes concrete and rebar): inventories
calculated using maximum rather than average activity concentrations.

o Dragon Reactor (B70) and Fuel Store (B78) buildings: inventories
calculated i) using an alternative fingerprint including Pu isotopes, ii)
assuming that 100% rather than 5% of the surface contamination is
present, and iii) calculating tritium ingress using maximum rather than
average activity concentrations. (The fourth Reactor Building
alternative inventory, considering an area of high tritium contamination
in the Betalite store area, does not impact the backfill inventory as the
Betalite area is below ground and will remain in-situ.)

The impact of these sensitivity analyses on the backfill inventory is discussed below.
Rubble Component

An alternative inventory for the volume of rubble expected to be needed to fill the
remaining Dragon voids (once above-ground demolition material has been emplaced)
can be calculated using the maximum rather than average activity concentrations. This
is shown in the fifth column of Table 3.37. Doing so results in a modest increase in
total activity for this backfill component, from 1.53E+03 MBq to 1.68E+03 MBq and
in the total backfill activity from 3.88E+03 MBq to 4.03E+03 MBq (at a date of
01/01/2027). The majority of this increase is associated with 3H (5.66E+01 MBq to
1.72E+02 MBq), with smaller increases in **C and U isotopes. Assuming no increase
in the inventory of any of the other Dragon features, the backfill would then contribute
54.7%, rather than 53.7%, to the overall Dragon inventory.

Since the approach to estimating the activity of the rubble mounds (Section 2.17) is
believed to be conservative, this scenario is considered to sufficiently cover any
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remaining uncertainty, and further uplift for this component would be unnecessarily
pessimistic.

Impact of all Sensitivity Analyses

Table 3.37 presents an alternative inventory for the backfill, taking into account the
higher inventories for the bioshield and rubble components as previously calculated,
and also considering the impact of both assuming 100% of general area contamination
is present and calculating *H ingress using maximum rather than average activity
concentrations, and (separately) using the alternative Pu-containing fingerprint for the
Dragon Reactor (B70) and Fuel Storage (B78) buildings. The latter scenario changes
the distribution of radionuclides but has a negligible effect on the total activity.

The combined alternative bioshield and rubble inventories, but still assuming 5%
general area contamination is present and 3H ingress is calculated using average
concentrations (as in the reference inventory estimate), result in an increase in total
backfill activity from 3.88E+03 MBq to 7.72E+03 MBq.

The combined alternative bioshield and rubble inventories, assuming 100% general
area contamination is present and 3H ingress is calculated using maximum
concentrations, result in an increase in total backfill activity from 3.88E+03 MBq to
1.16E+04 MBq. There would be a reduction in the contribution of backfill to the overall
Dragon inventory from 53.7% to 51.7%.

If the higher bioshield inventory is not taken into account, the combined alternative
rubble and Dragon Reactor Building inventories result in an increase in total backfill
activity from 3.88+03 MBq to 7.87E+03 MBq.
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Table 3.37:  Alternative inventory for Dragon Reactor Building backfill, taking into account higher inventories for the above-cutline (ACL)
bioshield and rubble components, and also considering the impact of both assuming 100% of general area contamination is present
and calculating ®H ingress using maximum rather than average activity concentrations (using both the fingerprint used in the
reference inventory estimate and the alternative Pu-containing fingerprint for the Dragon Reactor Building). All activity data are
presented at 01/01/2027.
5.% contam. present and average °H 100% contam. present and max *H ingress
ingress, as per reference inventory
N . Using best-estimate FP as per reference inventory Using alternative Pu fingerprint
Bioshield | Bioshield | . . . .
Radio- | Concrete - | Concrete - Bgshleld Stockpile | B70 ACL | B78 ACL B70 ACL | B78 ACL B70 ACL | B78 ACL
nuclide | Portland | Barytes ebar | rubble | surface | surface Total surface | surface Total | surface | surface Total
[MBq] [MBq] [MBdq] [MBq] contam. contam. Disposal | contam. | contam. | Disposal | contam. | contam. Disposal
and °H and 3H Inventory | and®H and*H | Inventory| and3H and °H Inventory
ingress ingress [MBq] ingress ingress [MBq] ingress ingress [MBq]
[MBq] [MBq] [MBq] [MBq] [MBq] [MBq]
SH 3.29E+03 | 9.53E+02 | 2.32E+00 | 1.72E+02 | 9.95E+02 | 1.81E+02 | 5.59E+03 | 3.45E+03 | 8.68E+02 | 8.74E+03 | 3.42E+03 | 8.56E+02 | 8.69E+03
e 1.66E+01 | 4.80E+00 | 2.38E+00 | 1.30E+01 | 5.94E-01 | 1.92E-01 | 3.75E+01 | 1.19E+01 | 3.84E+00 | 5.24E+01 | 1.92E+01 | 6.22E+00 | 6.22E+01
%ClI 1.17E+00 1.17E+00 1.17E+00 | 2.77E+01 | 8.94E+00 | 3.78E+01
“ICa 3.75E+01 | 6.83E+00 4.43E+01 4.43E+01 4.43E+01
S5Fe 1.83E+00 1.83E+00 1.83E+00 | 1.55E-01 | 5.02E-02 | 2.03E+00
50Co 4.42E+00 | 1.28E+00 | 4.06E-01 | 2.78E+00 | 1.42E-01 | 4.59E-02 | 9.07E+00 | 2.84E+00 | 9.19E-01 | 1.26E+01 | 1.87E+00 | 6.03E-01 | 1.14E+01
63N 4.26E+01 | 1.23E+01 | 3.06E+01 | 6.66E+01 | 4.15E-01 | 1.34E-01 | 1.53E+02 | 8.30E+00 | 2.68E+00 | 1.63E+02 | 4.95E+01 | 1.60E+01 | 2.18E+02
%0gy 3.30E+02 | 1.02E+01 | 3.29E+00 | 3.43E+02 | 2.04E+02 | 6.58E+01 | 5.99E+02 | 1.10E+02 | 3.56E+01 | 4.75E+02
1255h 2.06E-03 2.06E-03 2.06E-03 2.06E-03
B37Cs 1.03E-02 | 9.18E+02 | 7.42E+00 | 2.40E+00 | 9.28E+02 | 1.48E+02 | 4.79E+01 | 1.11E+03 | 2.95E+02 | 9.52E+01 | 1.31E+03
133Ba | 4.92E+00 | 1.26E+02 1.31E+02 1.31E+02 1.31E+02
1“8Sm | 1.92E-27 | 5.56E-28 2.48E-27 2.48E-27 2.48E-27
151Sm | 9.90E+00 | 2.87E+00 1.28E+01 1.28E+01 1.28E+01
%2Gd | 4.13E-12 | 1.20E-12 5.32E-12 5.32E-12 5.32E-12
152Ey | 2.09E+02 | 6.06E+01 2.70E+02 2.70E+02 | 2.19E+01 | 7.06E+00 | 2.99E+02
184y | 5.19E+00 | 1.50E+00 6.70E+00 6.70E+00 | 2.06E+00 | 6.65E-01 | 9.42E+00
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Bioshield

Bioshield

5% contam. present and average °H
ingress, as per reference inventory

100% contam. present and max 3H ingress

Using best-estimate FP as

per reference inventory

Using alternative Pu fingerprint

Radio- | Concrete -| Concrete - | B1oshield | Stockpile | 70 ACL | B78 ACL B70 ACL | B78 ACL B70 ACL | B78 ACL
nuclide | Portland | Barytes | R€Par | rubble | syrface surface Total surface | surface Total | surface | surface Total
MBg] | [MBq | [MBAl | [MBdl | contam. | contam. | Disposal | contam. | contam. | Disposal | contam. | contam. | Disposal
and °H and *H Inventory | and®H and®H | Inventory| and3H and °H Inventory
ingress ingress [MBq] ingress ingress [MBq] ingress ingress [MBq]
[MBq] [MBq] [MBq] [MBq] [MBq] [MBq]
210pp 1.70E-01 5.49E-02 2.25E-01 | 3.40E+00 | 1.10E+00 | 4.50E+00 | 1.18E-08 | 3.81E-09 1.56E-08
2%6Ra 3.25E-01 1.05E-01 4.30E-01 | 6.50E+00 | 2.10E+00 | 8.60E+00 | 1.38E-07 | 4.47E-08 1.83E-07
28Ra 4.31E-03 1.39E-03 5.71E-03 8.63E-02 | 2.79E-02 | 1.14E-01 | 1.52E+00 | 4.92E-01 2.02E+00
2TAc 7.39E-06 2.39E-06 9.77E-06 1.48E-04 | 4.77E-05 | 1.95E-04 | 3.02E-05 | 9.75E-06 3.99E-05
28Th 3.31E-03 1.07E-03 4.38E-03 6.62E-02 | 2.14E-02 | 8.76E-02 | 1.17E+00 | 3.78E-01 1.55E+00
29Th 8.28E-14 2.68E-14 1.10E-13 1.66E-12 | 5.35E-13 | 2.19E-12 | 5.93E-14 | 1.92E-14 7.84E-14
20Th 8.27E-03 2.67E-03 1.09E-02 1.65E-01 | 5.34E-02 | 2.19E-01 | 7.26E-05 | 2.35E-05 9.60E-05
22Th 6.60E-03 2.13E-03 8.73E-03 1.32E-01 | 4.26E-02 | 1.75E-01 | 2.33E+00 | 7.53E-01 3.08E+00
231pg 5.78E-05 1.87E-05 7.64E-05 1.16E-03 | 3.73E-04 | 1.53E-03 | 2.36E-04 | 7.63E-05 3.12E-04
23y 3.02E-10 9.77E-11 4.00E-10 6.05E-09 | 1.95E-09 | 8.00E-09 | 2.19E-10 | 7.06E-11 2.89E-10
24y 9.53E+00 | 9.79E-01 3.16E-01 1.08E+01 | 1.96E+01 | 6.32E+00 | 3.54E+01 | 8.97E-01 | 2.90E-01 1.07E+01
235y 4.76E+00 | 3.10E-01 1.00E-01 5.17E+00 | 6.21E+00 | 2.01E+00 | 1.30E+01 | 1.27E+00 | 4.10E-01 6.44E+00
238y 5.72E+01 | 1.21E+00 | 3.91E-01 5.88E+01 | 2.42E+01 | 7.82E+00 | 8.92E+01 | 1.57E+00 | 5.08E-01 5.92E+01
Z'Np 1.61E-05 5.21E-06 2.13E-05 3.23E-04 | 1.04E-04 | 4.27E-04 | 2.00E+00 | 6.48E-01 2.65E+00
238py 2.35E+00 2.35E+00 2.35E+00 | 8.52E-01 | 2.75E-01 3.47E+00
3%y 1.17E+01 1.17E+01 1.17E+01 | 6.28E-01 | 2.03E-01 1.25E+01
240py 1.63E+01 1.63E+01 1.63E+01 | 2.72E+01 | 8.79E+00 | 5.23E+01
241py 4.63E+01 4.63E+01 4.63E+01 | 1.19E-05 | 3.84E-06 | 4.63E+01
21Am 2.46E+01 | 5.63E+00 | 1.82E+00 3.21E+01 | 1.13E+02 | 3.64E+01 | 1.74E+02 | 4.37E+00 | 1.41E+00 | 3.04E+01
244Cm 8.13E+00 8.13E+00 8.13E+00 8.13E+00
Total 3.62E+03 | 1.17E+03 | 3.87E+01 | 1.68E+03 | 1.02E+03 | 1.90E+02 7.72E+03 | 4.00E+03 | 1.05E+03 | 1.16E+04 | 3.99E+03 | 1.04E+03 | 1.15E+04
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Primary Mortuary Hole Structure in B78
Feature Description

The Dragon Mortuary Hole Structure was the storage area for Dragon fuel elements
and, more recently, for various waste items from the PIE facility in A59. As stated in
Section 3.1.2, there are 50 primary mortuary holes (tubes 41-90) for the storage of
irradiated fuel and 40 additional holes (tubes 1-40) for the storage of fresh fuel. Only
the primary hole structure is proposed for in-situ disposal, since the tubes are embedded
in concrete and are difficult to remove. The additional tubes are expected to be
relatively easy to remove owing to their cassette structure (Section 3.2) and are
therefore not considered further in this inventory estimate.

The Primary Mortuary Hole Structure comprises 50 vertical mild steel storage tubes,
with external diameter 10.75” specified on drawing AE185813. The fuel/waste items
were cooled by a ventilation system, the inlet of which was a filtered vent house inside
B78 and the outlet was routed out of B78 to the Dragon complex stack (see Figure 3.6)
[110, §82.1]. The storage tubes are interlinked with horizontal vent ducts and the outer
row of storage tubes on each side, holes 81-90 and 41-50, are attached to the inlet duct
and the outlet duct, respectively, as shown in Figure 3.18 [110, 82.1]. Figure 3.19
presents a plan view of the entire Dragon Fuel Mortuary Store, showing the layout of
the primary and additional holes, the ventilation inlet and outlet for the primary holes,
and the locations of the sump and storage pit.

The entire structure, made of mild steel, was constructed in a pit beneath ground level
in B78 and the pit was then in-filled with concrete. The inventory assessment presented
here assumes that all storage hole lids and any detachable parts of the system are
removed and that the main ventilation ducts are removed to ground level, the point at
which they are embedded in concrete. It is understood that the metal tube system for
the fresh fuel holes (1-40) will be removed and then cleaned should any contamination
remain (INV-DRAGON-009)%. It is also assumed that the metal lining of the storage
pit will be removed and the area cleaned (INV-DRAGON-009). In addition, given that
the mortuary holes, sump and storage pit are metal-lined, it is anticipated that there has
been negligible radionuclide migration into the bulk system concrete (INV-DRAGON-
009). Therefore, all that is included in the end state inventory assessment presented
here is contamination associated with the steel structure of the spent fuel primary holes
(tubes 41-90) and the ventilation and sump system, which are assumed to be infilled
with clean grout?.

Table 3.38 summarises dimensions associated with the Primary Mortuary Hole
Structure.

19 Depending on the method of removal, it is possible that some concrete may be removed along with
the additional tubes; such operational details are outside the scope of this report. It is conservative to
assume that no concrete is removed and so this possibility is not considered further in the inventory
estimate.

2 The feasibility of full grout penetration into the horizontal vent ducts is outside the scope of this
report, but will be discussed elsewhere in the permit application documentation. The starting
assumption for this inventory report is that it is feasible.
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Lateral
Vents

Storage
Holes

Figure 3.18: Dragon Mortuary Hole steel structure, showing the 50 primary storage
tubes, main vents and interlinking ventilation ducts (sump and sump
extension tube not shown) [110, Fig.1].
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Figure 3.19: Plan view of the Dragon Fuel Store, showing the locations of the 90 storage tubes, sump, and ventilation inlet and outlet (extract
from UKAEA drawing 1W985076/A, September 1998).
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Dimensions of the Dragon Fuel Mortuary Hole Structure.

Parameter

Value ‘ Unit ’

Data Source/Assumption

Dimensions for the 50 primary / irradiated fuel mortuary holes (No. 41-90):

Outer diameter of 0273 |m AE185813 gives 10.75" for the outer diameter

mortuary hole

Inner diameter of 0.260 m AE202169A gives 10" for the inner diameter, but

mortuary hole AE185813 implies a uniform wall thickness of 0.25", so
an ID of 10.25". As a larger diameter gives a higher
surface area, and to take some account of the fins in the
tubes (as shown on AE202169A), the larger ID is
conservatively assumed.

Depth of a mortuary 4191 |m OW793126 states depth to base of tube as 13'9"

hole tube

Pitch (spacing) of 0.762 |m OWT793126 hole pitch is 2'6" square

mortuary holes

Internal surface area 3481 |m? Calculated. AE185813 indicates 6" openings in the tubes

of a single tube 41- for the interlinking ventilation ducts, but this small

90 surface area is not accounted for.

Volume of a single 0223 |m? Calculated

tube 41-90

Sump dimensions:

Inner diameter of 0.292 m AE185813 gives 11.5" for the inner diameter for the top

sump extension tube 2' section

Depth of sump 0.610 m AE185813 defines the top section as 2' tall

extension tube

Inner diameter of 0.256 m AE185813 and AE206269B give 10.3/32" for the inner

sump extension tube diameter of the main tube section

Length of sump 0.826 m The B78 Store Ducting.ipt file defines the depth as 32.5".

extension tube This is supported by AE206269B, which shows the top
section is cut on a diagonal where it meets the top vent,
with short side 2'3" and long side 3'2".

Depth of square 0.152 m AE185813 states 6" deep

sump at base of vent

Length/width of 0.610 m AE185813 defines sump as 2' square

sump at vent base

Internal surface area |1.596 m? Calculated - neglects any lid at the top of the sump and

of sump doesn't include surface area of base as accounted for in
main vent calculation below

Volume of sump 0.140 m?3 Calculated

Main ventilation ducts:

Width of inlet/outlet |0.610 m OW?793126 gives width and depth as 2'; Also supported

ducts (in ground) by drawing AE185813

Depth of inlet/outlet |0.610 m OW?793126 gives width and depth as 2'; Also supported

ducts (in ground) by drawing AE185813

Length of inlet/outlet | 9.525 m AE185813 gives 31'3" for the duct length

ducts (in ground)
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Parameter Value Unit Data Source/Assumption

Depth from surface |0.838 m AE185813 gives 2'9" for top of concrete block to top of
to top of upper duct top vent
Depth from surface [4.572 m AE185813 gives (4'0"+3'9"+4'0"+3'3") for top of
to base of lower duct concrete block to base of bottom vent
Vent steel wall n/a m Lacking any information on steel thickness, the external
thickness dimensions are conservatively assumed for the internal
Internal surface area |56.357 m? Calculated. Curvature in vent ducts is ignored and
of main ducts simplified to right angles for surface calculations.
Volume of main 8.863 m3 Calculated

ducts

Lateral linking cross vents between Mortuary Holes 41-50:

Top vent width 0.381 m AE185813 states 15" x 9" deep for the linking ducts

(external)

Top vent height 0.229 m AE185813 states 15" x 9" deep for the linking ducts

(external)

Top vent length 4.013 m AE185813 states (6"+5'8"+something [ass.5'9"]+6'11")

(external) for the length of the linking duct

Vent steel wall n/a m Lacking any information on steel thickness, the external

thickness dimensions are assumed to be the internal dimensions

Surface area of top  |44.5 m? Calculated

linking vents

Volume of top 3.495 m? Calculated

linking ducts

Bottom vent width [ 0.305 m AE185813 gives 12" square openings in the main ducts
for the bottom linking ducts

Bottom vent height |0.305 m AE185813 shows the height varies between 10" and 12"
so 12" is assumed to maximise surface area

Bottom vent length | 3.683 m AE185813 states (9"+4'6"+6'10") for the length of the
bottom linking duct

Surface area of 43.2 m? Calculated

bottom linking vents

Volume of bottom  |3.422 m3 Calculated

linking ducts

Total surface area:

Total surface area  [319.7 m? Calculated - includes the 50 irradiated mortuary holes, the

sump, main ventilation ducts and lateral ventilation ducts

Total void volume to be filled with grout:

Total void volume

27.1

m3

Calculated - includes the 50 irradiated mortuary holes, the
sump, main ventilation ducts and lateral ventilation ducts

Mortuary hole monolith volume (assumes mortuary holes, vents and any other voids are filled

with grout, and steel is treated as grout):

Depth from surface
to top of pit base
level

4.72

m

OW?793126 gives depth to the top of the base level as
15'6"; AE184218 gives 15'3" to the top of the floor layer
and 16'9" to the bottom of the floor layer. The value from
drawing OW793126 is used, as this dates from 1979 after
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construction, whilst drawing AE1842218 is a pre-
construction drawing from 1961.
Depth from surface |5.18 m The additional 1'6" floor layer from AE184218 is
to base of base level included
Width of concrete  |6.40 m AE184218 gives the base slab width as 21'0"
base slab (exc walls)
Length of concrete |7.77 m AE184218 gives the 41-90 hole area length as (25'6")
base slab (exc walls)
Concrete monolith  |235.0 m?3 Calculated - uses the hole excavated in which the metal
volume tube framework and vents were placed before being
surrounded by concrete to ground level.
Contaminated steel |0.32 m3 Calculated. Total volume of contaminated steel below
volume ground - assumes 1 mm contamination of the mild steel
and the total surface area calculated above.

3.9.2 Origin and Constraints on Radiological Inventory

The inventory estimate for the Primary Mortuary Hole Structure is principally based on
the results of a systematic sampling campaign undertaken in 2023, described in detail
in the sampling and analysis plan [159] and summarised below. This campaign was
driven by a lack of existing characterisation, identified as a key uncertainty in previous
versions of this inventory report.

The derivation of the inventory by NRS is described in a separate Note for the Record
[160] and accompanying spreadsheet [161], from which the information below is
summarised.

2023 Initial Dose Rate and Smear Sampling Survey of All Mortuary Holes

The following regime was completed in July 2023 for each mortuary hole (MH):

e Count rate surveys were completed using a teletector probe at the following
positions (to give a dose rate (beta/gamma) radiation reading in pSv/hr):

— over the hole (with the plug removed);
— atlm,2m,3 mand4 m below the plug and at the base of the hole; and
— at the top cross vent.

e Smear samples were taken at the following positions and analysed for alpha and
beta/gamma radiation using a DP6 ‘DD’ probe to give a counts per second (cps)
value:

— the top portion of the hole;

— the top cross vent (taken from the inside the cross vent using a long reach
tool); and

— the full height of the hole.

The smear from the full height of the MH was taken using a flexible spherical object
which has the same diameter of the MHs. The object was covered in smear paper and
was attached to a long pole and inserted into and pulled through the full height of each
MH.
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During the monitoring of MHs 67, 69, 73 and 85, elevated beta/gamma count rates were
identified in specific locations within each MH. These were recorded on the monitoring
and sampling record. The relevant smear samples did not always pick up the same
levels of radioactivity, potentially suggesting localised hotspots of fixed contamination
within these holes. To account for any potential discrepancy in pick-up factors (in
calculating the inventory) caused by this fixed contamination, the count rates for the
relevant smears were adopted as follows:

e Monitoring of MH67 recorded a localised reading of 5,500 cps close to the top
of the MH. MHG67 has the highest recorded top smear count rate; therefore, this
is assumed to be representative of the fixed contamination measurement.

e Monitoring of MH69 recorded a localised dose rate measurement of 590 cps,
1 m from the top of MH plug. The count rate of the full height smear
(background of 5 cps) cannot be justified as representative of the localised
hotspot; the full height measurement for MH75 (the highest recorded full-height
smear count rate at 114 cps) was therefore used instead.

e Monitoring of MH73 recorded a localised reading of 1,050 cps at the cross vent
position; however, the cross vent smear recorded only a background reading of
5 cps beta/gamma. The highest recorded cross vent smear count rate (464 cps
from MH83) was therefore used instead.

e Monitoring of MH85 recorded a localised measurement of 750 cps at the cross
vent, with the corresponding smear measuring only 32 cps. The highest
recorded cross vent smear count rate (464 cps from MH83) was therefore used
instead.

The following measurements were not taken and count rates were adopted based on
reasonable assumptions:

e The MHB80 and MH90 top smear count rates were not recorded. These were
assumed to be at background levels as all other measurements taken in these
MHs were at background and no anomalies were noted by the surveyor.

e The cross vent smear from MH75 was not recorded. The highest recorded cross
vent smear count rate (464 cps from MH83) was used, as the other
measurements in MH75 indicate elevated levels of contamination.

The count rate results of the initial sampling exercise are presented in full in [161] and
are summarised in Table 3.39.
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Table 3.39:  Top smear, full height and cross vent count rate measurements in counts
per second (cps) from all MHs. Background (bgd) measurements are
given in [161]. Readings in brackets are the values assumed/substituted
in the cases described in the text. Readings highlighted in blue are the
highest measurements for each location (top smear, full height and cross
vent).
Measurement Beta (cps) Beta (cps) Beta (cps) Beta (cps) Beta (cps)
MH No. 41 51 61 71 81
Top smear bgd bgd bgd bgd bgd
Full height 18 bgd 40 bgd 11
Cross vent 27 bgd 140 bgd 20
MH No. 42 52 62 72 82
Top smear bgd bgd bgd bgd bgd
Full height 14 bgd bgd 13 bgd
Cross vent bgd bgd 10 40 bgd
MH No. 43 53 63 73 83
Top smear bgd bgd bgd bgd bgd
Full height 15 bgd 30 bgd 48
Cross vent 28 24 25 bgd (464) 464
MH No. 44 54 64 74 84
Top smear bgd bgd bgd bgd bgd
Full height 11 11 bad bgd 12
Cross vent bgd bgd bgd bgd 19
MH No. 45 55 65 75 85
Top smear bgd bgd bgd bgd bgd
Full height 10 bgd bgd 114 10
Cross vent 24 byd 25 Not e ded | 35 (a64)
MH No. 46 56 66 76 86
Top smear bgd bgd bgd bad bgd
Full height bgd 10 bad bad 11
Cross vent bgd 11 9 12 bgd
MH No. 47 57 67 77 87
Top smear bgd bgd 145 bgd bgd
Full height bgd bgd 5 25 10
Cross vent bgd bgd 15 bad 17
MH No. 48 58 68 78 88
Top smear bgd bgd bgd bgd bgd
Full height 3 12 5 bgd 15
Cross vent bgd bgd bgd bgd 16
MH No. 49 59 69 79 89
Top smear bgd bgd 30 bgd bgd
Full height bgd bgd bgd (114) 15 bgd
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Measurement Beta (cps) Beta (cps) Beta (cps) Beta (cps) Beta (cps)
Cross vent 18 bgd 15 27 4
MH No. 50 60 70 80 90
Not recorded | Not recorded
Top smear bgd bgd 50
P J J (bgd) (bgd)
Full height 15 bgd bgd bgd bgd
Cross vent 2 bgd bgd bgd bgd

2023 Radioisotope Analysis of Selected Smear Samples

Following the initial exercise, the smear samples with the highest measurements for
each location (highlighted in blue in Table 3.39) were selected for detailed radioisotope
analysis:

e MHG67 had the highest reading for the top smear sample (145 cps beta/gamma);

e MH75 had the highest reading for the full-height smear sample (114 cps
beta/gamma);

e MH83 had the highest reading for the smear samples taken from inside the cross
vent (464 cps beta/gamma).

These samples were analysed by the Socotec laboratory in Didcot, Oxfordshire, with
results provided in March 2024. All three samples were subjected to the following
analysis: gamma spectrometry; gross alpha and beta; total tritium; 4C, >°Fe and ®Ni;
and %°Sr. Additionally, the cross-vent sample from MH83 was analysed for alpha
radionuclides (plutonium, americium, curium and uranium isotopes). This analysis was
not completed for the samples from MH67 or MH75 as the probe count on the smears
was low and it was not expected that this analysis would gain reliable data.

Results reported at the LOD were managed as follows:

e For %Co, 3H, %°Fe, 53Ni and 2**Am, the LOD result was taken to be the actual
value and used as part of the fingerprint.

e LOD results for alpha species (333U, 24U, *°U, 28U, 2%py, 23%pu, 24Py, 24Py,
243Cm and 2*Cm) from the MH83 sample were used to estimate the activities
of the equivalent isotopes for MH67 and MH75 by calculating the ratio of each
species to 2*LAm in MH83 and scaling to the 2*!Am value in MH67 and MH75.

In both cases the LOD result was used at its full value and considered to represent a
conservative estimate of the activity of each of the radionuclides named above.

Derivation of Fingerprints for MHs and Cross Vents Based on 2023 Sampling

In order to derive appropriate fingerprints to use in the inventory calculation for the
MHs and cross vents, the radioisotope data from MHs 67, 75 and 83 described above
were processed as follows:

o Isotopes that are either attributed to naturally-occurring radioactivity, have short
half-lives or are part of the decay chain for another radionuclide were removed
from the dataset (i.e. "Be, “°K, 134Cs, 28T, 210pp, 212Bj, 212pp, 21Bj, 2'*Ph, 2?°Ra,
28 ¢, 234mpg and 24Th).

e The contribution of individual alpha radionuclides to the fingerprints of MH67
and MH75 were assessed by applying the ratio of 2*!Am measurements to the
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ratio defined from the speciated alpha analysis completed for MH83, as
described above.

o 23Uy, 2%Py/2Py and 243Cm/?**Cm were reported as a combined value from
the alpha spectrometry analysis. Review of the other Dragon fingerprints
identifies these ratios as close to 50/50 in other areas of the facility, so the
reported value was split equally in each case. This is justified as the specific
activities are low and the eco-toxicity is similar across each pair.

e The %5U result from the alpha spectrometry analysis (for MH 83) was selected
in preference to the gamma spectrometry measurement, as this is generally a
more accurate measurement.

The resulting fingerprints for MHs 67, 75 and 83 are presented in Table 3.40.
Inventory and Fingerprint for Main Ducts and Sump

An inventory assessment for the Primary Mortuary Hole Structure was completed in
2016 [110], which was based on a smear sample taken from the outlet ventilation stack.
A sample was also taken from the inlet ventilation stack, but as expected, the outlet vent
smear sample contained a higher level of activity than the inlet and was therefore used
as conservative. This sample is considered to still be the most representative of the
main ventilation ducts and sump, as the 2023 sampling campaign did not sample these
components.

To derive an inventory for the main ducts and sump, the 2016 inventory was converted
to activity concentrations (Bg/cm?) by dividing the activity data by the total surface
area of the ventilation system. The activity concentrations were then decayed to
17/07/2023 (the reference date for the 2023 dataset), before being multiplied by the
surface area for the main ducts and sump to derive activity values for these components.
As 23U was not included in the 2016 assessment, it was assumed that 233U had the same
activity value as 2*U. The resulting fingerprint (activity values renormalised to 100%)
is presented in Table 3.40.

Table 3.40:  Fingerprints used in the derivation of the inventory of the Primary
Mortuary Hole Structure [160, Tab.4]. Reference date 17/07/2023.

FPs based on 2023 dataset, used for MHs and cross | FP based on 2016
Radio- vents dataset, used for
nuclide | o \MHe7 (96) | FPMHT5 (%) | FP MHS3 (%) m‘ﬂﬂrggc(t;g”d
241Am 0.19 1.98 1.32 3.51
23Cm 0.01 0.10 0.07 0.12
24Cm 0.01 0.10 0.07 0.10
238py 0.38 3.94 2.62 2.18
2%y 0.05 0.52 0.35 0.28
240py 0.05 0.52 0.35 0.28
238y 0.50 5.16 3.44 0.02
24y 0.50 5.16 3.44 0.02
235y 0.00 0.03 0.02 0.00
236y 0.00 0.00 0.00 0.00
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FPs based on 2023 dataset, used for MHs and cross | FP based on 2016
Radio- vents dataset, used for
nuclide | oo \iH67 (96) | FPMHT5 (%) | FP MHS3 (%) i rggc(to;s”d
238y 0.00 0.03 0.02 0.00
A 0.42 1.78 3.25 0.41
Co 0.08 0.19 0.03 0.07
1¥87Cs 65.06 49.77 57.85 54.43
%Fe 0.16 0.11 0.04 0.01
°H 0.04 0.16 0.52 0.77
&N 0.41 0.18 0.08 0.03
241py 0.56 5.82 3.88 12.26
0gy 31.58 24.43 22.65 25.51
Total 100.00 100.00 100.00 100.00

Probe Response Correction and Activity Conversion

As discussed in Section 3.5.2, the detection efficiency of the DP6 probe must be
accounted for and the count rate converted to an activity. This was done using the
following formula [160, Eqn.1]:

Activity Concentration

Direct probe count rate )
X probe surface area(cm*®)

- Instrument response for Bq/cm?
100

X X
pick up ef ficiency area smeared(cm?)

where the:
e Direct probe count rate was measured from the smear sample.

e The instrument response for the different fingerprints has been calculated [161]
to be 17.51 for MH67, 18.87 for MH75 and 14.66 for MH83.

e The probe surface area is 100 cm?.
e The pick-up efficiency of the smear is assumed to be 10%.

e The area smeared is assumed to be approximately 300 cm? (see Section 3.9.4
for further discussion).

The pick-up efficiency of 10% included within this equation is intended to account for
both loose and fixed contamination not picked up by the smear, which will only remove
a portion of the loose contamination present. A pick-up efficiency value of 10% is
commonly used to estimate the activity not measured through smear sampling.
However, due to the fact that the 2016 assessment showed that the majority of
contamination is loose [110], the actual pick-up efficiency is likely to be higher; the
10% assumed in this assessment is therefore conservative.

The fingerprint associated with the fixed component of the contamination may be
different to the loose contamination measured within this assessment, but as noted
above, this is expected to be a minor component.
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The uncertainty associated with the fingerprint and the pick-up efficiency is recorded
in Appendix A (INV-DRAGON-008).

Inventory Estimate
Mortuary Holes

Two separate inventory estimates were derived for the mortuary holes component of
the Primary Mortuary Hole Structure, one based on the top smear count rates for each
MH and the fingerprint and probe response value for MH67 (the MH with the highest
top smear reading), and the second based on the full-height smear count rates for each
MH and the fingerprint and probe response value for MH75 (the MH with the highest
full-height smear reading). For each estimate, the measured top or full-height smear
count rate for each MH was converted to a Bg/cm? value using the probe response
conversion formula, then multiplied by the surface area of a single mortuary hole
(3.418 m?, Table 3.38) to give a total inventory for each MH. The relevant fingerprint
was then used to define the radionuclide breakdown.

An average inventory was defined by taking the average of the two activity values for
each radionuclide, and a maximum inventory was defined by taking the highest value
of the two activities for each radionuclide. For all but one radionuclide (®*Ni), the
higher reading corresponds to the inventory derived using the MH75 fingerprint and
full-height smear count rates.

Cross Vents

Two inventory estimates were derived for the cross vents component of the Primary
Mortuary Hole Structure:

e Anaverage inventory was calculated for each of ten (combined top and bottom)
cross vents using the average cross vent count rate for the group of five MHs
connected by each of the ten cross vents, and the fingerprint and probe response
value for MH83 (the MH with the highest cross vent smear reading). The
average cross vent count rate for each group of MHs was converted to a Bg/cm?
value using the probe response conversion formula, then multiplied by the
surface area of a single top vent plus corresponding bottom vent (8.76 m?, one
tenth of the total surface area of all top and bottom cross vents as set out in
Table 3.38) to give a total inventory for each (top plus bottom) cross vent. The
relevant fingerprint was then used to define the radionuclide breakdown.

e A maximum inventory was calculated in the same way but using the highest
(rather than average) cross vent count rate for each group of five MHs connected
by each of the ten cross vents.

Main Vents and Sump

The inventory for the main vents and sump was calculated directly from the 2016
inventory estimate as described in Section 3.9.2; no maximum inventory was derived.

Total Primary Mortuary Hole Structure Inventory

The average and maximum inventories for the individual components and the total
inventory for the Mortuary Hole Structure, derived as described above for a reference
date of 17/07/2023, are shown in Table 3.41.
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Table 3.41: Summary of Primary Mortuary Hole Structure component and total inventories in Bq for a reference date of 17/07/2023 [160,
Tab.5].
Mortuary Holes Cross Vents Main Ducts and Sump Total Inventory

_ _ A B C D E = _Average Maximum
Radionuclide _Average I_\/Iaxmum _Average I_\/IaX|mum Main ducts sump inventory inventory

inventory inventory inventory inventory (A+C+E+F) (B+D+E+F)

#1Am 5.37E+04 1.02E+05 1.32E+05 3.18E+05 7.65E+05 2.17E+04 9.73E+05 1.21E+06
243Cm 2.78E+03 5.25E+03 6.84E+03 1.64E+04 2.52E+04 7.14E+02 3.56E+04 4. 76E+04
244Cm 2.78E+03 5.25E+03 6.84E+03 1.64E+04 2.22E+04 6.28E+02 3.24E+04 4.45E+04
38pu 1.07E+05 2.01E+05 2.62E+05 6.30E+05 4.76E+05 1.35E+04 8.59E+05 1.32E+06
23%py 1.42E+04 2.68E+04 3.50E+04 8.40E+04 6.19E+04 1.75E+03 1.13E+05 1.74E+05
40Py 1.42E+04 2.68E+04 3.50E+04 8.40E+04 6.19E+04 1.75E+03 1.13E+05 1.74E+05
233y 1.40E+05 2.64E+05 3.44E+05 8.26E+05 3.87E+03 1.10E+02 4.88E+05 1.09E+06
iy 1.40E+05 2.64E+05 3.44E+05 8.26E+05 3.87E+03 1.10E+02 4.88E+05 1.09E+06
25y 7.74E+02 1.46E+03 1.91E+03 4.57E+03 2.59E+02 7.34E+00 2.95E+03 6.30E+03
=0y 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.59E+02 7.34E+00 2.67E+02 2.67E+02
28y 7.56E+02 1.43E+03 1.86E+03 4.47E+03 2.59E+02 7.34E+00 2.88E+03 6.16E+03

1C 5.21E+04 9.11E+04 3.25E+05 7.80E+05 8.90E+04 2.52E+03 4.69E+05 9.63E+05
%Co 6.14E+03 9.71E+03 2.69E+03 6.46E+03 1.54E+04 4.35E+02 2.46E+04 3.20E+04
187Cs 2.29E+06 2.55E+06 5.79E+06 1.39E+07 1.19E+07 3.36E+05 2.03E+07 2.86E+07
%Fe 5.43E+03 5.82E+03 4,49E+03 1.08E+04 1.18E+03 3.34E+01 1.11E+04 1.78E+04

*H 4.70E+03 8.21E+03 5.16E+04 1.24E+05 1.67E+05 4.72E+03 2.28E+05 3.04E+05

BN 1.09E+04 1.28E+04 7.85E+03 1.88E+04 7.37E+03 2.09E+02 2.63E+04 3.92E+04
#1py 1.58E+05 2.98E+05 3.88E+05 9.31E+05 2.67E+06 7.57E+04 3.29E+06 3.98E+06
%0Sr 1.12E+06 1.25E+06 2.27E+06 5.44E+06 5.56E+06 1.57E+05 9.10E+06 1.24E+07
Total 4.12E+06 5.12E+06 1.00E+07 2.40E+07 2.18E+07 6.17E+05 3.65E+07 5.15E+07
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The total Primary Mortuary Hole Structure inventories presented in Table 3.41 were
then decayed to the inventory reference date of 01/01/2027 using the GoldSim-RT
software package [132; 133; 134]. The average inventory is taken as the reference
inventory.

To estimate the activity concentration required for PA calculations (especially for the
inadvertent human intrusion assessment), three alternative contamination volumes have
been assumed (INV-DRAGON-008), with the calculations reported in [15]:

e Ifitis assumed that all the contamination is located in the first 1 mm thickness
of the entire mild steel structure, then the total volume of contaminated steel
below ground is 0.32 m? (this is calculated using the total surface area of
319.7 m? from Table 3.38).

e As the steel structure is assumed to be filled with grout and the contamination
is thought to be generally loose surface contamination, the contamination could
be averaged over the infill volume of 27.1 m® (Table 3.38).

e The largest volume (235.0 m®) that could be considered is that formed by the
planned concrete monolith, namely the 4.7 m deep x 6.4 m wide by 7.8 m long
(Table 3.38) pit in which the steel structure and eventual grout infill sit (the
small volume occupied by the steel is treated as concrete for this calculation).

Table 3.42 presents the estimated Primary Mortuary Hole Structure total activity and
range of activity concentration options at 01/01/2027. The entire inventory is assumed
to form a below-ground level in-situ disposal.

Table 3.42: Estimated Dragon Primary Mortuary Hole Structure in-situ disposal
reference inventory, including a range of possible average activity
concentrations, presented for an inventory reference date of 01/01/2027.
The activity concentrations have been calculated assuming a density for
plain carbon steel of 7,860 kg/m® [39, p.12-204] and a density for
concrete of 2,400 kg/m?® (Table 3.23).

Radionuclide Activity Activity Activity Total primary
averaged over | averaged over | averaged over | mortuary hole
1 mm of steel grout infill pit volume activity
[Ba/d] [Ba/d] [Ba/g] [MBq]
*H 7.46E-02 2.89E-03 3.32E-04 1.88E-01
1“c 1.87E-01 7.21E-03 8.31E-04 4.69E-01
%Fe 1.84E-03 7.13E-05 8.22E-06 4.63E-03
3Ni 1.02E-02 3.96E-04 4.56E-05 2.57E-02
®Co 6.22E-03 2.41E-04 2.77E-05 1.56E-02
Sy 3.33E+00 1.29E-01 1.48E-02 8.37E+00
187Cs 7.45E+00 2.88E-01 3.32E-02 1.87E+01
210pp 1.60E-10 6.19E-12 7.13E-13 4.02E-10
2%6Ra 4.63E-09 1.79E-10 2.06E-11 1.16E-08
22Ra 3.30E-15 1.28E-16 1.47E-17 8.30E-15
21 4.55E-09 1.76E-10 2.03E-11 1.14E-08
228Th 1.07E-15 4.12E-17 4.75E-18 2.68E-15
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Radionuclide Activity Activity Activity Total primary
averaged over | averaged over | averaged over | mortuary hole
1 mm of steel grout infill pit volume activity
[Ba/g] [Ba/g] [Ba/g] [MBq]
229Th 6.35E-05 2.45E-06 2.83E-07 1.59E-04
20Th 6.18E-06 2.39E-07 2.75E-08 1.55E-05
22Th 1.81E-14 7.00E-16 8.07E-17 4.55E-14
21pg 8.58E-08 3.32E-09 3.82E-10 2.15E-07
2383y 1.94E-01 7.51E-03 8.65E-04 4.88E-01
23y 1.94E-01 7.51E-03 8.65E-04 4.88E-01
2%y 1.17E-03 4.54E-05 5.23E-06 2.95E-03
236y 1.06E-04 4.10E-06 4.73E-07 2.67E-04
238y 1.15E-03 4.44E-05 5.11E-06 2.88E-03
Z'Np 4.36E-07 1.69E-08 1.94E-09 1.10E-06
238py 3.32E-01 1.29E-02 1.48E-03 8.35E-01
239y 4.49E-02 1.74E-03 2.00E-04 1.13E-01
240py 4.49E-02 1.74E-03 2.00E-04 1.13E-01
241py 1.11E+00 4.29E-02 4.94E-03 2.79E+00
241 Am 3.92E-01 1.52E-02 1.75E-03 9.85E-01
28Am 1.06E-08 4.10E-10 4.72E-11 2.66E-08
23Cm 1.30E-02 5.04E-04 5.80E-05 3.27E-02
244Cm 1.13E-02 4.37E-04 5.04E-05 2.84E-02
Total 1.34E+01 5.18E-01 5.97E-02 3.37E+01

3.9.4 Sensitivity Analysis and Further Characterisation

The reference inventory estimate for the Primary Mortuary Hole Structure includes
several conservatisms and uncertainties that have been treated conservatively:

Galson Sciences Ltd & NNL

Where LOD values for Co-60, H-3, Fe-55, Ni-63, Am-241 are reported, they
have been used at their full value.

The activity concentrations found in the ventilation system outlet stack have
been assumed across the whole of the main ducts and sump. This is
conservative as the inlet of the system would be expected to have significantly
less contamination present than the outlet. This statement is supported by
analysis of a series of smear, coupon and paint samples taken from the inlet and
outlet stacks of the Dragon MH ventilation system in 2016 [110].

The 2016 inventory estimate [110] also identifies that the majority of the
contamination present in the ventilation system is loose contamination
(determined from analysis of the metal coupons taken from both the inlet and
outlet stacks). The estimate presented above conservatively assumes a low
pick-up efficiency of 10% for the smears taken.

The full-height smear is assumed to have a sample size of 300 cm?. This surface
area is used to scale the recorded count rate to the full size of the MH. In reality,
the area smeared was approximately the same as the surface area of the MH
(34,810 cm? (Table 3.38)); if this were to be assumed the inventory estimates
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for the mortuary holes component would be approximately 100 times lower.
However, it is likely that the full-height smear would not have picked up all of
the loose contamination that it would be expected to pick up over a smaller
sample area. To account for this an area equivalent to a typical smear size has
been used. This is a pessimistic approach as it is likely to significantly
overestimate the inventory within each MH, noting that coupon samples from
the ventilation system showed that the majority of the contamination was loose
contamination. Although the fingerprint associated with the fixed component
of the contamination may be different to the loose contamination measured
within this assessment, this is expected to be a minor component.

e Alpha-emitting radionuclides were calculated as being present in the MH67 and
MHT75 fingerprints in proportions that are equivalent to those found in MH83.
As the measurements of gross alpha are very low for both MH67 and MH75
(6.9 and 23.2 Bg/smear respectively), this uncertainty is of low significance and
will have a small impact on the overall inventory estimate.

However, there is still some residual uncertainty with the potential to increase the
inventory (INV-DRAGON-008); for example, relating to the fingerprint of fixed
contamination, and the fact that no account has been taken of the potential for
accumulation or increased contamination in the bottom corners of the system or in the
bottom horizontal ventilation linking ducts (cross vents). This is assumed to be
sufficiently covered by the adoption of an alternative inventory for the mortuary hole
structure that is equivalent to the maximum total inventory presented in Table 3.41,
decayed in GoldSim and with activity concentrations calculated in the same way as for
the reference inventory. The alternative inventory is presented in Table 3.43.
Assuming no changes to any other components, the contribution of the Mortuary Hole
Structure increases from 0.5% to 0.7% for the alternative inventory.

Table 3.43:  Alternative inventory for the Dragon Primary Mortuary Hole Structure,
including a range of possible average activity concentrations, presented
for an inventory reference date of 01/01/2027. The activity
concentrations have been calculated assuming a density for plain carbon
steel of 7,860 kg/m® [39, p.12-204] and a density for concrete of
2,400 kg/m? (Table 3.23).

Radionuclide Activity Activity Activity Total primary
averaged over | averaged over | averaged over | mortuary hole
1 mm of steel grout infill pit volume activity
[Ba/g] [Ba/g] [Ba/g] [MB(]
°H 9.94E-02 3.84E-03 4.43E-04 2.50E-01
1“C 3.83E-01 1.48E-02 1.71E-03 9.62E-01
SFe 2.95E-03 1.14E-04 1.31E-05 7.41E-03
®Ni 1.52E-02 5.90E-04 6.79E-05 3.83E-02
%Co 8.08E-03 3.12E-04 3.60E-05 2.03E-02
Sy 4.54E+00 1.76E-01 2.02E-02 1.14E+01
187Cs 1.05E+01 4.07E-01 4.69E-02 2.64E+01
210pp 3.59E-10 1.39E-11 1.60E-12 9.02E-10
2%Ra 1.04E-08 4.01E-10 4.62E-11 2.61E-08
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Radionuclide Activity Activity Activity Total primary
averaged over | averaged over | averaged over | mortuary hole
1 mm of steel grout infill pit volume activity
[Ba/g] [Ba/g] [Ba/g] [MB(]
228Ra 3.30E-15 1.28E-16 1.47E-17 8.30E-15
21AC 9.73E-09 3.76E-10 4.33E-11 2.44E-08
228Th 1.07E-15 4.12E-17 4.75E-18 2.68E-15
229Th 1.42E-04 5.50E-06 6.34E-07 3.57E-04
20Th 1.39E-05 5.36E-07 6.17E-08 3.48E-05
282Th 1.81E-14 7.00E-16 8.07E-17 4.55E-14
231pg 1.83E-07 7.09E-09 8.17E-10 4.61E-07
238y 4.36E-01 1.68E-02 1.94E-03 1.09E+00
284y 4.36E-01 1.68E-02 1.94E-03 1.09E+00
2%y 2.51E-03 9.70E-05 1.12E-05 6.30E-03
286 1.06E-04 4.10E-06 4.73E-07 2.67E-04
238y 2.45E-03 9.48E-05 1.09E-05 6.16E-03
Z'Np 5.40E-07 2.09E-08 2.41E-09 1.36E-06
238py 5.11E-01 1.98E-02 2.28E-03 1.28E+00
239py 6.94E-02 2.68E-03 3.09E-04 1.74E-01
240py 6.94E-02 2.68E-03 3.09E-04 1.74E-01
241py 1.34E+00 5.18E-02 5.96E-03 3.36E+00
241 Am 4.85E-01 1.88E-02 2.16E-03 1.22E+00
28Am 1.42E-08 5.49E-10 6.32E-11 3.57E-08
#3Cm 1.74E-02 6.75E-04 7.77E-05 4.38E-02
244Cm 1.55E-02 6.00E-04 6.91E-05 3.90E-02
Total 1.90E+01 7.33E-01 8.44E-02 4.76E+01

Note that the inventory estimates presented in Section 3.9.3 and 3.9.4 assume that there
has been negligible radionuclide migration into the bulk steel concrete, given that the
mortuary holes, sump and storage pit are steel-lined. It is possible that migration could
have occurred at the steel joints, although there is no evidence for this, and it is listed
as an uncertainty in Appendix A (INV-DRAGON-009).

3.10 Dragon Reactor Complex Inventory Summary

3.10.1 Summary Tables

Estimates for the maximum and average activity concentrations and radiological
inventory for the different Dragon features have been compiled from the previous
sections and are presented in Table 3.44, Table 3.45 and Table 3.46, respectively.

Table 3.44:  Dragon maximum activity concentrations (Bg/g) summary presented for
a reference date of 01/01/2027. The feature with the highest activity for
each radionuclide is highlighted in red.
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Maximum Activity Concentration [Bqg/g]
Primary
Rad_io- Belgw Below c_utl_ine PGPC | Mortuary Hole| Below c_utl_ine
nuclide cutline | B70 Building Spill Backfill Structure B78 Building
Bioshield | Contamination (averaged over | Contamination
1 mm steel)
°H 2.31E+01 7.04E+01 9.45E+01 | 7.04E+01 7.46E-02 7.04E+01
14C 1.16E-01 5.09E-01 6.73E+00 | 5.09E-01 1.87E-01 5.09E-01
36cl
“Ca 1.66E-01
*Fe 1.84E-03
%Co 3.11E-02 3.47E-01 7.73E-01 | 3.47E-01 1.02E-02 3.47E-01
3Ni 2.99E-01 6.58E-01 1.98E+00 | 6.58E-01 6.22E-03 6.58E-01
gy 1.34E+01 7.02E+01 | 1.34E+01 3.33E+00 1.34E+01
187Cs 6.81E+01 1.18E+04 | 6.81E+01 7.45E+00 6.81E+01
13333 3.06E+00
148Sm 1.35E-29
1B1Sm 6.96E-02
152Gd 2.90E-14
152y 1.47E+00
B4EY 3.65E-02
210ph 1.54E-01 1.54E-01 1.60E-10 1.54E-01
226Ra 1.49E-01 1.49E-01 4.63E-09 1.49E-01
228Ra 5.51E-03 5.51E-03 3.30E-15 5.51E-03
2IAC 5.52E-05 5.52E-05 4.55E-09 5.52E-05
228Th 5.26E-03 5.26E-03 1.07E-15 5.26E-03
229Th 4.96E-13 4.96E-13 6.35E-05 4.96E-13
230Th 4.82E-03 4.82E-03 6.18E-06 4.82E-03
282Th 6.00E-03 6.00E-03 1.81E-14 6.00E-03
21pg 2.06E-04 2.06E-04 8.58E-08 2.06E-04
28y 7.63E-10 7.63E-10 1.94E-01 7.63E-10
24y 2.21E+00 2.21E+00 1.94E-01 2.21E+00
25y 4.70E-01 4.70E-01 1.17E-03 4.70E-01
26y 1.06E-04
238y 2.45E+00 2.45E+00 1.15E-03 2.45E+00
Z'Np 1.70E-05 1.70E-05 4.36E-07 1.70E-05
238py 3.32E-01
239py 4.49E-02
240py 4.49E-02
241py 1.11E+00
241Am 2.49E+00 2.49E+00 3.92E-01 2.49E+00
28Am 1.06E-08
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Maximum Activity Concentration [Bqg/g]
Primary
Rad_io- Belgw Below c_utl'ine PGPC | Mortuary Hole| Below c_utl_ine
nuclide cutline | B70 Building Spill Backfill Structure B78 Building
Bioshield | Contamination (averaged over | Contamination
1 mm steel)
283Cm 1.30E-02
24Cm 1.13E-02
Total 2.84E+01 1.61E+02 1.20E+04 | 1.61E+02 1.34E+01 1.61E+02
GBqg/tonne | 2.84E-02 1.61E-01 1.20E+01 | 1.61E-01 1.34E-02 1.61E-01
Table 3.45:  Dragon average activity concentrations (Bg/g) summary presented for a
reference date of 01/01/2027. The feature with the highest activity for
each radionuclide is highlighted in red.
Average Activity Concentration [Bg/g]
Primary
Radio- Below | Below cutline | o~ | Mortuary Hole | Below cutline
nuclide cutline | B70 Building Spill Backfill Structure B78 Building
Bioshield | Contamination b! (averaged over | Contamination
grout infill)
°H 4.86E+00 4.74E+00 9.45E+01 | 1.69E-01 2.89E-03 4. 74E+00
14C 4.70E-02 2.27E-01 6.73E+00 | 1.62E-03 7.21E-03 2.27E-01
%Cl 2.82E-03 4.25E-05
“Ca 7.41E-02 1.12E-03
Fe 4.01E-03 6.04E-05 7.13E-05
%Co 1.05E-02 5.42E-02 7.73E-01 | 3.89E-04 3.96E-04 5.42E-02
3Ni 1.66E-01 1.58E-01 1.98E+00 | 7.71E-03 2.41E-04 1.58E-01
05y 3.88E+00 7.02E+01 | 2.66E-02 1.29E-01 3.88E+00
BICs 5.29E-05 2.83E+00 1.18E+04 | 7.21E-02 2.88E-01 2.83E+00
13383 2.16E-01 3.26E-03
148Sm 4.14E-30 6.24E-32
1%1Sm 2.10E-02 3.17E-04
152Gd 8.91E-15 1.34E-16
152y 4.51E-01 6.80E-03
4Ey 1.24E-02 1.86E-04
210ph 6.48E-02 1.75E-05 6.19E-12 6.48E-02
26Ra 1.24E-01 3.34E-05 1.79E-10 1.24E-01
228Ra 1.65E-03 4.43E-07 1.28E-16 1.65E-03
2Ipe 2.82E-05 7.59E-10 1.76E-10 2.82E-05
228Th 1.26E-03 3.40E-07 4.12E-17 1.26E-03
229Th 3.16E-14 8.51E-18 2.45E-06 3.16E-14
20Th 3.15E-03 8.50E-07 2.39E-07 3.15E-03
282Th 2.52E-03 6.78E-07 7.00E-16 2.52E-03
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Average Activity Concentration [Bg/g]
Primary
Rad_io- Belgw Below c_utl_ine PGPC | Mortuary Hole | Below c_utl_ine
nuclide cutline | B70 Building Spill Backfill Structure B78 Building
Bioshield | Contamination (averaged over | Contamination
grout infill)
21pg 2.20E-05 5.94E-09 3.32E-09 2.20E-05
283y 1.15E-10 3.11E-14 7.51E-03 1.15E-10
24y 3.73E-01 5.19E-04 7.51E-03 3.73E-01
25y 1.18E-01 2.41E-04 4.54E-05 1.18E-01
236y 4.10E-06
238y 4.61E-01 2.63E-03 4.44E-05 4.61E-01
Z'Np 6.15E-06 1.66E-09 1.69E-08 6.15E-06
238py 1.82E-04 1.29E-02
29py 9.10E-04 1.74E-03
240py 1.27E-03 1.74E-03
241py 3.60E-03 4.29E-02
241Am 2.15E+00 2.49E-03 1.52E-02 2.15E+00
28Am 4.10E-10
283Cm 5.04E-04
24Cm 6.31E-04 4.37E-04
Total 5.86E+00 1.52E+01 1.20E+04 | 3.02E-01 5.18E-01 1.52E+01
GBqg/tonne | 5.86E-03 1.52E-02 1.20E+01 | 3.02E-04 5.18E-04 1.52E-02
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Table 3.46: Dragon disposal inventory (MBq) summary presented for a reference date of 01/01/2027. The feature with the highest activity for
each radionuclide is highlighted in red.
Total Activity [MBq]
Rad_io- Below Below g_rOl_Jnd PGPC _ Primary Below g_rOl_md B70 B78 Dragon
nuclide ground B70 Building Spill Backfill | Mortuary Hole| B78 Building Building Building Complex
Bioshield | Contamination Structure Contamination | Sub-total Sub-total Total
°H 1.25E+03 7.93E+02 7.48E+00 | 2.17E+03 1.88E-01 3.82E+01 4.23E+03 3.84E+01 4.26E+03
1“C 1.21E+01 4.26E-01 5.33E-01 2.09E+01 4.69E-01 4.04E-02 3.42E+01 5.09E-01 3.47E+01
Cl 7.27E-01 5.47E-01 1.27E+00 0.00E+00 1.27E+00
“Ca 1.91E+01 1.44E+01 3.34E+01 0.00E+00 3.34E+01
%Fe 1.03E+00 7.77E-01 4.63E-03 1.81E+00 4.63E-03 1.81E+00
Co 2.71E+00 1.02E-01 6.12E-02 5.01E+00 2.57E-02 9.68E-03 7.70E+00 3.54E-02 7.73E+00
&N 4.27E+01 2.98E-01 1.57E-01 9.93E+01 1.56E-02 2.82E-02 1.38E+02 4.39E-02 1.38E+02
05r 7.30E+00 5.56E+00 3.43E+02 8.37E+00 6.93E-01 3.33E+02 9.06E+00 3.42E+02
B¥7Cs 1.36E-02 5.32E+00 9.37E+02 | 9.28E+02 1.87E+01 5.05E-01 1.81E+03 1.92E+01 1.83E+03
133Ba 5.57E+01 4.19E+01 9.76E+01 0.00E+00 9.76E+01
198Sm 1.07E-27 8.03E-28 1.87E-27 0.00E+00 1.87E-27
1%15m 5.42E+00 4.08E+00 9.50E+00 0.00E+00 9.50E+00
12Gd 2.29E-12 1.73E-12 4.02E-12 0.00E+00 4.02E-12
152y 1.16E+02 8.75E+01 2.04E+02 0.00E+00 2.04E+02
14Ey 3.19E+00 2.40E+00 5.59E+00 0.00E+00 5.59E+00
210pp 1.22E-01 2.25E-01 4.02E-10 1.16E-02 3.47E-01 1.16E-02 3.58E-01
26Ra 2.33E-01 4.30E-01 1.16E-08 2.21E-02 6.63E-01 2.21E-02 6.85E-01
28Ra 3.09E-03 5.71E-03 8.30E-15 2.94E-04 8.80E-03 2.94E-04 9.10E-03
21N 5.30E-06 9.77E-06 1.14E-08 5.03E-07 1.51E-05 5.14E-07 1.56E-05
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Total Activity [MBq]
Radio- Below Below ground PGPC _ Primary Below ground B70 B78 Dragon
nuclide g_rou_nd B70 Bu_lldlr_lg Spill Backfill | Mortuary Hole| B78 Bu_lldlr)g Building Building Complex
Bioshield | Contamination P! Structure Contamination | Sub-total Sub-total Total

228Th 2.38E-03 4.38E-03 2.68E-15 2.25E-04 6.76E-03 2.25E-04 6.98E-03
229Th 5.94E-14 1.10E-13 1.59E-04 5.64E-15 1.69E-13 1.59E-04 1.59E-04
230Th 5.93E-03 1.09E-02 1.55E-05 5.63E-04 1.69E-02 5.78E-04 1.75E-02
232Th 4.73E-03 8.73E-03 4.55E-14 4.49E-04 1.35E-02 4.49E-04 1.39E-02
231pg 4.14E-05 7.64E-05 2.15E-07 3.93E-06 1.18E-04 4.15E-06 1.22E-04
233y 2.17E-10 4.00E-10 4.88E-01 2.06E-11 6.17E-10 4.88E-01 4.88E-01
24y 7.02E-01 6.68E+00 4.88E-01 6.66E-02 7.38E+00 5.55E-01 7.93E+00
285 2.23E-01 3.10E+00 2.95E-03 2.11E-02 3.32E+00 2.41E-02 3.35E+00
236y 2.67E-04 0.00E+00 2.67E-04 2.67E-04
238y 8.68E-01 3.39E+01 2.88E-03 8.23E-02 3.48E+01 8.52E-02 3.49E+01
Z'Np 1.16E-05 2.13E-05 1.10E-06 1.10E-06 3.29E-05 2.19E-06 3.51E-05
238py 2.35E+00 8.35E-01 2.18E+00 8.35E-01 3.02E+00
239py 1.17E+01 1.13E-01 1.09E+01 1.13E-01 1.10E+01
240py 1.63E+01 1.13E-01 1.52E+01 1.13E-01 1.53E+01
241py 4.63E+01 2.79+00 4.31E+01 2.79E+00 4.59E+01
21Am 4.04E+00 3.21E+01 9.85E-01 3.83E-01 3.51E+01 1.37E+00 3.65E+01
23Am 2.66E-08 0.00E+00 2.66E-08 2.66E-08
23Cm 3.27E-02 0.00E+00 3.27E-02 3.27E-02
244Cm 8.13E+00 2.84E-02 7.56E+00 2.84E-02 7.59E+00
Total 1.51E+03 8.12E+02 9.50E+02 | 3.88E+03 3.37E+01 4.01E+01 7.06E+03 | 7.37E+01 7.13E+03
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For each component, the highest maximum activity concentration is 11,825 Bq/g for
137Cs in the residual contamination from the PGPC contaminated water spill, followed
by 70.4 Bq/g for *H in the building contamination and backfill and 23.1 Bg/g for *H in
the bioshield (Table 3.44). Many of the maximum activity concentrations are
associated with the building contamination activity, reflecting the encompassing nature
of the fingerprint derived.

Residual contamination from the PGPC contaminated water spill and building
contamination also dominate the highest average activity concentrations (Table 3.45),
although some radionuclides are highest in the bioshield. This relates partly to
differences in radionuclide composition, but also partly due to the depth (~0.75 m) over
which elevated activities are maintained by neutron activation. In the other features the
inventory is entirely related to contamination and activities fall off rapidly in the first
few centimetres. The mortuary holes have the highest maximum and average activity
concentration only where the radionuclides are only present in this feature (other than
for 244Cm and the plutonium isotopes).

The total estimated radionuclide inventory for Dragon is 7.23E+03 MBq, with the
majority of this associated with the B70 below-ground disposal (Table 3.46). The
backfill contributes the highest proportion (54%) of the total radionuclide inventory
(Figure 3.20), followed by the below-ground bioshield (21%). The backfill dominates
the inventory due to its high average activity concentrations and the large volume over
which it is applied. The low average activity concentrations and low volume of the
mortuary hole disposal results in a small contribution to the total inventory (0.5%).
Below cutline B70

Building Contamination,
8.12E+02 MBq, 11%

Total Activity [MBq, %]

Below cutline Bioshield,

1.51E+03 MBq, 21%
PGPC Spill,

9.50E+02 MBg, 13%
Below cutline B78 T q.

Building
Contamination,
4,01E+01, 1%

Primary Mortuar
Hole Structure,
3.37E+01 MBq, 0%

.38E+03 MBq,
549

Figure 3.20: Dragon radionuclide inventory in the different features by total activity
(MBq) and as a percentage for a reference date of 01/01/2027.
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3.10.2 Inventory Location

In Figure 3.21 a plan view and cross-section of the Dragon in-situ disposal structure is
illustrated along with the inventory of the in-situ features (excluding backfill). The
figure shows that the majority of the in-situ inventory is located in a relatively small
volume of the structure.

3.10.3 Inventory Fingerprint

Figure 3.22 presents pie charts illustrating the main radionuclides in each Dragon
disposal feature. The figure shows that *H dominates in all the features with the
exception of residual contamination from the PGPC contaminated water spill and the
mortuary hole structure, which are both dominated by '¥’Cs. The mortuary hole
structure inventory also stands out due to the abundance of *'Cs, ®Sr and actinides
including U and Pu isotopes. In the bioshield a number of radionuclides predicted by
neutron activation modelling are visible, including **Sm, as well as measured
activation products such as **?Eu and ®*Ni. Note that, as tritium has a relatively short
half-life of 12 years, it is of less importance than other radionuclides for long-term
safety assessments.
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Plan View

4O

Cross-sectional View

Key:

I Bioshield — 45%
B70 building contamination — 24%
.| Mortuary hole structure — 1%

* Residual contamination from the PGPC contaminated water spill — 28%

| | B78floor slab— 1%

Figure 3.21: Plan and cross-sectional views of the Dragon in-situ disposal inventory
by feature. The unshaded hatched area outside of the main Dragon
Reactor building outline is the service duct, which is assumed to be
uncontaminated. Position of the PGPC contaminated water spill is
indicative. Percentage activity figures exclude the backfill. Based on
[162; 104, Fig.3; 115, Fig.1; 158].
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Figure 3.22: Radionuclide inventory fingerprint for Dragon disposal features at 01/01/2027. Radionuclides contributing less than 0.3% are unlabelled.
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3.10.4 Sensitivity Analysis Summary

Throughout Section 3 sensitivity analyses have been used to explore and account for
various uncertainties in the inventory data. Although the alternative inventories explore
the impact of uncertainties, they are not considered to be realistic estimates. Table 3.47
shows the difference between the reference inventory estimate and the alternative
inventories calculated in these analyses for the different Dragon components (where
multiple alternatives apply, they have been combined to create a “maximum”
inventory).

Table 3.48 presents the “maximum?” alternative inventories for the main features. As
previously discussed, the individual alternative inventories comprising the overall
alternative inventory are considered to be pessimistic. In the overall alternative
inventory, the total Dragon inventory increases by a factor of 3.5 from 7.23E+03 MBq
to 2.55E+04 MBq (less than an order of magnitude).

The largest relative increase is seen in the Betalite store area surface contamination,
which increases by a factor of 279, with a corresponding increase in contribution to the
overall Dragon inventory from 0.1% to 10%. This is due to the effect of including the
anomalously high tritium result from a single paint sample in the fingerprint for this
area. However, as tritium has a relatively short half-life, this scenario is not expected
to have a significant impact on the long-term radiological PA.

The next largest relative increases are seen in the Dragon Reactor and Fuel Store
Building general area surface contamination components (both in-situ and backfill
portions), which are twenty times higher in the “maximum” inventory; however, these
still only contribute 1.8% and 0.2% (in-situ), and 3.1% and 1.0% (backfill) respectively
to the overall Dragon inventory. The only other component more than five times higher
in the alternative inventory is the Betalite store area ®H ingress inventory, which
increases by a factor of seven, but still contributes only 5.5% to the overall Dragon
inventory.

Table 3.49 presents a “maximum” alternative inventory using the Pu-containing
fingerprint for Dragon (B70 and B78) general building contamination. In this table, the
total inventories are virtually the same for every component, but the presence and
distribution of radionuclides is different for the below-ground B70 and B78
contamination and the backfill. Different radionuclides behave differently in the
environment and make different contributions to dose; this is an important
consideration in the PA.
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Table 3.47:  Comparison between the main Dragon inventory estimate and the
maximum inventory as explored in sensitivity analyses. % is the
proportion each component makes to the overall Dragon inventory; in
the maximum inventory column this considers the maximum alternative
inventories for all components. Blue rows denote B70 components
below ground level that will remain in-situ; orange rows denote
components that will contribute to B70 backfill; green rows denote B78
components below ground level that will remain in-situ. Activity data
are presented at 01/01/2027.
Reference
inventory “Maximum” alternative inventory estimate
Component estimate
Increased
0) 0,
MBq % | Changes made MBqg by factor %
Below cutline BICSOIEI=8 1 (7,3 | 154 481E+03 | 43 |189
Portland concrete
Below cutline Bioshield — Max rather than average
3731E+02 | 5.2 |activity concentrations 1.55E+03 4.2 6.1
barytes concrete used
Sl ) csE01 | 04 5.14E+01 1.9 0.2
rebar
Below cutline B70 building 0 I
general area surface 235E+01 | 03 |L00% contamination 470E+02 | 200 | 18
o assumed to be present
contamination
Below cutline B70 building 100% contamination
Betalite store surface 9.06E+00 | 0.1 |assumed to be present; 2.53E+03 279.0 10.0
contamination high °H FP
. - Max rather than average
3',3:'9"" cutline B0 building | 5 792,05 | 80 |activity concentrations | 1.90E+03 3.3 7.5
ingress
used
. - Max rather than average
Eielersy cutllnesB7_0 uEfing 2.00E+02 | 2.8 |activity concentrations 1.40E+03 7.0 55
Betalite store °H ingress 3
used; high °*H FP
PGPC Spill 9.50E+02 | 13.1 |None 9.50E+02 1.0 3.7
Total in-situ B70 3.27E+03 | 45.3 1.237E+04 4.2 53.8
Above cutline Bioshield = | g 35¢.,05 | 116 362E+03 | 43 | 143
Portland concrete M her th
. . . ax rather than average
Above cutline Bioshield — | , o125 | 39 |activity concentrations | 1.17E+03 42 4.6
barytes concrete used
Above cutline Bioshield == | 4 g9 ,01 | 03 3.87E+01 19 |02
rebar
Above cutline B70 building 0 I
general area surface 395E+01 | 05 |L00%contamination | 5 g0e .00 | 500 | 31
L assumed to be present
contamination
. - Max rather than average
3A|j"."’e CUCTE EAD (Uil 9.83E+02 | 13.6 |activity concentrations 3.21E+03 3.3 12.7
ingress
used
Above cutline B78 building 0 I
general area surface 1.28E+01 | 0.206 |L00% contamination | 5 gee g | 590 | 10
L assumed to be present
contamination
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Reference
inventory “Maximum” alternative inventory estimate
Component estimate
Increased
0, 0,
MBqg % | Changes made MBq by factor %
Above cutline B78 building | 4 772,45 | 5 50, [Max rather than average | 7 g0 45 3.1
H ingress activity concentrations
Rubble from stockpiles 1.53E+03 | 21.2% | used 1.68E+03 11 6.6
Total backfill B70 3.88E+03 | 53.7% 1.16E+04 3.0 454
Total B70 7.16E+03 | 99.0% 2.52E+04 3.5 98.9
Max rather than average
Primary Mortuary Hole 3.37E+01 | 0.5% inventories of MH and 4.76E+01 14 0.2
Structure (B78) Cross vent components
used
Below cutline B78 building 0 I
general area surface 2.69E+00 | 0.0% |100% Cg”tag"“a“on 537E+02 | 200 | 0.2
contamination assumed to be present
. - Max rather than average
?:Iﬁ]wrggélme S U el 3.74E+01 | 0.5% |activity concentrations 1.66E+02 45 0.7
g used
Total in-situ B78 7.37E+01 | 1.0% 2.68E+02 3.6 11
Total Dragon inventory 7.23E+03 | 100% 2.54E+04 3.5 100
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Table 3.48: Dragon disposal inventory (MBq) summary assuming maximum alternative inventories for each feature (as explored in sensitivity
analysis, excluding the alternative Pu-containing fingerprint inventory for the building general contamination), presented for a
reference date of 01/01/2027. The feature with the highest activity for each radionuclide is highlighted in red.

Total Activity [MBq]
Rad_io— Below- Below—g_rOl_Jnd PGPC _ Primary Below—g_rOL_md B70 B78 Dragon
nuclide ground B70 Building Spill Backfill | Mortuary Hole |  B78 Building Building | Building Complex
Bioshield Contamination P Structure Contamination Sub-total | Sub-total Total
°H 5.64E+03 5.91E+03 7.48E+00 8.74E+03 2.50E-01 1.83E+02 2.03E+04 | 1.83E+02 2.05E+04
14c 3.15E+01 8.38E+00 5.33E-01 5.24E+01 9.62E-01 8.09E-01 9.29E+01 | 1.77E+00 9.46E+01
Cl 1.56E+00 1.17E+00 2.73E+00 | 0.00E+00 2.73E+00
“Ca 5.88E+01 4.43E+01 1.03E+02 | 0.00E+00 1.03E+02
SFe 2.43E+00 1.83E+00 7.41E-03 4.25E+00 | 7.41E-03 4.26E+00
%Co 8.10E+00 2.01E+00 6.12E-02 1.26E+01 3.83E-02 1.94E-01 2.26E+01 | 2.32E-01 2.29E+01
Ni 1.14E+02 5.85E+00 1.57E-01 1.63E+02 2.03E-02 5.65E-01 2.78E+02 | 5.85E-01 2.79E+02
0Sr 1.44E+02 5.56E+00 5.99E+02 1.14E+01 1.39E+01 7.25E+02 | 2.53E+01 7.51E+02
B7Cs 1.36E-02 1.05E+02 9.37E+02 1.11E+03 2.64E+01 1.01E+01 2.09E+03 | 3.65E+01 2.13E+03
133Ba 1.74E+02 1.31E+02 3.05E+02 | 0.00E+00 3.05E+02
148Sm 3.29E-27 2.48E-27 5.76E-27 | 0.00E+00 5.76E-27
1%1Sm 1.70E+01 1.28E+01 2.97E+01 | 0.00E+00 2.97E+01
192Gd 7.07E-12 5.32E-12 1.24E-11 | 0.00E+00 1.24E-11
52y 3.58E+02 2.70E+02 6.28E+02 | 0.00E+00 6.28E+02
o =1 8.89E+00 6.70E+00 1.56E+01 | 0.00E+00 1.56E+01
210pp 2.40E+00 4.50E+00 9.02E-10 2.31E-01 6.89E+00 | 2.31E-01 7.12E+00
226Ra 4.58E+00 8.60E+00 2.61E-08 4.42E-01 1.32E+01 | 4.42E-01 1.36E+01
228Ra 6.09E-02 1.14E-01 8.30E-15 5.87E-03 1.75E-01 5.87E-03 1.81E-01
21N 1.04E-04 1.95E-04 2.44E-08 1.01E-05 3.00E-04 1.01E-05 3.10E-04
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Total Activity [MBq]
Rad_io- Below- Below-ground PGPC _ Primary Below-ground B70 B78 Dragon
nuclide grou_nd B70 Bu_lldlr_lg Spill Backfill Mortuary Hole B78 Bu_lldlr_1g Building Building Complex
Bioshield Contamination P Structure Contamination Sub-total | Sub-total Total

228Th 4.67E-02 8.76E-02 2.68E-15 4.51E-03 1.34E-01 | 4.51E-03 1.39E-01
229Th 1.17E-12 2.19E-12 3.57E-04 1.13E-13 3.36E-12 | 3.57E-04 3.57E-04
230Th 1.17E-01 2.19E-01 3.48E-05 1.13E-02 3.36E-01 | 1.13E-02 3.47E-01
282Th 9.31E-02 1.75E-01 4.55E-14 8.98E-03 2.68E-01 | 8.98E-03 2.77E-01
231pg 8.15E-04 1.53E-03 4.61E-07 7.86E-05 2.34E-03 | 7.91E-05 2.42E-03
238y 4.26E-09 8.00E-09 1.09E+00 4.11E-10 1.23E-08 | 1.09E+00 1.09E+00
24y 1.38E+01 3.54E+01 1.09E+00 1.33E+00 4.92E+01 | 2.43E+00 5.17E+01
2%y 4.38E+00 1.30E+01 6.30E-03 4.23E-01 1.74E+01 | 4.29E-01 1.78E+01
236y 2.67E-04 0.00E+00 | 2.67E-04 2.67E-04
238y 1.71E+01 8.92E+01 6.16E-03 1.65E+00 1.06E+02 | 1.65E+00 1.08E+02
Z'Np 2.27E-04 4.27E-04 1.36E-06 2.19E-05 6.54E-04 | 2.33E-05 6.77E-04
238py 2.35E+00 1.28E+00 2.18E+00 | 1.28E+00 3.47E+00
23%py 1.17E+01 1.74E-01 1.09E+01 1.74E-01 1.11E+01
240py 1.63E+01 1.74E-01 1.52E+01 | 1.74E-01 1.53E+01
241py 4.63E+01 3.36E+00 4.31E+01 | 3.36E+00 4.65E+01
241 Am 7.94E+01 1.74E+02 1.22E+00 7.66E+00 2.52E+02 | 8.88E+00 2.61E+02
28Am 3.57E-08 0.00E+00 | 3.57E-08 3.57E-08
283Cm 4.38E-02 0.00E+00 | 4.38E-02 4.38E-02
24Cm 8.13E+00 3.90E-02 7.56E+00 | 3.90E-02 7.60E+00
Total 6.41E+03 6.30E+03 9.50E+02 1.16E+04 4.76E+01 2.20E+02 2.51E+04 | 2.68E+02 | 2.54E+04
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Table 3.49: Dragon disposal inventory (MBq) summary assuming the alternative Pu-containing fingerprint inventory for the building general
contamination and maximum alternative inventories for each feature, presented for a reference date of 01/01/2027. The feature
with the highest activity for each radionuclide is highlighted in red.

Total Activity [MBq]
Rad_io- Below- Below-g_rOl_Jnd PGPC _ Primary Below-g_rOL_md B70 B78 Dragon
nuclide ground B70 Building Spill Backfill | Mortuary Hole |  B78 Building Building | Building Complex
Bioshield Contamination P Structure Contamination Sub-total | Sub-total Total
°H 5.64E+03 5.89E+03 7.48E+00 8.69E+03 2.50E-01 1.80E+02 2.02E+04 | 1.81E+02 2.04E+04
14c 3.15E+01 1.28E+01 5.33E-01 6.22E+01 9.62E-01 1.31E+00 1.07E+02 | 2.27E+00 1.09E+02
Cl 1.56E+00 1.65E+01 3.78E+01 0.00E+00 1.88E+00 5.58E+01 | 1.88E+00 5.77E+01
“Ca 5.88E+01 4.43E+01 0.00E+00 1.03E+02 | 0.00E+00 1.03E+02
SFe 2.43E+00 9.23E-02 2.03E+00 7.41E-03 1.06E-02 4.55E+00 | 1.80E-02 4.57E+00
%Co 8.10E+00 1.42E+00 6.12E-02 1.14E+01 3.83E-02 1.27E-01 2.07E+01 | 1.65E-01 2.09E+01
&N 1.14E+02 3.04E+01 1.57E-01 2.18E+02 2.03E-02 3.37E+00 3.57E+02 | 3.39E+00 3.60E+02
03r 8.81E+01 5.56E+00 4.75E+02 1.14E+01 7.51E+00 5.46E+02 | 1.89E+01 5.65E+02
B7Cs 1.36E-02 1.92E+02 9.37E+02 1.31E+03 2.64E+01 2.01E+01 2.37TE+03 | 4.65E+01 2.42E+03
133Ba 1.74E+02 1.31E+02 0.00E+00 3.05E+02 | 0.00E+00 3.05E+02
148Sm 3.29E-27 2.48E-27 0.00E+00 5.76E-27 | 0.00E+00 5.76E-27
1%1Sm 1.70E+01 1.28E+01 0.00E+00 2.97E+01 | 0.00E+00 2.97E+01
192Gd 7.07E-12 5.32E-12 0.00E+00 1.24E-11 | 0.00E+00 1.24E-11
52y 3.58E+02 1.30E+01 2.99E+02 0.00E+00 1.49E+00 6.70E+02 | 1.49E+00 6.71E+02
o =1 8.89E+00 1.23E+00 9.42E+00 0.00E+00 1.40E-01 1.95e+01 | 1.40E-01 1.97E+01
210pp 3.76E-01 1.56E-08 9.02E-10 8.02E-10 3.76E-01 1.70E-09 3.76E-01
26Ra 7.18E-01 1.83E-07 2.61E-08 9.41E-09 7.18E-01 3.55E-08 7.18E-01
228Ra 9.16E-01 2.02E+00 8.30E-15 1.04E-01 2.93E+00 | 1.04E-01 3.04E+00
21N 3.43E-05 3.99E-05 2.44E-08 2.05E-06 7.42E-05 2.08E-06 7.63E-05
228Th 7.03E-01 1.55E+00 2.68E-15 7.96E-02 2.25E+00 | 7.96E-02 2.33E+00
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Total Activity [MBq]
Rad_io- Below- Below-ground PGPC _ Primary Below-ground B70 B78 Dragon
nuclide grou_nd B70 Bu_lldlr_lg Spill Backfill Mortuary Hole B78 Bu_lldlr_1g Building Building Complex
Bioshield Contamination P Structure Contamination Sub-total | Sub-total Total

229Th 2.18E-13 7.84E-14 3.57E-04 4.03E-15 2.97E-13 | 3.57E-04 3.57E-04
230Th 1.83E-02 9.60E-05 3.48E-05 4.94E-06 1.84E-02 | 3.97E-05 1.85E-02
282Th 1.40E+00 3.08E+00 4.55E-14 1.59E-01 448E+00 | 1.59E-01 4.64E+00
231pg 2.68E-04 3.12E-04 4.61E-07 1.61E-05 5.80E-04 | 1.65E-05 5.97E-04
283 7.98E-10 2.89E-10 1.09E+00 1.49E-11 1.09E-09 | 1.09E+00 1.09E+00
24y 2.70E+00 1.07E+01 1.09E+00 6.11E-02 1.34E+01 | 1.16E+00 1.46E+01
2%y 1.44E+00 6.44E+00 6.30E-03 8.63E-02 7.88E+00 | 9.26E-02 7.97E+00
236y 2.67E-04 0.00E+00 | 2.67E-04 2.67E-04
238y 3.61E+00 5.92E+01 6.16E-03 1.07E-01 6.28E+01 | 1.13E-01 6.30E+01
Z'Np 4.27E-05 2.65E+00 1.36E-06 8.09E-07 2.65E+00 | 2.17E-06 2.65E+00
238py 1.19E+00 3.47E+00 1.28E+00 1.36E-01 4.50E+00 | 1.42E+00 5.92E+00
239y 5.07E-01 1.25E+01 1.74E-01 5.80E-02 1.22E+01 2.32E-01 1.25E+01
240py 3.74E-01 5.23E+01 1.74E-01 4.28E-02 5.15E+01 2.17E-01 5.17E+01
241py 1.62E+01 4.63E+01 3.36E+00 1.85E+00 5.93E+01 | 5.22E+00 6.45E+01
241 Am 1.50E+01 3.04E+01 1.22E+00 2.97E-01 4.44E+01 | 1.52E+00 4.60E+01
28Am 3.57E-08 0.00E+00 | 3.57E-08 3.57E-08
28Cm 4.38E-02 0.00E+00 | 4.38E-02 4.38E-02
24Cm 8.13E+00 3.90E-02 7.56E+00 | 3.90E-02 7.60E+00
Total 6.41E+03 6.29E+03 9.50E+02 1.15E+04 4.76E+01 2.19E+02 2.51E+04 | 2.67E+02 | 2.54E+04
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Confidence in the Inventory

As discussed in the preceding sections, the inventory estimate for the two reactor
complexes is based on datasets that may not be fully comprehensive, statistically
significant or accompanied by a DQO process. There is limited information for some
components and in many cases access limitations prevent further sampling and
characterisation at this time. Assumptions have been made to allow an inventory
estimate to be made, as documented in Appendix A.

The purpose of this section is to summarise the approaches used to derive an inventory
estimate for each reactor complex component and to present an assessment of relative
confidence in the estimates.

RAG Approach

Table 4.1 and Table 4.2 summarise, for SGHWR and Dragon respectively, the
characterisation data, inventory derivation approaches, uncertainties and overall
confidence in the inventory (and significance of this) for components of each reactor
complex considered in this report.

Red-Amber-Green (RAG) colour coding is used to indicate at a glance:
1) Whether an inventory is derived for each component (Green: inventory derived,
Red: no inventory derived).

2) The comprehensiveness of characterisation data supporting the inventory, based
on a qualitative judgement (Green: comprehensive, Amber: limited, Red: none).

3) The confidence in inventory derivation approach, based on a qualitative
judgement (Green: high, Amber: moderate, Red: low).

4) The overall confidence in the inventory derived for each component and how
significant this is as a function of the total SGHWR or Dragon inventory, based
on Figure 4.1 and the following explanation. The overall RAG score and
supporting discussion takes account of any uncertainty relating to radionuclides
that could drive significant impacts in the PA.
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Significant

Moderate

Small

Contribution of component to overall inventory

High Medium Low

Confidence in derived inventory for component

Confidence in derived inventory: a qualitative judgement based on
the RAG scores and reasoning set out in the characterisation data and
inventory derivation approach columns.
Contribution of component to the overall inventory:

e Significant: >25%

e Moderate: 5-25%

e Small: <5%

Figure 4.1:  Diagram showing how an overall RAG score is assigned in Table 4.1

and Table 4.2.

An overall RAG score is assigned according to Figure 4.1 as follows:

For components where there is high confidence in the inventory estimate, an
overall RAG score of Green is assigned regardless of the contribution that
component makes to the overall inventory of the reactor complex in question
(boxes 1, 4 and 7).

For components making a small contribution to the overall inventory where
there is medium confidence in the inventory estimate (box 2), an overall score
of Green is assigned.

For components making a small contribution to the overall inventory where
there is low confidence in the inventory estimate (box 3), and those making a
moderate contribution to the overall inventory where there is medium
confidence in the inventory estimate (box 5), an overall score of Amber is
assigned.

For components making a significant contribution to the overall inventory
where there is medium confidence in the inventory estimate (box 8), and those
making a moderate contribution to the overall inventory where there is low
confidence in the inventory estimate (box 6), there is potential for an overall
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score of either Amber or Red to be assigned. Which score is assigned for any
given component is a judgement based on how close to the upper bound of each
category the component is considered to lie.

e For components making a significant contribution to the overall inventory
where there is low confidence in the inventory estimate (box 9), an overall score
of Red is assigned.

The overall RAG score is intended to allow high-level identification of where the main
uncertainties are in the overall inventory estimate presented in this report, and to act,
alongside PA results, as an approximate guide to where future characterisation effort
should be directed to reduce these uncertainties.
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Summary of the inventory derivation approaches and relative confidence for SGHWR components considered in this inventory (see Section 4.1 for full explanation). (These pages are set to print on A3.)

located relatively deep into the
bioshield / away from the more
activated region.

modelling [44]

the concrete. The volume of rebar in the bioshield is not known; it is
assumed that rebar comprises 3% of the bioshield by volume (the
concrete activity calculation assumes the bioshield is 100% concrete
by volume, conservatively resulting in double counting of volume).

INV-SGHWR-005 (poor fit
to SGHWR activation
modelling)
INV-SGHWR-006
(adequateness of
characterisation data and lack
of statistical robustness)

forms <1% of the bioshield inventory. FP is
generally composed of short-lived
radionuclides so has lower impact on long-
term safety assessments.

Therefore, overall RAG score is Amber
(box 3).

100% is to be
disposed of in-
situ.

Rad. | Inventory ch o G ting th Fingerprints/ Overall confidence & significance to Assumed Sensitivi Ivsis / basi
Dgrilverzi\g disposal area invirl;?g erisation data supporting the | oyper relevant Inventory derivation approach Uncertainty cross-reference | SGHWR inventory (box no. refers to contaminated f:rnzll tlgl’lr%teil\r:: ?;] s\;sentoaSIS
* | components Yy information Figure 4.1) volume & mass y
di fid L Mass:
The derivation of the bioshield inventory is discussed in Section 2.10. 'r\n/l:asluurrenmceonr:sl ??ﬁ: (I:grlnnvoe:et(r:tr);raesex scted 7.37E+05 kg
The concrete activation estimate for this component was derived from INV-SGHWR-002 to be boundin 0 the ¢ I’eSF\)Nere taken frpm Volume:
the activity values of the two bioshield cores. For radionuclides not in PR C 9 (  c0 0 3.07E+02 m3
the sampling analytical suite, activities have been derived by scalin (uncertainties in applicability | areas of expected high neutron flux), but
- ) . ampling analytical suite, e - y g of fingerprints) might not be representative of the entire 100% is to be
No statistically representative sampling the fingerprint values derived from activation modelling [44] to the INV-SGHWR-003 structure. There is fairly low confidence in disposed of in-
campaign undertaken. Two cores 89Co activity measured on the inner face of the bioshield. Inventory e : ) Y X . : .
; N P S tion i ‘o (uncertainties in material the accuracy of the activation modelling used | | situ. Alternative inventory
N available, one originating from the L contribution from activation is assumed up to the flexcell joint, densities) h . . . o : :
Bioshield: LSD plant room (334) containin Activation consistent with the core data to derive t_he flngerprlnt, but this is only used (Note activation | derived by assuming
Yes concrete and P d paint and the oth % modelling [44], _ - - o INV-SGHWR-004 (extent of | where radionuclides have not been measured | | and activation activities in line
paint concrete and paint and the other from FP-028! The inventory arising from paint and concrete contamination is added | | bioshield activation) directly. Very conservative assumptions and | | contamination | with the activation
the Ag:tl_ve Tools Store (room 245) to the activation inventory for the bioshield. Activities for paint are INV-SGHWR-005 (poor fit | simplifications are therefore adopted in the inventories were | modelling.
containing concrete, rebar and samples derived from a single sample from the inner edge of the bioshield, to SGHWR activation derivation of the inventory. estimated
of the flexcell joint [43; 45]. while the contamination inventory is derived by scaling FP-028 modelling) Significant contribution to inventory as the | | separately o
(SGHWR Primary External Contamination) to the measured **'Cs INV-SGHWR-006 bioshield contributes over 50% of the total there is some
activity in contaminated sections of the cores (on the inner face of the (adequateness of inventory (of which all is in-situ) conservative
bioshield and flexcell joint). A contamination depth of 20 mm is characterisation data and lack Therefore. overall RAG score ié Amber double counting
assumed for concrete. of statistical robustness) (box 8) ' of material
volume and
mass).
INV-SGHWR-002
(unr_:ertamt_les in applicability Low confidence as there are limited
of fingerprints) - Thei .
o o o o _ INV-SGHWR-003 supporting measurements. The inventory is
The derivation of the bioshield activation inventory is discussed in (uncertainties in material entirely based on modelling data. The Mass:
Three samples from the Active Tools Section 2.10. The inventory is derived from activation modelling only - volume of rebar in the bioshield is also . Lo
densities) 5.22E+04 k Alternative inventor
Store (room 245) core, but with due to limited rebar measurement data. The modelled activity was INV-SGHWR-004 (extent of unknown. \/olume' g derived by assumin y
cchiald- low/LOD reported activities and Activation scaled based on the ratio between measured and modelled activation of | | . ° ¢ - Small contribution to inventory, rebar 3 1vec by assuming
Yes Bioshield: rebar bioshield activation) 6.64E+00 m activation activities

predicted by the activation
modelling.

Mortuary

Tubes None

Yes

Activation
modelling [44],
FP-034,
FP-030,
Primary circuit
pipework [25]

The derivation of the mortuary tubes inventory is discussed in
Section 2.11. In the absence of sample data for the mortuary tubes a
high-level approach has been taken to account for the potential sources
of activity. The activity of the tube liners is considered equal to the
sum of:
e  The primary circuit pipework fingerprint at the activity of
the contaminated run.
e  The moderator circuit fingerprint at the activity of the
moderator circuit contaminated run.
e  The ponds fingerprint at the activity of the fuel pond liner.
e  The rebar activation fingerprint at the activation modelling
activity of 100 g of activated fuel channel tube.
e  The rebar activation fingerprint at the activation modelling
rebar activity in the 18’ to 38’ radial interval.

INV-SGHWR-011 (lack of
SGHWR mortuary tubes
characterisation data)

Low confidence as there are no supporting
measurements; derived inventory is very
speculative. Conservative approach to
inventory estimate taken (more conservative
fingerprint considered in alternative
inventory).

Small contribution to the overall inventory
(~1% of SGHWR inventory), although this is
highly dependent on assumptions and could
increase to moderate.

Therefore, overall RAG score is Red (box
6).

Mass:
2.75E+03 kg
Volume:
3.50E-01 m3
100% is to be
disposed of in-
situ.

Adopt Zircaloy activation
fingerprint from activation
modelling.
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Inventory . : Fingerprints/ Overall confidence & significance to Assumed o : .
ggﬂv'eré\f) disposal area i(r:]C.':;?gterlsatlon e SUPREiig n2 other relevant | Inventory derivation approach Uncertainty cross-reference | SGHWR inventory (box no. refers to contaminated ?cfpzllttz/:r%gc:% s\;z;tt;ams
* | components Y information Figure 4.1) volume & mass i
INV-SGHWR-002
. . (uncertainties in applicability
\?VZTEE: df:‘cl)g(])rpgll‘nt:airé%gart‘z:itjitlgre of fingerprints) Medium confidence as although the sample
: . . . A . . INV-SGHWR-003 data are not representative of the entire .
(Room 111) - 8 cores in 2005 targeting Section 2.12 discusses the derivation of the primary containment (uncertainties in material structure. the adontion of activities from the Mass:
Primary both areas expected to be clean and inventory. Inventory derived from an average of the decay-corrected densities) basemeni structur% is expected to be 7.24E+05 kg Alternative inventor
containment: those expected to be contaminated 2005 and 2019 samples for Room 111 [54]. Missing radionuclides INV-SGHWR-006 essimistic. FP-028 is dF:erived for ancillar Volume: calculated usin ma;/imum
Yes main space [43, Tab.9; 54] and 17 cores in 2019 FP-028! scaled according to ratios to *3’Cs, °Co, 24*Am or 23°U as appropriate, (adequateness of pi ework rather than structural concrete y 3.03E+02 m? instead of averg e activi
internal [55; 56] (the latter specifically to with ratios from fingerprint FP-028. Data from Room 111 chargcterisation data and lack R/I%derate contribution to the overall ’ 67% by volume concentrations g v
surfaces support the end state, targeting areas of conservatively assumed to apply to the top 150 mm of the walls and of statistical robustness) inventory (~8%) is to be disposed '
expected contamination). However, no floors of the entire Primary Containment main space. INV-SGHWR . Th fry : Il RA is Amb of in-situ.
samples from elsewhere in the primary -SG 009 (ongoing Erelore, overa G score is Amber
containment structure and future activities could (box 5).
’ lead to further
contamination)
INV-SGHWR-002
(uncertainties in applicability
of fingerprints)
Deeper intervals of primary . . L INV-SGHWR-003 . ) Mass:
containment concrete are sampled b Derived to account for tritium activity not captured by the surface (uncertainties in material Medium confidence as sample data are not 6 61|é+06 K
Primary the two cores taraeting the bioihiel dy samples. The primary containment walls and floor are assumed to be densities) representative of the entire structure. \/olume' 9 Alternative inventory
Yes containment: (which first aSSgthI’OL? h the prima None uniformly contaminated with tritium to a depth of 5° (the nominal INV-SGHWR-006 Moderate contribution to the overall 2 75E+0§ m3 calculated using maximum
Bulk concrete containmentg) Res ectgivel tgken f?{)m ' primary containment wall thickness; 1,524 mm). Inventory derived (adequateness of inventory (~5%). 6.7% by volume instead of average activity
°H the LSD Ian.t roorrF: (334) Zn d the assuming that tritium activity is equal to the average activity in the characterisation data and lack | Therefore, overall RAG score is Amber is 1o bg disposed concentrations.
Active TcF:oIs Store (245) [43; 45] first 5° of each bioshield core. of statistical robustness) (box 5). of in-situ P
T INV-SGHWR-009 (ongoing '
and future activities could
lead to further
contamination)
INV-SGHWR-002
The sump in the basement of the primary containment structure g;r}?grt:rm:;ﬁfsl)n applicability Medium confidence due to the limited Mass:
Primar (Room 111) collected active effluent to feed to active drainage. The INV-gGI?lWR-OO3 analytical suite for the core from the sum 2.35+04 kg Alternative inventor
ry . One core from the floor of the component consists of an octagonal sump, a duct and a square sump. AT . y S . P- Volume: . Y
containment: S - . - (uncertainties in material Small contribution to the overall inventory 3 calculated using maximum
Yes - octagonal sump with limited analytical FP-028 A single core was taken from the octagonal sump and applied to the o 9.81E+00 m . .
Sump in Room . . . - A . - densities) (< 1%). - instead of average activity
suite [55]. entire sub-structure. Certain radionuclides missing from the analytical . 100% is to be .
111 . . X . INV-SGHWR-006 Therefore, overall RAG score is Green . . concentrations.
suite were inferred from other cores elsewhere in the primary disposed of in-
. (adequateness of (box 2). .
containment. - situ.
characterisation data and lack
of statistical robustness)
INV-SGHWR-002
(uncertainties in applicability
of fingerprints)
INV-SGHWR-003 Low confidence as the inventory is either
For the derivation of the inventory for the Cluster loop room (612), it (uncertainties in material not derived or extranolated fromysimilar Mass:
Primary was assumed that the contamination is equal to that of the LSD plant densities) areas P 2 59Ié+05 k
containment: room, which shares a contamination pathway (primary circuit) and INV-SGHWR-006 Smalll contribution to the overall invento \/olume' g Alternative inventory
Mixed Cluster loop None FP-028 should be pessimistic as the LSD plant room is one of the more (adequateness of (< 19) from cluster loop room. Two Y 1 08E+62 me calculated using maximum
room and two contaminated process plant rooms. characterisation data and lack elemeont 100D room is exp ecte dlto be less 06/ is 10 be instead of average activity
element loop The two element loop was an experimental circuit that was never used. | | of statistical robustness) contaminate% than clustepr 100 diso osed of in- concentrations.
rooms No inventory is derived for the two element loop room (611) as it did INV-SGHWR-009 (ongoing Therefore. overall RAG scoEé is Amber situp
not house any active circuitry or operations. and future activities could ' '
(box 3).
lead to further
contamination)
INV-SGHWR-010
(uncharacterised rooms)
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Inventory o , Fingerprints/ Overall confidence & significance to Assumed e : .
ggﬂvggg disposal area iCr:]Cz;?gterlsatlon G SR U other relevant | Inventory derivation approach Uncertainty cross-reference | SGHWR inventory (box no. refers to contaminated ?cfpzllttz/:r%:ilcsl% s\;zrﬁtt;asm
* | components Y information Figure 4.1) volume & mass i
INV-SGHWR-002
(uncertainties in applicability
Secondar of fingerprints) Medium confidence as the activity for Mass:
contaiannt' The inventory derivation approach for components in the secondary INV-SGHWR-003 Room 125 is inferred from measurements 1 79I§ +05 k
Effluent (12;1) 9 cores and 3 chipping samples from containment is discussed in Section 2.13. Inventory derived based on (uncertainties in material from the neighbouring room rather than \/olume‘ g Alternative inventory
Yes Delav and ' |rooms 124 and 126 [73; 74]. No FP-003 an average of cores and samples from Rooms 124 and 126; Room 125 densities) measurements of the room itself. 7 A6E +0'1 m3 calculated using maximum
Slu dye tank statistically representative sampling was assumed to have same level of activity as adjacent Room 124. INV-SGHWR-006 Small contribution to the overall inventory 160% is 10 be instead of average activity
roomgs (125 & campaign undertaken. Radionuclides missing from analytical suite derived by scaling FP-003 | | (adequateness of (< 1%). disnosed of in- concentrations.
126) (D60 General Area waste) to activities of relevant markers. characterisation data and lack | Therefore, overall RAG score is Green situp
of statistical robustness) (box 2). '
INV-SGHWR-010
(uncharacterised rooms)
wr:ée?'gmx\é?lr?gz licability | High confidence in this inventory as the
of fingerprints) PP y sample data are expected to be representative [ Mass:
Cofferdams data grouped along the north (140, 141, 142, 143 & 144), INV-gGIﬂWR-OOB of the whole component and the fingerprint 8.00E+05 kg Alternative inventor
Secondary Total of 6 sediment samples and 9 east (134 - 139) and south (129 - 133 & 145) sides. Additional S . is appropriate for the expected contamination [ Volume: . Y
. . - - . (uncertainties in material 3 calculated using maximum
Yes containment: cores drilled from walls of alternate FP-034 analytes from Coffer Dam 132 applied across all dams and remaining o pathway. 3.41E+02 m - -
i - . s densities) I . . instead of average activity
Cofferdams cofferdams [63; 71]. radionuclides scaled from FP-034 (ponds). A contamination depth of Small contribution to the overall inventory 100% is to be -
200 mm assumed. Eg‘d\g'iaet':::g'gfoe (< 1%). disposed of in- concentrations.
quatenes Therefore, overall RAG score is Green situ.
characterisation data and lack (box 1)
of statistical robustness) '
INV-SGHWR-002
For rooms 247, 334, 516 and 431, an inventory has been derived (un(;ertalnt!es in applicability
g At S of fingerprints)
supported by characterisation data for the individual room. Missing INV-SGHWR-003
_ radionuclides were sca_led from an appropriate fingerprint selected (uncertainties in material ) ) o _ .
One core each from 2005 for the ion based on the process history of each area. densities) Medium confidence as activities are derived | | Mass:
chamber room (247), LSD plant room The north transducer loop room (332) and cluster loop transducer from sampling data for most rooms. Areas 4.15E+05 kg L
Secondary . . - INV-SGHWR-006 . - . Alternative inventory
. . (334), and neutron shield plant room room (628) do not have any sampling data. The inventory for both lacking sample data are of low importance. Volume: . ;
. containment: - FP-003 L o (adequateness of A 3 calculated using maximum
Mixed (516). Two cores targeting the former rooms adopt the activity densities for the LSD plant room as the source L Moderate contribution to the overall 1.73E+02 m - L
Process plant . FP-028 ST ; S characterisation data and lack | . instead of average activity
area of the FCD plant room (431) [22; of contamination is the same (primary circuit); this is expected to be L inventory (~8%). 50% by volume .
rooms L . L - - of statistical robustness) . - . concentrations.
58-60]. No statistically representative pessimistic as the LSD plant room is one of the more contaminated INV-SGHWR-009 (ongoin Therefore, overall RAG score is Amber is to be disposed
sampling campaign undertaken. primary circuit process plant rooms. L going (box 5). of in-situ.
- - . and future activities could
No inventory has been derived for the loop make-up room (723) as it lead to further
was a clean feedwater system and the potential for contamination is S
low contamination)
' INV-SGHWR-010
(uncharacterised rooms)
INV-SGHWR-002
The inventory for Room 336 is derived from the average activity of the | | (uncertainties in applicability Mass:
Single wall core from D20 ion wall core. Room 427 no longer exists; the activity of the floor area of of fingerprints) Medium confidence as activities are derived 1 35Ié+05 K
Secondary exchange room (336), and two cores the former room is derived from the average of the floor core data. INV-SGHWR-003 from sampling data for all rooms. \/olume‘ 9 Alternative inventory
Yes containment: targeting screed layer of floor of FP-030 The final moderator process room, the D20 hold up tank room (uncertainties in material Small contribution to the overall inventory 3 96E+dl m3 calculated using maximum
Moderator deuterising plant room floor (427) [58; (formerly Room 246), no longer exists and has been incorporated into densities) (<2%). 9;50/ by volume instead of average activity
process areas | 59]. No statistically representative the area of the ion chamber room (247). The inventory for Room 246 INV-SGHWR-006 Therefore, overall RAG score is Green o070 DY v concentrations.
. . . - h . - is to be disposed
sampling campaign undertaken. is assumed to be included in the inventory derived for Room 247, (adequateness of (box 2). of in-situ
which captures substantial tritium contamination. characterisation data and lack '
of statistical robustness)
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Inventory - : Fingerprints/ Overall confidence & significance to Assumed o . .
ggﬂvggg disposal area iCr:]Cz;?gterlsatlon G SR U other relevant | Inventory derivation approach Uncertainty cross-reference | SGHWR inventory (box no. refers to contaminated ?cfpzllttz/:r%:ilcsl% s\;zrﬁtt;asm
* | components Y information Figure 4.1) volume & mass i
INV-SGHWR-002
uncertainties in applicability
inties i licabili
of fingerprints)
INV-SGHWR-003 Mass:
For majority of rooms (240, 326/2, 328, 329, 330) the inventory is (uncertainties in material Medium confidence as activities are derived 1 53I§ +06 k
Secondary Between one and six cores for each derived based on the average activity of the sampling data for the paint [ densities) from sampling data for all rooms. \/olume‘ g Alternative inventory
Yes containment: r0om. excent for the ECW tank room FP-003 and concrete for each room. The activity of the ECW tank room (446) B INV-SGHWR-006 Small contribution to the overall inventory 6.40E +0'2 m3 calculated using maximum
Primary circuit (446)’whicﬁ has none [58; 63] FP-026 is assumed to be equal to the adjacent Feed Heater Cell (Room 330). (adequateness of (<1%). 5'00/ by volume instead of average activity
process areas B Inventory for deaerator tank room (922) assumes activity of most characterisation data and lack | Therefore, overall RAG score is Green is tc;) bg disposed concentrations.
active core applies to entire room. of statistical robustness) (box 2). of in-situ P
INV-SGHWR-009 (ongoing '
and future activities could
lead to further
contamination)
— . — . INV-SGHWR-002
Only characterisation data prior to decontamination are available. S L . " s
Activities are derived from the average paint and concrete activities for g}i‘}?ﬁg:rlgﬂﬁfsl)n applicability 2253:32; g?:gﬁ?cgs ;?oﬂlalgc\i/i?‘?ggrgrzf Mass:
Secondary Cores t;\ken prior ;o decont.amlnatlon eacdh room (222, z23, 224, 225,.228) and the dgct IB Rooms 224/228. INV-SGHWR-003 decontamination concrete data, not 4.8I7E+95 kg Alternative inventory
containment: for each room in the group; 3 cores In decontaminated areas, no paint was assumed to be present. (uncertainties in material contemporary data Volume: calculated using maximum
Yes pond Clean U from each of Rooms 222, 224 and 225, | | FP-018 For a crack in the floor of the duct between Rooms 224 and 228, the densities) Small contributioh to the overall invento 2.03E+02 m3 instead of average activity
Areas P 120 cores from Room 223, and 10 cores contamination was extrapolated from the contamination profile of a INV-SGHWR-006 (<1%) ry 100% is to be concentrations 9
from Room 228 [66; 72]. nearby paint sample. Radionuclides missing from the analytical suite (adequateness of Therefore. overall RAG score is Green disposed of in- '
have been derived by scaling FP-018 (Pond Clean-up areas) to h quatenes q dlack | (b ' situ.
activities of relevant markers characterisation data and lac (box 2).
' of statistical robustness)
INV-SGHWR-002
. i i i (uncertainties in applicability
Inventory was derived for rooms 236-238, 522 2556 and_726 727 based of fingerprints) Medium confidence as activities are derived .
on the sampling data for each room. In places, #**Pu, Ni, Fe and Sr INV-SGHWR-003 from sampling data for most rooms. Areas Mass:
Secondary Cores and/or chipping samples are results for one room are applied across rooms in the area lacking S . - ping N 1.13E+06 kg -
. . . i . - : (uncertainties in material lacking sample data are of low importance. . Alternative inventory
containment: available for each of rooms 236-238, FP-003 analytical data for those radionuclides. densities) Small contribution to the overall invento Volume: calculated using maximum
Mixed Ventilation 522-526 and 726-727 [58; 59; 68]. No FP-026 Rooms 842 and 728 lack sample data and were assumed to have INV-SGHWR-006 (<1%), remaining uncharacterised rooms ;r)'/e 4.85E+02 m? instead of averg e activit
system and statistically representative sampling activity equal to adjacent ventilation system rooms. (adequateness of ex eZt,e dto makga small contribution 37% by volume concentrations g y
support areas | campaign undertaken. There is no sample data for the Level 4 ventilation plant rooms and quatenes P . X is to be disposed '
. S . characterisation data and lack | Therefore, overall RAG score is Green .
clean-up and filter beds (435-438); no inventory has been derived for L of in-situ.
these rooms of statistical robustness) (box 2).
' INV-SGHWR-010
(uncharacterised rooms)
Inventory was derived for rooms 4}2_3,_ 433, 722, 827 and 923 bas_ec_i on INV-SGHWR-002
the average concrete and paint activities for each room. The activities (uncertainties in applicabilit
in room 924 were assumed to be equal to those in room 923. of fingerprints) PP Y | Medium confidence as activities are derived
Radionuclides missing from the analytical suite have been derived by INV-gGlﬂWR-OOS from sampling data for significant rooms. Mass:
0 hf 423 433 scaling FP-003 or FP-026 activities of relevant markers based on the L ial Areas lacking sample data are of low 1.12E+06 kg Al Lo
Secondary neé core each from rooms ' ' closest match to measurement data. (uncgr_tamtles In materia importance. Volume: ternative "?VE”“W.
. . . 722,827 and 923 [58; 59]. No FP-003 - - densities) . . 3 calculated using maximum
Mixed containment: statistically representative samolin FP-026 A number of the remaining areas in the general areas are not INV-SGHWR-006 Small contribution to the overall inventory 4.66E+02 m instead of average activit
General areas campai n>l/m dgrtaken piing characterised and do not have an inventory derived. These rooms do (adequateness of (<1%), remaining uncharacterised rooms are 15% by volume concentrations g y
paig ' not have a history of active processes or operations and are considered chargcterisation data and lack expected to make a small contribution. is to be disposed '
to be of low significance. The majority of these areas are airlocks (11 of statistical robustness) Therefore, overall RAG score is Green of in-situ.
rooms), corridors, platforms or walkways (14 rooms) or ducts (3 INV-SGHWR-010 (box 2).
rooms), with the remainder housing electrical distribution or turbine- (uncharacterised rooms)
related plant or acting as storage.
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and Cooling
Water Washout
Pit

statistically representative sampling
campaign undertaken.

applied to the other rooms in this area as the rooms share a common
source term.

Room 323 forms a sub-structure within Room 324; data were
amalgamated from across both areas and treated as a single area.

densities)

INV-SGHWR-006
(adequateness of
characterisation data and lack
of statistical robustness)

(<1%).
Therefore, overall RAG score is Green
(box 2).

100% is to be
disposed of in-
situ.

Inventory - : Fingerprints/ Overall confidence & significance to Assumed o . .
gggvggf, disposal area i('r:]cz;?gterlsatlon e SUPREiig n2 other relevant | Inventory derivation approach Uncertainty cross-reference | SGHWR inventory (box no. refers to contaminated ?gp;‘&g%&g:% s\;zrﬁtt;asm
* | components Y information Figure 4.1) volume & mass i
INV-SGHWR-002
The inventory for rooms 227, 230, 231, 242, 321 and 322 was derived (uncertainties in applicability
based on the average paint and concrete sample data for each room. of fingerprints)
2:?16 ;r?c;eézch;wg]cgzg]:rgrf}ozogrg’ The inventory for the maintenance and decontamination pit (520) also INV-SGHWR-003 Medium confidence as activities are derived [ Mass: 1.27+06 kg
. : includes an inventory for its fibreglass liner, assuming a thickness of (uncertainties in material from sampling data for all rooms. Volume: Alternative inventory
Secondary 242, five cores from room 321 and FP-003 3 mm densities) Small contribution to the overall inventory 5.36E+02 m? calculated using maximum
Yes containment: eight cores for room 520 [58; 59]. FP-026 ' . : : -
Other areas Chipning samples from 836. 837. 840 FP-038 For the Instrument active workshops on Level 8 and related areas (836, | | INV-SGHWR-006 (~1%). 81% by volume | instead of average activity
8 42pg 4 A?an d 535 and one cc’>re fr’0m ' 837, 838, 840, 841, 844 845 and 846), the inventory was derived based | | (adequateness of Therefore, overall RAG score is Green is to be disposed | concentrations.
836’ on a core from room 836 and chipping samples from various rooms. characterisation data and lack | (box 2). of in-situ.
' The rooms lacking ample data are expected to be the least active so of statistical robustness)
this should be conservative. INV-SGHWR-010
(uncharacterised rooms)
wr:ée?'gmx\é?lr?gz licability | High confidence in this inventory as the
A total of 126 wall cores and 17 floor The inventory derivation approach for the SGHWR ponds is discussed of fingerprints) PP Y | activities are derived from representative Mass:
cores from ponds; a sampling plan was in Section 2.14. Fibreglass liner and concrete activities were derived INV gGIﬂWR 003 sampling data, the dimensions of the ponds 1.17E+06 kg Al -
followed based on non-parametric from the average sample measurement for each pond, assuming a liner neiashe . are well known and the adopted fingerprint is 8 \Volume: ternative mventory
- i - S - (uncertainties in material - - - 3 calculated by adopting
Yes Ponds random sampling for the floors and FP-034 thickness of 3 mm and a contamination depth of 200 mm in the densities) derived specifically for this area. 4.87E+02 m more pessimistic
systematic sampling for the walls concrete. Additional inventory was included from contaminated INV-SGHWR-006 Small contribution to the overall inventory 100% is to be dimenpsional assumptions
supported by targeted sampling of cracks and construction joints that were targeted by a subset of the (adequateness of (~2%). disposed of in- P '
areas of interest [79; 83]. wall cores. quatenes Therefore, overall RAG score is Green situ.
characterisation data and lack
o (box 1).
of statistical robustness)
INV-SGHWR-002
A large-scale monitoring campaian (uncertainties in applicability | High confidence in this inventory as the Mass:
was ugndertaken to develgo a P The inventory derivation approach for the ancillary areas is discussed of fingerprints) activities are derived from extensive 4 82|§+05 k
Ancillary areas: I P . - y ' app - ry INV-SGHWR-003 sampling data. The adopted fingerprint is ; . g Alternative inventory
. contamination map that was used to in Section 2.15. The active workshops inventory includes all external S . . - ) Volume: . ;
v Active S - * S - o (uncertainties in material derived specifically for this area. 3 calculated using maximum
es identify preferred sample locations for FP-016 walls of the workshops and the low dividing brick walls within the o Lo . 2.02E+02 m . L
workshops - s . . L densities) Small contribution to the overall inventory - instead of average activity
coring. A total of 19 floor and wall spaces. Missing radionuclide activities were scaled from FP-016, 0 100% is to be -
(251-252) . . - S - INV-SGHWR-006 (<1%). . L concentrations.
cores were taken, including paint which is derived for the workshops based on a sample from a hotspot. . disposed of in
(adequateness of Therefore, overall RAG score is Green -
samples [84]. L situ.
characterisation data and lack | (box 1).
of statistical robustness)
INV-SGHWR-002
(uncertainties in applicability
. of fingerprints) Medium confidence in the inventory for this .
The ACW system rooms consist of the ACW pump house basement INV-SGHWR-003 area as results are based on a single core and Mass:
. i (256), ACW pump house (484) and ACW switch room (483/1). The L . - . 6.10E+05 kg L
A single historical core from Room ) - . . N (uncertainties in material a generic fingerprint was adopted. Rooms . Alternative inventory
. . L inventories for these rooms have been derived from a single historical o L Volume: . ]
Ancillary areas: | 256 [58]. No statistically - A . - : densities) should have low contamination. 3 calculated using maximum
Yes . . . FP-003 core from Room 256 with activities of missing radionuclides scaled L - 2.55E+02 m . .
ACW system | representative sampling campaign INV-SGHWR-006 Small contribution to the overall inventory instead of average activity
from FP-003 (D60 General Area waste). The ACW system was a 44% by volume -
undertaken. - . L (adequateness of (<1%). . . concentrations.
clean feedwater system so there is low potential for contamination. L . is to be disposed
characterisation data and lack | Therefore, overall RAG score is Green S
L of in-situ.
of statistical robustness) (box 2).
INV-SGHWR-010
(uncharacterised rooms)
INV-SGHWR-002
. . For Rooms 253, 254 and 258 the inventory is derived separately from (uncertainties in applicability .
Ancillary areas: S o - / - . . . - . Mass:
Boiler House core and chipping samples from each room. Missing radionuclides of fingerprints) Medium confidence as activities are derived 5 76E+05 k
Basement. Euel At least one core and chipping sample were derived from FP-026 (SGHWR Off-Gas Beds). For Ni, Fe and INV-SGHWR-003 from sampling data for all rooms. \/olume' g Alternative inventory
Yes Oil Tank r’oom taken from each room [68]. No FP-026 Sr, the results obtained for the Fuel Oil Tank room (Room 253) were (uncertainties in material Small contribution to the overall inventory 2 4OE+(52 m3 calculated using maximum

instead of average activity
concentrations.
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Inventory - : Fingerprints/ Overall confidence & significance to Assumed o . .
ggﬂv'e% disposal area iCr:]Cz;?gtensatmn G SR U other relevant | Inventory derivation approach Uncertainty cross-reference | SGHWR inventory (box no. refers to contaminated ?cfpzllttz/:r%gcsl% s\;z;tt;ams
* | components Y information Figure 4.1) volume & mass i
INV-SGHWR-002
The inventories for each of the CCR vent plant and equipment rooms (L;r}(_:ertalnt!es in applicability Medi fid s derived
on Level 8 (852, 853, 854, 855 and 859) were derived from the of fingerprints) edium confidence as activities are derive Mass:
One core each from rooms 559/560, S ! | INV-SGHWR-003 from sampling data for grouped rooms. '
. - average activities of samples from the area S . - 1.99E+05 kg -
Ancillary areas: | 859 and 852. Chipping samples from Inventories for the heater room/main airlet-(559 /560) were derived (uncertainties in material Avreas lacking sample data are of low \/olume‘ Alternative inventory
. Ventilation room 559/560 and various CCR plant s densities) importance. SR calculated using maximum
Mixed - FP-026 from the average activity for the room. A - 8.77E+01 m : L
system and rooms [85]. No statistically Missing radionuclides for all rooms were derived from EP-026 INV-SGHWR-006 Small contribution to the overall inventory 0% is to be instead of average activity
support areas representative sampling campaign g - (adequateness of (<1%). . . concentrations.
(SGHWR Off-Gas Beds). There are no sample data and no inventory o . disposed of in-
undertaken. . . characterisation data and lack | Therefore, overall RAG score is Green .
derived for Room 663 (but room remediated to background L situ.
contamination levels) of statistical robustness) (box 2).
' INV-SGHWR-010
(uncharacterised rooms)
INV-SGHWR-002
- S . . uncertainties in applicability
Building materials in this area are a mixture of concrete and brick, ( X . . . L .
although relative fractions are not known. Inventory has been derived of fingerprints) Medium cqnfldence as activities _are.d.erlved Mass:
One floor core and at least two for each room from the sample data. it is pessimistically assumed for INV-SGHWR-003 from sampling data for the most significant 8.61E405 K
Ancillary areas: | chipping samples from each of rooms scaling activities that all buili) din m’ateriafhas the dens?/t of concrete (uncertainties in material rooms. Areas lacking sample data are of low \/olume' g Alternative inventory
. North Annexe |352,353, 357, 358, 360, 361, 362. One aling I 9 y ' densities) importance. 3 calculated using maximum
Mixed - FP-026 Missing activities scaled from FP-026 (SGHWR Off-Gas Beds). N - 3.58E+02 m - -
miscellaneous | core each from 551, 552, 951 and 952 The remaining rooms outside the secondary containment in the North INV-SGHWR-006 Small contribution to the overall inventory 67% by volume instead of average activity
. 0 H
areas ([:?gre?c%ris?:dme rooms not Annexe are uncharacterised and consist of offices, corridors, toilets, ((;i?g;ae treig;tsisogf data and lack Slfrlle/rogfore overall RAG score is Green is to be disposed concentrations.
' stores and electrical facilities. These uncharacterised rooms are L ' of in-situ.
assumed to be inactive of statistical robustness) (box 2).
' INV-SGHWR-010
(uncharacterised rooms)
. . . INV-SGHWR-002
For rooms 470, 476 and 480 the inventory is derived separately from S L . s
the average activity of core and chipping)éamples from Each rglom (ungertalnt!es in applicability Low co nfldence. in this inventory as
. - - o of fingerprints) activities are derived for single samples for .
The inventory for room 485 and 439 is derived from the combined INV-SGHWR-003 large rooms. Onaoind oberations in several Mass:
. . s data from both rooms. Missing radionuclides are derived from FP- L - 9 - Ingoing opel 1.01E+06 kg L
Ancillary areas: | One historical core from each of rooms 003 (uncertainties in material areas may contribute additional sources of Volume: Alternative inventory
Mixed Squth Annexe |470, 476 and 480 and chipping samples FP-003 The'inventory for the uncharacterised Room 458 adopts the activity of densities) activity that are not captured by the historical 4 22E+62 m3 palculated using maxi_mpm
miscellaneous | from 485 and 439 [58; 59; 91]. Some the adiacent room 470 INV-SGHWR-006 cores. 0% is 10 be instead of average activity
areas rooms not characterised. e ” . . (adequateness of Small contribution to the overall inventory . . concentrations.
Remaining uncharacterised rooms outside the secondary containment characterisation data and lack | (<1%) disposed of in-
in the South Annexe consist of the laundry and various switch rooms, of statistical robustness) Ther?efore overall RAG score is Amber situ.
toilets, labs, stores and offices. The majority of these rooms are inthe B |\ \/ <1 1\WR-010 (box 3) '
office complex on Level 6. No inventory is derived for these rooms. . ’
(uncharacterised rooms)
INV-SGHWR-002
(uncertainties in applicability . - . .
The inventory derivation approach to account for the tritium of fingerprints) rl;(?\g;rilor:z?jZ?acﬁolrnntﬂjecrI]n(\)/??rgzrZoiirtirt])?th?r:S Mass:
contamination in the remainder of the SGHWR bulk structure is INV-SGHWR-003 p . L g : -
. . _— discussed in Section 2.16. The mass is calculated from the estimated (uncertainties in material volume; th'_ere 1S aI.SO uncerta_mty in the total_ 4.78E+07 kg Alternative mvento_ry
SGHWR bulk Extant radiological characterisation total volume of SGHWR -structural materials and the volume of the densities) volume. Fingerprint uncertainty addressed in | | Volume: calculated by adopting the
Yes data for the SGHWR structure (see None . - - . alternative inventory. 1.99E+04 m3 average activity of
structure remainder of the SGHWR inventory, assuming all material to be INV-SGHWR-006 S ; -
rows above). - . . . Moderate contribution to the overall 60% by volume | radionuclides from the
concrete. Tritium activity only is assumed to be equal to the median (adequateness of inventory (~5%) is to be disposed | ancillary areas
tritium activity of rooms in the SGHWR for which an inventory is characterisation data and lack y o) : 0 be disp y '
- L Therefore, overall RAG score is Amber of in-situ.
derived. of statistical robustness) (box 6)
INV-SGHWR-010 '
(uncharacterised rooms)
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of the demolished structure is emplaced as wire-cut blocks and the
remainder is in the form of compacted rubble.

uncertain demolition
strategy)

INV-SGHWR-009 (ongoing
and future activities could
lead to further
contamination)
INV-SGHWR-010
(uncharacterised rooms)

inventory (~13%).
Therefore, overall RAG score is Amber
(box 5).

disposed of in-
situ.

Inventory o , Fingerprints/ Overall confidence & significance to Assumed e : .
ggﬂvggg disposal area iCr:]Cz;?gterlsatlon G SR U other relevant | Inventory derivation approach Uncertainty cross-reference | SGHWR inventory (box no. refers to contaminated ?cfpzllttz/:r%:ilcsl% s\;zrﬁtt;asm
* | components Y information Figure 4.1) volume & mass i
INV-SGHWR-002
g;r}?sg:r';:;ﬁfsl)n applicability Medium confidence in the inventory for this
NVSHwRazs | conoentes tere s et ks s
roundhog survey and non- e inventory derivation approach for the rubble mounds is discusse uncertainties in materia . - 46E+07 kg S
G dh d Thei tory derivai h for the rubbl dsis di d ( tainties | terial There is also uncertainty ab)(/)ut the volume. 3.46E+07 k Alternative inventor
representative surface and near-surface in Section 2.17. Activities are either from the average sample data densities) that will be used as infill Volume: calculated usin ma>)</imum
Yes Rubble mounds | sampling of mounds [93]. No FP-004 from the mounds or based on the ratios of the A59 general fingerprint INV-SGHWR-006 Small contribution to tHe overall invento 2.46E+04 m3 concentration v%here based
statistically representative sampling (FP-004) scaled to EPR16 OoS levels. (adequateness of (~4%): there is a low activit concentratio:ly 0% is to be on sample data
campaign undertaken. characterisation data and lack but ao 'Iied to a large volum)é disposed of in- P '
of statistical robustness) Therie)e?ore overaIIgRAG sco're is Green situ.
INV-SGHWR-007 (impact of (box 2) '
uncertain demolition ’
strategy)
INV-SGHWR-002
(uncertainties in applicability
of fingerprints)
INV-SGHWR-003
(uncertainties in material
The inventory derivation approach for the backfill is discussed in ?ISR;-IEE;LWR-OOG Medium confidence due to the moderate Mass: gffﬂ?sggeaégxmfry
Section 2.17. The backfill inventory is derived from the sum of (adequateness of overall confidence in the contributing 6 12I§ +07 ki alternative inventorg
inventories derived for all contaminated volume above the demolition h quatenes d d lack inventories and uncertainties in the backfill V | ] g ivities f g .
SGHWR void datum with material from the rubble mounds filling in the remaining characterisation data and lac volume. olume. 3 activities for contributing
Yes backfill NIA NA void volume [21]. For the volume calculation it is assumed 6300 m? of statistical robustngss) Moderate contribution to the overall 2'97.E+04 m features and comppnents
X INV-SGHWR-007 (impact of 0% is to be above, and assuming an

additional 10% volume
contribution from all
sources.

1FP-028 is derived from the contamination of ancillary pipework rather than bulk concrete; contributing materials are smear samples (50%), paint (20%) and metal (30%), and may therefore not be representative of concrete.
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4.3

Confidence in the Dragon Inventory
Table 4.2:

OFFICIAL

Summary of the inventory derivation approaches and relative confidence for Dragon components considered in this inventory (see Section 4.1 for full explanation).

1624-10
Version 2

Rad. Inv. :jri]:e:stglrgrea Characterisation data supporting the Etlﬁgfiz{elcgilt Inventory derivation anproach Uncertainty cross-reference Overall confidence & significance to Dragon }(?:)sr?gamr:i?]ate d Sensitivity analysis / basis
Derived? P inventory : Y P y inventory for alternative inventory
components info volume & mass
Six cores through the bioshield, givin N -
a total of 57 sar%pIeS' gving FP for Dragon bioshield concrete developed from characterisation
2017- sinal t 5 level. 85 2013 FP f data, using (generally bounding) ratios (generally to '52Eu) in previous [ INV-DRAGON-004 (derived
) dial ‘hS.'nr? ecoreat -5 leve d q bOF K fingerprints and indicative activation analysis to infer results where FP assumed to be
LaGIPaC( 19 actlva:]lon ex.pze;te ue to ;:oncrcf.Jte NCKS | analysis for individual radionuclides in specific cores were either not representative of the Medium to high confidence in the
| neultron Ipat Vr\]’ayc);' concrete Srom pFF)ﬁr requested or were below the LOD. Tailored approach for individual bioshield; no statistical inventory: it is supported by significant
sam[i es along edngtt_. tgmma duct upport Ring. radionuclides; some excluded due to short half-lives. analysis of characterisation characterisation data and the derivation
spectrascopy and activation protuicts. SGHWR Based on the profile observed in cores, it is conservatively assumed data robustness). approach is sound, but there is some I o
A - 2013: three cores all at 315° radial, neutron - . o o ncertainty over the representativeness of the |/ o" n-situ Alternative inventory
Bioshield — ) - that the derived FP applies only to the first 750 mm of the bioshield INV-DRAGON-005 uncertainty over the representativeness ot the . . .
approx. heights +6°3”, +1°0”, -5°0” activation . : : - P L component only: | calculated using maximum
Yes Portland Total 'fs g t ’ les: ’ £ : delling al and that it is not activated beyond this. The fingerprint is therefore (SGHWR activation FP. 7 75E+01 m? instead of average activity
concrete '(t)ha 0 q ](‘:onfre € samp ezl' otne trom mo det 'f‘gfa SO | calculated from the average of the above-LOD values less than modelling may not be closely | Moderate to significant contribution (15% ' concentrations g
€ d?‘r er:h. gr WO Cores and at outer use to In t())rm 750 mm from the bioshield inner surface. The FP was calculated both analogous to Dragon in-situ, plus 12% as backfill) to the overall 1.89E+05 kg '
end tor third. . ;’:1\;?2 or)(/fo)r/a as average and maximum activity in Bg/g, and as average %. activation — but reliance on | Dragon inventory.
- ZdQOIS._one Zoge até;round floor 0 smallgr{lmber Total activation inventory calculated using the derived FP (Bg/g), thls_ in t_he inventory Therefore, overall RAG score is Amber
;13 |a‘ (intende toﬂeg’m?x n}futron_ of assuming a uniform activity profile over the first 750 mm, volume derivation is limited). (box 5).
; Ux); one ]flore atB " (furthest point radionuclides), |2ccording to AutoCAD model dimensions (minus volume associated INV-DRAGON-006 (generic
rom max U)f)'. oth cores " | with barytes concrete), and density of 2,437 kg/m? as determined from material specifications used).
subsampled giving 23 concrete bioshield samples
samples. '
Indicative generic composition information on barytes concrete from As above: particularl _ _ _
two studies used to calculate average proportion reduction in Ca P y Low to me_dl_um conflden_ce in the )
content and increase in Ba content (in barytes concrete compared to INV-DRAGON-006 inventory: it is not underpinned by any direct
Portland). This is assumed to scale directly to give corresponding (uncertain specification of | samples and is based on generic composition For in-situ Al o
Bioshield — . - None specific | proportion changes in the Dragon bioshield concrete FP derived barytes concrete significant | information and an unknown extent. component only: ternative inventory
Yes barytes No samples specific to bioshield {0 barytes above. given lack of characterisation | However, it is believed to be bounding. p Y. | calculated using maximum
barytes concrete. . . . data and limited material —_— - 1.50E+01 m? instead of average activity
concrete concrete. Approximate volume of barytes concrete estimated by scaling from knowledae. Extent also Moderate contribution (5% in-situ, plus 4% 5 47E+04 k concentrations
drawing, conservatively assuming the barytes regions extend the full unknowng Eut modelled as backfill) to overall Dragon inventory. : g ’
height of the bioshield and limiting to the first 750 mm. Total ' Therefore, overall RAG score is Amber
2o : . . volume believed to be '
activation inventory calculated using this volume, the derived FP bounding) (box 5).
(Bg/g) and an assumed barytes concrete density of 3,650 kg/m?. 9)-
2014 FP for Significantly different radionuclide ratios seen in the steel baseplate
Four rebar samples from the bioshield mild steel FP/ the_zrmal shield results compare_d to the SGHWR activation : ) . _ _ ) _ -
concrete cores getailed above: baseplate. modelling. Therefore, two alternative FPs (based on each of these) ::hlj’\;ssu?nig%’\lbgm (derived Medium confidence in the inventory: it is
One f he 2017 b ' q h Thermal shield |were derived and the most conservative one taken as the Dragon representative of rebar: no supported by a small number of samples For in-situ
- One from the 2017 core, based on the sample analysis | bioshield rebar FP. pres: ; ' whose representativeness is unknown, but component only: -
section of rebar with greatest activity ; . statistical analysis of : e P Alternative inventory
Bioshield (subsampled as swarf) (from 2017 Therefore, FP derived using average rebar sample results from 2017 characterisation data conservatisms are built into the derivation 1.39E+04 kg in | oiculated using masimum
Yes coring). and 2005 cores, scaled according to the mild steel baseplate FP. The bust approach. the 9.25E+01 m3 | . g L
rebar - Three from the 2005 cores, one from ; P robustness). — C : instead of average activity
' .| |SGHWR FP was calculated both as average and maximum activity in Bg/g, and .| Small contribution (0.4% in-situ, plus 0.3% [ of activated -
the ground floor and two from the +18 v o INV-DRAGON-006 (generic - ; L concentrations.
level activation as average %. material specifications used: as backfill) to overall Dragon inventory. bioshield
How;aver only two of these provide a modelling (not | Conservatively estimated to be 150 kg rebar per m* of bioshield also amount of rebar per msi) Therefore, overall RAG score is Green thickness
! b ' LgD | used in final (volume calculated according to AutoCAD model dimensions as (box 2).
ew above results. inventory above). Total activation inventory calculated by applying the derived
calculation) FP (Bg/g) to the calculated mass.
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Inventory N - Fingerprints / : - Assumed L . .
gggvm\,’, disposal area ﬁ?/z;\rr]i\gtensatlon CEE ST 1 other relevant | Inventory derivation approach Uncertainty cross-reference ?1\\//2;&;2 EECIHtNGS & SEHIENEe BT IR contaminated fscfpzllttle:/rlr%gc:% s\z rﬁ tlz)aS's
" | components y info b volume & mass b
Total surface area that may have been exposed to general atmospheric INV-DRAGON-004 (derived
- Radiological characterisation data Several general | contaminants assun_1ed to_ in_clude all below-groupd concrete and brick FP assumed to be
from ten sampling datasets from area gurfacgs for the entire bun.d.mg expected to remain at the 'end state, representative; no statistical
various locations throughout the contamination | including walls, floors, ceilings, vent plant room (excluding B78 and analysis of characterisation |, oy t5 medium confidence in the
FPs, some the Betalite store area). Also, below-ground portion of steel shell. data robustness). . e o L .
Dragon complex (1999-2016) (total of . Its for | Calculated using dimensions taken from CAD model . inventory: it is supported by significant Alternative inventories
264 samples, covering a range of using results Tor g i i ) - INV-DRAGON-007 (highest | characterisation data, but there is calculated:
Reactor material types and both surface and |te£ns " New general area FP derived for this study incorporating recent measured hotspot considerable uncertainty about its For in-situ i) assuming 100% rather
building (B70) | core locations — 99 surface samples su sequden yt sampling data and verified historic data. Samples grouped into areas contamination applied to representativeness, and the assumption that | " | than 5% of surface
Yes _ general area — | used for surface contamination FP). removed (not | to check for characterisation sub-groups; considered appropriate to whole building is extremely | only 50 of the surface activity is present is P Y- | contamination is present:
surface - ViridiScope in-situ remote laser used in this average samples from the following areas: B70 inner and outer walls, pessimistic, so assumed that | not underpinned. 1.30E+01 m3 and '
I -1>C0p study). vehicle airlock, and B78. Radionuclides included/excluded on basis of | | only 5% of the surface - o i i o I 3.12E+04 kg ° ) )
contamination | sampling (total 147 samples) to . o T Small contribution (0.3% in-situ, plus 0.5% i) applying an alternative
- - Magnox factors such as measurements, half-life and likelihood of presence. contamination is present — - ; . 4 el
identify hotspots (2018), used to scale ) ) S . : as backfill) to overall Dragon inventory. fingerprint containing Pu
the FP standard probe | FP used with the highest activity identified in ViridiScope sampling based on assumption of no . h
. response el . fem?). vi dard sianificant contamination Therefore, overall RAG score is Green isotopes.
However, no single statistically ponst (100 cps) to calcu ate a_surface activity (Bg cm.), via a_NRS_ standar gnitica ition, (box 2)
representative sampling campaian calibration and | probe response calibration and activity conversion. This activity is but this is not underpinned. -
unF:jertaken pling campalg activity assumed to apply to the total surface area, but as the resulting Pu isotopes excluded but lack
‘ conversion. inventory is very pessimistic, an assumption is made that only 5% of of evidence for them is not
the surface activity is present. conclusive).
Low to medium confidence in the
Floor surface area approximated as a rectangle. inventory: it is supported by significant Alternative inventories
Reactor New general area FP derived for this study: as above except using 3H | | As above; also INV- characterisation data, but there is calculated:
building (B70) |As above (total 264 samples from results from the Betalite store area only. Average 3H for the Betalite DRAGON-007 (single considerable uncertainty about its For in-situ i) assuming 100% rather
— Betalite store | various locations including 29 from the | | None specific | store area calculated from four sample results (excluding one anomalously high 3H result | representativeness, and the assumption that component only: | than 5% of surface
Yes area (room 121; | Betalite store). to the Betalite | anomalously high paint sample that is assumed to be either not be real | |assumed to be in errorand | only 5% of the surface activity is present is 2 68E+00 m° contamination is present;
25 level) — 5 surface samples from the Betalite store. or highly localised; in either case not suitable for inclusion in a general | | not included in fingerprint, | ot underpinned. : and
p ) lee . . L 6.43E+03 k
surface_ _ store used to calculate 3H in the FP. area FP). but possibility it could be Small C(_)ntrlbutlon (0.1% in-situ) to overall : g ii) including the
contamination Inventory calculated as above, using the Betalite store area-specific real). Dragon inventory. anomalously high H result
FP. Therefore, overall RAG score is Green in the FP.
(box 2).
e . Medium to high confidence in the
;j”;t'”rt“ lfngrestsh bfise‘j ort1 t(\j/v_o stﬁmplmg Mass of paint and concrete layers calculated using the surface areas INV-DRAGON-004 (derived | inventory: supported by significant
R fa aégg rom Ie en nofe Inthe row used for surface contamination of the equivalent areas, generic values FP assumed to be charactgr|§at|0n data; some remaining For in-situ Al L
" e'a|§t'0r - or B70 genera a;]g‘ar;sur ace ; for paint and concrete density, and depth ranges as follows: paint layer | representative; no statistical | uncertainties. component only: Iter?atlzj/e Inventory
Yes uilding (B70) | contamination, which consist o . None (1 mm), 0-5 cm, 5-10 cm, 10-15 cm and 15-30 cm). analysis of characterisation | Moderate to significant contribution (8% e calculated using maximum
— general area — | concrete cores sub-sampled along their 3 L data robust L o . 1.83E+03 m instead of average activity
PO For each of the depth ranges, the 3H activity was calculated by ata robustness). in-situ, plus 14% as backfill) to overall ;
tritium ingress | length (total of 141 subsurface concrete e L . . - 4.34E+06 kg concentrations.
samples from areas excluding the multiplying the mass by the average activity of samples in the depth INV-DRAGON-006 (generic | Dragon inventory. '
Betalite store) range from the general B70 area (excluding Betalite store). material specifications used). | Therefore, overall RAG score is Amber
(box 5).
Medium to high confidence in the Alternative inventories
Reactor inventory_: su_pported by significa_nt_ calculated:
building (B70) | o¢ 2tove (24 of the subsurface characterisation data; some remaining i) using maximum instead
Yes - Betalite store concrete samples in these datasets are None As above, except the average activity of samples taken only from the As above uncertainties. 7.77E+01 m3 of average activity
area (room 121; P Betalite store was used. ' Small contribution (3% in-situ) to overall 1.86E+05 kg concentrations, and

=257 level) —
tritium ingress

from the Betalite store).

Dragon inventory.

Therefore, overall RAG score is Green
(box 2).

ii) including the
anomalously high 3H result
in the FP.
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Inventory N - Fingerprints / : - Assumed L . .
gggvggf, disposal area ﬁt\wlz;\rr]i\gtensatlon CEE ST 1 other relevant | Inventory derivation approach Uncertainty cross-reference ?1\\//2;&;2 EECIHtNGS & SEHIENEe BT IR contaminated fgp;ﬁg’:&gg:% S\Z rﬁ tlz)aS's
" | components y info y volume & mass y
Low confidence in the inventory; activity
Upper value of current estimated range for total activity used, together INV-DRAGON-010 (all assumptions not supported by any sampling None: discussion of
Residual Dose rate measurements plus Dragon primar with primary coolant fingerprint. Activity concentrations calculated PGPC-related uncertainties data yet; significant remaining uncertainties. contri’bution if only 90%
contamination - : ents p gon p y assuming contamination has penetrated 10 mm into concrete floor of - . o Moderate contribution (13% in-situ) to 3 . Yy
MicroShield modelling (further coolant FP - 3 3 N including total activity, : LT 3.30E-02 m clean-up achieved, but
Yes from the PGPC N - - density 2400 kg/m? over an area of 3.3 m®. For total Winfrith end - . overall Dragon inventory. This is highly
. characterisation data expected in considered to AR - L radionuclides present, - - 7.92E+01 kg assumed to be
contaminated future) be applicable state in-situ disposal inventory, it is assumed that 95.5% of the enetration denth and extent dependent on assumptions, especially level decontaminated to at least
water spill ' PP contamination will be removed during clean-up, the level needed to gf clean-up) P of clean-up, and could increase. LLW
reduce the activity concentration to the upper limit for LLW. P Therefore, overall RAG score is Red (box '
6).
Low to medium confidence in the
inventory: supported by some Alternative inventories
str:;geBcz?I g?g?r::tligﬁa characterisation data, but uncertainty about calculated:
As for B70 general area surface contamination: FP derived in this : its representativeness, and the assumption For in-situ i) assuming 100% rather
Eﬂﬁ:jisntor(emg) gsn{g;?ngigﬁnggloiﬁ?esg tf;ICSG 4 study for Dragon general area surface contamination adopted; highest ;?;J;}ig?ﬁg ’\rlt;O?:se(rI:; tive) that only 5% of the surface activity is present component only: | than 5% of surface
Yes - surfage samoles were from B78: no None count rate (100 cps) of ViridiScope survey and probe efficiency p is not underpinned. 1 49E+00 m? contamination is present;
contamination ViriEiSco e locations ir{ B78) calibration used to calculate a hotspot equivalent surface activity of 'NV'DRAGON‘OOW Small contribution (0.04% in-situ, plus ' and
P : 9.91 Bg/cm?; 5% of total surface activity assumed to be present. (assumption of 5% surface | g 294 as backfill) to overall Dragon 3.57E+03 kg ii) applying an alternative
contamination not well inventory fi - ining P
underpinned) . _ fingerprint containing Pu
' Therefore, overall RAG score is Green isotopes.
(box 2).
As for B70 general area Medium confidence in the inventory:
Fuel S tritium ingress: supported by some characterisation data; For in-situ Al L
bllfl dintorme) As for B70 tritium ingress (17 of the As for B70 tritium ingress. Only ingress up to 15cm considered, to INV-DRAGON-004 (derived | SOme remaining uncertainties. component only: cargl;?;g\c;eu!sri]xenr:]c;%mum
Yes - tritiur% subsurface concrete samples in these None avoid double counting (as the walls in B78 are generally only 30cm FP assumed to be Small contribution (0.5% in-situ, plus 2% 1.07E+02 m? instead of averg e activity
. datasets are from B78). thick). representative). as backfill) to overall Dragon inventory. ' : g
ingress . . 2.56E+05 kg concentrations.
INV-DRAGON-006 (generic | Therefore, overall RAG score is Amber
material specifications used). |(box 2).
INV-DRAGON-002
emolition strategy —
demolition strategy
above/below ground
. . . roportions, location/
It is assumed that demolition material (concrete blocks and/or rubble) prop : :
concentration of inventory
from the above-ground concrete structure of the Dragon Reactor may change)
buildings will be used to fill the Dragon below-ground voids, topped ' . . . . . Lo .
up withgapproximately 1100 m? fror% the existigg rubble stockai)IFt)as INV-DRAGON-003 (backfill | Medium confidence in the inventory: Alternative inventories
The inventory comprisesl the above-ground portions of the bioshiel d strategy — materials balance | reflects the overall status of underlying calculated:
_ . . ) (demolition volume), inputs (see rows above), uncertainty in the i) using maximum instead
coment,barytes concree and epar), || 528 VAL | oA it inress, a Gerved a i th coresponding | | OPbUtcn of B78, backfill | characterisation of the ubble mouds, and of average activty
, bary’ ar), rows above. gress, a h eSp 9 form/density are all uncertainty in volume and density of the concentrations for rubble
Reactor B70 general area surface contamination below-ground rows above, and the inventory associated with the tai backfill material 3
Hdi O i A59 general ; " ; ; uncertain). acktill material. 6.54E+03 m component, and
Yes building (B70) |and B70 general area tritium ingress. A ' stockpile rubble. Demolition material from B78 is assumed not to be . L 0 - .
backfill Rubble stockiles: Groundhod surve fingerprint (FP- included in the backfill. INV-SGHWR-002 Significant contribution (54%) to overall 1.29E+07 kg ii) carrying through
pries: Y Yy 004) for rubble . o - (uncertainties associated with | Dragon inventory, comprising components alternative inventories
and non-representative surface and . The inventory derivation approach for the rubble mounds is discussed - : : 0
. stockpiles. . . . . fingerprint use) noted in rows above plus 20% rubble from calculated for components
near-surface sampling of mounds [93]. in Section 2.17. Activities are either from the average sample data INV-SGHWR-006 existing stockpiles With an in-situ portion as
from the mounds or based on the ratios of FP-004 scaled to EPR16 ) ) . . an In-situ p
005 levels (adequateness of Therefore, overall RAG score is Amber described in rows above.
) . L . characterisation data in (box 8).
For the purposes of calculating an activity concentration for the ;
- e ; relation to the rubble
backfill, a compacted rubble density (intermediate between stacked mounds)
blocks and loose rubble) of 1,960 kg/m?® has been assumed. i
Fundamental uncertainties
are those associated with the
corresponding component
rows.
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Inventory N - Fingerprints / : - Assumed L . .
gggvg\,’, disposal area ﬁ?/z;\rr]?gtr;nsatlon C S SO (712 other relevant | Inventory derivation approach Uncertainty cross-reference ﬁzz;e;gr(;onfldence S S TR 10 DI e contaminated fgpzlliﬁr%gc:% s\z rﬁ t%?yS'S
" | components info volume & mass
Although no inventory has been derived, this
area is expected to be decontaminated and so
. . . . . . . . there is medium confidence that the residual
Region beneath Potentlgl fqr low-level actinide ane —expect |No mvent_ory derived as it is assumeql t_hat this area will be _ INV-DRAGON-001 inventory will be insignificant. _
No the fuel contamination but can only be different FP to | decontaminated as appropriate once it is accessible and the residual (assumption as stated) Expected nealigible contribution to overall Not determined | None
carousel (B70) | characterised once accessible rest of B70 inventory will therefore be negligible. P D pected negiig
ragon inventory.
Therefore, overall RAG score is Green
(box 2).
Although no inventory has been derived, this
area is expected to be decontaminated and so
Steel-lined . L . . . . . there is medium confidence that the residual
sump beneath Potentlgl fqr low-level fission product None —expect | No inventory derived as it is assumegl t_hat this area will be _ INV-DRAGON-001 inventory will be insignificant. _
No the reactor contamination but can onl_y be different FP to plecontammqted as appropriate once it is accessible and the residual (assumption as stated) Expected negligible contribution to overall Not determined | None
characterised once accessible rest of B70 inventory will therefore be negligible. -
(B70) Dragon inventory.
Therefore, overall RAG score is Green
(box 2).
For the mortuary holes component, two separate inventories were
calculated, one using the fingerprint and probe response value from the
MH with the highest cps reading for the top smear sample in the initial
survey, and one using the fingerprint and probe response value from
the MH with the highest beta/gammas cps reading for the full-length Three alternatives
- Systematic sampling campaign smear sample in the initial survey, applied to the beta/gamma cps as described in
(following DQO process) undertaken reading for the top smear and full-length smear respectively from each -
in 2023. MH. The "average" inventory is the average value of the two INV-DRAGON-008 (FP of ljnvgnt?ry
- All MHs surveyed and smear samples inventories for each radionuclide and the "maximum" inventory is the | | fixed contamination and ratio | npjedjum to high confidence in the agg:g::?]ncolumn'
Primary taken at top, cross vent and full-height. highest value of the two inventories for each radionuclide. of loose to fixed N inventory, as based on data from systematic M . = o o
Mortuary Hole |Samples with highest cps readings at Magnox For the cross vent component, the "average" inventory was calculated | | CONtamination uncertain; sampling campaign (but uncertainty remains I2)5iE+0_3 km ; Alternatlve“mveptory .
Structure the three locations underwent standard probe | for each of ten (top and bottom) cross vents, using the fingerprintand | | SM¢&f pick-up efficiency regarding fixed contamination and potential | <> taminate% adopts the “maximum
(B78), radioisotope analysis. response probe response value from the MH with the highest cps reading for the | | Uncertain; no direct for higher contamination in bottom cross el inventories for MH and
Yes including sump, | - Results used to derive inventories for | | calibration and |cross vent smear sample in the initial survey, applied to the average charactferlsatlon_of IsodfT‘e vents). S & . gross_\t/)er&t_co_mponents as
ventilation MH and cross vents components. activity beta/gamma cps reading of the cross vent smear sample from the Eags of system lrlc.u lnlg Small contribution (0.5%) to overall ii) 2.71E+01 m*; des_crl t'e In mventr?ry
ducts and - Main ventilation ducts and sump conversion. group of five_ MHs connected by each of_the ten cross vents. The hgwotrg g;gf;;g?i:é unclear Dragon inventory. 65;15;?: 1‘% cglr:}:ﬁr:on approac
lateral vents | inventory based on 2016 inventory "maximum" inventory was calculated using the highest (rather than contamination volume in Therefore, overall RAG score is Green co ?_ f'lal € :
estimate which used a smear from the average) beta/gamma cps reading of the cross vent smear sample from d leul g (box 2). groutinti
ventilation stack outlet (assumed to the group of five MHs connected by each of the ten cross vents. order to calculate activity iii) 2.35E+02 m?;
> s . . . : concentration) 5.64E+08 kg
still be most representative sample for Total inventories calculated by summing the MH, cross vents, main inatad
these components). ducts and sump components. contanllnate it
To calculate activity concentration, three alternative contamination concrete monolt
volumes have been considered: i) the first 1. mm of the entire steel
structure; ii) loose contamination averaged over the infill volume; iii)
the planned concrete monolith comprising the entire pit in which the
steel structure and grout infill will sit.
Although no inventory has been derived, this
Fresh fuel structure is expected to be removed and so
Mortuary Hole there is high confidence that the residual
No Structureand |\ None No inventory derived as these are expected to be removed and INV-DRAGON-009 inventory will be insignificant. Not determined | None
metal lining of disposed of off-site. (assumption as stated) Expected negligible contribution to overall
storage pit Dragon inventory.
(B78) Therefore, overall RAG score is Green

(box 1).
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Assumed

Inventory N - Fingerprints / . L L . .
gggvggf, disposal area ﬁt\wlz;\rr]i\gtensatlon CEE ST 1 other relevant | Inventory derivation approach Uncertainty cross-reference ?1\\//2;?2 EECIHtNGS & SEHIENEe BT IR contaminated fgp;ﬁg’:&gg:% S\Z r< tl;aS's
" | components y info y volume & mass y

B78 Mortuary
No Hole Structure
bulk concrete

None, but some may be available after
the current (2023) mortuary hole
sampling programme

None

No inventory derived as no radionuclides are expected to have
migrated into the concrete due to the steel structure of the mortuary
holes and lining of the pit. There is a small possibility of migration
having occurred at steel joints, but there is currently no evidence for
this.

INV-DRAGON-009
(assumption as stated)

Medium confidence that the inventory will
be negligible: logical arguments suggest this,
but there are no data to confirm it.

Expected negligible contribution to overall
Dragon inventory.

Therefore, overall RAG score is Green
(box 1).

Not determined

None
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Inventory Associated with A59

Background

Building A59 was the PIE facility and was used to examine material from various
reactors, as well as undertake operations involving re-concentration of D>O and
decontamination activities using acids and other decontamination liquids. The A591
facility formed part of the connection between the operations within the A59 building
and the discharge of active liquid wastes to ALES. A number of historical incidents
were recorded in A59 and A591 that had the potential for ground contamination;
remediation activities have been undertaken but some radiological contamination is
known to be present. The current A59 area includes two Areas of Potential Concern
(APCs): the Pit 3 / Pressurised Suit Area (PSA) APC and the A591 / Heavy Vehicle
Airlock (HVA) APC. Spotty contamination is understood to be present in the
remaining A59 area.

A full description of the A59 area, its building history, incidents with potential for
ground contamination, building demolition and the remediation programme can be
found in Section 2 of the separate A59 inventory report [10].

Proposed End State

The two current APC features of the A59 area could potentially be contaminated to
above Oo0S levels. Following a review of inventory and options for the A59 area [11],
it is anticipated that remediation will be undertaken as necessary to satisfy OoS
requirements?!. Thus, the A59 area does not form part of the permit application for on-
site disposal. However, inventory information for the A59 area is needed to support
site decommissioning activities and the radiological performance assessment, and to
inform site monitoring expectations. Therefore, an estimate for the remediated Oo0S
A59 area inventory is included here.

Origin and Constraints on the Radiological Inventory

The dataset on which the A59 inventory is based consists of the following elements:

e Excavation surface sampling and monitoring (2007-2008). This relates to a
programme of verification gamma monitoring and radiochemical sampling and
analysis on the surface of the A59 and A591 excavations (which were
undertaken as separate projects) prior to backfilling and capping, as well as post-
backfill monitoring and sampling once the backfilling and capping was
complete. This is the primary information source for the radiological inventory
of the in-situ A59 contamination (i.e. post remediation).

e Restored ground surface sampling and monitoring (2009-2010). Following
completion of the remediation works the A59 excavation area was backfilled
using a combination of soil determined to meet a remediation criterion and new

2L Once remediated (if necessary) and demonstrated to be OoS, these areas would be classed as “Former
APCs”.
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soil imported onto the Winfrith site. The new ground surface was then gamma
surveyed and sampled for radiological analysis.

e Recent site investigations and monitoring, including 2016-2018 site
investigations involving systematic soil profile sampling; a 2019 review of
activities in groundwater; further analysis of archive soil samples in 2019; and
a background radioactivity study undertaken in 2019.

These datasets are presented and discussed in detail in Section 3 of the separate A59
inventory report [10].

Inventory Estimate

Reference inventory estimates have been derived for three A59 features: each of the
two current APCs, and all other areas of the former A59 building footprint taken
together. Section 4 of the separate A59 inventory report [10] explains the approach
taken to estimating these inventories, including:

e Determination of appropriate fingerprints and dimensions.

e Derivation of inventories for the above three features for both the remediation
works excavation surface and the infill inventory.

e Development and application of a method accounting for the “spottiness” of
contamination to reduce the impact of over-representing zones of elevated
contamination.

The resulting inventories are presented in terms of total activity, average activity
concentrations and maximum activity concentrations, at three dates: 2008 (reflecting
the historic remediation works), 2023 and 2027 (for direct use in the end state
assessments). These inventories can be found in Section 4.6 and Appendix B of [10]
and are reproduced in the tables below for 2027.

A sum-of-fractions comparison of the total activities (and average activity
concentrations) against radionuclide-specific OoS levels in EPR16 shows that the
reference inventory estimates for all A59 features already meet OoS criteria; if future
characterisation confirms this to be the case then no additional remediation would be
required.

Table5.1:  Average and maximum activity concentrations for the three A59
features (and soils used as infill), presented for a reference date of
01/01/2027 [10, Tab.B.1 and B.2].

PSA/Pit 3 A591/HVA A59 Other Areas Infill

Radio-
nuclide

Average
[Ba/g]

Maximum
[Ba/g]

Average
[Ba/g]

Maximum
[Ba/g]

Average
[Ba/d]

Maximum
[Ba/d]

Average |Maximum
[Ba/g] | [Ba/g]

GOCO

4.97E-04

3.68E-03

2.14E-02

2.39E-01

6.17E-04

9.20E-03

6.34E-04 | 4.97E-03

63Ni

0.00E+00

0.00E+00

1.41E+00

1.80E+01

7.84E-02

1.19E+00

8.19E-02 | 6.42E-01

0gr

1.27E-02

2.41E-01

1.58E-01

1.87E+00

4.00E-02

4.72E-01

3.12E-02 | 9.03E-02

1258b

8.10E-06

4.04E-04

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00 | 0.00E+00

137Cs

1.72E-02

8.57E-01

4.74E-02

6.33E-01

1.29E-02

1.52E-01

1.41E-02 | 2.90E-02

226Ra

7.72E-09

2.77E-08

4.79E-08

1.96E-07

1.49E-08

2.63E-08

9.74E-09 | 1.02E-08
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Radio-

PSA/Pit 3

A591/HVA

A59 Other Areas

Infill

nuclide

Average
[Ba/g]

Maximum
[Ba/g]

Average
[Ba/g]

Maximum
[Ba/g]

Average
[Ba/g]

Maximum
[Ba/g]

Average |Maximum
[Ba/gl | [Ba/g]

227 AcC

1.73E-07

6.18E-07

8.51E-07

2.86E-06

1.65E-07

2.86E-07

1.06E-07 | 1.11E-07

230Th

1.97E-06

7.08E-06

1.22E-05

4.99E-05

3.80E-06

6.70E-06

2.48E-06 | 2.59E-06

231Pa

7.22E-07

2.57E-06

3.54E-06

1.19E-05

6.86E-07

1.19E-06

4.41E-07 | 4.61E-07

234 U

1.18E-02

4.24E-02

7.32E-02

2.99E-01

2.28E-02

4.01E-02

1.49E-02 | 1.55E-02

235U

1.88E-03

6.70E-03

9.22E-03

3.10E-02

1.79E-03

3.10E-03

1.15E-03 | 1.20E-03

238U

1.33E-02

4.82E-02

7.18E-02

2.96E-01

2.34E-02

4.12E-02

1.53E-02 | 1.59E-02

237Np

5.50E-08

1.25E-06

1.03E-07

1.96E-06

1.76E-08

4.56E-07

1.26E-08 | 1.97E-08

238Pu

8.19E-04

2.06E-02

9.79E-04

1.04E-02

2.92E-04

7.35E-03

2.42E-04 | 7.80E-04

239Pu

1.03E-02

2.75E-01

9.13E-04

1.13E-02

1.42E-03

3.67E-02

1.76E-03 | 1.63E-02

240Pu

7.46E-03

2.00E-01

1.43E-03

1.77E-02

1.97E-03

5.11E-02

2.45E-03 | 2.27E-02

241|:)u

2.41E-02

5.04E-01

1.92E-02

1.29E-01

6.13E-03

1.45E-01

4.83E-03 | 1.50E-02

241Am

9.72E-03

2.20E-01

1.77E-02

3.32E-01

3.08E-03

7.95E-02

2.21E-03 | 3.60E-03

244Cm

0.00E+00

0.00E+00

9.03E-04

1.26E-02

9.80E-04

2.55E-02

6.97E-04 | 1.02E-03

Sum

1.10E-01

2.42E+00

1.83E+00

2.19E+01

1.94E-01

2.25E+00

1.71E-01 | 8.58E-01

Table 5.2:

Estimated reference radionuclide inventory for the three A59 features,

presented for a reference date of 01/01/2027 [10, Tab.4.26].

The

inventory is derived assuming the average activity concentrations. The
reference inventory for each feature incorporates both the excavation

surface and backfill inventory contributions.

Radio-
nuclide

PSA/Pit 3 [MBq]

A591/HVA [MBq]

A59 Other Areas
[MBq]

Total [MB(q]

GOCO

1.46E+00

1.50E+01

1.27E+01

2.91E+01

63Ni

4.81E+01

9.88E+02

1.62E+03

2.66E+03

%Gy

4.62E+01

1.13E+02

7.80E+02

9.39E+02

lZSSb

1.78E-02

0.00E+00

0.00E+00

1.78E-02

137CS

4.61E+01

3.45E+01

2.70E+02

3.50E+02

226Ra

2.27E-05

3.43E-05

2.83E-04

3.40E-04

227AC

3.81E-04

5.91E-04

2.66E-03

3.63E-03

230Th

5.79E-03

8.76E-03

7.21E-02

8.66E-02

231Pa

1.59E-03

2.46E-03

1.11E-02

1.51E-02

234U

3.47E+01

5.25E+01

4.32E+02

5.19E+02

235U

4.13E+00

6.40E+00

2.89E+01

3.94E+01

238U

3.83E+01

5.16E+01

4.43E+02

5.33E+02

237Np

1.28E-04

7.27E-05

3.39E-04

5.40E-04

238Pu

1.94E+00

7.05E-01

5.75E+00

8.40E+00

239Pu

2.37E+01

8.26E-01

3.04E+01

5.49E+01

240|:)u

1.79E+01

1.26E+00

4.24E+01

6.15E+01
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r'?uacci'i'gé PSA/Pit 3 [MBq] | A591/HVA [MBq] | °° C[),f;‘gafreas Total [MBq]
241py 5.58E+01 1.39E+01 1.20E+02 1.89E+02
241Am 2.27E+01 1.25E+01 5.93E+01 9.45E+01
244Cm 4.09E-01 7.04E-01 1.88E+01 1.99E+01
Sum 3.41E+02 1.29E+03 3.86E+03 5.49E+03

Sensitivity Analysis

There are various uncertainties in the A59 inventory, as discussed in detail throughout,
and summarised in Appendix A of, the separate A59 inventory report [10]. To account
for these uncertainties, alternative inventories were derived using the maximum instead
of average activity concentrations for each feature [10, Tab.4.28]. These alternative
inventories are considered to be conservative, as they are based on the maximum
concentrations measured or calculated for every radionuclide across the dataset, which
do not occur in any one sample.

A sum-of-fractions comparison against radionuclide-specific OoS levels shows that the
total activities for the Pit 3/PSA and A591/HVA alternative inventories calculated in
this way are above EPR16 OoS criteria. Since it is intended to remediate both areas to
satisfy OoS requirements, revised alternative inventories have been calculated by
applying scaling factors to reduce them to OoS levels, but still retaining the same
fingerprint proportions. The alternative total inventory for the “Other” area is already
00S, so no scaling is applied. Table 5.3 presents the revised alternative total
inventories, which represent the highest activities possible once OoS criteria are met
via remediation, while maintaining individual feature fingerprints.

Overall, the total A59 inventory in the revised alternative estimate is approximately 2.4
times higher than in the reference inventory estimate. Split out by feature, this results
from a 2.7-fold increase in the inventory for the Pit 3/PSA and “Other” areas, and a 1.2-
fold increase in the inventory for A591/HVAC.

Table 5.3:  Alternative estimated radionuclide inventory for the three A59 features,
presented for a reference date of 01/01/2027. The inventory is derived
assuming the maximum activity concentrations [10, Tab.4.28], then
scaled so that they just meet OoS criteria. The inventory for each feature
incorporates both the excavation surface and backfill inventory
contributions.

r?ui‘fi'gé PSA/Pit 3 [MBq] | A591/HVA [MBq] | “°° ?&;‘gg]ﬁ‘reas Total [MBq]
80Co 3.05E+00 1.74E+01 4.68E+01 6.73E+01
63Nj 2.33E+02 1.31E+03 6.05E+03 7.50E+03
%0gy 9.00E+01 1.37E+02 1.73E+03 1.95E+03
125g]) 9.20E-02 0.00E+00 0.00E+00 9.20E-02
197Cs 2.05E+02 4.64E+01 5.58E+02 8.10E+02
210p 2.93E-06 2.37E-06 5.07E-05 5.60E-05
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r?u"’::‘fi'gé PSA/Pit 3 [MBq] | A591/HVA [MBq] | “>° c[)lfz‘ég]p‘reas Total [MBq]
210pg 2.69E-06 2.17E-06 4.64E-05 5.12E-05
2%Ra 1.78E-05 1.44E-05 3.08E-04 3.40E-04
21AC 3.55E-04 2.10E-04 3.35E-03 3.92E-03
20Th 4.55E-03 3.67E-03 7.85E-02 8.67E-02
231pg 1.48E-03 8.72E-04 1.40E-02 1.63E-02
234y 2.72E+01 2.20E+01 4,70E+02 5.20E+02
2%y 3.85E+00 2.27E+00 3.63E+01 4.25E+01
235y 2.86E-05 8.32E-07 1.20E-04 1.49E-04
238y 3.04E+01 2.17E+01 4.83E+02 5.35E+02
Z'Np 3.02E-04 1.43E-04 1.21E-03 1.65E-03
238py 5.07E+00 7.65E-01 2.14E+01 2.73E+01
23%py 6.81E+01 1.01E+00 1.60E+02 2.29E+02
240py 5.31E+01 1.55E+00 2.23E+02 2.78E+02
241py 1.32E+02 9.54E+00 4.22E+02 5.64E+02
21Am 5.33E+01 2.42E+01 2.11E+02 2.88E+02
24Cm 3.71E-01 9.30E-01 6.70E+01 6.83E+01
Sum 9.05E+02 1.60E+03 1.05E+04 1.30E+04

The activity concentrations associated with the original alternative inventories are the
maximum values in Table 5.1. A sum-of-fractions comparison against radionuclide-
specific OoS levels shows that these are above OoS criteria for all three A59 features.
Since it is intended to remediate both Pit 3/PSA and A591/HVA to satisfy OoS
requirements, revised alternative activity concentrations have been calculated, again by
applying scaling factors to reduce them to OoS levels. No remediation is planned in
the “Other” area because both the reference inventory and alternative total activity are
0O0S. The alternative activity concentration is only above Oo0S because it is
conservatively based on a few samples from a small subsection of the area, with the
remaining, much larger, area having sample measurements less than 10% of OoS, if not
at the LOD. It is not realistic to assume that the entire volume is at this concentration
and therefore the alternative activity concentration has also been scaled to just satisfy
0Oo0S (with the expectation that it would be lower than this in reality). Table 5.4 presents
the revised activity concentrations associated with the alternative inventories for the
three A59 features.

Separate factors are applied to the alternative total activity and activity concentration
inventories because, as noted above (Section 5.4), the alternative activity concentration
reflects the highest measured samples in the above 10% of OoS areas (without
accounting for the lower activity in the “outside” areas). As it is planned to remediate
the PSA/Pit 3 and HVA/A591 areas to satisfy OoS, it is appropriate to model the
alternative inventory as no more than OoS in both the natural evolution (total activity)
and inadvertent human intrusion/site occupancy (activity concentration) assessments.
Therefore, scaling factors are applied to ensure that both inventories are OoS.
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Table 5.4:  Activity concentrations associated with the alternative estimated
inventories for the three A59 features (and soil used as infill), presented
for a reference date of 01/01/2027. These equate to the maximum
activity concentrations from Table 5.1, scaled (where necessary) to
reduce them to OoS levels.
r?ui‘fi'gé PSA/PIt 3 [Ba/g] | AS9UHVA [Ba/g] | A%° ?g:;/g]p‘reas Infill [Bq/g]
Co 4.36E-04 2.53E-02 3.54E-03 4.97E-03
&N 0.00E+00 1.91E+00 457E-01 6.42E-01
05r 2.86E-02 1.98E-01 1.82E-01 9.03E-02
1255 4.79E-05 0.00E+00 0.00E+00 0.00E+00
187Cs 1.02E-01 6.70E-02 5.83E-02 2.90E-02
210pp 0.00E+00 0.00E+00 0.00E+00 0.00E+00
210pg 0.00E+00 0.00E+00 0.00E+00 0.00E+00
26Ra 3.29E-09 2.07E-08 1.01E-08 1.02E-08
21 7.32E-08 3.03E-07 1.10E-07 1.11E-07
230Th 8.38E-07 5.28E-06 2.58E-06 2.59E-06
231pg 3.05E-07 1.26E-06 4.58E-07 4.61E-07
234y 5.02E-03 3.17E-02 1.54E-02 1.55E-02
2%y 7.94E-04 3.28E-03 1.19E-03 1.20E-03
25y 0.00E+00 0.00E+00 0.00E+00 0.00E+00
238y 5.71E-03 3.14E-02 1.58E-02 1.59E-02
Z'Np 1.48E-07 2.08E-07 1.76E-07 1.97E-08
238py 2.44E-03 1.10E-03 2.83E-03 7.80E-04
2%py 3.26E-02 1.20E-03 1.41E-02 1.63E-02
240py 2.37E-02 1.87E-03 1.97E-02 2.27E-02
241py 5.97E-02 1.37E-02 5.59E-02 1.50E-02
21Am 2.61E-02 3.52E-02 3.06E-02 3.60E-03
24Cm 0.00E+00 1.34E-03 9.79E-03 1.02E-03
Sum 2.86E-01 2.32E+00 8.66E-01 8.58E-01
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Conclusions

A summary of the radiological inventory that represents a cautious but credible estimate
of the inventory that could be left on the Winfrith site at the end state is given in
Table 6.1. The inventory is based on the current understanding of the features proposed
for on-site disposal, namely those comprising the SGHWR and Dragon Reactor
complexes and the A59 area, drawing on the characterisation, decontamination and
decommissioning carried out so far. The inventory is presented in terms of total
activity, and in terms of average and maximum activity concentrations. Note that the
maximum concentration has been derived from the maximum activity concentration
measured for each radionuclide across all samples obtained for a given feature, not from
the sample with the maximum total concentration; therefore, it is very unlikely that such
a conservative maximum would occur in any one future sample.

The summary data presented in Table 6.1 are plotted as two pie charts in Figure 6.1.
These clearly indicate the dominance of the SGHWR inventory (98% of the total
radioactivity). The most significant features of the SGHWR inventory are the bioshield
(59% of the SGHWR total), and then the secondary (11%) and primary (10%)
containments.

The inventory estimates have been developed using a number of assumptions as there
is limited information for some components and access limitations prevent sampling
and characterisation at this time. A list of the assumptions and main uncertainties
associated with the reactor complex inventory estimates? is given in the Uncertainty
Management Plan (UMP) table of Appendix A. The uncertainties and assumptions
discussed in this report for each of the candidate features are summarised in the UMP
in the following groups:

e Potential for additional plant, structures and any contaminated land associated
with SGHWR and Dragon to be included in the inventory scope.

e Uncertainties associated with comprehensiveness, scope, and applicability of
waste fingerprints.

e Use of generic material compositions and densities due to lack of site-specific
data.

e Adequateness and statistical robustness of the available characterisation data.
e Impact of changes to current outline demolition and backfill plans.

The key uncertainties and recommendations for future actions for SGHWR and for the
Dragon Reactor complex inventories are summarised below.

The estimated SGHWR bioshield inventory comprises around 57% of the total Winfrith
end state inventory; however, characterisation data available for this feature comprises
radiological data from just two concrete cores. The cores were analysed for a relatively
limited radiological suite when compared to the range of radionuclides which may be
expected to be formed during concrete activation. Only three rebar samples were taken
from the bioshield cores. One of these was taken at the periphery of the activated

22 Those associated with A59 are presented in Appendix A of the separate A59 inventory report and are
not discussed further here.
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region, however the remaining two were further away from the reactor and as such
provide no information regards the level of activation. As with the concrete samples, a
relatively limited radiological suite was applied and so knowledge of the degree and
nature of rebar activation is low. Estimates for gaps in the bioshield concrete and rebar
fingerprints and derived inventory have been filled using an SGHWR activation
modelling study; however, this study also has limitations. For instance, a number of
generic parameters are used in the modelling study such that it is not specific to the
SGHWR (e.g. trace element data for generic concretes and steels were used which will
influence both the fingerprint and quantity of the radioactivity predicted to be present).
Gaining further characterisation data on the bioshield concrete and rebar would reduce
uncertainty here and lessen, or remove reliance on, the activation modelling.

The SGHWR secondary containment comprises the second most significant feature
with 11.2% of the total Winfrith end state inventory, and 11 of 40 of the maximum
radionuclide concentrations in the SGHWR inventory. The prominence of the
secondary containment for maximal activities relates to a number of localised areas of
more elevated contamination in this feature, with much of the remaining structure
containing only very low-levels of contamination. Some of the more elevated areas of
contamination have limited characterisation datasets; however, characterisation is still
in progress in a number of these areas, which will reduce uncertainty.

A significant number of the SGHWR maximum radionuclide concentration values (11
of 40) are associated with the mortuary tubes, and this feature also accounts for most
of the highest average concentrations across the features (23 of 40). This is largely due
to the fact that the mortuary tubes inventory comprises one active component of a small
volume, for which speculative and conservative contamination assumptions have been
made.

The dominant feature of the estimated Dragon Reactor complex inventory is the
backfill, which comprises 54% of the total Dragon complex inventory although less
than 1% of the total Winfrith end state inventory. The Dragon backfill inventory
comprises contributions from the bioshield and general building contamination
estimates, as well as material from existing rubble stockpiles:

e The ordinary concrete bioshield fingerprint has been derived using the average
activity across all core samples and applied over the whole inner bioshield
concrete volume. Further characterisation to confirm that there are no areas of
higher activation in the bioshield than already identified would support this
approach. An indicative estimate for the barytes concrete fingerprint has been
produced by assuming a proportionate scaling of the ordinary concrete bioshield
activation fingerprint, but knowledge of the location and composition of the
barytes concrete, and radiological sample analysis, would support improved
understanding of the barytes concrete inventory. In addition, there are limited
bioshield rebar sample data and differences in the steel trace contaminants could
lead to significantly different activation fingerprints than assumed.

e The samples used to derive the Dragon general building contamination
fingerprint were taken for different reasons from ten campaigns over the period
1999-2016, and were not taken to systematically sample all areas of the facility.
For many radionuclides in the characterisation dataset the measured activities
are very low and could be considered to be at the level of noise in the results.
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Other than for 3H, *’Cs and ®°Co, there are insufficient results for the identified
radionuclides to draw statistically meaningful conclusions (regarding activity or
distribution across the facility). Further characterisation to reduce this
uncertainty may be undertaken as decommissioning proceeds. In addition, the
Dragon building surface contamination inventory has been calculated assuming
that the highest measured surface contamination hotspot activity is present on
5% of the building surface area — this assumption is made on the basis that the
building does not have any significant contamination, but further underpinning
with additional sampling or uncertainty analysis in the PA is advised.

A recent (2023) systematic sampling campaign has significantly reduced uncertainty in
the estimated inventory for the Dragon Primary Mortuary Hole Structure. Limited
characterisation data exist for the PGPC spill inventory estimate; however, further
characterisation to reduce the uncertainty in this estimate will be undertaken during
clean-up and NRS is confident that it can be decontaminated to at least LLW.

The identified gaps, uncertainties and assumptions have been used in this report to
support a qualitative assessment of the confidence in the inventory estimates for each
component and in derivation of alternative, more conservative, inventory estimates.
The alternative inventories explore the impact of uncertainties, but are not considered
to be realistic estimates. The reference inventory for the SGHWR is estimated to have
a total activity at 01/01/2027 of 6.12E+05 MBq, which is increased by a factor of 9.7
to 5.91E+06 MBq when accounting for uncertainties in the alternative inventory
components. The increase in the Dragon Reactor complex inventory is not so
significant, increasing by a factor of 3.5 from 7.23E+03 MBq to 2.55E+04 MBq. The
0Oo0S A59 inventory increases by a factor of 2.4 from 5.49E+03 MBq to 1.30E+04 MBq.
The alternative inventory estimates also account for variations in possible fingerprints
and radionuclide content for components where this is considered appropriate. Both
the reference and alternative inventories will be considered in the radiological PA.

The identified gaps and uncertainties are also used by NRS to inform the need for
additional characterisation. NRS will undertake further characterisation as demolition
activities proceed and additional parts of the facilities are safely accessible, in an
approach set out in the Strategic Inventory Management Plan.  Additional
characterisation will be undertaken as needed during the EA’s determination period and
during implementation of the end state. EAC will also be applied to control material
that is emplaced in the reactor voids. NRS recognises that it carries a risk in undertaking
characterisation after the permit application has been submitted. If material is
discovered beyond that indicated in the permit application then, following an options
assessment, it is acknowledged that the material will need to be removed for off-site
disposal or a delay in the permit application/final release incurred as revised assessment
documentation is submitted. However, the inventory estimates presented here are
considered to be a credible but cautious estimate of the end state activity, that are, in
the main, characterised proportionately to the hazard presented. Sensitivity to
alternative inventory assumptions has also been considered. In practice, the inventory
estimates are expected to reduce as decommissioning proceeds and further
characterisation information becomes available. The end state radiological inventory
report will be revised as necessary as additional characterisation and sampling data
become available.
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Features of the reference and alternative inventories of radioactive waste potentially left on the Winfrith site at the end state giving the estimated activity concentration and total inventory associated with

Feature

Rationale for Inventory Estimate

Contami-
nated
Mass [kg]

Contami-
nated
Volume
[m’]

REFERENCE INVENTORY

ALTERNATIVE INVENTORY

Feature Total Activity

Activity

[MBq]

Feature %

Concentra-
tion [Bqg/g]

Maximum

Reactor Complex /
Area Activity

Feature Total Activity

Activity
Concentra-
tion [Bqg/g]

[MBq]

Feature %

[MBq]

Feature %

Increased
by factor

Activity
Concentra-
tion [Bg/g]

Reactor Complex /
Area Activity

[MBq]

Feature %

SGHWR

Bioshield

Based on characterisation data from 2 concrete
cores and neutron activation modelling of the
concrete and rebar in the bioshield.

7.65E+05

3.14E+02

3.58E+05

58.6%

4.69E+02

8.92E+03

Mortuary
Tubes

Preliminary, high level approach in the absence
of characterisation data which adopts the sum of
activities of primary circuit pipework, moderator
circuit pipework, ponds liners, activated rebar,
and activated reactor components for mortuary
tubes liners. Further characterisation expected.

2.75E+03

3.50E-01

8.11E+03

1.3%

2.95E+03

9.37E+03

Primary

Based on available characterisation data from
Room 111, and deeper concrete intervals in the
primary containment, assumed depths of
penetration of contamination into the building
fabric, SGHWR primary external contamination
fingerprint (FP-028) and proportion more than 1
m below ground level.

4.96E+06

2.07E+03

6.05E+04

9.9%

1.22E+01

1.55E+03

Secondary

Based on available characterisation data from the
structure, 7 secondary containment fingerprints,
assumed depths of penetration, and the
proportion more than 1 m below ground level
(assume comprises Levels 1-3). Some areas
assumed to be inactive.

4.21E+06

1.75E+03

6.97E+04

11.4%

1.65E+01

5.62E+03

Ponds

Based on 2016 ponds characterisation
programme comprising 17 cores from pond floor
areas and 126 wall cores.

1.17E+06

4.87E+02

1.09E+04

1.8%

9.32E+00

7.01E+03

Ancillary
Areas

Based on characterisation data where available
and applicable fingerprints (including FP-003,
FP-016 and FP-026). Some areas assumed to be
inactive.

1.89E+06

7.89E+02

3.33E+03

0.5%

1.76E+00

7.81E+01

Bulk
structure

To account for tritium contamination of the bulk
concrete. Based on the mass of accounted for
structure and the median tritium activity for
components with an inventory.

2.86E+07

1.19E+04

1.86E+04

3.0%

6.50E-01

6.50E-01

Backfill

Rubble mounds assumed to be at out-of-scope
(O0S) of RSR (to be confirmed in future
characterisation). Incorporates inventory from
demolished Levels 4-10.

6.12E+07

2.97E+04

8.23E+04

13.5%

1.35E+00

2.74E+03

6.12E+05

98.0%

5.22E+06

88.3%

14.6

6.83E+03

2.56E+04

0.4%

3.2

9.30E+03

2.55E+05

4.3%

4.2

5.15E+01

1.35E+05

2.3%

1.9

3.20E+01

2.01E+04

0.3%

1.9

1.73E+01

1.66E+04

0.3%

5.0

8.77E+00

3.54E+04

0.6%

1.9

1.24E+00

2.04E+05

3.4%

2.5

3.33E+00

5.91E+06

99.4%

Dragon

Below
cutline
Bioshield

Based on characterisation data from 6 cores,
fingerprints for Dragon Upper Support Ring
concrete blocks and the mild steel baseplate, and
by analogy with SGHWR neutron activation
modelling.

2.57E+05

9.25E+01

1.51E+03

20.9%

5.86E+00

2.84E+01

Below

Fingerprint derived from characterisation data for
10 datasets at various locations in Dragon and

4.58E+06

1.91E+03

8.12E+02

11.2%

1.52E+01

1.61E+02

7.23E+03

1.2%

6.41E+03

25.2%

4.2

2.49E+01

6.30E+03

24.7%

7.8

1.55E+01

2.55E+04

0.4%
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REFERENCE INVENTORY

ALTERNATIVE INVENTORY

. | Contami-
Contami- . o Maximum Reactor Complex / . . Reactor Complex /
Feature Rationale for Inventory Estimate nated nated | Feature Total Activity | Activity Activity Area Activity Feature Total Activity (AL Area Activity
M k Volume Concentra- Concentra-
ass [kg] [m3] [MBq] | Feature % | tion [Ba/g] Concentra [MBqg] | Feature% | [MBq] | Feature % Increased | 4o [Bg/g] [MBq] | Feature %
tion [Bg/g] by factor
cutline scaled using most active hotspot measured in the
B70 2018 in-situ sampling campaign; assumes 5% of
Building | the building structure is surface contaminated.
Contamin- |3H ingress 30 cm into building structure. Betalite
ation store area inventory (included in this row)
calculated separately using a dedicated
fingerprint.
Preliminary estimate based on Dragon primary
coolant fingerprint (shown to closely correlate
with Purge Gas Pre-Cooler (PGPC)
zgﬁc fgt’;a:;mtt';?gng?nﬁ;h;:r‘]"’t'rfz anestimate fr (M€ | 7 92E+01 | 3.30E-02 | 950E402 |  13.1% | 120E404 | 120E+04 950E+02 |  3.7% 10 | 1.20E+04
region derived from MicroShield dose modelling.
95.5% of contamination is assumed to be
removed. Further characterisation expected.
Assumed to comprise the above-ground portions
of the bioshield, B70 building and B78 building,
emplaced as concrete blocks and/or rubble,
together with some material from the existing
Backfill ::\E’g':;;oﬁﬁgmsaiﬁlaesrfg;’:sdfh”;?r']'\t:r:‘t;?ygirsound 1.20E+07 | 6.54E+03 | 3.88E+03 | 53.7% | 3.02E-01 | 1.61E+02 1.16E+04 |  45.4% 30 | 8.98E-01
expected to contain 51% of total bioshield
activity and 65% of the building surface
contamination activity and *H ingress into
structure.
Primar Estimate for mortuary holes and cross vents
Mortuzz based on systematic 2023 survey and sampling
Hole y campaign; estimate for main ventilation ducts and | 2.51E+03 | 3.20E-01 | 3.37E+01 0.5% 5.18E-01 1.34E+01 4.76E+01 0.2% 14 7.33E-01
Structure | SUMP based on smear from ventilation outlet
stack (2016 inventory).
Fingerprint, contamination level and % of
EIZ\?) Floer g:;t:r:slrll?)trl%nTSrg:igtra?lrgt?islzlijrr:;]egc;r?t:ﬁ]it,?:tion 2.56E+05 | 1.07E+02 | 4.01E+01 0.6% 1.52E+01 4.29E+01 2.20E+02 0.9% 55 1.57E+01
3H ingress 30 cm into building structure.
PsSA /Pit | Remediated OoS end state inventory estimate
3 APC derived for (i) the historical remediation works 2.20E+06 | 1.10E+03 | 3.41E+02 6.2% 1.10E-01 2.42E+00 9.05E+02 7.0% 2.7 2.86E-01
excavation surface at the cessation of soil
A591 / removal; and (ii) infill material used to create the
- iati imari 6.95E+05 | 3.47E+02 | 1.29E+03 23.5% 1.83E+00 2.19E+01 1.60E+03 12.3% 1.2 2.32E+00
HVA APC | Post-remediation ground surface. Primarily 0 0
AS9 based on remediation dataset including 5.49E+03 0.9% 1.30E+04 0.2%
verification gamma monitoring, radiochemical
2232 AS9 Z?)r;ptl)g]cgkgrl]ld n‘;‘gﬁ'&’g;fﬂg‘;’; dtzabrzgl‘fr']g'”g; and | 1 61E+07 | 8.07E+03 | 3.86E403 | 70.3% | 1.94E-01 | 2.25E+400 1.05E+04 | 80.7% 2.7 8.66E-01
supplemented by subsequent analysis.
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Figure 6.1:  Distribution of radioactivity in the SGHWR, Dragon and A59 end state features of the Winfrith site at 01/01/2027.
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Appendix A Uncertainties, Assumptions and Gaps

Table A.1:  List of the information gaps and uncertainties identified in the development of this radiological inventory report for inclusion in the
central Winfrith Disposal Permit Uncertainty Management Plan Register [16]. The uncertainties relating to the inventory derivation
for features and components that have both above and below cutline portions apply equally to the below cutline portion that will
remain in-situ and the above cutline portion that will be demolished and used as backfill (i.e. they have not been duplicated in this
table). The term “feature” is used in a more general sense in this table than in the rest of this report (and as defined in the Glossary).
Uncertainties already listed in the separate A59 Inventory Report [10] are not reproduced here.

UMP Feature, Event or Description of Uncertainty Treatment of Uncertainty / Statement of Originator's Originator's
Reference # Process subject to Assumption Rating of Recommended
Uncertainty Potential Action
Significance/
Impact
(H/M/L)Z
INV-SGHWR- | SGHWR external Other outbuildings and structures exist in | It is assumed that any radiological inventory L Continue routine
001 areas and close proximity to the SGHWR, some of |associated with external SGHWR monitoring through
contaminated land which have a history of contamination. outbuildings and structures is trivial, or that decommissioning to
These structures and their surrounding these features will be removed prior to the support trivial risk
land are not included in the inventory IEP. assumption.
calculations in this report. It is assumed that any existing contaminated
The subsurface beneath the SGHWR s land inventory beneath the SGHWR is trivial. Ensure coordination
inaccessible. Contaminating events with a with Site
ground impact have taken place Remediation Zone
historically in and around the SGHWR Close Out.
and a residual inventory is possible. Less
mobile radionuclides may not be detected

2 A “High” (H) rating is given if i) the uncertainty is not reduced, additional practical mitigation measure(s) is/are certain or very likely to be necessary in the near term;
and/or ii) the magnitude of the uncertainty is currently such that robust demonstration of environmental safety (including optimisation) over the site life-cycle is likely to
be impossible or very difficult.
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Rating of
Potential

Originator's
Recommended
Action

Significance/
Impact
(H/M/L)

in the groundwater monitoring
programme.
INV-SGHWR- | Waste fingerprints | The inventory uses a number of waste The fingerprints have been reviewed and M Capture in general
002 fingerprints to fill gaps which may be adjusted if possible (e.g. emphasising the uncertainty analysis
present in the analytical dataset. A concrete component of a combined paint and of the SGHWR
number of uncertainties are associated concrete FP) to improve applicability to the inventory during the
with use of the fingerprints including: inventory features/components; they are assessment process.
- These are applied at a room scale; assumed in the calculations to be appropriate
however significant heterogeneity for general application to the SGHWR Refine fingerprints
may be present within a wastes. on receipt of any
room/material. Where there is a risk that key radionuclides new information /
- Do the fingerprints capture all the (particularly those likely to drive significant data.
radionuclides present in the waste? impacts in the PA, such as actinides) may not
- Were the fingerprints derived from be captured, alternative fingerprint
analysis of material that is remaining |assumptions are considered in the derivation
or material that has been removed? of alternative inventories.
- What common determinands should
be used to apply the fingerprints to
the waste?
- Some fingerprints (i.e. for the
bioshield) are derived from modelling
results which use generic input
parameters.
INV-SGHWR- | Material densities A number of material densities are A single density value is adopted for each L Capture in general
003 included in the calculations from material based on Winfrith documentation uncertainty analysis
underlying Winfrith data sources and and other literature. Where there is a range of of the SGHWR
external sources (e.g. the bioshield material densities, the higher value is adopted. inventory during the
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Originator's
Recommended
Action

activation study). These are not based on |This is conservative as the inventory assessment process.
site measurements. derivation calculations involve the Where opportunities
multiplication of material masses and activity arise to gain site
concentrations. specific data these
should be taken.
INV-SGHWR- | Bioshield activation |Currently only two cores define the A number of extremely conservative M Capture in general
004 extent activity profile in the bioshield: one from |assumptions and simplifications were made in uncertainty analysis.
the Active Tool Store (Room 245) and one | the bioshield inventory estimate. In Obtaining new data
from the Liquid Shut Down (LSD) Room. | particular, that the core samples represent the for the bioshield
The Active Tool Store core is limited in average activation of the bioshield concrete; would reduce this
extent (gaps). Both cores have only a this is extremely conservative as the core uncertainty, once
limited analytical dataset in comparison to | samples are disproportionately located toward access is possible.
predicted radionuclides. Additionally, the inner face of the bioshield. More detailed
there has been no analysis or Rebar activation has been based on the assessment of the
characterisation of the activation SGHWR activation modelling. Bqg/g values impact of shielding
associated with radial penetrations in the | were reduced by a factor equivalent to the could be captured if
bioshield, such as the ion chamber basket |observed discrepancy between measured and required. The
through tubes. predicted concrete ®Co activity adopted
Just three rebar samples were taken from | concentrations. conservatism in the
the cores and only one of these is in the inventory could be
activation zone (at the edge). reduced if
necessary.
INV-SGHWR- | Bioshield activation | Activation modelling of the bioshield is Use of the modelling data has been restricted M Reliance on the
005 modelling relied upon for the inventory; however, to providing concrete fingerprints, but rebar modelling would be
this is based on a number of generic estimates rely on Bg/g model predictions. lessened if new
parameters (e.g. NRC concrete bioshield
composition). Furthermore, neutron characterisation data
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Description of Uncertainty

activation data is averaged over each
radial interval of the bioshield and it is
unclear whether the higher flux associated
with penetrations through the bioshield
have been included in the average. The
fits to characterisation data are poor with
the modelling over-estimating activities
relative to the characterisation data.

Treatment of Uncertainty / Statement of
Assumption
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Originator's
Rating of
Potential

Originator's
Recommended
Action

Significance/
Impact
(H/M/L)

become available.
Capture in general
uncertainty analysis.

INV-SGHWR-
006

Adequateness of
characterisation data

A significant quantity of radiological
characterisation data has been
incorporated into the calculations;
however, no statistical analysis of the
likely robustness of the dataset including
number of results and spatial distribution
has been undertaken. It is likely that if
such a test was undertaken a number of
areas would fail.

The following specific uncertainties
remain regarding measured activities in
the bioshield cores:

- In the ATS core, a fibrous layer
assumed to be the flexcell joint
contained elevated **’Cs activity.

- Rise in activities in the bioshield LSD
core beyond the flexcell joint attributed
to contamination from the secondary
containment.

The radiological dataset, including values
derived using fingerprints, is assumed to be
representative of the SGHWR features. This
includes assumption of the rubble mound
material as OoS (the Rubble Mounds will
undergo further characterisation prior to their
potential disposal in the SGHWR voids).
Where other relevant variables need to be
determined (e.g. the depth of penetration of
contamination), these typically take a
precautionary approach by selecting
cautiously realistic value or are based on the
depth of the cores taken. Alternative
inventories have been derived to capture
remaining uncertainties, including in
fingerprints where appropriate.

All bioshield core data beyond and including

those from the assumed flexcell layer are used

to calculate average measured activities for

M Capture in general
uncertainty analysis
of the SGHWR
inventory during the
assessment process.

Refine fingerprints
and inventory on
receipt of new
information/data.
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The mechanisms leading to these
readings are not fully understood.

The tritium ingress inventory of the
primary containment relies on the two
bioshield cores which were positioned at
locations of expected high neutron flux
rather than to capture tritium ingress;
they may therefore not be representative.

Treatment of Uncertainty / Statement of
Assumption

the contaminated concrete component of the
bioshield and applied across its whole
volume. This approach is conservative as it
does not exclude any poorly-understood high
measurements.

The bioshield cores (over the relevant
interval) are assumed to be representative of
tritium ingress across the whole primary
containment; this is believed to be reasonable
given the high mobility of tritium.

Originator's
Rating of
Potential

Significance/
Impact
(H/M/L)

1624-10
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Originator's
Recommended
Action

INV-SGHWR-
007

Impact of demolition

The SGHWR demolition strategy is still in
development. As such, the fate and thus
location in the in-situ or backfill inventory
of some walls/floors and voidage is not
known. This could affect the total
inventory (e.g. more material can be
disposed of if densely compressed) and it
could affect activity concentrations (e.g.
surface contamination is re-distributed by
crushing into bulk material), as well as the
form and location of the activity.

There is also a small uncertainty regarding
the SGHWR ground level, which
increases from 40.53 mAOD on the north
side to 41.61 mAOD on the south side.

The assessment assumes all structures on
Levels 1-3 remain in-situ. The inventory
assumes all the activity from the SGHWR
above-ground structure and the majority of
the Rubble Mounds may be disposed of into
the SGHWR voids and thus is cautious.
Maximum activities are taken as maximum
in-situ activities and, as such, do not allow for
the effects of crushing.

The higher ground level has been used in the
calculations in this report, but in reality it is
more likely that the demolition / final ground
profile will transition across the demolition
cut-line than step down. This will not change
the overall inventory activity, but may
slightly change the proportions assigned to in-
situ structures and backfill.

Review impact of
final demolition
strategy on
assumption.
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Description of Uncertainty

Treatment of Uncertainty / Statement of
Assumption

Originator's
Rating of
Potential

Significance/

Impact
(H/M/L)

1624-10
Version 2

Originator's
Recommended
Action

INV-SGHWR- | SGHWR backfill The SGHWR backfill strategy is not It is currently assumed that SGHWR backfill M Refine inventory on
008 complete and as such it is uncertain asto | will be limited to: receipt of new
what materials may be used as backfill. 1. Concrete blocks and brick/concrete information/data.
rubble from demolition of the above-
ground (L4-10) SGHWR structure.
2. Rubble from stockpiles already outside
the SGHWR.
It is also assumed that the rubble stockpile
material is at OoS levels.
INV-SGHWR- | SGHWR ongoing There are a number of activities still For a number of rooms with ongoing or M Refine inventory on
009 and future occurring in the SGHWR or planned to planned active operations, no inventory receipt of new
contamination occur that may contribute to the overall contribution is derived. It is assumed any information/data.
disposal inventory. The most contamination arising in these areas will be
consequential of these activities is decontaminated to OoS prior to demolition
expected to be the segmentation of the and disposal. In other areas, the inventory is
reactor core, which will involve activities |based on what is currently known and will
in a number of areas spanning the primary | need to be reviewed once remaining activities
and secondary containments as well as are complete.
parts of the ancillary areas. The
contribution to the final inventory of these
activities is not accounted for in the
disposal inventory.
INV-SGHWR- | Uncharacterised Some rooms in the SGHWR have not Uncharacterised rooms of low risk are M Refine inventory on
010 rooms in the been characterised at all; however, these | assumed to be inactive. Where possible, receipt of new
SGHWR are typically low-risk rooms in relation to |uncharacterised rooms of higher risk have information/data.
inventories derived based on data for rooms
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their potential radiological impact on the
inventory as most have no process history.
Uncharacterised rooms that have a process
history or other likely contamination
pathways are subject to health physics
monitoring and surveys which show
activities are commensurate with the
typical background for outside areas of the
SGHWR.

Treatment of Uncertainty / Statement of
Assumption

expected to have a similar contamination
profile and pathway.

Uncharacterised rooms are included in the
inventory estimate for the bulk structure (for
tritium only in the reference inventory, and
using ancillary areas average activities for all
radionuclides in the alternative inventory).

Originator's
Rating of
Potential

Significance/
Impact
(H/M/L)

1624-10
Version 2

Originator's
Recommended
Action

These structures and their surrounding
land are not included in the inventory
calculations in this report.

are either radiologically uncontaminated, OoS
of RSR, or will be decontaminated prior to
their demolition and removal from site; there
is no expectation that any other Dragon
Complex below-ground concrete structures
will be left in-situ at the IEP. Similarly, no
inventory associated with external areas of the
Dragon Complex or contaminated land is

INV-SGHWR- | SGHWR mortuary | The SGHWR mortuary tubes contain The presented mortuary tube inventory H Obtain samples
011 tubes active items that are yet to be removed. estimate is regarded as preliminary, a from the inside of
characterisation There are no sampling data from the speculative inventory conservatively derived the mortuary tubes.
mortuary tubes on which to base an based on the potential sources of Review inventory
inventory and the amount of contamination. An alternative estimate on receipt of new
contamination remaining following the considers a more conservative (in terms of information/data.
removal of the items is unknown. radionuclides likely to be significant in the
PA) fingerprint.
INV- Remaining Dragon | Other plant, outbuildings and structures It is assumed that the remaining plant and L Continue routine
DRAGON-001 |structures exist as part of the Dragon Complex. structures comprising the Dragon Complex monitoring.

Ensure coordination
with Site
Remediation Zone
Close Out.
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Treatment of Uncertainty / Statement of
Assumption

captured in this report. It is assumed that any
such contamination, if present, will be
removed or is OoS.

Within B70 there is the potential for some
low-level actinide contamination beneath the
fuel carousel and fission product
contamination in the steel-lined sump beneath
the reactor [109, 82.1]; these areas will be
characterised once they are accessible, but it
is assumed here that they will be
decontaminated as appropriate and so are not
included in the end state inventory estimate.

Originator's
Rating of
Potential

Significance/
Impact
(H/M/L)

1624-10
Version 2

Originator's
Recommended
Action

materials may be used as backfill.

Dragon Reactor (B70) and Fuel Store (B78)
buildings will be used to backfill the below-

INV- Impact of demolition | The Dragon demolition strategy is not It is assumed that the Dragon Reactor M Refine inventory on
DRAGON-002 fully determined. As such, the fate and building will be demolished to ground level receipt of new

thus location in the in-situ or backfill and then the ground in this area re-profiled information/data.

inventory of some walls/floors and and/or additional material added to ensure at

voidage is not known. least 1 m of clean cover. Any change in this

This is not likely to affect the total assumption will change the proportion of

inventory, but could affect activity radioactivity in the below-ground components

concentrations (e.g. surface contamination | of the bioshield and building structure, as

is re-distributed by crushing into bulk compared to the backfill inventory.

material), as well as the form and location

of the activity.
INV- Dragon backfill The Dragon backfill strategy is not fixed | The concrete and masonry waste from M Capture in general
DRAGON-003 and as such it is uncertain as to what demolition of the above-ground portion of the uncertainty analysis

of the Dragon
inventory in
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Originator's Originator's
Rating of Recommended
Potential Action

Significance/
Impact
(H/M/L)

ground voids left by demolition of the Dragon
building. A remaining void space of 1,099 m?
is anticipated, which will be filled with
material from the existing D630 rubble
stockpiles.

A density of compacted rubble (1,829 kg/m?®)
has been assumed as an intermediate value
between stacked blocks (2,400 kg/m?3) and
loose rubble (1,500 kg/m®).

Rebar from the above-ground portion of the
bioshield is currently included in the
inventory and it is conservative to include it,
but it would be expected that rebar that is
freed during demolition would be removed
for off-site management/recycling.

sensitivity analysis
and during the
assessment process.

Refine inventory on
receipt of new
information/data.

INV-
DRAGON-004

Adequateness of
characterisation data

A significant quantity of radiological
characterisation data has been
incorporated into the calculations;
however, no statistical analysis of the
likely robustness of the dataset including
number of results and spatial distribution
has been undertaken. It is likely that if
such a test was undertaken a number of
areas would fail.

Some areas have not been characterised at
all; however, these are typically low-risk

The radiological dataset, including values
derived using fingerprints, is assumed to be
representative of the Dragon features. The
fingerprint derived for application to the
entire building structure is particularly
dependent on the distribution and robustness
of the characterisation data, and there has
been no radiological characterisation of the
mortuary holes. Further characterisation to
reduce these uncertainties could be
undertaken as decommissioning proceeds.
Nonetheless, the approach taken in

Capture in general
uncertainty analysis
of the Dragon
inventory in
sensitivity analysis
and during the
assessment process.

Refine fingerprints
and inventory on
receipt of new
information/data.
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in relation to their potential radiological
impact on the inventory.

There are no recent data from B78 that
can be used to constrain the contamination
level.

Regarding the bioshield, no samples have
been taken from areas known to contain
barytes concrete, which may be indicative
of higher activation levels. Thus,
potentially high activation areas may not
be accounted for in the inventory estimate.

Treatment of Uncertainty / Statement of
Assumption

developing fingerprints and assumptions
made regarding their application are generally
conservative.

Where other relevant variables need to be
determined (e.g. the depth of penetration of
contamination), these typically take a
precautionary approach by selecting a
cautiously realistic value.

Alternative inventories have been derived to
capture remaining uncertainties, including in
fingerprints where appropriate.

Originator's
Rating of
Potential

Significance/
Impact
(H/M/L)

1624-10
Version 2

Originator's
Recommended
Action

INV-
DRAGON-005

Dragon bioshield
activation modelling

No activation modelling of the Dragon
bioshield has been undertaken. Activation
modelling of the SGHWR bioshield is
used to support the inventory; however,
this is for a different reactor and is based
on a number of generic parameters.

Activation modelling results produced for the
SGHWR have been used to inform derivation
of the Dragon bioshield fingerprint.
However, the SGHWR is a different reactor
type to that of Dragon, used different fuel and
operated at different energies and over
different periods, and has been shut down for
considerably longer. In addition, the type of
concrete and steel used in the model derive
from generic USA specifications. Therefore,
the activation data can only be considered to
give a general indication of possible
activation in the Dragon bioshield. Use of the
modelling data has been restricted to
providing fingerprints only.

Reliance on the
modelling is limited
and, given the much
smaller total
inventory compared
to SGHWR, the
overall impact will
be small. Capture in
general uncertainty
analysis.
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Action

contamination

not been identified.

There is potential for Pu isotopes to be
included in the fingerprint, but no direct
evidence for this from the sample results
available. All approaches to including
them are subject to significant uncertainty
and would result in a significant Pu
inventory that is not justified.

It is unclear whether one anomalously
high ®H result from the Betalite store area

fingerprints with the measured highest
activity patch. This is an extremely
pessimistic approach as it applies the highest
measured hotspot contamination to the entire
Dragon building. Therefore, an assumption is
made that only 5% of the surface activity is
present — this assumption is made on the basis
that the building does not have any significant
contamination, but underpinning with
additional sampling or uncertainty analysis in
the PA is advised, particularly as the building

INV- Dragon bioshield The exact specification and extent of the | The bioshield fingerprints have been M Capture in general
DRAGON-006 |material composition | ordinary concrete, barytes concrete and developed assuming generic material uncertainty analysis
rebar in the bioshield is not known. specifications and informed guesses, but of the Dragon
different material specifications will have a inventory in
significant impact on the rebar and barytes sensitivity analysis
concrete fingerprints given the lack of and during the
characterisation data and limited material assessment process.
knowledge.
The volume of barytes concrete modelled is Refine fingerprints
thought to be bounding as it is believed to be and inventory on
limited to surrounding penetrations through receipt of new
the bioshield, but only a few technical information/data.
drawings indicate this.
INV- Dragon (B70 and The proportion of surface contamination | The approach applied to calculating the M Capture in general
DRAGON-007 |B78) building inside B70 and B78 is thought to be low, |Dragon building surface contamination uncertainty analysis
surface but a systematic survey to confirm this has | inventory has been to use the derived of the Dragon

inventory via a
range of sensitivity
analyses (in this
report) and during
the assessment
process.

Review inventory
on receipt of new
information/data.
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should be included in the Betalite area
fingerprint.

Treatment of Uncertainty / Statement of
Assumption

contamination contributes significantly to the
total Dragon inventory.

The presence of Pu has not been inferred and
it is excluded from the Dragon general
building contamination fingerprint at this
time. However, the updated FP-002 Dragon
General Area fingerprint has been used to
develop an alternative inventory that does
include an estimate for Pu.

For the reference inventory estimate, the
single anomalously high H result is assumed
to be in error and is not included in
fingerprint. However, it is included in the
alternative inventory for the Betalite store
area.

Originator's
Rating of
Potential

Significance/
Impact
(H/M/L)

1624-10
Version 2

Originator's
Recommended
Action

INV-
DRAGON-008
(incorporates
UMP/MH/001
and
UMP/MH/002
from [160])

Dragon mortuary
hole system
characterisation

a) The fingerprint of the fixed
contamination and the ratio of loose to
fixed contamination in the Dragon
mortuary holes is uncertain.

b) The pick-up efficiency of smears and
the appropriate surface area for the full-
height smears are uncertain.

¢) There has been no direct
characterisation of some parts of the
system including bottom cross vents.

a) It is assumed that the fingerprint of the
fixed contamination is equivalent to the loose
contamination.

b) The assumed pick-up efficiency of 10%
and the adopted full-height smear area of
300 cm? are both considered to be
conservative.

¢) No account has been taken of the potential
for accumulations or increased contamination
in the bottom corners of the system or in the
bottom horizontal ventilation linking ducts.

Collect and analyse
a metal coupon from
a bottom cross vent.
If required,
complete a separate
assessment of the
fixed component of
MH contamination.

Capture remaining
uncertainty in
general uncertainty
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d) Itis unclear how to characterise the
contamination volume in order to
calculate activity concentration.

Treatment of Uncertainty / Statement of
Assumption

d) There alternative contamination volumes
have been considered: i) the first 1 mm of the
entire steel structure; ii) loose contamination
averaged over the infill volume; iii) the
planned concrete monolith comprising the
entire pit in which the steel structure and
grout infill will sit.

Originator's
Rating of
Potential

Significance/

Impact
(H/M/L)

1624-10
Version 2

Originator's
Recommended
Action

analysis of the
Dragon inventory in
sensitivity analysis
and during the
assessment process.

contaminated water
spill

uncertainties relating to this feature,
primarily:
- Areal extent and penetration depth

- Area and penetration depth are assumed
to be 3.3 m® and 10 mm respectively,
based on current best (conservative)

INV- B78 below-ground | This inventory assessment does not i) It is assumed that the metal tube system for L Refine inventory
DRAGON-009 | features include i) the metal tube system for additional holes will be removed and then if/as needed on
additional mortuary holes (tubes 1-40, cleaned should any contamination remain. receipt of new
used for the storage of fresh fuel), ii) the |ii) It is assumed that the metal lining of the information/data.
metal lining of the storage pit, or iii) the | storage pit will be removed and the area
bulk system concrete into which the cleaned.
mortuary holes are set. iii) Given that the mortuary holes, sump and
storage pit are metal-lined, it is expected and
assumed that there has been negligible
radionuclide migration in to the bulk system
concrete.
INV- Residual As characterisation and clean-up of the The present estimate of the PGPC spill H Refine inventory
DRAGON-010 |contamination from |contamination is ongoing (the spill inventory is regarded as preliminary pending if/as needed on
the PGPC occurred in March 2021), there are many | further characterisation data. receipt of new

information/data.

into the concrete floor of the estimates.
contaminated water.
- Total activity of the contamination.
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Uncertainty Potential Action
Significance/
Impact
(H/M/L)Z
- Radionuclides present/fingerprint. - Total activity is taken to be the upper
- Extent of decontamination to be value of the range currently estimated
carried out during decommissioning. (24 GBq).

- Dragon primary coolant fingerprint is
assumed to be representative.

- Inventories are presented assuming 0%,
90% and 99% of contamination is
removed, as well as a level of
decontamination sufficient to reduce
activity concentration to the upper LLW
limit (equivalent to 95.5% removal). The
95.5% decontamination case has been
taken forward for inclusion in the total
Winfrith end state radiological inventory.

INV- Contaminated To simplify calculations (and/or where Approximations include: L None
DRAGON-011 |surface area and precise information is not available), - Assumption that there is equal surface
other dimensions several dimensional approximations have area on every floor of the Dragon
been made. Reactor building, in order to calculate

below-ground surface area.
- Betalite store area floor calculated as a

rectangle.
- - Simplified wall pattern assumed for
B78.
INV-A59-001 | Remaining Although the current reference inventory | The reference inventory estimate (derived in L Refine inventory
contamination in estimate suggests that all A59 features are |[10]) is already OoS for all three A59 if/as needed on
Ab59 area already at OoS levels, there remain many |features. An alternative inventory estimate receipt of new
uncertainties in this estimate (listed in has been derived assuming maximum activity
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[10]) and future characterisation may concentrations, then scaling so that activity information/data or
show otherwise. If needed, the A59 area | concentrations just meet OoS criteria. if strategy changes.

(in particular the two current APCs) will
be remediated to OoS levels.
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