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1

INTRODUCTION

1.1

1.2

RSK Environment Limited (RSK) was commissioned by Cakford Homes Lid (the ‘client)
to prepare a Geosnvironmental Site Assessmant for the former Arundel Gas Works,
Ford Road, West Sussex. Initially this is fo comprise the preparation of an up-io-date
Preliminary Risk Assessment for the site, alongside initially appraising factual
information contained in preceding Atkins reports.

This report is subject to the RSK service consiraints given in Appendix A

Background

To date Atkins Limited (formerly W3S Atkins Environment) have prepared a number of
reports for the site, all of which have been made available as redacied documents, with
all associated opinions and interpreiation blanked out.

In addition to the absence of interprefative information, all of the reporis have been
produced with a view to the site being remediated for a bulk storage scenario, rather
than a more sensitive residential end-use as is bsing proposed.

Whilst it is proposed that Atkins and the current landowner (National Grid Property
Holdings) will undertake remediation of the site, inillally with respect 1o a proposed bulk
storage scenario prior to divestment of the site, details of the proposed works are yet to
be made available. Following on from this additional works are anticipated {o be required
to render the site suitable for a more sensitive residential end-use.

Objective

The objective of the work is to prepare an up-io-date Preliminary Risk Assessment for
the site alongside initially appraising factual information coniained in preceding Atkins
reports with a view fo identifying potentially complete poliutant linkages that will need to
be addressed as pari of the deveiopment proposals.

Scope

The scope of the investigation and layout of this report has been designed with
consideration of CLR11 (Environment Agency, 2014) and BS 18175:2013 (BSI, 2013).

The project was carried out to an agreed brief as set out in RSK’s proposal (Ref. 29780
017, dated 1st March 2018). The scope of works for the assessment included:

e Preparation of an up-to-date Preliminary Risk Assessment (PRA) {0 include a review
of existing reports, geological, hydrogeoclogical and hydrological information, a
commercially available environmental database and historical plans;

e A review and preparation of a summary of factual data presented within the
preceding Atkins’ investigation reports collected from numerous boreholes and trial
pits with laboratory analysis plus subsequent groundwater, gas and vapour
monitoring,;

Cakford Homes Lid 4
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1.4

1.5

e Preparation of a generic/semi-quantitative risk assessment (GQRA) 10 assess
theoretical risks to human health and the environment; and

e [dentification of oculline mitigation measures for compleie pollutant linkages or
recommendations for further work as required.

Existing reports

The following Atkins reports, as conlained in Appendix K, detailing previous works at
the sile were made available for review:

¢« Ford Road, Arundel ~ Environmental Liability Assessment Report (for British Gas),
WS Alkins Environment, document ref. E5347/4.R860.NL/gp, dated April 1984,

¢ Ford Road, Arundel ~ Environmental Assessment Site Investigation Factual Report
Final {for Lattice Property), document ref. AY1430/G7G.2000078/R003revt, dated
December 2000. This report includes, as an appendix, a report by Harrison &
Company, dated July 1983, entitied ‘Desk Study on a Disused Gas Works at Ford
Road, Arundel, West Sussex for British Gas (South Eastern) pic. Report No. C604a’;

¢ Ford Road, Arundel ~ Environmental Groundwater Monitoring Letter Report, (for
Latlice Property), document ref. A71430/GTG.2000078/R004revl/mg, dated July
2001;

o Ford Road, Arundel - Land Contamination Site Investigation and Generic
Quantitative Risk Assessment (for National Grid Properly Holdings Limited),
document ref. 5104362/GTG.20100923/Arundel 2011/R001v0, dated September
2011;

e Ford Road, Arundel — Detailed Quantitative Risk Assessment Report (for National
Grid Property Holdings Limited), document ref. 5104362/GTG.20100023/Arundel
DORA 2012/R002v1, dated October 2012; and

« Ford Road, Arundel — Qutline Remediation Strategy (Final) {or National Grid
Property Holdings Limited), dated August 2017,

As part of this assessment, RSK have assumed that as part of the site acquisition
agreement, Oakford Homes will have full confractual reliance upon the information
contained within the aforemeantioned Atkins reports.

Pertinent information from these reporis have been summarised in Section 2. VWhere
information has been directly transcribed from the Alking’ reporis, it is presented in
italics.

The aforementioned Atkins reporis for the site have all been provided as redacted
documents with all associated opinions and inferpretation blanked out. in addition to the
absence of interpretative information, the reporis have all been produced with a visw {0
the site being assessed for a bulk storage end use rather than a more sensitive
residential end use as is proposed moving forward.

Limitations

The comments given in this report and the opinions expressed are based on the ground
conditions encouniered during the site work and on the resulis of tests made in the field
and in the laboratory. Howsver, there may be conditions pertaining to the site that have
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niot been disclosed by the investigation and therefore could not be taken into account. In
particular, it should be noled that there may be areas of made ground not detected due
to the limited nature of the investigation or the thickness and quality of made ground
across the site may be variable. In addition, groundwater levels and ground gas
concentrations and flows may vary from those reported dus {o seasonal, or other,
effects.

While asbestos-containing matlerials were not identifisd during the fisldworks or
supporting laboratory analysis, the history of the site indicates that asbesios may well be
present. Asbesios is often present in discrete areas. Although it may not be not
encouniered during the site investigation, it may be found during more extensive ground
works.
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29780 RG1 {00)

ARUN DISTRICT COUNCIL AB/88/19/PL



THE SITE

2.1

2.2

2.3

Cakford Homes Lid

Site location and description

The site is located at Ford Road, Arundel, BN18 80X, at Ordnance Survey National Grid
Reference TQO14067, as shown on Figure 1, and covers an area of approximately 0.47
hectares, generally comprising of overgrown derelict land.

As part of RSK’s scope of works, a site reconnaissance survey has not been
underiaken. However, the preceding Atking (2000) reports summarised the site seiting
and surrounding features as follows:

‘The site foolprint was, until recently, occupied by Transco who used the sife fo controf
the local gas pressure and for the addition of additives. It is bounded by houses and
gardens on the south-west and fo the north west by Ford Road, bevond which is a
cemelery. To the south and east are grazing fields. A drain runs parallel to the north-
eastern site boundary and info the River Arun via g sluice gate. The Arun flows adjacent
to the south (bevond the grazing land) and is separated from the site by a narrow sirefch
of low-lying walerlogged land. The majority of the site is flat with the surrounding land
sloping from north-west fo south-east. The houses and road fo the west and south-west of
the sife are at a higher level than the site although the gardens siope down fo a similar
fevel’

Proposed development

it is understood that Oakford Homes are looking to redevelop the site with two separate
apartment blocks containing 38 units, and that the development will be set at a raised
level predominantly with open air parking or ameanity space beneath (given the flood risk
potential). The development proposals do not include for private gardens although areas
of communal soft landscaping are included.

Copies of the proposed davelopment plans area included in Appendix D,

Summary of previous reports

The aforementioned Alkins reporis for the site have all been prepared as redacied
documeants with all associated opinions and interpretation blanked out. in addition o the
absence of interpretative information, the reporis have all been produced with a view to
the site being assessed for a bulk storage end use rather than a more sensilive
residential end use as is proposed moving forward.

Whilst the previous works have included a Controlled Waters Delailed Quantitative Risk
Assessment (DQRA), the redacted naiure of the document means that there is litile of
use contained within the report.

Atkins have alsc prepared an outline remediation technical note. At present, this simply
siates that the propossd ramediation works would be limited {o addressing risks posed
by contaminants within the unsaturated zone and would not necessarily directly address
contamination residing within the groundwater body underlving the site. Given the

~3
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absence of any interpretative information or conclusions within the groundwater DQRA,
it is hard to comment upon these proposals and whether this methodology would be
accepted by and supported by the Environment Agency.

it would appear that beyond these generic statements, more robust remedial proposals
are yet io be established. As dstailed within the Atkins remediation technical note, it is
envisaged that further works will ultimately be required to fully establish the final
remediation reguirementis. As part of these works, the existing groundwater baseline
would need to be re-assessed given that the most recent quality testing was undertaken
in 2012,

Given the sensilive sife sefting with respect to controlled waters (both groundwater in the
Chalk Aquifer and adjacent watercourse), in order to firm up on the outiine remedial
requirements, it will be necessary to underiake a full updated controlled waters DQRA.
Howsaver, at this stage this it is suggestsd that this should bs conducied following the
completion of additional groundwater moniforing to assess the existing baseline
conditions.

Geoemvironmental Site Assessment of the Former Arundel Gas Works, Ford Road, Arundel
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3 P

RELI

INARY RISK ASSESSMENT (PRA)

A Preliminary Risk Assessment (PRA) has been compiled from information presented in
earlier Atking’ reports as detailed in Section 1.4 and from a review of a new
Environmental Dalabase report and historical maps oblained for the site (Envirocheck

Re

port Ref. 158383817 _1_1, dated 5" March 2018), as contained in Appendix E.

3.1 Site setting

The site setling was most recently delailed within Atking” 2012 report, which contained
the following surmmary of the physical features of the site:

The site is generally flat and sef info the side of a gently sloping hill, with the
surrounding land sloping from north-west fo south-east. An electricily sub-station is
focated on the eastern site boundary adjacent fo the site enfrance and concrete siab
foundations are located in the northern and easiern comers of the site. No other
above ground structures or buildings are present on the sife. A raised spoil heap and
raised rectangular area (identified on the historical plans fo have formerly been the
focation of a governor compound)} are located in the southem and south-eastern
portion of the site, respectively. During the most recent site investigation, the site
surface was recorded as comprising approximately 25% tarmac, with the remainder
comprising of either gravel, wood chippings or bhare earth heavily overgrown with
shrubs {e.q. buddieia), semi-mature frees and brambles.

The site boundary comprises a 2m high chain link fence in reasonable condition at
the time of writing. Access to the site is gained via 2m high chain-link padiocked
double gates Jocated along an access frack adjacent to the north-eastern boundary of
the site (off Ford Road).’

The same Atkins’ 2012 report notes the surrounding land use as follows:

® To the south-west are residential houses with gardens;

® To the south-east is private grazing land. The River Arun is located heyond the
private grazing land, approximately 40m from the site boundary, and flows
fowards the south-east being tidally influenced at (afthough is tidally influenced);

® To the north-west is Ford Road, beyond which is a cemelery with a building
{assumed residential); and

® To the norih-east is an access {rack leading off Ford Road, beyond which is a
small surface water drain (which runs towards the River Arun via g sluice gafe)},
and private grazing land.’

The history of potentially contaminative activities camisd ocut on the site were
summarised in the Atkins (2000) report, thus:

‘The first map published of this areag in 1841 showed a small gasworks consisting of a
single circular holder, & medium sized works building and a small cottage. Within the
next cenifury, three more gasholders were built, although the first one was
demolished at the end of the 19ih century and the buildings were expanded.
However, by 1994 only the electricity substation, valve pits, toilet and a concrefe
base of a tank were remaining with the gas holder in the south having been only
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recently decommissioned. Adjacent land-use, parficularly to the south west, has
changed dramatically over the years with an ironworks being present between 1898
and 1937, which was then built on by an agricultural engineering works, neither of
which showed direct evidence of confamination, based on the initial site investigation
carried out by Harrison and Co (1988).°

3.2 Ecological setting

3.2.1 Birds
During the Atking” walkover survey, evidence of breeding birds was observed across the
site. This included singing birds including dunnocks, commeon whitethroats, a chaffinch
and a sighting of a recently fledged song thrush.

3.2.2 Reptiles
The preceding Atkins reports note that the River Arun is located 1o the southeast of the
site and has a bank consisting of a 10 m wide strip of dense ruderals with a
medium/high potential for repliles. The same report notes that the site iiself is of low
suitability for reptiles as it consisis of buddleia with little or no ground vegetation, or
extremely dense scrub.

3.2.3 Great Crested Newts
The Alkins reporis notes that busy roads 1o the north and east, and a river to the south
form barrigrs io the movement of great crested newits (GCNs) on io the site. No
ecological desk study has been carried out and therefore it is not possible {o confirm
whether there are ponds within 500 m of the sile or whether there are GCNs present in
the surrounding area.

3.24 Badgers
No evidence of badgers was recorded during the Atkins walkover survey. However, a
raised area of ground, marked as a spoil heap on Figure 2, could not be inspscted due
to the dense scrub that covers it

3.2.5 QOther Legally Protected or Notable Species
The Atkins reports noted that there was no evidence of any other lsgally protecied or
notable speciss. However, a full ecological desk study was not undertaken and parts of
the sile were inaccessible due to the dense vegetation.

3.26 Japanese Knotweed
Japanese knoiweed was not reported {0 have besan identified during the previous Atkins
sile visits. However, Japanese knotweed is difficult to identify outside the growing
season (March to September/Ccelober). It is rscommended that the site be resurveyed
during the growing season. Should Japanese knotweed be identified on site, there are
several methods by which it can be treated/eradicated, all of which are detailed in the
EA’s (2006b) ‘The Knotweed Code of Practice’. A competent knotweed contracior would
be employed {0 manage and perform the waorks in line with this guidance.

Oakford Homes Lid 10
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3.3 Ground conditions

3.3.1 Geology

Published geological records for the site area (1:50,000 sheet No.317 ‘Chichester) and
the resulis of earlier intrusive investigations have confirmed the geology of the site and
its surroundings io be characterised by the succession recorded in Table 1.

Table 1: Geoclogy at the site

Variable across the site, but generally
compyrised firm, sandy, gravelly clay
and fine {o medium, gravelly, clayey

sand with frequent brick, chalk and flint

gravels and fragmentis of clinker, coal
and metal.

Made Ground Absentio 3.00m

Stiff, sifty, very gravelly clay or clayey

Alluvium gravel 070 m106.30m
. ) >3.80 mio >7.60 m
Spetisbury Chalk Structureless fine chalk composed of 5
Member (White Chalk gravels and chalk cobbles in a soft off- (m?“ no_'t prov_en E_)y
Subgroup) white/grey clay matrix. previous investigation

works)

Note: During the Atking’ 2011 investigation, the base of the Made Ground was not proven at
TRP108B (>2.5 my), TP111 (>2.3 m}, VP202 (>1.0 m), VP203C (>1.2 m) or VP204 (>1.3 m).

In view of the prevailing ground conditions, with Chalk at shallow depth beneath the sits,
it is normal practice to consider the potential risk of ground subsidence related {o the
presence of swallow holes and other nalural chalk solution features or man-made
cavities.

Based on the Edmund’s risk assessment mode! for natural dissolution features referred
to in CIRIA Report C574 (Lord et al. 2002), the site falls into the ‘moderate anticipaied
subsidence risk’ category. With refsrence to Edmund's database of known natural and
man-made chalk solution features there are no such features in the immediate vicinity of
the site, and ths risk on site ranges from ‘low {6 'no hazard’.

3.3.2 Radon

The snvironmental database report provides an assessment of radon risk equivalent to a
stage 2 assessment underiaken by the Brilish Geological Survey. This indicates that 15
to 3% of homes in the area are above the Action Level as defined by the Documents of
the National Radiological Protection Board (Radon Allas of England and Wales, NRPB-
Wee-2002). The aforementioned snvironmental database report states that no radon
protective measures are required within new dwellings at the site.
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3.3.3

3.34

Mining and quarrying

Evidence has been sought to identify any mining and quarrying operations, past and
present, which have taken place in the vicinity of the site. The sources of information
refarenced in this element of the desk study include:

¢+ Past and current environmental database reports;

« Records held by Local Authority/Environment Agency,
« Cld Ordnance Survey maps and plans; and

e Geological map records,

With reference to the above sources of data, there are two recorded sand and gravsl
quarries within a 1.0 km radius of the site. The Waterwoods Gravel Pit is located 713 m
to the north-west of the site (sand and gravel originating from Lambeth Group) with the
Arundel Station Gravel Pit located 883 m {o the south-east of the site {sand and gravel
originating from Raised Beach Deposits).

Landfilling and fand reclamation

Evidence has been sought to identify any landfilling or land reclamation operations, past
and present, which have taken place in the vicinily of the site (using the same sources of
information listed above in Section 3.3.3).

With reference to the above sources of data, a closed landfill site is located 86 m to the
south-west of the site. The environmential database report lists the sile as ‘Penfold
Works’ which accepied inert, commercial and household waste betwsen 1960 and 1962,
The former landfill site appears to have been redeveloped to comprise garden areas
associated with housing along Ford Road. Notwithstanding this, the potential exisis for
landfill gas generation since the household waste and, as such poses a potential risk to
the site from the generation and migration beneath the site of landfill gases andior
leachate.

With respect to the former Penfold Works landfill, the preceding Atkins reports notes the
following:

‘The Epnvironment, Tourism and Leisure Depariment of Arun District Council have
fimited records of a landfilling operation in the area immediately to the south west of
the study site. This was essenfially infilling of the former haths in the 1850s and
1960s. Materials used included bottles, timber, ash and pottery. The Council’s
records do nof state the exact depth or volumes of wastes involved buf it is believed
that the maximum depth of waste is approximately 3.0 m. This area and the land
further south-west (the site of Tortinglon lronworks between 1899 and the early
1960s) has since been developed for 40 houses with gardens. The Council stated
that a sife investigation was carried out prior to development. At total of 500m° of
topsoil was removed owing to the presence of copper, nickel lead and zinc. The sife
investigation report concluded that there was "no major contamination threat””’

Three other historic landfills are identified within the environmental database report
within 1.0 km of the site and the also on the EA wabsite. These comprise:

¢ Fagins Den landfill was situated approximately 144 m to the northeast of the site
where Wheelrights Close is currently located;
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3.4

3.4.1

3.4.2

e (anada Road landfill was situated approximately 163 m {o the northwest of the site
where the recreation ground off Canada Road is currently located; and

e Tortington Common landfill was situated approximately 750 m {0 the northwest of
the site on Tortington Common.

The Fagins Den landfill accapted inert, commercial and household waste between 1960
and 19682, Likewise, the Canada Road landfill accepted the same waste streams
between 1947 and 1973 whilst the Torington Common landfill accepted the same waste
sireams until 1974, albsit with no start date recorded.

Buried structures

Based upon preceding investigation works underiaken across the site, & number of
buried structures were encountersd, as detailed below. Fealures that relats o gas works
infrastructure are also shown in Figure 2.

Underground pipes

During the preceding investigation wuorks, 300 mm (OD} cast iron pipes were
encountered in TP5 and TP8 at depths of between 0.70 m and 1.20 mbgl. In TP8, the
depth o the pipes reduced as they sxiend away from the adjacent governors.

A dry 200 mm clay land drainage pipe (breached by the excavation works), a 400 mm
concrete pipe (integrity intact) and a 0.5 m? brick manhole were encountered in TP10, at
approximately 1.20 mbgl. The latter drain is considered to be an old drain running across
the gite from the former iron works.

In addition to the above features, the more recent Atkins 2011 investigation observed
the following features within excavated trial pits:

¢ TP104 - A series of electricity cables (previously identified as redundant during
Atking' 2000 investigation) were encountered at approximately 0.40 mbgl;

e TP108 - Three-cast iron pipes were encountered crossing the trial pit, two at
0.80mbgl and one at 1.20 mbgt;

e TP109 - A brick wall was identified at a depth of 0.30 mbgl in the northern portion of
the pit, with a concrete base at a depth of 0.80 mbgi;

e TR111 - A cast iron pipe was located at the southern extent of the pit at a depth of
approximately 0.50 mbgl; and

e TF115 - Three cast iron pipes were located in an initial trial hole dug adjacent to the
edge of the former governor compound at approximately .40 mbgl. The trial pit was
relocated 1o the centre of the former governor compound.

Foundations

Preceding investigation works encountered brick and concrets foundations in TT14, TT2
and TP5 at depths of between 0.20 m and 0.40 mbgl in an area that formerly contained
the gas works buildings. The trial trenches were advanced {o the depth of the underlying
foundations, with deeper excavations in the areas between these (TT1A, TT1B, TT2A,
and TT2B), io investigate the possible presence of tanks. These excavations did not
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3.4.3

reveal the presence of any tanks. However, tarry contamination was encountered in
TPS.

The Alkins works noted that the compiete absence of tanks cannot be confirmsd dus to
the limited the scope of the investigalion works undertaken, nature of the excavations
and because ths depth of most excavations baing limited due o obstructions. The works
noted that full investigation of this area would have involved removing the top 0.5 m of
made ground, exposing the foundations and breaking out selected areas.

In addition o the above, during the more recent Atkins 2011 investigation, the following
observations were made (as marked on the constrainis and hazard plan presented in
the aforementionad report as Figure 3):

e TF101 ~ A hrick wall was identified at a depth of 0.30 mbg! in the northern portion of
the pit, with g concrete base at 0.80 mbgh,

« TF103 ~ A brick wall and concrete base were identified at approximately 0.50 mbgl;
e TR107 — A possible brick wall was encouniered at the southern exient of the pit; and

e TR109 — a brick wall was identified at 0.30 mbgl in the northern portion of the pit,
with a concrete base at 0.80 mbgl.

Gas holders

During the Atkins invsstigation works the base slabs of gas hoiders in the western and
southern corners of the sile were encountered at depths ranging between 0.60 m and
1.50 mbgl in TP3, TR4, TP10 and TRP11. The bases of the other two holders locaied
along the north-eastern boundary were not encountered in either TP1 or TP2. Howeaver,
pieces of broken concrete were gbserved in TP2.

The gas holder base in the weaslern comer of the sile was noted to consist of an integral
200 mm thick mass concrete slab at 1.20 mbgl, which contained a small guantity of
black stained material just above the base. This holder and the two holdsrs close {0 the
north-eastern boundary have been backiilled with chalk at their eastern edges. Howsever,
at their western edges fill materials comprised loose light brown or orange sandy silt with
gravel, mixed with a variely of wasie materials (wood, timber, brick, scrap meial, plastic,
steel pipes, steel drums, car parts, glass botles, coal, railway tracks and cast iron) along
with pockats of reworked natural ground. Pockeis of this material were noted to exhibit a
slight ‘gasworks odour’.

The gas holder base in the southem corer of the site consisted of a broken pinkfight
rad 200 mm thick mass concrele slab, underlain by 300 mm of locose grey sand and
tarmac. This was underiain by a grey integral 300 mm thick mass concrete slab at a
depth of 0.90 mbgl The holder was noted to have been backfilled with a soft dark
brown-black silty clay with ash, gravel, coal, brick and timber, overiain by loose light
brown clayey fop soil.

The Atkins reports note that each of the holder bases encountered were founded upon
natural soils in the form of a soft crange-brown clay alluvium, which did not appear to
exhibit any visual or olfactory evidence of contamination.

During the more recent Atkins 2011 investigation, the bases of the gas holders were
encountered in TP106 at between depths of 0.95 mbgl and 1.10 mbgl and in TP114 at
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3.4.4

3.5

3.5.1

3.5.2

depths ranging between 0.55 mbgl to 0.85 mbgl. These depths generally correspond
with those encountersd during the earlier investigation works.

Former tanks

During the Atkins investigation works, TP14 was excavated in the eastern comer of the
site to the east of a polential former tank base slab. The base slab was proven fo be a
150 mm thick integral mass concrete slab pressnt at the ground surface and underiain
by two rows of red bricks. Made ground deposits and a foundation at a depth of 1.15
mbgt underay the tank base. The base of ths foundation was not proven due to the tight
working space.

Hydrogeology

Aquifer characteristics

Based on the published geoclogical map referred o above and ground conditions proven
during previous investigation works, the hydrogeclogy of the site is likely to be
characterised by the presence of a tidally-influenced unconfined shallow aquifer
comprising the Alluvial deposits of the River Arun overlving a desper unconfined aquifer
within the White Chalk Sub-group. Given the nalure of the deposits and elevation of the
site, it is anticipated that the aquifers will locally be in continuity.

it is also likely that localised perched water will be present in the made ground and
within any remaining structures in the ground.

Monitoring data from the preceding investigation works has confirmed groundwater to be
present at a depth in the order of 2.00 mAQD at high tide dropping to approximately 0.00
mAQCD at low tide.

During the excavation of trial pils, groundwater was struck at depths ranging between
1.30 m and 2.65 mbgl.

The preceding Atkins reports note that the nearby River Arun is tidally influencad in the
local area, and generally flows in a southerly direction towards the English Channel, with
reversal of flow during high tide. Tidal monitoring undertaken in July during the 2011
Atkins investigation indicated that there was significant tidal variation in the groundwater
leval at the sile (up to approximately 2.00 m variance). Groundwater beneath the site is
therefore anticipated to be tidally influsnced and saline.

The failure to establish a groundwater fiow direction during the Atkins 2001
groundwater-monitoring programme was atiributed to tidal influence.

Yulnerability of groundwater resources
The site has been classified by the EA website to overlie the following:

e Bedrock Aguifer (White Chalk Sub-group). Principal Aguifer, Le. layers of rock or drift
deposit that have high intergranular and/or fracture permeability (usually providing a
high level of water siorage}. They may support water supply and/or river base flow
on a strategic scale,; and
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e Superficial Aquifer {Alluvium): Secondary A Aguifer, i.e. permeable layers capable of
supporting water supplies at a local rather than strategic scale, and in some cases
forming an imporiant source of base flow 1o rivers.

The soils beneath the site are classified as having a High Leaching Potential (H1) - Scils
which readily transmit liquid dischargss bsacause thay are either shallow, or suscapiible
to rapid by-pass flow direclly to rock, gravel or groundwater (Source: Sheet 45 West
Sussex and Surrey 1:100,000).

3.5.3 Licensed groundwater abstraction

The environmenial database report indicales that there are ten cument licensed
groundwater abstractions within a 2.0 km radius of the site. Of these, only one is localed
within & 1.0 km radius located approximately 730m to the north west of the sile and
operated by ‘Arundel Estates T/A Chalk Springs Fishery’ for ‘Aguaculiure: Fish
Farm/Cress Pond Throughfiow’ purposes.

The nearest public water supply borehole is iocated 1,098 m to the north east of the site
and is operated by Southermn Water Services Limited.

In terms of aguifer protection, the EA generaily adopts a three-fold classification of
source protection zones (SPZ) for public supply abstraction welis.

+ zZong 1 or'inner protection zone’ is located immediately adjacent to the groundwater
source and is based on a 50-day travel! time from any point below the water table o
the source. It is designed to protect against the effecis of human activity and
biological/chemical contaminants that may have an immediate effect on the source;

e Zone 2 or ‘outer protection zone’ is defined by a 400-day travel time from a point
below the water table 1o the source. The travel time is designed to provide delay and
attenuation of slowly degrading poliutants; and

¢ Zons 3 or ‘tolal catchment is the area around the source within which all
groundwater recharge is presumed o be discharged at the source.

Information available on the EA websile indicates thal the site does not lie within a
currently designated groundwater Source Prolection Zone. The closest SPZ (Inner
Zone) is located approximately 683 m {o the north west of the site.

3.6 Hydrology

3.6.% Surface watercourses

The nearest identified surface watercourse 1o the site is the River Arun located 33 m o
the southeast and esast of the site at its closest point. The streich of the watercourse
closest to the site is known to be fidally influenced and flows in a southerly direction
towards the English Channel.

The EA classification of the water quality in the streich of the Arun nsarest {o the sits is
listed as an ‘Unclassified Tidal River with respect {o river quality.

In 1994, Atkins reporied that the tidal stretch of the River Arun adjacent to the site is
ciassed as Estuary Class A (Good Quality) based on an assessmeni of biological,
assthetic and water quality.
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3.6.2

3.6.3

3.6.4

The base flow of the River Arun is likely to be recharged by groundwater in the shallow
aguifer in the site area. A linkage betweesn the river and any ground or groundwatsr
contamination beneath the site may therefore exist.

The environmental database report indicated that a discharge consent was formerly in
place for the site to discharge inio the ‘Saline Estuary’ via the drainags diich on the site’s
northern boundary from 1971 to 1986.

in addition to the above, a significant ‘Pollution Incident to Conirolled Walers’ is reported in
the aforsmentioned Envirocheck report, namely ‘Siage Liguor in Streany {organic
industrial waste) resulting from a road traffic accident immediately to the south of the site
in 1985, This location is only accurate to within 100 m, which would allow for the fact that
the ‘stream’ {(or diich) is located to the north of the site.

Surface water absiractions

Four current surface waler abstractions have been identified within a 2.0 km radius of
the site using the environmential database report.

Of the four, only two absiractions ars located within 1.0 km of the site which and located
between 733 m and 804 m to the north-west of the site and operated by "Arundel
Estates T/A Chalk Springs Fishery’ for ‘Aquaculiure: Fish Farm/Cress Pond
Throughflow’ purposes. The surface water is reported to be abstracted from ‘Springs
from the Waterwoods, Park Bottom, Arundef.

Site drainage

Surface drainage from the site appears o be discharged into the drainage ditches along
the site’s north-eastern and south-eastern boundaries.

The proceeding Alkins reports note that drainage diich adjacent {0 the northern site
boundary flows towards the River Arun via a sluice gate. The environmental dalabase
report describes this ditch as an inland river, with a length of 186 m on the ground
surface. A discharge consent is in place for the drainags diich approximatsly 40m io the
southeast of the intersection with Ford Road.

in Harrison & Co.’s 1993 site reconnaissance visit, the presence of a3 free lined drainage
ditch was noted to the south-east of the site with the following observations made:

‘Within the south-eastern drainage difch water flowed quite rapidly south-westwards
from a concrefe culvert at the northern end of the difch. It seems likely that this
culvert connects with the sluice gate af the end of the site access land. Between the
ditch and the River Arun was a river levee or embankmeni, 2-3 m high. The face of
the embankment was armoured against erosion with concrete blocks.”

Any direct drainage connections from the site to these ditches was not visible during the
Atkins 1994 site walkover, although the previous discharge consent would suggest that
a connection exists.

Preliminary flood risk assessment

Information available in the environmental database report indicates that the site lies
within the indicative fidal fioodplain of the River Arun, and the caichment area of the
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River Arun and Rother, in an area of ‘exireme risk of flooding from (rivers or) sea without
defences’.

This report is not intended to replace a full hydrological study and it is recommended
that additional specialist studies be conducied io confirm flood risks at the sile.

in addition, BGS flood data reporis that there is potential for groundwater flooding to
oceur at the surface on the site.

The preceding Atkins 1994 sile reconnaissance visit noted that:

‘The bund along the river appeared in good condition but anecdotal evidence
suggests the lfand on either side of the rver (including the study site) floods
frequently. Retaining walls along Ford Road and between the site and houses lo the
west both appeared fo be in good condition.”

Site layout plans for the proposed davelopment siate that the development will be set at
a raised level with open air parking beneath given the flood risk potential.

3.7 History of site and surrounding area
The history of the land-use and development of the site and surrounding area has bsen
assessed based on the following sources:
« Historical maps within past and recent environmental database reporis from 1840 o
2018;
¢ Internet search; and
«  Aerial photography.
Copies of OS and County Series maps are included in the environmental database
report. Reference to historical maps provides invaluable information regarding the land
use history of the site, but historical evidence may be incomplete for the period pre-
dating the first edition and between successive maps.
The development history of the site and surrounding area from the above sources is
summarised in Table 2 on the following page:
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Table 2: Summary of historical development

\ ‘\I\ YRR R
e
Q w
Ford Road (unnamed on the plan} is identified
along the norih-western boundary of the site
A single gas hoider is identified in the | with open fields beyond.
north of the site. A works building 8 | An access track leading to the River Arun is
recorded in the central/northemn portion | recorded along the north eastern boundary with
1840 of ihe site 1o the south of the holder. A open fields, a small building and drainage
rectangular  building is  identified | channels beyond. Open fields, drainage
adjacent to what is currently the site | channels and the River Arun are identified to the
entrance. south east of the site. Open land segreagated
intc smaller parcels is identified 1o the south
west,
The site is recorded as a “Gas Works”.
The gas holder located in the north of
t?}_e site S recorded ,m. have .veduf:eci m Minor changes, with a small number of buildings
1875 ;me Em‘j a se@nd, ‘aaager_gas foider is are identified to the north, south and south west
identified on the site along the north ,
) of the site,
western boundary.
The works buildings are recorded io
have expanded to the south and west.
An additional small circular structure
- otential gas holder or tar tank) is N ) .
1877 i(gemified EE the central portion of the No significant changes recorded,
site adjacent to the works buiidings.
The gas works area is recorded 1o have
expanded to the west. The smaller
possible gas holdersftar  tanks
previously identified in ihe norh and
central portion of the site are no longer | A cemetery with lodge house is recorded 10 the
recorded. A circular gas holder is | north west of the site.
recorded in the west of the site. The | peyong the open fields to the south of the site
1897 works buildings previously identified in “Baths”, “Tortington iron Works” and a “Sewage
the central portion of the site has | works” are identified. Housing located aiong the
expanded. south of Ford Read is identified adjacent to the
Additional works buildings are identified | site 1o the south-west,
in the northern corer of the site. The
building previously recorded adjacent io
what is now the site entrance has
expanded.
A small circular siructure  (possible | Additional residential properties with gardens
1910 chimney or tank} is identified along the | are recorded {o the west and south west of the
north-eastern boundary. site,
The site i3 recorded to have expanded
to the south and south east with a
1937 circular gas hoider structure identified in | No significant changes identified.
the southem corner and a reciangular
building identified in the eastern corner.
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An electricity sub-station i3 identified
adjacent to the site entrance along the
north-eastern boundary.

A rectangular tank is identified in the
gastern corner of the site (a reclangular
concrete siab is still present on the sile
at this location indicating that this may
have been an above ground tank).

A square structure along the south-
eastern boundary is identified (recorded
to be a governor compound on the plan
provided from the National Grid archive,

The baths to the south of the site are no longer
identified and the iron works are now recorded
as an agricuftural engineering works and
builders yard.

(British  Gas  drawing DE/Sx/4/200
{(1978) as described by Harrison & Co.
in 1993)

This plan shows that the services 1o the
site consisted of several 8 and 12" gas
mains  connecting  the  pressure
reduction plant to the rnains running
along Ford Road. These mains went on
to supply both Arundel town and
Slindon.

No significant changes identified.

1979-
2018

The circular tank structure in the
southern comer of the site and the
rectangular tank structure in the east of
the site are no ionger identified.

The remaining features identified
include the electricity sub-station and
the sqguare feature along the south
eastern boundary which is recorded as
a gas valve compound.

No significant changes identified.

3.8 Sensitive land uses

No national or internationally designated sensitive land usss such as sites of special
scieniific interest (8831} have been identified in the vicinily of the site. A comprehensive
evaluation of ecological receptors is outside the scope of this report.

An scology survey was undertaken during the Atkins 2011 investigation in June 2011
during vegetation clearance. Where nesting birds were encountered, the investigation
locations were reportedly removsd,

3.9  Initial conceptual model

The information presented in the previous sections, has bsen used {o compile an initial
conceptual model. The ideniified potential sources of contamination, associated
contaminanis and receptors have been considerad with plausible pathways that may link
them. The resulting potential poliutant linkagses ars considered in Section 3.9.4.
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3.9.1 Summary of potential contaminant sources

Potential sources and contaminants of concern are summarised in Table 3.

Table 3; Potential sources and types of contamination

1. Former gas works (¢.1840-pre 1894)
with residual infrastructure still present

Fuel oils, lubricating oils, heavy metals,
polychlorinated biphenyls (PCBs), polycyclic
aromatic hydrocarbons (PAHSs), chiorinated and
other organic solvents, sulphales, asbestos, eto.

2.Eleciricity sub-station (adjacent {o the
site entrance along the north eastemn
boundary)

Fuel oils, lubricating oils, PCBs.

3. Former tank {identified in the sastemn
corner of the site)

Petroleum hydrecarbons, Unknown fill material (but
potentially including heavy metals, ash, clinker,
sulphates, PAHS, asbesios eic).

4. Nursery gardens (south westam
porition of the site)

Pesticides, herbicides, heavy metals (in particular
iead and arsenic).

5. Made ground {i.e. fill material)

Unknown fill material (bul potentially including heavy
metals, ash, clinker, sulphates, PAHs, asbesios etc).

&. The former Tortington lron Works to
the south of the site (¢, 1889 - early
1960s)

Fuel oils, lubricating oils, heavy metals, polyeyclic
aromatic hydrocarbons (PAHS), asbestos, elc.

7. Sewage works {o the south of the
former iron works

Sewage sludges containing various chemicals,
including: fuel oils, lubricating oils, heavy meials,
PCBs, PAHSs, chiorinated and other organic
solvents, sulphates, pharmaceutical chemicals,
surfactants, elc.

8. Alluvium and White Chalk Sub-group
underlying the site {(very low gas
generation potential)

Carbon dioxide.

9. Burial ground at mortuary 1o the west
of the site (¢. 1897 —present)

Carbon dioxide, methane and trace gases.

10. Landfills (1960 to 1974) off-sile (low
1o moderate gas generation potential but
polentially high if disturbed)

Carbon dioxide, methane and trace gases.

Based upon identified sources of contamination, the operation of the former gas works
and presence of residual infrastructure (and to a lesser degree ths electricity substation)
represents the most significant source of contamination.
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Within the local area, the greatest potential for contamination lies with the historical
operation of local landfills and industry (particularly to the south of the site) in the form of
the in-filled baths/Penfold Works landfill, the former Torlington lronworks and the
sewage works. In addition, the mortuary and cemetery neighbouring the sile on the
western side of Ford Road poss an on-going polential source of gaseous contamination.

3.8.2 Sensitive receptors
Sensilive receptors identified at the sile include:

« Fulure site occupants;

e Adjacent site users;

e Vegetation;

e Potable water supply pipes;

¢  Groundwater beneath the site;

+ Surface watercourses (including abstractions from a spring for local fish farm/cress
pond operations, and the River Arun); and

¢« Ecological receptors groundwaler in wider aquifer body (including abstractions local
fish farm/oress pond operations).

Please note that construction workers have not been identifisd in the conceptual model
as receplors because risks are considered {o be managed through hesalth and safety
procedures including CDM regulations.

3.8.3 Summary of plausible pathways
The plausible pathways are summarised below:

e Direct contact (soil and dust ingestion, dermal contact, dust and fibre inhalation);
e Ground gas and soil gas inhalation;

e YOC vapour inhalation;

« Vertical and lateral migration including leaching;

+ Root uptake; and

« Chemical attack of infrastructure (including water supply pipes) and buildings.

3.8.4 Datla gaps and unceriaintiss

For the purpose of this report, RSK has relied upon the factual information contained
within the reporis listed in Section 1.4, and in doing s0, has relied completsly on the
quality controls in place during the collection and analysis of the dala presentad thersin.

3.8.5 Potentially complete poliutant linkages

The outling conceptual model and an estimats of the risk associated with sach linkage is
summarised in Table 4. The risk classification has been undertaken in accordance with
CIRIA C552 {(Rudland st al., 2001}, a sumimary of which is included in Appendix C.
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Table 4: Risk estimation for potentially complete poliutant linkages

Ty

Fuel oils, lubricating
oils, heavy metals,
polychiorinated
biphenyis (PCBs),
polycyclic aromatic
hydrocarbons
{(PAHSs}, chiorinated
and other organic
solvents &
sulphates

Direct contact (soil,
dust ingestion,

Although the proposed development design oplion does not
include privale gardens and a farge proportion of the ground
surface would be covered by hardsianding or buildings, soft

dermal contact, i;;?ef;;y Moderate landscaping still makes up roughly a quarier of the
dusi and fibre development, thereby creating a linkage. This assumes that
inhalation) the landscaping does not include edible vegetation, such as
fruit trees.
Future residents Potential for gases derived from the former gas works to
. ) . have accumulated in the unsaturated zone and former
Neaghb}aurgng site Soil vapour N . underground structures, and volatilisation of compounds
users/residents inhalation High likely High from groundwater, thereby causing subsequent vapour
inhalation by residents while indoors (based on a 0-6 year
old female child).
Fotential for new and historical service trenches and
Vertical and lateral foundations to create pathway to hydrocarbon/VOC-
migration including High likely High impacted groundwater and create a linkage. The tidally-
leaching influenced groundwater will act to transport the contaminated
groundwater towards the River Arun at low tide.
Chemical attack of
infrastructure and High High
. buildings Potential for chemicals derived from the former gas works o
River Arun have dissolved and accumulated in the saturated zone,
Groundwater Root uptake and thereby creating a linkage.
{including local sediment ingestion High High
fish farm/oress via pisciculiure
pond operations) Ground gz d Polential for gases to have accumulated in the unsaturaled
round gas an Medium Moderate zone, thereby causing subsequent vapour inhalation by

soil gas inhalation

residents while indoors.
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Methane and CQO?
generated from
made ground,

v
N

Asbestos in made ground likely to be mohbilised during
construction works and, as in doing so, may pose risk o

construction
phase

dermal contact)
Root uplake

natural soif and Future residents inatation Medium Moderate adjacent site users during construction works, thereby
adjacent cemetery creating a linkage.
& former landfills
Future resigenis Direct contact (soil, _Aithough 1me proposed development design option does not
and also adjacent dust ingestion, include privaie gardens and a large propoertion of the ground
Asbheslios site users during Medium Low surface would be covered by hardstanding or buildings, soft

landscaping still makes up roughly a quarer of the
development, thereby creating a linkage.
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Potential for chemicals derived from the former nursery
gardens to have dissolved and accumulated in the saturated
zone, thereby creating a linkage.

Pasticides &
herbicides

Vegeiation

Ecological
recepiors

Groundwater
{including local
fish farm/cress

pond operations)

Sediment ingestion
via pisciculiure

Medium

Low
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Potentially compiete poliutant linkages have been identified on site with respect the
identified recaptors on site and will need to be further assessed by means of appropriale
site investigation. Linkages with a risk of moderate or above that will form the primary
driver for the scope of site investigation works comprise:

¢ Chemical contamination originating from the former gas works, including fuel oils,
iubricating oils, heavy metals, polychlorinated biphenyis (PCBs), polveydlic aromatic
hydrocarbons (PAHS), chliorinated and other organic solvents & sulphates in terms of
the potential risk posed by:

s

Direct contact (soil, and dust, dermal coniact, dust and fibre inhalation) by
future site occupanis and adjacent site users;

Soil vapour inhalation of vapour-phase fuel oiis and VOCs in the
unsaturated zone in terms of the potential risk posed o future residents and
adjacent site users;

Vertical and lateral migration including leaching via groundwater and surface
water impacting ecological receptors {fish and cress farms), the River Arun
and the Frincipal Chalk Aquifer;

Root uptake by future landscaping (scils) and local cress farms (via
groundwater), and sediment ingestion wvia local piscicullure (via
groundwater); and

Chemical attack to future infrastructure and buildings via chemicals in the
soilfgroundwater beneath the sie originating from the former gas works,
such as hydrocarbons, petroleum spirit and VOUCs.

« Methane, carbon dioxide and frace gases generated from made ground, landfilling
and the local cemetery in terms of the potential for gases o have accumulated in the
unsaturated zone, thereby causing subsequent vapour inhalation by residents while
indoors; and

e Asbestos in terms of the potential risk posed to future residents, and also to adjacent
site users during construction phase, via direct contact with soil, dust or fibres
(ingestion, dust and fibre inhalation).

Cakford Homes Lid
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4 PREVIOUS SITE INVESTIGATION

IETHODOLOGIES

4.1

Summary of works completed to date

A summary of the intrusive investigation works and subsequent ground gas and
groundwater monitoring that has been carried out on site to date by third parties is
detailed below in Table §:

Table 5: Summary of previous intrusive investigation work

Twenty-lwo machine dug trial
1998 i-éamson & pzs OE? i:}e sub;ec; S;Zei &ih Desk study to ascertain past land use
ampany a jigm grazing hield 1o the purposes, former site boundaries and
sou presence of buildings or struclures
Five boreholes with together with their approximate
groundwater monitoring welis locations.
{(Referenced BH1-BHS) - All Harrison & Co. Carried out a site
subsequently decommissioned | investigation of the site in 1988, details
Two linear irial trenches of which are presented in their report.
{(Referenced TT1 and TT2)
2000 Atkins Fourleen machine dug trial piis
{(Referenced TP1-TP14)
E;j:i;i:;?;;: ?i?gtgi:; No specific rationale provided.
Groundwater sampling of
monitoring wells - one round
Five hand-dug/augured pits
(Referenced VP200 to VP204) | To enabile collection of soil & leachate
10 a maximum depth of 1.30 samples across the site.
mbgl.
Replacemant wells  for BH1-BHS
Five boreholes with (2000). Due {0 visual evidence of
o o hydrocarbon impact in BH101, a dual
groundwater moniloring well groundwater monitoring  well  was
2011 AtKins ;R;;e;:s:f d?:f;ﬁ?;%ﬁ) 1 instalied within the Alluvium (BH101S)
mbal o ' and the Chalk (BH101D). N.B. Visual
ai evidence of hydrocarbon impact was
also noted in the Chalk during drilling).
ig:; ?ﬁiz;nf;;ﬁ‘; 6 TP115 To enable collaction of soil & leachate
N N " | samples across the site & target
including TP108A & B and e ) )
TR108A & B) to a maximum specific historical structures (e.g. lamy
depth of 2 73 g residues near TP5 (2000))

Cakford Homes Lid

Geoemvironmental Site Assessment of the Former Arundel Gas Works, Ford Road, Arundel

29780 RO1 (00)

ARUN DISTRICT COUNCIL AB/88/19/PL



Down-stream of the site & {o the noith

Surface water sampling of of the sluice gate where two drainage
adjacent ditch - one round difiches converge and join the River
Arun.

Since visual and oifactory evidence of
hydrocarbon impact was identified in
the northermn and north eastem areas
of the site duwring vapour well
instaliation, one vapour sample per
sampling round was also collected
near TP111 (VB201-temp).

Groundwater sampling & soil
vapour sampling - two rounds

Aquifer permeability testing was
undertaken at BH101D, BH102 &
BH103 {all instalied within the Chalk
Aquifer) and continuous groundwater

Permeability testing & tidal elevation monitoring was undertaken

monitoring at BH101D, BH104 and BH105 to
determine the impact of tidal variation
in the River Arun on the groundwater
elavation beneath the site.

Passive soil vapour sampling in order to supplement the vapour dala

. using Tenax tubes and collected for the site during the 2011
2012 Atkins T - . . oo _
ambient air monitoring using investigation. Boundary and central
SUMMA canisters. site locations,

4.2 Sampling strategy and methodology

The specific techniques adopted for the previous invesligations are detailed in the
relevant reports detailed in Section 1.4,

4.2.1 investigation locations

The site work was carried oul by Harrison & Co. and Atkins between 1998 and 2011,
and comprised the activities summarised in Table 8, along with the rationale for each
exploratory location (whers availabig).

4.2.2  Soil sampling, in-situ testing and laboratory analysis

Sample selection was designed 1o ensure a suitable spread of data, both laterally and
vertically which also included samples from the deeper {(natural) strata. Selected soil and
{eachate samples were analysed for some or ali of the following analytes during the
earlier investigations based on visual and olfactory indicators (including PID results):

«  Asbestos screen and identification, foss on ignition, moisture and stone content;

e Inorganic parameters: pH, soil organic mafter (SOM), total suiphale, sulphur,
phenols, total, free and complex cyanide, thiccyanate, ammonium, chioride, boron,

« Metals: arsenic, chromium, copper, lead, selenium, zinc, cadmium, mercury and
nickel;
« Polyoyclic aromatic hydrocarbons (PAHS),
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®

[

Benzene, toluene, ethylbenzene and xylene (BTEX); and

Total petroleum hydrocarbon (TPH) criteria working group (CWG) banding with
aliphatic/aromatic spiit.

4.2.3 Groundwater monitoring and levelling

Atkins {2012) report describes the most recent groundwater monitoring, thus:

‘Continuous groundwater level moniforing was conducted as part of the Atkins
2011 investigation in three boreholes (BH101D, BH104 and BHI0S) with
response zones in the Chalk. One set of groundwater levels measured at high tide
{af D0:34 on 15 July 2011} and one af low tide (af 18:24 on 7 July 2011} are
presented in Table 2.3 fof the aforementioned report] Figures 4a and 4b
[oresented in the aforementioned reporl] present groundwaler confour plots
inferred from the groundwater monitoring data for high tide and low fide,
respectively.

Groundwater flow at high fide is fowards the west/north west, with a reversal in
flow direction during fow tide {flowing in a south easterly direction fowards the
River Arun). There is approximately 12.5 hours befween peak high tides. The tida/
monitoring indicates that there is significant tidal variation in the groundwater level
at the site (up to approximately 2.00m variance).’

4.24 Groundwater developing, sampling and analysis

Distails of the groundwater daveloping, sampling and analysis are presented in the
respective reporis outlined in Section 1.4.

The rationale for groundwater analysis during the various monitoring rounds is
prasented in Table 8.

Groundwater samples were analysed for some or ali of the following analytss during the
earlier investigations:

&

Inorganic parameters: pH, total organic carbon (TOC), suspended solids,
conductivity, total sulphate, sulphide, phenols, iotal, free and complex cyanide,
thiccyanate, ammonium, chioride;

Metals: arsenic, chromium, copper, iron, lead, selenium, zinc, cadmium, mercury
and nickel;

PAHs;
BTEX; and
TPH CWG.

4.2.5 Ground-gas and vapour monitoring

There is no record of any previous ground-gas monitoring at the site, however Atking’
2011 and 2012 raports describes the soil vapour monitoring, thus:

2011 soil vapour sampling

Cakford Homes Lid

‘Soil vapour samples were coflected from four of the five psrmanent vapour wel
focations (VP200, VFP202, VP203 and VP204) on 7 and 15 July 2011. In addition,
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samples were taken adigeent to TFP111 using the temporary AMS vapour probe
{and labelled VP201-temp). Sampling was not possible from the permanent well
installation at VFP201 due fo water saturation of the fifter biock at the time of
sampling. Prior to sampling, the well volume was purged using a gas syringe. A
fow flow air sampling pump was used fo draw & fixed volume of gas through
atomic thermal desorption (ATD) tubes, preprepared by Chemex Limited (a UKAS
accredited laboratory) with Tenax’ sorbant. The fubes were submifted for thermal
desorption-mass speciromelry analysis of the following:

s VOCs including naphthalene, fenfatively identified compounds (TICs} and
speciated aliphatic; and
s Aromatic petrofeum hydrocarbons in accordance with the CWG fractionations.”

2012 soil vapour sampling

‘Passive samplers (ATD tubes) [Tenax Tube analysis carried oul using an
Automated Thermal Desorplion (ATD) unit] were placed on the site boundaries
and in the centre of the site for a period of one week on two occasions. The
sampling was undertaken fo coincide with settled weather conditions. The two
rounds were underfaken on the following dates:

e Round 1. start dafe 20 February 2012, leff for a period of seven days
{approximately 168 hours); and

¢ Round 2: start date 28 February 2012, leff for a period of approximately nine
days (274.5 hours).”

‘Frior fo the sampling underfaken in 2012, vapour monitoring of ambient air had
only been conducted on one occasion over a five minute period, it was therefore
recommended that ambient alr sampling be undertaken over a short to medium
tarm (period of 8 hours) in order to gain an understanding of average condifions.
Sampling was therefore underfaken using SUMMA canisters on two occasions
(20 and 28 February 2012} over a period of & hours, both sampiing rounds
targeted to coincide with settled weather conditions. The SUMMA canisters were
placed in the same two locations on both rounds:

e Location 1: north wesiivestern comner of the site adjacent fo the residential
housing; and

e [Location 2: north easfern porfion of the site in the vicinity of TP5, TR111,
TR113 and VRP201-temp.

Continuous monitoring was also conducted using a PlD, to provide confinuous
fogging during the vapour sampling using SUMMA canisters. The PID was located
adjacent to the SUMMA canister at Location 2. No readings above the detection
fimit of the instrurment (0.1 ppb} were recorded during monitoring.”

4.26  Surface water sampling

Atking’ 2011 report details the results of one surface water sample that was obtained on
13 June 2011 from the surface water drainage ditch located io the north east of the site.
The sample was {aken down-stream of the site and to the north of the siuice gate where
two drainage dilches converge and join the River Arun. The sample was analysed for
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the same suite as the groundwater sampies, with the results presented in Appendix E.4
of the aforementioned report.

4.2.7  In-situ hydraulic conductivity/infiltration testing

Agquifer permeability testing was underiaken during the Atking 2811 investigations at
locations BH101D, BH102 and BH103 (all installed within the Chalk Aquifer) and
continuous groundwater slevation moniloring was undsriaken at BH101D, BH104 and
BH105 o determine the impact of tidal variation in the River Arun on the groundwater
elevation beneath the sile.

4.2.8 Volatile organic compounds in soil gas

The Atkins (2012) report describes the soil gas VOU investigated in dedicated boreholes
VP200-VP204 and VS201-temp. Construction and sampling methodology of the soil gas
VOO moniloring wells is described in the Alking’ 2011 report, and the monitoring is
detailed in these exiracts from the Atkins’ 2012 report, below:

In order to supplement the vapour data for the site [collected during the 2011
invastigation], soif vapour samples were collected on 28 February 2012 from two
of the permanent vapour well locations (VP200 and VP202) and fromVFP201-temp
using a femporary vapour probe.’

‘Sampling was undertaken during a rising lide to account for any potential
increase in vapour flux during this period.’
e ‘Repeat soil vapour sampling from three s0if vapour wells installed during
the 2011 site investigation, with analysis for TRPH Criteria Working Group
{CWS) and VOCs (one sampling round). This sampling was undertaken fo
coincide with a rising/high tide.’

4.2.9 Ambient air monitoring
The Atkins (2012) report describes the ambient air monioring, thus:

‘Fassive samplers [ATD fubes) were placed on the site boundaries and in the
centre of the site for a period of one week on two occasions. The sampling was
underiaken to coincide with seltled weather conditions.”

The monitoring was undertaken over the following time periods:

s ‘Seven-day (minimum} passive ambient alr sampling along the site
boundaries with analysis for BTEX (two sampling rounds);

® Eight-hour continuous ambient air sampling using SUMMA canisters and
analysis for TPHCWG, VOCs and tentafively identified compounds {TICs)
{two sampling rounds); and

® Eight-hour confinuous sermi-guantifative ambient air VOC monitoring using
a PID capable of semi-quaniifative measurement of total VOCs in parts per
biflion {ppb} (two rounds).’

‘Prior to the sampling undertaken in 2012, vapour moniforing of ambient air had
only been conducted on one occasion over a five minute period. it was therefore
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recommended that ambient air sampling be undertaken over a short to medium
farm {(period of 8 hours) in order to gain an understanding of average conditions.

Sampiing was therefore underfaken using SUMMA canisters on two occasions
(20 and 28 February 2012) over a period of 8 hours, both sampling rounds
targeted to coincide with settled weather condifions. The SUMMA canisters were
placed in the same fwo focations on both rounds:
s Location 1. north west/western corner of the site adjacent fo the
residential housing; and
e Location 2. north eastern portion of the sife in the vicinity of TP5
TP111, TRP113 and VP20 1-temp.’
Continuous monitoring was also conducted using a PID, to provide confinuous
fogaing during the vapour sampling using SUMMA canisters. The PID was located

adjacent fo the SUMMA canister af Location 2. No readings above the delection
fimit of the instrument (0.7 ppb) were recorded during monitoring.”
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5 GROUND CONDITIONS

A summary of the ground conditions encountered during the preceding site investigation
works undertaken on sile are detailed in the following sections.

5.1 Soil strata

Preceding exploratory holes advanced by both Harrison and Co. and Atkins revealed
that the site is underlain by a variable thickness of made ground overlying Alluvium with
the White Chalk Sub-group encountered at depth. This appears to confirm the
stratigraphical succession described within the initial conceptual model.

For the purpose of discussion, the ground conditions are summarised below in Table &
and the strata discussed in subsequent subsections:

Table 6. General succession of strata encountered

Vaﬂabia across the site, but
generally comprised firm,
sandy, gravelly clay and fine
Made . to medium, gravelly, clayey
Ground Absentto 3.00 m sand with frequent brick,
chalk and fiint gravels and
fragments of clinker, coal
and metal.

Greatest depths in the
areas that were
recorded to be

formerly occupied by

gas holders and pipes.

Alluvium 0.70mtos30m | oon Sity, very gravelly clay .
or clayey gravel

Struclureless fine chalk
White Chalk »3.80 mio »7.80 composed of gravels and
Sub-group m chalk cobbles in a soft off-
white/grey clay matrix.

Base not proven.

Note: * Maximum thickness of made ground of 3.00 m was identified during the Harrison and Go.
site investigation in 1988, detailed within their 1893 desk study repori. Exact delails of where this
thickness of made ground was identified are not reported. The maximum proved thickness of
made groungd identified during Atkins” site investigations is 2.7 m, iocated at BH101 in the north of
the site.

5.1.% Groundwater

The depth to the groundwater table at high tide has been measured (Atkins, July 2011)
at approximately 2.00 m ACD, and at low tide at approximaiely Om AOD. Suspscied
perched water was also identified in the trial pits during the 2011 investigation at depths
ranging from 1.3 to 2.65 mbgl.

Tidal monioring undertaken in July during the 2011 Atkins investigation indicated that
there was significant tidal variation in the groundwaler level at the site {up to

Cakford Homes Lid 33
Geoemvironmental Site Assessment of the Former Arundel Gas Works, Ford Road, Arundel
29780 RG1 {00)

ARUN DISTRICT COUNCIL AB/88/19/PL



approximately 2.00 m variance). Groundwater beneath the sile may, thersfore, be
affected by saline intrusion. The failure to esiablish a groundwater flow direction during
the 2001 groundwater monitoring was atiributed to tidal influence. it is also possible that
localised perched waler may also be present in the made ground.

5.1.2 Resuilts of permeability testing
The resulis of the permeability testing underiaken during the Alking’ 2011 investigation
were not provided for review.
51.3 Visual/olfactory evidence of soil and groundwater contamination
The Atkins 20112 report summarise the visual/ofactory evidence of soll and
groundwater contamination throughout the numerous site investigations, thus:
‘A number of visual and offactory indicators of pofential contamination have been
identified in the Made Ground, Alluvium and Chalk during intrusive investigation
undertaken to date. These are summarised in Table 2.2 [of the aforementioned
2012 report], which includes preliminary screening for volatile organic compound
{VOUC} vapours undertaken using a phofoionisation detector (PID) (MiniRAE 2000
VOC detector). Figure 3 [of the aforementioned 2012 report] presents a plan
identifving the spatial distribution of visual and offactory evidence of hydrocarbon
contamination across the sife. Specific details of any visual andfor olfactory
evidence of confamination identified during the Harrison and Co. site investigation
in 1988 are nof provided within their desk study report (Ref 3} [of the
aforementioned 2012 report], and therefore these details are absent from Table
2.2 [of the aforementioned 2012 report and reproduced as Table 7 below].’
Table 7: Visual and Olfactory Observations and PID Readings
) ‘\“o\#"t:;.h\\\t\":;:-\\\{S)g* SRS RN N
. QOccasional dark grey staining and
BHT CHK 6.5-10.0 slight odour {type not specified). )
MG 0.0-086 Cdour {type not spaecified). -
BH3 3.2 Odour (type nof specified). -
ALY
4.3 Slight odour (type not specified). ~
BHS CHK 8.0-10.0 Hydrocarbon odour, -
Foul lime, black staining, pockefs of
1.5-2.2 , -
MG tar, phenol odour.
P2 1.8 Tar stained gravel. -
/A 18 Dark brown water .Wf?h a .b.rown foam )
and tar odour.
0.1.10 Ash and & pocket of far confaminated
TE5 MG ) ’ S0
1.0-1.7 Heavy tar contamination. -
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ALYV 1.7-2.0 Tar contamination. -
Tar contaminated water with sheen
MNA 1.2 . o ; _ -
confained within g buried pipe.
TR7 MG 0.1-1.2 White ash. -
MG 3.1-0.85 Ash, clinker and spent oxide. -
TE8 Dark brownvgreen water with a
N/A 1.2 phenol/oil odour and sheen confained -
within g huried pipe.
TP10A MG 0.1-1.9 Ash. -
o Afi I P oo
TE14 MG 0.1-1.0 Ash, clinker and a sfight gas works )
odour.
0.0-1.9 Ash. -
7724 MG
1.8 Anaerobic odour and black staining. -
7728 MG 1.0-1.1 Anaerobic odour and black staining. -
MG 0.0-1.2 Clinker.
Biack mottiing and occasional pockets
of saturated biack far.
1.6-2.7 Faint hydrocarbon odour from 1.5-1.8
, m bgl. Strong hydrocarbon odour from
ALY 1.8-2.7 m by,
BHT101 Dark grey/black clay and gravels with
2.8-3.4 sfrong hydrocarbon odour and -
saturated with free product.
Fockerls of free phase product and
CHK 3.4-7.5 biack mottiing with a moderate to slight ~
hydrocarbon odour.
CHK 7.5-11.0 Slight hydrocarbon odour. -
BH103 MG 0.0-0.5 Clinker. -
BH105 MG 0.3-2.0 Clinker.
0.0-1.8 Clinker. -
BH104 MG
3.5-3.65 Faint hydrocarbon odour, -
0.0-0.4 Clinker. -
TP101 MG 0.4-0.6 Black ash and clinker. a1
0.6-0.8 Occasional clinker. 0.1
TP102 MG 0.0-0.3 Clinker. -
TPI03 MG 0.0-0.8 Clinker. 0.2
TP104 MG 0.0-05 Occasional ciinker. <1
TR108 MG 3.8-1.3 Clinker gravels and black ash. a1
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N

N

TP108 MG 0.0-0.95 Clinker. 0.3
TR108A MG 0.0-1.2 Clinker. 0.2
Ceecasional clinker. Stight hydrocarbon
odour from 1.4-1.9 m bgi. Strong
TFP1088 MG 0.8-2.5 hydrocarbon odour from 1.8-2.5 m bgl. 0.6
Biack, hydrocarbon safurated soil from
1.8 m byl
Clinker. Black stained fiints and faint
TP106A MG 0.0-08 hydrocarbon odour from 0.4-0.8 m bgi. 79
TP1088 MG 0.0-1.8 Clinker. 0.0
TP110 MG 0.2-05 Clinker. 02
MG 0.2-1.1 Clinker and solidified tar fragmenis. 0.7
Clinker and saturated farry soils.
Moderate tar odour from 1.3 m bgl.
TPt Strong tar odour from 1.4 m bgl.
MG/ALY 1.1-2.0 . i2.7
Stight hydrocarbon/far odour and
ocoasional biack staining from 1.6-2.0
m byl
Q.0-0.2 Clinker. -
TP112 MG
0.7-0.75 Band of black solidified far and clinker.
MG 0.0-1.0 Clinker. 2.4
TP113 e A ,
ALYV 0 95-23 Pockets of hydm.carbon saturated farry 187
clay. Strong hydrocarbon/farry odour.
TRP115 MG 0.8-2.0 Clinker. 0.1
V2004 MG 0.0-0.3 Salidified tar. -
vP201 MG C.0-3.25 Clinker.
VRP202 MG 0.0-1.0 Clinker. 0.2
V2030 MG 0.1-0.6 Clinker. 0.2
Q.0-0.3 Ciinker. Q2
VFP204 MG
0.85-1.3 Fragments of solfidified tar. 0.6
Notes: byl — below ground level; ppm — parts per million; =" Pl reading not taken;
MG — Made Ground, ALY — Alluvium; CHEK — Chalk, N/A — nof applicable.

Atkins reports also stated that

‘Evidence of ashestos has nol been visually identified dunng any of the site
imvestigations underfaken to dalfe, and asbestos has nof bean positively identified

within any of the soif samples submitted for analysis.’
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5.2 Ground gas regime

RSK have not identified that ground gas monitoring has been underiaken at the site.
Only soll vapour (VOC) sampling results were made available for review. Given the
prasence of alluvium at the sits, the tidally-influenced groundwater regime, and the
nature of the proposed residential development, there is the potential for gases to
accumulate in the unsaturated zons, thereby causing a potential risk of subsequent
vapour inhalation by residents while indoors.

5.3 Refinement of the initial conceptual site model

The preliminary invesiigation of the polential pollutant linkages identified within the initial
CSM has identified that plausible linkages appear limited {o the risks posed {o human
health, and the natural and built envirenment from ground, groundwater and vapour in
the unsaturated zone impacted from the former gas works.

5.3.1 Uncertainty

The results of the 2011 permeability testing undertaken by Atkins have not been made
available for review. No ground-gas dala is available for review as part of this
assessment.
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6 QUANTITATIVE RISK ASSESSMENT

In line with CLR11 (EA, 2004), there are two stages of quantifative risk assessmeni,
generic and detailed. The GQRA comprises the comparison of scil, groundwaler, soil
gas and ground gas resulls with generic assessment criferia (GAC) that are appropriate
to the linkage being assassed.

6.1 Linkages for assessment

Section 5.3 presents the refined concepiual model which identified the linkages that
required assessment after the findings of the site investigation had bessn considered.
These linkages together with the method of assessment are presented in Table 8.

Table 8&: Linkages for generic quantitative risk assessment

AEN T ) T e - R . \ ow DRty
\\.\‘ww\.\is\ L NS LA AT F R A R
N

Human health GAC in Appendix F for a proposed
residential end use without private gardens.
Siatistical analysis underiaken owing to majority of
sampling locations being non-iargeted and made
ground of similar composition.

Direct contact with impacted soil by future
residents.

Human health GAC in Appendix F for soil and
groundwater based on indoor inhalation exposure {0
inhalation exposure of fulure residents {o | vapour-phase volatile organic compounds (VOC).

contaminants in the vapour phase. Modified inhalation reference concentrations for
comparison with measured concentrations of VOC
in soil gas.

Leaching of soil contaminants and Comparison of leachate data to lowest of those

dissolved phase migration to Principal recorded for transitional (estuaries) and coastal

aquifer and River Arun. waters values in Appendix { for Controlied Waters.

Comparison of soil data to GAC in Appendix H for

Root uptake. phytotoxic effects.

Comparison of soil data to GAC in Appendix J for
plastic water supply pipes using UKWIR (2010)
guidance.

Contaminanis permeating polable water
supply pipes.

Concenirations of methane and carbon
dioxide in ground gas entering and
accumulating in depressions and
excavations that could afiect workers or
enciosed spaces or small rooms in new
buildings, which could affect fulure
residents.

Data is not available for an assessment o be
underiaken.

6.2 Methodology and resulls

The methodology and results of the GQRA are presented for each relevant poliutant
linkage in turmn.
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6.2.1

Direct contact with impactied soil by future residents

On the basis of the above assessmant, including comparison against the human health
GAC {(Appendix F), it is considered that there are potentially significant risks associated
with the soil coniamination and, as such, sither additional risk assessment or
remediation is required. Should a clean covsr layer/human health separation layer (such
as clean topsoil) be placed at the site in the landscaped areas, the potential risk of direct
contact with the soils would sufficiently mitigatsd.

6.2.2 inhalation exposure of future residents to contaminants in the vapour phase
Inhalation exposure to soil gas VOC has inifially been assessed through direct
measurement in the vapour-phase and compared directly to the following criteria:

e VOC in soil gas — published health criteria values multiplied by a factor of 10 as &
conservative estimate of concentration reduction (attenuation) between soil gas and
indoor air.

Soil gas VOC sampling was most recently undertaken by Atkins in February and March
2012, thus:

e Passive sampling was undertaken at five locations (northern, eastern, southern and
western boundaries and in the centre of the site) using Tenax Tubes on Z20-28th
February (Round 1) and 5th March 2012 (Round 2) (ATD analysis)

o the results of Round 1 {seven days) indicated that all five samples exceeded
the Method Detection Limit (MDL) for benzene and ioluene, and samples
colflected from the southemn, northern and western boundaries exceeded the
MDL for all BTEX compounds; and

o Round 2 (nine days) indicated that all five samples exceeded the MDL for
benzene.

e Ambient air sampling was underiaken at two locations (easiern and wesiern
boundaries) using SUMMA canisters on 20th and 28th February 2012 (BTEX
compounds only):

o neither of the two samples collected using the SUMMA canisters exceeded
the {aboratory MDL for the compounds tested.

« 300 gas VOC samples were also collected from monitoring wells VP200, VP201-
temp, and VP202 on 28th and 2%th February 2012:

o All three samples exceeded the laboratory MDLs for a number of VOC
compounds tested using ATD analysis of Tenax Tubes, in particular BTEX,
naphthalene, trimethybenzenes, €8-C12 saliphatic hydrocarbons, and C5-
C12 aromatic hydrocarbons.

o The highest concentrations were recorded from VP201-lemp localed in the
north of the site, close 1o the northeast site boundary, in particular BTEX,
naphthalene, trimethybenzenes, and aromatic hydrocarbons.  The
concentrations alse exceeded the human health soil GAC {(Generic
groundwater assessment criteria {(GrAC) for human healih: residential
sgenario (child receptor), and thus require an updated assessment and are
likely fo require remediation. Of the remaining two samples (VP200 and
VP202), only VP202 located in the center of the site recorded
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concentrations above the GrAaC for benzene, ethyibenzene, xylenes,
naphthalene, and trimethybenzenes. Both reporied concentrations of C8-
C12 aliphatic hydrocarbons, and C8-C12 (VP202) / C8-C10 (VP200)
aromatic hydrocarbons above the respective GrACs.

Overall, the assessment of inhalation exposure risks has been underiaken on a multiple
linss of evidence approach, whereby the abssnce of any one of the three poliutant
linkages considered above is not sufficient on its own to indicate the absence of an
inhalation risk.

6.2.3 Uptake of contaminants by vegetation potentially inhibiting plant growth

The resulis have been compared with the GAC presenied in Appendix H for this linkage
and assume that the landscaped areas will not be planted with any edible vegetation,
such as fruit trees, or home-grown produce. The results indicate that a relevant poliutant
may exist on site in relation io phytotoxic effects. However, given that a clean cover
laysr/human health separation layer is likely 1o be placed at the sile in the landscaped
areas, this would also act as a clean growing medium.

6.24 Impact of organic contaminants on potable water supply pipes

For initial assessment purposes, the results of the investigation have been compared
with the GAC presentad in Appendix J for this linkage, which are reproduced from
UKWIR Report 10/MWM/D3/21. Guidance for the Selection of Water Supply Pipes fo be
used in Brownfield Sites (UKWIR, 2010).

The resuits indicate that a relevant linkage is likely to exist associated with organic
contaminanis and therafore polyvinyl chloride (PVC) water supply pipes are expected to
be unsuitable for use on the development unless remedial measurss are implemented
that mitigate the risk.

it should be noted that at the fime of this investigation the future routes of waler supply
pipes had not been established, hence the investigation and sampling strategy may not
be fully compliant with UKWIR recommendations. Consequently, a targeted investigation
and spscific sampling/analvtical strategy may be required at a later dale once the routss
of the supply pipes are known. In addition, it is recommended that the relevant water
supply company be contacted at an early stage to confirm Hs requirememnts for
assessment, which may not necessarily be the same as those recommended by
UKWIR,

6.2.5 Leaching of contaminants to groundwater in principal aguifer and subsequent
migration to surface watercourse

The lsachale results ars sumimarised in the relevant Atking’ reports. The most recent
comparison {Atkins 2011) indicates that concenirations of heavy metals (particularly
cadmium, chromium, lead and zing) in a number of samples, fluoranthene in the sample
from TP111, and C10-C35 aromatic hydrocarbons in the sample from TRP113, exceed
the Controlled Waters GAC for “ransitional (esluaries) and coastal walers’. Cyanide
concantrations also exceeded the limit of reporting (LOR) in TRP102, TRP105, TP1088 and
TP111.
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6.2.6

8.2.7

6.3

The concentrations of metais, PAH and TPH, pariicularly the more mobile and persistent
compounds, indicate that leaching to groundwater could be a relevant pollutant linkage.

Migration of dissolved phase contaminants to wider secondary aquifer body

Based on data from Atking' 2011 moniloring, the comparison indicates that
concentrations of napthols, naphthalene, acenaphthylene, fluoranthene, benzene,
toluene, heavy metals {specifically arsenic, chromium, lead and nickel} excesd the
Controlled Waters GAC for ‘transitional (estuaries) and coastal waters’ in groundwater
samples coliected from BH101S and BH101D in the far north of the site, as illustrated on
Figure 2.

Groundwater samples from BH101S and BH101D {(and, to a lesser degree, BH102,
located approximaisly 45 m south of BHI0IS/DY also recorded concentrations of
aliphatic hydrocarbons (C5-C35) above the LOR of 620ugAd, 270upg/d, and 120ug,
respectively aromatic hydrocarbons (C5-C35) above the LOR of 21,000ug/, 30,000ug/,
and 200ug/l, respectively. All other samples reported concentrations of aliphatic and
aromatic hydrocarbons below the LOR. Concenirations of heavy metals also exceeded
the GACs in samples from BH102, BH104, and BH105, and thse GAC for
acenaphthylene was exceeded in BH103 in the cenire of the site, although to a
noticeably lesser degree than in BH1015/D.

The magnitude of thess sxceedances coupled with excsedancss for numerous
compounds being detected in wells screened across the shallow aquifer (BH1018) and
desper aquifer (BH101D), indicatss the pollutant linkage associaled with dissolved
phase contaminants migrating in groundwaier is complete.

It should be noted however, with respect to heavy metals, that concentrations of
chromium were also detected in excess of the GACs in fisld blank and trip blank
sampies submilted with the groundwater samples.

A surface water sample (SW1) was collected during Atking’ 2011 monitoring from the
surfacs watsr drainags diich located to the north east of the site. The sample was taken
down-stream of the site and to the north of the sluice gate where two drainage ditchss
converge and join the River Arun. The sample recorded concentrations of chromium,
fead and zinc that exceed the GAC. Concenirations of all other analytes, including
aromatic and aliphatic hydrocarbons, were below their respective LORs.

Ground gas assessment

Although ground gas moniloring was not undertaken during the previous sile
investigations, given the presence of Alluvium at the sile, the tidally-influenced
groundwater regime, and the nature of the proposed residential development, there is
the polential for gases io accumulate in the unsaturated zons, thereby causing a
potential risk of subsequent vapour inhalation by residents while indoors.

Environmental assessment conclusions

Based upon an cutline assessment of dala from preceding phases of investigation work,
relevant pollulant linkages that require further action, either in the form of further
investigation or direct remediation, comprise the following:
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+ Chemicals griginating from the former gas works, including fuel oils, lubricating oils,
heavy metals, polychlorinated biphenyls (PCBs), polyeyclic aromatic hydrocarbons
{(PAHs), chlorinated and other organic solvents & suiphates in terms of the potential
risk posed by:

o Direct contact (soil, and dust, dermal contact, dust and fibre inhalation) by
future site occcupanis and adjacent site users;

o Soil vapour inhalation of vapour-phase fuel oils and VOCs in the
unsaturated zone in terms of the potential risk posed 1o future residents and
adjacent site users;

o Vertical and lateral migration including leaching via groundwater and surface
water impacting ecological receptors {fish and cress farms), the River Arun
and the Principal Chalk Aguifer; and

o Chemical attack to future infrastructure and buildings via chemicals in the
soilfgroundwater beneath the sile originating from the former gas works,
such as hydrocarbons, petroleum spirit and VOCs.

« Methane, carbon dioxide and trace gases generated from made ground, landfiling
and the local cemetery in terms of the potential for gases o have accumulated in the
unsaturated zone, thereby causing subseguent vapour inhalation by residents while
indoors.
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7 CONCLUSIONS AND RECO

ENDATIONS

The preparation of an updated PRA has ideniified a number of potentially complete
poliutant linkages with raspect the identified receptors on siie that will need to be further
assessed by means of appropriate site investigation. Linkages with a risk of moderate or
above that will form the primary driver for the scope of site investigation works were
identified {o compriss:

« Chemical contamination originating from the former gas works, including fuel oils,
lubricating oils, heavy metals, polychiorinated biphenyls (PCBs), polycyclic aromatic
hydrocarbons (PAHSs), chiorinated and other organic solvents & sulphates in terms of
the potential risk posed by:

o Direct contact (soil, and dust, dermal contact, dust and fibre inhalation) by
future site occcupanis and adjacent site users;

o Soil vapour inhalation of vapour-phase fuel oils and VOCs in the
unsaturated zone in terms of the potential risk posed 1o future residents and
adjacent site users;

o Vertical and lateral migration including leaching via groundwater and surface
water impacting ecological receptors {fish and cress farms), the River Arun
and the Principal Chalk Aquifer;

o Rool uplake by future landscaping (scils) and local cress farms (via
groundwater), and sediment ingestion via local pisciculiure (via
groundwater); and

o Chemical attack to fulure infrastructure and buildings via chemicais in the
soilfgroundwater beneath the site originating from the former gas works,
such as hydrocarbons, petroleum spirit and VOCs.

e Methane, carbon dioxide and trace gases generated from made ground, landfilling
and the local cemetery in terms of the potential for gases o have accumulated in the
unsaturated zone, thereby causing subsequent vapour inhalation by residents while
indoors; and

e Asbestos in terms of the potential risk posed {o future residents, and also {o adjacent
site users during construction phase, via direct contact with soil, dust or fibres
(ingestion, dust and fibre inhalation).

Where factual information from previous site investigation works has been appraised,
the works have confirmed that the potentially complete pollutant linkages identified in the
PRA are effectively complete, such that remedial miligation measures will be required.

Based upon the factual information provided to date, it is evident that further sile
investigation will be required to fully classify the existing baseling conditions, notably
with respect io assessing the nalure of existing groundwatsr contamination and the
potential for ground-gas generation. In addition, an up o date groundwater detailed
guantitative risk assessment (DORA) will also be required to fully esiablish potential
risks to controlled waters and associated remeadial requirements.
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APPENDIX A
SERVICE CONSTRAINTS

1. This report and the site investigation carried out in connection with the report (together the "Services") were
compiled and carried out by RSK Environment Limited (RSK) for Oakford Homes Lid (the "client™) in
accordance with the terms of a contract [RSK Group Standard Terms and Conditions] between RSK and the
“client”, dated 1st March 2019, The Services were performed by RSK with the skill and care ordinarily
exercised by a reasonable environmental consuliant at the time the Services were performed. Further, and in
particuiar, the Services were performed by RSK faking into account the limits of the scope of works required
by the client, the time scale invoived and the resources, inciuding financial and manpower resources, agreed
between RSK and the client.

1

Other than that, expressiy contained in paragraph 1 above, REK provides no other representation or warranty
whether express or implied, in relation to the Services.

o

Uniess otheiwise agreed in wiiting the Services were performed by RSK exclusively for the purposes of the
client. RSK is not aware of any interest of or reliance by any party other than the client in or on the Services,
Uniess expressly provided in writing, RSK does not authorise, consent or condone any party other than the
client relying upon the Services, Should this report or any part of this report, or otherwise details of the Services
or any part of the Services be made known to any such party, and such party relies thereon that parly does so
wholly at its own and sole risk and RSK disclaims any liability to such parties. Any such party would be well
advised 1o seek independent advice from a competent environmenial consuitant and/or lawyer,

4. It is RSK's understanding that this report is 10 be used for the purpose described in the introduction to the
report. That purpose was a significant factor in determining the scope and level of the Services. Should the
purpose for which the report is used, orthe proposed use of the site change, this report may no longer be valid
and any further use of or reliance upon the report in those circumstances by the client without RSK 's review
and advice shall be at the client's sole and own risk. Should RSK be requesied 1o review the repor after the
date of this report, RSK shall be entitled to additional payment at the then existing rates or such other terms
as agreed between REK and the client.

5. The passage of time may result in changes in site conditions, regulatory or other legal provisions, technology
or econcmic conditions which could render the report inaccurate or unreliable. The information and conclusions
cortained in this report should not ke relied upon in the future withoul the written advice of RSK. in the absence
of such wrilten advice of REK, reliance on the report in the fulure shall be at the client's own angd sole risk.
Shouid RSK be requested to review the report in the future, RSK shall be entitled to additional payment at the
then existing rate or such other terms as may be agreed between RSK and the client.

8. The observations and conclusions described in this report are based solely upon the Services which were
provided pursuant to the agreement between the client and RSK. RSK has not performed any cbservations,
investigations, studies or testing not specifically set cut or required by the contract between the client and
RSK. R3K is not liable for the existence of any condition, the discovery of which would require performance of
services not otherwise contained in the Services. For the avoidance of doubt, unless otherwise expressly
referred o in the introduction 1o this report, RSK did not seek to evaluate the presence on or off the site of
asbestos, invasive planis, eleciromagnetic fields, lead paint, heavy metals, radon gas or other radioactive or
hazardous materials, unless specificaily identified in the Services.

~&

The Services are based upon RSK's observations of existing physical conditions at the Site gained from a
visual inspection of the site together with RS8K's interpretation of information, including documentation,
obtained from third parties and from the client on the history and usage of the site, unless specifically identified
in the Services or accreditation systern (such as UKAS IS0 17020:2012 clause 7.1.6):

a. the Services were based on information and/or analysis provided by independent testing and
information services or laboratories upon which RSK was reasonably entitled to rely

b. the Services were limited by the accuracy of the information, including documentation, reviewed
by REK and the observations possible at the time of the visual ingpection

c. ihe Services did not attemnpt 1o independently verify the accuracy or completeness of information,
documentation or materials received from the client or third parties, including laboratories and
information services, during the performance of the Services.

R&K is not liable for any inaccurate information or conclusions, the discovery of which inaccuracies required
the doing of any act including the gathering of any information which was not reasonably available 1o RSK and

inciuding the doing of any independent investigation of the information provided 1o RSK save as otherwise
provided in the terms of the contract between the client and R8K.,
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8. The intrusive environmental site investigation aspects of the Services is a limited sampling of the site at pre-
determined locations based on the known historic / operational configuration of the site. The conclusions given
in this repori are based on information gathered at the specific test iocations and can only be extrapolated 1o
an undefined limited area around those iocations. The exient of the limited area depends on the properiies of
the materiais adjacent and iocal conditions, together with the position of any current struciures and
underground utilities ang facilities, and natural and other activities on-site. In addition, chemical analysis was
carried out for a limited number of parameters [as stipulated in the contract between the client and R3K] [based
on an understanding of the available operational and historical information ] and it should not e inferred that
other chemical species are not present,

w

Any site drawing(s) provided in this report is (are) not meant 1o be an accurate base plan, bul is {are) used {o
present the general relative locations of features on, and surrounding, the site. Features {intrusive and sample
locations etc) annotated on-site plans are not drawn 1o scale but are centred over the approximate location.
Such features should not be used for setting out and should be considered indicative only.

ARUN DISTRICT COUNCIL AB/88/19/PL



APPENDIX B
SUMMARY OF LEGISLATION AND POLICY
RELATING TO CONTAMINATED LAND

FPart 1A of the Environmental Protection Act 1880 (EPA) and its asscciated Contaminated Land
Regulations 2000 (81 2000/227), which came into forcs in England on 1 April 2808, formed the
basis for the curent regulatory framework and the statutory regime for the identification and
remediation of confaminated land. Part A of the EPA 1990 defines contaminated land as ‘any
land which appears io 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 significant harm is being caused, or thai there
is significant possibility of significant harm being caused, or that pollution of conirolled walers is
being or is likely to be caused’. Controlled waters are considered to include all groundwater,
inland waters and estuaries.

in Augusi 2006, the Contaminaied Land (England) Regulations 2006 (81 2006/1380) were
implemented, which exiended the statutory regime to include Part lIA of the EPA as originally
introduced on 1 Aprii 2000, together with changes intended chisfly 1o address land that is
contaminated by virtue of radicactivity. These have been replaced subsequently by the
Contaminated Land (England) (Amendment) Regulations 2012, which now exclude land that is
contaminated by virtue of radioactivity.

The intention of Part HA of the EPA is o deal with contaminated land issues that are considered
fo  cause significant harm on land that is not undergoing development (see
Environmental Protection Act 1980: Part 2A Contaminated Land Statutory Guidance, Aprii 2012).
This document replaces Annex Il of Defra Circular 01/2008, published in September 2006 (the
remainder of this document is now obsolste).

Water Framework Directive (WFD)

The Water Framewaork Directive 2000/60/EC is designed to:
« enhance the status and prevent further delerioration of aguatic ecosystems and
associated wetlands that depend on the agualic ecosystems
+« promote the sustainable use of water
« reduce poliution of water, especially by ‘priority” and ‘priority hazardous’ substances

e ensure progressive reduction of groundwater poliution.

The WFD requires a management plan for each river basin be deveioped every six years.

Groundwater Directive (GWD)

The 1980 Groundwater Direclive S8G/B88/EEC and the 2008 Groundwatsr Daughter Directive
2006/118/EC of the WFD are the main European legisiation in place to protect groundwater. The
1880 Directive is due o be repealed in December 2013, The European legisiation has been
transposed into national legisiation by regulations and directions 1o the Environment Agency.
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Environmental Permitting Regulations (EPR}

The Environmental Permitling {(England and Wales) Regulations 2010 provide a single reguiatory
framework that streamilines and integrates waste management licensing, poliution prevention and
control, waler discharge consenting, groundwater authorisations, and radicactive substances
regulation. Schedule 22, paragraph 6 of EPR 2010 states: 'the regulator must, in exercising its
relevant functions, take all necessary measures - {a) to prevent the input of any hazardous
substance to groundwater; and (b} to imit the input of non-hazardous poliutants to groundwaler
50 as {o ensure that such inputs do not cause pollution of groundwater”’

Water Resources Act (WRA)

The Water Resources Act 1991 (Amendment) {(England and Wales) Regulations 2009 updated
the Watler Resources Act 1891, which infroduced the offence of causing or knowingly permitting
pollution of controlled walers. The Act provides the Environment Agency with powers o
implement remediation necessary to protect controlied waters and recover all reasonable costs of
doing so.

Priority Substances Directive (PSD)

The Priority Substances Directive 2008/105/EC is a ‘Daughter’ Direclive of the WFD, which seis
out a priorty list of substances posing & threat to or via the agquatic environment. The PSD
establishes environmental quality standards for priority substances, which have been set at
concantrations that are safe for the aquatic environment and for human health. In addition, there
is & further aim of reducing {(or eliminating) poliution of surface water (rivers, lakes, estuaries and
coastal waters) by pollutants on the list. The WFD requires that countries establish a list of
dangerous substances that are being discharged and EQS for them. In England and Wales, this
list is provided in the River Basin Districts Typology, Standards and Groundwater threshold
values {(Water Framework Directive) (England and Wales} Directions 2010, in order o achieve
the objectives of the WFD, classification schemes are used io describe where the water
environment is of good quality and where it may require improvement.

Planning Policy

Contaminated land is often dealt with through planning because of land redevelopment. This
approach was documented in Planning Policy Statement: Planning and Poliution Conlrol PPS23,
which states that it remains the responsibility of the landowner and developer to identify land
affecied by contamination and carry out sufficient remediation to render the land suitable for use.
PPS23 was withdrawn early in 2012 and has been replaced by much reduced guidance within the
National Planning Policy Framework (NPPF).

The new framework has only limited guidance on confaminated land, as follows:
s ‘planning policies and decisions should also ensure that:

o the site is suftable for iis new use faking account of ground conditions and fand
instability, including from natural hazards or former activities such as mining,
poliution arising from previous uses and any proposals for mitigation including
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fand remediation or impacts on the natural environment arising from that
remediation;

affer remediation, as a minimum, land should not be capable of being defermined
as contaminated land under Part 1A of the Environmental Protection Act 1990,
and

adeguate site investigalion information, prepared by a compstent person, is
presented”.
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APPENDIX C
RISK ASSESSMENT METHODOLOGY

CLR11 outlines the framework to be followed for risk assessment in the UK. The framework is
designed o be consistent with UK legislation and policies including planning. Under CLR11, three
stages of risk assessment exist: preliminary, generic quantitative and delailed quantitative. An
outline conceptual model should be formed at the preliminary risk assessment stage that collates
all the existing information perfaining 1o a site in texd, fabular or diagrammatic form. The outline
conceptual model identifies potentially complete (lermed possible) pollutant linkagss
{contaminani-pathway-receptor) and is used as the basis for the design of the sile investigation.
The outline conceptual model is updated as further information becomes available, for example
as a resull of the site investigation.

Production of a conceplual model regquires an assessment of risk 1o be made. Risk is a
combination of the likelihood of an event occurring and the magnitude of its conseguences.
Therefore, both the likelihood and the consequences of an event must be taken into account
when assessing risk. R8K has adopied guidance provided in CIRIA C552 for use in the
production of conceptual models.

The likelihood of an event can be classified on a four-point system using the following terms and
definitions based on CIRIA C552:

+ highly likely: the event appears very likely in the short term and almost inevilable
over the long term or there is evidence at the receptor of harm or poliution

« likely: it is probable that an event will occur or circumstances are such that the event
is not inevitable, but possible in the short term and likely over the long term

e low likelihood: circumstances are possible under which an event could ccour, but it is
not certain even in the long term that an event would occur and i is less likely in the
short term

« unlikely: circumstances are such that it is improbable the event would occur even in
the long term.

The severily can be classified using a similar system also based on CIRIA C552. The terms and
definitions relating to severity are:

¢ severe: short term (acute) risk to human health likely to result in ‘significant harnm’ as
defined by the Environment Prolection Act 1880, Part HA. Short-term risk of poliution
of sensitive water resources. Catastrophic damage to buildings or property. Shorl-
term risk to an ecosystem or organism forming part of that ecosystem {nole
definition of ecosystem in ‘Draft Circular on Contaminated Land’, DETR 2000}

¢« medium: chronic damage to human heaith (significant harm’ as defined in Draf
Circular on Contaminated Land’, DETR 2000), poliution of sensitive water resources,
significant change in an ecosystiem or organism forming part of that ecosystem

e mild: poliution of non-sensitive water resources. Significant damage o crops,
buildings, structures and services {significant harm’ as defined in ‘Draft Circular on
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Contaminated Land’, DETR 2000). Damage to sensitive buildings, structures or the
environment

minor: hanm, not necessarily significant, but that could result in financial loss or
expenditure 1o resolve. Non-permanent human health effects easily prevented by
use of personal protective clothing. Easily repairable damage to buildings, structures
and services.

Once the probability of an event occurring and its consequences have been classified, a risk
category can be assigned according {o the table below.

Moderate/iow

Moderate/low Low

Moderaie/iow Low Very low

Moderate/iow Low Very low Very low

Definitions of these risk categories are as follows together with an assessment of the further work
that may be requirad:

®

Cakford Homes Lid

Very high: there is a high probability that severe harm could occur or there is
evidence that severe harm is currently happening. This risk, if realised, could resul
in substantial liability; urgent investigation and remediation are likely {0 be required.

High: harm is likely 1o occur. Realisation of the risk is likely to present a substantial
liability. Urgent investigation is required. Remedial works may be necessary in the
short term and are likely over the long term.

Moderate: it is possible that harm could arise, but #t is unlikely that the harm would
be severe and it is more likely that the harm would be relatively mild. Investigation is
normally reguired to clarify the risk and determine the liability. Some remedial works
may be required in the longer term.

Low: it is possible that harm could occur, but i is likely that if realised this harm
would at worst normally be mild.

Very low: there is a low possibility that hanm could ocour and if realised the harm is
unlikely to be severe.

Geoemvironmental Site Assessment of the Former Arundel Gas Works, Ford Road, Arundel

29780 RO1 (00)

ARUN DISTRICT COUNCIL AB/88/19/PL



APPENDIX D
PROPOSED DEVELOPN

IENT PLANS
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