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EXECUTIVE SUMMARY

The Site

The site is located within Wrexham Industrial Estate which is a large
industrial area located about 4km 1o the east of Wrexham town centra.
The site's National Grid referance = 337428 3459683 (site cantre) and
its location within the industrial estate is shown on Figure 1.

The site is rectangular in shape and occupies an area of about 0.E9
hectares. It is relatively flat with a very slight fall of about 1.5m from
nonth-wes! {o south-east

A densely vegatated area lies within the north-wastern part of the site
with 3 number of mature trees prezent aiong its north-eastern
boundary. A few semi-mature trees are present within the southem
site araa and a brick-built sub-station s localed within the south-
eastern site area

The site is bounded by industriallcommercial properties to the north-
east, south-east and north-west and by Clywedog Road Naorth to the
south-west Access tothe site can be gained from Clywedog Road
North

History

Prior fo the late 1830s the site comprised agricultural land and was
characterised by the presence of a track which cut across the narthern
site area and by the presence of several small ponds two of which
wera located in the central north-eastern site area and one in the
central north-westemn site area. Al some time around the and of the
1930s and the beginning of the 1840s the wider area was developad
as ROF Wrexham which was created to manufacture Cordite. By the
late 1940s the ponds had been infilled and a number of structures
were present along with woodland, paths often in cutting. and mounds
(refer Figure 4) At some point in time between 1964 and 1978 all site
structures with associated cuttings, mounds and hydrants had bean
remaved although a number of paths within cutting remained.

Geology

The site is underlain by solid strata of the Salop Formation which
comprises sequences of mudstone, sandstone and conglomerate. Itis
overiain by up to 55m of Devensian Till that typically comprises firm 1o
stiff, sandy, gravelly ciay with occasional lenses and beds of sand and
gravel with inter-badded laminated sifts.

It is anticipatad that due o the sie's hislorical use as pan of ROF
Wraxham thera may be pocksts and areas of Made Ground present
along potentially with some buried structures.

The site lies within a Coal Autharity Coal Mining Reporting Area,
however, the mineral resources lie beneath a thick cover of Drift
deposits {aboul 55m) and are located at considerable depth beneath
rockhead.

Hydrogeology

The Salop Formation is classified as a Secondary A aquifer whilst the
overlying Till is classified as a Secondary Undifferentiated Aquifer

Radon Gas

The site is in a Lower Probability radon area where less than 1% of
properties are above the Radon action isvel. Radon protection will not

Ground

Invastigation

5" March 2020 using a window sampler drilling rig. The boreholes
were posiboned to coincide with the location of the propesed

Juna 2020
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development unil and were taken o depths of between 4.45m and
6.45m below ground surface, Standard Penetration Tesls were carmead
out at 1m intervals within each borehole with full depth liner soil
samples being recoverad for soll description and testing requirements

Trial Pits: A total of 4no trial pits were excavated across the ste on
the 12" March 2020 using a wheelad excavalor with back-actor The
pits were positioned so as to coincide with historic site features and
were taken to depths of 2m and 2.2m below ground surface where
they were terminated within stiff natural formation,

Laboratory Testing: The following list of potential contaminants of
concern hae been spacifiad for the laboratory testing program on soll
samples:

Aabestos, phenols, heavy metals, inorganic chemicals, Speciated
Petroleum Hydrocarbons, PAHsS, acetone and explosives

With regard 1o geotechnical testing, 4no samples of the cohesive
formation taken from the approximate foundation horizon have been
tested for Index properias in the laboratories of Socotec,

In addition to the soil sampling and testing program, groundwater
samples collecled from the borehale standpipes have been tested in
the laboratory of Chemtest to UK Drinking Water Standards.

Dynamic Probes: A total of Bno dynamic probes ware carried out in
the locations shown on Figure 3 with each probe being taken to a
depth of 3m below ground surface

Standpipe Monitoring: Concentrations of methane, carbon dioxide,
oxygen, hydrogen sulphide and carbon monoxide gas have been
measurad within the thres borehole standpipes on four cocasions
within the period 25" February 2020 to the 27" March 2020. Total gas
concentrations were taksn using a GAZ000 Plus meler with
atmospheric pressure meter. The raie of gas fiow from the standpipes
was measured using a flow meter.

Groundwater levels within the standpipes were also measurad at each
monitonng visit

Ground
Conditions

Made Ground: Made Ground deposits of up to 0.9m in thickness have
been encountered within the trial pits which were positioned so as to
coincide with historical site features to include a mound, a former pond
and abowve ground structures.

Glacial Till: Tha formation was encountarad pradominantly as a firm ta
stiff, brown moltled grey clay.

The cohesive Till lies within the High Plasticity/Medium Shrinkage
potertial category.

The reiationship between matural mossture content and Liguid Limig
suggests. thiat the tested solls are not desicoated

June 2020
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Groundwater: During the monitoring period groundwater was
measured at depths of between 1.42m and 1.80m below ground
surface within Borehole 1, between 0.29m and 0,35m in Borehole 3
and at depths of between 0.867m and 0.72m in Borehole 5.

Foundations

Conventional strip or pad footings should be suitable for the proposed
development and such foundations taken through any Made Ground or
soft natural soils to found a minimum depth of 900mm below finished
grade may be designed using an allowable bearing capacity of 130
kFa.

The clay formation lies within the High Plasticity with Medium
gshnnkage potential category. Consequently, the recommendations of
NHBC Standards Chapter 4.2 should be followed whera foundations lie
within influencing distance of existing, recenily planted or recently
felled trees,

The relationship between Natural Moisture Content ard Liguid Limit
values indicate that the lested samples are not desiccated and based
upon that data there shoukd be no reguiremeant for precautions to be
taken to accommodate the potential effects of heave on foundations
and slabs.

Ground Floor
Slabs

The near surface natural formaton comprises high plasticity clay and
such materials can display significantly high volume change potantial
in response io moisture caontent variations, Such changes in volume
post construction can induce undesirable differential movements
betwean the slab and the frame of the structure if slab on untreated
grade construction techniques have been adoptad

If slab on grade construction s desirable it s recommanded that the
natural formation beneath the slab is excavated and replaced with wall
compacted engineering fill to @ minimum depth of 800mm below
finished grade. This will reduce the impact of potential post
conatruction ground movements on the performance of the slab

As an-alternative 1o the above construction method, & suspended slab
could be adopted. Given the medium plasticity nature of the natural
farmation t s recommended that an under-siab void of at least 150mm
is maintained. The adoption of a suspended slab may require the
construction of intemal footings depending upon the dmensions of the
slab and fts working load bearing requirements

Below Ground
Obstructions

The borehales have failed to encounter any Made Ground or buned
obstructions: howeaver, the frial pits, which were located so as to
intercept historical site features such as mounds, cuttings and
structures have sach ancountered Made Ground depasits of up to
0.90m in thicknass  Within that formation, some of the trial pits have
encountered boulders of concreie and bricks which are indicative of
former foundations and below ground walls. The historical
development drawing enclosed within Appendix C shows that fhers
were a number of above ground structures present on the site as late
as 1980 and anecdotal evidence suggests that such structures across
the entire ROF Wrexham site may have been demolished to ground
level only, The presence of buried obstructions such as brick walls,
concrete footings and potentially basaments within some areas of the
site cannot therefore be entirely ruled out and it may be prodent 1o

June 2020
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maxe an allowance within the development contract for their removal
from foundation and slab excavations. It is possible that some
overbreak may be experienced when such fealures are baing
removed,

It iz also possible that remnant pipework may be presant within some
areas of the sile and precautions should be taken if any such
structures are encountared as they may contain remnant deposits that
could be contaminated with explosive residus, |f balow ground
pipework is encountered dunng the site enabling works is presence
should be brought to the attention of the Engineer for further
assassmant.

Pavemants The mean of the achieved DCP values aquales to a DCP Blowe par
100mm of 2.2 which places the formation from ground level to 1m
depth in the soft category. Utilising that information in association with
the recommeandations provided within Interim Advice Note T3/06, 2008
for a clay with a Pl value of 25% results in a recommended CBR value
for design of between 2.5% and 5% for a thin layered pavement
construction,

Below Ground | Below ground conditions with respact to concrele specification conform

Concrate with Class DS-1 as defined in BRE Special Digast 1, ‘Concrete in
aggressive ground', 2005, with a correspending ACEC class of AC-1s.

Soll Remedial | Soil remedial measures should not be required at the site.

Measures g

Groundwater | Mo groundwater remediation measures should be required

Remedial

Meoasures _

Gas Mo gas protection maasures should be required for the proposad

Membranes development. —

June 2020 51671-2 Pagegof23




S P ASSOCIATES

REPORT Mo 51671-2

PHASE Il GEO-ENVIIRONMENTAL ASSESSMENT
PROPOSED INDUSTRIAL DEVELOPMENT

SITE 2
WREXHAM INDUSTRIAL ESTATE

1. INTRODUCTION

SP Associates (SPA) has been appointed by Fl Real Estate Management Ltd to carry out
a Geo-Environmental Assessment at the site of a proposed industrial development
located on a parcel of land within the Wrexham Industrial Estate known as Site 2. This
study i pradicated upon the findings of a Phaze |, Geo-Environmental Dask Study
Azsessment carmied out by Integra Cansulting in September 2018, thair referance 3038-
13. That report should be referanced for specific histarical land use and environmantal
data; however, for completeness, elements of that study are inclueded within this report

The scope of the investigation that forms the basis of this Phase |l Assessmeant is as
follows:

Trnal pits excavated using a wheeled excavator with back actor,

Boreholes sunk using a windowless sampler drilling rig;

Borehole instrumertation comprising gas and groundwater monitoring standpipe;
Biandpipa monitoning for ground gas and groundwater levels;

Dynamic probing in proposed areas of pavement,

Testing of selected soil samples in the laboratory for chemical and gectechnical
parameters,

s Tesling of groundwater samples for Drinking Waler parameters,

» Analysis of data and reporting.

We understand that it Is proposad to develop the <ite with a new industrial unit along with
an associated senvice yard, car parking and axtermal hardstanding and soft landscaping.
The current investigation was implemented In order to assess the geotechnical and geo-
environmental conditions at the site and 10 identify potantial gestechnical and geo-
environmental issues related to the construction of the proposed industrial development.
This report presents the factual data from the investigation and makes recommendations
on foundations and ground floor &lab design, pavemeant design and issues associated
with soil, ground gas and controfled waters contamination

June 2020 a1871-2 PageBofldd



3 P ASSOCIATES

2. THE SITE

21 LOCATION AND SURFACE CONDITIONS

The site s located within Wrexham Industrial Estate which is a large indusirial area
located about 4km to the east of Wrexham town centre. The site's National Grid
reference is 337428 3486883 (site centre) and its location within the industrial estale Is
shown on Figure 1

The site iz rectangular in ghape and occupies an area of about 088 hectaras. It s
relatively flat with & very slight fall of about 1.5m from north-west to south-east,

A densely vegetated area lies within the north-western pan of the site with a numbear of
mature trees present along fis north-eastern boundary. A few semi-mature trees are
present within the southem site area and a brick-built sub-station is located within the
south-eastern site area.

The siie is bounded by industrialfcommercial properiies fo the north-easi, south-east and
north-west and by Clywedog Road North to the south-west. Access 1o the site can be
gainad from Clywedo] Road North.

2.2 HISTORY

The Phase | Assessment should be accessad for detalls of the site’s history. A
summarised version follows.

Prior to the late 1930s the sile comprised agricultural land and was characterised by the
presence of a track which cut across the northern site area and by the presence of
several small ponds two of which were located in the central north-eastern site area and
one in the central north-western site area. At some time around the end of the 1830s
and the baginning of the 1940s the wider area was daveloped as ROF Wrexham which
was created to manufacture Cordite. By the |ate 1240s the ponds had been infilled and a
number of structures wera prasant along with woodland, paths often in cutting, and
maunds (refer Figura 4).. At soma paint in time betwean 1964 and 1978 all site
structures with associated cuttings, mounds and hydrants had been removed although a
number of paths within cutting remained

ROF Wrexham ceased 1o operate in August 1545 shortly after which it was sold for
industrial development, Records indicate that remediation works were carned out at this
time, however, no specific details of that process remain. The site has remained
undeveloped 10 the present day.

2.3 GEOLOGY AND MINING

Geoiogical records indicate that the site is undeslain by solid strata of the Salop
Formation which comprises sequences of mudstone, sandstone and conglomerate. It
overlain by up ta 55m of Devensian Till that typically comprises firm to stiff, sandy,
gravelly clay with occasional lensas and beds of sand and gravel with inter-badded
laminated sifts.

It is anticipated that due to the site's historical use as part of ROF Wrexham there may
be pockets and areas of Made Ground present along potentially with some buried
structures,

The site lies within a Ceal Authority Coal Mining Reporting Area; however, the mineral
resources lia beneath a thick cover of Drift deposits (about 55m) and are located at
considerable depth baneath rockhead Consequently, the risks posed to the site from
mining activities are considerad to be very low
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2.4 HYDROGEOLOGY AND HYDROLOGY

The nearest significant surface waler feature Is @ small stream that lies approximately
72m to tha south-west of the site.

The Salop Formation is classified as a Secondary A aquifer whilst the overlying Till is
classified as a Secondary Undifferentiated Aguifer

The site does not lie within a Source Protection Zone
There are No groundwater or surface water abstraction licenses within S00m of the site.

25 RADON GAS

The sita iigs In a radon area where betwean 1% and 3% of of homes are estimated 1o be
at or above the action level. No radon protection measures shouid be required for the
proposed new develapment

2.6 GROUND STABILITY

The Phase | Aszeszmeant indicates that the risks to the site from compressible ground,
collapsible ground, ground dissolution, landslides, running sand and shrinking or sweliing
ground ane very low or no hazard

June 2020 51671-2 Page 11 of 23
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3 RISK SUMMARY AND CONCEFTUAL SITE MODELS
The following nisk summary s predicated upon the findings of the Phasea | Assessment

3.1 HUMAN HEALTH RISKS

The site is considered to pose a low to moderate risk to human health. This risk category
has been arrived at on the basis that those ROF activities that were carmied out on site
and within the immediate surrounding area are considered 1o have a significantly
reduced contaminative potential compared to those activities camied out over other areas
of the ROF site

Caonstruction workers are considered to be the most significant human health receptor
and a moderate risk is envisaged as significant harm is possible in the short term.
However, this increased risk can be mitigated by ensuring that appropriate work
procedures are adhered to and that direct contact with potentially contaminated or
explosive material s avoided through the wearing of appropriate PPE

For future site occupants the majority of pathways between source and receplor are
anticipated to be negated or signficantly reduced resulting in battarment to the site,
Consequently, a low risk iz envisaged as it is improbable that significant harm would
oocur even in the long term.

3.2 GROUND GAS

The site is considered to be at a low level of risk from ground gases due to the very low
ground gas generating potential of most of the identified sourcas, the very low probability
of harm occurring to a recaptor and the low sansitivity of the proposed development.

3.3 CONTROLLED WATERS

A low risk is considerad to be appropriate at this stage for controlled waters. The risk
has been assigned on the basis that it is unlikely that any significant harm would occur,
even in the very long term, due to the significant thickness of predominantly low
parmeability superficial deposilts that overiie the Secondary A aquifer. I is also uniikely
that any significant contamination would migrate 1o sensitive surfaca water receptors. in
addition, the Secondary Undifferentiated Aquifer is not considered to be overty sensitive

3.4 BUILDINGS AND SERVICES

The Phase | Assesement indicates that the site iz a1 low to moderate risk from
aggressive contaminants within soil and groundwater that have the potential to attack
bullding materials and services. A moderate risk is envisaged during construction works
due to the explosive risk to building materials and services.

3.5 CONCEPTUAL SITE MODELS

The development of Conceptual Models for the site involves the determination of
potential poliutant linkages through the identification of likely sources of contamination
from previous and cument site uses and the identification of potential receptors such as
site users and controlled waters. Conceptual Site Models developed by the Phase |
Asgessment for Human Health, Geotechnical I1ssues. Ground Gas and Controlled Waters
are enclosed within Appendix A

June 2020 S1671-2 Page 12 of 23



3 P ASSOCIATES

4 GROUND INVESTIGATION

41 GENERAL

The fieldwork was camied cut generally where relevant in accordance with BS5930
(1888) ‘Code of Practice for Site Investigations’, BS10175 Investigation of Potentially
Contaminaied Sites, and the Association of Geotechnical and Geoenvironmental
Specialist Guidelines for Good Praclice in Site Investigations (1998

The locations of the exploratory boreholes and tfrial pits were chosen 50 as to provide
specific coverage relative 1o the proposed development layout and to the recorded
locations of historical structures.

4.2 PRE-INVESTIGATION SURVEY

The site, being operational during the second world war and being a facility that
manufaciured explosives for the war effort, was an obvious potential target for
bombardment by enemy aircraft. Consequently, a Detailed UXO Threat and Risk
Assessment report has been obtained a copy of which s enclosed within Appendix B.

That report states that the site s located within Wrexham Rural District which recarded
ane High Explosive bomb strike par 100 hectares which is a very low lavel of bombing.
ARP records associated with the site did not note any High Explosive bomb strikes within
its boundaries. Additional supplementary research of hestoncal records did not find any
evidence of High Explosive bomb strikes within 1000m of the site

Despita the absence of recorded attacks, precautions were takan by site oparatives
during tha intrusive investigative wark and this commencead with a matal datector scan at
sach borahole and trial pit location. Subsequent to this, hand dug trial pits were
axcavated at each borehole and trial pit location prior to the employment of mechanical
equipment. Mo objects that could be considerad to represent LIXO were encountered.

Explosive residues within the site sails were also considered to be a potential risk to site
operatives and also subsequently to laboratory staff. In order to mitigate the risk &
program of in-situ screening lesis was carried out on those soil samples selecied for
laboratory testing. All in-situ tests retumed a negative result for explosive residues.

4.3 WINDOW SAMPLER BOREHOLES

A total of Bno boreholes were sunk across the sie on the 5% March 2020 using a window
sampler drilling rig The boreholes were positoned to coincide with the location of the
proposad develapmeant unit and wera laken to dapths of batwean 4 45m and 6 45m
below ground surface. Standard Penetration Tests were camed out at 1m infervals
within each borehole with full depth liner soil samples baing recoverad for soil desaription
and testing requiremants.

Borehole locations are shown on Figure 2 with borehole logs enclosed within Appendix
D

4.4 STANDPIPES

Groundwater and gas monitoring standpipe were inslalled into augered boreholes on the
24" February 2020 some weeks prior to the sinking of the window sampler boreholes. At
the tima of their inetallation the auger rig was able to handle the very wet ground
conditions better than the window sampler and a dacision was mada to use that rig to
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ensure that the standpipes were comectly installed. They were sunk at the proposed
locations of Boreholes 1, 3 and 5. Standpipe detais are summarised below.

Barehole Depth fo Base Response Zoma (m bgl) Pipe Diameter Gas
imj {rmmy} Valve/Lockable
Covar
1 5.0 1.0 — 5.0 (firm to stiff clay) 50 Yes
3 5.0 1.0 — 5.0 {firm to stiff clay) =1 Yes
5 50 1.0~ 5.0 {firm 1o stiff clay) 50 Yes
45 TRIAL PITS

A total of 4no trial pits were excavated across the site on the 12" March 2020 using a
whesied excavator with back-actor. The pits were positioned so as to coinclde with
historic site feaatures and weara taken to depths of 2mand 2 2m below ground surface
whera they were terminated within stiff natural formation.

Trial pit locations are shown on Figure 2 with trial pit logs enclosed within Appendix D.

4.6 DYNAMIC PROBES

It was proposed to carry out in-situ CBR tests at the site to provide paveament design
data; however, due to restriclions imposed by the COVID-159 lockdown, the tests crews
ware unable to access the site duning the proposed site investigation window In the
circumstances, and as an expedient, an operational window sampling crew were
engaged to carry out a series of dynamic probes the results of which have been utilised
to provide CBR data.

A toial of Bno dynamic probes were carried out in ihe locations shown on Figure 3 with
e@ach probe being taken to a depth of 3m below ground surface. The results of the
prabing exercise are enclosed within Appendix G.

4.7 SAMPLING AND LABORATORY TESTING

Soil samples was carried out in the knowledge that althowgh considered to be unlikely
they could contain explosive contaminants with particular attention fo the following:

«  Samples were taken using non-sparking implements,

« They were placed in amber glass jars with PTFE liners and a sealing lid suitable
for use with primary explosives)

=« Samples to be tested for explosive contamination were tested prior to
trensporiation on the public roads;

* All sample packaging complied with the Packagng of Explosives for Carriage
Regulations and the Classification and Laballing of Explosives Regulations.

The Phase | environmental database has indicated thal the site has histoncally
comprised pan of ROF Wrexham and consequently, the following list of potential
contaminants of concern has been specified for the laboratory testing program:

Asbesios, phencls, heavy metals, inorganic chemicals, Speciated Petroleum
Hydrocarbons, PAHs, acetone and explosives.

Selected soil samples from the borehole and trial pit investigation have been tested in the
|laboratories of Chemiast for the above range of chemical determinanis
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With regard to geotechnical testing, 4no samples of the cohesive formation taken from
the approximate foundation horizon have been lested for Index properties in the
laboratories of Socotec.

In addition 1o the soil sampling and testing program, groundwater samples collectad from
the borehole standpipes have been tested in the laboratory of Chemtest for UK Drinking
Water parameters.

Chemical test results are enclosed within Appandix E, with geotechnical test resulls
enclosed within Appandix F

4.8 MONITORING

Concentrations of methane, carbon dioxide, oxygen, hydrogen sulphide and carbon
rmonoxide gas have bean measured within the three borehole standpipas on four
occasions within the period 25 February 2020 to the 27" March 2020, Total gas
concentrations were taken using a GAZ000 Plus mater with atmospheric pressure meater.
The rate of gas fiow from the standpipes was measured using a flow meter,

Groundwater lavels within the standpipes wera also measured at each monitoring visit.

The results obtained from the monitoring exercise are summarsed on Table 1.
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5. GROUND CONDITIONS

The site investigation has confemed the expected natural geologicat formation of Glacial
Till. Made Ground deposits were prasant averlying the Glacial Till within the trial pits

5.1 MADE GROUND AND BURIED OBSTRUCTIONS

Made Ground deposits were absent from the boreholes but were encountered within
each of the trial pits as summarised below.

BHITP Depth below Ground | Description
Surface (m)
TP1 GL-01 Soft, brawn CLAY
01-07 Firm to stiff CLAY with occasional pockets of
ashy sand with soma boulders of concrate
P2 GL-01 Soft CLAY
0.1-09 Firm to stiff CLAY with some brick and
concrete fragments
TP3 GL-0.1 goft CLAY
0104 Firm to stif CLAY with some boulders of
concrete, some brick fragments and occasional
shale and fine coal fragments
TP4 GL-0.2 Soft CLAY
02-04 Soft to firm CLAY with occasional brick
[ — fragments

As the above summary table illustrates Made Ground deposite of up to 0.9m in thickness
have bean ancountarad within tha trial pits which wara positioned 50 as (o coincide with
historical site features to include a mound, a former pond and above ground structures
{s2e Appendix C and Figure 4).

5.2 GLACIAL TILL

The natural formaton present beneath the Made Ground and topsodl horizons comprises
Glacia! Till which was encountered predominantly as a firm to stiff, brown moltled grey
clay

SPT N values achieved within the formation are summarised below,

Dapth Below SPT ‘N" Values
Ground Surface
_{m)
1 13, 13, 16, 18, 20,
] 18, 15 19 22, 23,
_ T — 1E, 18 20, 23, 28
] 11, 11,15, 17,32,
5 12, 14, 20, 26,
& 21

The results of Index test carried out on 4no samples of the cohesive Till formation have
rasulted In fhe following Liquid Limit and Plasticity Index values:

Liguid Limit Range (%): 49-53

Plasticity Index Range (%):25 - 29

June 2020 S1671-2 Page 168 of 23



S P ASSOCIATES

The above values place the cohesive Till within the High PlasticityMedium Shrinkage
potential category

The relationship between natural maoisture content and Liquid Limit suggests that the
tested solls are not desiccated.

5.3 GROUNDWATER
All of the bareholes and trial pits ramained dry during the drilling and axcavation
program,

During the monitonng period groundwater was measured at depths of between 1.42m
and 1.80m below ground surface within Borehole 1, between 0.28m and 0.35m in
Borehola 3 and at depths of betwesn 0.67m and 0.72m in Borehole 5.

The disparity In groundwater levels within the three standpipes i an lliustration of the
perched and laterally discontnuous nature of groundwater that often occurs within Til
formations.
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6 GEOTECHNICAL ASSESSMENT

6.1 GENERAL

It is undersiood that the proposed development will consist of an industrial unit in the
configuration shown on Figure 2. No precise deiails are available at the time of writing
with respeact 1o foundation loads, however, we understand that such loads will ba within
the light to medium category.

6.2 FOUNDATIONS

The bareholes, all of which were sunk within the footprint of the proposed indusirial unit,
ara charactarized by an absence of Made Ground materials and the presance of a thin
superficial Topsoil horizon which overlies firm and firm to stiff Glacial Clay. The natural
firm to sbff natural clay present at shallow depth should be capable of supporting light to
medium struciural loads whilst maintaining total and differantial settlements within
accepted tolerances. Conventional strip or pad footings should therefore be suitable for
the proposed development and such foundations taken through any Made Ground or soft
naturai soils 1o found a minimum depth of 300mm below finished grade may be designed
using an allowable bearing capacity of 130 kPa.

The clay formation ies within the High Fasticity with Mediom shrinkage potential
category. Consequently, the recommendations of NHBC Standards Chapter 4.2 sheuld
be followed where foundations lie within influencing distance of existing, recently planted
of recantly felad treas.

The relationship between Natural Moisture Contant and Liquid Limit values indicate that
tha tested samplas are not desiccated and based upon that data there should be no
requirement for precautions to be taken fo accommodate the potential effects of heave
on foundations and siabs.

6.3 BURIED OBSTRUCTIONS

The borehcles have failed to encounter any Made Ground or buried obstructions;
however, the trial pits, which were located so as to intercept historical site features such
as mounds, cuttings and structures, have each encounterad Made Ground deposits of up
to 0.90m in thickness, Within that formation, some of the trial pits have encounterad
boulders of concrete and bricks which are indicative of former foundations and below
ground walls. The historical development drawing enclosed within Appendix C shows
that there were a number of above ground structures present on the site as late as 1960
and anecdotal avidence suggesis that such structures across the entire ROF Wrexham
zita may have been demodished to ground level only, The presence of bured
obstructions such as brick walls, concrete footings and patentially basemants within
gome areas of the site cannot therefore be antirely ruled out and it may be prodent to
make an allowance within the development contract for their removal from foundation
and slab excavations. It is possible that some overbreak may be experienced when such
features are being removed.

It is also passible that remnant pipework may be present within some areas of the site
and precautions should be taken if any such structures are encountered as they may
contain remnant deposits that could ba coraminated with explosive residue. |f below
ground pipework s ancountarad during the site anabling works its presence should be
brought to the attention of the Engineer for further assessment.

June 2020 51671-2 Page 180f23



5 P ASSOCIATES

6.4 GROUND FLOOR SLABS

The near surface natural formation comprises high plasticty clay and such materials can
display significantly high volume change patential in response to moisture content
varigtions. Such changes in volume, post construction, can induce undesirabile
differantial movements between the slab and the frame of the structure if slab on
untreated grade construction technigues have bean adoptad.

If slab on grade construction is desirable it is recommended that the natural farmation
beneaih the slab iz excavated and replaced with well compacted engineering fill to a
minimum depth of 300mm below finished grade. This will reduce the mpact of potential
post construction ground movements on the performance of the slab,

Ag an allarnative 10 the above construction method, a suspended slab could be adopted
Given the high plasticity nature of the natural formation it is recommended that an under-
slab void of at least 150mm s mainiained. The adoption of a suspended siab may
raguire the construction of internal footings depending upon the dimansions of the slab
and its working koad beanng requirements,

6.5 BELOW GROUND CONCRETE

The results of Soluble Sulphate and pH tests carried out on samples of the formation are
summarised balow:

Range of Water Soluble Range of pH Values
Mo. of Tested Samplesa Sulphate Values l;ﬂﬂ}
8 <0.010-0.21 7.8-886

The results fall within concrete Class D5-1 as defined in BRE Special Digest 1, '‘Concrete
In aggressive ground’, 20058, with a corresponding ACEC class of AC-1s,

6.6 PAVEMENTS

Within the ground investigation window in-situ CBR crews were ganarally not available
due to COVID-18 lockdown. In the circumstances, @ number of dynamic probes were
carried out using a tracked g the results of which have been interpreted using the
following correlation after Huntiey, 1565.

DOP Blows (per Classification (BS Strength Cu (kPa) Equivalent SFT N
100mm) 5830) (BS 5830) (S00mm)
=1 very soft 20 <7
1-2 soft 20 - 40 2-4
3-4 firm 40-75 5-8
5-8 stiff 75 - 150 8-15
>8 Vary stiff =150 =16

The dynamic probe data in Appendix G can be summarised as follows:

BPF1: Blows GL = 1m, 19

DP2. Blows GL - 1m, 23

DF3: Blows GL - 1m, 22

DP4: Blows GL = 1m, 21

DPS: Blows GL - 1m, 24
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DPE; Blows GL = 1m, 20

The maan of the achieved values equates 1o a DCP Blows per 100mm of 2.2 which
places tha formation from ground level to 1m depth in the soft category. Litilising that
information in azsociation with the recommendations provided within Interim Advice Note
7306, 2008 for a clay with a Pl value of 25% results in a recommended CBR value for
design of between 2.5% and 5% for a thin layered pavement construction.
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7 ENVIRONMENTAL CONSIDERATIONS

7.1 SOIL CONTAMINATION

7.1.1 GENERAL APPROACH

The UK approach to the assessment of contaminated land is based upon the principles
of risk assessment. This is founded upon tha 'source — pathway — largat’ modal 1o
establish the presence or potential presence of a pollutant linkage. The overall
methodology s based upon a bered approach to determine risk based remedial targets
for soil involving site specific data collection.

Should the adopted criteria be excesded, then two courses of action are avaikahble.,
Firsily, the poliutart link could be broken by undertaking remeadial work such as providing
clean soil cover. Alternatively, a more detailed risk assessment can be camied out to
determing whether a statistically relevant pollutant link actually exists.

The proposad development is industrial in nature and for the purposes of risk
assessment an industriaicommercial land use has been adopted as the default categaory.

7.1.2 RISK SCREENING

7.1.2.1 EXPLOSIVE RISK

Both the screening exercise thatl took place on soll samples on site and the testing thal
took place on samples in the laboratory have returned values lower than detection limits
for expiosives This would tend to reinforce the historical evidence that this site was
devaloped towards the end of the ROF Wrexham operation and that it was nol used for
primary production purposes. The risk to human site eccupiers and construction workers
from explosives within the near surface soils at the site can be considered to be low
based upon the available iest results.

7.1.2.2 HUMAN SITE OCCUPIERS AND CONSTRUCTION WORKERS

In terms of risk o human health, the results of the chemical testing data enclosed within
Appandin E have been compared to the Tier 1 final chemical screening criteria for an
industrial'commercial fand use. A summary of the risk screening exercise s shown on
Table 2. Referenca to that table shows that none of the potential contaminants of
concarn that constibule the test suite are presani within the testad samples at
concentrations that exceed their chemical acceptance critena values

The risk 1o human haalth at the site resulting from the potential presence of contaminants
of concem within the near surface soils is considerad to be low,

7.1.23 STRUCTURES AND INFRASTRUCTURE

The range of measurad water solubie sulphate values within the near surface sail
samples range from <010g1 to 02131 whilst pH values are in the rangs 7 8 - 8.6,
These represent very benign conditions with respect to sulphate and acid attack on
buried concrete and based upen the measured values the nsk to buried structures at the
site is considerad 1o be very low.

Mone- barrier buried potable water supply pipework can be attacked by acids and they
can be penstrated by hydrocarbons and other substances such as phenols which can
have the affect of tainting water supplies. The concentrations of such substances at this
site are such that the risk to non-barrier pipework is considerad to be low
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7.1.3 PROPOSED S0IL REMEDIAL MEASURES

The nsk screening axercise has shown thal the nsk to human health &t the sile from
explosives and potential contaminants of concem within the soll is low and consequently
no specific sod remedial measures are proposed.

However, as is the case with all brownfield sites it is recommended that if any areas of
potentially contaminated ground become apparent during the construction phase then
they should be brought to the attention of the Engineer for further consideration

Although the testing program has falled to detect explosives within the soil samples it is
recommended at the groundworks stage of the project that suilable screening measures
are put in place and that such a program forms part of the H & S file. If buried pipework
is encountered its presence should be brought to the attention of the Engineer as auch
features can contain deposits that may include explosive residues. It is recommeanded
that procaedures are put in place to locate any such buried features as part of the
praliminary site enabling works.

7.2 CONTROLLED WATERS

Salected groundwater samplas taken from the standpipes have been testad in the
laboratory for those determinants that comprise the UK Drinking Water Standards  Table
3 summarises those results and comparas tham (o the Maximum Allowable
Concentrations as defined by the above standards.

Reference to Table 3 shows that the following determinants are present within the tested
samples at concantrations that exceed the defined maximum aflowable concentration for
drinking water:

Determinant Maximum Range of Mo, of Values | Mean Value
Allowable Measured >MAC
Concentration Values
e e _{MAC) i el e

Electrical Conductivity 2500usicm 1100-5200 | @ 2 | 3100
 Chiaride 250mg/! 33 - 360 1 - 174

' Sulphate 250mg/| B4 — 3000 2 l 1245

| Sodium 200mgh A56g - 360 1 | 178

- Aluminium 200magf =10-210 1 T

| Boron 1000ug/| 20 - 1400 1 563

| Manganese S0ug'| i8-83 | 1 23
| Ammonium 0.5mg/| <0.055-0.70 1 0.27

The mean values of chlonde, sodium, aluminium, boren, manganase and ammanium ana
lower than their respective MAC values and such concentrations are constdered to
represent a low risk to human health and controlled waters. The mean values of both
electrical conductivity and sulphale axcead their corresponding MACs, however, both
exceadances are considered to be marginal and not representative of gross
contamination. Due to the significant thickness of predominantly low permeabilty
superficial deposits that overlia the Sacondary A aquifer, the risk to that aquifer fram
aluminium and ammonium i considered to be low, It is also unlikely that any significant
contamination would migrate to sensitive surface water receptors through the Glacal Till
farmation that contains significant horizons of low permeability cohesive soils: In
addition, the Secondary Undifferentiated Aquifer is not conzidered to be overly senaitive.

The resulls of the groundwater analyses are such that a quantified controlled waters rizk
Bssessmen is considered io be unnecessary
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7.3 GROUND GAS

Table 1 shows that methane gas was effectively absent from the borehole standpipes,
Carbon dioxide concentrations were measured within Borehole 1 at a maximum
concentration of 2. 4%, within Borehole 3 at & maximum concantration of 1.1%, and within
Borehole 5 at @ maximum concentration of 0.8%. Very low gas pressures were detectad,
whilst low rates were less than 0.11/hr,

The ground gas situation has been assessad using the methodology outlined in CIRIA
Publication CEE5 'Assessing risks posed by hazardous ground gases to buildings'
Under that methodology, the site has been assessed as falling within the Charactenstic
Situation 1 category, where no specal precautions are required with respect to carbon
dioxide and methane in the ground. For these gases, the instaliation of a gas resistant
membrane within the new industnal unit should not be requirad.

The unit will not require a radon membrane.
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Table 1

Wrexham Industrial Estate — Site 2
Gas and Groundwater Readings

516712

Gas Headings
Diater 25022020  Atmospheric Pressure: 938mb
AH | Gas | Barchole Msthane Methane Carhon Cirypen rber Cimees

Flow | Pressare Savol) ILEL) Dinxide oyl {ppem)

{Uhe) | imb) ' (Hawoli .

: Peik dy | Peak | Steady | Peask | Steady | Feok | His | CO
1| =l .02 (B 2 <2 =2 |30 ] 20 |48 ]| 188 | <I <]
3 | @l 03 0z ih2 <2 <2 [ 03] 07 [190] 190 | <i <]
5 i, [LEIE 3 L2 3 X (.9 09 19 191 i ol
Date: 02/03/2020 Atmospheric Pressure: 990mb 9!

BH | Cas | Borchole Nethang Methare Carhon Crvgen Cnber Crases

Flow | Pressure vol) [*LEL) Digiibe (vl b (ppmi

{the) | (mb) | - i Jiﬁﬂ_i

Peak | Steady | Stendly | Penk | Stewdy | His | CO
EEET 0.0 iF: 2 =3 < |34 | % 178 | 178 | <i <]
3 =41, | [, [ {12 2 | =2 <2 1.1 |.1 9.4 19,4 | <]
4 =}, ] (1, ek n3 o ! =3 =2 (k. 0.8 19,0 19.0 | |
Dhate: 13/03°2020 Atmospheric Pressure; |0 [omb
BH | Ges | Borchob Methane Malane Carbran Chygan ither Gases
Flow | Presmire (Fhvol) ralEL ) Dhasicke 3ol {ppm)
(Whry | imb) | (owal)
Piak | Svedy | Peak | Seesdy | Peok | Siesdy | Penk | Stewdy | 125 | CO
1 =i, | 0,0% [ r ] o1 2 i3 =3 4] 181 1 !
=L 0,07 nl o3 =21 2 (LR L 1532 193 o | o |
5 i 0,05 3l i e il {7 1.7 4.1 191 <1 it |
Date; 27/03/2020  Atmespheric Pressure: 1001mb —
HE1 (i@x | Borchale Bt Methisne Crarbsn Crygen Cher Ciases
Flow | Presom (ol y MLEL) Diominde wvol) (i )
i¥hrh fimih) (Havnly
Pesk | Steady | Poak | Stendy | Peok | Steady | Peak | Steady [ 3¢ [ OO
|| 0] .04 02 02 <2 <3 | J8 | |® |83 ] 183 | <) <1
1 ] .06 02 0.2 <7 <3 Los | of (182 193 [ <1 <1
5 | =0 (LK {12 02 <2 <2 | o8 | 0% [1s9] w9 [ < <)
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5P Associales
Groundwater Readings (mbgl)
BH 230272019 02032020 13/0372020
[ .80 1.79 1.42
3 .35 0.3 (.29
3 {).67 .67 (.65
HH 270372020
l 1.42
3 — 0%
i 0.72

Cias and groundwaier monitoring undertaken by; P. Cosgrove
Equipment used: GA2000 plus Flow pod S/N 419
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Table 2

s1671-2

Proposed Industrial Development, Wrexham Industrial Estate — Site

2

Human Health Screening Values for a Commercial/Industrial Land
Use versus Measured Values - Soils

Determinant Final Derivation Tool Hunge of  No. of
seregning Measured Values >
chemical Values acceptance

neceptance criteria
eriteris (location}
me'kg
Ashestog Prezence None 0
Dietected
Phenols 1 5(M) LOM/CIEH:S4UL =().3 0
US EPA Priority PAHs
Acenapthene 97000 | LOM/CIEH:S4UL | <01 - 0.23 1]
Acenapthy lenes 97000 | LOM/CIEH:S4UL | <0.]1 - 0,28 4]
| Anthracene 54000 | LQM/CIEH:SAUL | <0.1 - 0.74 0
Benzo{a)Anthracens 170 LOM/CIEH:S4UL | <01 - 1.7 0
Benzo (alpyrene 77 DEFRACASL <f).] - 2.7 4]
Benzo (biflouranthene 44 LOM/CIEH:S4UL | <0 =1.5 4]
Benzolk flouranthene 1200 LOM/CIEH:S4UL | <01 - 1.5 ]
Benzo{g.h.i) perylene S0 LOM/CIEH:S4UL | =0.1- 2.3 fl
Chrvsene 350 LOM/CIEH:S4UL | <01 - 1.9 ]
h- 3.6 LOM/CIEH:S4UL | <0.1 - .86 ]
Penzofahlanthracene
Indeno)l 2,3- 510 LOM/CTEH-S4UL | <01-2.2 | i
| edjpyrens
Flouranthens 23000 | LOM/CIEH:S4UL | <01 =21 4]
Flourene 63000 | LOMCIEH:S4UL | <01 - 045 il
Napthalene 400 LOM/CIEH:S4UL | <d).1 - 0,18 f
_Phenanthrene 22000 | LOMICIEH:S4UL | <00 -2.1 il
Pyrene e 00 LOM/CIEH:SAUL | <01 — 3.0 ]
Heavy Metals/ Metalloids
Arsenic | 640 DEFRAC4SL | 11-M4 | 0
Cadmium 420 DEFRA C4SL 0.19-1.2 il
Chromium g6000 | LOM/CIEH:S4UL 32-39 il
| Copper 68000 | LQM/CIEHLS4UL | 19-44 T
Lead | 100 DEFRA C4SL 36 -390 ]
Mercury 1100 LOM/CIEH:S4UL <110 {l
| Nickel Eol] LOMICIEH:S4LIL 34 -50 1]
| Selenium 1 2000 EOM/CIEH: S4UL <[}, 2 il
Zine 730000 | LOMCIEH:S4UL 82 -T80 fl
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Petroleum Hydrocarbons
TPH Aliphatic C5-6 | 5900 | LOM/CIEH:S4UL =il 0
| Ch-8 | 7800 | LOM/CIEH:S4UL <01 [
C8-10 4800 | LOMY/CIEH:S4LIL <1 i
C10-12 | 23000 | LOM/CIEH:S4UL =1 !
C12-16 | 82000 | LQM/CIEH:S4UL <1 0
Cho-21 L TH000 | LOMACIEH:S4UL =1 U
C21-35 L 170000 | LOM/CIEH:S4UL <] t
C315.44 1700000 | LOMACIEH:-S41UL <] {
TPH Aromatic C5-7 46000 | LOM/CIEH:S4UL <1 0
V-8 110000 | LOM/CIEH:S4UL <1 i
CR-10 810D | LOM/CIEH:S4UL <.1 0
Cid-12 28000 | LOM/CTEH:S4UL <] 0
Cl2-16 37000 | LOMACIEH:S4UL <l 0
C16-21 28000 | LOMYCIEH:S4UL | <1 - 15 0
Ca1-35 28000 | LOM/CIEH:SAUL | <1 - 67 )
C35-44 | 28000 | LOM/CIEH:S4UL <] 0
Acetone ' .
Explosives Suite Presence -

195 SOM adopted for SGV caleulation
Copyright Land Quality Management Lid.. Publication Number S4L:L 3458

*Below Detection Limit
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Tahble 3

Wrexham Industrial Estate - Site 2

81671-2

Groundwater Test Results Compared to UK Drinking Water
Standards Maximum Allowable Concentrations

April 2020

Determinant Muximum qu“ Mo, w >
(MAC)
Conductivity 2500 {us‘cm) 1100 - 5200 2
Chloride 250mg/1 33 - 360 1
Flouride |.5mg/l 0.16 - 0.27 )
Ammonium 0.5mg/ <1.05 - 0.70 1
Nitrite 0.5mg/l <0020 {0
Nitrate Stmg/l <0.50 0
Sulphate 50mg’1 B4 - 30 i
Cyvanide 0ug <0050 0
Sodium JHimg/) 36 - 360 1
Alduminjum 200ug1 =10 - 210 1
Arsenic | Dug/l <l.0=- 1.7 0
Boron 1000ug/] 65 - 14040 1
Cadmium Jugi 010 -0.15 1]
_Chromium SOug/l <1.0-24 0
Copper 2000ug/| 10-54 i
Iron 200ug/1 210 - 820 0
Mercury lug/ <1),5( L
Manganese Shup 1.9 - 63 1
Nickel 20ug/ S —=J.f U
Lead 23ug <l0- .6 0
_Antimeny gl <10 0
Selenium I Oug/l |.2-44 0
Linc S00ug] <1l- 32 1]
Mineral Ol 1 Ougl <10 ]
Total PAHs i, Tugll =<2 1]
| Solvents and Ovganics - " 0
"Below Detection Limit
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EXECUTIVE SUMMARY

Study Site

The Cliznt has defined the Study Site as "Tritech, Unit b4, Chywedog Road East, Wresham Industrial Estate, Wrexham,
LL13 9¥E" and s centred on MGR 337470, 349480,

Hisk Level

Potential Threat Sources

The most probabie UXO threat items are AXD/LSASSAA and munitions materials associated with ROF Wrexham which,
if prasent. ara Bkely to be encountered in previousty undisturbed grovnd to depths of circa 2.0m. German HE bambs,
iBs and Aritich AMA projectiies pose a residual threat. The canweguences of Initlathng’ Germas HE bambe are miore
severe than inltiating 185 or AAA projectiles:

Risk Pathway

Ghven the types of UXD that might be present on-site, all types of aggressive Inbrusive engineering activities may
generate a significant rnsk pathway

Key Findings

Dhurieng WAL the Study Site s aituated sdthin Wesshom Beral Ditact, which recorded ani HE bamb strike par 100
heciares, a vary fow leval of Hrqml'_'vlr'l-,g.

Luftwoffe aerial reconnalssance photography associated with the Study Site identified the Rovel Drdnance Faclory
[ROF) Wrexham comples (located partially on-site) as a primary bombing target. ROF Wreshom primarily produced
cordite, an explosive propellent used In shells and amminithon durkng WWIL Due to this, it s consldered possibie that
munitions, and materials involved in munitions production, were manufactuned, located, or stored on or near the
Skudy Site during Wil

ARP records associated with the Sudy Site did not note any HE bomb strikes within it, Further research of historical
recornds alia did not find any evidence ol HE bamb stikes on or near the Study Sie

Official bomb damage mapping associated with the Study Site was not available, it should be noted that & is likely
that bomb damage records associated with 80F Wrexhom were recorded privately and not released into the public
domaln as & matter of national securlty, Monotheless, an analysls of post-war mapping and further research of
historical records did not identify any potential bomb demage on-site or in close proximity to it

Pre-WWil mapping (1938} associated with the Study Site shows that it was located within an undeveloped rural area
during WWIL with the Study Site iaell consisting of mainly undeveloped ground, aithough Redwither Lome was located
In the northern secthon, Cosd-Aben Woods in the central and southern sections. Howevef, an analysis of Luffwaife
perinl photography suggests that explosives warehouses and other structures were located on part of the Study Site
— 0 in yery close proximity to it - during WWIL-As a result, It s consderad plausible that the Study Site may have been
Inspected for UXB entry holes following any raids.

By 1982, the Study Site had been cleared of structiras, By 1985 5 hardstanding road had been built which ran through
the Study Site. Consequently, i Is considerad likely that any UMD within post-war disturbed and déveloped ground
would potentially have been discovered and remosed, howewver, the potential for deep buried UXD to be present
wathin remaining areas is assessed to be extant

Given that explosives warehouses associated with AOF Wrexhom were potentially focated on-site and/or in close
prosimity to it the following nsk mitigation measures are recommended as @ minimum, in order to reduce risks
ALARP, during ntrusive works in all previously undisturbed ground be. that which has not previously been excavatad,
probed, drilled or othenwise intrusively disturbed since it was potentially contaminated with UXO,

B Alprha Project Murnbar: 5004 AL T rOEhech o0 ik -+ [0) Bad By S0s)
Lancimark Qrder Mumber; 20306068 1 3 cusiomer s wicedlen i hach. oo, wh
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EXECUTIVE SUMMARY (...continued)

Recommended Risk Mitigation

Al Groundworks in All Areas;

1 Operational UKD Emergency Response Man; appropriate ste management documentation should be held on-sits
to guide and plan far the actions which should be undertakien in the event of a suspected or confirmed UXD discovery
{tFvis plan can be supplied by & Alptal;

2. UKD Safety & Awareness Briefings; the briefings are essential when there is & possibelity of an-UX0 / UXBE encounter
and are avital part of the general safety reguirement, All personnel working an the site should recese 5 briefing on
the identification of an LUXD / UXA, what actions they should take 1o keep people and squipment sway from such a
hazard and to alert site management. Information concerning the neture of the UNO [ UME threat should be held In
the site office and displayed for general information on notice boards, bath for reference and as a reminder for groun:d
wiorkers. The Safety & Awareness briefing |5 an essentisl part of the Health & Safety Pimn for the site and helps 1o
evidence conformity with the principles laid down In the COM regulations 2015 (this briefing can be delivered directly,
or in some cases remotely, by 6 Afpha).

Trial Pits into Previously Undisturbed Ground:

3. Non-intrusive UXD Survey andfor EOD Engineer in the Watching Brief Role: Where "open’ Intrusive works Into
previowsly undisturbed ground are proposed and where the axtent is considerad to be within the capahbilties of non-
infrusive XD sunsey equipment and implementation of this 5 assessed as likely to prove effective, a non-intrushve
geaphytloal LD wirvey should be trisled and, § it proves sucessahul, chould be amplayed bo supsey te-wides, o i
spacific areas where "opan’ Intrusive works are to be implemented to ldentily for signs of sub-surface anomales which
may model as the target UND in advance of said works, i the survey proves partially or wholty ineffective, an EQD
Enginesr shoukd be present in the UXD ‘Watching Brief role to monltor angoing ‘open’ Intrusiye works to identify any
susplchats imems thet may be UXBor UXO redated (this servce can be provided by 6 Afpha)

Window Sampling and Boreholing (odd/delete oy approprioie) into Previously Undisturbed Ground:

4. Intrusive UKD Survey; Where “Blind” intrusve works into previously undisturbed ground are proposed, an intrusive
LIHO survey (employing down-hole magnetometer or Magtone 1echniquas) Is strongly recommended. Such a sunvey
should axtend to the oussessed average bomb peretrzhion depth or to the maximum dzpth of the works, whichever s
encounterad first. oruntid geology |s eacountered thraugh which itic sssessed & UKE would not penetrate, to identify
Tor cignd of sub-surface anomabes which may model az the target UXD in advance of said works, (this service can be
provided by & Alphal.
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ASSESSMENT METHODOLOGY

Approach

& Alpha Associotes s an Independent, speciilist risk mansgement consultancy practice, which has assessed the risk
of encounterfng UXO {as well as bured bulk high explosives) at this Study Site, by employing a process advocated for
this purpose by CRIA. The CRIA guide for managing UX0 risks in the construction industry [C681| not only represents
best practice but haz also been endorsed by the HSE. Any rish mitigation solution is recommended only because it
dalivers the Client a risk reduced to ALARF at best value.

WD hazards can be identified through the investigation of local and national srchives associated with the Study Site,
AMol) archives, local historieal sources, historcal mapping as wall as contemporanepus sernal photography (it it 1=
available), Hazards will have only been recorded if there (5 specific information that could reasonably place them
within the boundaries of the Study Site. The amalgamation of information is then assessed to enable the researcher
to provide relevant and accurate risk mitigation practices.

The assessment of UKD risk & a measure of probobility of encounter and consegiience of encounter; the former baing
& function of the identified hatard and proposed development methodology; the latter being & function of the type
af hazard and the proximity of personnel (snd/or other sensitive receptors’; such as equipment) to the hazard, at the
mament of encouirter

if LIKO risks are identified, the methods of mitigation we have mecommended are considerad reasonmbly and
sufficlently rebust to reduce them to ALARP. We advocate the adoption of the legal ALARP principle because itis a
key factor in efficiently and effectively ameliorating UXO risks. Italso provides a ready means for assescing the Clent's
tolerability of UX0 rsk. In essence, the principle states that if the cost of reducing a risk significantly outweighs the
benefit, than the rsk may be considered tolerable. This does not mean that there i never a requirement for XD rigk
mitigation, but that any mitigation must demonstrate that it & beneficial. Any additional mitigation thay delivers
dirminishing benefits and that consume disproportionate time; money and sffort are considered de minimis and thus
unnecessary. Bacause of this principle, UXB and UXO risks will rarely be reduced to rero [nor need they bal

Kay source material is rederenced within this document, whilst secondary/anecdotal information may be available
LI Mequest.

Although this report ks up to date and accurate at the time of writing, our databases are continually being populated
a5 and when sddithonal information becomes availabie. Nenetheless, § 4lpha have soercised all reasonable care, shl|
and dus dillgenee in providing this service and praducing this repon

The assessment levels are based upon bur professional opinlon and have been supported by our interprétation of
historical records and third party data sources, Wherever possible, § Alpha has scught to corrabarate and to verify
the accuracy of all data we have employed, but we are not accountable forany inherent errors that may be contained
i third party dats sets (e.g. Notional Archive or other library sources), and over which & Alphe cannof exercise controf,
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STAGE ONE = 5TUDY SITE LOCATION AND DESCRIPTION

Study Site

The Client has defined the Study Site as "Tritech, Unit 69, Clywedog Road East, Wrexham Industrial Estate, Wrexham,
LL13 SXE". The Study Site is centred at NGR 337470, 349450 as presented at Figures 1 and 2 respectively.

Location Description

The S5tudy Site s situated on the Wrexhom Industind Estote and totals an area of approsvimately three hectares [(ha)
Furtharmare, the Study Sie s bounded by
*  Morth: Various industrial and commercial structures, areas of hardstanding, areas of updeveloped ground and
Loed Alen ool
¢ East Various industrial and commercial structures; areas of hardstanding and areas of undeveloped ground;
& South: Various industrial and commercial structuras, aneas of hardstanding, areas of undeveloped ground and
Clywedop Rood East:
L Weapt: Varkous induttrial and cosmmidielal sersctures, areas of h.:in:l:'.andanﬂ and araas of |.|nrhirup|l_'|p{|d El'ljl.lﬁd

Aarial Photography (2018) (Figure 3)

Current aerial photography corraborates the information above and shows that the Study Site s situated within 3
densaly developed urban-industrial area, The Study Site itséll consists of maostly undaveloped ground, although
Clywedog Rood North runs through the Study Sike

Proposed Works

The Chiand hat informed & Algha wa amall co irEspondences of the ﬁ:-|||:|wmg proposod works:

& “Ground investigobions: Medium Tried Pit between 1m ang 5m below growvnd level
o  Borehole Depth: Window sompler bareholes o S5m. "

Ground Conditions

It is important to establish the specific ground conditions in order to determine the madimum Germon UXE
penatration depth as well as the potential for other types of munitions to be buried.

If the site investigations and/or construction methodalogies change, and/or if a specific methodology is te be
employed, and/or Ifthe scope &f voork Is focused upon a specific part of the Study Site, then & Alpho are tabe informed
80 that the prospective UMD risks and the associated risk mitigation methodology might be re-assessed. Certaim
ground conditions may also constrain certain types of URD risk: mitigative works e.g. magnetometer survey is
aversely affected in mineralised and made ground

It s important to establish the provenance of made ground, where this is recarded as being part of the ground
make-up, In arder to accurately determine the ground levels at the time when UND contamination may have
occurred 5o as to accurately detarmine the average [/ maximum bomb penetration depths and make
appropriste recommendations aimed at reducing the risk to ALARP

i Alphid Progset Mombe B0 AR BOVITOE RO sl = ol (0] Bad Bada §952
ek Do Numibay, 2439068633 0 ELEEDMErRETIC) e nswochich.op.ok
Clievt Agference: MO 4621 -8



STAGE ONE = 5STUDY SITE LOCATION AND DESCRIPTION (...continued)

Ground Conditions

BG5S horehoie log "S13d NEDS A Wresham Aluminum Ingot Plant, 1% (located 55m o

Depth bzl {m) Description

0.00m ba 0. 70m Fill Grey, clayey, sandy soll FILL with brick fragments

1.70m to 0,80m Fifl St bedwn clay FILL

CCB0m [a 1.20m Fll Firmy, brown, shaley Clay FILL with brick, state and some coal
1.280m ta 2.00m Fill StIff, Hght brown, sty clay with brick. FILL

2.00m ta & .50m Clay/Sand Very stiff, brown, slightly sandy, silty, fissured CLAY with same fine

gravel (slightly laminated]. The fissures are mainly vertical and are
presant or a thin veining of firm, grey silty clay with fine rootlets.
Fraom E00m the chay contains thin laminations and light brown, fing
2AMND. From 5.60m the fissures are not apparent, the clay & very sity
and laminated,

f.50m te B.00m Clay Firm to stiff, brown, veiny, silty, laminated CLAY with layers of silt and
fiie sand, Clay i aoft from 7.20m

#00m to 10.00m ikt Very soft, brown, cliey SILT with soma fine sand containing thin
sand banks and pockets of clay

10.00m te 10.20m Silt Yery coft, brown_ clayay SILT

10.20m to 15.60m Clay Firm to stiff, brown, silty, sandy CLAY with a litthe fine to mediom
gravet, 13.75m o 18, 70m clay iz firou From 14, 70m clay is stiff.
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STAGE TWO — REVIEW OF HISTORICAL DATASETS

Sources of Information Consulted

The following primary information sources have been used inorder to establish the background UX0 thieat

6 Alpho's Arimuth Database;

Hame Office WWI Bamb Cansus Maps;

WWI and post-WWIL aerial photography,

Oifficial Abandonsd Bomb Register;

Infarmation gathered from the NMotioaal Archives al Kow,

Historic UXD information provided by 33 Engineer Regimenr (Explosive Ordnance Disposal) &1 Corver Barrocks,
Wimish.

[ SR N

Patential Sources of UXO Contamination

in general, there are several activities that might contaminate a site with UKD but the three most commen waeys are:
legascy munitkons from militery training/esercises, dellberate or sccidental dumpling [AXG) and ardnance resulting
from war Mghting activitles {also known as the Explosive Remnants of War [ERW]),

During WL, the Luftwaffe undertook bombing campalgns all over the UK. The most commaon type of UXD discovered
today is the aerially delivered high explosive (HE) bomb, which are comparatively thick-skinned and dropped from
enemy aircraft. [f the bomb did not detonate when it was dropped, the force of impact #nabled the UXD to penetrate
the ground, often leaving behind it 4 UXB entry hole. These sntry holes were not always spparent and some went
unreported, leaving the bomb buned and unrecarded. Mare rarsly, additlenal ferms of German UXD are occasionally
discoverad including fnter pfip V1 and V2 rockets Incendiary Bombs (IBs), and Anti-personnel (AP} bomblets.

Although the Lufnwaffe had designated primary bombing targets across the UK, their high-altituds night bombing was
nat atcurate, Asa result, thousands of bulldings were damaged and civilian fatalities were common, Bombs were
glso jettisoned over opportunistic targets and residential aneas were sometimes struck

Ag the threat of imvaskon lingered over Beltaln during WWII, defensive actions were undertaken, The Brtish and Alled
Forces requisitioned large areas of land for military training and bomb storage (including HE bombs, naval shells,
artillery and tank projectiles, exploanves, LS54 and 5A4A), Thousands of tonnes of these munitions were used for the
Aflied Forces weapon teating and military training alone. it has bean estimated that at least 20 per cent of the U
lard has been wsed lor miltary training al some poink.

The best proctice guide for dealing with your LUXO risks on tand [CIRES publication C681) suggests that approximately
10 per cent of all munitions deploved failed to function as designed. ERW are therefore, still commonly encountersad,
pspecially whist undertaking construction and civil engineering groundwork,

Furthermore, in exceptional circumstances, UKD i discovered unexpectedly and without apparent rational
gxpanation. Thers are several ways this might eocur

& When Luftwaffe aircraft wished to swiftly escape e.g, from an aenal attack, they would jettison some or all of
their bombs and Ree. This s commonly referred to as tip ond rud and It has resulted in bombs being found in
unexpected locations;

# Trapsportation of agpregate containing munitons to an area that was previowsly free of UKD, usualty ralsted
o construction activities employing materal dredged from a contaminated offshore borrow site,

&  Poor precision during targeting {due to high altitude night bombing amd/or poor visibility) resufted in bamis
landing off target, bt within the surmbunding area,

& [Aritish decoy sites wede also constructed to diellberately cause incorrect targeting. For obviols reasans, such
sites were often bullt In remote and uninhabited sreas

fi Alpha #raject mumbnr: 8004 b TR T ALC D il - = () BAA B B2
Landmark Qrder Mt 245406068 1 B euktomeriarscefenpireehank, ok
[hany Rofergnge: PO 3671 - &



Study Site History

From an analyils of the C5 and 05 histoncal mapping asodated with the Study 5o, the follawdng history can be deduced;

1899 £5 Map The Study Site wat lecated in an undeveloped rural srea. The Study Site did not consist of any
structures, afthough a road ran throagh the northern section of the Study Site and Coed-Aben
Woods was located In the central and southerm sections of the Study Site

1914 C5 Map The road in the northem section had been laballed Redwither Lona, and a Tonk had been bullt in
the sauth eactern section

1938 €5 Map Changes were not recorded at the Study Site,

1961 O5 Map A number of structures apparently associated with AOF Wreshom and previously located on-site
had been demaolished.

1979 Of Map Tha remaining on-sie structures were demolished, aside from a structure in the south sastern

section, Coed-Aben Woods had been mosthy Cleared

1982 05 Map All remaining sructures on-site had been cleared, and the Study Site was now part of Wrexham
fraustriol Extate, A road had Bean built which ran through the central and southem sections of
the Study Site

1946 05 Map & small structure, possibly part of an Electricty Sab-Stotion was bullt in the northern section of
the Study 5ite. Two Drolns were constructed which partially imizrsected the south-sastem
sactinn of the Study Site

1989 05 Map The road running through the Study Site was labelled Chwedog Rood North
1994 05 Map Changes were notl recorded at the Study Site,
2006 05 Map Changes wefe nol recorded at the Study Site.
2020 05 Map Changes were not recorded at the Study Site.

Wwil Bombing of Wrexham

During WWII, Wrecham was subjectod to fow aerial attacks however, o succession of air raids between 28™ August
and 1" September 1940 inflicted moderate levels of damage to the town and the surmounding area. The ralds were
attributed to the large-scole attacks on Liverpool and Manchester, in which the town of Chester was subjected to
multiple air raids. The Auabon Mountain range (located to the west of Wrexhom) was extensively bombed during this
period, with an estimated 2,000 bomb strikes recorded within the area, which caused fires that enveloped twenty
eight square miles [7,2515ka) of moorland.

Following these attacks, a defensive group was established to protect the northwest region from Luffwaffe sttacks
The defences invalved extensive reconstruction and developmant of Wresham Airfield between December 1940 and
June 1941, which included the construction of concrete runways and all-weather lighting. The primary role far the
fightor squadrons based at Wrexham Alrfleld was to defend Liverpool and Manchester, as well a3 Roya/ Ordnance
Foctory Wrexhom located to the southeast of the town. Despite these sporadic attacks on the town, Wraxham was
considered relatively safe, with mamy evacuees having been relocated to the area

WWII Luftwalfe Bombing Targets (Figure 4)

Prior 1o 'WWII, the Luftwoffe conducted numerous serial photographic reconnaissance missions over Britadn,
recording key miitary, industrial and commercial facilities far attack, in the svent of war. In addition, loghstics
infrastructure and public s=rvices; such ag railways, canals, power stations, reservoins, water and gns works were akso
considered viable bombing targets.

Luftwaffe aerial reconnalssance photography associated with the Study Site identified the ROF Wrechem complex
[located on-site) as a primary bombing target.
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WWI HE Bomb Strikes

During WWIL, ARPF wardens complled detailed logs of bomb strikes across thel respectivie districts. However, ARP
records asspcigted with the Study 5ite did not note any HE bomb strikes within it. Nonethebess, further research did
nal identify any bamb strikes on-site, or within 1,000m of the Study Site boundany. Furthermaore, whilst 1Bs may have
fallen within the Study Site, they fell insuch large numbers that sccurate record kekping was elthér non-gxistent ar
perfunctory therefore, their prospective presence cannot be gither corroborated or discounted.

In pddition to IBs and HE bomb strikes, during the latter part of the war when serinl bombing had skignificantly
dlechned, the makn threat came from V type wiapons. V1 and V3 rockets were thin-skinned, unmanned and inesccurate
weapons. Desplie this, there is no evidence 1o UREEST that the 5[!.!.;!-'.' SitE I:r_rr li% irmmedlate vicindby) was mhjuﬂud %]
rockets strikes during WiWII

Thi potentisl penstration depth of an UXB wos dependent on 8 number of factors incduding but not restricted to
Those prior (o :.‘tﬂklr'rg the o nd g Wll}-l:il'.' grd anentation of the UXBE which in turm will be influenced on factors
such as the release altitude from the aircraft and encounters with infrastructure during its fall; those encowuntered at
the point of impect e was the impact on concrete, grass, water etc and finally, the below ground level conditions
which were enoountered such as Infrastructune &g, services, bassmants, foundations, and geology e.g. made ground,
clay, sand, efc. Further, a3 the UxS penetrated the ground, itf's velocity naturally slowed wherns, It gither came 1o an
gbrupt stop g, against foundations oF would continue for 10°s of feet along a route of least resistance which often
resulted in a curving of the trjectery back towards the surface. Thisis known as the ") Curve® effect and often resulted
in-a conslderable horltontal off-set from the polnt of entry. This is often the reason why UXBs have been discovered
against or under the foundations of bulldings, which were presant durng WWTH, or many meters from the point of
impact

WWII Bomb Damage

Official bomb damage mapping assoclatad with the Study Site was not avallable, It sholld be noted that i Is likely
that bomb damage records associated with AOF Wrexhom were recorded privately and not refeased into the public
domain &3 & matter of netional securty, Nonetheless, an analysis of post-war mapping and further research of
historical records did not identify any potential bomb damage on-site or in close proximity (o it

WWII HE Bomb Density (Figure 5)

The Study Sité was located within the Wresham Rural Dvsericf, which recarded one HE bomb per 100 hectares, & very
low bevel of bombing.

Abandoned Bombs

An examination of the official abandoned bomb records did not identilty any abandoned bombs on-dite, nor within
1,000m of the Stisdy Site boundary.

Records of WA UXE Disposal Tasks

Civll defence records did nof Id:nhﬁr any LINHE disposal tasks in Wresham Rura! District within 1.000m of the El'l-ld]'
Site fram 1940-45, Howewer, il is known that these records are incomplete, some having been destroved by Luffwoffe
pction during WwWil,

Records of Post-WWII UXB Disposal Tasks

An examination of the post<wwil BDO tasks assoclated with the area has not identified any BOD operations within
the Study Site ifself, nor within 1,000m of its boundary,
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Pre-WW!| mapping (193B) associated with the Study Site shows that it was located within an undeveloped rural area
during WWII, with the Study Site tielf consisting of mainky undeveloped graund, slthough Redudther Lane was lacated
in the northern section, Coed-Aben Woods in the central and southern sections. However, an analysis of Luftwoffe
aerial photography suggests that explosives warehouses and other structures were located on part of the Study Site
—or in very dose proximity to it - during WWII that were associated with the ROF Wrexhom. As a result, it is considened
plausitile that the Study Site may have been mspected for UX8 entry holes following any raids

Military Activity

The Studly Site comprised ROF Wrexhom during WWH, which was approved for eonstruction in 1939, During W\, it
primarily produced cordite. an explosive propellant used in shelle and amminition, theugh other munitions/chemical
#gents may alas have heen praduced or skorad thera. When past-war production coased, ROF Wraxhom wasno longer
needed and was swubsequently shut down once hostilties ceased [n 1945,

I'he site for ROF Wrexharr was chesen for 2 number of reasons, including its rural location and distance from maintand
Europe - which largely placed it outside the range of the Luftwaffe bombers. The site of ROF Wrexham also possessed
impressive milway links to other munitions faciities in South Wales and a good supply of labour was availabie in the
local area.

The cite itsalf comprisad approximately 1,730 acras (700ha), with the comples spread over large area ta minimise any
darmage from aerial attacks, The structures themselves were built 1o withstand incendiary and high explosive blasts,
although there is no evidence that ROF Wrecham was ever hit by aiy bomb strikes during Wil The site was also
defended by numerous pillboxes, a5 well & by RAF Wrex i,

Because the Study Site was located within the former grounds of the A0F Wreshom camples, it s considered possible
that munitions, and materials involved in munitions production, were manufsctiured, located, or stored on or nEsr
the Study Site during WWIL. It was common that munitions were buried at formear military facifities and were often
abandoned at the end of the war, known as Abandoned Evplosive Ordnance (AXD),

In addition, four pillboxes were identified, 805m (o the south-east, 935m Lo the sputh-east, 995m 1o the east and
995m to the south-east.

Sources of UXO Contamination

The most probable UXO threat items are AXO/1LSA/5A4 and munitions materials associated with ROF Wrexham which,
if present, are likely to be sncountersd in previausly undisturbad ground to dapths of circa 2.0m. German HE bambs,
IBs and British AM projectiles pose o redldyal threat. The conseguences of Inittating Garman HE bombs are more
severe than inltlating 184 ar AAA projectiles, and thas they pose the greatest prospect ve risk 1o Intrusive works.
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STAGE THREE — DATA ANALYSIS

Vanabls

Result

Commaeant

Wasthe area conssdered to be a
primary bombéng target?

Was the Study Site ar the immediate
area bombed during 'WWI?

Did the Study Site or the immediate
area experience bomb damage?

Was the greund undeveloped during
WP

Would the footfall have baen high in
the area?

Would a UKB antry hole have been
abserved during WWi?

Hawe military personnel sver
pocupled the Study Site?

Waould munition: Have been
manufactured, stared and/or fired
from the Study Site?

Would previous intrusive works
have removed the potential for UXO
1o be present?

Are proposed ntruthe works liely
ta extend inbo nrevioosly
undsturbed greund

Is there potential for an unplanned
ancounter with LN to oeclur ril.rl':il'lg

propased Intruskve works?

Does the grobability of LIKED vary
geroas the Study Sited

€ Ot

<

X

The ROF Wrexhom comples (located on-site) was identified asa
primary hambing target

ARP records were not available

There s no evidence of bomb damage an-site.

The Stuchy Site consisted af ROF Wresham, although soime
undeveloped ground was lecated on-site,

Giheen that ROF Wieshom was lecated on-site and in the
irmmiediate sicinity, i |5 el that footfall waeuld have been
high.

Chiver ROF Wieshiom was locsted on-site, it iz considers=d likaly
that thie Study Site would have been subjected to inspactions
far UXE entry holes following any raids.

The Study 3ite comprised ROF Wrexkom during Wwi - it
appears that explosives warehouses were located on-ste,

Gheen that explosives ware houses were locaied on-site, it s
Iikely that munitions, of materals involved in munitions
production, were manufactured or stored from the Study Site
Munitions were aften buried and abandoned near former ROF
sites

The Study Site has been subjected to some redevelopment
post-WWIl therefore, itis Tikely that any USO within post-war
disturbred and developed ground would potentially have besn
discovered and remaved, whilst the surrounding areas rémain

extant.

Lome areas of the Study Site kave remained undeveloped since
W and therefors wome propossd works will lkely extand
Into provicushy undisfurbed Ern-l.mr,l

Given that R0F Wreshom was lncated an-cite during WWIL It i
conssdefed possibie for an unplanned encounter with LIXD o
QCCur

The prohability of discovering UKD within post-war disturbed
and developed ground i considered ta be remote, however,
the probability of UKD discovery within all previously
undisturbed areas of the Study Site 14 extant.

ot isual indicator as feowhelher the data analyds ha

1 erach queest ion concerning the pober bl for L
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STAGE FOUR - RISK ASSESSMENT

Threat ltems

The most probable UX0 threat items ane AXNO/LSASAA and munitions materials associated with A0F Wresham which,
if present, are likely to be encountered in previously undisturbed grownd to depths of circa 2 0m. German HE bombs,
i85 and Artish AAA projectiles pose & residizal threat. The consequences of inktiating German HE bombs are more
severe than initisting B4 or AAA projectiles, and thus they pose the greastest prospective fisk 1o intrusive works

Bomb Penetration Depth

Considering the ground conditions (highlighted in Stage 1), the average BPD for a 350kg German HE bamb |5 assessed
to be approximately 6m ogl, with the madimum BFD considered to be spproximately 15m bgl, although it is possibla
thiat the Luffwolfe deployed larged bombs in the area, their deployment was Infreguent, and 1o use sueh larger [or
the largest] bomba for BPD caleaitions are nob juctiflable an either technical or Flik management grownds

WO German bombs have 2 greater penetration depth when compared to [Bs and AAA projectikes, which are anlikely
io be encountered at depths greater than Im bgl, However, due to the *) Curve”™ and the potential for structores 1o
impede the penstration into the ground, HE bomks have been-discovered at much shallower depths than the average.

Risk Pathway

Giveén the types of UX0 that might be predsnt an-clte, all types of aggreschae nbrushe snginesring activities [l @
investigat lve groundwarke) may ganarate o significant rigk pathway. Whilsi not all UXO encounterod aggressively will
initiate upon contact, such a discovery could lead bo serious impact on the project espacially i terms of critical injury
tr personnel, dammage to eguipment and project delsy.

Prospective Consaguences

Consequences of UKD initiation nclude:
Fatally injure personnel;
Severs damage to plant and sguipment,
Brellver blast and tragmentation damage 1o nesrty bBulldings;
Rupture and damage underground tiities/services
Conseguences of UKD discovery include,
1. Delay to the project and hight;
2. Disruption to bocal commiwnity/mifrastructure;
1 The sxpenditure of addfional sk mitigation resources and EQD clearance;
4, Incurring additional time and cost.

UXO RISK CALCULATION

i R PURE My

S5ite Activities

Although there & wame varation In the probability of encountering and Initiating tems of WD when conducting
different types of intrusive activithes, @ number of investigative methodologes have been described for anahysis at
this Site, The conseguences of Initiating UXO vary greatly, depending wpan, (nter affc the mass of HE in the UX0 and
how sggressively it might be encounterned. Far this reason, 6 Alpho has conducted separate risk rating calculations for
gach investigative methodology that might be emploved

Risk Rating Calculation

6 Alpho's Semi-Quantitative Risk Assessment assesses and rates the risks posed by the most probable thregt hems
when conducting a number of different activitles on the Site. Kisk Rating s determined by caloulsting the probabllity
ol encowntaEring UL and the conseguencas of Initiating i
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LIXD Risk Caleulation Table - All Araas

Activity Threat ltem Frobability Consequence Risk Rating
|SH+EM=F} (B PSR=C) (R C=-RR)

Trial Pits HE Bambs

AAL Projectiles B L F+1=4 Iﬂlii-
IB4 D+2=1 J+1=4d Zndul
AXOLSASSAA F+1=h 3+2=5 5x5=15
Window Sampling Rel8nle D+3=3 3+2=5 In5=15
| Dl

AAA Projectiles D+3=3 141=4 Ixd=12

I D+3=3 341mi Ixar12

Boreholes HE Bomibs 0+3=3 I+I=h IxSmis
Aan Projectiles p+i=1 3+1=4 Ind=12

IBs

AXO/LSA/SAA

fHistory 15H]L Engineering Methodolopy (EM |, Prabatulity (P Depth (2, Cr

Proximiliy W0 Sensibive Receptars (PSR and Rick Rating (R E)
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STAGE FIVE — RECOMMENDED RISK MITIGATION MEASURES

Do the ground conditions support a geophysical UXO survey?

Mon-Intrusive Methods of Mitigation — Magnetormeter results may be affected by fermo-magnetic contamination due
to previols construction sctivithes and made ground within the Site.

Intrusive Methods of Mitigation - Intrusive magnetometry may be effective on this 5Site, prior to boreholing
especilly, However, any ferrous metal/red brick coptamination in made groundfoid foundations may affect the
detection capability of the UXBE survey eguipment, as it passes through the contaminated laver especlally.
Nanethelass, beyand the contaminated strata such a survey should prove effective

Mitigation Measures to Reduce Risk to ‘ALARP

Final Risk

Activity Risk Mitigation Meaasures Rating

1. Dperational UXD Emergency Response Plan: appropriate site management
documpntation thould be held ansite t6 guide and plan for the actions which
should be undertaken in the ovent of a suspecied or real UX0 discovery (this plan
gan be supplied by & Alpha);

2. U0 Safery & Awarenass Briefings; the briefings are assential when there is a
possibility of explosive ordnance encounteér and are a vital part of the genaral safety
requirement. All personnel working on the site should receive a briefing an the
Mentification of a UXB, what actions they should take to keep people and
equipment away from such a hazard and to alert site management. nformation
concerning the nature of the UXB threat chiould be heid in the site office and
displayed for general information on notice boards, both for reference and as a
reminder for ground workers: The safety awarensss briefing is an essential part of
the Health & Safeiy Mo for the site and helps o evidence conformmity with the
principles laid down B the COM reguiations 2005 (this bref can be delhvered
directhy, or in some cases remotely, by & Alpha)

3, ;. Non-ntrusive MO Survey and/or EOD Engineer in the Watching Brief Role;
Where ‘opan’ intrusie waorks into previously undisturbad grouand are proposed and
whiare the oxtent is considered to be within the capabilities of non-mtrusive UKO ALARP
survey eguipment and implementation of this s assessed as likely o prove
Trial Pits into gifective, a non-Intrusive geophyeacal UKD survey should be trialed and, IF [ prosies
Prieviowshy successiul, should be employed to survay sike-wide, or In specific ameas whera
ndisturbed open’ mirosive works are to be implemented to identify for signs of sub-surface
Ground anomalies which may model a5 the target UX0 in advance of said works, I the
sirvey proves partially or whaolly ineffective, an EQB Engineer shoukd be presant in
the UN0 Watching Brief rale to monitor angoing 'open’ intraibee works to identify
any suspitious items that may be UXB or UX0 related (this service can be provided
by & Aipha)

4. Intrusive URO Survey; Where "blind’ intrusive works into previously undisturbed
Window grovnd are proposed, -an  infrusive LUXD  furvey  (emploving - down-hole
GG EEL L magnetometer of MagCone technigues) & strongly recommended, Such a survey
TR should extend to the assessed overage bomb penetration deoth or to the maximum
Previoushy gepth of the warks, whichever & ancountersd first, or until gealagy is encountered
Undicturbiod thraugh which it s assested o UXE would nat penetrate, to ldentify for signs of suib-
xraLirnd surfacs anomalbes which may modal as the targat MO in advance of said works
I:'lh-': sardice can bi prl:r.lirlt,-d |;|'||l & .-I'-Il'php:l

]
=

= by the Client, should 1he proposed works
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Figure One - Study Site Location
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Figure Two - Study Site Boundary
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Figure Three - Aerial Photography (2018)
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Figure Four - WWII Luftwaffe Bombing Targets
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Figure Five - WWII High Explosive Bomb Density
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APPENDIX C
Historical Site Features
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APPENDIX D
Borehole and Trial Pit Logs



CLENT _F1 Real Egtste Mensgemen
PROJECT MUMBER 5167432 —
DATE STARTED 55370 COMPLETED 5520
DRILLING CONTHACTOR

DRILLING METHOD _\Window Samplar
LOGGED BY PVJ

NOTES. _Slandpipe inpnled 1o Gm, Im plain, Smektsd,

5P Associaies

BORING NUMBER BH1

FPAGE 1 OF 1

o PROJECT NAME ‘\Wresharm |mcushizi Estats -Sitw?

PROJECT LOCATION _Wroxham

GRIOUND ELEVATION
GROUND WATER LEVELE:

HOLE SIZE

AT TIME OF DRILLING —

CHECKED BY

AT ENDOF DRILLING _—
AFTER DRILLING _—

MATERIAL DEECRIPTION

Taf, browT, Bity LAY wWith oocamional roois. | | opacd]

Firm b sfiM, erown CLAY (Glacad Till

= |

3 §§ - |8

: e

i ﬁ

- BFTHN@ Im=1t) ?
i L é

BT M 8 Im = 20

AN

aFT Mg Im = 72

N

AT M g dm = 23

NN

448

Firmm ta sliff. brown and grey motiled CLAY (Glasial Til)

JSELL WRETMEM WD UETRULL EXTLTE R -CNT ET0 AR F0T - TG

P

BERERAL BH FT

Holtom of bymhols & 4 4% malars




BORING NUMBER BH2

DEATH
[Tull
SAMPLE TYPE

GRIAPHIG
i

S5 Alpociaine. PAGE 1 OF 1
GLIENT _F1 Real Estats Menggaman PROJECT HAME _\Wrasham |ndusirisl Estate - Sie @
PROJECT MUMBER S1671-3 PROJECT LOCATION Wrasham —-
DATE STAMTED 530 _ COMPLETED 537D GROUND ELEVATION HOLE SIFE
DRILLING CONTRACTOR GROLUSD WATER LEVELE:
DRILLING METHOD _Windiow Sarmple AT TIME OF DRILLING _—
LOGGED BY _PVQ CHECEED BY AT END OF DRALLING _—
MOTES _Bershole ramsinad dry AFTER DRILLING — .
i
‘i TESTE MATERIAL DESCRIFTION

CERERS, W6 FTF VL Wemmaiedd el R rmes g5t T i) ot D a4 B0T 12880

aaz SuM, Gam brown, sandy CLAY wilh roola [T opsoil

Firm to s, Brown CLAY {Glaoml Till)

g T %
W | e m=an \F
3.
N . % Jaun
i Y| sFTH@ams 7
= g
; T s %
& : f:'
B | st Ngame 1T [ "
i ‘| set g sma 1 %
B 7
B . BRT

BFT N EBm= 21

Firm b0 wiif, bapsan and gray motlled CLAY [Giscial T

= T T T A T

Firm 1o a4ifl, bicwn GLAY (Glacal 1)

~ Firm, beawn CLAY (Gaacial Til}

Eollcen af DOrENGIn LG 45 Mmeters




_‘_ BORING NUMBER BH3
SP Aspcciaies PAGE 1 OF 1

CLUENT _F1 Real Esfste Manggemen PROJECT NAME _\Wrexhar Indisirial Estate - Site 3
PROJECT NUMDER 516712 PROJECT LOCATION _Wresham

DATE STARTED 5320 COMPLETED _Si5:20 GROUND ELEVATION HOLE SIZE
DRILLING CONTRACTOR GROUKD WATER LEVELS:

DRILLING METHOD _\Wingaw Samplar AT TIME OF DRILLING _—

BY _PYC CHECKED BY AT END OF DRILLING _—

NOTES _Slandpips snstated o §m, m plain, 4m slolied, AFTER DRILLING _—

TEETS MATERIAL CESCRIFTION

DEFT
()
SAMPLE TYPE
HLIMBER
GRAFHID
LMz

e
|5
g

g0 oM, brown CLAY wilh roots (Topsall)

Firm b 5tH, brown GLAY wilh occasional shale iragments (Giacial 1)

7. E———

Firr bax b beowm ﬁnT:| grey mottled CLAY {Sincal TAN

SAT M Tmo= v

SPTH g im=d3

(=]

EE

UL Firm. beown CLAY (Gacisl Tl

EPT Mg dm= 11

BFTH G bmw 12

.Na S K‘%\H\X&Km Q\ﬁ&g

Badtom of barehale gl 5 45 maten

[EREREL BH TTF I WELL WRERHLUM DIETRsAL ESTATE S @NT 5TD AAGOT 15950




CLIENT F1 Real Estale Managemant

5P Agsociaies

PROJECT NUMBER 51871 -2

DATE STARTED 730 COMPLETED _GOLEYD

DRILLING CONTRACTOR

DRILLING METHOD _\Window Samoler

LOGGED BY

Eul

CHECKED BY

HOTES Bammbobe resmened dry

BORING NUMBER BH4

PAGE 1 OF 1

PROJECT NAME _Wreshae industrial Estate-Ste2
PROJECT LOCATION _Wraxhim
OROUND ELEVATION HOLE SIZE
GROLUND WATER LEVELS:
AT TIME OF DRILLING _—
AT END OF DRILLING _—
AFTER DRILLENGE —

1AL EWTATE GFy GIMT 5T A4 T

ERAPHIC
LG

- SPFT

AT A am = 30

/s

1545

T

LE g% TEETS MATERIAL DESCRIPTICN

a

TS Hoaq  GON, dark brown, sandy SILT wilh GGCRSIONE] (0018 [Topsal)
[ Fifts, broran CLAT Wil DECASIoNE Tie Shoke lragmens (Glacal Tl
3 1 7
i -
1 100

| Fimrs, beoan CLAY (Glacial Tl
: ";:' SET Mg tm = 18 \
ny %
g "f" EFT N gD am= 18 2?;
l ?{};
i U0 1 spr ngam= 20 %
- :E:
[ '-F' SPT N dm = 11 %
- N

FEMESAL BH TR IWELL WPSEE R

Battom of borehole al § 45 metsrs




OERERAL 8H T 1 WELL WeEEHAM WOUETRIAL ESTATE GFJ ORT BT Ad G0T | 21080

BORING NUMBER BHS

SF BdanriglEs FAQGE 1 OF 1
CUENT _F1 Regl Estsle Managesmsn| PROJECT NAME Wresham Irdustnai Estale - Sibe 2
PROJECT NUMBER _51671-2 PROJECT LOGATHON _Wrexham
CATE STARTED _¥3T0 COMPLETED S3A20 GROUND ELEVATIDN HCALE SIZE
DRILLING CONTRACTOR GROUND WATER LEVELE:
DRILLING METHOD _Win r AT TIME OF DRILLING —
LOGGEDBY FVE CHECHED BY AT END OF DRILLING =
HOTES _RAorphois ramained gy AFTER DRILLING _—
TEETE zg MATERIAL DESCRIFTION
4]
A Boil brown LAY willh ocoasional rools [ Tapsall)
030
7 Sof ha firm, browe CLAY {Glaca] TH)
1 e el
Firm to sliff, brown and grey medlled CLAY {(Glocal TH)
ERT i m =43
EFT H g Im s 15 j"'
ang

SFT A Ima e

*»HK *hk

EFT W@ dm =48

N

GFT Wy bmow 20

Firm, beown CLAY (acial Tily

Bafinm of borehals & 5 45 melsrs.




5P Assncialas

CLIEMT _£1 Razl Exiats Manansrant

PROJECT NUBARER 51671 -2

DATE STARTED 127350 COMPLETED
EXCAVATION CONTRACTOR

127520

EXCAVATION METHCD _Trial it

TEST PIT NUMBER TP1

FAGE 1 GF 1

PROJECT MAME _Wravham Indusirial Estale - Sis 2
FRCOJECT LOCATION _WWexham
GROUMD ELEVATION
GROUMD WATER LEVELS:
AT TIME OF EXCAVATION —

TEST PIT BIZE

LOGGED BY PV CHECKED BY - AT END OF EXCAVATION .-
NOTES _Tral Bif schaieed dry, AFTER ENCAVATION —
£ MATERIAL DESCRIPTION

dark brown GLAYT wilh cocasonal roals (hWace Wroand)

Firm to stif. Brown CLAY with oocasionsl pockats of brown, ashy sand with s5mae boulders of concrats (Made Grourd)

Firm 1o 8181 brown &nd grey matmed GLAY (Gneiml 1)

SERERAL B (TF ¢ WELL \WFEDDHAM INTRIB TR, ESTRTE 574 (T [T Ad GDT B4GT

Baflom ol besl pR a2 2 30 melsrs




GERERAL BH /TP P WELL RErkdl WOUETHIAL SSTATE OF) GRIT SO 44 GOT W40

| 2P Asspciaiss

TEST PIT NUMBER TP2

PAGE 1 OF 1

EXCAVATION METHOD Trial Fit AT TIME OF EXCAVATION o~

| CLIENT _F1 Raal Estits Masansmant PROUECT MAME _Wiaxham Indusirial Estase - Site 2
PROJECT NUMBER _51677-2 PROJECT LOCATION _Wrexham

DATE STARTED _12/320 COMPLETED 127320 GROUND ELEVATION TEST PIT SIZE
EXCAVATION CONTRACTOR GROUND WATER LEVELS:

LOGRED BY _PWE CHECKED BY AT END OF EXCAVATION —
HOTES _Trisl Pit reenpined by, AFTER EXCAVATION —
&
: a
Ei i a MATERIAL DESCRIPTION
010 Goll. dack brown LAY Wity DLcasane! ook (Mace Ground)
(- Firen b giiff. brown CLAY with same brick and concrete fragmants (Meoe Graund)
e
i Fitm to #1iF, brown motsed grey CLAY (Glacisl Til)
2
&0

Balicen of =l pr gt 2 50 meben




1 TEST PIT NUMBER TP3
5P Assocates PAGE 1 OF 1

ELIENT _F1 Rual Eslate Mansgsman PROJECT MAME _\Wresham Incughipi Eglate - 5082
PROJECT NUMBER _S1871-2 PROJECT LOCATION Wraxham

DATE STARTED 123070 COMPLETED _127E0 GROUND ELEVATION TEST PIT SIZE

EXCAVATION CONTRACTOR GROUND WATER LEVELS;

EXCAVATION METHOD _Trial Pit AT THAE OF EXCAVATION -

LOGGED BY _PWC CHECKED 8Y AT END OF EXCAVATION —

NOTES _Tral Pil semained dry AFTER EXCAVATION —

MATERIAL DESCRIFTION

DEPTH
{mi

Saft, dask Brown CLAY wih occasional rools (Made Groond)

Soft 1o P, beeewrs CLAY wilh s0ma baulders of concele, some brck regments and occasonal shale and fine coal
fragmanis (Made Sround)

Firm to ghif, brown mo®iad gray CLAY (Glacsial T

Batiom of best pk a2 2.23 metars

GIMERAL BH TP P vl WWHEXHSM P




SERERAL BH I TF | WELL ‘WRESSAN INDUHTH AL EETs TE GfJ ONT ET0 A4 OIFT IS

TEST PIT NUMBER TP4
SF AnEelames PAGE 1 OF
CLIENT _F1 ReslSelats Managemend PROJECT MAME _\Wresham Indusirial Estals - Silg 2
PROJECT NUMBER _51671.37 PROJECT LOCATION _Wraxham
DATE STARTED 15420 COMPLETED 12340 GROUND ELEVATION TEST PIT BLEE
EXCAVATION CONTRACTOR GROUMD WATER LEVELS:
EXCAVATION METHOD _TRial Pit AT TIME OF EXCAVATION —
LOGGED BY _FVC CHECKED BY AT END OF EXCAVATION -
NOTES _Toal Pl somaired dry AFTER EXCAVATION —

MATERIAL BEBCREIFTION

o, Gark CroAT LAY WITh 0CCasiona! rools (Mate Grosnd

Sof ta firm, brown CLAY wih cccanional beick ragrmants {Made Ground)

Firmm Lo 0, rowm ancl grey matsed CLAY {Slecial T

‘Bovim of 188t pt 8L 2.00 meles
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s Chemtest

Tha fght chimmistry (0 defver rasults

Deviations

In poconian oo Wi LRAR Foley om Deslalng Samples TFS BJ. Chomilasl hatsa § procetdern fo pnegs upgn receipt &f soch serple o competen lobormtsry el
ansast whehar Fa samge (8 sifacie siih negard io S mcusatsd isalis), This polisy s t rassectie helding limes apolied, can be sunsied upan
request The mason a sample i deciarnd o devialing @ cetaling baioe: Whero epplcatia the anabsis mmaing UKASMCERTs aoosdind bul the meuls may

b cOPgUTIMIsRG

Sample Ref:

Sample ID:

Sample
Laeatlon:

S mrmipbed
Diarba:

Deviation Coda{s):

Containars
Feceived:

QBA0L0

B

Site 7

O2-knr-20 20

Coloured
Winchaghor
1000wl

R

T R

Bibe 2

QE-Mar-a20a0

EPA Winl
40l

SRD040

BH1

Site 2

g =gur-20 %)

Pieztic Bottle
pleinnlip!

LI EY

Slim 2

(220000

Cilaungd
Winchasies
ACHHGm

SR04

AH3

Slie 3

Cd-Adar. 2030

EPA Vial
dlfim|

BAg0

BHl

Sle 2

Ra-Hdar- 00

Plashc Botte
000

Ba0odL

BH1

Sita 3

D M- 200

Coaloianasd
Winchesier

RO

BH1

Giln- 3

2 Mar- K

1000

Ay

EFA Vig
Al

BApoaz

BH

Sin 3

(2-Mar-20

Fieabe Boits
1 i

ELLE

Hi-e

Sha 4

D2-Mee-20E0

Crloured
Winchestar
1000l

SE00=43

HHL

Son 4

- - 200

EFA Vil
d4dird

Banned

BHd

G 4

N2-M - 2030

Plaalic Balile
1 G0l

HB00LE

A

e 5B

2-Mar-20020

Colewred
Winchesoar
J000mi_}

JB0DEL

She 58

O2-har-202 0

EFa Wial
A 0umi

JE0De

B=e 5B

2-Mar-J020

Plautic Batlle
TKIme

HEO0L D

s GB

Q-Mnr- 2020

Coloured
Winchasgtar
10y

Eli ]

She 6B

QZ-Mar-2020

EF&, Wlal
A0l

SE0045

S#e 58

OZ-AAar-2020

Plastic Boriin
fatami
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im Chemtest Lest Methers
Trein PPl o Fwir vk B cbivnt fede is
S0P TiEle Farameters included Wathod summany
1090 fpH Vaiue of Walers {mH nH Matiar
Elacirica Condustdty and
Elscince ConducivEy and Tois Disesivan
030 | Totst Cissctvad Solds [(TOS) R Coniustshdty Meter
Watars Sl (TEIS) i Walers )
Fluorida; Cheoride; Mirno: Mitrate, Total
&nions, Alkalingy & Ammoriem : : Asitgmaied coloremetng anolysis usng
1EH (T
i W ﬂ:ﬁFhT:FHMLMFm “Amugiban GO0 Dibcrate Anahasr:
Cyariches & THogyaneis in Fras for sy Hbemalabie] Cyanide ol
300 |y iwrs Cyaride, complis Cpanide; Thioeymats Corfinuas Flow Aratysss,

16

Caticns in VWatsm by ICP-MS |El::|lu:rr|: Polassiom, Calcien: Magnesium

Dwmct detarmination by induetlsly soupbasi
RREME « MERE Fpecircemesry |(FEP-ME L

HAED (et n Walers by ICP-LES

Metals, nciadng: Anlimony; Amseni:; Barum;

Beryliiem; Boran; Cadmium; Chromium; Cobal, |Fiarstion of samples followed by diract

Copper; Lead; Manganresa, Mancury.
ding

dulsminaten by induclively cousled plaara

Mfpbienum Hokel, Sslenius; Thy Venaduen, (mess smCTmalry [ICP-AS).

Tokal Pelrofpum Hydrcartsana

TPH (CB-CAD); apticnal carben bending. e 5. 3

ChHomphencs ane exciuded

mm.fl’FH_llrlwmel; FID band —GRY. DRO & LRO Pantans axtracion | G5 FID dadection
Acenaphinesa, Acanaphiryiene, Aninracore:;
Berzajs]Anttracene: Bereo]sfPwenn;
Specinbed Pofyruiriear Benzalb]Flusranibene; BonzolghlPerdens: Cichinromathans maraction § GE-FID (GEFID
1700 §Arcmatic Hydrocodions (PAH) |BenrakiFlucraniens, Chrysena, deiechian is non-seieclive and £an De suniscl o
in ‘Waters by GC-FID Dibanz{sa)Anthracens, Fomntherss; Fluomne; linberfarmce from so-ghiting compoanca)
Irsare] 123cd|Pyrere; Maghthalene,
Plranaihnang, Fyrens
Vosatie Drgan Gumpounds  [Velathe organic compounds, incluting BTEX,  |/\iemated headsnsce gas chmaiographic
(GC) mnnlyes of walar saimphes with masa
1760 |(YOCa) In Wainrs by ard halggetieg Alphaic Sromaiass. [of
|II sttt thits USEFA Mothod 8280) spacirametnc [MS) delection of wisthe organc
Compounds
Zemi-valatiip Organic
1780 [ Compourids (505 in Semkyoiaiile organic compounds Sotveril BxliBcion | GCMS. delsciim
Watars by GC-MS I
Phenclic compoimnou including: Phenal, Diobarminuion by High Parfoamancs Ligud
1921% |Prenols in Waters by HPLS Crescis, Kylencls, Timalrdphanats Noiw: Crrmaingrmnhyy {HPLE) using alesiraehenical

rpieclion
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iw Chemtest

Tre= g choeremiy 10 OoinoT Fesedts

MCERTS and UKAS acimdied
Lin@ceredited
This analys:a has Deen subconlracled o a LUKAS accredited |abaratary that is accredited for this analysis
SN This analysis has been subcontracted to.a UKAS accredited labaratory that is not accradited for this analysis
T This analyss has been subcontracted to an unacoredited laboratory
IS - Insufficient Sample
UfS Unsuitable Sample
ME nol avaluated
< "lags lhn"
= "graatar than"

Hay
U LIHAS accredied
M
Il
5

Comments or mtarpretetions are bayond the scops of URKAS accreditation

The results relate only o the Hems tested

Uncartainty of measurament for the detarminands tested are available upon reguest

Mone of the resulls in ihis report have baan recovery cormected

All resulls are expressed on a dry weight basis

The fellowing 1ests were analysed on samples as recelved and ihe results subsequantly correcied to a dry
waight basis TPH, BTEX, VOCs, BVOCs, PCBs, Phendis

For all ather tests the sampbes were dried at < 37"C prior o analysis

All Asbestos testing is parformed &t the indicated sboratory

|ssue numbers e sequential starting with 1 all subsequent reports are incramented by 1

Sample Deviation Codes

A - Date of samping nol supplied

B - Sample age exceeds stability time (sampling to extacion)
G - Sampls not received In appropriate containers

T = Broken Comiainer

E - Insufiicient Sampla (Applies to LOI in Tromme! Finas Only)

Sample Retentlon and Disposal

All scll samples will be retained for a perlod of 45 days from the date of recaipt
All water samples will b2 retained for 14 daya rom the date of receipt
Chargas may apply 10 axtended semple storape
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Tree nighi chemmmsiry 2 Goiver iesHis

Choortoot Lid,
Depot Rend
Muwmarked
CBE DAL
2183 Tail: &1638 666070
= Email; infoEchomtest.cam
Final Report
Report No.: 20-08553-1
Initial Date of lssue: 24-Mar-2020
Client SP Associates Lid
Client Address: 1 Market Place
Warwick
Warsickshire
CV34 454
Contact(s): Steven Peters
Project Water Analysis
Quaotation No.: 220-19849 Date Received: 18-Mar-2020
Order No.: Date Instructed: 18-Mar-2020
Mo. of Samples: 6
Turnaround (Wkdays): 5 Results Due: 24-Mar-2020
Date Approved: 24-Mar-2020
Approved By:

-

=g

Details: Ghynn Harvey, Technical Manager
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i mecerdnnes wilth UKAS Poley on Deviating Samples TPS 8. C

i Chemtest

Tha righl chamisiry to delivar results

Devigtions

have o gr

Fu ja e Upen recniph of gech semple & competeT b emry shell

asgues whathor the saevpde b Sulabhs & regend 1o Me raguagisd eelie ], This pbicy sl e reppscibos holdng limes obed, can bs suppisd upan
resjuesd The mason o sampls s decdared @9 devardng & daialed below, Wiens spploatia tho analysa mmaing UEAEMCERTS seossd®nd ol the rmacia may

be compromiang.

Sampla Samplad F Containers
” 5 I / - 5
Sample ample Ref; Sample ID: R P Deviation Codels): R
Caloumad
ETE EHE Gie 2 LY Wirighaln
1000 |
EATE T i ShAm & |EFA Wl dl]rl'i“
Paatc Dollls
*
TR BHE Sip 2 s £ 000
Calaursd
SETEYS EHq S 3 A Winchesiar
1 DGl
HHTEIS Era LT | i |EPA ‘eal 40mif
Plannc Bolfie
PATES BH4 Sin 4 A 1000m|
Ciloiers==l
HATETE ERE Sde 2 A Wincheser
1 DGl
—
BATETE EHE Ste 3 B JER# ‘| d0mil|
Plastc Bettiz
7
BETEVE BHE Sae A 1000
Cokoured
BETETT BH1 e 4 A Winchesler
1 03 0eni
BETELT EHY Sead A |EB& \sal alimi|
Plnatic Bobis
TEIT ] d
SATET EH Sim A 100
Cokoumed
STEtE BHE Sa 4 A Winchester
1 D0l
BETETH EHE Soua 4 A |EF4, ‘\Aal acmi|
Gokauned
Ea7E1R EHE Sia 5 B Winchester
100 0enl
SaTEY EHE Sia o Y |ERA Vial 40mi|
Piastic Bolte
)
EaTEYG EHE Sia B A 4
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is Chemtest

The fgi choerresiry D debves e

Test Methods

W alars

Saolids (TS in YWistars

S0P Tithe Parameters Inchuded Maihod summay
114 |aH Valus of ‘Wakes pH el

Blechical Conduciiity sed
1020 | Total Dissolyed Sidids (TO8) In |5 vonl Conducihily snd Tote Cimsalved |00 it Mt

1270 Erione. Alkaleity B Armanium

Fluorite, Crioride; Milite; Milraie Talal
Credlsabis Nirpgen [TOM), Sulfsia. Phosphsis,

Automatod colonmetric snatysis using

III'I Wakes - Abalily, Ammanium ‘Aounkerm 00 Discrete Analyaar,
Cyanides & Thicoymnobe in Fies (or apay libevaiatie] Cysnido; otal
1340 I'ﬁ'm Cyanide: somplox Cyanide; Thiooyanain Cormmucus Flow Ansiyss.

1415 | Catlang & Waters by ICP-S

Sociem; Praassium, Cabcium, Magnsaiim

Direct delarminalion by induciively cougpled
plaET - mase spectiomedry {FCF-MS),

1450 [rdetals in Walar by ICP-MMS

Matals, including: Antimany; Amenic Barium;
Beryllum, Baran; Cadmicm, Chromium, Cobal,
Capper, Lesd, Manganess, Marcuify
Molybdenum, hckel, Salenium; Tinc Vanadium;
Zing

Fifiration of sampies iolowed by dioc
muss shecirometry (ICP-M3).

Tatal Potrodeum Hydrocarbons

"B | TPHY in Waters by GCFID

TPH |CH-Cal) oplional carben banding, aig.
hand - GAC, DRO& LRO

Partane astraciios ! G FIO detaction

AcEnaphinens; Acenspniviene. AnRrecana;
Batizm{aldnitvacans: Bandalayahe;

Spaceabad Polynadaar Barpa{bFluomanibene BanpolghiiPerbene; Dichigramaihane sxiraction | G0-FDEC-FID
STLO |Aromalic Hydnscadhens IPAH) |BenmdkiFlunranians, Chrssns daleckisn la pan-aalectve and can be sulpect o
In Waters by GC-FID Debsmiz{eh]Anthracens: Fluoranthens: Fluorens; |interfarence from co-alufing compounds
Irbeinef {2 3ed|Pyrena; Maphthaianag
Phanardhrane; Pyrene
Voiatie Organc Compounds Wilatie organic com pounas, inclucng BTEX Auigmated hasdapace gas chromatographic
{GC] anahysts of wainr samples with masa
ITEG |V OCa) In 'Walars by ard hafogeraied Alphaticomatice. (o, specironmeic [MS) debsclion of volils omanic
Headspaca 505 LEEEPA, Mothod H28)
coftpaunds,
Semi-\aolatile Organic
1750 |Compounds (SW0CE) i Sermil-wolatie argaric compaunds Bafvert sairaction | GCMS detscticn
Watars by GC-HE
Phenolic compoanda mouding: Pranol, Digtermingdbon by High Parormanca Liguld
1830 |Phienols in Wsters by HPLC Crmseln, Mylencls, Trmethiphenals Mals Creamalagrapty (HPLC ising] electrochambesl
Criamphanols are excludad chtectinn
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im Chemtest

T ngfl chorreding 0 Golhaes ik

Report Information

U UKAS acocredided
B MCERTS and UKAS accradeea
N Unsccridifed
5 This analysis has been subcontracted to a UKAS accredited [sboratory that |s accrediled for this analyss
SN The enalysis has been subcontracted to a UKAS accredited laboratory that is not accredited for this analysis
T This enalyss has been subconiracied to an unacsredited laboraiory
IS nsufficient Sampie
LS  Urnsuitable Sampla
ME nol ewaluated
= "lgss than®
»  Sgresker than®

Comments or ederpretations are bayond the scops of LIFAS socreditation

Tha rasults relats orly to the hems tested

Uncertainly of maasuramant for the determinatds 1ested are available upon regues!

Mong of $ie resulls in this repoart have bean recowvery cormected

All rezulls are expressed on a dry weighl basis

The followirg 1ests were analysed on samples as recelved and the resulis subsequently correcied to a dry
weight basis TPH, BTEX, VOCs, SVOGs, PCBs, Phenols

For all other tests the samples were dried &l < 37°C prior 1o analyss

Al Asbesios festing s parformed al the indicated aboratory

Isgue numbars are sequantiel starting with 1 8/l subseqeant reports are incramented by 1

Sample Daviatlon Codes

& - Date of samplng not supplied

B - Sample age exceads stability time {samplmg S0 extraction)
C = Sample not recelied in appropriate containess

[ - Brokan Caniangr

E - Insufficient Sampls (Applies to LO8 in Trommel Fines Onky)

Sampie Retention and Disposal

All soff samples will be retgined for a pedod of 45 days from the dele of eceipt
All waler sampas will be retsined for 14 days from the date of receipt
Charges may anply to extended sample storage

If you require extended retention of samples, please smad your Mguinements o
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i Chemtest

‘e nged chamgty O ooWasr msUts

3 E Chamtest Lad.
E 3 Dot Road
" 1 LTI EE
e CBS DAL
2983 : Tel: 1636 GEEOTE
e Ermsll: infedichamiast.com
Final Report
Report No.: 20-08021-1
initial Date of Issus: 21-Apr-2020
Chient SP Associates Lid
Client Addrass: 1 Market Place
Warwlck
Warsickshire
CWV34 454
Contact(s}: Steven Pelers
Project S1671-2 Wrexham indusirial Estate Site
2
Quotation No.: Date Recelved: 20-Mar-2020
Order No.: Date Instructed: 23-Mar-Z020
Mo, of Samples: 2]
Turnaround (Wkdays): 15 Results Due: 14-Apr-2020
Date Approved: 21-Apr-2020 Subcon Rasults Due:  15-Apr-2020
Approved By:
AR
Details: Giynn Harvey, Technical Manager
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i Chemtest

T 1agnl chustsElFy 5 clifrenit riseoils

Report Information

s

UKAS pocredited

MCERTE and LIKAS accredited

Unaccredited

This snalysis has been subcontracted to 8 UKAS accredited laboratory that ia accradited for this anatysis
This analysis has besn subconiracted 1o a UKAS accredibed laboratory that is nol acomedited for this analysis
This snalysis has basn sebeoniractad 1o an unacoradiad laboratory

Inzufficlant Sample

Unsuitable Bample

not evalusted

"less than™

"greater than”

Comments or interpretations are beyond the scope of UKAS accreditation

The rasults ralate only ta the tems tested

Uncartainty af measuramant for the detarminands lested are available upon request

Mone of the resifs in this repor have been recovery cormected

Al results are axpressed on a dry weight basks

The fallowing tests wene amalysed on samples a5 recsved and the results subsequenty comected toa dry
welght bagg TPH, BTEX, VOCs, S\VOCs, PCBs, Phenols

Far all olher tests the samplas were dried at < 37°C prior 1o analysls

All Asbaslos tasting is parformead at the indicated laboradory

Issue numbars are saquential slaring with 1 all subsaquent reports are Incremantad by 1

Sample Deviatkon Codes

A - Date of sampling not supplsd

B - Sample age exceeds stabilky Sme {sampling (o exiraction)
- Sample nol received in apgropriate contalness

D - Broken Containar

E - Insufficieni Sample (Applles to LOI in Trommel Fings Only)

Sample Retention and Disposal

Al snil samples will be retalned for a period of 45 days from the date of receipt
AR watar samples will be retained for 14 days from e date of receip)
Charges may apply oo exiended sample starage

i youw require exiended redantion of semples, please emall our reguiremeants jo!

O MErgarvic s,

PeEpa 1ol 3



APPENDIX F
Geotechnical Test Results



SCRCOTHL LTK, Limated

£ Mewiom Chase

Irigiunny Frahin livlssniial Gatai:

havezniey

warihants MM SR
lelephoees +44 (07 1327 TOIA2H

Spraipmle 8 G0 | A3T NS sn:ﬂT E:
gt SP Associates Lid Heport Mo 51035776
Ticnt Addross: | Market Place Hatch Number: DAMOITSZH9
Warwick
Waraickshire Client Reference: See Below
Yastoode: CV34 484 Sampled by: Client
~ontsct: Sreve Peters Diate Sampled:  Not Advised
Date Recelved: 20.03.2020
bite: LL13 9XE, Wrexham Tested From;  27.03,2020
Sample Typez BULK BAG
- : Wolsture % Passl
Laboratory Liquid | Plastic | Plasticity "
lon Conbent
Reference | WoCafion | Depth (m) Pucripon Limit (%)|Limit (%))  Index 425pm
{%a) (Estimated)
Firm SlightlySandy,
45366614 |Se2,BH1| 1.0-20 | ST 24 51 22 28 NR
Firm SlightlySandy,
45366515  (Ste2,8H2| 10-20 | [ WETAEIR, 21 40 24 25 NR
Firm SlightlySandy,
45366516 |site2,BHA| 10-2.0 | oo 26 52 24 N/R
Firm StightySandy,
45366517  |Ste2,BH6| 10-20 | o8 RN, 24 53 2 N/R
45366518 |Sme3. BH1| 07-1p | F™ m’ Grey 28 49 7 26 MR
45066519 |Sme 3, BHZ| 1.0-2.0 Firm w; Grey 24 50 25 25 MR
45366520 | Site2,BHB| 1.0-20 H‘“‘m"ﬁ""’ 26 53 25 28 MR
Firm ShightlySandy,
ARIEEEIY Slied, BH4) 1.0-2.0 J CLAY 21 48 a5 3 (L=t
45366522 |Sited,BH1| to.zp | T H‘m“"",r' [ Grmy 21 56 o5 30 IR
Vary Sofl Slightly Siity
45366523 |Sited, BH4| 10-20 Sandy Brown CLAY 27 5Q 24 35 MR
ample Prepomiion A Reseiviad

‘ertified thog (he Inboratory testivg sns oermed oo i acesndmes wath BS 13773 106 Method 1.2, 4.4 ond §

wprt | oefl

Inte Reporiod: 01032000

Signed

it

Fin aral i lesgal] pl SCRCTFTRL AVE Ddinled
AL Tl Ll ST ST I T P SR B L A ER e e

[ 12 Caiger - Molerialn Souinin b imsger
| X | 8. Hourton - Laboraiory Manager

Titme T T pmay pmey mat b pprasismnl ooy sk w1y ] [1IJE W00 Pl e @ ) et o L 5y A |
P TITIE TR il by gmad b | vppiomel By, JERESAT . Boppdyred | plas SATFTE | bwy ity Heasse Pab Aoteg Haw, e o T B0 s
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APPENDIX G

Dynamic Probe Results



5P Associates 51671-2

Wrexham Industrial Estate — Site 2
Dynamic Probing Results

DP1
DEPTH | GL-1 | 1-2 | 2-3
(m]
BLOWS | 19 2 | a5

DP2
DEPFTH | GL-1 1-2 2-3
(m)

Blows| 23 | 25 | 4

DP3
DEPTH | GL-1 | 1-2 | 2-3
)
BLOWS | 22 26 ET

DP4

pePe | GL-1 | 1-2 | 23
(mm)

DP5

DEPTH | GL-1 | 1-2 | 2-3
{m} !

BLOWS | 24 29 | =8

DPSE
BEPTH | GL-1 1-2 2-3 |
{m)
BLOWS [ 20 29 41

May 2020
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