
Former Waun Gron Road Depot
Proposed Mixed Use Development

Supplementary Controlled Waters Risk Assessment
Document Reference – 6272b.04.3151



This page is left intentionally blank



Former Waun Gron Road Depot
Proposed Mixed Use Development

Supplementary Controlled Waters Risk Assessment

Prepared for:
City of Cardiff Council

County Hall
Cardiff

CF10 4UW

N.B. Once issued this document is Uncontrolled, for the latest version and/or to confirm you have authorisation to use it please contact the
Earth Science Partnership at enquiries@earthsciencepartnership.com or by telephone at 029 2081 3385.

This document has been optimised for double sided printing and therefore may produce some blank pages when printed single sided.

+ 33 Cardiff Road, Taff's Well, CARDIFF, CF15 7RB ( 029 2081 3385
* enquiries@earthsciencepartnership.com www.earthsciencepartnership.com

Document Reference: ESP.6272b.04.3151

Revision Status Date Written by Checked by Approved by

0 Final February
2019

Danilo Bettosi
BSc (Hons) MSc FGS

CGeol CSci RoGEP
Professional

Danilo Bettosi
BSc (Hons) MSc FGS

CGeol CSci RoGEP
Professional

Giles Sommerwill
BSc (Hons) MSc FGS

CGeol RoGEP Specialist
SiLC

Signature:

Notes: 1. The status of this report is not final and is issued for comment only; as such, it is subject to change
therefore it should not be relied up on.  For a checked and authorised version please contact the
Earth Science Partnership.



Report General Notes

1) Earth Science Partnership (ESP) believes that providing information about limitations is essential to help clients
identify and therefore manage their risks. These risks can be mitigated through further investigation or research, but
they cannot be eliminated.

2) This report may not be used for any purpose other than that for which it was commissioned.

3) We have taken reasonable efforts to ensure the accuracy and reliability of the information presented herein.  Some
of this information has been obtained from third party sources and they are referenced as appropriate. Nevertheless,
no guarantee is provided on the authenticity or reliability of this information.

4) This report has been prepared for the sole benefit, use and information of the organisation named within the report
and in accordance with terms of the commission.  It has been prepared for the purposes detailed in the report only.
The report shall not be relied upon or transferred to other parties without the express written authorisation of the
Earth Science Partnership.  Hence no duty of skill or care is transferred to any third party.

5) The copyright in this report and other plans and documents prepared by the ESP is owned by them and no such report,
plan or document may be reproduced, published or adapted without their consent. However, complete copies of this
report may be made and distributed by the Client as an expedient in dealing with matters related to its commission



Proposed Mixed Use Development
Former Waun Gron Road Depot, Cardiff

Supplementary CWRA Final
ESP6272b.04.3151 - 0 February 2019

Contents

1 Introduction 1
1.1 Background ................................................................................................................... 1

1.2 Previous Assessments .................................................................................................. 2

1.3 Objective and Scope of Works ...................................................................................... 2

1.4 Report Format ............................................................................................................... 2

1.5 Limitations of Report ..................................................................................................... 3

1.6 Digital Copy of Report.................................................................................................... 3

2 Previous Desk Study and Report Information 4
2.1 Summary of Previous Desk Study Information ............................................................. 4

2.2 Previous Investigations and Assessments .................................................................... 5

3 Preliminary Geo-Environmental Risk Assessment 7
3.1 Phase One Conceptual Site Model ................................................................................ 7

3.2 Preliminary Risk Evaluation & Plausible Pollutant Linkages ......................................... 8

4 Implementation of Remediation 10

4.1 Introduction ................................................................................................................. 10

4.2 Remedial Works .......................................................................................................... 10

4.3 In-Situ Testing ............................................................................................................. 11

4.4 Observations ............................................................................................................... 12

4.5 Sampling Strategy ....................................................................................................... 13

4.6 Geo-environmental Laboratory Testing ....................................................................... 14

5 Results of Geoenvironmental Testing 15

5.1 Soils Testing ................................................................................................................ 15

6 Preliminary Controlled Waters Risk Assessment 17

6.1 Distribution of Contaminant of Concern ..................................................................... 17

6.2 Groundwater Levels .................................................................................................... 17

6.3 Preliminary Remedial Target Assessment .................................................................. 17

6.4 Preliminary Lines of Evidence for Natural Attenuation ............................................... 21

6.5 Conclusions of Preliminary Controlled Water Risk Assessment.................................. 22

7 Recommendations 23

Figure 1 Excavation Plan

Figures 2 - Monitoring Points (from 2016 & 2018)

Appendix A ESP Report 6272b.2573

Appendix B ESP Report 6272b.02.2678

Appendix C ESP Report 6272b.03.2986



Proposed Mixed Use Development
Former Waun Gron Road Depot, Cardiff

Supplementary CWRA Final
ESP6272b.04.3151 - 0 February 2019

Appendix D Geo-environmental Laboratory Test Results – Soils

Appendix E Geo-environmental Laboratory Test Results – Groundwater

Appendix F Remedial Target Methodology

Appendix G Results of PID / Petroflag Testing

General Notes

General Construction Advice



Proposed Mixed Use Development
Former Waun Gron Road Depot, Cardiff

Supplementary CWRA Final
ESP6272b.04.3151 - 0 February 2019

This page is left intentionally blank



Proposed Mixed Use Development
Former Waun Gron Road Depot, Cardiff

Supplementary CWRA Final
ESP6272b.04.3151 - 0 February 2019

1 Introduction

1.1 Background

The City of Cardiff Council (hereafter known as the Client) are proposing to redevelop the
subject site for with a mixed use development including, transport, commercial and
residential aspects. The Earth Science Partnership Ltd (ESP), Consulting Engineers,
Geologists and Environmental Scientists, were instructed by the Client to undertake a
supplementary geo-environmental investigation and assessment to identify and evaluate
potential ground hazards which could impact on the proposed development, expanding
on a previous exploratory investigation undertaken at the site. The site location is shown
on Insert 1 below.

Insert 1: Site Location Plan 1:25,000 (Ordnance Survey License No.: AL100015788).

THE SITE
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We understand that the development will comprise a significant cut exercise to reduce
site levels and subsequently accommodate the construction of roadways, pavements
and bus shelters.  The site location is shown on Insert 1 and the proposed development
layout is shown on Figure 1.  We further understand that the majority of the east portion
of the site has been set aside for separate mixed use development (including
residential) and whilst generally considered as part of these works, the detailed
requirements of this area are to be addressed separately.

We also understand that the geotechnical design for the scheme will include retaining
walls, foundations and reduction of site levels and this is all being undertaken by a third
party and not required of ESP.

1.2 Previous Assessments

Previous investigations for the current scheme have been undertaken by ESP at the site,
in September 2016 (Ref: 6272b.2573), December 2016 (Ref: 6272b.02.2678) and
June 2018 (Ref: 6272b.03.2986). A historic assessment was also undertaken in 2007
(Ref: 3944b.1292) by ESP when the site was repurposed as the Civic Amenity site that
has recently been decommissioned. Pertinent information from the previous ESP
investigation is included where relevant throughout this report with full digital copies
provided in Appendices A to C.

1.3 Objective and Scope of Works

The objective of the investigation was to obtain supplementary information on the
properties of the groundwater beneath the site following remedial works.

The scope of works for the investigation was designed by ESP within an agreed budget,
and comprised a review of all historical investigation information at the site, a
contemporary field reconnaissance visit, the supervision and direction of remedial
works, geo-environmental laboratory testing, an assessment of the risks posed to
human health, controlled waters, and reporting.

No assessment of any other geoenvironmental or geotechnical aspects has been
undertaken in this phase of works.

1.4 Report Format

This report includes a full review of all historical investigation and assessment
information and details of the investigation undertaken in line with BS5930:2015. A
preliminary evaluation of the resulting risks and any remedial measures potentially
required to mitigate identified unacceptable risks from contamination has also been
undertaken.

The assessment of the potential for hazardous substances (contamination) or conditions
to exist on, at or near the site at levels or in a situation likely to warrant mitigation or
consideration appropriate to the proposed end use has been undertaken using the
guidance published by CIRIA (2001).
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1.5 Limitations of Report

This report represents the findings of the brief relating to the proposed end use and
geotechnical category of structure(s) as detailed in Section 1.1.  The brief did not require
an assessment of the implications for any other end use or structures, nor is the report a
comprehensive site characterisation and should not be construed as such. Should an
alternative end use or structure be considered, the findings of the assessment should
be re-examined relating to the new proposals.

This report aims to address the risk to Controlled Waters only and no other
geoenvironmental aspects have been considered. Full reference should be made to our
previous report for all other aspects.

Where preventative, ameliorative or remediation works are required, professional
judgement will be used to make recommendations that satisfy the site specific
requirements in accordance with good practice guidance.

Consultation with regulatory authorities will be required with respect to proposed works
as there may be overriding regional or policy requirements which demand additional
work to be undertaken.  It should be noted that both regulations and their interpretation
by statutory authorities are continually changing.

This report represents the findings and opinions of experienced geo-environmental and
geotechnical specialists.  Earth Science Partnership does not provide legal advice and
the advice of lawyers may also be required.

1.6 Digital Copy of Report

This report is issued as a digital version only.
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2 Previous Desk Study and Report Information

2.1 Summary of Previous Desk Study Information

The information presented in this section was obtained from desk-based research
undertaken during the previous ESP investigation (Ref: 6272b.2573 - September 2016).
The following is a summary of the pertinent geo-environmental aspects and the full
report is presented in Appendix A and should be read in conjunction with this report.
Only pertinent Desk Study information has been repeated in the following section and
full reference should be made to our previous reports.

2.1.1 Site Location and Description

The site is located on the southern side of Waun-Gron Road on the western margins of
Cardiff.  The National Grid Reference of the centre of the site is (ST) 314764 177289
and the postcode is CF5 2JL. A Site Location Plan is presented as Figure 1.  The site
comprises a roughly triangular shaped parcel of land of around 90m length (north to
south) and 65m width at its widest point, on the northern boundary (east to west),
occupying an area of around 0.25ha.  It is presently occupied by a former recycling
facility.

2.1.2 Site History

Table 1: Review of Historical Plans
Date On-Site In Vicinity of Site
1881 –
1901

During this time, the site is indicated to be
predominantly undeveloped and part of wider
meadowland. A small structure is noted in the
north portion. A footpath is noted in the north
portion, trending west to east.
An area of marshy ground, is indicated at the
north  boundary  and  to  the  north  west.  A
footpath  is  noted  at  the  east  boundary  and  a
railway embankment forms the west boundary.
A road is present at the north boundary.

Immediately  bordering  the  site  to  the  west  the  Taff
Vale Railway trends north – south. 250m to the south
of the site, the Taff Vale Railway intersects the Great
Western  Railway  which  runs  from  west  to  east,
immediately north of the River Ely. Occasional
residential properties are present in the vicinity of the
site,  with  the  main  salient  features  being  a  brewery
and paper mill 500m to the southwest and southeast
respectively.

1901 –
1940

The  road  at  the  north  boundary  is  now
annotated as Waun-Gron Road. A main road is
now indicated at the east boundary and
identified as Western Avenue.

Development is indicated to the south and west and
comprises residential housing associated with the Ely
area of Cardiff. A tree lined slope is indicated from the
east  site  boundary  down  to  Western  Avenue.  This
road  crosses  under  the  Taff  Vale  railway  at  the
southern extent of the site.

1940 -
1962

The site is now identified as “Allotment
Gardens”. A number of structures are indicated
in the north west portion of site.

Extensive residential development has occurred in all
directions from the site. An electrical substation is
noted immediately north of the site from 1940.

1962 -
2014

The site is now indicated to be a “Depot” with a
number of large buildings indicated in the north
and central portions.  A ramp is indicated in the
central portion of the site. A tank is noted in the
north east portion. A number of “issues” are
recorded at the west boundary.

Significant residential development is indicated to the
north, east, south and west of the site.

Present
Day

In more recent years, the site has been utilised
as  a  recycling  centre  and  bin  storage  yard  for
the  local  council.   At  present  the  site  is  fully
enclosed on all boundaries by infrastructure,
comprising:Waun-Gron Road to the north;
Western Avenue to the east; Western
Venue/Taff Vale Railway to the south; Taff Vale
Railway to the west.

The  site  is  now  predominantly  surrounded  by  local
infrastructure and residential housing.
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2.1.3 Geology, Hydrology and Hydrogeology

Geology

The published 1:10,560 scale geological map for the area of the site (Sheet ST17NW)
indicates the site to be underlain by undifferentiated Glacial Drift Deposits overlying
bedrock of the Mercia Mudstone Group. Reference to the up-to-date mapping available
on the website of the British Geological Survey (BGS, 2016) indicates a similar
succession, but the Glacial Drift Deposits has been renamed Diamicton.

Hydrology

The nearest major surface water feature to the site is the River Ely which flows from
northwest to southeast approximately 425m to the southwest.  A number of streams are
also present in the area, the closest of which lies some 50m to the west, and are
classified as a Secondary River which is culverted 75m to the south west and leads
south into the River Ely.

Hydrogeology

Reference to the aquifer maps published on the environmental data report indicates
that the superficial deposits beneath the site (Glacial Diamicton) are classed as
Unproductive Strata, whilst the bedrock (Mercia Mudstone Group) is classed as
Secondary B.  Based on the available information, we consider that the shallowest main
groundwater body is likely to be located within the Mercia Mudstone Group strata.
However, localised perched water bodies within the overlying glacial soils cannot be
discounted.

2.2 Previous Investigations and Assessments

2.2.1 Earth Science Partnership 2007

Earth Science Partnership (ESP) undertook a Geotechnical site investigation at the site
in 2007 (ESP, 3944b.1292) for the then proposed Civic Amenity (recycling) facility.  The
investigation comprised 10no. windowless sample boreholes to depths of between 3.0m
and 5.45m. The exploratory holes encountered Made Ground to a maximum depth of
1.75m overlying Glacial Diamicton. Mercia Mudstone was encountered below the
superficial deposits from depths of 2.0m

Geotechnical laboratory testing was undertaken and an assessment of geotechnical
risks was provided as part of the report.  Copies of the relevant investigation point
records are provided in Appendix E, and the salient information is discussed further in
the following relevant sections.  The previous investigation points are presented on
Figure 3b. We would note that following this previous phase of works, we understand the
topography of the site was altered to allow use as the Civic Amenity site.

2.2.2 Earth Science Partnership September 2016

Earth Science Partnership undertook a previous Exploratory Investigation for the current
scheme in September 2016 (Ref: ESP 6272b.2573).
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This investigation comprised a detailed Desk Study (see Section 2.2) followed by a
series of intrusive works comprising trial pits, soakaway testing and windowless
sampling. The investigation identified a ground model comprising Made Ground over
probable Glacial Diamicton with the superficial deposits underlain by Mercia Mudstone
bedrock.  Laboratory testing identified the presence of organic (PAH) contaminants in
the near surface soils and asbestos in the form of chrysotile. A number of pertinent
features and potential contaminant risks were identified in the report and whilst the
pertinent aspects are referred to in the following sections, the full report should be
referred to for content and context.

2.2.3 Earth Science Partnership December 2016

As part of these supplementary works, 10no. trial pits and 4no. light cable percussion
boreholes were undertaken at the site. The works confirmed the ground model to
comprise Made Ground and Glacial Diamicton underlain by the Mercia Mudstone
Bedrock.

It was previously identified that the site has been developed since the late 1800s, with
former uses including, meadowland, allotments, a depot and a civic amenity site. Visual
and olfactory evidence indicated the presence of hydrocarbon compounds in the north
portion, in the location of the suspected buried tank. Laboratory testing indicated the
presence of PAH compounds in soils at the site and the presence of PAH and TPH
compounds in the leachate and one of the groundwater samples. Asbestos was not
recorded during this phase of works.

A number of recommendations were made to encompassing the protection of site users
and Controlled Waters, disposal of excavated materials and removal of contaminating
infrastructure.

2.2.4 Earth Science Partnership June 2018

During this phase of works 12no. windowless sample and 2no. Trial Pits were
constructed, with the assessment implemented to further refine the presence of organic
contaminants identified during the 2016 works.  This phase of works identified a similar
ground model and the presence of organic contaminants in all phases (soil, leachate
and water), however, the concentrations of contaminants were much lower than
previous works.

A preliminary Controlled Waters Risk Assessment was undertaken and identified a
potential risk if left untreated. In order to reduce this risk, ESP recommended a series of
remedial works, including removal of the tank and impacted soils and a final phase of
monitoring and assessment. These recommended supplementary works are addressed
by this current report (February 2019).
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3 Preliminary Geo-Environmental Risk Assessment

3.1 Phase One Conceptual Site Model

3.1.1 Background

The previous works identified the potential sources of geo-environmental risk, the
receptors at risk and the pathways between the two.  These are discussed in the
following sections, with Table 3 (following) summarising the relevant pollution linkages
on completion of the last phase of works (Ref: 6272b.03.2986).

3.1.2 Potential Sources of Water Contamination.

3.1.2.1 Potential Contamination Sources:

The site history has indicated that it has been developed as public amenity centre, which
is a potentially contaminative use.  From the available information, we consider that the
following features on site could prove sources of diffuse and point source contamination
that could impact on groundwaters:

· Made Ground – general diffuse contamination;
· Historical use of the site as allotment gardens, a depot and Civic Amenity

(recycling) site;
· Former underground fuel tanks.

3.1.2.2 Potential Contaminants Present:

The potential contaminants associated with the above potential sources have been
identified as likely impacting on groundwater:

· polyaromatic hydrocarbon (PAH) compounds;
· petroleum hydrocarbons.

3.1.3 Potential Receptors

As previously discussed the proposed site development will comprise commercial
premises with hard surfaced external areas and no significant landscaping.

The site is located 425m from the River Ely and is above a Secondary B Aquifer.

Given the above, we consider that the most pertinent receptors are likely to be as
follows.

· The water quality in the River Ely.
· The water quality in the off site, minor surface waters.
· The groundwater within the Mercia Mudstone Group strata beneath the site

(classified as a Secondary B Aquifer).

3.1.4 Potential Migration Pathways

Based on the Conceptual Site Model discussed in the previous sections, the following
are considered the most likely migration pathways with regard to any contamination or
hazardous ground gas present beneath the site.
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Groundwater:

· Leaching of mobile contaminants into the water-bearing strata within the
bedrock.

· Movement through geological units and along utilities infrastructure.

River Ely and Surface Waters

· Leaching of mobile contaminants to the groundwater beneath the site, and then
on to the nearby surface water course.

· Surface run-off of contaminated leachate to adjacent stream/river.
· Potential explosive risk from flammable ground gas/vapours from off-site

sources.

3.2 Preliminary Risk Evaluation & Plausible Pollutant Linkages

The land use history of the site and surrounding area, as established from the desk
study and walkover, has identified a number of potential contamination linkages due to
ground conditions or former operations either on, adjacent to, or in the vicinity of the
site.  Note that these potential linkages will need to be later assessed and re-
established using actual site data obtained from an exploratory investigation.

3.2.1 Introduction to Risk Evaluation Methodology

The methodology set out in CIRIA C552 Contaminated Land Risk Assessment – A Guide
to Good Practice (Rudland et al, 2001), has been used to assess whether or not risks
are acceptable, and to determine the need for collating further information or remedial
action.

Whilst at a later stage, this methodology may be informed by quantitative data (such as
laboratory test results) the assessment is a qualitative method of interpreting findings to
date and evaluating risk.  The methodology requires the classification of:

· The magnitude of the potential consequence (severity) of risk occurring (Table
A1 in Appendix A):

· The magnitude of the probability (likelihood) of risk occurring (Table A2 in
Appendix A).

The classifications defined above are then compared to indicate the risk presented by
each pollutant linkage, allowing evaluation of a risk category (Tables A3 and A4 in
Appendix A).  These tables have been revised slightly from those presented in CIRIA
C552, to allow for the circumstances where no plausible linkage has been identified
and, therefore, no risk would exist.

The methodology described above has been used to establish Plausible Pollutant
Linkages (PPL) based on the Conceptual Site Model generated for the site and proposed
development, and to evaluate the risks posed by those linkages, using information
known about the site, at this desk study stage.  This is presented as Table 3 in Section
3.2.2 below.
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3.2.2 Tabulated Preliminary Risk Evaluation & Plausible Pollutant Linkages

Table 3: Preliminary Risk Evaluation & Plausible Pollutant Linkages (PPL) from ESP Report 6272b.03.2986
Source Pathway Receptor Classification of

Consequence
Classification of

Probability
Risk Category Further Investigation or Remedial

Action to be Taken
Potential
contaminants in
Made Ground and
from historically
recorded tank.

Leaching of soil contaminants Impact on Groundwater
/Potable Water

Medium – site lies on
Secondary B aquifer

Likely Moderate/Low
Risk Generally low risk anticipated on

completion of remedial methodology
(as undertaken during this phase of
works).Leaching of soil contaminants Impact on River Ely and

adjacent surface waters.
Medium – site lies
adjacent to river

Likely Moderate
Risk/Low
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4 Implementation of Remediation

4.1 Introduction

Available information indicates that the site has been at least partially developed since
the late 1800s, with former uses including, meadowland, allotments, a depot and a civic
amenity site. Visual and olfactory evidence during the 2016 assessment indicated the
presence of hydrocarbon compounds in the north portion, particularly in the location of a
suspected buried tank, that had been identified from information provided by the Client.

The 2018 supplementary assessment was implemented due to the levels of organic
contaminants identified during the 2016 works.  The 2018 phase of works identified
lower concentrations of contaminants in all phases (soil, leachate and groundwater). In
addition to this, limited contamination was identified in deeper boreholes during the
groundwater monitoring and analysis.

As some organic contamination was identified and no information was available on the
status and or decommissioned nature of a historic tank, this remedial phase of works
was scoped by ESP on behalf of the Client and implemented as outlined throughout
Section 4.0.

Our role for the remediation was to supervise the identification and removal of a
suspected underground fuel tank and any impacted soils surrounding the tank, in order
to provide betterment to the contamination generating potential for the site.  This phase
of works primarily involved a watching brief of the excavation and removal works
undertaken by a third party (Horan – appointed directly by CCC) and on site contaminant
identification, utilising specialist testing equipment, to assist in determining the extent of
excavation required.

4.2 Remedial Works

The works were undertaken by the Client’s preferred ground worker (Horan Ltd.) with full
time supervision by ESP who were instructed by the client to supervise and direct the
works and to carry out in situ testing in order to delineate the extent of residual
contamination at the site.

As a buried historic tank was anticipated, all works were carried out in general
accordance with Environment Agency guidance PPG27 (Installation, decommission and
removal of underground storage tanks – July 2007).

The works were undertaken over 14no. days, between the 25th October and 12th
November 2018. A Komatsu 360 type excavator was used for the excavation work and a
hydraulic breaker was attached when required. Excavations on site were limited to the
lower, northern portion where historical information suggested the tank may have been
present.

Prior to ESP’s arrival on site, the contractor has established a site compound and had
commenced breaking out of the surface concrete, however, no excavation or removal
works were undertaken prior to ESP’s attendance.
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During the works, a series of linear trenches were undertaken to in order to identify the
potential for the buried tank and contaminant impacted soils. As no obvious sources
were identified, these trenches were widened into open excavation and any areas of
hydrocarbon impacted soils “chased out” until visual/olfactory evidence indicated a low
potential for contamination. In order to assess the chemical composition of the insitu
soils following removal of impacted soils, samples were collected for insitu testing with a
Photo-ionisation detector and PetroFLAG testing and also for validation testing with the
laboratory.

The extent of the excavation undertaken is shown on Figure 1 appended to this report
and Insert 2 below.

Insert 2: Excavation of Site During Remedial Works

Following removal of all impacted soils, the excavation was backfilled by Horan. ESP did
not supervise the backfill works, but understand the backfilling has been undertaken as
per a specification agreed with the client.

4.3 In-Situ Testing

For the purpose of in-situ testing, a Photo Ionisation Detector (PID) and PetroFLAG
testing apparatus as shown on Insert 1 below were utilised.

Photo Ionisation Detector (PID)

Headspace analysis of the open excavation and of the validation samples was carried
out using a Photo Ionisation Detector. Detection is based on an ultraviolet light source
that ionises compounds causing them to become electrically charged. These charged
particles produce a current that is easily measured at the sensor electrodes and directly
proportional to the concentration of contaminant in the gas sample.  For reference, the
PID determines the readily available concentrations of Volatile Organic Compounds
(VOCs) in the headspace of the soil sample.



Supplementary CWRA Final
ESP6272b.04.3151 - 0 February 2019

PetroFLAG Testing Apparatus

The soils surrounding the impacted (and removed) soils were tested using an in situ
hydrocarbon analysis kit. The kit was calibrated at a minimum every day, once 10no.
tests had been run, or each time there was a 10°C variation in temperature. The
PetroFLAG system is a field portable method for the determination of total petroleum
hydrocarbons in soil. PetroFLAG does not distinguish between aromatic and aliphatic
hydrocarbons, but quantifies fuels, oils, and greases as totals. Assessment of a 10g soil
sample is performed through extraction, filtration, and analysis.

A full assessment of the results of the PID and PetroFLAG testing will be presented
alongside the supplementary laboratory testing and Level 3 Controlled Waters Risk
Assessment upon completion of all monitoring.

Insert 3: In situ analysis equipment (On left - PetroFLAG & on right - PID)

4.4 Observations

During the excavation works, no tanks were identified, suggesting the tank has been
removed historically but the removal not recorded. Some areas of impacted soils were
encountered and removed from site by Horan, with “clean” soils then excavated beyond
each of these areas to ensure a robust removal of potentially impacted soils. PID and
PetroFLAG testing of the areas beyond the removed/impacted soils indicated significant
reduction in hydrocarbon levels. The excavated areas are identified on Figure 1.
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4.5 Sampling Strategy

4.5.1 Soil Sampling

Following removal of impacted materials and completion of on site testing via the use of
the PID and PetroFLAG samples were collected from the excavation walls in order to
submit to the laboratory for confirmatory testing. These samples were tested for the
primary contaminant of concern, petroleum hydrocarbons.

4.5.2 Groundwater Sampling

In order to establish the residual groundwater quality beneath the site, samples of
groundwater were collected from the installed wells on three occasions in general
accordance with BS ISO 5667-11 (2009).

Prior to sampling, the wells were purged by the removal of three well volumes where
practical, to obtain a water sample representative of the groundwater in the vicinity. All
groundwater samples taken for possible laboratory chemical analysis were collected in
suitable clean containers provided by the testing laboratory for (e.g. clean polyethylene
jars/bottles with fitted lids for routine soil testing, clear or amber glass bottles with
screw on air-tight caps for organic contaminants, glass vials for volatile contaminants,
etc.). Immediately after collection the samples were placed in sealed cool boxes with an
ice pack where they remained during storage and transport to the laboratory.

A number of wells have been installed at the site during the previous phases of work,
with many damaged/destroyed during site operations and works not supervised by ESP.
Upon completion of remedial works, the remaining installations identified and reinstated
by ESP comprised those summarised in Table 4 below.

Table 4: Monitoring Installations
Well ID Constructed During

Investigation Phase
Condition During Monitoring

WS1 2016 Good Condition
WS2 2016 Good Condition
WS4 2016 Good Condition
BH1s 2016 Good Condition
BH1d 2016 Good Condition
BH3 2016 Dry During 2no. of 3no. visits
BH4 2016 Good Condition
WS1 2018 Dry During All Visits
WS7 2018 Good Condition
WS8 2018 Good Condition

4.5.3 Site Evidence of Contamination

A cover of Made Ground has been encountered across the site, however, no obvious
sources were identified during remedial works. During the remedial excavations,
trenches were widened into open excavation and any areas of hydrocarbon impacted
soils “chased out” until visual/olfactory evidence indicated a low potential for
contamination.
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4.6 Geo-environmental Laboratory Testing

Laboratory testing has been undertaken to identify the levels of selected contaminants
within samples of soil. The geo-environmental analyses were carried out by a UKAS
accredited testing laboratory with detection limits being generally compatible with the
relevant guideline values adopted in the assessment (see Section 4.1.1).

4.6.1 Soil Samples

To allow an assessment of the potential chronic risks posed to human health, a total of
6no. selected samples taken from the walls of the final excavation and tested for
Petroleum hydrocarbons (CWG ali/aro carbon banded C5 to C35).

4.6.2 Groundwater Samples

In order to allow an assessment of the potential pollution risks to controlled waters,
samples of groundwater recovered from selected wells have been analysed for the
following determinands:

· US EPA 16 polyaromatic hydrocarbon (PAH) compounds;
· pH value, hardness;
· Petroleum hydrocarbons (CWG ali/aro carbon banded C5 to C35);
· Monitored Natural Attenuation Parameters (one visit only), comprising Ferrous

Iron, Ferric Iron, Manganese (II), Manganese (IV), Alkalinity, BOD, COD, Chloride,
Nitrate & Nitrite.



Supplementary CWRA Final
ESP6272b.04.3151 - 0 February 2019

5 Results of Geoenvironmental Testing

5.1 Soils Testing

Following removal of impacted materials and completion of on site testing via the use of
the PID and PetroFLAG, 6no. samples (A to F0 were collected from the excavation walls
and base (see Figure 1) in order to submit to the laboratory for confirmatory testing.
These samples were tested for the primary contaminant of concern, speciated
petroleum hydrocarbons.

Table 3: Summary of Geo-environmental Soil Results (2018)
Determinand Maximum Recorded GAC Source of GAC Exceedances
Benzene <0.01mg/kg 0.087mg/kg

S4UL3,9

None
Toluene <0.01mg/kg 130mg/kg None
Ethyl benzene <0.01mg/kg 47mg/kg None
Xylene11 <0.01mg/kg 56mg/kg None
Ali EC 5-6 <0.01mg/kg 42mg/kg

S4UL3,9

None
Ali EC 6-8 <0.01mg/kg 100mg/kg None
Ali EC 8-10 <0.01mg/kg 27mg/kg None
Ali EC 10-12 <1.5mg/kg 130mg/kg* None
Ali EC 12-16 <1.2mg/kg 1,100mg/kg* None
Ali EC 16-35 <4.9mg/kg 65,000mg/kg* None
Aro EC 5-7 <0.01mg/kg 70mg/kg

S4UL3,9

None
Aro EC 7-8 <0.01mg/kg 130mg/kg None
Aro EC 8-10 <0.01mg/kg 34mg/kg None
Aro EC 10-12 <0.9mg/kg 74mg/kg None
Aro EC 12-16 <0.5mg/kg 140mg/kg None
Aro EC 16-21 <0.6mg/kg 260mg/kg None
Aro EC 21-35 <1.4mg/kg 1,100mg/kg None
Notes

1. CLR SGV: Soil Guideline Value published by Environment Agency.
2. GAC for organic compounds based on 1% soil organic content.
3. Exceedances highlighted in red and bold.
4. Laboratory results presented in Appendix J.

5.1.1 Results of Groundwater Testing

Three post remedial rounds of groundwater monitoring have been undertaken, targeting
both shallow (perched) and deeper groundwater well installations. The approach
adopted in assessing the risk to the environment is based on that published within the
Environment Agency document Remedial Targets Methodology, Hydrogeological Risk
Assessment for Land Contamination (2006).  A ‘Level Three’ Risk Assessment has been
undertaken, where the levels of contaminants within the groundwater have been directly
compared with the most appropriate acceptance criteria.

During the first round of monitoring, low levels of potential contaminants were identified
in the laboratory tested samples, however, during the second round, an increase in
contaminants concentrations was recorded in two locations (WS1 – 2016 and WS4 –
2016). Due to the disparity between the two visits and the heavy rainfall occurring
before and during the second visit, a third was subsequently undertaken. Generally
results of laboratory testing have indicated contaminants below the limits of laboratory
detection, however, for completeness the groundwater results presented in Table 4
below also include the elevated results collected during Visit 2 which are considered
spurious.
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Table 4: Summary of Post Remedial Works Groundwater Results (2018-2019)
Compound Range

Recorded EQS - AA TV - PCV Exceedances

Polyaromatic Hydrocarbon Compounds
Anthracene1 <0.01-0.74ug/l 0.1μg/l 0.1μg/l (TV) 7no. of 24no. visit 2 only

Benzo[a]pyrene1 <0.01-2.0ug/l 0.05μg/l 0.01μg/l (PCV) 8no. of 24no. visit 2 only
Sum BbF & BkF 1 <0.2-4.2ug/l 0.03μg/l - 3no. of 24no. visit 2 only7

Sum BghiP & IDP
1

<0.11-2.6ug/l 0.002μg/l - 2no. of 24no. visit 2 only7

Sum BbF, BkF,
BghiP & IDP

<0.31-0.84ug/l - 0.1μg/l (PCV) 3no. of 24no. visit 2 only7

Naphthalene2 <0.05-0.52ug/l 2.4μg/l 2.4μg/l (TV) None
Fluoranthene3 <0.01-1.9ug/l 0.1μg/l 0.1μg/l (TV) 3no. of 24no. visit 2 only

Petroleum Hydrocarbon Compounds
Benzene3 <1.0-160ug/l 10μg/l 10.1μg/l (TV) 2no. of 24no. visit 2 only
Toluene4 <1.0-150ug/ 50μg/l 50.5μg/l (TV)

Ethylbenzene4 <1.0-130ug/ - 300μg/l (WHO)
Xylene4 <1.0-400ug/ 30μg/l 30.3μg/l (TV)

Aliphatic Compounds
EC >5-6 <0.1-150ug/l 10ug/l TPH (Total) 10ug/l TPH

(Total)
1no. of 24no. Visit 2 only

EC >6-8 <0.1-310ug/l 10ug/l TPH (Total) 10ug/l TPH
(Total)

2no. of 24no. Visit 2 only

EC >8-10 <0.1-1300ug/l 10ug/l TPH (Total) 10ug/l TPH
(Total)

2no. of 24no. Visit 2 only

EC >10-12 <1.0ug/l 10ug/l TPH (Total) 10ug/l TPH
(Total)

None

EC >12-16 <1.0ug/l 10ug/l TPH (Total) 10ug/l TPH
(Total)

None

EC >16-35 <2.0ug/l 10ug/l TPH (Total) 10ug/l TPH
(Total)

None

Aromatic Compounds
EC >5-7 <0.1-160ug/l 10ug/l TPH (Total) 10ug/l TPH

(Total)
1no.  of 24no. Visit 2 only

EC >7-8 <0.1-150ug/l 10ug/l TPH (Total) 10ug/l TPH
(Total)

1no.  of 24no. Visit 2 only

EC >8-10 <0.1ug/l 10ug/l TPH (Total) 10ug/l TPH
(Total)

None

EC>10-12 <1.0ug/l 10ug/l TPH (Total) 10ug/l TPH
(Total)

None

EC >12-16 <1.0ug/l 10ug/l TPH (Total) 10ug/l TPH
(Total)

None

EC >16-21 <1.0ug/l 10ug/l TPH (Total) 10ug/l TPH
(Total)

None

EC >21-35 <1.0ug/l 10ug/l TPH (Total) 10ug/l TPH
(Total)

None

Key:
EQS-AA – Environmental Quality Standard (surface waters) - Annual Average.
TV – Threshold Value (groundwater) PCV – Prescribed Concentration Value (drinking
water).
WHO – World Health Organisation Value (drinking water) EA – Environment Agency defined value.
BbF – Benzo[b]fluoranthene BkF – Benzo[k]fluoranthene
BghiP – benzo[ghi]pyrene IDP – indeno [123-cd]pyrene

Notes:
1. Priority Harmful substance.
2. Priority substance under consideration as Priority Harmful
3. Priority substance
4. Non-priority substance.
5. Assessment Criteria for Chromium VI.
6. EQS dependent on hardness of water in receptor.
7. Exceedances identified in PAH compounds, however with the exception of Visit 2, values recorded as less than

limits of laboratory detection.



Supplementary CWRA Final
ESP6272b.04.3151 - 0 February 2019

6 Preliminary Controlled Waters Risk Assessment

6.1 Distribution of Contaminant of Concern

Previous works identified the potential historical presence of a hydrocarbon storage tank
at the site with laboratory testing identifying the presence of hydrocarbons in the soil,
leachate and groundwater phases. This phase of remedial works and subsequent
Controlled Waters Risk Assessment was aimed at identifying the tank (if present) and
removing it along with any impacted soils.

The remedial works were undertaken between the 25th October and 12th November
2018 where a series of exploratory trenches were excavated and impacted soils
removed from site by the client’s instructed groundworker (Horan).

No obvious evidence for a historic tank was identified during the works and following
removal of impacted soils, subsequent geoenvironmental soils testing of samples taken
from the walls and base of the excavations has identified low levels of hyrdrocarbons.

6.2 Groundwater Levels

Groundwater levels recorded during the monitoring of the site has recorded groundwater
levels as:

· Within the Mudstone bedrock at depths of between 3.9m and 4.0m bgl;

· In the Glacial Deposits at depths of between 1.3m and 3.0m;

· Perched water through Made Ground (between 0.25m and 0.5m bgl).

6.3 Preliminary Remedial Target Assessment

6.3.1 Introduction to Remedial Targets Methodology

The framework detailed in the Environment Agency publication Remedial Targets
Methodology: Hydrogeological Risk Assessment for Land Contamination (RTM 2006) has
been used to determine Remedial Target Concentrations (RTCs) for the groundwater,
against which the measured contaminant levels can be measured.

Section 2.4 of the RTM discusses the timescale of any remedial actions and essentially
assess the sensitivity of the site area to potential impact from contamination. The four
categories detailed range from a site within a Source Protection Zone 1 (possible urgent
remedial action required) to a site over unproductive strata with no nearby surface water
receptors (action by remedial target assessment). The study-site setting approximates to
the third scenario as there are no particularly sensitive aquifers (high vulnerability or
Source Protection Zone II) or sensitive dependant ecosystem in close proximity of the
site. The need for remedial action being determined by derivation of remedial targets is
considered appropriate at this stage.

The primary source of the hydrocarbon contamination (the suspected tank) still remains,
and removal of the infrastructure and impacted soil sources (unsaturated) have been
recommended as part of this investigation. This risk assessment assumes that removal
of the infrastructure and soil source will be completed leaving the remnant groundwater
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contamination as the only risk to controlled waters. Once the source has been removed
the only processes of significance are attenuation, dispersion and dilution between the
source and any potential receptor. It is therefore considered appropriate to begin the
derivation of RTCs at Groundwater – Level 3. Assuming the above, it is logical that the
contaminant plume identified will be Shrinking or Exhausted, given that no potential
significant soil (unsaturated zone)/infrastructure source-term remains at the site. The
Methodology provides an MS Excel spreadsheet (Remedial Target Worksheet: Release
3.1 – October 2006) that performs the calculations for the derivation of RTCs. Relevant
extracts of the sheets are presented within Appendix L.

In order to assess the sensitivity of the site within its environmental context, “Level 3”
calculations have been undertaken for the site. This analysis allows for minor dispersion
and sorption as the contaminated water moves off-site and can also calculate for
contaminant decay, essentially allowing for a degree of Attenuation. The derived
remedial target has then been compared with measured groundwater concentrations
below the site. For simplicity, a constant source term has been assumed and as no
further contamination will occur, owing to the absence of a clearly defined remaining
source, the measured levels will continue to breakdown naturally, which makes it a
conservative assumption. Shallow groundwater prevents significant source in
unsaturated zone, therefore the contaminants have sources have already reached the
groundwater of the granular superficial strata and will not be significantly recharged as
the infrastructure and associated contaminated soils that would have formed the source
no longer exist.

The preliminary sensitivity assessment was completed using measurements and
realistic, justified assumptions, summarised in the table below. Where parameters were
obtained using experience and judgement, to ensure accuracy further reference was
made to a number of sources, predominantly from Technical References in TPHCWG,
RBCA, CONSIM, Environment Agency guidance documents and other reference books
listed in Section 10.0.

Table 11: Input Parameters for ‘Level 3’ Remedial Target Assessment
Parameter Value Source
Source Width 20m Existing  area  of  potential  hydrocarbon  sources,  which  includes  the

historical tank location and immediately adjacent impacted soils. Nb.
Tank was not identified during works.

Saturated Aquifer
Thickness

5m Deeper measured thickness of superficial deposits at the site.

Plume Thickness 2.5m Assume half of the saturated aquifer to be contaminated.
Hydraulic
Conductivity

8.64m/day (~1x10-4m/sec)  chosen  and  likely  to  be  overly  conservative  of
movement through drift deposits.

Hydraulic
Gradient

0.01 Area  is  relatively  flat  but  a  1m  in  100m  gradient  considered
appropriate.

Porosity 0.4 Typical value selected from CONSIM recommended parameters.
Bulk Density 1.5 Typical value selected from CONSIM recommended parameters.
Aquifer FOC 0.003 Typical value selected from CONSIM recommended parameters.
Dispersivities Used calculated values within worksheet.
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6.3.2 RTM 2006 ‘Level 3’ – TPH on Groundwater

In the absence of appropriate reference criteria, DWS of 10ug/l has been used for each
compound and each carbon range, which is considered suitable for assessment
purposes at this stage.

Table 12: Chemical Specific Factors for Aliphatic TPH Compounds
Aliphatic
TPH C8-C10
Half Life

730days
(2 years).

UK Guidance does not offer typical degradation rates for these compounds. New Zealand guidance
suggests  C7-C9  compounds  will  have  a  half-life  of  2  years  which  is  considered  appropriate  for  this
sensitivity study.

Aliphatic
TPH C8-C10
Koc

31,622 TPHCWG Volume 3 (1997).

Aliphatic
TPH C10-C12
Half Life

1825days
(5 years).

UK  Guidance  does  not  offer  typical  degradation  rates  for  these  compounds.  New Zealand guidance
suggests C10-C14 compounds will have a half-life of 5 years which is considered appropriate for this
sensitivity study.

Aliphatic
TPH C10-C12
Koc

251,188 TPHCWG Volume 3 (1997).

Aliphatic
TPH C12-C16
Half Life

1825days
(5 years).

UK Guidance does not offer typical degradation rates for these compounds. New Zealand guidance
suggests C10-C14 compounds will have a half-life of 5 years which is considered appropriate for this
sensitivity study.

Aliphatic
TPH C12-C16
Koc

5,011,872 TPHCWG Volume 3 (1997).

Aliphatic
TPH C16-C21
Half Life

3650days
(10 years).

UK Guidance does not offer typical degradation rates for these compounds. New Zealand guidance
suggests C15-C36 compounds will have a half-life of 10 years which is considered appropriate for this
sensitivity study.

Aliphatic
TPH C16-C21
Koc

630,957,344 TPHCWG Volume 3 (1997).

Aliphatic
TPH C21-C35
Half Life

3650days
(10 years).

UK  Guidance  does  not  offer  typical  degradation  rates  for  these  compounds.  New Zealand guidance
suggests C15-C36 compounds will have a half-life of 10 years which is considered appropriate for this
sensitivity study.

Aliphatic
TPH C21-C35
Koc

630,957,344 TPHCWG Volume 3 (1997).

Aromatic
TPH C10-C12
Half Life

1825days
(5 years).

UK Guidance does not offer typical degradation rates for these compounds. New Zealand guidance
suggests C10-C14 compounds will have a half-life of 5 years which is considered appropriate for this
sensitivity study.

Aromatic
TPH C10-C12
Koc

2,511 TPHCWG Volume 3 (1997).

Aromatic
TPH C12-C16
Half Life

1825days
(5 years).

UK Guidance does not offer typical degradation rates for these compounds. New Zealand guidance
suggests C10-C14 compounds will have a half-life of 5 years which is considered appropriate for this
sensitivity study.

Aromatic
TPH C12-C16
Koc

5,011 TPHCWG Volume 3 (1997).

Aromatic
TPH C16-C21
Half Life

3650days
(10 years).

UK Guidance does not offer typical degradation rates for these compounds. New Zealand guidance
suggests C15-C36 compounds will have a half-life of 10 years which is considered appropriate for this
sensitivity study.

Aromatic
TPH C16-C21
Koc

15,848 TPHCWG Volume 3 (1997).

Aromatic
TPH C21-C35
Half Life

3650days
(10 years).

UK Guidance does not offer typical degradation rates for these compounds. New Zealand guidance
suggests C15-C36 compounds will have a half-life of 10 years which is considered appropriate for this
sensitivity study.

Aromatic
TPH C21-C35
Koc

125,892 TPHCWG Volume 3 (1997).

The findings of the calculations are presented in the following tables.
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Table 13: Comparison of Measured Levels against Level 3 RTCs – Compliance Point 50m - TPH
Compound RTC (mg/l) Max Measured Level

(mg/l) Comment

Aliphatic TPH C8-C10 4.16E+10 1.3 All results well below.
Aliphatic TPH C10-C12 5.30E+22 0.001 All results well below.
Aliphatic TPH C12-C16 4.90E+119 0.001 All results well below.
Aliphatic TPH C16-C21 No Impact 0.001 All results well below.
Aliphatic TPH C21-C35 No Impact 0.001 All results well below.

Aromatic  TPH  C5-C7
(Benzene) 0.015  0.16 2no. of 24no. Visit 2 only
Aromatic TPH C7-C8 (Toluene) 0.015 0.15

Aromatic TPH C8-C10 0.054 0.0001 All results below limit of
laboratory detection.

Aromatic TPH C10-C12 0.032 0.001 All results below limit of
laboratory detection.

Aromatic TPH C12-C16 0.73 0.001 All results below limit of
laboratory detection.

Aromatic TPH C16-C21 4.34 0.001 All results below.
Aromatic TPH C21-C35 9.08E+8 0.001 All results well below.

The RTCs derived show that for a hypothetical compliance point 50m from the site at the
location of a minor water course (nearest major surface water feature ~400m) the
tolerable limits are significantly higher than levels encountered at the site for most
compounds. Within carbon range, AromaticC8-C16, where exceedances are recorded,
the results provided are at laboratory detection limits.

Two Aromatic C5-C7 (Benzene) and C7-C8 (Toluene) are indicated to be above the
guideline value, however they are exceeded in only two samples and as previously
discussed, this occurs only during Visit 2, from shallow wells and after heavy rainfall.

6.3.3 RTM 2006 ‘Level 3’ – PAH on Groundwater

In order to provide an indicative risk posed by PAH contaminants in groundwater, an
assessment has been undertaken utilising Flouranthene as a marker species.
Flouranthene indicated the highest concentrations amongst PAH compounds in the
groundwater (i.e. not combined with another compound).

Table 14: Comparison of Measured Levels against Level 3 RTCs – Compliance Point 50m – PAH
Compound RTC (mg/l) Max Measured Level (mg/l) Comment
PAH (Flouranthene) 1.11E+114 0.0019 All results well below.

The RTC derived show clearly that the measured levels of PAH compounds would not
pose a risk to a hypothetical point situated 50m from each measured value.

To further test the sensitivity of the risk posed by PAH, the highest total PAH (USEPA 16)
value identified of 22ug/l (0.022mg/l) has been compared to the guideline for the single
compound RTM for Flouranthene. The total PAH is well below the allowable RTM.
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6.4 Preliminary Lines of Evidence for Natural Attenuation

Natural Attenuation (NA) is the effect of naturally occurring processes that reduce the
load, concentration, flux, or toxicity of polluting substances in groundwater. The
Environment Agency document Guidance on the Assessment and Monitoring of Natural
Attenuation of Contaminants in Groundwater (RD95 - 2000) has been used to describe
“lines of evidence” that support the indication that Natural Attenuation of the organic
compounds identified at the site is occurring.

6.4.1 Primary Lines of Evidence

Primary lines of evidence are based on a demonstration of the reduction of contaminant
concentrations down-gradient of a source, or over time.

No clear evidence for consistently declining levels was able to be identified over the
period of recent monitoring, due to the spurious levels of lighter end hydrocarbon
contaminants identified during Visit 2. However, the levels of contamination recorded
during this phase of works are lower than those identified in the previous works.  It
should also be noted that the results obtained from Visits 1 and 3 identified low levels of
hydrocarbon contaminants (below laboratory detection limits for most samples).

The primary source of the hydrocarbon contamination at the site was considered to be
the historic tank, which is now assumed to have been previously removed from site and
not documented and remaining impacted soils. As part of these remedial works have
removed further impacted soils there will be a lesser opportunity for contaminants to
mobilise into the groundwater.

6.4.2 Secondary Lines of Evidence

Secondary lines of evidence involve presentation of chemical and analytical data, and
an assessment of contaminant properties, to prove that loss of contaminant mass is
occurring/likely within the geochemical environment of the site. Evidence for this
occurrence has been recorded in the sampling, and further secondary lines of evidence
are discussed below. Appendix 1 of EA RD95 (2000) explains that biodegradation is the
dominant attenuation mechanism in the NA of organic contaminants and results in a
loss of mass (destructive), which is favourable to the overall success of NA. Organic
compounds are biodegraded/metabolised via biological oxidation when electron donors,
electron acceptors and nutrients are combined by micro-organisms to produce
metabolic by-products and energy for microbial growth.

Both aliphatic and aromatic compounds serve as the electron donor and are broken
down in the process. Electron acceptors, in order of preference for utilisation by
microbes, include oxygen, nitrate, manganese (IV), iron (III), sulphate and carbon dioxide.
Manganese and iron are typically present in the mineral form. Depending on the electron
acceptor used, the metabolic by products include carbon dioxide, water, nitrogen gas,
Manganese (II), Fe (II), hydrogen sulphide and methane. Decreases in the concentration
of electron acceptors and corresponding increase in the concentration of metabolic by
products provide indirect evidence for degradation.
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The degradation of the hydrocarbon contaminant identified at the site are not likely to
produce a daughter product that is more polluting than the parent. In these ground
conditions it is common for the dissolved oxygen content of groundwater to be above the
oxic boundary which will aid the breakdown of potential contaminants.

6.5 Conclusions of Preliminary Controlled Water Risk Assessment

Previous exploratory works at the site, identified PAH compounds in soil and PAH and
TPH compounds in leachate and groundwater phases. Due to the presence of these
compounds this supplementary phase of works was implemented to remove any
potential sources and further assess the risk posed to Controlled Waters.

The primary source of the hydrocarbon contamination at the site was considered to be
the historic tank, which is now assumed to have been previously removed from site and
not documented and remaining impacted soils removed under the supervision of ESP.

The RTCs derived show that for a hypothetical compliance point 50m from the site the
tolerable limits for the majority of compounds are significantly higher than levels
encountered at the site for those compounds. Within carbon range, Aromatic C8-C16,
where exceedances are recorded, the results provided are at laboratory detection limits.

Two Aromatic C5-C7 (Benzene) and C7-C8 (Toluene) are indicated to be above the
guideline value, however they are exceeded in only two samples and as previously
discussed, this occurs only during Visit 2, from shallow wells and after heavy rainfall.

The location of these excedences, comprise shallow wells (WS2 and WS4 – 2016) and
are in access roads around the periphery of the site, slightly higher in elevation than the
area of remedial works (see Figure 1). As the elevated results were recorded only during
Visit 2 and during an exceptionally heavy rainfall event, it is anticipated that the source
of this contamination is likely to be washing of the site surface during heavy rain and not
as a result of contaminants within the actual groundwater. The elevated results were not
repeated during the subsequent monitoring visit.

Based on the remedial works undertaken to date, the site if afforded significant
betterment through the removal of impacted soils and assumed removal of a historic
tank that has been undertaken previously and not documented.  Subsequent post
remedial works monitoring and RTM assessment indicates a likely low resultant risk to
the site which will continue to diminish as any remaining plume shrinks as a result of
attenuation, dispersion and dilution.
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7 Recommendations

Historical information obtained as part of previous reporting identified the location of a
probable tank in the north portion of the site. Elevated levels of organic contaminants
were identified in the soil, leachate and groundwater and were the driver for the
remedial works and supplementary assessment provided in this report.

During this phase of works, no obvious evidence for a tank was identified and it is
assumed that removal of the historic tank has been undertaken previously but that this
was not documented.

Based on the remedial works undertaken to date, the site if afforded significant
betterment through the removal of impacted soils, which we understand has been
replaced with clean engineering fill as per the CCC specification.

Subsequent post remedial works monitoring and RTM assessment indicates a likely low
resultant risk to the site which will continue to diminish as any remaining plume shrinks
as a result of attenuation, dispersion and dilution, and further remedial action in this
regard is not considered warranted

As remedial works have focussed only on the area of the site where the tank and
impacted soils were anticipated, during development works, should any features such as
previously unidentified contaminated soils or evidence for tanks be identified, works
should cease and the advice of ESP sought.
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