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Executive Summary

RPS Planning and Development (‘RPS’) have been commissioned by AWE plc
(‘AWE’) to undertake a ground investigation and risk assessment of the
footprint of Building 8S2 and the land adjacent to Buildings 8F2 and 8F3B at
AWE Burghfield.

The purpose of this report is to characterise these areas in terms of potential
risks posed to human health and controlled waters by the potential presence of
chemical, asbestos, radiological and explosive contaminants that were
identified in previous Desk Studies (Refs 3 & 27).

The investigation comprised the excavation of 20 trial pits and 4 hand dug pits
and drilling of 5 boreholes to determine the in situ ground conditions and to
obtain samples for laboratory analysis. Monitoring standpipes were installed
within each of the boreholes to enable a programme of gas and groundwater

monitoring to be undertaken.

The investigation recorded up to 2.0m of Made Ground overlying London Clay
(weathered and unweathered) to depth of around 10.0 mbGL. The London

Clay was recorded to be underlain by strata of the Reading Beds.

Groundwater was encountered in a number of locations, within the shallow
London Clay. A programme of groundwater monitoring recorded piezometric
levels within the London Clay to be of the order of 40 — 42 mAOD, with

piezometric levels within the Reading Beds of the order of 38 mAOD.

The human health risk assessment has been undertaken to determine whether
remediation is required to protect site users from chemically contaminated soil.
The risk assessment was undertaken in line with UK guidance and it concluded
that the site is not affected by significant chemical contamination and no

remediation is required.

A wooden post with a creosote odour and surrounding stained soils was
encountered in one trial pit (TP8F-012) during the investigation. Laboratory
analysis has shown low levels of organic contaminants to be present within the
surrounding soils, however concentrations are not considered to pose a risk to

human health or groundwater.

RPS Planning & Development Xii AWE Burghfield
February 2009 JER3996
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Laboratory analysis confirmed the presence of Asbestos Containing Materials
(ACMs) in one sampling location only (TP8F-015). This ACM was removed
during the investigation for the purposes of sampling for laboratory analysis.
Asbestos fibres were not recorded within the soil matrix at any location. The
potential presence of ACMs elsewhere is considered to pose a risk to
construction workers during site development and a watching brief will be
required during construction of the proposed development. There is not
deemed to be a risk to future site users posed by ACMs as the site is to be
covered in landscaped areas or hardstanding. In addition a watching brief
should be maintained during construction for any creosote soaked wooden
posts: if encountered, these posts should be removed along with any sail

contaminated above Site Specific Target Levels (SSTLS).

A Tier 1 groundwater assessment, based upon soil leachate results and
groundwater monitoring data, was undertaken and concluded that risks to

controlled waters are low.

During the investigation, no buried ordnance was encountered, however due to
the risk of as yet unidentified ordnance being encountered, it is recommended
that an explosive ordnance safety management system is in place prior to
construction earthworks being undertaken and that excavations through any
areas of infilled ground not previously investigated are supervised by an EOD
Engineer. No explosives residues were recorded within soils during the

investigation.

A gas risk assessment based upon gas monitoring as part of this investigation
has indicated that a Gas Characteristic Situation 2 (Low Risk) is applicable to

the site and therefore gas protective measures are required to buildings.

The levels of radioactivity encountered at the site do not pose a risk to human
health but marginally elevated tritium concentrations warrant delineation for

waste sentencing purposes.

No special remedial measures are required to mitigate risks to sensitive
receptors. The most practicable remedial solution is considered to be a
watching brief during construction for potential ACMs and creosote soaked
wooden posts. If encountered, these should be dealt with in accordance with a

Remedial Method Statement that has been agreed with the Regulators.

RPS Planning & Development Xiii AWE Burghfield
February 2009 JER3996
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Introduction

11

1.2

Background

RPS Planning and Development (RPS) have been requested by AWE plc to
undertake a ground investigation to support the AWE Project Mensa
development. Characterisation data on the ground conditions in the vicinity of
Buildings 8F2 and 8F3B, and where Building 8S2 stood prior to demolition, is
required to enable AWE to facilitate the design of a proposed new industrial
facility at AWE Burghfield.

Based on previous studies (Refs. 3 & 16) no previous intrusive investigations
have been undertaken within the footprint of Building 8S2 and in land
surrounding Buildings 8F2 and 8F3B. No sample data is therefore available to
provide indicative levels of chemical, explosive and radiological contaminants
within the soil and groundwater that would be present based on previous
studies (Refs. 3 & 27).

This interpretative report provides a detailed assessment of data from intrusive
ground investigation and associated groundwater and soil gas monitoring
undertaken in the vicinity of Buildings 8F2, 8F3B and 8S2, as outlined within
the Factual Report (Ref.9). The data gathered from this investigation will be
used by AWE plc to manage any risks associated with the proposed Project

Mensa development.

Locations of the study areas are shown on Drawings JER3996-8S8F-001b and
JER3996-8S8F-002b.

This report provides a quantitative risk assessment of the risks posed to human
health and controlled waters from chemical, radiological and explosive
contamination identified within the 8F2, 8F3B and 8S2 areas.

Key Objectives

The key objectives of this report are:

= To assess risks associated with land and groundwater contamination in
line with CLR11 (Ref. 2);

RPS Planning & Development 1 AWE Burghfield
February 2009 JER3996
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To provide a brief review of the environmental setting of the site in the
context of assessing the risk to human health and controlled water
receptors and to develop and refine the conceptual site model, based
upon the Desk Study (Ref. 3) and Ground Conditions Technical Report
(Ref. 16);

Provide a risk assessment of soil contamination including radioactivity,

explosive residues and chemical contaminants;

Provide a risk assessment of groundwater contamination including

radioactivity, explosive residues and chemical contaminants;
Provide a risk assessment of potential ground gas risks;

To refine the conceptual site model based upon the findings of the risk

assessments; and

Provide recommendations to inform the selection of appropriate

remedial strategies to manage any unacceptable risk.

Structure

The remainder of the report is structured as follows:

Section 2

Section 3:

Section 4:

Section 5;

Section 6:

Section 7;

Section 8:

Section 9

Section 1

: Environmental Risk Setting Summary;

Site Investigation Methodology and Preliminary Site Conceptual
Model;

Ground Conditions;

Explosives and Ordnance Assessment;
Human Health Risk Assessment;
Controlled Waters Risk Assessment
Ground Gas Risk Assessment;

: Radiological Risk Assessment;

0 Refined Conceptual Model;

RPS Planning & D
February 2009

evelopment 2 AWE Burghfield
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Section 11 Recommendation, Mitigation Measures and Remedial

Requirements; and

Section 12:  Conclusions.

RPS Planning & Development 3 AWE Burghfield
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Environmental Risk Setting Summary

2.1

2.2

221

Introduction

This section of the report provides a brief summary of the environmental risk
setting of the area in and around 8F2, 8F3B and 8S2 at AWE Burghfield. A
more detailed description is given in the Desk Study (Ref. 3) and the Ground
Conditions Technical Report (Ref. 16).

From herein, the ‘site’ shall mean the area in and around buildings 852 and
8F2 at AWE Burghfield as per the areas shown on Drawings JER3996-8S8F-
001b and JER3996-8S8F-002b.

Site Location and Description

General Description of AWE Burghfield

AWE Burghfield is located approximately 0.5 km east of Burghfield village and
6km to the south-west of Reading. The National Grid Reference for the site
centre is approximately 468000 168000. AWE Burghfield is around 264 acres
in size and roughly rectangular in shape. The topography of AWE Burghfield is
relatively flat with a general slope from south (46.5 mAOD) to north (42.5
mAQOD).

AWE Burghfield is an operational facility, operated by AWE plc to produce
explosives, explosive devices and assemble weapons associated with AWE
operations in their capacity to maintain the UK nuclear weapons capability.
Consequently, some areas of AWE Burghfield are nuclear licensed, but this
doesn’t include the site. AWE Burghfield comprises areas containing occupied
and unoccupied buildings and structures used for a variety of purposes
including offices, laboratories and testing facilities, fuel and chemical storage,

maintenance and workshops.

Concrete roadways and paths allow access to the various buildings and
structures. Much of AWE Burghfield also comprises soft landscaped areas
mainly with grass cover with some semi-mature trees interspersed across the

site.

RPS Planning & Development 4 AWE Burghfield
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Access to AWE Burghfield is from the north-west, via the road called ‘The
Mearings’. AWE Burghfield is surrounded by a high security fence and is
subject to strict security controls. The eastern, southern and western edges of
AWE Burghfield are bounded by roads.

A small stream, Burghfield Brook, flows along the southern and eastern edges
of AWE Burghfield. Furthermore a second stream lies some 200m north of the
AWE Burghfield site boundary.

The site areas are shown on Drawings JER3996-8S8F-001b and JER3996-
8S8F-002b.

8F2, 8F3B and 8S2 Areas (The ‘Site’)
852 Area

The 8S2 area is located in the central northern part of AWE Burghfield and at
the time of the investigation, comprised an area of clay following the recent
demolition of Building 8S2. The area, approximately 85m x 45m in size, was
fenced off from the surrounding areas and was being gradually levelled as part

of the demolition associated with the Phase 2A building clearance project.

To the north lies Trident Way, to the east is situated Building 801, and the land

to the south and west comprises the remainder of the Mensa demolition area.

Building 852 was used for a number of purposed throughout its history
including for the production of weapon assemblies, electronics testing, rubber

and plastics working and storage.

8F2 and 8F3B Area

The 8F2 and 8F3B area is situated in the central eastern part of AWE
Burghfield lying almost totally within the Zone 2 fenced area. The investigation

comprised two discrete areas:

i. A rectangular parcel of land approximately 110m x 35m in size which is
predominantly grassed with three mature trees, one building (8F2) and
small amounts of concrete and tarmac hardstanding. To the immediate
south lies Building 8F3B, whilst the vicinity of the area is predominantly

grassed with occasional trees and buildings surrounded by blast bunds.

RPS Planning & Development 5 AWE Burghfield
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Street 7, running approximately north to south, lies to the east

immediately beyond the Zone 2 fence.

ii. A rectangular parcel of land approximately 30m x 25m in size which is
predominantly grassed but includes and area of hardstanding to the
east of the Zone 2 fence and part of the Gate 10 building. To the south
lies Building 8S5, to the east lies the Zone 2 fence with Street 7 and a
car park beyond, whilst the buildings and hardstanding of Zone 4 lies to

the north and grassed areas with buildings lie to the west.

A variety of activities are reported to have historically occurred within Building
8F2, including the fitting of explosives to warheads, testing of explosives
components and the assembly and testing of various weapon assemblies.
Building 8F3B has been used for the storage of high explosive (HE)
components, resin manufacture, and storage and preparation of polyurethane

mouldings.

2.3 Geology

The British Geological Survey (BGS) 1:50,000 Sheet 268 geological map and
1:10,000 SU 66 NE geological map indicates that the site is underlain by the

sequence presented in Table 2.1.

Table 2.1 General Geological Sequence

Soil Type Description Likely Thickness
London Clay Stiff grey clays overlying beds of silty sands, clayey sands, 10-13m
clays and sandy clays.
Reading Beds Grey and brown sands and sandy clays. 18-27m
Upper Chalk Soft white nodular chalk with flint seams. 90-130m

2.4 Hydrogeology and Groundwater Vulnerability

2.4.1 Hydrogeology

AWE Burghfield is known to be underlain by two water tables:

1. A shallow groundwater table is present within the weathered upper

layer of the London Clay; and,

RPS Planning & Development 6 AWE Burghfield
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2. A deep aquifer associated with the basal beds of the London Clay and

the Reading Beds, typically encountered at 10-12 mbGL.

It is considered that the London Clay will act as an aquitard between any Made
Ground and Drift deposits and the deeper aquifer of the Reading Beds/Upper
Chalk.

The underlying Reading Bed Formation is described by the Environment
Agency (EA) as a single groundwater unit known as the ‘Basal Sands’ aquifer,
which is in hydraulic continuity with the Chalk beneath (Environment Agency
‘The Physical Properties of Minor Aquifers in England and Wales’, 2000). The
Reading Bed Formation is defined as a minor aquifer. It is considered that the
lower groundwater table identified in the previous investigations is the ‘Basal

Sands’ aquifer.

The Chalk is classified as a major aquifer and based on the published data and
borehole logs from the BGS, the top of the Chalk is between 6 — 15 mAOD (or
27.5 — 40.5 mbGL).

Previous RPS reports (Ref. 4) have identified a generalised groundwater flow
within the shallow aquifer to the northeast across the AWE B site. However,
this is highly variable and dependent on local conditions. Within the deep

aquifer, groundwater has been identified as flowing southwards.

Groundwater Abstractions

There is only one licensed groundwater abstraction within 1 km of AWE
Burghfield and is operated by the Ministry of Defence. The abstraction licence
is for groundwater abstractions at Burghfield Pumping Station located
approximately 500m to the south east of the site. It is understood that
groundwater is abstracted from the chalk aquifer and is used in part for drinking
water on AWE Burghfield. Further details of the abstractions are summarised in
Table 2.2 below and location of the abstraction is shown on Drawing JER3996-
8S8F-003.

RPS Planning & Development 7 AWE Burghfield
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Table 2.2 Summary of Groundwater Abstraction Licences

Licence Licence Number Source Use Approx. Distance and
Holder Direction from Site
Boundary
Ministry of 28/39/22/0546C Thames Industrial, commercial | Approximately 500m to
Defence groundwater and public services the east of the site
(Chalk) including drinking,
cooking, sanitary and
washing
2.4.3 Source Protection Zones

24.4

AWE Burghfield lies within a Groundwater Source Protection Zone (SPZ),
which are defined by the EA in order to control discharges into groundwater
due to the proximity of groundwater abstractions within the area. Potentially
polluting activities within an SPZ (especially those within an Inner Protection

Zone) are restricted by the Environment Agency to prevent pollution occurring.

The 8F2/8F3B/8S2 area is located within a Zone 1 ‘Inner Protection Zone’ of
the SPZ, as shown on Drawing JER3996-8S8F-003.

The SPZ has been defined in order to protect the groundwater abstraction
borehole at Burghfield pumping station (licence 28/39/22/0546C). Licence

details indicate that the abstractions are from the chalk aquifer.

Hydrogeological Sensitivity

The shallow groundwater is considered to be a moderately sensitive receptor
as this water body is likely to have some limited hydraulic continuity with
Burghfield Brook (a ‘controlled water’) or with the unnamed surface stream
approximately 100m to the north of AWE Burghfield. Consequently,
contaminants entering the shallow groundwater may be transmitted into
Burghfield Brook although this is likely to be very limited by the low permeability
of the London Clay.

The deeper groundwater aquifer is considered to be highly sensitive as the unit
is a ‘controlled water’ and appears to be in hydraulic continuity with the major

chalk aquifer that is also used as a source for potable water supply.

RPS Planning & Development 8 AWE Burghfield
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2.5 Hydrology and Site Drainage

The Burghfield Brook flows onto AWE Burghfield in the south west corner and
leaves in the middle of the eastern boundary and lies approximately 100m

away from the 8F2/8S2 area at its closest point.

There are no other significant surface water features on AWE Burghfield,
although an unnamed stream lies 200m to the north of the facility which is a
tributary of the Foundry Brook. Several surface drains were noted to be

present within the boundaries of the ground investigation area.

RPS Planning & Development 9 AWE Burghfield
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3  Site Investigation Methodology and Preliminary
Site Conceptual Model
3.1 Introduction

The investigation was set in the context of relevant UK guidance and legislation
relating to the pollution of land and controlled waters. The investigation was
based upon British Standard BS10175:2001 ‘Investigation of Potentially
Contaminated Sites — Code of Practice’ (Ref. 5) and CLR11 (Ref. 2). It also
uses guidance provided in the SAFEGROUNDS documents (Ref. 6) to assist

with any radiological contamination management.

The proposed Mensa development is shown on Drawing JER3996-003. Table

3.1 summarises the future use of the site areas:

Table 3.1 Proposed Future Use of Site Areas

Area Proposed Future Use
852 Energy Centre (Hardstanding / Industrial Building)
8F2/8F3B Lorry Park, Vehicle Inspection Bays, Access Roads

3.2

3.3

Ground Investigation Objectives

The principal objectives of the ground investigation have been set out in
Section 1.2. The soil and groundwater are also to be assessed for the potential
risks to human health (construction workers, future site users and the general
public) and controlled waters respectively, that may be presented from any

contamination identified. This will include a characterisation of:
= Potential contaminant sources; and

= Potential contaminant migration pathways.

Potential Contaminant Sources

Planning Policy Statement 23 (Ref. 7) states that land contamination is a
material planning consideration and that land remediation should be

undertaken as part of redevelopment of a site. PPS23 also states that a site

RPS Planning & Development 10 AWE Burghfield
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that has been given planning permission and is redeveloped should no longer

be able to be ‘determined’ as contaminated land under the Part IIA regime.

Guidance on procedures to identify and assess risks associated with
contaminated land is provided in the UK Environment Agency’'s “Model
Procedures for the Management of Contaminated Land”, Contaminated Land
Report (CLR) 11, 2004 (Ref. 2).

3.3.1 Potential Contaminant Sources
Based upon the Desk Study (Ref. 3) and previous investigations (Ref. 16)
generally within AWE Burghfield Area, there is potential for the following types
of contaminant sources to be present in the soil and groundwater around the
site:
= Explosives residues in soil and groundwater originating from the
previous uses of the buildings;
= Asbestos in soils due to its presence in the buildings, and due to
general detection of asbestos across AWE Burghfield;
= Metals and hydrocarbons in soil and groundwater originating from the
previous uses of the buildings at and near the site;
= Radiological contamination in soil and groundwater due to the historic
activities that have occurred across AWE Burghfield in general and
within the buildings formerly at the site in particular (such as tritium in
Building 8S2);
= Metals, hydrocarbons, radiological and explosives contamination within
buried surface drainage infrastructure that served the buildings located
or adjacent to the site; and
= Ground gas and volatile organic compound vapours due to the
presence of Made Ground at the site.
3.4 Receptors
Potential receptors to contamination based on the proposed use of the site
include:
RPS Planning & Development 11 AWE Burghfield
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Construction and maintenance workers;

General Public;

Future site users; and

Controlled waters including surface waters and abstraction well.

3.5 Potential Contamination Migration Pathways
The following potential contaminant migration pathways and mechanisms were
investigated:
= Inhalation, dermal contact and ingestion of soils with radiological and
non radiological contaminants by humans (including future site users,
general public and construction workers);
. Migration of leachable soil contaminants to groundwater; and
= Migration of groundwater contaminants to surface water and the deeper
Chalk aquifer.
3.6 Summary of Works Undertaken
All fieldwork and laboratory testing was undertaken based on BS5930 (Ref. 8)
and BS10175 (Ref. 5). The ground investigation fieldwork was supervised by
RPS personnel, and was undertaken between 11th August 2008 and 27"
August 2008, with 3 fortnightly gas and groundwater monitoring Vvisits
undertaken upon completion of the investigation works. A brief summary of the
works is listed below and full details are provided in the Factual Report (Ref. 9).
] Excavation of 16 machine dug trial pits (Trial Pits TP8F-001 to TP8F-
016 inclusive) within the 8F2/8F3B area;
= Excavation of 4 machine dug trial pits (Trial Pits TP8S-001 to TP8S-004
inclusive) within the 8S2 area;
" Excavation of 4 hand dug (Trial Pits HP8S-001 to HP8S-004 inclusive)
within the 8S2 area;
= Drilling of 3 cable percussive boreholes (Boreholes BH8F-001 to BH8F-
003 inclusive) within the 8F2/8F3B area;
RPS Planning & Development 12 AWE Burghfield
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= Drilling of 2 cable percussive boreholes (Boreholes BH8S-001 and
BH8S-002) within the 8S2 area.

= Radiological Screening and Monitoring of all locations by a Health

Physics Supervisor;

= Implementation of Explosive Safety Management and Ordnance

Clearance Regime;

= Analysis for Volatile Organic Compounds (VOCs) using a photo-

ionisation detector (PID);

= Three rounds of borehole groundwater monitoring and sampling on a

fortnightly basis;

= Explosive, asbestos, radiological and chemical analysis of soil and

groundwater samples; and

= Three rounds of borehole gas monitoring on a fortnightly basis.

Drawings JER3996-8S8F-001b and JER3996-8S8F-002b show the locations of
each of the exploratory holes, the final depths of which are summarised in the
Factual Report (Ref. 9).

Deviations from the Proposal

A number of the trial pit locations required slight relocation from the position set
out in the proposal due to the presence of buried services at these locations.
Typically, these exploratory holes were moved up to 5.0m from the proposed

locations in order to avoid the buried services.

TP8F-016 was excavated by hand to a depth of 1.2 mbGL due to the presence
of numerous buried services and physical obstructions e.g. steam pipes, that

made digging a machine dug trial pit at this location impossible.

Despite these minor variations the works are considered to have provided

appropriate information to fulfil the objectives of the investigation.

RPS Planning & Development 13 AWE Burghfield
February 2009 JER3996



Ground Investigation Interpretative Report

Ground Conditions

4.1

General

The ground conditions encountered during this investigation were generally in
line with those encountered during previous investigations in the general site
area i.e. Made Ground overlying London Clay, which is in turn underlain by the

Reading Beds. The thickness of the strata are summarised in Table 4.1below.

Table 4.1 Summary of Ground Conditions Encountered

Strata Base Depth Range (mbGL) Encountered Thickness (m)
Made Ground 0.6-2.0 0.6-2.0
(Weathered) London Clay 3.4-55 15 -35
London Clay 9.5-10.0 6.0-6.5

Reading Beds

18.0m (proven)

8.5m (proven)

The exploratory hole logs that show the stratum thicknesses are included within
Ref. 9.

4.2 Made Ground
Made Ground was encountered in each of the trial pits, boreholes and hand
dug pits excavated within the site area, with a maximum thickness of 2.0m in
Borehole BH8S-001.
The soils typically comprised soft to firm brown gravely sandy clay with
frequent red brick and wood fragments, concrete cobbles including rebar and
other building fabric materials. The Made Ground is considered to be
representative of reworked natural material (weathered London Clay)
intermixed with waste building fabric materials.
A fragment of suspected asbestos cement was encountered in Trial Pit TP8F-
015 at a depth of approximately 0.30mbGL.

RPS Planning & Development 14 AWE Burghfield
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Weathered London Clay

Weathered London Clay was encountered in all the exploratory holes except
for the hand dug pits (HP8S-001 to HP8S-004 inclusive) excavated during the
ground investigation. The thickness of the weathered London Clay ranged

between 1.5m — 3.5m.

The strata generally comprised a firm and firm to stiff brown and grey mottled

clay with occasional sand laminations.

London Clay

London Clay was encountered only within Boreholes BH8F-001, BH8F-002,
BH8F-003, BH8S-001 and BH8S-002 with a recorded thickness ranging

between 6.0 and 6.5m.

The strata generally comprised stiff to very stiff grey clay with rare shell

fragments.

Reading Beds

The Reading Beds were in encountered underlying the London Clay in both of
the two deeper boreholes (Boreholes BH8F-002 and BH8S-001) with a proven
thickness of 8.5m in Borehole BH8F-003.

The strata generally comprised dark grey fine to coarse sands and soft grey

mottled orange and brown sandy gravelly clay with lenses of strong mudstone.

Groundwater

Groundwater Encountered During Ground Investigations

Slight groundwater seepages were noted in 8 trial pits (Trial Pits TP8F-004,
TP8F-005, TP8F-007, TP8F-008, TP8S-001, TP8S-002, TP8S-003 and TP8S-
004) during the ground investigation, at depths ranging between 0.7mbGL
(Trial Pit TP8F-004) and 2.7mbGL (Trial Pit TP8S-002). Groundwater
seepages were generally associated with bands of more granular material

within the weathered London Clay. The presence of shallow groundwater at

RPS Planning & Development 15 AWE Burghfield
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these locations is considered to be indicative of localised areas of perched

water.

Groundwater Monitoring

Upon completion of the ground investigation, three fortnightly rounds of
groundwater monitoring were undertaken, the results of which are summarised
in Table 4.2 below.

Table 4.2 Groundwater Monitoring Results

Borehole Strata Shallow/Deep Groundwater Level (mbGL/mAQOD)
Borehole 01/09/08 18/09/08 30/09/08
BH8F-001 London Clay Shallow 0.96 / 42.55 2.99/40.52 3.95/39.56
BH8F-002 London Clay Shallow 3.24/41.34 3.82/40.76 3.85/40.73
BH8F-003 Reading Beds Deep 5.8 /38.28 5.75/38.33 6.15/37.93
BH8S-001 Reading Beds Deep 5.73/38.62 5.78 /1 38.57 5.88/38.47
BH8S-002 London Clay Shallow 1.67/42.62 1.59/42.70 1.82/42.47
4.7 Ground Gas

Three rounds of ground gas monitoring were undertaken on a fortnightly basis,

on completion of the ground investigation, within each of the five boreholes.

During this monitoring methane was not detected at or above 0.1% at any of
the exploratory hole locations. Carbon dioxide within each monitoring well
during the monitoring period, with a maximum concentration of 8.2% detected

in Borehole BH8F-002 on 18™ September 2008.

Depleted oxygen levels (<20%) were recorded in each borehole during the
monitoring period, with the lowest level of 8.8% recorded in Borehole BH8F-
002 on 30" September.

No hydrogen sulphide or carbon monoxide was recorded during the monitoring
and a maximum VOC concentration of 109ppm was recorded in Borehole
BH8S-001 on 30™ September.

Flow rates were predominantly negative during the monitoring period, with a
maximum of -10.0 I/hr recorded in Borehole BH8F-001 on 1% September. Only
3 positive flow rates were recorded during the monitoring, ranging between 0.4

and 5.6 I/hr with the maximum flow recorded in Borehole BH8F-001 on 30"

RPS Planning & Development 16
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September. A flow rate of -0.2 I/hr was recorded within Borehole BH8F-002 on
18™ September when a the highest concentration of carbon dioxide (8.2%) was

recorded.

Visual and Olfactory Evidence of Contamination

Chemical Contamination

Evidence of chemical contamination was noted in one exploratory hole only,
within Trial Pit TP8F-012, where a wooden post with a creosote odour was
encountered at a depth of 0.5 mbGL. Black staining of the surrounding soill
was also evident, therefore a sample of the stained soil was taken and

scheduled for a suite of chemical analysis, including cresols.

Suspected Asbestos Containing Materials (ACMs) in Soils

Suspected ACMs were encountered in a one exploratory hole only, within
TP8F-015, where a single fragment of asbestos cement approximately 15cm?
was encountered at a depth of 0.30 mbGL. This suspected ACM was sampled

and scheduled for laboratory asbestos identification.

Radiological Survey Results

Ambient Background

In order to assist with determining whether elevated radiological sources that
are above background levels exist within the near surface of sampling positions
or within soils encountered during the investigation, an assessment was made

of the ambient background level of radioactivity.
The predominant contributors to the ambient background radiation are:

o Variations in local geology and the associated levels of naturally

occurring radioactive material (NORM); and,
o Direct shine and sky-shine from radiological sources on the site.

The factors above lead to variations in the background around the site with the
general levels being in the range of 42-159 counts per second (cps) gamma

activity as measured with the Exploranium GR-130 and in the range 5-10 cps
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beta activity as measured with the NE Electra rate-meter and DP6 probe. The
actual background level was established for each measurement location prior

to the individual surveys.

External Dose-Rate

Using the dose-rate measuring facility of the GR-130, the Health Physics
surveyor assessed the ambient dose-rate at the Burghfield as typically ranging
between 0.04-0.12 micro-Seiverts per hour (uSv/h). Given this exposure for a
period of 2000 hours (1 work year), it was pessimistically assessed that this
would lead to a maximum annual dose for working at the Burghfield site of
approximately 240 uSv (0.24 mSv). In comparison the typical background
radiation exposure of persons living in the UK is approximately 2200 pSv (2.2

mSv) per year.

Radiological Survey Results

AWE Health Physics scanned the site using a 610U monitor prior to
commencement of the ground investigation and no anomalous readings were

encountered.

Radiological activity above twice the background level was not identified during
the surface activity survey and excavation/drilling works at each exploratory

hole location.

No elevated radiological activity was encountered during the subsequent

rounds of groundwater sampling either.

Radioanalytical Results of Soil Samples

In total 82 soil samples underwent gross alpha / beta analysis and 15 samples
underwent total tritium analysis, the range of results are summarised in Table
4.3 below.

Table 4.3 Summary of Result Ranges for Gross Alpha / Beta and Tritium

Analysis in Soils

Radiological Analysis Result Range (Bq/g)
Gross Alpha 0.23-1.30
Gross Beta 0.50-1.40
RPS Planning & Development 18 AWE Burghfield
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Radiological Analysis Result Range (Bq/g)

Total Tritium <0.05 (LOD) — 0.068

4.9.5

Note: LOD = Minimum Limit of Detection of the analysis.

Where gross alpha and beta activity levels were identified above the AWE
adopted screening threshold of 1.1 Bg/g for gross alpha and 1.0 Bg/g for gross
beta, additional radiochemical analysis and gamma spectrometry analysis

respectively were scheduled.

In total 11 samples underwent gamma spectrometry and 5 samples underwent

radiochemical analysis.

Radioanalytical Results of Groundwater Samples

Groundwater samples from each of the 5 boreholes from each of the 3
groundwater monitoring rounds underwent gross alpha / beta analysis. A total
of 13 samples were also scheduled for total tritium analysis. The range of

results are summarised in Table 4.4 below.

Table 4.4 Summary of Result Ranges for Gross Alpha / Beta and Tritium

Analysis of Groundwater

Radiological Analysis Result Range (Bq/l)
Gross Alpha <LOD
Gross Beta 0.80 -5.20
Total Tritium <LOD

Note: LOD = Minimum Limit of Detection of the analysis

Typically, where gross alpha and beta activity levels were identified above the
AWE adopted threshold of 0.04 Bqg/l for gross alpha and 1.0 Bg/l for gross beta,

additional gamma spectrometry and radiochemical analysis was scheduled.

In total 6 samples underwent gamma spectrometry and 6 samples underwent

radiochemical analysis.
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4.10 Explosive and Ordnance Survey Results
4.10.1 Field Survey Results
Samples during the ground investigation were periodically tested with a Sabre
4000 explosive residue hand held detector. No suspected explosive materials
or explosive residues were encountered in any of the exploratory holes.
No evidence of buried unexploded ordnance was encountered during the
investigation.
4.10.2 Laboratory Explosive Analysis Results
A total of 28 soil samples were scheduled for a suite of explosives analysis to
include picric acid, picrite, HMX, RDX, EGDN, Tetryl, NG, TNT, HNS, PETN,
2,4-DNT, 2,6-DNT and NC. Results are given in the Factual Report (Ref. 9).
Groundwater samples were scheduled for explosives analysis from each of the
5 boreholes during each of the 3 monitoring rounds.
4.11 Chemical Contamination Test Results
4.11.1 Soil Analysis
Representative soil samples were taken from the Made Ground materials
within each exploratory hole or where visual and olfactory evidence of
contamination was observed. A total of 31 soil samples from the ground
investigation were submitted for a suite of basic chemical analysis. This suite
comprised:
= Heavy metals (As, Ba, B, Be, Cd, Cr, Cu, Pb, Hg, Ni, Se, V and Zn);
* PAHs (USEPA 17 including Coronene);
= Total sulphate, sulphide and pH,;
= Total TPH (C5 — C35, Aliphatic and Aromatic split);
=  Chloride; and
= Fraction Organic Carbon.
RPS Planning & Development 20 AWE Burghfield
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Where it was considered contamination may be present within the soil during
the ground investigation (e.g. creosote in TP8F-12), samples were taken and

scheduled for the following analysis:
= VOCs/SVOCs — 3 samples;
= Phenols — 2 samples; and
= PCBs -2 samples.

The laboratory analytical certificates for all the chemical analysis are included

within Ref. 9 and a summary of all the analysis is included in Appendix A.

4.11.2 Asbestos Analysis

A total of 31 soil samples from across the site area were submitted for analysis
for the presence of asbestos fibre in the Made Ground soil matrix. The results
recorded that no asbestos fibres were found within any of the soil samples

submitted for analysis.

One suspected ACM from Trial Pit TP8F-015 was sent for laboratory analysis
for asbestos identification. The result confirmed the presence of chrysotile

within the cement fragment.

The laboratory analytical certificates for all the asbestos analysis are included

within Ref. 9 and a summary of all the analysis is included in Appendix A.

4.11.3 Soil Leachate Analysis

To assist with the assessment of risk to controlled waters from the
contaminants within the soils, 4 samples from the Made Ground were
scheduled for leachate testing to determine the mobility of the following

contaminants:
= As, B, Be, Cd, Cr, Cu, Pb, Hg, Mn, Ni, Se and Zn; and
] pH.

The laboratory analytical certificates for all the leachate analysis are included

within Ref. 9 and a summary of all the analysis is included in Appendix B.
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4.11.4 Groundwater Analysis

Groundwater samples were taken from the each of the 5 boreholes on a
fortnightly basis for a total of 3 rounds. The samples were submitted for a suite

of basic chemical analysis comprising:
= Heavy metals (As, Ba, B, Be, Cd, Cr, Cu, Pb, Hg, Ni, Se, and Zn);
= PAHs (USEPA 16);
= Total sulphate and pH,;
= Total TPH (C6-C40);

= Chloride, Calcium, Hardness, Magnesium, Ammoniacal Nitrogen,
Phosphate and TOC; and

= Nitrate and Nitrite.

The laboratory analytical certificates for all the groundwater analysis are
included within Ref. 9 and a summary of all the analysis is included in Appendix
C.

RPS Planning & Development 22 AWE Burghfield
February 2009 JER3996



Ground Investigation Interpretative Report

5 Explosive and Ordnance Assessment
5.1 Explosives
5.1.1 Background

There is currently no threshold explosive concentration in the UK for what
constitutes an unacceptable amount of explosive residue within soils that could
represent a risk of explosion. However, AWE has adopted a total explosives
concentration of 0.1 % (or 1,000 mg/kg) as a threshold for determining whether
decontamination/remediation would be required, on the basis that
concentrations above 0.1% are considered to be Potential For Explosive
Hazard (PFEH). Concentrations below 0.1% are regarded as Free From
Explosive Hazard (FFEH) as agreed within the DQO, and highlighted in Table
5.1 below.

Table 5.1 Explosive Materials Threshold Concentrations

Total Explosive Concentration Description Remedial Action

>0.1 % (>1000 mg/kg) Potential for Explosive Further analysis/delineation required

Hazard (PFEH)

<0.1 % (<1000 mg/kg) Free From Explosive No further action required

Hazard (FFEH)

5.2

The potential toxicological health effects of explosives are considered

separately with Section 6.

Explosives In Soils and Groundwater

A summary of all of the explosive testing results for soil samples is provided in
the Factual Report (Ref.9). A total of 28 soil samples from both the 8F2/8F3B
and 8S2 investigation areas were tested for a suite of explosives, the results of

which all lay below the laboratory limit of detection for each sample.

A total of 15 groundwater samples from both the 8F2/8F3B and 8S2
investigation areas were tested for a suite of explosives, the results of which all

lay below the laboratory limit of detection for each sample.

RPS Planning & Development 23 AWE Burghfield
February 2009 JER3996



5.3

53.1

5.3.2

Ground Investigation Interpretative Report

Based on the laboratory analysis results it is considered that there is no

potential for explosive hazard.

Buried Ordnance

Background

AWE Burghfield was originally a former Royal Ordnance Factory (ROF) and as
such there is a considered risk that buried unexploded ordnance may exist at
the site. The main two threats presented from potential buried ordnance

originate from:

= Poor housekeeping during the operation of the ROF leading to
ordnance being accidentally dropped and not recovered due to lack of
record keeping etc. Such discarded ordnance means that buried

ordnance, likely to be limited, could be present across the site; and

= Small arms munitions dropped during training exercises. The munitions

are likely to be primarily blank 5.56mm.

Summary of Buried Ordnance Detection and Investigation

Each of the proposed exploratory hole locations were surveyed by an
Explosive and Ordnance Detection (EOD) Engineer and full details of the

methods adopted are provided in the Factual Report (Ref. 9).

During the investigation no buried unexploded ordnance was identified.
However, due to the former history of AWE Burghfield as an ROF, it is
considered that there remains a risk that unexploded ordnance could still be

present in previously un-investigated areas.

There is also a risk that live small arms munitions dropped during training
exercises may be present at or very near the ground surface. These items are
non-ferrous and are likely to be in the top few inches of the ground where they
fell. Although they are ordnance they pose little risk unless an individual causes
them to function by a deliberate act. As the items will not be contained there
would be a local overpressure and noise, but negligible blast effect. Specialist

detection equipment is required to locate them.
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Due to this potential risk of encountered buried ordnance in yet unexplored
areas, for any construction excavations or soil handling during site

redevelopment an explosive safety management system should be adopted.
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Human Health Risk Assessment

6.1

6.1.1

Introduction

Contaminated Land Risk Assessment and Regulatory Framework

The Statutory Guidance (Ref. 2) on land contamination sets out the key
requirements for establishing the significance of any possible harm to health
and the principles of risk assessment. Land contamination and its risk to
human health are also a material consideration under planning and
development control (Ref. 7). Planning authorities consider the potential
implications of contamination both when they are developing structure or local
plans and when they are considering individual applications for planning
permission. Part 1A is intended to complement the planning regime in requiring
action to be taken when unacceptable risks to health or the environment arise,
taking into account the current use of the land and its environmental setting.

Both Part IIA and the planning regime embrace the “suitable for use” approach.

The UK Government and agencies have published technical guidance to
support the assessment of risks to health from soil contamination by way of the
Contaminated Land Reports (CLR) series of documents (Refs. 2 & 10-13).

This risk assessment is based on government guidelines for environmental risk
assessment and management, which provide a common framework for risk
assessment as a key part of the process of appraisal for environmental
decision-making. These guidelines set out some basic principles, which the
regulators would normally intend to be used in the assessment and
management of environmental risks (risks associated with human health and
the surrounding environment) and which are recommended for all public-
domain risk assessments. They are intended to provide decision-makers,
practitioners and the public with a consistent language and approach for

environmental risk assessment and management.

The CLR series of documents was used within the context of its intended use
by DEFRA and the Environment Agency in providing relevant, appropriate,
authoritative and scientifically based information and advice on the assessment

of risks arising from the presence of contamination in soils. At the time of
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writing the EA have established a new CLEA framework, with the publishing of

replacement CLR9 and CLR10 documentation and new CLEA software.

This assessment considers the potential risks to human health from ground

contamination within the context of the planning regime.
Conceptual Site Model

Section 3 of this report outlines the first stage of the risk assessment;
identification of potential sources, critical pathways and receptors that could be

affected by potential contamination on site.

The standard land use exposure criteria, defined in the exposure model for
industrial/commercial use, are considered to be the most relevant for the

assessment of this site.

A summary of the potential exposure pathways based on the proposed use is

given in Table 6.1.

Table 6.1 Summary of Potential Pathways

Pathway Exposure Pathway Presence
1 Ingestion of soil and dust v
2 Ingestion of home-grown vegetables and soil attached to vegetables. x
3 Dermal Contact with soil and soil-derived dust v
4 Inhalation of outdoor air from soil volatilisation and soil-derived dust v
5 Inhalation of indoor air from soil volatilisation and soil-derived dust v

Risks to construction workers are not considered through the assessment of
chronic effects associated with contaminants. Acute effects must be controlled
through the use of health and safety planning, development of a safe system of
work (SSoW). The management of risks during construction is included in the
AWE Code of Construction Practice (Ref. 14), and compliance with CDM 2007
Regulations (Ref. 15).

6.1.2 Hazard Identification and Assessment
Hazard identification and assessment aims to identify potential contaminants of
concern and their spatial distribution.
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Chemical data (i.e. potential hazards), including explosives residue
concentrations, derived from investigations undertaken within the 8S and 8F

Areas have been utilised in this assessment.

Final site levels have not been confirmed at this stage. Due to the uncertainty
relating to the final site levels, data from all depths, regardless of location, were

utilised within this assessment.

The human health risk assessment follows a tiered approach as described in

the following sections.

Tier 1 — Qualitative Risk Assessment

Current UK guidance (Ref. 2) prescribes an iterative approach to risk
estimation starting at Tier 1 or Preliminary Risk Assessment. This assessment
comprises desk based studies of a subject site, and the qualitative
development of a preliminary site conceptual model identifying potential
pollutant linkages with respect to the types of sources and receptors identified
at the site. The preliminary site conceptual model for the 8S and 8F Areas are

discussed within Section 3.

Tier 2 — Generic Risk Assessment

Generic soil guideline values are used to identify contaminants present at
levels that require further assessment. Contaminated Land Exposure
Assessment (CLEA) Soil Guideline Values (SGVs), provided by DEFRA and
the Environment Agency have now been withdrawn, however where

considered appropriate they have been used as screening criteria.

In the absence of SGVs or similar guidelines for organic contamination,
Generic Assessment Criteria (GACs) are derived with consideration given to
their toxicological characteristics and migration mechanisms and exposure
pathways. An assessment of the physical-chemical properties of contaminants

of concern on the exposure through these pathways is then made.

Acceptable risk based contaminant levels (GACs) that will not result in an
adverse impact to the critical receptor defined in the conceptual model have
been previously derived for Mensa for these individual compounds with no
SGVs. The CLEA methodology and CLEA UK model was used to derive these
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GACs and all supporting documentation is contained within the Ground
Conditions Technical Report for the Mensa Development (Ref. 16). Where
appropriate these have been used as screening criteria. A list of SGVs and
GACs used within the risk assessment for the 8S and 8F Areas is included in

Appendix D.

For those contaminants where no SGVs or GACs were available, US
Preliminary Remediation Goals (PRGs), adapted to comply with the UK
approach, were used a screening tool only to assess the significance of
contaminant levels. Where PRGs are required, they have been divided by a

factor of 10 to model a more conservative approach

The following compounds are excluded from the human health risk

assessment.

Table 6.2 Excluded Substances

Substance Justification for Exclusion
Iron This is a common soil component. CLR8 states that iron is not considered to
represent a risk to humans.
Magnesium This is a common soil component. It is considered that magnesium is of low toxicity
to humans.
Chloride CLR8 states that chloride is an essential micronutrient and is not considered to be
an important contaminant in most soils, although it may be phytotoxic at elevated
concentrations.
Barium Humans not identified as a relevant receptor within CLR8. It may have an adverse

effect on the water environment.

Boron Humans not identified as a relevant receptor within CLR8. It may have an adverse
effect on the water environment or vegetation and the ecosystem.

Copper Humans not identified as a relevant receptor within CLR8. It may have an adverse
effect on the water environment or vegetation and the ecosystem.

Zinc Humans not identified as a relevant receptor within CLR8. It may have an adverse
effect on the water environment or vegetation and the ecosystem.

6.3.1 Statistical Analyses

The CLEA Document CLR7 (Ref. 10) states that “Contaminant concentrations
vary across a site, and sampling and analysis will introduce measurement
errors. As a result, the mean concentration determined from a limited number
of samples will have uncertainty associated with it, and will not necessarily
equal the true mean concentration at the site. A comparison between a mean
measured concentration and the soil guideline value must take this uncertainty

into account.”
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The CL:AIRE and Chartered Institute of Environmental Health document (Ref.
17) provides advice on the use of statistical techniques in the assessment of
soil contaminant data. It forms one part of the package of improved UK
guidance highlighted in Defra’s discussion paper Assessing risks from land
contamination — a proportionate approach. Soil guideline values: the Way
Forward (CLAN 06/06)) (Ref. 28).

In a conventional approach, statistical tests are used to decide whether the
available evidence supports a particular hypothesis — the Null Hypothesis — or
an Alternative Hypothesis. The point of the test is to establish whether, on the
basis of the available data, the strength of evidence favours the Null
Hypothesis or is so removed from what would be expected if the Null

Hypothesis were true, that the Alternative Hypothesis is more likely.

In the planning scenario the hypothesis test is about showing that there is a
95™ percentage probability that the true population mean falls below the critical
concentration which involves comparing the 95" Upper Confidence Limit (UCL)
of the true population mean with the critical concentration. The Null Hypothesis

(Ho) for the Part 2A scenario is therefore:
HO u > Cc

In some data sets, individual concentrations may have been measured at
particular locations that are much higher than the rest of the data. Decisions
need to be made on whether these concentrations fall within the maximum of
the range of values that can be expected from the sample population, or
whether they are indicative of an area of higher contamination (in effect, a
different population with a higher mean). Data points that do not fall within the
expected distribution of measurements for the sample population are termed
“outliers”. Ouitlier tests can be used to define whether the maximum measured
concentration in the soil should be classified as an outlier, and hence whether
additional investigation might be warranted in the vicinity to clarify further the

extent and nature of the contamination.

Meaningful comparison of a data set of contaminant concentrations with a soil
guideline value requires consideration of the area of land from which the data
set is drawn and the number of test results that make up the data set, as well

as the actual values involved.
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Generally, where one or more areas of a site appear to have different
characteristics from the remainder of the site, the site may need to be divided
into zones of similar character that can be considered independently. Zoning
may take into account such characteristics as variation in soil properties or

historical, existing or proposed new land uses.

The 8S and 8F Areas are considered as separate averaging areas given their

varied site histories.

Tier 3 — Detailed Quantitative Risk Assessment

Where SGVs or GAC are exceeded a Tier 3 risk assessment involving a
detailed assessment of contaminants may be undertaken to derive site specific

assessment criteria (SSAC).

However, a Tier 3 risk assessment was not required as contaminants were not
identified which exceeded the SGVs, CLEA UK derived GACs or PRGs (refer
to Appendix D for the list of SGVS and GACSs).

Risk Characterisation and Assessment

The following sections provide an assessment of the risk posed by inorganic
and organic contaminants contained within the soil. The 8S and 8F areas have

been assessed separately due to their geographical separation.

The assessment is based upon data derived from this ground investigation,
with the exception of one exploratory hole, Trial Pit TP2A328, that was
excavated during the Phase 2A ground investigation (Ref. 29). The laboratory
results from this trial pit have been included in the risk assessment for the 8S

area only.

Inorganics
8S Area Chemical Data

The 95" percentile Upper Confidence Limits (UCL) for the mean measured
concentrations (95" UCL) for a range of inorganic determinants have been

compared against GAC and SGVs. These are presented in Table 6.3.
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Table 6.3 Comparison of Inorganic Data with GAC/SGV for 8S Area

Determinant | Sample Concentration | Location and Depth No. of No. of SGV/
Range (mg/kg) (mbGL) of Outliers Samples GAC
) " Maximum Tested (mg/kg)
Min Max 95 Concentration
ucCL*

Arsenic 7.3 11.1 10.0 TP8S-004 - 0.9 0 12 500
Cadmium <0.1 0.45 0.28 TP2A328 - 0.1 1 12 1,400
Chromium 234 38.1 335 TP8S-003-1.1 0 12 5,000

Lead 13.3 TP8S-001-1.1 0 12
20.2 17.5 750
(1.24) (2.88)
Mercury <0.1 <0.1 - - 0 12 480
Nickel 18.1 42.5 324 TP8S-001-1.1 0 12 5,000
Selenium <0.5 0.8 0.7 BH8S-001 - 1.0 2 10 8,000
Vanadium 34.5 56.3 50.7 TP8S-001 -1.1 0 10 468

* 95%ile values include all outliers.

As shown in Table 6.3, all 95" UCLs are well below the relevant GAC (typically
by over an order of magnitude). A number of outliers have been identified as
detailed in Table 6.4.

Table 6.4 Inorganic Outlier Details for 8S Area

Determinant No. of Sample Locations - Soil Sample Description
outliers Sample Depth (m) and
Sample Concentration
(mg/kg)
Cadmium 1 TP2A328 — 0.1 (0.45) Made ground, soft clay
BH8S-001 - 1.0 (0.8) Made ground, slightly sandy gravelly
Selenium 2 clay
TP8S-003 - 1.1 (0.7) Made ground, gravelly clay

All outlier concentrations are well below (over three orders of magnitude) their
respective GAC. The sample data for selenium have many values below the
laboratory limit of detection (LoD) and it is considered those concentrations

skew the maximum value statistical test result.

Made Ground is commonly subject to varying concentrations of contaminants
due to the nature of its deposition. Consequently outliers in such material are
common, but the data indicate that the outliers are not significant with respect
to human health.
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The 95" UCLs for a range of inorganic determinants have been compared

against GAC and SGVs. These are presented in Table 6.5.

Table 6.5 Comparison of Inorganic Data with GAC/SGV for 8F Area

Determinant | Sample Concentration | Location and Depth No. of No. of SGV/
Range (mg/kg) (mbGL) of Outliers | Samples GAC
Maximum Tested (mg/kQg)
Concentration
Min | Max 95"
uCL*

Arsenic 7.6 19.3 13.3 TP8F-014 - 0.85 1 21 500
Beryllium <0.01 0.8 0.5 TP8F-001 - 0.75 0 21 1,960
Cadmium <0.1 0.32 0.2 TP8F-015 - 0.3-0.6 1 21 1,400
Chromium 15.8 42.9 30.2 TP8F-001 - 0.75 0 21 5,000

43.0 750
Lead 10.5 79.4 TP8F-007 — 0.0-0.6 1 21
(1.44) (2.88)
Mercury <0.1 0.17 0.13 TP8F-007 — 0.0-0.6 5 21 480
Nickel 11.2 36.9 31.2 TP8F-011 — 0.0-0.9 0 21 5,000
Selenium <0.5 1.0 0.8 TP8F-011 - 0.0-0.9 0 21 8,000
Vanadium 284 67.3 49.5 TP8F-001 - 0.75 0 21 468

* 95%ile values include all outliers.

As shown in Table 6.5, all 95" UCLs are well below the relevant GAC (typically

by over an order of magnitude) for the inorganic compounds analysed. A

number of outliers have been identified as detailed in Table 6.6.

Table 6.6 Inorganic Outlier Details for 8F Area

Determinant No. of Sample locations - Soil Sample Description
outliers sample depth (m) and
sample concentration
(mg/kg)
Arsenic 1 TP8F-014 — 0.85 (19.3) Made ground, sandy, gravelly clay with
' ’ occasional concrete boulders.
Made ground, sandy, gravelly clay with
Cadmium 1 TP8F-015 — 0.3-0.6 (0.32) frequent brick, metal and wood
fragments. Concrete slab and asbestos
cement tile.
Made ground, slightly gravelly clay with
Lead 1 TP8F-007 — 0.0-0.6 (79.4) frequent brick fragments and concrete
boulders.
TP8F-007 — 0.0-0.6 (0.17) Made grour)d, slightly gravelly clay with
Mercury 5 frequent brick fragments and concrete

TPSF-007 — 0.0 (0.15)

boulders.
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Determinant

No. of
outliers

Sample locations -
sample depth (m) and
sample concentration

(mg/kg)

Soil Sample Description

BHSF-002 — 0.6 (0.14)

Made ground, sandy very gravelly clay
with frequent wood and brick fragments.

TP8F-012 — 0.0 (0.14)

Made ground, slightly sandy clay.

TPSF-016 — 0.2 (0.11)

Made ground, sandy gravelly clay with
frequent brick, metal and wood
fragments.

6.6

6.6.1

Table 6.7 Comparison of PAH Soil Data with GAC for 8S Area

All outlier concentrations are well below their respective GAC, typically over an

order of magnitude below the GAC. The sample data for cadmium, mercury

and selenium have many values below the LoD and it is considered those

concentrations skew the maximum value statistical test result.

Again, Made Ground is commonly subject to varying concentrations of

contaminants due to the nature of its deposition. Consequently outliers in such

material are common, but the data indicate that the outliers are not significant

with respect to human health.

Organics

PAHs

8S Area Chemical Data

The ranges of concentrations and relevant GACs for all PAHs reported above

the LoD are presented in Table 6.7, together with the location of the maximum

concentrations.

Determinant Concentration Location Second No. No. of GAC
Range (mg/kg) and Depth Highest Above | Samples | (mg/kg)
(mbGL) of Concentratio LoD Tested
Min Max Max Conc. n (mg/kg)
(Exploratory
Hole and
Depth (m))
Fluoranthene LoD 0.4 HP8S-003 — - 1 12 2,810
0.8
Phenanthrene LoD 0.3 TP2A358 — 0.23 (HP8S- 2 12 58,600
0.1 003 -0.8)
Pyrene LoD 0.3 HP8S-003 — - 1 12 44,000
0.8
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All concentrations are well below their respective GACs, typically by over three

orders of magnitude, and are therefore not considered to pose unacceptable

risks to human health. Where elevated above LoD the highest concentrations

are typically encountered within Hand Pit HP8S-003. This sample was obtained

from Made Ground in which some black staining was noted and a PID reading

of 2.8ppm was recorded.

8F Area Chemical Data

The ranges of concentrations and relevant GACs for all PAHs reported above

the LoD are presented in Table 6.8, together with the location of the maximum

concentrations.

Table 6.8 Comparison of PAH Soil Data with GAC for 8F Area

Determinant Concentration Location Second No. No. of GAC
Range (mg/kg) and Depth Highest Above | Samples | (mg/kg)
(m) of Max. Concentration LoD Tested
Min Max Conc. (mg/kg)
(Exploratory
Hole and Depth
(m))
Anthracene LoD 0.30 TP8F-007 — - 1 24 440,000
0.0-0.6
Benzo(a)anthracene LoD 0.5 TP8F-012 — | 0.36 (TP8F-007 7 24 281
0.0-1.0 —0.0-0.6)
Benzo(a)pyrene LoD 0.6 TP8F-012 — | 0.45 (TP8F-012 9 24 28.1
0.0-1.0 —0.0-1.0)
Benzo(b)fluoranthene LoD 0.8 TP8F-012 — | 0.5 (TP8F-012 — 8 24 281
0.0-1.0 0.0-1.0)
Benzo(ghi)perylene LoD 0.37 TP8F-009 — | 0.34 (TP8F-012 8 24 44,000
0.85 —0.0-1.0)
Benzo(k)fluoranthene LoD 0.43 TP8F-012 — | 0.34 (TP8F-007 7 24 281
0.0 —0.0-0.6)
Chrysene LoD 0.6 TP8F-012 - | 0.57 (TP8F-012 9 24 28,100
0.0-1.0 —0.0-1.0)
Dibenzo(ah)anthracene LoD 0.17 TP8F-009 — | 0.17 (TP8F-009 3 24 28.1
0.85 —0.85)
TP8F-013 —
0.5-1.0
Fluoranthene LoD 2.0 TP8F-012 — | 1.21 (TP8F-012 10 24 2,810
0.0-1.0 —0.0-1.0)
Fluorene LoD LoD - - 0 24 58,700
Indeno(123-cd)Pyrene LoD 0.39 TP8F-012 — | 0.35 (TP8F-009 8 24 281
0.0-1.0 —0.85)
Phenanthrene LoD 1.2 TP8F-012 — | 0.6 (TP8F-007 — 5 24 58,600
0.0-1.0 0.0-0.6)
Pyrene LoD 2.0 TP8F-012 — | 0.89 (TP8F-012 10 24 44,000
0.0-1.0 —0.0-1.0)

All concentrations are well below their respective GAC, typically by two orders

of magnitude, and are therefore not considered to pose unacceptable risks to

RPS Planning & Development

February 2009

35

AWE Burghfield

JER3996




6.6.2

Ground Investigation Interpretative Report

human health. The highest TPH concentrations are typically encountered within
Trial Pits TP8F-012, TP8F-009 and TP8F-007. Samples from TP8F-007 and
TP8F-009 were obtained from made ground in which no visual or olfactory
evidence of contamination was identified and PID readings of 1.9ppm at 0.6m
and 2.2ppm at 0.85m were recorded respectively. Black staining of the made
ground was noted in Trial Pit TP8F-012 between 0.4m and 1.2m associated
with a wooden telegraph pole encountered at 0.5m depth. A creosote odour

detected at 0.5m and a PID reading of 11.7ppm was recorded at 0.2m.

TPH and BTEX
8S Area Chemical Data

Only concentrations of benzene, toluene, ethylbenzene, xylene and TPH
fractions above the LoD have been compared against the derived GAC. These

are presented in Table 6.9.

Table 6.9 Comparison of Organics Data with GAC for 8S Area

Determinant Concentration Maximum Value Second Highest GAC/SGV
Range (mg/kg) | Exploratory Hole Concentration (mg/kg)
and Depth (m) (mg/kqg)
(Exploratory
Hole)

Aliphatics >C21-C35 LoD - 6.46 TP2A358 - 0.1 - 614,000
Aromatics >C12 — C16 LoD —-5.89 TP8S-004 - 0.9 - 12,500

Aromatics >C21 — C35 LoD - 16.4 TP8S-004 - 0.9 - 9,210

The elevated aliphatics C21-C25 concentration was obtained from a sample of
topsoil material. The elevated aromatics C12-C16 and C21-C35 concentrations
were obtained from a sample of made ground in which some black staining
was observed and a PID reading of 3.1ppm was recorded. The maximum
concentrations measured fall orders of magnitude below the relevant GAC, and
therefore the concentrations encountered are not considered to pose

unacceptable risks to human health.

8F Area Chemical Data

Only concentrations of benzene, toluene, ethylbenzene, xylene and TPH
fractions above the LoD have been compared against the derived GAC. These

are presented in Table 6.10.
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Table 6.10 Comparison of Organics Data with GAC for 8F Area

Determinant Concentration Maximum Value Second Highest GAC/
Range (mg/kg) Exploratory Hole Concentration SGV
and Depth (m) (mg/kg) (Exploratory (mg/kg)
Hole and Depth (m))
Aliphatics >C21-35 LoD —-23.2 TP8F-015-0.3-0.6 | 14.4 (TP8F-012 — 0.0- | 614,000
1.0)
Aromatics >C12 — C16 LoD -7.61 TP8F-006 - 0.1 7.52 (TP8F-007 — 0.0- 12,500
0.6)
Aromatics >C16 - C21 LoD -9.81 TP8F-012 - 0.0-1.0 | 9.53 (TP8F-015 - 0.3- 9,210
0.6)
Aromatics >C21 — C35 LoD -58.1 TP8F-012 - 0.0-1.0 | 49.9 (TP8F-015 - 0.3- 9,210
0.6)
m and p Xylene LoD -9.0 TP8F-012 - 1.2 8.0 (TP8F-012 - 0.0- 344
1.0)

Elevated aromatics within Trial Pit TP8F-006 were identified within a sample
obtained at the topsoil / made ground interface in which no visual or olfactory
evidence of contamination was identified and a PID reading of 12.4ppm was
recorded at 0.1m. Elevated aromatics within Trial Pit TP8F-007 were identified
within a sample of made ground in which no visual or olfactory evidence of
contamination was identified and a PID reading of 1.9ppm was recorded at
0.6m. Elevated aliphatics and aromatics were identified within Trial Pit
TP8F015 within a sample of made ground in which no visual or olfactory
evidence of contamination was indentified and a PID reading of 1.0ppm was

recorded at 0.3m.

Elevated aromatics and xylenes within Trial Pit TP8F-012 where black staining
of the made ground was noted between 0.4m and 1.2m associated with a
wooden telegraph pole encountered at 0.5m depth. A creosote odour was
detected at 0.5m and a PID reading of 11.7ppm was recorded at 0.2m.

The maximum concentrations measured fall orders of magnitude below the
relevant GAC, and therefore the concentrations encountered are not

considered to pose unacceptable risks to human health.

6.6.3 Other Organics
8S Area Chemical Data
A limited number of organic compounds were identified above the LoD as
shown in Table 6.11, but no GACs were available for these contaminants.
PRGs have therefore been used a screening tool in this instance. The
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compounds listed are obscure and there is very little toxicological information

available, therefore were information is available ‘surrogate’ compounds have

been selected and the appropriate PRGs used to tentatively screen the levels

of contaminants encountered.

Table 6.11 Miscellaneous Organics for 8S Area

Determinant

Concentration
Range (mg/kg)

Maximum Value
Exploratory Hole and

Second Highest
Concentration

PRG /10 (mg/kg)

Depth (m) (mg/kg)
(Exploratory
Hole)
Decane, 4-methyl <LoD - 0.6 TP2A358 - 0.1 None 532*
Decane, 5-propyl- <LoD -0.7 TP2A358 - 0.1 None 532*
Eicosane <LoD - 0.6 TP2A358 - 0.1 None 75.7%
1, 19-Eicosadiene <LoD-3.3 TP2A358 - 0.1 None 75.7**
Hentriacontane <LoD-1.1 TP2A358 — 0.1 None 75.7**
Hexadecane <LoD -0.5 TP2A358 - 0.1 None 75.7**
Nonadecane <LoD-1.9 TP2A358 - 0.1 None 75.7%
Octadecane, 1-chloro <LoD-3.3 TP2A358 - 0.1 None 75.7**
Ocatadecanol <LoD-0.6 TP2A358 - 0.1 None 75.7**
Octane, 2,6-dimethyl- <LoD -0.5 TP2A358 - 0.1 None 532*
Pentadecane <LoD -0.7 TP2A358 - 0.1 None 75.7%
Pentadecane, 2,6,10,14- <LoD -2.5 TP2A358 - 0.1 None 532*
tetramethyl-
2-Pentacosanone <LoD -0.6 TP2A358 - 0.1 None 75.7**
Tetratetracontane <LoD - 0.6 TP2A358 - 0.1 None 75.7*
Tetradecane <LoD -0.7 TP2A358 - 0.1 None 75.7**
Tridecane <LoD-0.7 TP2A358 — 0.1 None 75.7**
Undecane <LoD -0.7 TP2A358 - 0.1 None 75.7%*

* Methylcyclopentane used as a surrogate compound

** Hexane used as a surrogate compound

The table above shows that are the organic compounds lie well below the

appropriate PRGs are therefore no considered to pose a risk to human health.
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8F Area Chemical Data

A limited number of organic compounds were identified above the LoD within
the 8F area, as shown in Table 6.12. A GAC has only been derived for 1,2,4
trimethylbenzene within the Mensa area. No GAC has been derived for p-
Isopropyltoluene and there is very limited toxicological information available for
a GAC to be derived. In this instance therefore, the SGV for toluene has been

tentatively used to screen the p-Isopropyltoluene concentration encountered.

Table 6.12 Miscellaneous Organics for 8F Area

Determinant Concentration Maximum Value Second Highest GAC
Range (mg/kg) | Exploratory Hole and Concentration (mg/kQg)
Depth (m) (mg/kQg)
(Exploratory
Hole)
p-Isopropyltoluene <LoD - 0.008 TP8F-012 - 1.2 None 150*
1,2,4-Trimethylbenzene <LoD - 0.022 TP8F012-1.2 None 1.53*

6.7

* SGV for toluene

The concentrations of trimethylebenzene and isopropyltoluene were
encountered within Trial Pit TP8F012 at 1.2m depth, the same trial pit in which
slightly elevated PAHs and TPH were encountered above the LoD. These
concentrations are attributed to the presence of a creosote soaked telegraph
pole. However the concentrations are well below the screening levels, therefore

posing no risk to human health.

Asbestos

Within the 8S Area 10 samples were submitted for asbestos screens with all

results reported as ‘No Bulk Fibres Observed'.

Within the 8F Area 21 samples were submitted fro asbestos screens with all
results reported as ‘No Bulk Fibres Observed’. A single fragment of suspected
asbestos cement tile was encountered within Trial Pit TP8F-015 at 0.3m depth,
and was removed for sampling and submitted for asbestos analysis. This was
identified by the laboratory as being chrysotile asbestos. No other fragments of

suspected ACMs were encountered during the investigation.

Similar, rare, isolated pieces of Asbestos Containing Materials (ACMs) have

typically been identified at very shallow depths across the wider Mensa site
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area. This has the potential to cause harm due to the potential risk from
inhalation of asbestos unearthed/disturbed during construction or to future site

users including grounds and maintenance workers.

Based on the findings of previous site investigations and the identification of
chrysotile asbestos within a sample obtained within the 8F area, it is
considered asbestos may be encountered in shallow soils not previously
encountered. Consequently during site preparation and enabling works, an
asbestos management system will be required to prevent the low risk of
asbestos inhalation by construction workers and future site users to mitigate
the risks of previously unidentified contaminated soils. Safe systems of work
(SSoW) will be adopted and screening and verification of shallow soils required

if shallow soils are proposed to be re-used.

Summary of Risks to Human Health

General

A risk assessment was undertaken in line with CLR11 (Ref. 2) in order to

assess risks to human health from contaminants identified on the site.

All 95" percentile values for inorganic contaminants are substantially below the
corresponding GAC for both 8S and 8F Area. In addition all outliers identified
are significantly below the GAC and therefore are not considered to pose
unacceptable risks to human health for the proposed site use. Similarly, all
concentrations of PAHs and TPH in soil are well below the GAC derived for the

proposed site use.

Asbestos was identified at one sample location within the 8F Area (Trial Pit
TP8F-015) representing a residual risk to human health. Only one fragment of
asbestos cement was encountered and this was removed for sampling
purposes. No other suspected ACM fragments were encountered during the

investigation.

There is also a low risk that previously unidentified asbestos contaminated soils
may be encountered during construction. Consequently a SSoW to protect
construction workers will be required along with a soil management system to
enable any asbestos contamination encountered to be segregated and

disposed of appropriately.
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Risk to Construction Workers

Any ground works in areas where Made Ground is likely to be present, and in
the eventuality that previously unidentified contamination is encountered,
contractors will need to undertake prior health and safety risk assessments and
adopt a system of safe working to mitigate any potential contamination risks in
line with the CDM Regulations and the AWE Code of Construction Practice
(Ref. 14). In particular, given the random nature / occurrence of small amounts
of isolated asbestos within Made Ground, there is a risk that asbestos could be
encountered during earthworks on site. Earthwork contractors must be made
aware of the risks of encountering previously unidentified contamination

including asbestos.

Risk from Unknown and Previously Unidentified Contamination

Due to the former industrialised past at AWE (B) there is the possibility of
encountering previously unidentified contamination during further construction
works including asbestos in shallow soils. The levels of contamination that
have been encountered during this investigation are not considered to pose a
significant risk to human health, but procedures will need to put in place to
assess the risk to and protect sensitive receptors should unknown or previously

unidentified contamination be encountered during site development.

In addition, as discussed in Section 6.8.2, mitigation measures will be required
to reduce the risks associated with the exposure of construction workers to

previously unidentified contamination.
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Controlled Waters Risk Assessment

7.1

7.1.1

7.1.2

Introduction

General

The assessment was carried out in order to supplement existing information
and address key issues that have previously been highlighted in the Project
Mensa Development Ground Conditions Technical Report (Ref. 16). The
groundwater monitoring was undertaken such that an assessment could be
carried out to determine risks to the aqueous environment caused by the
potential presence of contamination associated with current and historical
activities on site. It should be noted that these areas had not been subject to
previous intrusive ground investigations hence groundwater information was

not available.

The risk to controlled waters has been assessed using the appropriate
regulatory guidance for the protection of groundwater and surface waters. The
guidance is formulated in accordance with the Environment Act 1995 and the
Water Resources Act 1991.

The most appropriate standard will be selected for each potential contaminant

from sources including the following:
= UK Environmental Quality Standards (EQS) for surface water receptors;
=  Drinking Water Standards (DWS) for groundwater abstractions; and

=  World Health Organisation (WHO) values for those contaminants for which

no UK standard exists.

Objectives

The key objective of this chapter is to evaluate potential risks to controlled
waters from the materials contained within the soils and groundwaters beneath
the 8S and 8F building areas.

The risk assessment has been undertaken on the basis of assessment of

laboratory analytical data sheets for sampled groundwaters waters as detailed
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in the Factual Report (Ref. 9). Three rounds of groundwater monitoring and
sampling were undertaken for each of the 5 borehole monitoring wells installed
during this investigation. 2 of these boreholes, namely Boreholes BH8S-001
and BH8S-002 are located within the 8S area, and the remaining 3 boreholes,
namely Boreholes BH8F-001, BH8F-002 and BH8F-003 are located within the

8F area.

Source-Pathway-Receptor (SPR) Characterisation

In the UK in Part IIA of the Environmental Protection Act 1990 ‘Contaminated

Land’ is defined as:

"any land which appears to the Local Authority in whose area it is situated to be

in such a condition, by reason of substances in, on or under the land, that -

(a) Significant harm is being caused or there is a significant possibility of such

harm being caused; or
(b) Pollution of controlled waters is being, or is likely to be, caused".

In order to determine whether land is contaminated under Part IIA the concept
of a ‘Pollutant Linkage’ is adopted. This means that for a risk to exist there
must be a link between a contaminant source and receptor by means of a

pathway.
Under Part 1A of the EPA “controlled waters” are defined as:

"territorial waters which extend seawards for three miles, coastal waters, inland
freshwaters, that is to say, the waters in any relevant lake or pond or of so
much of any relevant river or watercourse as is above the freshwater limit, and

ground waters, that is to say, any waters contained in underground strata"

Groundwater Sampling and Monitoring Methodology

The laboratory analytical results have been subject to an initial screening
exercise, comparing groundwater concentrations against the most appropriate
water quality threshold to highlight the concentrations of contaminants that may

constitute a contaminant source that could cause a risk to controlled waters
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Groundwater chemical analytical data and soil leachate data obtained from
laboratory analysis on samples from hand pits, trial pits and boreholes within

the 8S and 8F site areas have been used in this assessment.

In total, fifteen groundwater samples were taken during three rounds of
monitoring were submitted for analysis for various suites of chemical organic

and inorganic analytes at TES Bretby’s laboratory, including:
. Metal suites (including arsenic, chromium, copper, lead etc);

= Water quality parameters (including pH, ammonia, nitrate, nitrite, TOC

etc); and

= Hydrocarbons, including Total Petroleum Hydrocarbons (TPH) and

speciated Poly Aromatic Hydrocarbons (PAH).

A total of 4 soil samples were scheduled for soil leachate analysis for a suite of

metal contaminants.

The results of the analysis are discussed in the following sections and full

results are provided in Ref. 9.

Tier 1 Screening Assessment — Groundwater

Introduction

A Tier 1 ‘'screening’ groundwater risk assessment has been undertaken utilising
groundwater laboratory analytical results from the groundwater monitoring
programme. The Tier 1 screening assessment allows the selection of
contaminants of concern based on compliance or non-compliance with current

water quality standards for contaminants in groundwater.

UK guidance on groundwater specifies that controlled waters should not be
impacted by contamination (underpinned by legislation such as the
Groundwater Directive, Ref. 18). When pollution has occurred the risks from
the pollutants are assessed on a site specific basis using risk assessment

tools.

The process of developing a risk assessment involves collecting geological,

groundwater and contaminant data and using the data to develop a Conceptual
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Site Model which is used to demonstrate the understanding of the

hydrogeological processes and pollutant linkages at the site.

This tier comprises a qualitative approach by comparing concentrations
recorded in groundwater to published guideline criteria as described in Section

7.1.1, a summary of which is given in Table 7.1, Table 7.2 and Table 7.3 below:

Table 7.1 Inorganic Groundwater Concentrations Compared with EQS Values

Parameter Units No of Minimu Maximum EQS No of Pass /
samples | mvalue value Value | samples Fail
above
EQS
Arsenic mg/l 15 <0.001 0.005 0.05 0 Pass
Boron mg/l 15 0.31 0.59 2 0 Pass
Barium mg/l 15 0.04 0.1 - - -
Beryllium mg/l 15 <0.01 <0.01 - - -
Cadmium mg/l 15 <0.0001 0.0005 0.005 0 Pass
Chromium mg/l 15 0.004 0.013 0.25 0 Pass
Copper mg/l 15 <0.001 0.008 0.028 0 Pass
Lead mg/l 15 <0.001 0.001 0.25 0 Pass
Nickel mg/l 15 0.002 0.044 0.2 0 Pass
Zinc mg/| 15 0.003 0.046 0.5 0 Pass
Mercury mg/l 15 <0.0001 0.0001 0.001 0 Pass
Selenium mg/| 15 <0.001 0.014 - - -
pH pH units 15 6.6 7.4 - - -
Total Hardness mg/l 15 970 4420 - - -
(CaCo03)
Total Sulphur as mg/l 15 754 3100 400 15 Fail
S04
Calcium mg/l 15 181 573 - -
Magnesium mg/| 15 122 725 - - -
Ammoniacal N mg/l 15 0.12 14 1x* 6 Fail
Nitrate mg/| 15 <0.2 2 - - -
Nitrite mg/| 15 <0.01 0.23 - - -
Phosphate mg/l 15 <0.01 0.35 - - -
TOC mg/1 15 3.8 7.2 - - -

* EQS value dependant upon water hardness. A hardness band of >250 mg/l CaCO3 has been used,
based upon the alkalinity groundwater values (Hardness) obtained from the monitoring.

** EQS for ammoniacal nitrogen taken as the ‘Imperative’ value for Total Ammonium (as NH,) for
Salmonid and Cryprnid waters (EC Freshwater Fish Directive (78/659/EEC), updated in 2006
(2006/44/EC)).

The table above shows that of the samples tested, there are 15 exceedances

of total sulphur (as SO4) and 6 exceedances of ammoniacal nitrogen above
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environmental quality standards. There are no EQS values for a number of
determinands, so on this basis these are not considered to be contaminants of

concern with regard to surface water receptors.

Table 7.2 Inorganic Groundwater Concentrations Compared with DWS Values

Parameter Units No of Minimum Maximum | DWS No of Pass /
samples value value Value | samples Fail
above
DWS
Arsenic mg/l 15 <0.001 0.005 0.01 0 Pass
Boron mg/l 15 0.31 0.59 1 0 Pass
Barium mg/l 15 0.04 0.1 1 0 Pass
Beryllium mg/l 15 <0.01 <0.01 - - Pass
Cadmium mg/l 15 <0.0001 0.0005 0.005 0 Pass
Chromium mg/l 15 0.004 0.013 0.05 0 Pass
Copper mg/l 15 <0.001 0.008 2 0 Pass
Lead mg/l 15 <0.001 0.001 0.25 0 Pass
Nickel mg/l 15 0.002 0.044 0.2 0 Pass
Zinc mg/l 15 0.003 0.046 5 0 Pass
Mercury mg/l 15 <0.0001 0.0001 0.001 0 Pass
Selenium mg/l 15 <0.001 0.014 0.01 2 Fail
pH pH units 15 6.6 7.4 - - -
Total Hardness mg/l 15 970 4420 - - -
(CaCO3)
Total Sulphur as mg/l 15 754 3100 250 15 Fail
SO4
Calcium mg/l 15 181 573 250 10 Fail
Magnesium mg/l 15 122 725 50 15 Fail
Ammoniacal N mg/| 15 0.12 1.4 - - -
Nitrate mg/l 15 <0.2 2 - - -
Nitrite mg/l 15 <0.01 0.23 0.1 2 Fail
Phosphate mg/l 15 <0.01 0.35 - -
TOC mg/1 15 3.8 7.2 - -

The table above shows that of the samples tested, there are 2 exceedances of
selenium, 15 exceedances of total sulphur (as SO4) and magnesium, 10
There are no DWS

values for a number of determinants, so on this basis these are not considered

exceedances of calcium and 2 exceedances of nitrite.

to be contaminants of concern with regard to groundwater receptors.
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Table 7.3 Organic Groundwater Concentrations Compared with Groundwater

Screening Values (GSV)

Parameter Units No of No. of Minimum Maximum GSV No of Pass
sampl | samples value value Value | samples | /Fail
es above above
LoD GSV
Acenaphthene ug/l 15 2 <0.01 0.105 0.1* 1 Fail
Acenaphthylene ug/l 15 1 <0.01 0.04 0.1* 0 Pass
Anthracene ugl/l 15 1 <0.01 0.044 0.1* 0 Pass
Benzo(a)anthracene ug/l 15 1 <0.01 0.047 0.1* 0 Pass
Benzo(a)pyrene ug/l 15 1 <0.01 0.047 0.1* 0 Pass
Benzo(b)fluroanthene ug/l 15 1 <0.01 0.041 0.1* 0 Pass
Benzo(g,h,i)perylene ugl/l 15 1 <0.01 0.044 0.1* 0 Pass
Benzo(k)fluroanthene ug/l 15 1 <0.01 0.04 0.1* 0 Pass
Chrysene ug/l 15 1 <0.01 0.04 0.1* 0 Pass
Dibenzo(a,h)anthracene ug/l 15 1 <0.01 0.042 0.1* 0 Pass
Fluroanthene ug/l 15 1 <0.01 0.045 300** 0 Pass
*
Fluorene ugl/l 15 1 <0.01 0.041 0.1* 0 Pass
Indeno(1,2,3-cd)pyrene pl_-I 15 1 <0.01 0.042 0.1* 0 Pass
units

Naphthalene ug/l 15 6 <0.01 0.041 10** 0 Pass
Phenanthrene ug/l 15 5 <0.01 0.047 0.1* 0 Pass
Pyrene ug/l 15 1 <0.01 0.046 0.1* 0 Pass

Total TPH mg/l 15 12 <0.01 0.1 0.01* 10 Fail

* Drinking Water Standards

** EQS Value

*** \WHO Drinking Water Standard

The table above shows that all PAH concentrations fall below the appropriate
Groundwater Screening Values, with the exception of acenaphthene, where a

maximum concentration of 0.105 ug/l marginally exceeds the GSV of 0.1 ug/l.

A total of 10 exceedances of the Groundwater Screening Value for TPH (0.01
ug/l) have been recorded from the monitoring, with a maximum value of 0.1

mg/l recorded in Borehole BH8F-002 (shallow aquifer).

7.3 Tier 1 Screening Assessment — Leachates
A Tier 1 'screening’ groundwater risk assessment has been undertaken utilising
laboratory analytical results from soil leachates. The Tier 1 screening
assessment allows the selection of contaminants of concern based on
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compliance or non-compliance with current water quality standards for

contaminants in soil leachates.

This section comprises a qualitative approach by comparing concentrations

recorded in leachates to published guideline criteria as described in Section

7.1.1, a summary of which is given in Table 7.4 and Table 7.5 below:

Table 7.4 Inorganic Leachate Concentrations Compared with EQS Values

Parameter Units No of Minimum Maximum EQS No of Pass
samples value value Value samples | /Fail
above
EQS
Arsenic mg/l 4 0.001 0.006 0.05 0 Pass
Boron mg/| 4 0.42 1.58 2 0 Pass
Beryllium mg/l 4 <0.01 <0.01 - - -
Cadmium mg/| 4 <0.0001 0.0002 0.005 0 Pass
Chromium mg/l 4 0.001 0.003 0.25 0 Pass
Copper mg/l 4 0.004 0.13 0.028 0 Pass
Lead mg/| 4 0.001 0.012 0.25 0 Pass
Nickel mg/| 4 0.001 0.005 0.2 0 Pass
Zinc mg/| 4 0.02 0.106 0.5 0 Pass
Manganese mg/l 4 0.008 0.017 - - -
Mercury mg/l 4 <0.0001 0.0001 0.001 0 Pass
Selenium mg/l 4 <0.001 0.001 - - -
pH pH units 4 7.5 7.9 - - -

* EQS value dependant upon water hardness. A hardness band of >250 mg/l CaCO3 has been used,
based upon the alkalinity groundwater values (Hardness) obtained from groundwater monitoring.

The table above shows that all

leachate concentrations

lie below the

appropriate EQS values and as such do not pose a risk to surface water

receptors. There are no EQS values for selenium and manganese and on this

basis these are not considered to pose a risk to surface water receptors.

Table 7.5 Inorganic Leachate Concentrations Compared with DWS Values

Parameter Units No of Minimum Maximum DWS No of Pass /
samples value value Value | samples Fail
above
DWS
Arsenic mg/l 4 0.001 0.006 0.01 0 Pass
Boron mg/| 4 0.42 1.58 1 1 Fail
Beryllium mg/l 4 <0.01 <0.01 - - -
Cadmium mg/l 4 <0.0001 0.0002 0.005 0 Pass
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Parameter Units No of Minimum Maximum DWS No of Pass /
samples value value Value | samples Fail

above

DWS
Chromium mg/l 4 0.001 0.003 0.05 0 Pass
Copper mg/l 4 0.004 0.13 2 0 Pass
Lead mg/l 4 0.001 0.012 0.25 0 Pass
Nickel mg/l 4 0.001 0.005 0.2 0 Pass
Zinc mg/l 4 0.02 0.106 5 0 Pass
Manganese mg/l 4 0.008 0.017 50 0 Pass
Mercury mg/l 4 <0.0001 0.0001 0.001 0 Pass
Selenium mg/l 4 <0.001 0.001 0.01 0 Pass-

pH pH units 4 7.5 7.9 - - -

7.4

The table above shows that all leachate concentrations lie below the
appropriate DWS values and as such do not pose a risk to groundwater. There
is one exception to this, with a boron concentration of 1.58 mg/l exceeding the
DWS value of 1 mg/l. There are no DWS values for beryllium and on this basis

it is not considered to pose a risk to groundwater receptors

Discussion

Typically contaminants in groundwater have been recorded at concentrations

which are considered to not pose a significant risk to controlled waters.

Sulphate (15 samples) and Ammoniacal Nitrogen (8 samples) have been
recorded to be elevated above EQS values in the groundwater. Based upon
our experience of similar sites, contaminants such as sulphate and ammonium
compounds are common contaminants resulting from the manufacture of
explosives. It is considered that these contaminants could be associated with
the former use of the site as the Royal Ordnance Factory. However, given that
high concentrations of these determinants have been found in natural soils
across the site, and previous investigations at AWE Burghfield (Refs. 16 & 20),
it is considered more likely that the detected levels of the above contaminants
may be indicative of naturally occurring concentrations already present within
soil and groundwater. Sulphate and magnesium concentrations were also
found to exceed DWS guidelines in all 15 samples and again it is considered

that these may be indicative of naturally occurring concentrations.
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Calcium was recorded to be elevated above the DWS guideline of 250 mg/l in
10 groundwater samples. These concentrations however are not considered to
be indicative of a risk to controlled waters as this guideline value is used

primarily in relation to taste and not quality.

2 concentrations of selenium exceeded the DWS guideline of 10 ug/l, with a
maximum concentration of 14 ug/l. Both of these elevated concentrations were
recorded within Borehole BH8F-001 where groundwater samples were taken
from the London Clay. Due to the low permeability of the London Clay, the
potential for downward migration of groundwater into the lower aquifers is
extremely low, therefore the risk to groundwater abstractions in the chalk is
considered to be low and no further risk assessment is considered necessary.
There is no EQS for selenium, so on this basis it is not considered to pose a

risk to surface water receptors.

Nitrite was recorded to be elevated in 2 groundwater samples, both taken from
Borehole BH8F-003 (deep aquifer within the Reading Beds), with a maximum
concentration of 0.23 mg/l. Elevated concentrations within this aquifer have
been encountered in previous works in the Mensa area, possibly relating to the
agricultural use of the surrounding area. Ref. 16 outlines a quantitative risk
assessment for the Phase 2A Demolition Area that was undertaken using the
ConSim model based upon a highest concentration of 0.8 mg/l and a
compliance point of 100m down the hydraulic gradient. This risk assessment
concluded that nitrite did not pose a risk to controlled waters. Given that the
maximum concentration recorded during this monitoring programme (0.23 mg/l)
is lower than the modelled concentration, it is therefore considered that nitrite

does not pose a risk to controlled waters in this instance.

The PAHs do not occur at levels exceeding the appropriate Groundwater
Screening Values (GSV), with the exception of acenaphthene where a marginal
exceedance of DWS was recorded in Borehole BH8F-001 (shallow London

Clay aquifer).

TPH was recorded within the shallow aquifer exceeding the GSV of 0.01 mg/I
within 5 samples, with a maximum concentration of TPH of 0.1 mg/l in Borehole
BH8F-002. The source of the TPH within the shallow groundwater may be from
the creosote soaked wooden post that was encountered in Trial Pit TP8F-012

and elsewhere across the Phase 2A Demolition Area (Ref. 26). However no
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such posts were encountered in the 8S area and there were no other obvious
sources of contamination in either the 8S or 8F areas. It is considered likely
therefore that the TPH concentrations in the shallow groundwater are likely to
representative of natural concentrations rather than as a result of site activities,
as the results are too widespread and variable to be from one or a few point

sources.

From a risk perspective, previous ground investigation and monitoring works
(Refs. 16 & 19) across the Mensa Development area have concluded that in
general, shallow groundwater in this area of AWE Burghfield tends to move in
an east to north-easterly direction, away from the Burghfield Brook that lies to
the south-east. Ref. 19 also suggests that there is likely to be very little, if any,
hydraulic continuity between shallow perched groundwater and the surface
water receptors (Burghfield Brook and minor tributaries of Foundry Brook) in
the 8F and 8S areas. In addition the presence of the low permeability London

Clay would inhibit the movement of shallow groundwater.

It is considered therefore that there is no pathway by which TPH and
acenaphthene could impact the surface water receptors. Therefore the
presence of minor elevated concentrations of these contaminants in shallow
groundwater is considered to pose a low to negligible risk to surface water and

no further risk assessment is deemed necessary.

TPH was recorded to be elevated above the GSV of 0.01 mg/l within 4 of the
samples taken from the deeper Reading Beds aquifer, with a maximum
concentration of 0.04 mg/l noted within Boreholes BH8S-001 and BH8F-001
during the second monitoring round and previous ConSim modelling (Ref. 21).
Slightly elevated TPH concentrations have been recorded at a number of deep
monitoring wells during previous works undertaken by RPS at AWE Burghfield
(Refs 16 and 20). Speciated analysis of these samples has concluded that
these previous samples were longer carbon chain hydrocarbons and therefore
have limited mobility within the groundwater. Although no speciated analysis
has been undertaken in this instance, it is considered likely that the TPH
concentrations recorded may be representative of the longer carbon chain
hydrocarbons. In addition as there is no obvious source of hydrocarbons e.g.
storage tanks located within the 8S and 8F areas, it is considered likely that the
TPH concentrations are representative of natural concentrations as, again, the

values are too variable and widespread to be from one or a few point sources.
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From a risk perspective, a quantitative risk assessment using ConSim
undertaken by RPS in 2006 (Ref. 21) has concluded that an observed TPH
concentration of 1.09 mg/l located within the Mensa did not pose a risk to the
abstraction borehole located to the east of the site. On this basis, a maximum
concentration of 0.04 mg/l in the deeper aquifer recorded during the 8S/8F

investigation is not considered to pose a risk to controlled waters.

Recommendations

Based upon the available information on the nature of minor groundwater
contamination and overall low concentrations of chemical contaminants in
groundwaters, it is concluded that no specific groundwater remediation is
considered necessary. It is recommended however that a programme of
reassurance groundwater monitoring is undertaken during site development to
confirm that levels of contaminants within both the shallow and deep aquifers
do not significantly change to such a degree that a risk to receptors would

occur.
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Ground Gas Risk Assessment

8.1

8.2

Ground Gas Assessment Criteria

In the UK, current guidance on the assessment of landfill gases is derived
primarily from the recently updated British Standard, BS 8485 2007 (Ref. 22)
and the CIRIA Report C665 (Ref. 23). Previous guidance has also been
referred to in the assessment of ground gas risks to the development including
Waste Management Paper 27 (Ref. 24) which is updated by Guidance on the
Management of Landfill Gas (Ref. 25). Section C1 of the Building Regulations
2000 also sets out assessment and mitigation requirements for new buildings.
The Building Regulations require that a risk assessment approach is adopted to
determine whether gas protective measures are required to protect

development from ground gases.

The Guidance on the Management of Landfil Gas (Ref. 25) identifies
environmental benchmarks for methane and carbon dioxide concentrations
above background levels that require a qualitative or semi-qualitative

assessment.

For the purposes of this report in order to identify the potential risk posed by
ground gases the criteria of 1% methane and 1.5% carbon dioxide have been
adopted to allow an initial assessment of the monitoring data. Where
concentrations exceed these levels, a qualitative risk assessment is undertaken

and this process is detailed in the following sections.

Three fortnightly rounds of gas monitoring were undertaken on completion of
the 8F2/8F3B/8S2 ground investigation, the results of which are included in Ref.
9.

Methane Initial Screening Assessment

Methane was not recorded above the limit of detection (0.1%) within any of the

boreholes during the gas monitoring.
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Carbon Dioxide Initial Screening Assessment

Carbon dioxide was recorded above the 1.5% threshold on 4 occasions, 3 of
which were during the second monitoring round on 18" September, a summary

of which is given below:
= 1.6% in Borehole BH8S-002 on 18" September;
= 3.1% in Borehole BH8F-001 on 18" September;
= 8.2% in Borehole BH8F-002 on 16™ September; and

= 6.8% in Borehole BH8F-002 on 16™ September.

VOCs

Concentrations of VOCs were variable throughout the monitoring period, but a
maximum concentration of 109ppm was recorded in Borehole BH8S-001 on
30™ September. The results of chemical soil and groundwater analysis at this
location have not indicated high levels of volatile materials to present at this

location, so therefore the cause of this reading is unknown.

Concentrations of VOCs within Borehole BH8S-001 were variable during the
monitoring period. During the first round of monitoring (1% September) a peak
concentration of 23.2ppm was recorded and this decreased during the second
(18™ September) to a 1.7ppm. The third round on the 30™ September recorded
the highest concentration (109ppm) indicating that VOC concentrations are

variable.

Gas Flow

The highest gas flow recorded was 5.6 I/hr in Borehole BH8F-001 on 30™
September. The significant majority of the other gas flow readings were

negative.

Summary of Risk from Soil Gases

The gas monitoring has identified low levels of gases within both the 8F2/8F3
and 8S2 areas, with no methane recorded at or above 0.1% (limit of detection)

and a maximum carbon dioxide concentration of 8.2%. The four elevated
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concentrations of carbon dioxide could be attributable to the degredation of

natural organic material present (i.e. rootlets) in the London Clay.

Gas Screening Values (GSVs) have been derived in accordance with CIRIA
C665 (Ref. 23) to assess the risk posed by the elevated carbon dioxide
reading, as outlined in Table 8.6 below. The GSV is calculated using the

following equation:
Gas Concentration % /100 x Gas Flow = Gas Screening Value (I/hr)

The GSV is synonymous with the Hazardous Gas Flow Rate as outlined in BS
8485 (Ref. 22).

In accordance with BS8485, it is generally more appropriate to consider
borehole gas flow rates and concentrations on a location by location basis,
where there is a comprehensive dataset. However, with the relatively limited
dataset available from the recent monitoring BS8485 states that in some
circumstances a consideration of maximum recorded gas concentrations
obtained from any location on the site, can be used in conjunction with the
recorded borehole gas flow rate from any location and any time period may be
appropriate. This will obviously result in an overly conservative assessment,
however given the relatively limited dataset this approach has also been

adopted, in addition to monitoring well specific calculations.

Table 8.1 Gas Screening Value Summary

Monitoring Gas Type Peak Peak Flow Gas Screening CIRIA C665
Well ID Concentration Rate Value (I/hr) Characteristic
Situation
BH8F-002 Carbon Dioxide 8.2 <0.1 (taken as 0.0082 Cs1
0.1)
BH8F-001 Carbon Dioxide 3.1 5.6 0.1736 CSs2
Worst case Carbon Dioxide 8.2 (BH8F-002) 5.6 (BH8F-001) 0.4592 CS2
scenario

The calculation for carbon dioxide indicates a ‘Low Risk’ Characteristic Gas
Situation (CS2) as derived from CIRIA C665 and BS8485, based upon results
obtained from Borehole BH8F-001 and assuming a worst case scenario. This

indicates buildings constructed at the site will require gas protection.
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Radiological Risk Assessment

9.1

9.2

9.21

Introduction

The risks from radiological sources in soils were assessed through on site
screening during the fieldwork, laboratory radiochemical analysis of samples
obtained from the 8S / 8F ground investigation and a review of analytical data

from a previous ground investigation undertaken in the 8S2 area (Ref. 29).

For the purpose of this assessment the data has been split into two groups,
based on their geographical separation from one another, and their differing
potential sources of contamination as defined by Drawings JER3996-8S8F-
001b and JER3996-8S8F-002b);

= Data from the Building 8S2 redevelopment area, including data from
one location from the Phase 2A ground investigation (Ref. 29) that falls

within the footprint of the proposed development;

. Data from the Building 8F2 & 8F3B redevelopment area

AWE Burghfield Radiological Contamination Assessment

Approach

Radioactivity Assessment in Soils and Groundwater

RPS has adhered to RSA 93 (Ref. 30) and the appropriate Exemption Orders
as an indication of potential contamination, as well as including AWE’s gross
alpha and beta screening levels of 1.1 and 1.0 Bg/g respectively at AWE

Burghfield, when assessing soil samples.

For groundwater AWE’s Threshold Limits which are 0.04 Bg/l for gross alpha
and 1.0 Bg/l for gross beta. In addition for groundwater's RPS also assess
reported gross alpha and gross beta radioactivity values against the screening
levels identified within the WHO Drinking Water Standards of 0.5 Bg/l and1.0
Bqg/l (Ref. 31).
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Radioactivity in Soils

Introduction

The risks from radiological contamination of soil were assessed through on site
screening of soils during the fieldwork (see Section 4.9) and appropriate

radiochemical analysis of samples at AWE'’s Aldermaston laboratory.

During ground investigation works all excavation activities were supported by a
Health Physics Surveyor. A summary of the surface activity monitoring and
radiological screening of excavated strata are provided in Section 4.9 and field
monitoring forms are reproduced in Appendix A of the Factual Report (Ref. 9).
No activity levels above twice background were detected during any

excavation.

Summary of Soil Radiochemical Analytical Results — 8S2 Area

Gross Alpha and Gross Beta

A total of 25 soil samples (24 from the 8S/8F investigation and 1 from the
Phase 2A investigation (Ref. 29)) were submitted for gross alpha and gross

beta analysis and 5 samples were scheduled for tritium analysis.

A summary of the range of activities found for gross alpha / beta analysis for

the 8S2 area is given in Table 9.1 below.

Table 9.1 Summary of Gross Alpha, Gross Beta Analysis in Soils — 8S area

Sample Type Determinand Total Number of Activity Range (Bq/g)
Analyses
Soil Gross Alpha Activity 25 0.31-0.799
Gross Beta Activity 25 0.56 — 1.262

The main statistical parameters determined from the gross alpha / beta
analysis are given in Table 9.2 below, and have been further split into Made
Ground and natural ground data sets to assess any variance between the
strata. The US95 is calculated using the Mean Value Test, which calculates the
upper 95" percentile of the mean measured concentration. This means that

with 95% confidence the true site mean is at or below that value.
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Table 9.2 Statistical Summary of Gross Alpha and Gross Beta Analysis in Soils

Number | Arithmetic [ Minimum Maximum Mean No. of Location of
of Mean Activity Activity Value * Outliers Statistical
Samples Activity (Ba/g) (Bag/g) (Ba/g) Outliers
(Ba/g)
Gross 25 0.506 0.31 0.799 0.553 0 None
Alpha (All
Data)
Gross 10 0.519 0.360 0.799 0.609 0 None
Alpha
(NG)
Gross 15 0.496 0.310 0.763 0.555 0 None
Alpha
(MG)
Gross 25 0.905 0.56 1.262 0.964 0 None
Beta (All
Data)
Gross 10 0.957 0.670 1.262 1.064 0 None
Beta
(NG)
Gross 15 0.871 0.560 1.100 0.941 0 None
Beta
(MG)

* Mean value at 95% confidence limits
MG — Made Ground

NG — Natural Ground

No gross alpha or gross beta statistical outliers were identified, for either the

dataset as a whole, or when separated into Made Ground and natural ground

data sets. The data assessment has identified that both gross alpha and gross

beta activity levels are typically marginally higher in Natural Ground than in
Made Ground.

No gross alpha activity results were in excess of the AWE screening threshold

of 1.1 Bg/g. A total of 4 samples, 3 from the 8S/8F investigation and 1 from the

Phase 2A investigation, demonstrated gross beta activity in excess of the gross

beta activity threshold of 1.0 Bg/g.

A summary of the samples and strata from which gross beta activity was

detected above the AWE screening threshold is provided in Table 9.3 below.

Table 9.3 Summary of Gross Beta Activity Threshold Exceedances

Location Depth (mbGL) Activity (Bqg/g) Ground Description
BH8S-002 0.20 1.10 MADE GROUND

TP2A358* 1.20 1.26 NATURAL GROUND
BH8S-001 3.00-3.50 1.10 NATURAL GROUND
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Location Depth (mbGL) Activity (Bqg/g) Ground Description

TP8S-004 1.40 1.10 NATURAL GROUND

* - TP2A358 was excavated during the Phase 2A LQA in 2005 (Ref. 29).

9.4.2 Radiochemistry Analysis Results

Despite no sample exhibiting a gross alpha activity exceeding the 1.1 Bqg/g
threshold screening level, for quality assurance purposes 1 sample from Trial
Pit TP8S-004 underwent additional radiochemistry for plutonium isotopes (Pu-
238 and Pu-239/240), uranium isotopes (U-234, U-235 and U-238), thorium
isotopes (Th-228, Th-230 and Th-232), and polonium isotopes (Po-210) to
assess whether the alpha activity recorded was from natural or artificial

sources. The results of the analysis are summarised below.

Plutonium Analysis Results

The results of the plutonium analysis are summarised in Table 9.4.

Table 9.4 Results of Plutonium Analysis

Location Depth (MbGL) 239+299py; (Bq/g) 2py (Balg)

TP8S-004 1.40 < 0.0006 < 0.002

Plutonium is an anthropogenic radionuclide, i.e. it is produced through artificial
(man-made) activities. Any identified levels of plutonium may suggest that
historic or current site activities have led to contamination. The activities for
plutonium isotopes were below the laboratory limit of detection (LOD) for all the

samples analysed.

Uranium Analysis Results

The results of the uranium analysis are summarised in Table 9.5.

Table 9.5 Results of Uranium Analysis

Location Depth (mbGL) U-234 (Bqg/g) U-235 (Bqg/g) U-238 (Bqg/g)

TP8S-004 1.40 0.045 = 0.004 <0.003 0.028 + 0.003

Uranium activity can be due to anthropogenic or natural sources, but the ratio
of the uranium isotopes detected can be used to indicate whether the uranium
source is natural or artificial. The ratio of U-234 and U-238 isotopes for the

samples analysed, were consistent with natural environmental levels found in
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the Thames Valley region, which are typically between 0.002-0.033 Bg/g with a
U-234:U-238 ratio of 1:1 (Ref. 32).

The U-234 activity is marginally above this typical range, but as the soil sample
is from 1.4 mbGL and from natural ground it is considered that the activity
detected is due to natural variation rather than contamination. The total activity
of uranium detected is significantly below the Radioactive Substances Act 1993
Schedule 1 Specific Threshold Activity for uranium of 11.1 Bg/g, above which

activities are indicative of ‘radioactive material’.

Thorium Analysis Results

The results of the thorium analysis are summarised in Table 9.6.

Table 9.6 Results of Thorium Analysis

Location Depth (mbGL) *Th (Bglg) #%Th (Bglg) 22Th (Bqg/g)

TP8S-004 1.40 0.039 + 0.005 0.033 £ 0.004 0.043 + 0.005

Thorium activity can be due to anthropogenic or natural sources, but the ratio
of the isotopes detected can be used to indicate whether the thorium source is

natural or artificial.

Th-228 is a daughter decay progeny of Th-232, and if present from natural
sources and assuming secular equilibrium has been established, the ratio of
Th-232 and Th-238 should be approximately 1:1. Similarly, Th-230 is a decay
daughter of U-238 and therefore one would expect them to be in the ratio of

approximately 1:1 should they be present from natural sources.

The results indicate that the detected thorium is from natural sources rather
than due to contamination. The total activity of thorium detected is significantly
below the Radioactive Substances Act 1993 Schedule 1 Specific Threshold
Activity for thorium of 2.59 Bqg/g, above which activities are indicative of

‘radioactive material’.

Polonium Analysis Results

The results of the polonium analysis are summarised in Table 9.7.
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Table 9.7 Results of Polonium Analysis

Location Depth (mbGL) %0 (Bq/g)

TP8S-004 1.40 0.026

9.4.3

The results of the detected Polonium-210 indicate that the total activity is
significantly below the Radioactive Substances Act 1993 Schedule 1 Threshold
Activity for Polonium of 0.37 Bqg/g, above which activities are indicative of

‘radioactive material’.

Gamma Spectrometry Analysis Results

In accordance with the AWE protocol for soil samples with gross beta activity
exceeding the 1.0 Bqg/g threshold, 3 samples underwent gamma spectrometry
analysis to assess whether the beta activity was from natural or artificial
sources. The fourth sample that displayed elevated beta activity was taken
during the Phase 2A investigation from Trial Pit TP2A358, but no gamma

spectrometry results are available.

Results of the gamma spectrometry analysis are provided in Table 9.8, for

radionuclides detected above the minimum detection limit of the analysis.

Table 9.8 Summary of Gamma Spectrometry Results

Radionuclide Total Number Activity Range Threshold for
of Analyses (Ba/g) Comparison
(Ba/g)
K-40 3 0.530 - 0.820 0.40°
TI-208 3 0.010 - 0.016 259°
Pb-212 3 0.030 — 0.044 2.59°
Pb-214 3 < LOD -0.027 11.1°¢
Bi-212 3 0.048 - < LOD 2.59°
Bi-214 3 0.023 -< LOD 11.1°¢
Ac-228 3 < LOD -0.049 0.37°
Notes:

@

(b)

(©)

(d)

Substances of Low Activity (SoLA) Exemption Order threshold of 0.40 Bg/g above
‘natural’ background activity level.

RSA 93 Schedule 1 limiting specific activity for parent thorium (Th-232) assuming
natural and in secular equilibrium.

RSA 93 Schedule 1 limiting specific activity for parent uranium (U-238) assuming
natural and in secular equilibrium.

RSA 93 Schedule 1 limiting specific activity for actinium.

RPS Planning & Development

February 2009

61

AWE Burghfield
JER3996



9.4.4

Ground Investigation Interpretative Report

In all samples, the detected K-40 activity was found to be marginally above the
SoLA Exemption order activity of 0.40 Bg/g. However the SoLA Exemption
Order provides exemption for 0.40 Bg/g added activity above that of natural
background levels. The activities of K-40 detected are considered typical of the
natural background levels in the clay rich strata beneath the site with
Potassium being a major element present in the mica and feldspar mineralogy

that are prevalent in clay rich strata.

The other radionuclides listed in Table 9.8 which were detected above the
minimum detection limit of the analysis are all Naturally Occurring Radioactive
Materials (NORM) and present at very low activities, significantly below their
respective RSA93 Schedule 1 limiting specific activity. The levels detected are
consistent with those detected during previous ground investigations at AWE

Burghfield and are therefore considered to be indicative of background levels.

Tritium Analysis Results

A total of 5 samples from the 8S Area were scheduled for tritium analysis. Of
these, only 1 sample identified tritium activity above the limit of detection of the
analysis — Borehole BH8S-001 between 0.50 and 1.00 mbGL (in Made Ground
strata) where an activity of 0.068 + 0.005 Bqg/g was detected. This is marginally
above the LOD of 0.050 Bg/g, but significantly below the SoLA exemption order
activity of 0.40 Bg/g, and consequently indicative of exempt levels in

accordance with the SoLA Exemption Order.

It is understood that trittum may have been historically used in Building 8S2
and Borehole BH8S-001 is located in the former footprint. This suggests that
there may be a potential source of tritium contamination beneath the building
footprint. No additional samples from Borehole BH8S-001 or adjacent Borehole
BH8S002 were scheduled for tritium analysis, and therefore no data is
available to assess the lateral and vertical extent of this potential
contamination. Soil samples from Trial Pits TP8S-002 at 0.90 mbGL and TP8S-
004 at 0.60 mbGL, also within the former footprint of Building 8S2, did not
exhibit activity above the minimum detection limit of the analysis.

To assess the potential risk posed to construction workers and future site
users, the critical receptors in terms of soil exposure, screening criteria were
calculated using the methodology and values set out in NPRB-W36 (Ref. 33).

A worst case scenario was calculated for each receptor and compared against
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the tritium concentration observed in Borehole BH8S-001 to assess the risk

posed by tritium in the soil.

Risk to Construction Workers

The scenario used was the ‘Construction Scenario assuming an exposed,

uniform spatial distribution of the contamination’ (Table 25 in Ref. 33).

The screening criteria was calculated by dividing the permissible dose rate to
public based on a ‘planning’ scenario (0.3 mSv/yr) by the dose rate indicated in

the appropriate table from Ref. 33 (1.18E-14 Sv/yr per Bg/g).

The calculation gives a screening criteria of 2.54E+10 Bqg/g, which is
significantly higher than the observed tritium concentration of 0.068 Bqg/g. It is
therefore considered that based upon a worst case scenario, the presence of

tritium poses a negligible risk to construction workers.

Risk to Future Site Users

The scenario used was the ‘Industrial Scenario assuming an exposed, uniform

spatial distribution of the contamination’ (Table 35 in Ref. 33).

The screening criteria was calculated by dividing the permissible dose rate to
public based on a ‘planning’ scenario (0.3 mSv/yr) by the dose rate indicated in

the appropriate table from Ref. 33 (2.36E-16 Sv/yr per Bg/g).

The calculation gives a screening criteria of 1.27E+12 Bg/g, which is
significantly higher than the observed tritium concentration of 0.068 Bg/g. It is
therefore considered that based upon a worst case scenario, the presence of

tritium poses a negligible risk to future site users.

Summary of Radioactivity Found in Soils — 8S2 Area

Twenty-five soil samples within the 8S2 area were analysed for gross alpha
activity and gross beta activity. All gross alpha activity results were found to be
below the AWE threshold screening level of 1.1 Bg/g. Three gross beta activity
results from this investigation were found to have activity levels above the AWE
threshold screening level of 1.0 Bg/g (plus three additional samples equal to
this threshold). Gross beta levels within a fourth sample, from Trial Pit
TP2A358 (Phase 2A investigation), was found exceed the AWE threshold
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screening level, however no gamma spectrometry data is available for this

sample.

Radiochemistry analysis was undertaken on 1 sample with gamma
spectrometry analysis undertaken on 3 samples. All results indicate that the
activities elevated above the AWE threshold levels are due to natural variation
of NORM radionuclides rather than contamination due to site operations, and

therefore are not considered to pose a risk to human health.

A total of five soil samples were analysed for tritium with one sample from
Borehole BH8S-001 between 0.50 and 1.00 mbGL (in Made Ground strata)
reported with exempt levels of tritium. Based on the historical use of tritium in
Building 8S2, the presence of tritium in shallow soil samples beneath the
building footprint would suggest that the ground may have been subject to very
low levels of localised contamination from historical activities. A risk
assessment has shown the levels of tritium encountered poses a negligible risk
to human health.

Summary of Radiochemical Results in Soils — 8F2 / 8F3B Area

Gross Alpha and Gross Beta
A total of 57 soil samples were submitted for gross alpha and gross beta

analysis and 10 samples were scheduled for tritium analysis.

A summary of the range of activities found for gross alpha / beta analysis for
the 8F2 / 8F3B area is given in Table 9.9 below.

Table 9.9 Summary of Gross Alpha, Gross Beta Analysis in Soils

Sample Type Determinand Total Number of Activity Range (Bq/g)
Analyses
Soil Gross Alpha Activity 57 0.23-1.3
Gross Beta Activity 57 05-14

The main statistical parameters determined from the gross alpha / beta
analysis are given in Table 9.10 below, and have been further split into Made
Ground and natural ground data sets to assess any variance between the

strata. The US95 is calculated using the Mean Value Test, which calculates
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the upper 95" percentile of the mean measured concentration. This means that

with 95% confidence the true site mean is at or below that value.

Table 9.10 Statistical Summary of Gross Alpha and Gross Beta Analysis in Soils

Number of | Arithmetic Minimum Maximum Mean No. of Location of
Samples Mean Activity Activity Value * QOutliers Statistical Outliers
Activity (Ba/g) (Ba/g) (Ba/g)
(Ba/g)
Gross 57 0.462 0.23 1.30 0.499 1 TP8F-001 @ 0.75m
Alpha
(Al
Data)
Gross 15 0.477 0.350 0.810 0.538 0 None
Alpha
(NG)
Gross 15 0.458 0.230 1.300 0.503 1 TP8F-001 @ 0.75m
Alpha
(MG)
Gross 57 0.850 0.50 1.40 0.893 0 None
Beta
(Al

Data)
Gross 15 1.001 0.78 1.40 1.005 0 None
Beta
(NG)
Gross 15 0.795 0.50 1.20 0.839 0 None
Beta
(MG)

* Mean value at 95% confidence limits

MG — Made Ground

NG — Natural Ground

One sample, from Trial Pit TP8F-001 at 0.75 mbGL, exhibited a gross alpha

activity in excess of the AWE screening threshold of 1.0 Bg/g, with an activity of

1.3 Bg/g. This result was also found to be a statistical outlier for the dataset

when assessed as a whole (including both Made Ground and Natural Ground

strata), and also individually for the Made Ground dataset.

A total of 8 samples demonstrated gross beta activity in excess of the gross

beta activity threshold of 1.0 Bg/g as summarised in Table 9.11 below.

Table 9.11 Summary of Gross Beta Activity Threshold Exceedances

Location Depth (mbGL) Activity (Bq/g) Ground Description
TP8F-015 1.30 1.4 NATURAL GROUND
TP8F-009 2.50 1.3 NATURAL GROUND
TP8F-011 0.80-0.90 1.2 MADE GROUND
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Location Depth (mbGL) Activity (Bq/g) Ground Description
TP8F-015 0.00-0.30 1.2 MADE GROUND

TP8F-001 1.10 1.1 NATURAL GROUND
TP8F-008 1.40 1.1 NATURAL GROUND
TP8F-014 1.50 1.1 NATURAL GROUND
BH8F-003 3.00 1.1 NATURAL GROUND

9.5.2

Three further samples demonstrated gross beta activity at the activity
threshold. None of the gross beta threshold exceedances were identified as

being statistical outliers.

The data assessment has identified that both gross alpha and gross beta
activity levels are typically marginally higher in Natural Ground than Made

Ground.

Radiochemistry Analysis Results

One sample exhibited a gross alpha activity exceeding the 1.1 Bg/g threshold
screening level (1.30 Bg/g in Trial Pit TP8F-001 0.75 mbGL) and was
subsequently scheduled for additional radiochemical analysis. This suite of
analysis comprised plutonium isotopes (Pu-238 and Pu-239/240), uranium
isotopes (U-234, U-235 and U-238), thorium isotopes (Th-228, Th-230 and Th-
232), and polonium isotopes (P0-210) to assess whether the alpha activity was
from natural/artificial sources. The results of the analysis are summarised

below.

Plutonium Analysis Results

The results of the plutonium analysis are summarised in Table 9.12.

Table 9.12 Results of Plutonium Analysis

Customer Reference Depth (mbGL) 239+240p, (Bq/qg) 28py (Bg/g)

TP8F-001 0.75 < 0.0007 <0.001

Plutonium is an anthropogenic radionuclide, i.e. it is produced through
artificial/man made activities. Any identified levels of plutonium may suggest
that historic or current site activities have led to contamination. The activities for
plutonium isotopes were below the laboratory limit of detection (LOD) for all the

samples analysed.
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Uranium Analysis Results

The results of the uranium analysis are summarised in Table 9.13.

Table 9.13 Results of Uranium Analysis

Customer Reference Depth (mbGL) U-234 (Bqg/g) U-235 (Bg/g) U-238 (Bag/qg)

TP8F-001 0.75 0.48 +0.03 0.014 £ 0.002 0.018 + 0.002

Uranium activity can be due to anthropogenic or natural sources, but the ratio
of the uranium isotopes detected can be used to indicate whether the uranium
source is natural or artificial. The ratio of U-234 and U-238 isotopes for the
samples analysed, were consistent with natural environmental levels found in
the Thames Valley region, which are typically between 0.002-0.033 Bg/g with a
U-234:U-238 ratio of 1:1 (Ref. 32).

The U-234 activity is above this typical range, but as the soil sample is from
reworked natural ground with no obvious sign of anthropogenic materials, it is
considered that the activity detected is due to natural variation rather than
contamination. The total activity of uranium detected is significantly below the
Radioactive Substances Act 1993 Schedule 1 Specific Threshold Activity for
uranium of 11.1 Bqg/g, above which activities are indicative of ‘radioactive

material’.

Thorium Analysis Results

The results of the thorium analysis are summarised in Table 9.14.

Table 9.14 Results of Thorium Analysis

Customer Reference Depth (mbGL) 28Th (Bq/g) #0Th (Bq/g) *82Th (Bq/g)

TP8F-001 0.75 0.017 + 0.002 0.0092 £+ 0.0016 0.019 +0.003

Thorium activity can be due to anthropogenic or natural sources, but the ratio
of the isotopes detected can be used to indicate whether the thorium source is

natural or artificial.

Th-228 is a daughter decay progeny of Th-232, and if present from natural
sources and assuming secular equilibrium has been established, the ratio of
Th-228 and Th-232 should be approximately 1:1. Similarly, Th-230 is a decay
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daughter of U-238 and therefore one would expect them to be in the ratio of

approximately 1:1 should they be present from natural sources.

The results indicate that the detected thorium is from natural sources rather
than due to contamination. The total activity of thorium detected is significantly
below the Radioactive Substances Act 1993 Schedule 1 Specific Threshold
Activity for thorium of 2.59 Bq/g, above which activities are indicative of

‘radioactive material’.

Polonium Analysis Results

The results of the polonium analysis are summarised in Table 9.15.

Table 9.15 Results of Polonium Analysis

Customer Reference

Depth (mbGL) #%po (Bq/g)

TP8F-001 0.75 0.012 +£0.003

9.5.3

The results of the detected Polonium-210 indicate that the total activity is
significantly below the Radioactive Substances Act 1993 Schedule 1 Threshold
Activity for Polonium of 0.37 Bg/g, above which activities are indicative of

‘radioactive material’.

Gamma Spectrometry Analysis Results

In accordance with the AWE protocol for soil samples with gross beta activity
exceeding the 1.0 Bqg/g threshold, 8 samples underwent gamma spectrometry
analysis to assess whether the beta activity was from natural or artificial

sources.

Results of the gamma spectrometry analysis are provided in Table 9.16, for

radionuclides detected above the minimum detection limit of the analysis.

Table 9.16 Summary of Gamma Spectrometry Results

Radionuclide Total Number Activity Range Threshold for
of Analyses (Ba/g) Comparison
(Ba/g)
K-40 8 0.35-0.88 0.40°
TI-208 8 0.0055 -0.018 2.59°
Pb-212 8 0.016 — 0.048 2.59"°
Pb-214 8 0.013 - 0.028 11.1°¢
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Radionuclide Total Number Activity Range Threshold for

of Analyses (Ba/g) Comparison
(Ba/g)
Bi-212 8 <LOD - 0.065 2.59°
Bi-214 8 <LOD - 0.026 11.1°¢
Ac-228 8 0.018 — 0.048 0.37¢

Notes:
(a) Substances of Low Activity (SoLA) Exemption Order threshold of 0.40 Bg/g above ‘natural’

954

9.5.5

background activity level.

(b) RSA 93 Schedule 1 limiting specific activity for parent thorium (Th-232) assuming natural and
in secular equilibrium.

(c) RSA 93 Schedule 1 limiting specific activity for parent uranium (U-238) assuming natural and
in secular equilibrium.

(d) RSA 93 Schedule 1 limiting specific activity for actinium.

In all samples, the detected K-40 activity was found to be marginally above the
SoLA Exemption order activity of 0.40 Bg/g. However the SoLA Exemption
Order provides exemption for 0.40 Bg/g added activity above that of natural
background levels. The activities of K-40 detected are considered typical of the
natural background levels in the clay rich strata beneath the site with
Potassium being a major element present in the mica and feldspar mineralogy

that are prevalent in clay rich strata.

The other radionuclides listed in Table 9.16 which were detected above the
minimum detection limit of the analysis are all Naturally Occurring Radioactive
Materials (NORM) and present at very low activities, significantly below their
respective RSA93 Schedule 1 limiting specific activity. The levels detected are
consistent with those detected during previous ground investigations at AWE

Burghfield and are therefore considered to be indicative of background levels.

Tritium Analysis Results

A total of 10 samples were scheduled for tritium analysis. No samples
identified tritium activity above the limit of detection (0.050 Bg/g) of the

analysis.

Summary of Radioactivity Found in Soils — 8F2 / 8F3B Area

Fifty-seven soil samples within the 8F2 / 8F3B area were analysed for gross
alpha activity and gross beta activity. All but one gross alpha activity results
were found to be below the AWE threshold screening level of 1.1 Bg/g. The
exceedance was encountered in Trial Pit TP8F-001 at a depth of 0.75 mbGL,
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with an activity of 1.3 Bg/g. This value was also identified as a statistical

outlier.

Radiochemistry analysis of this sample indicated that the cause of this elevated
activity is due to natural sources, rather than due to site operations, and is

therefore not considered to pose a risk to human health.

Eight gross beta activity results from this investigation were found to have

activity levels above the AWE threshold screening level of 1.0 Bg/g.

Gamma Spectrometry analysis undertaken on each of these samples indicated
that the activities elevated above the AWE threshold levels are due to natural
variation of NORM radionuclides rather than contamination due to site

operations, and is therefore not considered to pose a risk to human health.

Tritium was not found above the Limit of Detection within any soil samples
within the 8F2 / 8F3B area, and is therefore not considered to pose a risk to
human health.

Radioactivity in Groundwater — 8S Area

Introduction

The following sections assess the risks from radiological contaminants
identified in the groundwater samples collected during the ground investigation,
in which 3 repeat rounds of monitoring were undertaken during w/c 1%
September 2008, w/c 15" September 2008, and w/c 29" September 2008.
The radiochemical analysis of the samples was undertaken at Scientifics

laboratory, Harwell.

Gross Alpha and Gross Beta Results

A total of 6 groundwater samples from the 8S area were analysed for gross
alpha and gross beta and a total of 5 samples were analysed for tritium. A

summary of the range of activities found is given in Table 9.17.
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Table 9.17 Summary of Gross Alpha, Gross Beta and Tritium Analysis in

Groundwaters — 8S Area

Determinand Total Number of Activity Range Location of Second Highest
Analysis (Bg/L) Maximum Activity (Bq/l)
Activity and Location
Gross Alpha 6 < LoD
Activity
Gross Beta 6 1.0-5.2 BH8S-001 1.9
Activity (BH8S-002)
Tritium 5 < LoD

Notes:
a) Limit of detection for gross alpha is ~ 0.6 — 2.0 Bg/L
b)  Limit of detection for tritium is ~ 10 Bg/L

c) Gross beta result uncertainty is ~ 5%

Typically, where levels above the AWE adopted screening threshold of 0.04
Bg/L for gross alpha were identified, additional radiochemical analysis is
undertaken. The gross alpha analysis did not exceed the laboratory limit of
detection in this instance, however the gross alpha limit of detection ranged
from 0.6 — 2 Bqg/L, all of which exceed to AWE adopted screening threshold.
This means that it is difficult to assess whether the AWE gross alpha
notification level was actually exceeded. The limit of detection for all of these
samples exceeded the WHO Drinking Water Quality (Ref. 31) guideline of 0.5
Bq/l.

The three samples from the monitoring with the highest limit of detection were
therefore scheduled for radiochemistry analysis to determine concentrations of

plutonium, uranium, thorium and polonium isotopes.

AWE has adopted a screening threshold of 1 Bg/L for gross beta. The WHO
Drinking Water Guideline (3" Edition) (Ref. 31) for gross beta activity is also 1
Bg/L and a total of 5 groundwater samples collected from the 2 boreholes

exceeded this value, as outlined below:

BH8S-001 (Round 2, 1.9 Bg/l, Round 3, 5.2 Bg/l); and

BH8S-002 (Round 1, 1.7 Bg/l, Round 2, 1.2 Bqg/l, Round 3, 1.3 Bg/l)
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A total of 2 samples, 1 from each borehole, were submitted for Gamma
Spectrometry analysis to ascertain whether the beta activity was from either

natural or artificial sources.

Radiochemistry Analysis Results

A summary of the range of activities from the radiochemistry analysis is given
in Table 9.18 below.

Table 9.18 Summary of Additional Radiochemistry Analysis

Determinand Total Number of Activity Range Location of Second Highest
Analyses (Bg/L) Maximum Activity (Bqg/l) and
Activity Location
U-234 3 <LoD -0.3 BH8S-001 0.18 (BH8S-001)
U-235 3 < LoD
U-238 3 <LoD -0.21 BH8S-001 0.14 (BH8S-001)
Pu-239/240 3 < LoD
Pu-238 3 < LoD
Th-232 3 <LoD -0.015 BH8S-001
Th-230 3 <LoD
Th-228 3 <LoD
Po-210 3 <LoD

As noted for the soils in Section 9.4.2 any identified levels of plutonium may
suggest that historic or current site activities have led to contamination of
groundwater. The activities for plutonium isotopes were below the laboratory

limit of detection (LOD) for all the samples analysed.

The sample with the highest uranium-234 and uranium-238 activities were
found in the same sample which had the highest gross beta activities i.e.
Borehole BH8S-001 (Round 3).

Uranium activity can be due to anthropogenic or natural sources, but the ratio
of the uranium isotopes detected will indicate whether the emission source is
natural or artificial. The uranium isotopes, for the samples analysed, were
consistent with natural environmental levels with a U-234: U-238 ratio of 1:3
(Ref. 32). The highest U-234 and U-238 activities were significantly lower than
the WHO Drinking Water Guidelines of 1.0 Bg/L, with the highest U-235 activity
over 100 times lower than the WHO Drinking Water Guidelines of 1.0 Bqg/L.
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As noted for soils in Section 9.4.2, thorium activity can be due to anthropogenic
or natural sources, but the ratio of the isotopes detected can be used to
indicate whether the thorium source is natural or artificial. In this instance,
thorium was detected on one occasion, within Borehole BH8S-001, with a level
of 0.015 Bq/l, lying well below than the WHO Drinking Water Guideline of 1
Bqg/l.

All results of Polonium-210 were found to lie below the laboratory limit of

detection.

Gamma Spectrometry Results

A total of 2 samples underwent gamma spectrometry analysis to assess
whether the beta activity noted within the groundwater within the 8S Area was

from natural/artificial sources.

All results were found to lie below the laboratory limit of detection and of

therefore not considered to pose a risk to human health.

Assessment of Tritium Data for Groundwaters

A total of 5 samples were analysed for tritium, all of which are less than the
laboratory limit of detection of 10 Bg/L. This activity level is 10 times lower than
the UK Drinking Water Inspectorate Guideline of 100 Bg/L and is therefore not

considered to represent a risk to human health.

Summary of Radioactivity Found in Groundwater — 8S2 Area

The radiochemical analytical results of a total of 6 groundwater samples that

were collected within the footprint of Building 8S were reviewed and assessed.

The limit of detection for gross alpha analysis varied from 0.6 to 2 Bg/l which is
far higher than the AWE notification level. This meant that it is difficult to
assess whether the AWE gross alpha notification level was actually exceeded.

Three samples however, were submitted for additional radiochemical analysis.

The results showed that plutonium isotope activity levels were below the limit of
detection for the analysis and uranium isotope activity levels were consistent
with natural environmental levels. Also, the uranium activity levels were orders

of magnitude below the WHO Drinking Water Guideline activity levels. In
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addition, the polonium and thorium activity levels were also orders of

magnitude below the WHO Drinking Water Guideline activity levels.

Gross beta levels were found to range between 1.0 — 5.2 Bq/l, five of which
were higher than the AWE Notification Level. Gamma spectrometry analysis
was undertaken on 2 samples, the results of which were all below the

laboratory limit of detection.

Five samples were analysed for tritium, all of which did not detect any
measurable activity levels and was several orders of magnitude below the UK

Drinking Water Inspectorate Guideline and the WHO Drinking Water Guideline.

It is considered that based on available monitoring data from within the 8S
area, the risks posed by radiological contamination within groundwater are

considered to be low.

Radioactivity in Groundwater - 8F Area

Introduction

The following sections assess the risks from radiological contaminants
identified in the groundwater samples collected during the ground investigation,
in which 3 repeat rounds of monitoring were undertaken during w/c 1%
September 2008, w/c 15" September 2008, and w/c 29" September 2008.
The radiochemical analysis of the samples was undertaken at Scientifics

laboratory, Harwell.

Gros Alpha and Gross Beta Results

A total of 9 groundwater samples from the 8F area were analysed for gross
alpha and gross beta and a total of 8 samples were analysed for tritium. A

summary of the range of activities found is given in Table 9.19.
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Table 9.19 Summary of Gross Alpha, Gross Beta and Tritium Analysis in

Groundwaters - 8F Area

Determinand Total Number of Activity Range Location of Second Highest
Analysis (Bg/L) Maximum Activity (Bgll)
Activity and Location
Gross Alpha 9 < LoD
Activity
Gross Beta 9 0.80-3.4 BHB8F-003 25
Activity (BH8F-001 &
BH8F-002)
Tritium 8 < LoD

Notes:
a) Limit of detection for gross alpha is ~ 0.3 — 3.0 Bg/L
b)  Limit of detection for tritium is ~ 10 Bg/L

c) Gross beta result uncertainty is ~ 5%

Typically, where levels above the AWE adopted screening threshold of 0.04
Bg/L for gross alpha were identified, additional radiochemical analysis is
undertaken. The gross alpha analysis did not exceed the laboratory limit of
detection in this instance, however the gross alpha limit of detection ranged
from 0.3 — 3 Bqg/L, all of which exceed to AWE adopted screening threshold.
This means that it is difficult to assess whether the AWE gross alpha
notification level was actually exceeded. The limit of detection of 7 of these
samples exceeded the WHO Drinking Water Quality (Ref. 31) guideline of 0.5
Bql/l.

The three samples from the monitoring with the highest limit of detection were
therefore scheduled for radiochemistry analysis to determine concentrations of

plutonium, uranium, thorium and polonium isotopes.

AWE has adopted a screening threshold of 1 Bg/L for gross beta. The WHO
Drinking Water Guideline (3" Edition) (Ref. 31) for gross beta activity is also 1
Bg/L and a total of 8 groundwater samples collected from 3 different boreholes

exceeded this value, as outlined below:
] BH8F-001 (Round 2, 2.5 Bg/l, Round 3, 1.8 Bg/l)

= BH8F-002 (Round 1, 1.1 Bg/l, Round 2, 1.7 Bg/l, Round 3 — 2.5 Bq/l)
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= BH8F-003 (Round 1 — 1.2 Bg/l, Round 2 — 1.3 Bg/l, Round 3 — 3.4 Bg/l)

A total of 4 samples were submitted for Gamma Spectrometry analysis to

ascertain whether the beta activity was from either natural or artificial sources.

Radiochemistry Analysis Results

A summary of the range of activities from the radiochemistry analysis is given
in Table 9.20 below.

Table 9.20 Summary of Additional Radiochemistry Analysis

Determinand Total Number of Activity Range Location of Second Highest
Analyses (Bq/L) Maximum Activity (Bq/l) and
Activity Location
U-234 3 0.078 — 0.22 BH8F-003 0.1 (BH8F-001)
U-235 3 < LoD
U-238 3 0.043-0.16 BH8F-003 0.083 (BH8F-001)
Pu-239/240 3 < LoD
Pu-238 3 < LoD
Th-232 3 <LoD
Th-230 3 <LoD
Th-228 3 <LoD
Po-210 3 <LoD - 0.01 BH8F-001

As noted for the soils in Section 9.4.2 any identified levels of plutonium may
suggest that historic or current site activities have led to contamination of
groundwater. The activities for plutonium isotopes were below the laboratory

limit of detection (LOD) for all the samples analysed.

The sample with the highest uranium-234 and uranium-238 activities were
found in the same sample which had the highest gross beta activities i.e.
BH8F-003 (Round 3).

Uranium activity can be due to anthropogenic or natural sources, but the ratio
of the uranium isotopes detected will indicate whether the emission source is
natural or artificial. The uranium isotopes, for the samples analysed, were
consistent with natural environmental levels with a U-234: U-238 ratio of 1-3
(Ref. 32). The highest U-234 and U-238 activities were significantly lower than
the WHO Drinking Water Guidelines of 10 Bg/L, with the highest U-235 activity
over 100 times lower than the WHO Drinking Water Guidelines of 1 Bg/L).
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As noted for soils in Section 9.4.2, thorium activity can be due to anthropogenic
or natural sources, but the ratio of the isotopes detected can be used to
indicate whether the thorium source is natural or artificial. In this instance, all

thorium levels were found to be below the limit of laboratory detection.

Polonium activity was detected on one occasion, within Borehole BH8F-001,
with a level of 0.01 Bg/l, lying well below than the WHO Drinking Water
Guideline of 1 Bg/l.

Gamma Spectrometry Results

A total of 4 samples underwent gamma spectrometry analysis to assess
whether the beta activity noted within the groundwater within the 8F Area was
from natural/artificial sources. Results of the gamma spectrometry analysis are
provided in Table 9.21, for radionuclides detected above the minimum

detection limit of the analysis.

Table 9.21 Summary of Gamma Spectrometry Results

Radionuclide Total Number Activity Range Threshold for
of Analyses (Bag/l) Comparison

(Ba/g)

K-40 4 <LoD-11 0.40°

9.7.5

Only one sample, from Borehole BH8F-001, was noted to have K-40 levels
above the limit of detection. This activity detected is considered to be typical of
the natural background levels of K-40 in the clay rich strata beneath the site.
Potassium is a major element present in the mica and feldspar mineralogy that
are prevalent in clay rich strata and subsequent groundwater and the level

observed is attributable to this.

Assessment of Tritium Data for Groundwaters

A total of 8 samples were analysed for tritium, all of which are less than the
laboratory limit of detection of 10 Bg/L. This activity level is 10 times lower than
the UK Drinking Water Inspectorate Guideline of 100 Bg/L and is therefore not

considered to represent a risk to human health.
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9.7.6 Summary of Radioactivity Found in Groundwater — 8F Area

The radiochemical analytical results of a total of 9 groundwater samples that
were collected within the land surrounding Building 8F were reviewed and

assessed.

The limit of detection for gross alpha analysis varied from 0.3 to 3 Bg/l which is
far higher than the AWE notification level. This meant that it is difficult to
assess whether the AWE gross alpha notification level was actually exceeded.

Three samples however, were submitted for additional radiochemical analysis.

The results showed that plutonium isotope activity levels were below the limit of
detection for the analysis and uranium isotope activity levels were consistent
with natural environmental levels. Also, the uranium activity levels were orders
of magnitude below the WHO Drinking Water Guideline activity levels. In
addition, the polonium and thorium activity levels were also orders of

magnitude below the WHO Drinking Water Guideline activity levels.

Gross beta levels were found to range between 1.0 — 5.2 Bag/l, five of which
were higher than the AWE Notification Level Gamma spectrometry analysis
was undertaken on 4 samples, in which is it attributed that the elevated gross
beta activity can be attributed to NORM.

Eight samples were analysed for tritium, all of which did not detect any
measurable activity levels and was several orders of magnitude below the UK

Drinking Water Inspectorate Guideline and the WHO Drinking Water Guideline.

It is considered that based on available monitoring data from within the 8F
area, the risks posed by radiological contamination within groundwater are

considered to be low.
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10 Refined Conceptual Model

10.1 Introduction
This section summarises the risks identified in the Sections 5 — 9 and refines
the Conceptual Site Model described previously in Section 3.

10.2 Chemical Contamination Human Health Risks
Generally low levels of chemical contamination have been identified across the
8S and 8F areas. Based upon the proposed ‘commercial / industrial’ end use
of the site, there have been no exceedances of SGVs / GACs by mean and
max value tests (Negligible Risk).
A wooden post with a creosote odour was encountered in Trial Pit TP8F-012
and a depth of 0.5 mbGL, associated with some black staining of the soil.
Chemical analysis of the soil indicated very low levels or organic contaminants,
lying well below appropriate SGVs / GACs, and are not considered to represent
a risk to future site users.

10.3 Asbestos in Soils
An Asbestos Containing Material (ACM) has been identified at one location
only, within Trial Pit TP8F-015 at a depth of 0.3 mbGL. This ACM comprised a
single fragment of asbestos cement that was removed from the trial pit for the
purposes of sampling for laboratory analysis. No loose fibres were identified
within any of the soils scheduled for an asbestos screen.
As the only ACM encountered during the investigation has been removed, it is
considered that the risk posed by asbestos contaminated soils to construction
workers, site users and the general public is negligible (Negligible Risk).
There remains a possibility that previous unidentified ACM fragments may be
located within the shallow soils, posing a low risk to human health (refer to
Section 10.9).
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Buried Unexploded Ordnance Risks

No unexploded munitions were encountered during the ground investigation.
However, based upon historical site activities, it is considered that there is a
low risk of live ordnance being encountered within previously un-investigated

areas of Made Ground during site development. (Low Risk).

Risks From Explosive Residues in Soils and Groundwaters

Laboratory analysis of soil samples demonstrated no concentrations of
explosives above AWE adopted threshold screening levels (0.1%) for total
explosive concentrations and the site is considered to be FFEH. (i.e.

Negligible risk).

The chronic toxicological risk to human health from residues of explosive is

considered negligible (i.e. Negligible Risk).

Risks From Radioactvity

It is considered that there is negligible risk to construction workers and future

site users based on the proposed development.

Risk to Controlled Waters

There are marginal exceedances of contaminants in groundwater above water
quality standards from the water bodies located within the London Clay and
Reading Beds. However, based upon prevailing site conditions and previous
groundwater quantitative risk assessments undertaken at the site, it is
considered that the risks to potential receptors (abstraction well and surface
water courses) from contaminants in groundwater at the site are considered to
be low. There were also no exceedances of contaminants within soil leachates

above water quality standards (Low Risk).

Risks From Soil Gas

Based upon gas monitoring results from Borehole BH8F-001 and a worst case
scenario the site has been assessed as falling under ground gas Characteristic

Situation 2, which requires only limited gas protection measures. Therefore the
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risks posed to the proposed development from ground gases are considered to
be low (Low Risk).

Risks From Previously Unidentified Contamination

Previous ground investigations undertaken by RPS in the Mensa Development
area have however identified ACMs at shallow depth and creosote soaked
wooden posts at various locations. Although the likelihood is very low it is
therefore reasonable to expect these contaminant sources to be present in
areas that were not covered during this investigation. Similarly, there is a low
risk of other localised areas of contamination being encountered during

construction.

Based upon the proposed excavation works required for the development,
there is a low risk that construction workers may be exposed to previously
unidentified asbestos contaminated soils during site development. Site users
may also be exposed to previously unidentified asbestos contaminated dusts
during development unless risk control measures are in place. The risks to

construction workers and site users however are considered to be low.

It is considered there is negligible risk to the general public from previously
unidentified asbestos contaminated soils. Furthermore, shallow soils with
asbestos fragments which are not treated and re-used on site could pose a

potential low risk to future site users.

Consequently consideration will need to be given to mitigating potential risks to
sensitive receptors should contaminants be encountered during site

redevelopment.
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Recommendations, Mitigation Measures and
Remediation Requirements

111

Introduction

Following a review of all site investigation data within the 8S and 8F areas and
the completion of qualitative and quantitative risk assessments, the Conceptual
Site Model has been refined (Section 10).

No elevated levels of chemical contaminants or radioactivity have been
encountered, therefore there is considered to be a negligible risk to human
health. The risk to controlled waters from levels of contaminants present within

the soil and groundwater is considered to be low.

Asbestos containing materials were encountered at one location at shallow
depth, but the risk to construction workers, site users and future site users is

deemed to be low, whilst a negligible risk is posed to the general public.

A slightly elevated tritium activity was encountered in soil associated with
Borehole BH8S-001 and as such further limited delineation of tritium
contaminated soils is required to ensure appropriate waste sentencing during

construction.

It is considered that only limited remediation measures are required for site
development and the following precautions should be put in place to ensure

that human health and controlled water receptors are protected:

= Regular inspection (i.e. watching brief) of soils during groundworks for
potential asbestos containing materials or previously unidentified
chemical contamination to manage potential contaminant risks to
construction workers, site users and general public (off site receptors)

should contamination be encountered;

. Management of any stockpiled material during earthworks to protect
the surface waters from potential leachate generation from the low risk
of encountering unidentified potentially contaminated infill materials

from run off;
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= Characterisation of tritium contaminated soil at Borehole BH8S-001 for

waste sentencing purposes;

= Implementation of an explosives and ordnance safety management

system during the construction phase;

= Groundwater monitoring during and after development to ensure that

the construction does not impact on groundwater quality; and

= A detailed strategy and environmental management plan for managing
unexpected and unidentified contamination during construction
including minimising risks to construction workers and methodology for

remediation to protect the development.

The following sections discuss remediation requirements, and mitigation

measures to minimise the residual risks.

Inspection of Soils During Groundworks

Asbestos containing materials (ACMs) were identified at one location only (Trial
Pit TP8F-015 at a depth of 0.5 mbGL) during the ground investigation and a
wooden post with a creosote odour was encountered in Trial Pit TP8F-012 at a
depth of 0.5 mbGL.

It is considered likely that further ACMs and wooden posts may be present

within the soils, particularly within the 8F area.

It is therefore recommended that excavations during groundworks are regularly
inspected from the presence of ACMs and wooden posts. A Remedial Method
Statement should also be developed that details the course of action, should

either of these be encountered. Such actions may include the following:

= Hand picking of ACMs and disposal to a suitable waste facility; and

= Excavation and disposal to a suitable waste facility of visibly impacted

soils surrounding any creosote soaked wooden posts.

The Remedial Method Statement shall be developed and agreed with the Local
Authority and will include measures to protect human health impacts
(construction workers, AWE site staff, other site users and general public (off

site receptors)). This will be in line with site specific safe systems of work
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(SSoW), risk assessments, and be followed in accordance with the AWE Code

of Construction Practice (Ref. 14).

Tritium Delineation

It is recommended that limited soil sampling and analysis for tritium be carried
out to enable the delineation of tritium contaminated soils. This would allow an

assessment of the volume of waste types based on the proposed development.

Management of Stockpiled Material

During any site construction/demolition works and using best practice,
stockpiled materials should be managed appropriately to protect the surface
waters from potential leachate generation from the low risk of encountering

unidentified potentially contaminated infill materials from run off.

Unexploded Ordnance

Given that no ordnance was encountered during the investigation, it is
considered that the risks to site users and future constructions workers are low
in the areas investigated. The main residual risk is the threat of surface or
buried munitions being disturbed during construction. In order to mitigate this
risk it is recommended that an Ordnance Management System be implemented
during future earthworks at the site. This system should include and ordnance
and explosive safety briefing to construction staff by an experienced Explosive

Ordnance Detection (EOD) Engineer.

Managing Previously Unidentified Contamination

If previously unidentified contamination is encountered during the construction,
works must be stopped and a suitably qualified and experienced Environmental
Consultant consulted unless a pre-arranged action plan is in place.
Notwithstanding this a suitably qualified Environmental Consultant should
attend site and recommend risk management actions, which may require soll

sampling and analysis for comparison to derived clean up levels.

Consequently, it is recommended that as a minimum, the following will need to

be established prior to construction works commencing:
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1. Development of a procedure that will be followed if previously unidentified,
chemical contamination or suspected explosive residues are identified

during earthworks; and,

2. Ensuring ground workers have completed a healthy and safety risk
assessment, and also a SSoW and have demonstrated that adequate
control measures are put into place to deal with any contamination

encountered.

The procedure to deal with unidentified contamination will include as a

minimum:

1. Ensure construction (ground) workers are briefed on the likely nature and
type of soils that could indicate presence of contamination (e.g.

discolouration, asbestos, oils, odours, ash and clinker materials);

2. If such material is encountered, an Environmental Consultant should be

contacted to inspect the material;

3. If material is identified as potentially contaminated, samples shall be
collected for in situ and/or laboratory analysis as deemed appropriate by

an Environmental Consultant;

4. Analysis results should be compared to the derived GACs (see Appendix
D) to protect water resources and human health (Note that new GACs may
need to be derived if not already generated for previously unidentified

contaminants);

5. Contaminant concentrations identified in soils/groundwater above derived
threshold values such as CLEA derived GACs or asbestos will require
remediation and the advice of an Environmental Consultant should be
obtained. Any remedial action must be agreed with the Local Planning

Authority; and,

6. A remedial verification report will also be required and this will include

detail on:

= The delineation of the extent of the contamination and verification by
inspections and laboratory analysis of soils appropriate to the type of

contamination being removed;
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= Waste materials excavated from areas contaminated with chemicals
being classified and disposed of off site to a suitably licensed waste

management facility; and,

= Waste materials contaminated with asbestos being disposed of to a
suitably licensed landfill with the appropriate chain of custody and
consignment notes required under the Environmental Protection Act,

Duty of Care Regulations.

11.7 Mitigating Risks to Construction Workers

Site investigations within the 8S and 8F areas have identified the presence of
asbestos at one location and low levels of chemical contaminants in soils. In
addition a wooden post with a creosote odour was encountered at one location.
Although the risks posed by chemical contaminants has been deemed to pose
a negligible risk to construction workers, the potential presence of asbestos,
particularly within the 8F area, means a watching brief shall be maintained to
identify any other potential ACMs during groundworks to ensure that that risks
to construction and also other adjacent site users and the general public are
minimised. Health and Safety Regulations including the (CDM 2007)
Regulations (Ref. 15) place a legal requirement on any organisation
undertaking or instructing the works to implement procedures to prevent
workers from contaminants. The contractor will also be obliged to comply with
AWE's Code of Construction Practice (Ref. 14).

It is recommended that the following precautions be put into place during

excavations at the site:

. All earthworks contractors and site staff are made aware of the
possibility of asbestos, chemical and explosive contaminants and
munitions being present in soils. This is best provided in a Pre-

Construction Health and Safety Information document;

= Detailed health and safety risk assessments and method statements to

be adopted;

= Development of a procedure to be followed if previously unidentified
chemical contamination, explosive contamination or suspected live

ordnance is identified during earthworks;
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= Ensuring ground workers have completed a healthy and safety risk
assessment, developed a Safety System of Work (SSoW), tool box
talks, and have demonstrated that adequate control measures are put

into place; and,

= Implementation of an Explosive Safety Management System (see
Section 11.5).

It is considered that the following control measures will be required as a

minimum during future excavations:

= Use of PPE including gloves and coveralls in addition to standard site
safety wear (safety boots, hard hat, high visibility clothing etc). Face
masks filled with P3 particulate filters should be available and worn by

groundworkers should suspected asbestos be identified;

] Halting works and seeking advice from an experienced Environmental

Consultant should contamination be identified;

= Adoption of good hygiene standards to prevent ingestion of potential

contaminants in soils;

= Minimise risk of dust generation, which should include damping down

exposed soils during dry periods and air monitoring; and,

= Fencing off works areas to prevent AWE general staff entering
excavation areas and becoming exposed to contaminants and also to

limit spread of dust.

Furthermore contractors will also need to take mitigate against potential risks to
off site receptors, especially the general public (e.g. walkers using nearby

footpaths) as well as AWE site staff.

Groundwater Monitoring

Boreholes BH8F-001, BH8F-002, BH8F-003, BH8S-001 and BH8S-002 should
be monitored quarterly to identify any significant changes in water quality,
immediately before, during and after construction for assurance purposes.
Contaminants to be monitored are metals (such as barium, chromium and
copper) hydrocarbons and groundwater quality indicators (such as sulphates,
and pH). Any changes in the groundwater conditions will be assessed and

appropriate remediation measures employed as necessary.
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11.9 Remediation Method Statement

A Remediation Method Statement in line with CLR-11 (Ref. 2) is required to
detail the procedures required to mitigate risks posed by the presence of
ground gas and potential risks associated with previously unidentified

contamination.

The RMS will incorporate a remediation options appraisal to demonstrate best
practise and that a cost effective remedial method is to be adopted, a
remediation implementation plan and also a remediation verification plan. Its
main purpose will be to provide detailed mitigation measures to minimise
potential risks identified during excavations and subsequent future use of the

site.

The RMS report will include a remediation implementation plan that will set out

requirements for:

. Remedial methodologies for excavation, verification sampling, sorting,
handling and waste disposal of previously unidentified contaminated

soils including ACMs and creosote wooden posts;

= Safety management system implementation in the event of

encountering previously unidentified contamination and ordnance;
= Gas protection measures; and,

= Managing unexpected and unidentified contamination.

The document would also set out in a remediation verification plan,
requirements to demonstrate that any remediation undertaken met the remedial

objectives. This will likely include:

. Verification sampling;

Analysis and monitoring;
. Documentation of inspections and supervision of remedial work;

= Documentation in the event of additional unanticipated contamination

being encountered;

= Controls of waste disposal and documenting of evidence of successful

completion of the remedial works; and
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= Requirement for a Remediation Verification Report.
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12 Conclusions

A ground investigation has been undertaken within the footprint of the former
8S2 building and land adjacent to Buildings 8F2 and 8F3B to provide
information on the ground conditions and to determine levels of chemical,

radiological and explosive contaminants within the soil and groundwater.

The investigation has identified the following key points:

= The investigation areas are underlain by Made Ground up to 2.0m in
thickness, comprising reworked London Clay with waste building
materials. The Made Ground is directly underlain by London Clay
(weathered and unweathered) to a depth of up 10.0 mbGL. The
Reading Beds were proven to underlie the London Clay;

= Shallow groundwater within the London Clay was encountered at
several locations during the investigation, and deeper groundwater was
also proven within the Reading Beds in Boreholes BH8F-003 and
BH8S-001. A programme of groundwater monitoring has recorded
piezometric levels within the London Clay to vary between 39.56 and
42.62 mAOD. Within the Reading Beds, the piezometric levels were
recorded to vary between 37.93 and 38.62 mAOD.;

= Asbestos containing materials (ACMs) were encountered at one
location, Trial Pit TP8F-015 at a depth of 0.3 mbGL, where a fragment
of asbestos cement was sampled and found to contain chrysotile. This
fragment was removed from the exploratory hole for the purposes of
sampling. Asbestos was not encountered within the soil matrix at any

of the locations;

. Levels of chemical contamination are low, with all contaminant
concentrations lying well below appropriate SGVs / GACs. A wooden
post with a creosote odour was encountered within Trial Pit TP8F-012
at a depth of 0.5 mbGL, with associated staining of the surrounding soil.
Analysis of this soil revealed low levels of organic contaminants. It is
considered likely that only such wooden posts may be present at

shallow depth within the 8F area;
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No significant levels of radioactivity are present that would pose a risk
to human health during construction and based on the proposed use. A
marginally elevated level of tritium activity was identified in Borehole
BH8S-001 and while this is unlikely to pose a risk to human health,

further delineation is recommended to enable waste sentencing;

Although live unexploded ordnance was not encountered during the
investigation, there is still a low risk of buried unexploded ordnance at
the site being encountered. Consequently it is recommended that an
ordnance safety management system is implemented prior to and

during construction;

No levels of explosive residues above laboratory detection limits were

encountered;

The groundwater risk assessment has identified a low potential risk of
soil leachate and groundwater contaminants impacting on controlled
water receptors. A programme of groundwater assurance monitoring is

recommended;

The human health risk assessment has identified that the site is not
affected by significant chemical contamination that would pose an

unacceptable risk to human health;

A ground gas risk assessment has indicated that gas protective
measures in accordance with CIRIA C665 Characteristic Situation 2 are

required for any new structures;

A ‘watching brief’ is required as there is a potential that previously
unidentified contamination may be present including ACMs and
creosote soaked wooden posts. Any material planned for disposal off
site should be in accordance with Hazardous Waste Regulations and

Landfill Regulations; and,

A Remediation Method Statement (RMS) should be prepared to
manage any previously unidentified contamination encountered and

manage soils waste.
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8S Area

Inorganics in Soil > LoD

Concentration Maximum Value Second Highest
Determinand Range (mg/kg) (Exploratory | Concentration (mg/kg)
(mg/kQg) Hole) (Exploratory Hole)
Arsenic 73-111 TP8S-004 @ 0.9m TP8S-001 @ 1.1m
(10.2)
Barium LoD - 29.8 HP8S-003 @ 0.8m TP8S-001 @ 1.1m
(16.1)
Boron LoD - 1.6 TP8S-003 @ 1.1m Hpgs'oo?l(%))o-o'l-zm
Cadmium LoD-0.19 | HP8S-004 @ 0.0-1.2m TPss-(()gig 1.1m
Chromium 234-38.1 TP8S-003 @ 1.1m TPSS"()3°714@)3) 1.1m
Chloride 147-51 | BH8S-001 @ 1.0-1.5m TPSS-O(?SS)@) 1.1m
Copper 12.7-24.9 TP8S-003 @ 1.1m TPSS'O&E )@ 1.1m
Lead 13.3-18.2 TP8S-001 @ 1.1m HPBS'O((E)@ 0.8m
Nickel 18.1-425 TP8S-001 @ 1.1m TPSS")&%)@ L.1m
Selenium LoD-08 | BH8S-001 @ 1.0-15m Tpss")(g37§@ 1.1m
Sulphur 80 - 2050 TP8S-003 @ 1.1m HP8S-003 @ 0.8m
(347)
Vanadium 34.5-56.3 TP8S-001 @ 1.1m Tpss"()gf%) 1.1m
Zinc 46.1-755 TP8S-003 @ 1.1m TPSS"()%%) L.1m

Organics in Soil > LoD

Concentration

Maximum Value

Second Highest

Determinand Range (mg/kg) (Exploratory | Concentration (mg/kg)
(mg/kQg) Hole) (Exploratory Hole)

Aromatics >C12 - C16 LoD - 5.89 TP8S-004 @ 0.9m N/A

Aromatics >C21 - C35 LoD - 16.4 TP8S-004 @ 0.9m N/A




PAHSs in Soil > LoD

Concentration

Maximum Value

Second Highest

Determinand Range (mg/kg) (Exploratory | Concentration (mg/kg)
(mg/kQg) Hole) (Exploratory Hole)

Fluoranthene LoD-0.4 HP8S-003 @ 0.8m N/A

Phenanthrene LoD -0.23 HP8S-003 @ 0.8m N/A

Pyrene LoD - 0.3 HP8S-003 @ 0.8m N/A




8F Area

Inorganics in Soil > LoD

Concentration Maximum Value Second Highest
Determinand Range (mg/kg) (Exploratory | Concentration (mg/kg)
(mg/kQg) Hole) (Exploratory Hole)
Arsenic 7.6-19.3 TP8F-014 @ 0.85m TP8F-001 @ 0.75m
(14.1)
Barium LoD-239.5 | TPSF-005@ 0.1-0.3m TP8F'°1(‘Z 1@1;3-3'0-6”’
Beryllium LoD-0.8 TP8F-001 @ 0.75m | " or 011 @ 0.0-0.9m
(0.33)
Boron LoD-3.6 | TP8F-012 @ 0.0-1.0m TP8F'00ZO%))0-0'0-6”1
Cadmium LoD-032 | TP8F-015 @ 0.3-0.6m BHSF'O% 2@6)1-0'1-5"‘
Chloride 9.2-774 | TP8F-007 @ 0.0-0.6m | SHEF-001 @ 1.0-1.5m
(243)
Chromium 15.8—42.9 TP8F-001 @ 0.75m TPSF"();gg 1.2m
Copper 6.5 255 TP8F-015 @ 0.3-0.6m TP8F-012 @ 1.2m
(24.7)
Lead 105-79.4 | TP8F-007 @ 0.0-0.6m TPBF'OOZS% 0.0-0.6m
Manganese 0.008—0.017 | TP8F-004 @ 0.9-1.0m | '~or007 @ 0.0-0.6m
(0.016)
Mercury LoD-0.17 | TP8F-007 @ 0.0-0.6m TPSF'O% E@S)O-O'O-Gm
Nickel 112-369 | TP8F-011@ 0.0-09m | 'For-001@0.75m
(35.7)
TP8F-006 @ 0.1-0.3m
Selenium LoD-10 | TPSF-011 @ 0.0-0.9m | &TP8F-012@ 1.2m
(0.9)
Sulphate 24-1690 | TP8F-012 @ 0.0-1.0m TPBF'°1%6§)1)0-0'0-9Y“
Sulphide LoD-44.6 | TP8F-012 @ 0.0-1.0m N/A
Vanadium 28.4-67.3 TP8F-001 @ 0.75m TP8F'°0(25@1;3-1'0-3”1
Zinc 291-1310 | TP8F-007 @ 0.0-0.6m TPSF'Ol(Eé(?Z)Oﬁ'O-Gm

Organics in Soil > LoD

Concentration

Maximum Value

Second Highest

Determinand Range (mg/kg) (Exploratory | Concentration (mg/kg)
(mg/kQg) Hole) (Exploratory Hole)
1,2,4-Trimethylbenzene LoD - 0.022 TP8F-012 @ 1.2m N/A




Concentration

Maximum Value

Second Highest

Determinand Range (mg/kg) (Exploratory | Concentration (mg/kg)
(mg/kQg) Hole) (Exploratory Hole)
Aliphatics >C21 - C35 LoD-232 | TP8F-015 @ 0.3-0.6m TPSF'Ol(Zlﬁ)O'O'l'om
Aromatics >C12 - C16 LoD —7.61 TP8F-006 @ 0.1-0.3m TP8F'00(77 (5@2;)'0'0'6”'
Aromatics >C16 - C21 LoD -9.81 TP8F-012 @ 0.0-1.0m TPSF'Ol(g g@s)o.s-o.em
Aromatics >C21 - C35 LoD —58.1 TP8F-012 @ 0.0-1.0m TP8F'01(35§)9;)'3'0'6m
m and p-xylene LoD — 0.009 TP8F-012 @ 1.2m TP8F-012 @ 0.0-1.0m
(0.008)
p-Isopropyltoluene LoD - 0.008 TP8F-012 @ 1.2m N/A

PAHSs in Soil > LoD

Concentration

Maximum Value

Second Highest

Determinand Range (mg/kg) (Exploratory | Concentration (mg/kg)
(mg’kg) Hole) (Exploratory Hole)
Anthracene LoD -0.15 TP8F-007 @ 0.0-0.6m N/A
Benzo(a)anthracene LoD-05 TP8F-012 @ 0.0-1.0m TP8F'°%_(§’6$-O'O-6m
Benzo(a)pyrene LoD-06 | TP8F-012 @ 0.0-1.0m TPSF'Ol((Z) -Z@S)‘)-O'l-om
Benzo(b)fluroanthene LoD-08 | TP8F-012 @ 0.0-1.0m TP8F'01?0%0-0'1-0”‘
Benzo(g,h.)perylene LoD-037 | TP8F-009 @ 0.85m TPSF'Ol((Z) -3@4)0.0-1.0m
Benzo(K)fluoranthene LoD-043 | TP8F-012 @ 0.0-1.0m TP8F'°°(Z)_(3@1;3-0'0-6”‘
Chrysene LoD-06 | TP8F-012 @ 0.0-1.0m TPSF'Ol((Z) -(5@7)0.0-1.0m
Coronene LoD - 1.38 TP8F-009 @ 0.85m TPSF-((JEE S) 0.6m
Dibenzo(a hjanthracene | LoD—0.17 | TP8F-013 @ 0.5-1.0m TPSF'O(%?lg‘Z; 0.85m
Fluoranthene LoD-2.0 | TP8F-012 @ 0.0-1.0m TP8F'°1(21 _(2@1;3-0'1-0”’
Indeno(1,2,3-cd)pyrene | LoD—0.39 | TP8F-012 @ 0.0-1.0m TPBF'O(%Zg 0.85m
Phenanthrene LoD-12 | TP8F-012 @ 0.0-1.0m TP8F'00Z0%0-0'0-6”1
Pyrene LoD-20 | TP8F-012@0.0-Lom | '"or012@ 0.0-1.0m

(0.89)
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8S Area

Inorganics in Soil Leachate > LoD

Determinand

Concentration in
TP8S-003 @ 1.1m

(magll)
Arsenic 0.001
Boron 0.42
Chromium 0.001
Copper 0.004
Lead 0.001
Nickel 0.001
Zinc 0.020

8F Area

Inorganics in Soil Leachate > LoD

Concentration | Maximum Value (mg/l) Second Highest
Determinand Range (mg/l) (Exploratory Hole) Concentration (mg/l)
9 9 P y (Exploratory Hole)
TP8F-004 @ 0.9m &
Arsenic 0.004 — 0.006 TP8F-014 @ 0.85m TP8F-007 @ 0.0-0.6m
(0.004)
Boron 0.55-1.58 TP8F-007 @ 0.0-0.6m TP8F_O(é49(2@) 0.85m
. TP8F-004 @ 0.9m
Cadmium LoD — 0.0002 TP8F-007 @ 0.0-0.6m (0.0001)
. TP8F-007 @ 0.0-0.6m TP8F-004 @ 0.9m
Chromium 0.002-0.003 | ¢ 1pgF-014 @ 0.85m (0.002)
TP8F-004 @ 0.9m &
Copper 0.010-0.013 TP8F-007 @ 0.0-0.6m TP8F-014 @ 0.85m
(0.010)
Lead 0.004 - 0.012 TP8F-007 @ 0.0-0.6m TP8F-014 @ 0.85m
(0.006)
Mercury LoD - 0.0001 TP8F-004 @ 0.9m N/A
Nickel 0.003 — 0.005 TP8F-007 @ 0.0-0.6m TP8F-014 @ 0.85m
(0.004)
Selenium LoD - 0.001 TP8F-004 @ 0.9m N/A
Zinc 0.054 - 0.106 TP8F-007 @ 0.0-0.6m TP8F_?0110@;)0'85m
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8S Area

Inorganics in Groundwater > LoD

Determinand

Concentration
Range (mg/l)

Maximum Value
(mg/l) (Exploratory
Hole)

Second Highest
Concentration (mg/l)
(Exploratory Hole)

BH8S-002 (R2)

Arsenic LoD — 0.005 BH8S-001 (R2) 10004
Barium LoD — 0.08 BH8S-001 (R1) BHB(%'ggé)(RZ)
Boron 0.31-05 BH8S-002 (R2) BH8S-002 (R3)

i ) BH8S-001 (R2)
Cadmium LoD — 0.0003 BH8S-001 (R1) (6 0001
Calcium LoD - 502 BH8S-001 (R3) BHSS(;%% (R1)

BH8S-001 (R2),
Chromium 0.005 — 0.007 BH8S-001 (R3) BH8S-002 (R2) &
BH8S-002 (R3) (0.006)
Copper LoD — 0.003 BH8S-001 (R3) BH8(%‘882)(R1)
Magnesium 132 - 279 BH8S-001 (R1) BHSS('ZO% (R3)
Nickel 0.002 — 0.028 BH8S-001 (R1) BHB(%'?)&’;)(RZ)
BH8S-001 (R2),
Selenium LoD — 0.003 BH8S-001 (R1) BH8S-002 (R1) &
BH8S-002 (R2) (0.002)
Sulphur (Total) 754 - 2110 BH8S-001 (R3) BHSS“)(%Z((F;)l &R2)
Zinc 0.004 — 0.017 BH8S-001 (R1) BH8(%'8(1’%(R3)

PAHs in Groundwater > LoD

Determinand

Concentration
Range (ug/l)

Maximum Value
(ug/l) (Exploratory

Second Highest
Concentration (ug/l)

Hole) (Exploratory Hole)
Acenaphthene LoD - 0.105 BH8S-001 (R1) N/A
Acenaphthylene LoD - 0.04 BH8S-001 (R1) N/A
Anthracene LoD - 0.044 BH8S-001 (R1) N/A
Benzo(a)anthracene LoD - 0.047 BH8S-001 (R1) N/A
Benzo(a)pyrene LoD - 0.047 BH8S-001 (R1) N/A
Benzo(b)fluroanthene LoD - 0.041 BH8S-001 (R1) N/A
Benzo(g,h,i)perylene LoD - 0.044 BH8S-001 (R1) N/A




_ Concentration Maximum Value Second I—_|ighest
Determinand Range (ug/l) (ug/l) (Exploratory Concentration (ug/l)
Hole) (Exploratory Hole)

Benzo(k)fluoranthene LoD —-0.04 BH8S-001 (R1) N/A
Chrysene LoD - 0.04 BH8S-001 (R1) N/A
Dibenzo(a,h)anthracene LoD —0.042 BH8S-001 (R1) N/A
Fluoranthene LoD - 0.045 BH8S-001 (R1) N/A

Fluorene LoD - 0.041 BH8S-001 (R1) N/A
Indeno(1,2,3-cd)pyrene LoD —0.042 BH8S-001 (R1) N/A
Napthalene LoD — 0.041 BH8S-001 (R1) BH8S-002 (R1) (0.028)
Phenanthrene LoD — 0.047 BH8S-001 (R1) BH8S-002 (R1) (0.013)
Pyrene LoD — 0.046 BH8S-001 (R1) N/A

TPH in Groundwater >LoD

Concentration | Maximum Value Second Highest
Determinand Concentration (mg/l)

Range (mg/l) (Exploratory Hole) (Exploratory Hole)

TPH LoD — 0.06 BH8S-002 (R2) BH8S-001 (R2) (0.04)




8F Area

Inorganics in Groundwater > LoD

_ Concentration Maximum Value Second Highest
Determinand Range (mg/l) (mg/l) (Exploratory Concentration (mg/l)
Hole) (Exploratory Hole)

Arsenic LoD - 0.005 BH8F-002 (R3) BH8F-003 (R2) (0.004)
Barium 0.04-0.10 BH8F-001 (R1) BH8F-001 (R2) (0.09)
Boron 0.32-0.59 BH8F-003 (R3) BH8F-001 (R2) (0.58)
Cadmium LoD — 0.0005 BH8F-001 (R1) BHSBIESEI-SO(OF\}ZgR(é.)O%OS)
Calcium 187 - 573 BH8F-003 (R1) BH8F-003 (R3) (560)
Chromium 0.004 — 0.013 BH8F-003 (R3) BH8F-003 (R1) (0.011)
Copper LoD — 0.008 BH8F-001 (R2) BH8F'((’8%S§)1 &R3)
Magnesium 122 - 725 BH8F-003 (R1) BH8F-003 (R3) (668)
Mercury LoD - 0.0001 BH8F-003 (R3) N/A

Nickel 0.002 — 0.044 BH8F-003 (R1) BH8F-001 (R2) (0.032)
Selenium LoD — 0.014 BH8F-001 (R1) BH8F-001 (R2) (0.012)
Sulphur (Total) 816 - 3100 BH8F-003 (R1) BH8F-003 (R3) (3090)
Zinc 0.003 - 0.021 BH8F-003 (R3) BH%ESOE\’:(‘)?FIQZ(?(ZO)&G)

PAHs in Groundwater > LoD

Determinand

Concentration
Range (ug/l)

Maximum Value
(ug/l) (Exploratory
Hole)

Second Highest
Concentration (ug/l)
(Exploratory Hole)

Acenaphthene LoD -0.1 BH8F-002 (R3) N/A
Naphthalene LoD - 0.027 BH8F-002 (R3) BH8F-002 (R1) (0.022)
Phenanthrene LoD - 0.023 BH8F-002 (R1) BH8F-002 (R2) (0.013)

TPH in Groundwater >LoD

Determinand

Concentration
Range (mg/l)

Maximum Value
(Exploratory Hole)

Second Highest
Concentration (mg/l)
(Exploratory Hole)

TPH

LoD-0.1

BH8F-002 (R2)

BH8F-002 (R1) (0.09)
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JER3996 8S/8F Risk Assessment Report

SUMMARY OF CLEA UK DERIVED GENERIC ASSESSMENT CRITERIA (GAC)

and SGVs USED WITHIN THE HUMAN HEALTH RISK ASSESSMENT

Organics

Determinant GAC (mg/kg) Origin Determinant GAC (mg/kg) Origin
Acenaphthene 88,000 CLEA UK Aromatics >C10 — C12 608 CLEA UK
Anthracene 440,000 CLEA UK Aromatics >C12 — C16 12,500 CLEA UK
Benzo(a)anthracene 281 CLEA UK Aromatics >C16 — C21 9,210 CLEA UK
Benzo(a)pyrene 28.1 CLEA UK Aromatics >C21 — C35 9,210 CLEA UK
Benzo(b)fluoranthene 281 CLEA UK 1,1,1 - Trichloroethane 551 CLEA UK
Benzo(ghi)perylene 44,000 CLEA UK Trichloroethene 6.46 CLEA UK
Benzo(k)fluoranthene 281 CLEA UK cis 1,2, Dichloroethene 1.87 CLEA UK
Chrysene 28,100 CLEA UK Benzene 1.67 CLEA UK
Dibenzo(ah)anthracene 28.1 CLEA UK Xylenes 344 CLEA UK
Fluoranthene 2,810 CLEA UK Bis (2-ethylhexyl)phthalate 1,120 CLEA UK
Fluorene 58,700 CLEA UK Dibenzofuran 625 CLEA UK
Indeno(123-cd)Pyrene 281 CLEA UK 1,1-Dichloroethane 1.04 CLEA UK
Naphthalene 290 CLEA UK 1,1-Dichloroethylene 1.24 CLEA UK
Phenanthrene 58,600 CLEA UK Maneb 1,560 CLEA UK
Pyrene 44,000 CLEA UK 2-Methyl Naphthalene 1,250 CLEA UK
C5-C6 41.6* CLEA UK Thiocyanate 61.5 CLEA UK
C6-C7 41.6* CLEA UK 1,1,2-Trichloroethane 0.634 CLEA UK
>C8 - C10 64.1* CLEA UK 1,2,3-Trichloropropane 2.24 CLEA UK
Aliphatics >C8 - C10 64 CLEA UK 1,2,4-Trimethylbenzene 1.53* CLEA UK
Aliphatics >C10 - C12 31,300 CLEA UK 1,3,5- Trimethylbenzene 1.09 CLEA UK
Aliphatics >C12 - C16 31,300 CLEA UK 4-Chlorotoluene 25,800 CLEA UK
Aliphatics >C16 - C21 614,000 CLEA UK Chlorobenzene 9.38 CLEA UK
Aliphatics >C21 — C35 614,000 CLEA UK 1,2-Dichlorobenzene 99.2 CLEA UK
Aromatics >C8 — C10 106 CLEA UK PCBs (non dioxin-like mixture) 3.13 CLEA UK
PCBs (dioxin-like mixture) 0.00063 CLEA UK
Carbazole 14.7 PRG
Di-n-butylphthalate 1810 PRG
Dibutyltin 53.7 PRG
Dieldrin 0.963 CLEA UK
Metals
Determinant GAC (mg/kg) Origin
Antimony 1,880 CLEA UK
Beryllium 1,960 CLEA UK
Cobalt 1,280 CLEA UK Explosives
Cyanide 50 Sniffer
Manganese 15,325 CLEA UK
Molybdenum 9,250 CLEA UK Determinant GAC (mg/kg) |Origin
Strontium 176,150 CLEA UK HMX 34,776 CLEA UK
Thallium 30 CLEA UK RDX 140 CLEA UK
Titanium 52,606 CLEA UK TNT 432 CLEA UK
Vanadium 468 CLEA UK Picric Acid No tox data NA




JER3996 8S/8F Risk Assessment Report

SUMMARY OF CLEA UK DERIVED GENERIC ASSESSMENT CRITERIA (GAC)
and SGVs USED WITHIN THE HUMAN HEALTH RISK ASSESSMENT

Organics
Determinant | SGV (mg/kg)| Origin
Ethylbenzene 48,000 SGV
Phenol 21,900 SGV
Toluene 150 SGV
Metals
Determinant | SGV (mg/kg)| Origin
Arsenic 500 SGV
Cadmium 1,400 SGV
Chromium 5,000 SGV
Lead 750 SGV
Mercury 480 SGV
Nickel 5,000 SGV
Selenium 8,000 SGV
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