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1

INTRODUCTION

Instructions

11

1.2

This report is prepared in accordance with instructions from Dunthorne Parker
Architects, on behalf of Charly45 Ltd. This follows a proposal dated 12 July 2017 by
Wardell Armstrong LLP (WA).

The site is the Former Gas Works, Gas Works Road, Reading RG1 3EQ, and is located
as shown on Figure 1. The site comprises approximately 0.07 hectares of land
occupied by two disused buildings and a yard area and is bordered by residential
buildings to the south and east, offices to the west and the main channel of the River
Kennet to the north. There is a river wall along the northern boundary which
separates the site from the river. There is another canalised branch of the River
Kennet (referred to on historic plans as the Kennet and Avon Canal) approximately
60m to the south of the site. The site is located approximately 500m east of Reading
town centre.

Figure 1: Aerial Image Showing Approximate Site Boundary

Reproduced from Landmark Information Group
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Proposed Site Use

1.3

It is proposed to redevelop the site for residential use with gardens. The planning
application (no. 160378) is for the creation of 20 residential units through the
extension and conversion of the two existing buildings. The largest building, in the
north along the river, will be extended to the west and upwards and will have flats on
five levels. One flat is proposed to have a private garden. The ground floor level of the
larger building (known as the River Kennet Building) will be reduced by up to 0.8m and
the lowest level will now be used for cycle storage (not habitable dwellings). The
smaller building, in the southwest of the site (known as Gas Works Road (GWR)
Building), has an existing basement, although it will not be retained in the proposed
development. The existing floors to both buildings have been removed and the
proposed development includes beam and block floors with an underfloor void. A
communal landscaped area is proposed between the two buildings. The single storey
part of the largest building has been demolished as part of site clearance works. It is
understood that no further demolition will be taking place.

Purpose of Report

1.4

1.5

This report provides a detailed quantitative risk assessment for soils and groundwater
at the site. The report also proposes a remediation scheme for soil contamination at
the site in order to satisfy planning condition 6 of the planning permission (no. 160378,
Appendix 1). This report builds on the results of previous site investigations to enable
assessment of the suitability of the site for residential development.

Remediation specification with details of the exact methods to be employed to
remediate the soils and groundwater will be provided by specialist remediation
contractor once the proposed remediation scheme has been agreed with the Local
Authority.

Previous Reports

1.6

Atkins undertook desk study, site investigation and risk assessment work at the site
on behalf of the former owners (National Grid Property). The following reports have
been provided to WA for information:

e Factual Desk Study, Atkins, March 2010 (ref. Gas Works Road, Reading, Desk Study
Factual Rev0). Referred to below as Atkins (2010a);

e Environmental Investigation and Assessment, Final Factual Report, Atkins Ltd,
October 2010 (ref. 5027279/GTG.20100598/Reading_2010/R002rev1) which

LO10488/RPT003 FINAL Page 2
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1.7

1.8

1.9

includes details of a site investigation undertaken at the site in 2010. Referred to
below as Atkins (2010b);

e Updated Controlled Waters Quantitative Risk Assessment, Atkins, May 2013.
Referred to below as Atkins (2013);

e Factual Desk  Study, Final,  Atkins Ltd, January 2014 (ref.
GTG2000078/Reading/NGG Desk Study/R002v0). Referred to below as Atkins
(2014).

Included as an appendix to the Atkins (2010a) report is a Factual Remediation Report
by Waterman Environmental dated April 2001 (ref. R/EN997.HB.4.4.1; referred to
below as Waterman, 2001) which describes remedial works undertaken at the site and
the wider gas works.

WA prepared a Phase 1 Geo-Environmental Desk Study report dated August 2017 (ref.
LO10488/RPT-001) and a Phase 2 Interpretative Site Investigation Report dated
December 2017 (ref. LO10488/RPT-002) for the site. Section 2 of this report
summarises the site history based on the Phase 1 Geo-Environmental Desk Study
report. The geological, hydrogeological and hydrological setting of the site are also
summarised in Section 2 with reference to the recent (2017) site investigation
described in the Phase 2 Interpretative Site Investigation Report. However, the
current report should be read in conjunction with the Phase 1 Geo-Environmental
Desk Study Report and Phase 2 Interpretative Site Investigation Report.

Following receipt of the Phase 2 Interpretative Site Investigation Report, Reading
Borough Council have confirmed that planning condition 5 (site investigation) and

planning condition 9 (land gas) of the planning permission (no. 160378) are discharged
(Appendix 1).

Limitations

1.10

1.11

This report has been prepared for the exclusive benefit of the Client for the purpose
of providing geo-environmental recommendations for the site. The report contents
shall only be used in that context. Furthermore, new information, changes in practice
or new legislation may necessitate revised interpretation of the report after the date

of its production.

Wardell Armstrong has used reasonable skill and care in the design of the site
investigation work to comply with currently available industry guidance and to meet

the requirements of the commission.

LO10488/RPT003 FINAL Page 3
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1.12

1.13

Whilst reasonable attempts have been made to identify the potential ground related
constraints, it should be noted that the ground conditions encountered are
representative only of the areas investigated at the time of investigation and may not
be representative of the site as a whole. As part of the interpretation process
reasonable inferences have been drawn between the investigation points, however,
it should be recognised that ground and groundwater conditions can vary significantly
both laterally and vertically over time due to changing conditions such as seasonal or
climatic fluctuations etc. The potential for areas of loose/soft materials, contaminated

materials and/or other potential problems cannot be completely discounted.

The positions of site investigation locations were restricted due to access, in ground
obstructions, underground utilities and health and safety reasons. For example,
boreholes that had been proposed to be undertaken within existing buildings could
not be safely carried out due to the dilapidated condition of the structures and were
therefore moved to external areas. A sixth proposed borehole (BHO5) could not be
undertaken in the east of the site due to access restrictions. Additionally trial pits were
restricted to hand dug excavations due to access into the building and its dilapidated

condition.

LO10488/RPT003 FINAL Page 4
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2

BACKGROUND

Site History

2.1

2.2

2.3

2.4

From the late 1800’s the site formed part of larger gas works. Gas works buildings and
equipment are recorded on historic maps in the north and west of site include pump
room, boiler room, chimney, engine room and scrubbers. Tracks were shown to run
across the middle of the site from west to east. Parts of workshop buildings and
another chimney were located in the southwest corner of the site and part of a
purifying house in northwest corner of the site. The larger gas works surrounded the
site on the west, south and east sides (further details are provided in the Phase 1 Geo-

Environmental Desk Study).

It is understood that part of the site, and larger areas of the wider gasworks, was
remediated in 2000 by Waterman. Remedial works generally involved the excavation
and offsite disposal of contaminated material (details are provided in Waterman,
2001). Records indicate that a total of 136 tonnes of contaminated material was
excavated from the site and wider gas works and disposed of offsite. Treatment of
groundwater was not undertaken as part of the remediation of the wider gasworks
site, although groundwater that was pumped from excavations and from a below

ground gasholder was removed from site during the works.

At the current site the extent of the remediation works in 2000 was restricted and two
of the five validation samples collected reportedly recorded elevated concentrations
of polycyclic aromatic hydrocarbon (PAHs) and ammonium. Both samples were from

the base of the excavation.

Atkins (2013) report that some areas of the wider gasworks, specifically the area to
the west of the site (the Prudential development), may have been redeveloped
without the requirement for “groundwater remediation or protection from the current

site contamination”.

Geology

Made Ground

2.5

Made ground was present in all locations during the 2017 site investigation and
ranged in thickness between 1.5m and 3.9m, with an average thickness of 2.15m. The

full depth of made ground was not proved in all of the trial pit locations. The maximum

LO10488/RPT003 FINAL Page 5
23 February 2018



CHARLY4S LIMITED
FORMER GAS WORKS, GAS WORKS ROAD, READING E’?f%'&%lgl
DETAILED QUANTITATIVE RISK ASSESSMENT AND

REMEDIATION STRATEGY REPORT

2.6

2.7

depth of made ground was encountered in BHO1 in the northwest of the site, where
it was present to 3.9mbgl. The made ground is generally described as soft to very soft
dark grey/brown mottled black slightly sandy gravelly clay/slightly gravelly sandy silt
with brick, concrete and rare flint, glass fragments and wood, and grey/brown sandy

subangular and subrounded brick, sandstone and concrete coarse gravel/cobbles.

Where the made ground comprised a cohesive material (i.e. clay/silt) it was often

described as being stained black and having a faint/strong hydrocarbon odour.

The description of the made ground encountered during the recent site investigation

was similar to that encountered during the 2010 site investigation.

Superficial Deposits

2.8

2.9

Published geological mapping indicates that the site is underlain by natural superficial
deposits comprising alluvium with a “basal gravel” which generally comprises sand
and gravel. In the Kennet Valley the basal gravel is underlain by Quaternary River
Terrace Deposits which are also described as sand and gravel. The site investigations
undertaken at the site have not distinguished between the basal gravel and the River
Terrace Deposits. The recent (2017) site investigation encountered alluvium in all
boreholes at the site generally comprising clay and silt overlying sands and gravels.
The clay and silt (shallow alluvium) ranged in thickness between Om and 3.05m, with
the average thickness being 1.7m. Clay and silt was absent under thick made ground
at BHO1 in the northwest of the site and was thickest in BHO4B in the centre of the site
(to 4.95m bgl). The clay and silt was generally described as soft to firm greenish grey
mottled black silty clay/clayey silt with shell fragments and rare shells, gravelly/sandy
in places. The clay and silt was noted to have a strong or faint hydrocarbon odour in

all borehole locations and in some places was stained black.

The sand and gravel ranged in thickness between 2.20m and 3.95m thick, with the
average thickness being 3.10m. The sands and gravels were generally described as
medium dense to dense grey clayey sandy angular to rounded fine to coarse flint
gravel, and medium dense to very dense grey slightly gravelly fine to coarse sand. The
sands and gravels were noted to have a strong or faint hydrocarbon odour in all
locations except BHO4B. In BHO3C a sheen and brown hydrocarbon staining was
observed in the sand. The maximum depth of the sand and gravel was 7.8m bgl in
BHO4B in the centre of the site.

LO10488/RPT003 FINAL Page 6
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Bedrock Strata

2.10

Published mapping indicates the Seaford Chalk Formation and Newhaven Chalk
Formation (undifferentiated) underlies the superficial deposits.  Chalk was
encountered underlying the sands and gravels of the alluvium in all borehole locations.
The Chalk was described as structureless chalk composed of white/light brown slightly
gravelly sandy silt. The minimum depth it was encountered was 6.1 bgl in BHO1 and
the maximum depth was at 7.8mbgl in BHO4B. The full depth of the Chalk was not

proven.

Hydrogeology

Superficial Aquifer

2.11

2.12

2.13

The Environment Agency classifies the superficial deposits (shallow alluvium and sand
and gravel) as a Secondary A Aquifer. Secondary A aquifers are generally fractured or
potentially fractured formations and do not have a high primary permeability.
Although not producing large quantities of water for abstraction, they are important

for local supplies and may supply base flow to rivers.

Four monitoring boreholes were installed within the alluvium during the 2017 site
investigation. The boreholes are screened across both the shallow alluvium and the
sand and gravel and record groundwater elevations between 35.97mAOD and
36.24mAOD (November 2017 to January 2018 monitoring rounds). Flow in the
alluvium is to the north and east towards the main channel of the River Kennet which
is adjacent to the northern boundary of the site. This direction is towards the River
Kennet and also follows its downstream flow (towards the east), which suggests that
the groundwater on site may potentially be in hydraulic continuity with the river.
However, the river wall present along the northern boundary of the site may inhibit

to a degree the continuity of groundwater at the site with the Rive Kennet.

Data from falling head tests undertaken in 2012 by Atkins indicated a variable
hydraulic conductivity in the alluvium of between 1.0E-09 and 6.9E-09m/s, and in the
made ground of 1.7E-09m/s.

LO10488/RPT003 FINAL Page 7
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Bedrock Aquifer

2.14

2.15

The Environment Agency classifies the solid strata (Chalk) as a Principal Aquifer and
the site lies within Source Protection Zone (SPZ) Ill (Total Catchment) for a major public
groundwater supply approximately 2km to the south of the site. Principal aquifers are
highly permeable formations usually with a known or probable presence of significant
fracturing. They are usually highly productive, strategic reserves able to support large

abstractions, public water supply and river base flow.

At the site, one groundwater monitoring borehole has been installed within the Chalk
and the December 2017 and January 2018 monitoring rounds recorded groundwater
elevations between 35.86mAOD and 36.14mAOD. Hydrogeological mapping for the
area indicates that groundwater flow in the Chalk in the Reading area is generally to
the east (Institute of Geological Sciences, 1978) although it is influenced by the River

Thames and groundwater abstractions.

Hydraulic Continuity

2.16

2.17

Borehole BHO4B includes a dual installation with groundwater levels recorded in both
the made ground and the alluvium (screened across both the shallow alluvium and
the sand and gravel). Results from the recent groundwater monitoring (December
2017 and January 2018) at borehole BHO4B suggest that the water in the made ground
is likely to be perched.

Borehole BHO6A includes a dual installation with groundwater levels recorded in both
the alluvium (screened across both the shallow alluvium and the sand and gravel) and
the Chalk. December 2017 and January 2018 monitoring results for borehole BHO6A
indicate that the groundwater levels in the alluvium are approximately 0.06 - 0.11m
higher than the Chalk suggesting that the Chalk aquifer may not be in direct hydraulic

continuity with the superficial aquifer.

Groundwater Abstractions

2.18 There are two active groundwater abstraction licences within 1km of the site. The

closest is approximately 358m east of the site and is operated by M J Gleeson Group

Plc which is licensed to abstract an undefined volume of groundwater per year for
LO10488/RPT003 FINAL Page 8
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2.19

2.20

pump and treat pollution remediation purposes. There is no information regarding
the aquifer from which groundwater is abstracted; it could be from the shallow
superficial aquifer or from the underlying Chalk. This abstraction is not considered to
be a sensitive receptor in terms of the controlled waters assessment as it is used for

remediation purposes.

The other groundwater abstraction is approximately 650m to the south of the site and
is operated by Royal Berkshire Hospital. The licence is for 127,750m3 per year for
drinking, cooking, sanitary and washing purposes. A BGS borehole (ref. SU77SW653)
located at Royal Berkshire Hospital is recorded to be 83 m deep and within the Chalk
aquifer. This abstraction licence is therefore likely to relate to an abstraction from the
Chalk.

The site lies within SPZ 1l for a major public groundwater supply approximately 2km
to the south of the site. This supply is operated by the University of Reading and is

licensed for the abstraction of groundwater from boreholes in the Chalk.

Hydrology

2.21

2.22

The nearest surface watercourse is the River Kennet, the main channel of which is
adjacent to the northern boundary of the site. There is another canalised branch of
the River Kennet (referred to on historic plans as the Kennet and Avon Canal)
approximately 60m to the south of the site. The River Kennet flows to the east-
northeast towards the River Thames, the confluence of the two rivers is approximately

800m downstream of the site.

There are two surface water abstraction licences within 1km of the site. The closest
is approximately 750m north (NGR: 472072 174185) and is operated by The Reading
Sustainability Centre, which is licensed to abstract an undefined amount of surface
water per year for “other environmental improvements: transfer between sources”
purposes. The abstraction is from the River Thames upstream of the confluence with
the River Kennet. The other abstraction is from a lake/pond approximately 200m

southwest of the site.
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3 CONCEPTUAL SITE MODEL

3.1 Environment Agency guidance (‘Model Procedures for the Management for Land
Contamination — Contamination Land Report (CLR) 11) provides advice on the
approach for the assessment of contamination on a site. This approach includes the
production of a conceptual site model depicting the environmental processes that
occur on and in the vicinity of the site and identifying the potential pollution linkages.
The assessment of the significance of these pollution linkages can then be carried out
through the risk assessment process.

3.2 The conceptual site model and the assessment of the associated risks is based upon
the identification of the possible sources of contamination (“the sources”), the
identification of who or what may be affected by the contaminants (“the receptors”)
and the possible pathways by which contaminants may migrate to one or more of the
receptors (“the pathways”).

33 The results from the WA site investigation and risk assessments have been used to
assess the significance of these potential pollution linkages and identify the necessary
remediation/risk management actions to be undertaken. The conceptual site model,
as presented in the Phase 2 Interpretative Site Investigation Report, is shown in
Table 1.

Table 1: Revised Conceptual Site Model
Risk Category
Issue Summary Property/
Humans X
Environment
Contamination Potential:
. Disused former social club and governor
Present site use .
house with yard area
Past site use Gas works
Impact to site from past | Past: surrounding gas works
and present adjacent land | Present: offices, commercial,
uses residential
. . Historical shallow chalk/lime workings
Mining history . . . Low Low
off site. No evidence on site.
Emissions, pollution | One revoked discharge consent 44m
- . . Low Low
incidents, discharges etc. from site
LO10488/RPT003 FINAL Page 10
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Table 1: Revised Conceptual Site Model

Risk Category

Issue Summary Property/

Environment

Humans

Asbestos containing material (ACM) has
tentatively been identified in the
building. No ACM detected in made | Low/ Low/

Asbestos . . .
ground during site investigation but | Moderate | Moderate
may still be encountered during site
works.
Presence of made ground and organic
Ground gas materials in natural superficial deposits

may give rise to ground gas

No waste management facilities within

Waste management .
500m of the site

Contamination identified on site in the
past and remediated on a statutory
Past remediation basis. Site may still be contaminated in
terms of proposed residential use with
gardens.

Environmental Sensitivity:

Made ground overlying shallow alluvium
Geology (clay and silt) and sand and gravel which
in turn overlies Chalk

This site is situated on a Secondary A
aquifer which overlies a Principal aquifer.
o The closest active groundwater
Groundwater vulnerability o . .
abstraction licence is 358m east. Site is
within a SPZ Il for a public water supply

2km to south.

The main channel of the River Kennet is
adjacent to the northern boundary of
the site. The nearest graded surface
Surface water vulnerability | watercourse is a reach of the River
Kennet, 284m north of site. The closest
surface water abstraction licence is
750m north.

Geological constraints:

Made ground up to 3.9m proved at site
Made ground / superficials | (>5m recorded in 2010 investigation). L Low/
ow
/ solid geology Alluvium not indicated to contain peat Moderate
layers.
LO10488/RPT003 FINAL Page 11
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Table 1: Revised Conceptual Site Model

Issue Summary

Risk Category

Humans

Property/
Environment

Historical shallow chalk/lime workings

Mining setting  sit
off site

Low

Low

Risks relating to other constraints (miscellaneous):

Pipework encountered during
Services remediation in west of site. Pipework
associated with governor building likely.

Low

Majority of site does not lie within a
designated floodplain. The southern
and northern edges of the site lie within
Flooding Flood Zone 2 and 3 respectively. There
is a very low chance of surface water
flooding at the site. There is the
potential for groundwater flooding to

occur at the site.

Low

Low/
Moderate

Buried concrete encountered during
Buried obstructions remediation in west of site and during
recent site investigation.

Low

Low/
Moderate

Site is within a low risk area for
Unexploded ordnance .
encountering unexploded ordnance.

Low

Low

Liability Issues:

Risk of liability with past

. Gas works
use of site.

use of site house with yard area

Risk of liability with current | Disused former social club and governor

Low/
Moderate

Risk  of liability for

. Residential
proposed use of site

Overall Risk for Site:

Low

34 The Phase 2 Interpretative Site Investigation Report identified the need for detailed
guantitative risk assessment (DQRA) for human health and controlled waters. The
source-pathway-receptor pollution linkages for human health and controlled water
receptors are described in more detail in Sections 4 and 5, respectively.
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4 DETAILED QUANTITATIVE RISK ASSESSMENT — HUMAN HEALTH

Introduction

4.1 The Phase 2 Interpretative Site Investigation Report assessed the results of
geochemical testing against published assessment criteria for residential land. The
initial assessment identified Contaminants of Concern (COC) that exceeded the
generic screening values and required further detailed quantitative risk assessment
(DQRA) which are summarised in Table 2.

Table 2: Summary of Contaminants of Concern Identified in Soils

Contaminant of Concern Made ground Natural

<\

Chromium v
Lead
Mercury
Aromatics EC10-EC12
Aromatics EC12-EC16
Aromatics EC16-EC21
Aromatics EC21-EC35

Benzo(a)anthracene

TPHs

Benzo(a)pyrene

Benzo(b)fluoranthene

Benzo(k)fluoranthene

Chrysene

Dibenzo(ah)anthracene

Fluoranthene

Indeno(1,2,3-cd)pyrene

Naphthalene

N ENENEN RN AN AN NN ENASESESENANAN
NNANENENENENENENENENENENENAN

Phenanthrene

Notes

vContaminant of concern identified from initial soils (human health) assessment at concentrations above generic screening
criteria

Conceptual Site Model — Human Health

4.2 The conceptual site model, in terms of human health is summarised in Table 3. The
main receptors are future occupiers and site workers.
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4.3

4.4

4.5

4.6

Table 3: Potential Pollutant Linkages for Human Health

Potential Source Pathway Receptor
Pollutant
Linkage (PPL)
Direct soil and indoor dust ingestion; skin Future occupiers and site
contact with soils; consumption of works
. . homegrown produce; consumption of soil
PPLHH1 Contaminated soils

adhering to homegrown produce; and indoor
dust and inhalation of indoor and outdoor
dust and vapours

organic materials in . . works
PPL HH2 . X Gas migration
superficial deposits across

the site (ground gas)

Contaminated soils and Future occupiers and site

The following considers potential pollutant linkage PPL HH1. Section 6 (Ground Gas
Assessment) considers pollutant linkage PPL HH2.

It is proposed to redevelop the site for residential use with at least one of the
properties having access to a private garden. The planning application (no. 160378) is
for the creation of 20 residential units through the extension and conversion of the
two existing buildings (the former social club and governor house). The largest
building will be extended to the west and upwards and will have flats on five levels.
One flat is proposed to have a private garden. The ground floor level of the larger
building will be reduced by up to 0.8m and the lowest level will now be used for cycle
storage (not habitable dwellings). The smaller building has an existing basement,
although it will not be retained in the proposed development and will be partially
backfilled. A communal landscaped area is proposed between the two buildings. The
single storey part of the larger building has been demolished as part of site clearance
works. It is understood that no further demolition will be taking place.

Asbestos identification analysis undertaken on 22 samples taken from across the site
did not record the presence of any asbestos containing material (ACM). Due to the
nature of made ground encountered (demolition type material) and the historical uses
of the site, the potential for asbestos to be present elsewhere on the site cannot be
completely discounted. If unexpected or suspicious material is encountered during
the redevelopment work, it is recommended that additional testing is undertaken.

It is understood that ACM has tentatively been identified in the fabric of the buildings
that are to be retained on site. The management and / or potential risk of these
materials (if present) is beyond the scope of this report which has only considered
potential for asbestos fibres / ACM within the ground.

LO10488/RPT003 FINAL Page 14
23 February 2018



CHARLY45 LIMITED

FORMER GAS WORKS, GAS WORKS ROAD, READING war ell
DETAILED QUANTITATIVE RISK ASSESSMENT AND

REMEDIATION STRATEGY REPORT

4.7

4.8

The assessment focuses on future occupiers of the site. During the construction
works, there is a potential for site workers to come into contact with contaminated
soils/waters. It will be necessary to adopt appropriate health and safety measures,
including for the risks of gas in confined spaces, to mitigate the risks posed to
construction workers. It is recommended that appropriate risk assessments are
undertaken to identify safe working procedures and that these measures are included
with the health and safety file and are passed to any future maintenance workers.

During the construction works, there is a potential for adjacent site users to be
affected by contaminated dust. It will be necessary for the groundworks contractor to
implement appropriate control measures to address this risk and these measures
should be detailed in the Construction Environmental Management Plan to be
produced by the contractors.

DQRA Methodology — Human Health

4.9

The Contaminated Land Exposure Assessment (CLEA) model v1.07 has been used to
undertake DQRA to look at risk to human health through chronic exposure to potential
contamination in soils. The CLEA model has been used in conjunction with alterations
recommended by the Chartered Institute of Environmental Health/Land Quality
Management (CIEH/LQM) Suitable for Use Levels (S4UL) publication to derive Site

Specific Assessment Criteria (SSAC) for a residential end use.

Input Parameters

4.10

4.11

The critical receptor for a residential end use is a young female child and exposure
duration is six years. As the proposed development includes a private garden
consumption of homegrown produce and soil adhering to homegrown produce are
considered as well as the following exposure pathways: direct soil and indoor dust
ingestion; skin contact with soils; and indoor dust and inhalation of indoor and

outdoor dust and vapours.

The buildings on site will be repurposed commercial buildings (a former governor
house and social club). The former social club will be part four, five and six storeys
and the former governor house will be three storeys, with each storey 2.7m high. The
standard commercial “Office (pre-1970)” building type has been used to calculate the
SSAC. The footprint of the buildings (approximately 250m? for the former social club

and 100m? for the former governor house) is lower than the default value of 424m?
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4.12

4.13

for the “Office (pre-1970)” building type so the assessment will be conservative in this
regard. The default dust loading factor for the “Office (pre-1970)” building type
(100pg/m?3) has been updated to reflect the residential end use, the recommended

50ug/m? for residential end use has been used.

The made ground is generally described as being a matrix of slightly sandy gravelly
clay or slightly gravelly sandy silt with brick, concrete and rare flint, glass fragments
and wood, and brick, sandstone and concrete coarse gravel/cobbles. The superficial
deposits underlying the made ground are clay and silt. Visual and olfactory evidence
of hydrocarbon contamination was generally associated with cohesive material (i.e.

clay/silt). The silty clay soil type has been used to calculate the SSAC.

Soil organic matter (SOM) results reported by Atkins (2010) were variable. During the
2017 site investigation three made ground and one alluvium sample identified as
“clean” based on volatile organic compound (VOC) results were tested for Total
Organic Carbon (TOC). Test results for TOC were converted to SOM and indicate an

average SOM of 1.9% for the made ground materials.

Results

4.14

The results of this assessment are included in Appendix 2 and summarised in Table 4
together with the maximum concentration from the soil contamination testing results
from the 2017 site investigation. Also included is the maximum concentration
recorded from the combined 2017 and 2010 site investigation data. Where the
maximum concentration exceeds a calculated SSAC it has been highlighted in bold for
ease of reference. Either further DQRA or mitigation will be required where
concentrations are above derived SSAC.

Table 4: Summary of SSAC and Soil Contamination Test Results

Contaminant of Concern Units SSAC Maximum Concentration (see Appendix 5 of
Interpretative Site Investigation Report)

Made Ground Natural
(2010 and 2017 | Materials (2017
data) data)
Chromium mg/kg 6.05 22 24 17

Lead mg/kg 2002 330 1800 n/ab

Mercury mg/kg 4.45 1.9 3 n/ab
Aromatics >EC10-EC12 mg/kg 156 180 180 350
Aromatics >EC12-EC16 mg/kg 272 600 600 1200
Aromatics >EC16-EC21 mg/kg 463 1,200 2,400 2600

Made Ground
(2017 data)
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4.15

4.16

4.17

4.18

Table 4: Summary of SSAC and Soil Contamination Test Results
Contaminant of Concern Units SSAC Maximum Concentration (see Appendix 5 of
Interpretative Site Investigation Report)
Made Ground Made Ground Najtural
(2017 data) (2010 and 2017 | Materials (2017
data) data)
Aromatics >EC21-EC35 mg/kg 1,410 1,500 7,800 2900
Benzo(a)anthracene mg/kg 11.4 180 180 190
Benzo(a)pyrene mg/kg 2.64 90 90 70
Benzo(b)fluoranthene mg/kg 3.18 140 260 140
Benzo(k)fluoranthene mg/kg 90.0 140 150 130
Chrysene mg/kg 20.6 140 150 130
Dibenzo(a,h)anthracene mg/kg 0.28 24 24 13
Fluoranthene mg/kg 483 340 490 460
Indeno(1,2,3-cd)pyrene mg/kg 34.5 81 120 52
Naphthalene mg/kg 58.8 150 150 490
Phenanthrene mg/kg 181 300 300 680
Notes:
a. Published C4SL for residential with home grown produce end use (CL:AIRE, 2014)
b. No natural materials exceeded screening values so statistical analysis not undertaken.

The results from the CLEA model indicate that the critical pathways (i.e. those
pathways with the highest contributions to the total exposure) are dominated by
direct ingestion and consumption of homegrown vegetables (Appendix 2). The critical
pathways for lead are also direct ingestion and consumption of homegrown
vegetables (CL:AIRE, 2014). Section 7 considers remediation options in detail. To

support the options appraisal, further DQRA has been undertaken.

A clean cover pathway break, with imported clean soil used in all landscaped areas of
the site and the single private garden, could be used to effectively sever the identified
direct contact / ingestion and homegrown vegetables pathways. Details of the

proposed clean cover pathway break are included in Section 7.

Additional SSAC have been produced for this clean cover scenario which consider the
inhalation of vapours inside the proposed flats and outdoors only (referred to below
as “SSAC (Indoor and Outdoor Inhalation Pathways)”). Placement of clean cover
break will effectively sever the identified contamination linkages between future
residents and non-volatile contamination (i.e. chromium and lead) and therefore SSAC
have not been calculated for these COC.

The results of this assessment are included in Appendix 3 and summarised in Table 5
together with the maximum concentration from the soil contamination testing results
from the 2017 site investigation. Also included is the maximum concentration from
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the combined 2017 and 2010 site investigation data. Where the maximum
concentration exceeds a calculated SSAC (Indoor and Outdoor Inhalation Pathways) it
has been highlighted in bold for ease of reference. With the exception of naphthalene,
the maximum concentration is below the calculated SSAC (Indoor and Outdoor
Inhalation Pathways) for all COC. Therefore, this assessment demonstrates that
provision of a suitable clean cover pathway break will effectively sever the identified
pollutant linkage with all of the COC except naphthalene. Either additional mitigation

of further DQRA will be necessary to address risk posed by naphthalene.

Table 5: Summary of SSAC for Indoor and Outdoor Inhalation Pathways and Soil
Contamination Test Results
Contaminant of Concern Units SSAC Maximum Concentration (see Appendix 5 of
(Indoor Interpretative Site Investigation Report)
and Natural
Outdoor Made Ground K
Inhalation Made Ground (2010 and 2017 Materials (2017
(2017 data) data)
Pathways) data)
Chromium mg/kg n/ab 22 24 17
Lead mg/kg n/ab 330 1800 n/a2
Mercury mg/kg 10.4 1.9 3 n/a?
Aromatics >EC10-EC12 mg/kg 11,400 180 180 350
Aromatics >EC12-EC16 mg/kg 82,500 600 600 1200
Aromatics >EC16-EC21 mg/kg 562,000 1200 2400 2600
Aromatics >EC21-EC35 mg/kg | 26,600,000 1500 7800 2900
Benzo(a)anthracene mg/kg 469 180 180 190
Benzo(a)pyrene mg/kg 829 90 90 70
Benzo(b)fluoranthene mg/kg 883 140 260 140
Benzo(k)fluoranthene mg/kg 30,500 140 150 130
Chrysene mg/kg 3,650 140 150 130
Dibenzo(a,h)anthracene mg/kg 72.4 24 24 13
Fluoranthene mg/kg 521,000 340 490 460
Indeno(1,2,3-cd)pyrene mg/kg 8,910 81 120 52
Naphthalene mg/kg 58.9 150 150 490
Phenanthrene mg/kg 78,400 300 300 680
Notes:
a. No natural materials exceeded screening values so statistical analysis not undertaken.
b. Clean cover would effectively sever the pollutant linkages for chromium and lead.

4.19 Naphthalene has been recorded at the site in excess of the calculated SSAC (Indoor
and Outdoor Inhalation Pathways) with the critical pathway being indoor inhalation.
Two samples exceed the calculated SSAC (Indoor and Outdoor Inhalation Pathways)
of 59mg/kg:
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4.20

4.21

4.22

4.23

4.24

e BHO1 3.6-3.7mbgl (made ground) — 150mg/kg; and
e BHO03C 3.5-3.6mbgl (natural sand and gravel) — 490mg/kg.

Further DQRA to assess the level of risk presented by the elevated levels of
naphthalene identified at the site above the SSAC (Indoor and Outdoor Inhalation
Pathways) calculated using the CLEA model has therefore been undertaken. The
Johnson and Ettinger model used within the CLEA model is considered overly
conservative for assessment of vapour intrusion into buildings were no basements will
be constructed in the dwellings. The indoor inhalation and outdoor inhalation

pathways have therefore been assessed separately.

Vapour flow from the ground into the building is modelled by Johnson and Ettinger
through a pressure bearing slab and the retaining wall of the basement. Johnson and
Ettinger use a pressure driven soil gas flow equation that models the effect of a
basement constructed below ground level that is common in the United States. While
this approach may yield a conservative estimate of vapour flow into a dwelling in many
circumstances it is considered overly conservative for modelling situations were no

basements will be constructed in the dwellings.

The ground floor level of the River Kennet Building will be reduced by up to 0.8m and
the lowest level will now be used for cycle storage (not habitable dwellings). The GWR
Building has an existing basement, although it will not be retained in the proposed
development. The existing floors have been removed from both buildings and the
proposed development includes beam and block floors with a ventilated sub-floor
void. The potential for inhalation of vapours in indoor air has therefore been assessed
utilising the Wilson Modular Approach (WMA) with reference to Wilson (2008).

In order to model the potential flow of vapour from the residual naphthalene
contamination at the site to future dwellings site specific data regarding the soils and
groundwater contamination as well as assumptions as to how a floor slab may be
constructed have been used. The purpose of this exercise is to use reasonable
assumptions to assess the potential need for a vapour barrier where a ventilated sub-

floor void is incorporated into the design.

Physio-chemical data for naphthalene has been obtained from Environment Agency
(2008). Building and soil parameters used in the modelling have been adopted from
the CLEA model. The equations used to estimate vapour transfer from the source zone

to indoor air are presented in full in Appendix 4 as a worked example with justification
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of each of the parameters used within the equations together with worksheets for the

COC (naphthalene). Table 6 below is a summary of the results of the modelling.

Table 6: Summary of WMA Modelling Results (Appendix 4)

Contaminant of Concern

Maximum
Concentration (mg/kg)

Inhalation Health
Criteria Value — HCV;yj,

Worst Case Calculated
Indoor Equilibrium

(ng/m3) Vapour Concentration —
Chuilding (1g/m3)
Naphthalene 490 2.87 0.007

4.25 The further DQRA undertaken using the WMA indicates that maximum concentration
of naphthalene recorded at the site is calculated to produce an equilibrium indoor air
The WMA

assessment has been undertaken on the basis that there is a minimum 150mm

concentration below the relevant inhalation health criteria value.

ventilated sub-floor void. If the foundation type varies from this assumption, the

requirement for vapour protection measures will need to be reassessed to ensure that
the assumptions used in the conceptual site model are appropriate to the alternative

foundation type.

4.26 The outdoor inhalation pathway has been assessed using the CLEA model. The
additional SSAC produced is referred to below as “SSAC (Outdoor Inhalation
Pathway)”).
summarised in Table 7 together with the statistical analysis of the soil contamination

testing results from the 2017 site investigation.

The results of this assessment are included in Appendix 5 and

Also included are the statistical
analysis which combines the 2017 and 2010 site investigation data. The maximum
concentration from the statistical analysis is below the calculated SSAC (Outdoor
Inhalation Pathway).

Table 7: Summary of SSAC Outdoor Inhalation Pathway and Soil Contamination
Test Results

Contaminant of Concern Units SSAC
(Outdoor

Inhalation

Maximum Concentration from Statistical Analysis
(see Appendix 5 of Interpretative Site Investigation
Report)

Pathway)

Made Ground
(2010 and 2017 | Materials (2017
data) data)

131,161 150 150 490

Natural
Made Ground

(2017 data)

Naphthalene

mg/kg
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4.26 A clean cover pathway break, with imported clean soil used in all landscaped areas of
the site and the single private garden, could be used to effectively sever the identified
direct contact / ingestion and homegrown vegetables pathways. Details of the
proposed clean cover pathway break are included in Section 7. The outdoor inhalation
pathway has been assessed using the CLEA model and the indoor inhalation pathway
has been assessed using the WMA. The assessment indicates that the inhalation
pathways do not require any additional remediation measures based on the proposed
building design.
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5 DETAILED QUANTITATIVE RISK ASSESSMENT — CONTROLLED WATERS
Introduction
5.1 The Phase 2 Interpretative Site Investigation Report assessed the results of

geochemical testing against published assessment criteria for groundwater and
surface water. The initial assessment identified Contaminants of Concern (COC) that
exceeded the conservative screening values and required further DQRA are

summarised in Table 8.

Table 8: Summary of Contaminants of Concern Identified in Groundwater and
Surface Water

Contaminant of Groundwater Surface Water
Concern
Made Shallow Chalk | Upstream Downstream
Ground alluvium and
(perched) | sand and gravel
Chromium v
Mercury v
Ammonium v v v
Total cyanide v v V1 V2 V2
Sulphur/ Sulphide v V1 v V2 V2
Benzene v
TPHs 4 4 4 V2 V2
Acenaphthene 4 4
Anthracene 4 4
Benzo(a)pyrene v vl vl
Benzo(b)fluoranthene 4 4
Benzo(k)fluoranthene 4 4
Fluoranthene v v v V2 V2
Indeno(1,2,3- 1 1 v 2 v
cd)pyrene
Naphthalene 4
Notes

v’ Contaminant of concern identified from initial groundwater and/or surface water assessment at concentrations above
Level 2 water quality criteria
1 Limit of detection higher than screening value for groundwater

2 Limit of detection higher than screening value for surface water

Conceptual Site Model — Controlled Waters

5.2

The conceptual site model, in terms of controlled waters (surface water and
groundwater) is summarised in Table 9. The main receptors are considered to be the
River Kennet and the groundwater abstraction from the Chalk aquifer. Whilst the
superficial deposits (shallow alluvium and sand and gravel) are classified as a
Secondary A aquifer, there are no recorded groundwater abstractions from the
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superficial aquifer in the vicinity of the site (with the possible exception of an
abstraction for pump and treat pollution remediation purposes). Groundwater in the
superficial aquifer is therefore not considered separately as a receptor as part of the

DQRA.
Table 9: Potential Pollutant Linkages for Controlled Waters
Potential Source Pathway Receptor
Pollutant
Linkage (PPL)
Leaching of soils and vertical migration of COC from the River Kennet
PPL CW1 Contaminated | unsaturated soils into the underlying groundwater within
soils the superficial aquifer (shallow alluvium and sands and
gravels) and transport to the River Kennet
Groundwater
Leaching of soils and vertical migration of COC from the abstraction
. unsaturated soils into the underlying groundwater within from the
Contaminated - . . .
PPL CW2 i the superficial aquifer (shallow alluvium and sands and Chalk aquifer
sails
gravels), further migration in to the underlying Chalk associated
aquifer and transport to the groundwater abstraction with the SPZ
1]
Contaminated River Kennet
roundwater
g, th q Migration of dissolved COC within groundwater in the
in the made
PPLCW3 superficial aquifer (shallow alluvium and sands and
ground and .
. gravels) and transport to the River Kennet
superficial
aquifer
. Groundwater
Contaminated .
. S . . . abstraction
groundwater | Vertical migration of dissolved COC within groundwater in ‘ th
rom the
in the made in the superficial aquifer (shallow alluvium and sands and .
PPL CW4 . . . Chalk aquifer
ground and gravels) into the underlying Chalk aquifer and transport to ted
associate
superficial the groundwater abstraction .
. with the SPZ
aquifer i

5.3 Leaching of soils and vertical migration of COC from the unsaturated soils into the
underlying groundwater within the superficial aquifer (PPL CW1) is considered in the
DQRA with the River Kennet considered as the key receptor due to the proximity to
the site (adjacent to the site boundary). Further migration from the superficial aquifer
into the underlying Chalk aquifer (PPL CW2) would result in additional dilution and
therefore any remedial targets derived for the assessment of PPL CW1 would be
conservative with respect to PPL CW2.

5.4 Whilst it is acknowledged that groundwater beneath the site has already been

impacted by offsite contamination, it is considered that the most pragmatic approach
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is to assess the potential for contamination to migrate from the primary source (i.e.
contaminated soils) to the key receptor (the River Kennet, adjacent to the site
boundary). The DQRA has not therefore been undertaken for the migration of
dissolved COC within groundwater (i.e. potential pollutant linkages PPL CW3 and PPL
CW4). This approach is considered appropriate as there has been no remediation of
the adjacent properties which have reportedly been redeveloped without the need
for remediation protective of controlled waters despite reportedly being grossly
contaminated (see Section 2). It will ensure that any remedial targets derived will be
protective of the surrounding environment without creating a situation that requires

clean-up of material that is not having a significant impact on the environment.

DQRA Methodology — Controlled Waters

5.5

5.6

5.7

5.8

The Environment Agency Remedial Targets Worksheet Version 3.2 was utilised to

assess the risk to Controlled Waters from contamination in soils and derive remedial

targets. The methodology is based on a phased approach to risk assessment with four

levels of assessment. The assessment levels for contaminated soils consider:

e Level 1-‘pore water’ concentrations;

o Level 2 — effects of attenuation processes in the soil and unsaturated zones and
predicts the effects of dilution by groundwater flow below the site;

e Level 3 — effects of attenuation processes between the site and a downgradient
receptor;

e Level 4 —dilution in a receiving watercourse or abstraction.

A remedial target is derived at each level, in general the target becomes less stringent
as the assessment level increases as additional processes such as dilution and

attenuation are taken into account.

The Environment Agency consider Level 4 to represent a special case and any level 4

assessment must demonstrate that:

e Anyimpact on groundwater does not jeopardise future use of the resource; and

e The cost of remediation is disproportionate in relation to the improvement of
groundwater or surface water quality.

Assessment levels 1, 2 and 3 have been used to derive remedial targets for soils

affected by the COC at the site. The assessment models the effects of attenuation,
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5.9

dilution, dispersion and degradation of contamination between the source and the
down-gradient receptor.

The Remedial Targets Worksheet assumes a single groundwater unit and models
groundwater flow to a down hydraulic gradient compliance point. This is considered

appropriate for modelling potential pollutant linkage PPL CW1.

Input Parameters

5.10 Input parameters for the soil and aquifer have been sourced from available site

investigation data and from default literature values from the following sources:

e 2010 site investigation data including results of falling head tests;

e 2017 site investigation data including results of laboratory analysis and
groundwater level monitoring;

e Updated technical background to the CLEA model (Environment Agency, 2009a);

e ConSim manual; and

e Hydrogeology: Principles and Practice (Hiscock, 2005).

5.11 Justification for the soil and aquifer parameters is provide in Appendix 6.

5.12 Physical properties for individual chemicals (Henry's Law constants, soil water
partition coefficients and organic carbon partition coefficients) have been sourced
from from the following sources:

e Atkins (2013);

e LQM/CIEH (2015);

e Petroleum Hydrocarbons in Groundwater: Supplementary Guidance for
Hydrogeological Risk Assessment (Environment Agency, 2009b); and

e Physical-Chemical Properties and Environmental Fate for Organic Chemicals
(Mackay, 2006).

5.13 Justification for the chemical parameters is provide in Appendix 6.

Results

5.14 The Remedial Targets Worksheets are included in Appendix 7 and the results
summarised in Table 10.
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5.15

5.16

Table 10: Summary of Controlled Waters Remedial Targets
Determinand Level 1 Soils Level 2 Soils SSAC Level 3 Soils SSAC Number of
SSAC (mg/kg) (mg/kg) Samples
(mg/kg) Exceeding
Level 3 Soils
SSAC

Mercury 4.42E-01 6.88E-01 6.94E-01 1
Ammonium 3.32E+01 5.18E+01 5.18E+01 4
Cyanide (Total) 1.00E+00 1.06E+00 1.06E+00 5
Benzene 1.16E-02 1.56E+00 1.56E+00 0
Aliphatics >C12-C16 5.91E+02 9.21E+02 9.95E+02 0
Aliphatics >C16-C21 6.33E+04 9.87E+04 2.20E+07 0
Aliphatics >C21-C35 6.33E+04 9.87E+04 2.20E+07 0
Aromatics >EC5-EC7 1.16E-02 1.80E-02 2.15E+02 0
Aromatics >EC7-EC8 2.66E-02 4.14E-02 3.64E+43 0
Aromatics >EC8-EC10 1.79E-01 2.78E-01 1.86E+32 0
Aromatics >EC10-EC12 2.80E-01 4.37E-01 2.09E+49 0
Aromatics >EC12-EC16 5.55E-01 8.66E-01 8.02E+79 0
Aromatics >EC16-EC21 1.56E+00 2.43E+00 2.20E+28 0
Benzo(a)pyrene 2.41E-04 3.76E-04 1.98E+176 0
Benzo(b)fluoranthene 1.96E-04 3.05E-04 2.94E+147 0
Benzo(k)fluoranthene 2.77E-04 4.31E-04 4.54E+91 0
Fluoranthene 1.26E-03 1.97E-03 2.29E+70 0
Indeno(1,2,3-cd)pyrene 1.63E-04 2.54E-04 2.53E+28 0
Naphthalene 1.50E-02 2.34E-02 2.34E-02 0
Acenaphthene 4.45E-01 6.94E-01 1.03E+54 0
Anthracene 6.23E-03 9.70E-03 6.59E+36 0

The results of the controlled waters DQRA indicate that only mercury, ammonium and
cyanide are present in soils at the site at concentrations that may represent a potential
risk to identified receptors. However, the risk assessment undertaken is considered
to be conservative for the site. The DQRA undertaken indicates that the majority of
the COCs identified do not pose a significant risk to the identified controlled water

receptor (i.e. the River Kennet adjacent to the site).

The risk assessment undertaken uses conservative input parameters and assumes
steady state conditions are reached between soils, groundwater in the superficial
Secondary A aquifer and the hypothetical borehole at the site boundary adjacent to
the River Kennet. The assessment undertaken stops at Level 3 and does not allow for
any dilution within the receiving water body. According to data in the UK Hydrometric
Register, the Q95 flow in the River Kennet in the vicinity of the site (Kennet Theale
Gauging Station) is 3.76m3/s. By comparison with the quantity of water estimated to

flow from the site, calculated using Darcy’s Law, the dilution offered by the River
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5.17

5.18

Kennet adjacent to the site would be circa 13,000,000 times (Appendix 7). Dilution of
only 0.00008% of that offered by the River Kennet in low flow conditions would be
required to indicate that none of the COC included in the risk assessment represent a

significant risk to the water quality of the river.

The risk assessments undertaken do not include reference to the river wall which runs
along the entire length of the site adjacent to the river which will act to further restrict
flow of groundwater from the site to the river. Additionally, as discussed in Section 2,
redevelopment of the neighbouring sites which have also been developed on the
former gasworks, have not included any remediation of groundwater, despite there
being gross contamination of groundwater recorded during site investigations. It is
therefore considered the that the low levels of COCs which the conservative DQRA
have highlighted are not a significant risk to identified controlled water receptors and

that no further mitigation is required.

Considering that neighbouring sites already developed with known gross
contamination in the groundwater have not been remediated, it is considered
disproportionate to undertake remediation of soils at the site to Level 3 remedial
targets. Instead, a strategy of betterment should be included in the remediation and
redevelopment of the site. The redevelopment of the site will include provision of
new drainage systems in association with areas of hardstanding that will reduce
infiltration to the ground. Infiltration could be further reduced by incorporating a low
permeability layer within soft landscaped areas which would help to significantly
reduce the potential mobilisation of residual contamination in the soils to the
underlying groundwater in the superficial Secondary A aquifer and River Kennet

beyond.
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6.1

6.2

6.3

6.4

6.5

GROUND GAS ASSESSMENT

The conceptual site model for human health (Table 3) identified a potential pollutant
linkage for ground gas to future occupiers and site workers (PPL HH2). This section

considers this potential pollutant linkage.

Guidance within CIRIA 665 “Assessing risks posed by hazardous ground gases to
buildings” (2007) is used to calculate a Gas Screening Value (GSV) and generate a
Characteristic Situation (CS) for the site. CS1 represents a very low risk and CS6

represents a very high risk from ground gas.

CIRIA 665 also provides some guidance on gas protection measures for each CS.
Design of gas protection is also covered within BS8485:2015 “Code of practice for the
design of protective measures for methane and carbon dioxide ground gases for new
buildings”. Where the end use is residential the NHBC published guidance (traffic light
system) can also be used as an alternative provided the construction of the buildings

proposed is compliant with their guidance.

Ground gas monitoring was undertaken at the site by a technician from GE Ltd to
provide an assessment of the ground gas regime at the site. Since the issue of the
Phase 2 Interpretative Site Investigation Report in December 2017 additional gas
monitoring visits have been carried out. The following updates the gas monitoring
results and their interpretation to include the additional data.

Monitoring visits were carried out on four occasions for BHO1, on 27 November 2017,
4 and 12 December 2017, and 18 January 2018. Monitoring was carried out on four
occasions at BHO2, BHO3C and BHO6A on 4 and 12 December 2017, and 4 and 18
January 2018. Monitoring was carried out on four occasions at BHO4B on 7 and 12
December 2017, and 4 and 18 January 2018. WS001 was monitored on four occasions
on 4 and 18 December 2017, and 4 and 18 January 2018. WS005 was monitored on
three occasions on 4 December 2017, and 4 and 18 January 2018. The results are
included in Appendix 8. A summary of monitoring results is shown in Table 11.
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Table 11: Summary of Ground Gas Monitoring Results
Range of
atmospheric
Response Evid ‘ No. of Meth Carbon o Flow | Water pressure
vidence o ethane, L. xygen, :
Borehole Zone, Caminati monitoring % dioxide, \:/g rate, level, during
contamination N
m bgl rounds ° % ) I/ht mbgl | monitoring
round,
mb
0.9-4.0 149
BHO1 Made Yes 4 0-9.3 0-4.6 0.1-19.9 <0.1 1' 67 975-1031
ground '
3.6-6.8 18.8- 1.53-
BHO2 . Yes 4 0 0-0.8 <0.1 978-1029
Alluvium 20.3 1.76
2.6-6.8 18.6- 1.55-
BHO3C . Yes 4 0 0-0.4 <0.1-3.3 976-1029
Alluvium 20.3 1.79
0.8-2.0 1.02
Made Yes 4 0-1.4 0-2.0 17.8-20 <0.1 1' 31 979-1003
BHO4B ground '
2.9-7.1 19.5- 1.73-
. Yes 4 0 0-0.2 <0.1 979-998
Alluvium 20.3 1.97
2.9-6.1 1.72-
. Yes 4 0 0-0.1 20-20.4 <0.1 978-1029
Alluvium 1.95
BHO6A
7.6-9.15 19.6- 1.78-
Yes 4 0 0-0.4 <0.1 978-1029
Chalk 20.4 2.06
3.5-4.0
19.6- 1.08-
WS001 Made Yes 4 0 0-0.4 <0.1 988-1024
20.3 1.40
ground
3.5-4.5 19.9- 1.72-
WS005 . Yes 3 0 0-0.3 <0.1 988-1029
Alluvium 20.4 1.96
Notes
1 Where a flow rate of Ol/hr was recorded on site the limit of detection of gas monitor has been assumed as 0.1l/hr

6.6

In order to pose a risk to the end users of the site, the recorded concentrations of

carbon dioxide and methane would need to migrate from the ground and accumulate

in confined spaces within the development. A maximum gas flow of 3.3I/h has been

assumed as a worst case.

6.7

In order to assess the potential risk posed by the recorded gas volumes at the site, as

an initial screen, the methodology presented within CIRIA Report C665 “Assessing risk

posed by hazardous ground gasses to buildings 2007” has been used.

6.8

of gas per hour) using the formula below:

BS8485 and CIRIA C665 requires the calculation of a Gas Screening Value (GSV) (Litres
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6.9

6.10

7.1

7.2

7.3

e Borehole flow rate (I/h) x gas concentration (%) = GSV (I/hr)

This calculation has been carried out for methane and carbon dioxide using the highest
recorded concentration, therefore adapting the worst case volume.

Methane GSV =9.3%/100% x 3.3l/h = 0.307 I/hr
Carbon Dioxide GSV =4.6%/100% x 3.3l/h = 0.152 |/hr

CIRIA C665 have produced two models for qualitative analysis depending upon
building type: NHBC’s “Situation B — Low rise housing with a ventilated under floor
void (min 150mm)” and the modified Wilson and Card Classification system “for all
development types except situation B”. Given the proposed development at the site,
the Wilson and Card Classification Scheme is considered the most appropriate system
for this site. The comparison of the calculated GSV with the classification tables show
the site lies within Characterisation Situation 2 (CS2). This characteristic situation is
typical of made ground, and will require low level gas protection measures. The
composition and arrangement of the gas protection measures would be subject to
detailed design by the foundation engineers and separate approval by the Local
Authority.

DEVELOPMENT OF REMEDIATION STRATEGY

There are two main legislative drivers to dealing with contaminated land that are
relevant to the proposed development at the site: Part 2A and the National Planning
Policy Framework. Both are discussed in the context of the proposed development in
the following text.

Contaminated land is defined within Part 2A of the Environmental Protection Act

1990. The Part 2A statutory guidance was revised in April 2012. The overarching

objectives of the Government’s policy on contaminated land and the Part 2A regime

are:

a) To identify and remove unacceptable risks to human health and the environment.

b) To seek and ensure that contaminated land is made suitable for its current use.

c) To ensure that the burdens faced by individuals, companies and society as a whole
are proportionate, manageable and compatible with the principles of sustainable
development.

The Environmental Protection Act 1990 introduced the concept of pollutant linkages

(i.e. Contaminant-Pathway-Receptor) whereby:

Contaminant — a source or potential source of contamination.
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7.4

7.5

7.6

Pathway — is one or more routes or means by which or through which a receptor is
being exposed to or affected by a contaminant or could be exposed or affected.
Receptor — a living organism, a group of living organisms, an ecological system or a
piece of property that is being or could be harmed by the contaminant or controlled
waters which are being or could be polluted by a contaminant.

In order for contamination to pose a problem at a site all three components of the

pollutant linkage must exist. The definition of contaminated land in accordance with

the new statutory guidance within Section 78A (2) is in Paragraph 4.2, states:

“contaminated land is any land which appears to the local authority in whose area it

is situated to be in such conditions, by reason of substances in, on or under the land

that:

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

being caused, or

b)  Significant pollution of controlled waters is being or there is significant possibility

of such pollution being caused.”

The National Planning Policy Framework (NPPF) 2012 comments on contaminated

land with respect to the Planning Regime. The 12 core planning principles of the NPPF

are set out in Paragraph 17 relevant extracts of which include the following statements
that relate to the site and the proposed development:

e “contribute to conserving and enhancing the natural environment and reducing
pollution. Allocation of land for development should prefer land of lesser
environmental value, where consistent with other policies in the Framework;

e encourage the effective use of land by reusing land that has been previously
developed (brownfield land), provided that it is not of high environmental value.”

Additional extracts from the NPPF that are considered particularly relevant to ground

conditions and contamination at the site and the proposed development are:

° Paragraph 109 - “The Planning System should contribute to and enhance the

natural and local environment by:

o) protecting and enhancing valued landscapes, geological conservation
interests and soils;

o preventing both new and existing development from contributing to or

being put at unacceptable risk from, or being adversely affected by
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7.7

7.8

unacceptable levels of soil, air, water or noise pollution or land instability;
and

o) remediating and mitigating despoiled, degraded, derelict, contaminated
and unstable land, where appropriate.”;

Paragraph 120 - “To prevent unacceptable risk from pollution and land
instability, planning policies and decisions should ensure that new development
is appropriate for its location. The effects (including cumulative effects) of
pollution on health, the natural environment or general amenity, and the
potential sensitivity of the area or proposed development to adverse effects
from pollution, should be taken into account. Where a site is affected by
contamination or land stability issues, responsibility for securing a safe
development rests with the developer and/or landowner.”; and

Paragraph 121 - “Planning policies and decisions should also ensure that:

o) the site is suitable for its new use taking account of ground conditions and
land instability, including from natural hazards or former activities such as
mining, pollution arising from previous uses and any proposals for
mitigation including land remediation or impacts on the natural
environment arising from that remediation; and

o after remediation, as a minimum, land should not be capable of being
determined as contaminated land under Part IIA of the Environmental
Protection Act 1990.”

The assessments undertaken to date (Sections 4, 5 and 6) identify a number of
constraints to development at the site. These are addressed in the Remediation
Strategy in Section 8. This strategy builds on the conceptual site model (CSM)
developed for the site, the DQRA assessments for human health and controlled

waters, and the ground gas risk assessment undertaken.

Each of these potential constraints is summarised in Table 12 and considered further
together with an appraisal of the best available options to mitigate the identified

pollutant linkage relative to the proposed development.
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Table 12: Potential Pollutant Linkages
Potential Source Pathway Receptor Comments
Pollutant
Linkage
(PPL)
Direct soil and Future DQRA indicates that
. indoor dust occupiers risk from the identified
Chromium, lead, mercury, . . . . . .
. ingestion; skin and site COC is from direct
aromatics (>EC10-EC12, . . . .
contact with soils; works contact / ingestion
>EC12-EC16, >EC16-EC21, .
consumption of pathways only
>EC21-EC35), . .
homegrown (including
benzo(a)anthracene, .
produce; consumption of
benzo(a)pyrene, . .
PPLHH1 consumption of soil homegrown produce)
benzo(b)fluoranthene, . -
adhering to and that additional
benzo(k)fluoranthene,
homegrown measures to address
chrysene, . . .
. produce; and indoor vapour inhalation are
dibenzo(a,h)anthracene, . .
. dust and inhalation not necessary
fluoranthene, indeno(1,2,3- .
of indoor and
cd)pyrene, naphthalene
outdoor dust and
vapours
Future Gas risk assessment
. . . occupiers has identified a low
Organic material in the . .
. . and site risk to the proposed
PPLHH2 | ground or methane/carbon Gas migration
o works development from gas
dioxide . . .
risk that will require
mitigation
. . . River Kennet DQRA indicates that
Mercury, ammonium, | Leaching of soils and ]
. . . . R thereis only a
cyanide, benzene, aliphatics | vertical migration of _ .
potential for leaching
(>C12-C16, >C16-C21, >C21- COC from the
. . of mercury,
C35), aromatics (>EC5-EC7, unsaturated soils .
. . ammonium and
>EC7-EC8, >EC8-EC10, >EC10- into the underlying . .
e cyanide from soils.
EC12, >EC12-EC16, >EC16- | groundwater within o
PPLCW1 . Mitigation in the form
EC21), benzo(a)pyrene, the superficial .
. of betterment is
benzo(b)fluoranthene, aquifer (shallow
) recommended
benzo(k)fluoranthene, alluvium and sands
fluoranthene, indeno(1,2,3- and gravels) and
cd)pyrene, naphthalene, transport to the
acenaphthene, anthracene River Kennet
Mercury, ammonium, | Leaching of soilsand | Groundwater
cyanide, benzene, aliphatics | vertical migration of abstraction
(>C12-C16, >C16-C21, >C21- COC from the from the
C35), aromatics (>EC5-EC7, unsaturated soils Chalk aquifer
>EC7-ECS8, >EC8-EC10, >EC10- into the underlying associated
PPL CW2 EC12, >EC12-EC16, >EC16- | groundwater within with the SPZ
EC21), benzo(a)pyrene, the superficial I}
benzo(b)fluoranthene, aquifer (shallow
benzo(k)fluoranthene, alluvium and sands
fluoranthene, indeno(1,2,3- | and gravels), further
cd)pyrene, naphthalene, migration in to the
acenaphthene, anthracene underlying Chalk
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Table 12: Potential Pollutant Linkages
Potential Source Pathway Receptor Comments
Pollutant
Linkage
(PPL)
aquifer and
transport to the
groundwater
abstraction
. River Kennet Groundwater is
Mercury, ammonium,
. . . understood not to
cyanide, benzene, aliphatics . . .
Migration of have been remediated
(>C12-C16, >C16-C21, >C21- dissolved COC withi diacent sites al
issolve within on adjacent sites also
C35), aromatics (>EC5-EC7, dwater in th g ! loned on th
roundwater in the
>EC7-EC8, >EC8-EC10, >EC10- | S ourawaterin eveloped on the
superficial aquifer former gas works
EC12, >EC12-EC16, >EC16- X . .
PPLCW3 (shallow alluvium despite evidence of
EC21), benzo(a)pyrene, o
and sands and gross contamination.
benzo(b)fluoranthene,
gravels) and Therefore,
benzo(k)fluoranthene, ; tto th diati ;
ransport to the remediation o
fluoranthene, indeno(1,2,3- . P 1at! .
River Kennet groundwater is
cd)pyrene, naphthalene, ]
considered to be
acenaphthene, anthracene . .
disproportionate for
Mercury, ammonium, | Vertical migration of | Groundwater this site and is not
cyanide, benzene, aliphatics | dissolved COC within abstraction considered furter
(>C12-C16, >C16-C21, >C21- groundwater in in from the
C35), aromatics (>EC5-EC7, the superficial Chalk aquifer
>EC7-ECS8, >EC8-EC10, >EC10- aquifer (shallow associated
PPL WA EC12, >EC12-EC16, >EC16- alluvium and sands with the SPZ
EC21), benzo(a)pyrene, | and gravels) into the I}
benzo(b)fluoranthene, underlying Chalk
benzo(k)fluoranthene, aquifer and
fluoranthene, indeno(1,2,3- transport to the
cd)pyrene, naphthalene, groundwater
acenaphthene, anthracene abstraction

Pollutant linkages identified as potentially significant in Table 12 must all be addressed
in order for remediation of the site to be considered effective. However, the
significance of these contaminant linkages should be reviewed if further information

comes to light.
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8 REMEDIATION OPTIONS APPRAISAL

8.1 Based on the results of desk study research and intrusive investigations listed in
Section 1, along with the results of an investigation undertaken in 2017 a conceptual
site model was developed and appropriate risk assessments have been undertaken
with regards to identifying the most appropriate remediation strategy to deal with the
soils contamination identified at the site.

8.2 In order to develop the Remediation Strategy for the site an options appraisal has been
undertaken to review the various remedial techniques that may be applicable to the
site and the proposed development. The various options available for consideration
are classified into six categories of remedial methods as follows:

. Civil engineering methods;

. Biological treatment methods;

° Chemical treatment methods;

. Physical treatment methods;

° Stabilisation and solidification treatment methods; and / or
. Thermal treatment methods.

Civil engineering methods

8.3 Civil engineering methods use conventional civil engineering techniques by either
removing the source or modifying contaminant pathways. Civil engineering methods
include:

° Excavation
This involves the excavation of contaminated materials which can then be
disposed of to a suitably licensed facility or re-disposed on site. However, the
Landfill Directive sets out to limit landfilling of waste to a minimum as defined
by EC legislation and can preclude the bulk landfilling of contaminated soils
(depending on contaminant concentration) unless there is no other option. Even
if landfilling is considered appropriate, pre-treatment would also be necessary.
Overall, bulk excavation and landfilling alone are not considered practical, cost
effective or the best available option. The site has limited access, the current
building footprints are being retained and the size of the site means any
excavation operations would be constrained. However, it is recognised that
during construction works small unexpected areas of contamination may be
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8.4

encountered and may need to be dealt with via excavation and disposal

methods.

Cover systems

This involves the placement of an uncontaminated material over the surface of
the contaminated materials therefore breaking the pathway between the
source and the site end-users and effectively mitigating against risks to end users
from chromium, lead, mercury, TPH (aromatics >EC10-EC12, >EC12-EC16,
>EC16-EC21, >EC21-EC35) and PAH (benzo(a)anthracene, benzo(a)pyrene,
benzo(b)fluoranthene, benzo(k)fluoranthene, chrysene,
dibenzo(a,h)anthracene, fluoranthene, indeno(1,2,3-cd)pyrene, naphthalene)
contamination within the soils. The cover system would comprise low
permeability materials to reduce infiltration at the site providing additional
protection to groundwater. However, the current river wall which is to be
retained in the proposed development will act as a barrier and provide a level of

protection to the adjacent River Kennet.

In ground barriers

These physically isolate a contaminated mass of ground from surrounding media
by the placement of barriers at the top, base and / or sides of the contamination.
Vertical barriers can be installed by placing physical structures vertically into the
ground. These may include sheet-piling, installation of bentonite walls (with or
without membranes) or by grouting. This method is not considered appropriate

at the site as no discrete area of gross contamination has been identified.

Biological Treatment Methods

Biological treatment methods use the natural physiological processes of micro-
organisms such as bacteria and fungi to transform, fix, or immobilise contaminants.
Biological remediation is potentially applicable to a wide range of organic
contaminants and matrix types. Aerobic and anaerobic processes can be employed.
Both ex-situ and in situ techniques are available. As biological methods rely on the

activities of living organisms to be effective, they must have optimal process
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conditions in terms of temperature, oxygen concentrations, nutrient balance, pH etc,
Effectiveness can be inhibited by the presence of certain contaminants such as metals

and pesticides. Treatment methods include:

° Biopiles, landfarming, windrow turning;

These are ex-situ techniques where solid phase contamination is treated
biologically above ground in layers or piles of varying thicknesses. Biological
activity can be stimulated by aeration and the addition of minerals, nutrients
and moisture. This method is not considered appropriate for the site due to the

lack of working areas that would be required.

. Bioventing and biosparging;

These are in situ treatments where oxygen is delivered to contaminated
unsaturated soils by forced air movement by either extraction (bioventing) or
injection of air (biosparging) to increase flow and oxygen concentrations in order
to optimise biodegradation of aerobically degradable compounds. This method
is not suitable at the site due to the types of contaminants determined by the

DQRA to represent a potential risk that requires mitigation.

. Bioinjection and bioaugmentation

This involves the introduction of materials through a series of injection wells /
boreholes which will either enhance the conditions within the media to
encourage the growth of the natural microbial community which will break
down the contaminants via respiration or adjust the redox conditions suitable
for the growth of specific organisms. There are a number of patented
compounds available such as oxygen release compound (ORC™) and hydrogen
release compounds (HRC™). These are injected into the ground in liquid form
and ORC enhances aerobic conditions suited to degradation of compounds such
as TPH and BTEX. Bioaugementation is in addition to chemical injection and
involves the microbial injection of specific micro-organisms to target specific
contaminants. These are generally only applicable below the water table and are
therefore not considered appropriate to treat identified contamination in soils

at the site. This method is not suitable at the site due to the types of
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8.5

contaminants determined by the DQRA to represent a potential risk that

requires mitigation.

Monitored natural attenuation

This is the effect of naturally occurring physical, chemical and biological
processes or any combination of these processes to reduce the load,
concentration, flux or toxicity of polluting substances in groundwater. For this to
be effective the rate at which these processes occur must be sufficient to
prevent polluting substances impacting on identified receptors and to minimise
expansion of contaminant plumes into unpolluted groundwater. Monitored
natural attenuation (MNA) requires sufficient evidence to be collected to
demonstrate that attenuation processes are occurring at a rate that protects the
wider environment. This is particularly effective for treating groundwater
plumes containing BTEX, phenols, PAH’s (such as naphthalene) and petroleum
hydrocarbons. This method is not considered appropriate at the site due to
background concentrations of contaminants associated with the historic wider
gas works site and the redevelopment of these areas without the need for
remediation protective of controlled water. The proximity of the River Kennet
adjacent to the northern boundary of the site, which is the identified receptor,
also makes use of MNA difficult at the site. However, it may be suitable as part

of remediation and validation works.

Chemical Treatment Methods

These involve chemical reactions that destroy or alter contaminants by the addition
of reagents. Theoretically a wide range of contaminants are treatable since chemical
processes can be formulated to address particular contaminants. There are a number

of chemical processes that can be used including:

Chemical oxidation;

Chemicals introduced into soil/groundwater to encourage redox reaction to
convert hazardous contaminants to non-hazardous or less toxic compounds that
are more stable, less mobile or inert. This in situ method has the advantage of a
short treatment period however the chemical reagents, intermediates and by-

products may have public health and environmental implications. Furthermore,
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8.6

the effectiveness of the remediation will depend upon good contact between
the reagents and contaminants. This method could be used in conjunction with

excavation in the event of encountering unexpected areas of contamination.

Soil flushing;

This involves flooding a zone of contamination with an appropriate solution to
remove the contaminant from the soil. The contaminants are mobilised by a
number of mechanisms including formation of emulsions or reacting chemically
with the flushing solution. The contaminant bearing fluid is then collected and
brought to the surface for disposal, recirculation or on-site treatment and
reinjection. This method is potentially suitable to treat the capillary fringe just
above the groundwater where high concentrations of contaminants are often

found. This method is not considered suitable for the site.

Physical Treatment Methods
These methods involve the separation of contaminated and uncontaminated material
by exploiting differences in physical properties to enable separation to occur. Physical

treatment methods include:

Soil vapour extraction

This is an in situ method used to treat the unsaturated zone and applies a vacuum
to the soil to induce a controlled flow of air and remove volatile and some semi-
volatile organic contaminants from the soil. The volatiles may then be released to
the atmosphere or may require further treatment to eliminate possible harm to
the public and environment. However, this will not remove heavy oils, tars or
metals and may therefore need to be employed alongside other methods. This
method is not considered appropriate for the site due to the constraints caused
by the existing buildings and types of contaminants determined by the DQRA to

represent a potential risk that requires mitigation.

Groundwater Pump and Treat

This involves the collection of groundwater via abstraction wells utilising

submersible pumps or alternatively groundwater can be diverted into a
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8.7

8.8

collection lagoon system on site. Either way the water is pumped and treated
through a treatment plant on site. Free phase product can be removed through
a series of oil/water separation systems and dissolved contaminants can be
removed from the water using filtration media or by chemical methods. The
treated water could then be disposed of either to sewer or re-infiltrated into
the ground. This method is not considered appropriate at the site due to
background concentrations of contaminants associated with the historic wider
gas works site and the redevelopment of these areas without need for
remediation protective of controlled water. However, it may be practical for
treatment of perched / shallow groundwater if encountered within

excavations.

Stabilisation / Solidification Methods

These methods operate by solidifying contaminated soils and converting the
contaminants to a less mobile form reducing the potential for leachate formation.
Both ex-situ and in situ treatments are available; the former requiring a processing
area for mixing plus an area for curing before re-use or replacement of stabilised
material. The latter requires the cement to be injected into the ground and mixed with

the soil using hollow stem rotary augers.

Thermal Treatment Methods

These utilise heat to physically separate organic contamination from a soil matrix, the
separated contamination is then disposed of and a cleaned soil or reduced volume of
waste material is left. Thermal treatments are likely to be very expensive hence may
not be appropriate for this reason. A number of thermal treatment methods are

available including:

° Thermal desorption
This involves the application of heat to excavated wastes to volatilise organic
contaminants and water. This therefore separates the organic contaminants out
from waste using heat and the vapours are collected then oxidized, converting

the contaminants to a less toxic form.
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° Steam / heat injection
Steam can be injected via a series of wells into either the unsaturated or
saturated zone to enhance the release of organic contaminants from the soil
matrix by decreasing viscosity and accelerating volatilisation. The heat from the
steam can destroy and volatilise organic chemicals which may otherwise remain
recalcitrant. This method could potentially treat a wide variety of organic
constituents although the breakdown of certain contaminants may produce
more noxious daughter products so the chemistry of the area under treatment

would need to be known in detail.

8.9 A summary of options is presented in Table 13, however it is likely that a combination

of processes may be necessary to remediate the soils and groundwater at the site.
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Table 13: Remediation Options

Remediation

Technical Considerations for the Site

Practical Considerations

Assessment of Potential

Technology Suitability
May be suitable for
areas of unexpected
. . I . . . . . contamination, but
. Waste will require classification for off-site disposal and be | Can potentially result in large numbers of vehicle .
Excavation and unlikely to be useful for

Disposal to Landfill

hazardous waste which will incur costs to dispose of to
landfill which are likely to be high.

movements on/off site to haul the materials to
landfill. Few suitable landfills currently available.

addressing general
contamination due to
access restrictions, costs
and sustainability issues.

Cover systems

Material needs to be chemically suitable and relatively stable
with regards to leachate productions. Will not treat existing
contamination but may reduce impact of residual
contamination on site.

Well established method of providing remediation.
Engineered cap can also provide enhanced
geotechnical characteristics.

Likely to be suitable to
break the human health
pathways

Biopiles, windrows

Can be suitable for volatile contaminants within soils.

Excavation requirements limits the depth to which
soils can be treated practically and requires space on
site.

This method is not
considered appropriate
at the site due to the
lack of working area that
would be required.

Bioinjection /
bioaugmentation

Can be suitable for contamination at depth that can be
biodegraded.

Installation of appropriately located injection wells
means the extent of any plume needs to be fully
delineated.

Potentially suitable for
deeper soils and
groundwater but only
suitable for organics and
expensive.

Monitored
Natural
Attenuation

Suitable for long term monitoring and verification of
remediation.

Access to monitoring wells needs to be maintained
over potentially long periods of time.

Probably suitable as part
of verification /
validation works.

Chemical oxidation

Suitable for contaminants that can be oxidized but not
generally suitable for free product.

Only small site area required for equipment but may
require multiple applications.

Potentially suitable for
soils and used in
conjunction with

LO10488/RPT003
22 February 2018

DRAFT

Page 42




CHARLY4S LIMITED
FORMER GAS WORKS, GAS WORKS ROAD, READING E{Qﬁroeulgl
DETAILED QUANTITATIVE RISK ASSESSMENT AND

REMEDIATION STRATEGY REPORT

Table 13: Remediation Options

Remediation . . . . . . . Assessment of Potential
Technical Considerations for the Site Practical Considerations e L
Technology Suitability
excavations where
unexpected areas of

contamination are

encountered.
Multi-phase Generally suitable for more volatile compounds but can be Explosion hazards must be addressed. This method is not
vacuum extraction | coupled with soil vapour extraction to treat soils above the considered suitable for
/ Soil vapour capillary fringe. Suited to granular soils. Less volatile the site due to the
extraction fractions could be difficult to treat. constraints caused by

existing buildings.
Groundwater Unlikely to remediate dissolved phase to appropriate Can require prolonged operation and is sometimes This method is not
pump and treat concentrations. Pumped water would require discharge to subject to rebound. considered appropriate

sewer or recycled on site after treatment. at the site due to
background

concentrations of
contaminants associated
with the historic wider
gas works site and the
redevelopment of these
areas without need for
remediation protective
of controlled water.
However, it could be
useful for treating
perched / shallow
groundwater
encountered in
excavations.

In Situ Thermal Could potentially be viable for the contamination present. Very unlikely to be financially viable given the Unlikely to be suitable
Treatment volumes of material to be treated and the likely cost | due to financial reasons.
of treatment.
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9.1

9.2

9.3

9.4

9.5

REMEDIATION STRATEGY

Setting Remedial Targets

In order to provide assurance that the remediation works have been undertaken to a
standard that is acceptable to Regulators and that will provide a site that is suitable
for the proposed development it is necessary to derive and set remedial targets that
can be applied to the works at the site. The remedial targets can be used to determine
where materials at the site require treatment/mitigation as well as for validation
proposes.

The options appraisal indicates that a number of methods will in all likelihood need to
be employed to mitigate the risk to the identified receptors (site users and the River
Kennet).

It is generally accepted that the minimum required level of remediation is to remove
free product (where identified). Observations during the site investigations works
included hydrocarbon stained soils with strong hydrocarbon odour though no free
product has been identified by either the site investigations or subsequent
monitoring.

It is considered appropriate to set the remedial target for TPH at the SSACs defined in
Table 10.

Remediation Strategy

The following main works elements will be required in order to remediate the site for

redevelopment:

° Where applicable careful removal of buried floor slabs (including the floor slabs
to buildings to be retained), areas of concrete hardstanding and substructures;

° Processing by crushing with appropriate management controls of suitable
materials generated from the removal of floor slabs etc. to a 6F1 / 6F2 grade
aggregate for reuse during reinstatement and in the future development at the
site;

° Additional testing of materials beneath the former slab areas etc., as necessary,
that exhibit olfactory or visual evidence of contamination;

° Establishment of appropriate environmental monitoring;

° Site controls and safe working procedures to limit release of contaminated dust
that could include asbestos fibres during earthworks and minimise the risk to

site workers and the wider public;
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9.6

9.7

9.8

9.9

9.10

° Pumping out and treatment of any perched water within excavations required
to remove sub-structures and / or contamination;

° Monitoring of existing boreholes during remediation works;

° Placement of a clean cover pathway break incorporating a low permeability
layer to reduce infiltration in areas of landscaping and gardens.

. Installation of gas protection measures within the building footprint;

° Instigation of a watching brief to identify areas of previously unidentified
contamination.

Details of the exact methods employed to remediate the soils will be provided in a

remediation specification to be supplied by the remediation contractor. The

contractor will be responsible for undertaking environmental monitoring throughout

the works. Appropriate method statements and risk assessments for all potentially

hazardous activities will be prepared by the contractor as necessary prior to

undertaking works at the site. These method statements and risk assessments will

detail procedures to be put in place to control the potential release of asbestos fibres

during earthworks. It is considered likely that measures including use of appropriate

PPE, good hygiene practices together with damping down of haul roads, temporary

stockpiles and excavations within made ground will be required. As necessary,

working methods will be adapted so that issues relating to dust or noise including

statutory nuisance are minimised in accordance with good industry practice.

If as yet unidentified soils are encountered during the remedial works that are

suspected of being grossly impacted, these materials will either be removed and

treated as grossly impacted or tested so that they can be classified for appropriate re-

use on the site.

Where identified, soils grossly impacted with TPH will be excavated under the

supervision of a suitably experienced environmental engineer. Impacted soils will be

excavated until the contamination has been removed based on visual / olfactory

evidence which can be aided by the use of a PID (Photo-lonisation Detector).

Validation samples will then be collected to illustrate that the remedial targets have

been achieved.

Treatments of excavations created where area of unexpected contamination may be

encountered could include the application of chemical oxidation compounds.

If earthworks are required to reprofile the site, these will be carried out in accordance

with the CL:AIRE The Definition of Waste: Development Industry Code of Practice and

will require a Materials Management Plan (MMP). This will be prepared (if necessary)
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9.11

9.12

9.13

by the contractor and audited by a Qualified Person as required prior to submission to
the EA.

It will be necessary to reinstate all excavations completed as part of remediation
works together with other voids created by the removal of sub-structures,
obstructions etc. by backfilling works. Secondary aggregate, produced from the
crushing of concrete, together with uncontaminated soils from reprofiling could be
used for reinstatement of excavations and voids. Clean cohesive materials sourced
from the reclamation works or from an off site source, will be used to construct a low
permeability layer in the clean cover pathway break required in landscaped and
garden areas to reduce future infiltration. Records of this work will be maintained for
final verification purposes.

Records will need to be maintained for all of the environmental monitoring activities
undertaken throughout the works.

Upon completion of the remediation works a validation report will be produced for

the approval of the regulators.
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To: e design limited Application No: 160378
17 Dryburn Road Application type: Full Planning Approval
Stockton On Tees
Cleveland
TS19 8N

Applicant: Mulberry Park Investment (S.E.) Limited

READING BOROUGH COUNCIL as Local Planning Authority GRA T FULL planning permission for
the following development in accordance with the plans and supporting information
submitted in connection with this application.

Proposal: Change of use, conversion, extenstons and various associated works to former Gas
Works Buildings to create a part 4,5 and 6 storey building adjacent to the River Kennet and a
3 storey building fronting Gas Works Road, providing 20 (10x1, 9x2 and 1x3-bed) residential
units (Class C3).

At: Former Gas Works Building Gas Works Road Reading

Subject to such conditions and for such reasons as may be attached

OTHER STATUTORY CO SE TS Y BE REQUIRED
PLEASE READ THE NOTES ISSUED ITH THIS DECISION NOTICE

z

Head of Planning, Development
& Regulatory Services LEB

Date: 2$M~ 0ckohmr Zoil
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Application At: Former Gas Works Building Gas Works Road Reading

Application No: 160378
Application type: Full Planning Approval

CONDITIO S & REASO S

1. The development to which this permission relates must be begun not later than the
expiration of three years beginning with the date on which the permission was granted.

Reason: To prevent an accumulation of unimplemented planning permissions, and in
accordance with section 91 of the Town & Country Planning Act as amended by the
Planning and Compulsory Purchase Act 2004,

2. The development hereby permitted shall not be carried out other than in
accordance with the following drawings/documents;

Site Location Plan, as received 01/03/16

14/354/P01 Rev A - Existing Site Plan, as received 22/03/16

14/354/P100 Rev E - Proposed Site Plan, as received 15/06/16

14/354/P101 Rev A - Block Plan, as received 22/03/16

14/354/P02 Rev B - Existing Elevations & Sections Building 1, as received 31/03/ 16
14/354/P03 Rev B - Existing Elevations & Sections Building 2, as received 31/03/16
14/354/P04 Rev A - Existing Floor Plans Lower Level, as received 22/03/16
14/3%54/P05 Rev A - Existing Floor Plans Upper Level, as received 22/03/16
14/354/P06 Rev C - Proposed Elevations Building 1, as received 30/08/16
14/354/P07 Rev C - Proposed Elevations Building 2, as received 30/08/16
14/354/P08 Rev G - Proposed Floor Plans Level 1, as received 01/09/16
14/354/P09 Rev F - Proposed Floor Plans Level 2, as received 01/09/16
44/354/P10 Rev F - Proposed Second Floor Plans Level 3, as received 01/09/16
14/354/P11 Rev F - Proposed Third Floor Plans Level 4, as received 01/09/16
14/354/P12 Rev F - Proposed Floor Plans Level 5, as received 01/09/16
14/354/P13 Rev F - Proposed Fifth Floor Plans Level 6, as received 01/09/16
14/354/P15 Rev B - Proposed Sections Building 1, as received 14/06/16
14/354/P19 - Proposed Bin Store Enclosure, as received 31/03/16

Reason: To clarify which plans have been approved and in the interests of proper
planning.

3, No development shall take place until details (including samples) of all materials
(including brickwork, glazing / obscure glazing, window and dormer window
frames/cills/copings/lintels/surrounds, roof, walls, doors, photovoltaics, railings,
juliet balconies, guttering and downpipes) to be used in the construction of the

je

Head of Planning, Development
& Regulatory Services LB
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external surfaces of the development, have been submitted to and approved in writing
by the local planning authority. The development shall not be carried out other than in
full accordance with the approved details,

Reason: In the interests of safeguarding the character and appearance of the building
and the wider immediate area, in accordance with Policies CS7 and CS33 of the
Reading Borough LDF Core Strategy 2008 (Altered 2015) and Policy RC5 of the Reading
Borough LDF Reading Central Area Action Plan 2009,

4. No development shall take place, including any works of demolition, until a
Construction Method Statement has been submitted and approved in writing by the
local planning authority to provide for:

(A) The parking of vehicles and site operatives and visitors - to

be shown on a Plan not less than 1.500.

(B) Loading and unloading of plant and materials used in

constructing the development - Areas to be shown on a plan not less than 1.500

(C) Storage of plant and materials used in constructing the development - Areas to be
shown on a plan not less than 1.500

(D) The erection and maintenance of security hoarding /

scaffolding if required.

(E) Wheel washing facilities

(F) Measures on site to control the deposition of dirt / mud on surrounding roads during
construction.

(G) Footpath Closures /Road Closures needed during construction

{H) Traffic Management needed during construction

(I) Times, routes and means of access into and from the site for construction traffic
and detivery vehicles (including the removal of waste from the site and methods of
preventing deposition of materials on the public highway)

() A scheme specifying the provisions to be made for the control of noise and dust
emanating from the site during the demolition and construction phase.

The approved Construction Method Statement shail be adhered to throughout the
development process unless agreed otherwise in writing by the Local Planning
Authority.

Reason: In the interests of safety, protecting the amenity of local land uses,
neighbouring residents and highway safety in accordance with Policy CS20 of the
Reading Borough LDF Core Strategy 2008 (Altered 2015), Policy RC9 of the Reading
Borough LDF Reading Central Area Action Plan 2009 and Policies DM4 and DM12 of the
Sites and Detailed Polices Document 2012 (Altered 2015).

i&-p@»ﬂu—-\

Head of Planning, Development
& Regulatory Services LEB
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5. No development shall take place until an assessment of the nature and extent of
contamination has been submitted to and approved in writing by the Local Planning
Authority. This assessment must be undertaken by a competent person, and shall
assess any contamination on the site, whether or not it originates on the site.
Moreover, it must include:

(i) a survey of the extent, scale and nature of contamination;

(ii) an assessment of the potential risks to:

a) human health,

b) property (existing or proposed) including buildings, crops, livestock, pets, woodland
and service lines and pipes,

c) adjoining land,

d) groundwaters and surface waters,

e) ecological systems,

f) archaeological sites and ancient monuments;

Reason: To ensure the development is suitable for its end use and the wider
environment and does not create undue risks to occupiers of the site or surrounding
areas in terms of contaminated land, in accordance with Policy C$34 of the Reading
Borough LDF Core Strategy 2008 (Altered 2015), Policy RC9 of the Reading Borough LDF
Reading Central Area Action Plan 2009 and Policy DM4 of the Sites and Detailed Polices
Document 2012 (Altered 2015).

6. No development shall take place until a detailed remediation scheme to bring the
site to a condition suitable for the intended use by removing unacceptable risks to
human health, buildings and other property and the natural and historical environment
has been submitted to and approved in writing by the Local Planning Authority. The
scheme must include all works to be undertaken, proposed remediation objectives and
remediation criteria, an appraisal of remedial options, and proposal of the preferred
option(s), and a timetable of works and site management procedures. The scheme
must ensure that the site will not qualify as contaminated land under Part 2A of the
Environmental Protection Act 1990 in relation to the intended use of the land after
remediation.

Reason: To ensure the development is suitable for its end use and the wider
environment and does not create undue risks to occupiers of the site or surrounding
areas in terms of contaminated land, in accordance with Policy €534 of the Reading
Borough LDF Core Strategy 2008 (Altered 2015), Policy RC9 of the Reading Borough LDF
Reading Central Area Action Plan 2009 and Policy DM4 of the Sites and Detailed Polices
Document 2012 (Altered 2015).
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Head of Planning, Development
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7. The remediation scheme shall be implemented in accordance with the approved
timetable of works. A validation report (that demonstrates the effectiveness of the
remediation carried out) must be submitted to and approved by the Local Planning
Authority prior to the first construction of the development.

Reason: To ensure the development is suitable for its end use and the wider
environment and does not create undue risks to occupiers of the site or surrounding
areas in terms of contaminated land, in accordance with Policy CS34 of the Reading
Borough LDF Core Strategy 2008 {Altered 2015), Policy RC9 of the Reading Borough LDF
Reading Central Area Action Plan 2009 and Policy DM4 of the Sites and Detailed Potices
Document 2012 (Altered 2015).

8. In the event that contamination is found at any time when carrying out the approved
development not previously identified, development must be halted on that part of the
site and it must be reported in writing to the Local Planning Authority.

Following that an assessment of the nature and extent of contamination must be
undertaken and where remediation is necessary a remediation scheme, together with a
timetable for its implementation, must be submitted to and approved in writing by the
Local Planning Authority.,

The measures in the approved remediation scheme must then be implemented in
accordance with the approved timetable. Following completion of measures identified
in the approved remediation scheme a validation report must be submitted to and
approved in writing by the Local Planning Authority.

Reason: To ensure the development is suitable for its end use and the wider
environment and does not create undue risks to occupiers of the site or surrounding
areas in terms of contaminated land, in accordance with Policy CS34 of the Reading
Borough LDF Core Strategy 2008 (Altered 2015), Policy RC9 of the Reading Borough LDF
Reading Central Area Action Plan 2009 and Policy DM4 of the Sites and Detailed Polices
Document 2012 (Altered 2015).

9. No development shall take place until a detailed land gas site investigation has been
carried out by a competent person to fully and effectively characterise the nature and
extent of land gas and its implications. The method and extent of this site
investigation shall be agreed in writing with the Local Planning Authority prior to
commencement of the work and shall then proceed in strict accordance with the
measures approved.

Reason: To ensure the development is suitable for its end use and the wider
environment and does not create undue risks to occupiers of the site or surrounding
areas due to the presence of land gas, in accordance with Policy CS34 of the Reading

28 oct- Zoil 4¢
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Borough LDF Core Strategy 2008 (Altered 2015), Policy RC9 of the Reading Borough LDF
Reading Central Area Action Plan 2009 and Policy DM4 of the Sites and Detailed Polices

Document 2012 {Altered 2015).

10. No development shall take place until a scherne showing how the development is to
be protected against the possibility of land gas has been submitted to and approved in
writing by the Local Planning Authornty. The scheme as approved shall be fully
implemented and completed before the development is first occupied and those
measures incorporated into the development shall thereafter be retained unless the

Local Planning Authority agrees otherwise in writing.

Reason: To ensure the development is suitable for its end use and the wider
environment and does not create undue risks to occupiers of the site or surrounding
areas due to the presence of land gas, in accordance with Policy €534 of the Reading
Borough LDF Core Strategy 2008 (Altered 2015), Policy RC9 of the Reading Borough LDF
Reading Central Area Action Plan 2009 and Policy DM4 of the Sites and Detailed Polices

Document 2012 (Altered 2015).

11. The land gas remediation scheme shall be implemented in accordance with the

approved timetable of works. A validation report (that demonstrates the effectiveness

of the remediation carried out) must be submitted to and approved by the Local
Planning Authority prior to any part of the accommodation hereby approved is
occupied, unless the Local Planning Authority otherwise agrees in writing.

Reason: To ensure the development is suitable for its end use and the wider
environment and does not create undue risks to occupiers of the site or surrounding

areas due to the presence of land gas, in accordance with Policy CS34 of the Reading
Borough LDF Core Strategy 2008 (Altered 2015), Policy RC9 of the Reading Borough LDF
Reading Central Area Action Plan 2009 and Policy DM4 of the Sites and Detailed Polices

Document 2012 (Altered 2015).

12. No development shall take place until a detailed scheme, informed by an
assessment of the current noise environment, for protecting the dwellings from the
external noise environment of the area has been submitted to and approved, in
writing, by the Local Planning Authority. The scheme itself shall be designed,

specified and constructed so that the sound insulation performance of the structure
and the layout of the dwellings are such that the indoor ambient noise levels do not

exceed the values detafled in Table 4 of BS 8233:2014. Thereafter, the development

shall not be carried out other than in accordance with the approved scheme which
shall be completed before any part of the accommodation hereby approved is
oceupied, unless the Local Planning Authority otherwise agrees in writing.

Reason; To safeguard the amenities of future occupiers and

z
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existing/future nearby occupiers from noise and disturbance, in accordance with Policy
C534 of the Reading Borough LDF Core Strategy 2008 (Altered 2015}, Policy RC9 of the
Reading Borough LDF Reading Central Area Action Plan 2009 and Policy DM4 of the
Reading Borough LDF Sites and Detailed Policies Document 2012 (Altered 2015).

13. 1) No development shall take place until full details of both hard and soft
landscaping have been submitted to and approved in writing by the local planning
authority. The submitted details shall include:

a) pedestrian access and circulation areas, hard surfacing materials (with the use of
permeable materials wherever possible), any outdoor structures and ancillary objects
(outdoor seating, raised planters, railings etc);

b) plan showing the existing and proposed functional services above and below ground
(e.g. drainage, power, communications cables and pipelines indicating lines, manholes
etc);

c) planting plans (including feature tree); written specifications (inctuding cultivation,
tree pits and other operations associated with plant establishment); schedules of
plants, noting species (to include large canopy, native and wildtife friendly species,
and species likely to prove adaptable to climate change), noting species, planting sizes
and proposed numbers / densities, where appropriate.

d) Biodiversity enhancements, including integral bird nesting and bat roosting
opportunities on and around the extended building

i) All hard landscaping works shall be carried out in accordance with the approved
details prior to first occupation of any residential unit.

ifi} AUl planting and other soft landscaping shall be provided before the end of the first
planting season following the first occupation of any residential unit.

iv) Any trees or plants that within a period of five years after planting are removed,
die, or in the opinion of the Local Planning Authority become seriously damaged or
defective, shall be replaced as soon as is reasonably practicable with others of the
species, size and number as originally approved.

Reason: To ensure provision and retention of suitable hard and soft landscaping in the
interests of the appearance of the development and wider area and to provide
biodiversity enhancements in accordance with Policies CS7, C$33, €536 and C$38 of the
Reading Borough LDF Core Strategy 2008 (Altered 2015) and Policy DM18 of the Sites
and Detailed Policies Document 2012 (Altered 2015).

14. i) No development shall take place until a final design stage BREEAM (Domestic
Refurbishment) assessment has been submitted to and approved, in writing, by the

s
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Local Planning Authority, demonstrating that a minimum 50% of units achieve an
‘Excellent’ rating, and the remainder achieve a *Very Good’ rating.

(ii) Prior to the first occupation of any residential unit, a final BREEAM (Domestic
Refurbishment) certificate shall be submitted to and approved, in writing, by the Local
Planning Authority, demonstrating that a minimum 50% of units achieve an ‘Excellent’
rating, and the remainder achieve a ‘Very Good’ rating.

Reason: To ensure that the development contributes adequately towards
environmental sustainability, in accordance with Policy €51 of the Reading Borough LDF
Core Strategy 2008 (Altered 2015) and Policy DM1 of the Sites and Detailed Polices
Document 2012 (Altered 2015).

15. No development shall take place until details of an implementation, maintenance
and management plan of the sustainable drainage scheme have been submitted to and
approved by the Local Planning Authority. The scheme shall be implemented and
thereafter managed and maintained in accordance with the approved plan. The plan
shall include:

i. a timetable for its implementation, and

ii. a management and annual maintenance plan for the lifetime of

the development which shall include the arrangements for adoption by any public body
or statutory undertaker, or any other arrangements to secure the operation of the
sustainable drainage scheme throughout its lifetime.

Reason: To ensure that the development contributions adequately towards
environmental sustainable urban drainage, in accordance with Policy C51 of the
Reading Borough LDF Core Strategy 2008 (Altered 2015) and Policy DM1 of the Sites and
Detaited Polices Document 2012 (Altered 2013).

16. No dwelling hereby permitted shall be occupied until the sustainable drainage
scheme for the site has been completed in accordance with the approved details.

Reason: To ensure that the development contributions adequately towards
environmental sustainable urban drainage, in accordance with Policy CS1 of the
Reading Borough LDF Core Strategy 2008 (Altered 2015) and Policy DM1 of the Sites and
Detailed Polices Document 2012 (Altered 2015).

17. The development permitted by this planning permission shall only be carried out in
accordance with the approved Flood Risk Assessment (FRA) carried out by Weetwood
dated February 2016 ref: 2969/FRA v1.0 and e-mail correspondence (and attached
drawings/plans) dated 7 June 2016 to the Environment Agency from Mr Rhys Hughes
and the following mitigation measures detailed within the FRA:
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1. Finished floor levels of the northern building will be set no tower than 39.85 m AQD
2. Finished floor levels of the southern building will be set no lower than 38.92 m AOD

Reason: To reduce the risk of flooding to the proposed development and future
occupants and to reduce the risk of flooding to the proposed development and future
occupants, in accordance with Policy €535 of the Reading Borough LOF Core Strategy
2008 (Altered 2015).

18. Prior to the first occupation of any residential unit hereby approved, the bicycle
store and all bicycle storage spaces shall have been provided in accordance with
approved plan 14/354/P08 Rev G - Proposed Floor Plans Level 1, as received 01/09/16.
The bicycle store and spaces shall be retained, as approved, at all times thereafter
solely for cycle storage purposes.

Reason: To ensure that adequate provision is made for travel to and from the site by
sustainable alternatives to a motorcar, in accordance with Policies CS22 and €524 of
the Reading Borough LDF Core Strategy 2008 (Altered 2015) and Policy DM12 of the
Reading Borough LDF Sites and Detailed Policies Document 2012 (Altered 2015).

19. Prior to the first occupation of any residential unit hereby approved, the waste and
recycling storage shall be provided in accordance with approved plans 14/354/P08 Rev
G - Proposed Floor Plans Level 1, as received 01/09/ 16 and 14/354/P19 - Proposed Bin
Store Enclosure, as received 31/03/16. The waste and recycling storage shall be
retained, as approved, at all times thereafter solely for waste and recycling storage
and collection purposes.

Reason: To ensure that sufficient provision is made for the storage and collection of
refuse and recyclables and to safeguard the amenity of existing nearby and future
occupiers from potential disturbance and/or smells, in accordance with Policy CS2 of
the Reading Borough LDF Core Strategy 2008 (Altered 2015) and Policy DM4 of the Sites
and Detailed Polices Document 2012 (Altered 2015).

20. The residential flats hereby approved shall not be occupied until the Council has
been notified in writing of the full postal address of the units. Such notification shall
be addressed to the Council's Planning Manager (Implementation) quoting the planning
application reference specified in this Decision Notice,

Reason: In order that the Council can update its records to ensure that parking permits
are not issued to the occupiers of the new residential units hereby approved, and thus
ensure that the development does not harm the existing amenities of the occupiers of
neighbouring residential properties by adding to the already high level of on street car
parking in the area, in accordance with Policy €524 of the Reading Borough LDF Core

{J-W

Head of Planning, Development
& Regulatory Services LtB

Date: 28H. OCcbdr 'Z-oté



Borough Coundil
orking better with you

Strategy 2008 (Altered 2015) and Policy DM12 of the Sites and Detailed Polices
Document 2012 (Altered 2015).

21. Prior to any agreement being entered into for a new occupation of, or transfer of
any interest in, the residential flats hereby approved the prospective
occupier/transferee shall be informed of the prohibition on entitlement to a car
parking permit. All material utilised for advertising or marketing the residential flats
for letting or sale shalt make it clear to prospective tenants and occupiers that no
parking permit will be issued by the Council to occupiers of the residential flats.

Reason: In order that the prospective occupiers are made aware of the fact that they
will not be entitled to an on-street car parking permit, in the interests of the proper
management of parking, and to ensure that the development does not harm the
existing amenities of the occupiers of neighbouring residential properties by adding to
the already high level of on street car parking in the area, in accordance with Palicy
CS24 of the Reading Borough LDF Core Strategy 2008 (Altered 2015) and Policy DM12 of
the Sites and Detailed Polices Document 2012 (Altered 2015).

22. In connection with the implementation of this permission, no works shall take place
outside the hours of 08:00hrs to 18:00hrs Mondays to Fridays, and 09:00hrs to 13:00hrs
on Saturdays, and not at any time on Sundays and Bank or Statutory Holidays without
prior approval from the Local Planning Authority.

Reason: To protect the amenity of occupiers of existing nearby properties from noise
and disturbance from works connected with implementing this permission, in

accordance with Policy €534 of the Reading Borough LDF Core Strategy 2008 (Altered
2015) and Policy DM4 of the Sites and Detailed Polices Document 2012 (Altered 2015).

23. Prior to the first occupation of the relevant residential units, the windows
annotated to be obscure glazed on approved plans14/ 354/P08 Rev G - Proposed Floor
Plans Level 1, as received 01/09/16; 14/354/P09 Rev F - Proposed Floor Plans Level 2,
as received 01/09/16; 14/354/P10 Rev F - Proposed Second Floor Plans Level 3, as
received 01/09/16; 14/354/P11 Rev F - Proposed Third Floor Plans Level 4, as received
01/09/16; 14/354/P12 Rev F - Proposed Floor Plans Level 5, as received 01/09/16;
14/354/P13 Rev F - Proposed Fifth Floor Plans Level 6, as received 01/09/16, shall be
provided as such in full. All windows identified on the approved drawings as being
obscure glazed shall be non-opening unless that part of the window which can be
opened is a minimum of 1.7m above the internal floor level. These windows will be
permanently retained and maintai ned thereafter as obscure glazed.

Reason: To protect the amenity of nearby occupiers from harmful overlooking and

subsequent loss of privacy, in accordance with Poticy DM4 of the Sites and Detailed
Polices Document 2012 (Altered 2015).
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24. Prior to the first occupation of any residential unit hereby approved, the energy
measures hereby approved in the Energy & Sustainability Assessment By Sol
Environment Ltd, Ref SOL1602ENTO1, dated 29 February 2016, as received 01/03/ 16,
shall be provided as such in full.

Reason: To ensure that the development contributions adequately towards
environmental sustainability through energy measures, in accordance with Policy €51
of the Reading Borough LDF Core Strategy 2008 (Altered 2015) and Policy DM1 of the
Sites and Detailed Polices Dacument 2012 (Altered 2015).

INFO _ TIVES

1. Officers have worked positively and proactively with the applicant to address and
satisfactorily resolve various matters which have arisen as part of the assessment of
the application, in order to provide a recommendation for approval in as expedient a
timescale as has been possible in this instance.

2. The attention of the applicant is drawn to Section 59 of the Highways Act 1980,
which enables the Highway Authority to recover expenses due to damage caused by
extraordinary traffic.

3. The occupiers of the flats will not be entitled to an on-street car parking permit in
the interests of the proper management of parking, and to ensure that the
development does not harm the existing amenities of the occupiers of neighbouring
residential properties by adding to the already high level of on street car parking in the
area in accordance with adopted RBLP policy TRN12, The site is located close to local
facilities, with frequent public transport services on nearby roads. The conditions
attached place a requirement that the Council be notified of postal addresses of the
residential units before occupation and that the occupiers/transferees to be informed
of the prohibition on entitlement to a car parking permit.

4. Any works affecting the highway shall be in accordance with Reading Borough’s
Council’s document “Guidance Notes for Activities on the Public Highway within the
Borough of Reading”. The applicant should be made aware that compliance with this
document is mandatory and licences to work on the highway will only be issued if the
requirements contained within it are met. A copy can be obtained within the Transport
Strategy area of the Transport Section on the Reading Borough Web Site.
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5. No materials or green waste produced as a result of the clearance of the site,
demolition works or construction works associated with the development hereby
approved shall be burnt on site.

6. A Unilateral Undertaking relates to this site, linked to this permission (LPA Ref No.
4255). A full copy of the unilateral undertaking is available on the Public Register held
by Reading Borough Council.

7. Thames Water advises with regard to surface water drainage it is the responsibility
of a developer to make proper provision for drainage to ground, water courses or a
suitable sewer. In respect of surface water it is recommended that the applicant
should ensure that storm flows are attenuated or regulated into the receiving public
network through on or off site storage. When it is proposed to connect to a combined
public sewer, the site drainage should be separate and combined at the final manhole
nearest the boundary. Connections are not permitted for the removal of groundwater.
Where the developer proposes to discharge to a public sewer, prior approval from
Thames Water Developer Services will be required. They can be contacted on 0800 009
3921.

Thames Water requests that the Applicant should incorporate within their proposal,
protection to the property by installing for example, a non-return valve or other
suitable device to avoid the risk of backflow at a later date, on the assumption that
the sewerage network may surcharge to ground level during storm conditions.

With regards to water, Thames Water will aim to provide customers with a minimum
pressure of 10m head (approx 1 bar) and a flow rate of 9 litres/minute at the point
where it leaves Thames Waters pipes. The developer should take account of this
minimum pressure in the design of the proposed development.

8. The approved development is liable to pay the Community Infrastructure Levy (CIL)
in line with the Council’s CIL Charging Schedule. Upon permission or soon after, the
Council will issue you with a CIL Liability Notice, which details the CIL amount payable.

CIL is not payable until commencement of the development, but before
commencement you must submit a CIL Commencement Notice to the Council. Failure
to submit a Commencement Notice before commencement may mean that a surcharge
is imposed, and will mean that the liable party will not be able to benefit from the
Council’s Instalment Policy and that any claims for relief are void.

It is strongly advised that, before commencement, you submit an Assumption of

Liability Form if you have not already done so. If at commencement no party has
assumed liability to pay CIL, liability will default to the landowner(s), a surcharge may
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be imposed, and the liable party will not be able to benefit from the Council’s
Instalment Policy.

If the development is eligible for a form of relief from CIL, a claim must be made prior
to commencement. Claims made after commencement cannot be considered.

More information on CIL, including copies of the forms referred to above, are on the
Planning Portal website:

(https:/ !www.planningportal.co.uklinfo/200126/applications!?O/communit
y_infrastructure_levy) and the Charging Schedule and Advice to Applicants are on the
Council’s website
(http:1/www.reading.gov.uk/media12594/Community-Infrastructure-Levy- Charging-
Schedule/pdf/(:ommunity-lnfrastructure-Levy-Charging- Schedule-20151.pdf &
http://www.reading.gov.uk/media/2791/ Community- Infrastructure- Levy-Advice-to-
Applicants/pdf/CIL_Advice_to_Applicants. pdf)

9. Your attention is drawn to the terms and conditions of this permission. Any
development which is carried out but differs materially from the approved plans and
details, or does not comply with any conditions attached to the permission may result
in the Council taking action to remedy the breach of planning control. If you are in any
doubt please contact the council.

For the avoidance of doubt, the following conditions requires details to be submitted
and approved in writing by the local planning authority prior to any development

taking place (pre-commencement conditions):
Conditions 3, 4, 5, 6, 7, 9, 10, 12, 13i), 14i), 15

For the avoidance of doubt, the following conditions require details to be submi tted
and approved in writing by the local planning authority prior to the first occupation of
any unit (pre- occupation conditions):

Conditions 11, 14ii), 20

For the avoidance of doubt, the following conditions do not require details to be
submitted /approved, but are required to be complied with prior to the first
occupation of any unit(compliance conditions);

Conditions 13ii), 16, 17, 18, 19, 21, 22,23, 24

10. These works will require separate approval under the Building Regulations. Please
contact the Council's Building Control service for further advice on (0118) 937 2449.
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NOTES
APPEALS TO THE SECRETARY OF STATE

If you are aggrieved by the decision of the Council to refuse permission for the proposed
development or to grant it subject to conditions, then you can appeal to the Secretary of State
under section 78 of the Town and Country Planning Act 1990.

If this is a decision on a planning application relating to the same or substantially the same land
and development as is already the subject of an enforcement notice, if you want to appeal
against the Council’s decision on the application you must do so within 28 days of the date of
this notice.

If an enforcement notice is served relating to the same or substantially the same land and
development as in your application and you want to appeal against the Council's decision on your
application, you must do so within 28 days of the date of service of the enforcement notice, or
within 6 months (or 12 weeks in the case of a householder appeal) of the date of this notice,
whichever period expires earlier.

If the above circumstances do not apply, any appeal must be made within the following time
limits.

If this is a householder application and you want to appeal against the Council’s decision then
you must do so within 12 weeks of the date of this notice. If this is an advertisement application
and you want to appeal against your local planning authority’s decision then you must do so
within 8 weeks of the date of this notice. [f you want to appeal against your local planning
authority’s decision for any other type of application (which is not a householder or
advertisement application, or an application for a Certificate of Lawfulness) then you must do so
within 6 months of the date of this notice.

The Secretary of State can allow a longer period for giving notice of an appeal, but he will not
normally be prepared to use this power unless there are special circumstances which excuse the
delay in giving notice of appeal. The Secretary of State need not consider an appeal if it seems
to him that the Local Planning Authority could not have granted planning permission for the
proposed development or could not have granted it without the conditions they imposed, having
regard to the statutory requirements, to the provisions of any development order and to any
directions given under a development order. In practice, the Secretary of State does not refuse
to consider appeals solely because the Local Planning Authority based their decision on a
direction given by him.

Appeals must be made using a form which you can get from the Planning Inspectorate at Temple
Quay House, 2 The Square, Temple Quay, Bristol BS1 6PN, tel. 0303 444 5000, or online at
www.planningportal.gov.uk/pcs.

Purchase Notices

If either the Local Planning Authority or the Secretary of State refuses permission to develop
land or grants it subject to conditions, the owner may claim that he can neither put the land to
a reasonably beneficial use in its existing state nor render the land capable of a reasonably
beneficial use by the carrying out of any development which has been or would be permitted.
In these circumstances, the owner may serve a purchase notice on the Council in whose area the
land is situated. This notice will require the Council to purchase his interest in the land in
accordance with the provisions of Part VI of the Town and Country Planning Act 1990.



Street Naming & Numbering
You must contact Reading Borough Council to:

Name or number a new development
Name a new street

Get addresses for flat conversions
Name or rename an existing building

° & 9 @

Otherwise the following may occur;

» You will not have an official address or postcode. When your property goes through the official
process it may be given a different address and Postcode than you are currently using.

You may have difficulty receiving mail

You may have problems when buying goods or services such as ytilities and telecommunications
The emergency services may have difficulty locating you.

You may have problems accessing Council services such as Education, Parking Services and
Electoral Registration.

e & ¢ o

The Council is responsible for assigning house names and numbers and street names. It is also responsible
for updating the National Land and Property Gazetteer (NLPG) which is a list of addresses which meet a
common standard (BS7666) used throughout the country.

When a new address or change of address is requested, the Council contacts Royal Mail who check the
address on behalf of the Emergency Services, assign a postcode and add it to their Postal Address File
(PAF). The PAF list is used by many companies and services to check addresses, authenticate transactions

and order goods, as well as deliver mafl, so it is in your interest for your address to be on that list, Royal
Mail will not create an address until requested to do so by the Council.

How to apply:

Email us using streetnamingnumbering®@reading.gov.uk

Or telephone us on 0118 9373737

What we need to complete your request;

For new addresses or flat conversions:

o Site layout plan containing plot numbers

s Location plan - No bigger than A3 size (hard copy, PDF, JPEG or AutoCAD) showing the site

boundary, including the new development, together with surrounding buildings for reference
. Anticipated completion and occupation dates

For change of address:

° You must be, or have authorisation from, the owner to request a change of address.
° Floor plan of the existing property

° Reason for change

Once created, the Council informs various bodies of your new address including the Emergency Services,
Council Tax, Land Registry and utility companies as well as adding it to the National Land and Property
Gazetteer,

Please be advised that companies and services using the PAF file only update the addresses monthly,
quarterly or even less frequently, therefore it may take a while for your address to be listed in some
places. It will, however, appear on the Royal Mail website within a few days once it has been added to
the live address file,

Reading Borough Council has no control aver the frequency by which other organisations update their
address files.



® Giorgio Framalicco
FA Read I n Head of Planning, Development
v.x‘y : & Regulatory Services
Borough Council
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Dunthorne Parker Architects @ 0118 9373787
Unit 22 The Artworks
Elephant Road
London

SE17 1AY

Our Ref: 172304
Your Ref: PP-06623031
Direct &:

e-mail: Jonathan.Markwell@reading.gov.uk

8 February 2018

Your contact is:  Mr Jonathan Markwell, Planning

Dear Dunthorne Parker Architects,
TOWN AND COUNTRY PLANNING ACT 1990

Application Reference: 172304

Application type: Approval of Conditions

Address: Former Gas Works Buildings Gas Works Road Reading

Proposal: Partial discharge of condition 4 (Construction Method Statement) and discharge of
conditions 5 (Contaminated Land) & 9 (Land Gas) of planning permission 160378.

| refer to the above application to partially discharge the remaining element of condition 4
(Construction Method Statement) and the discharge of conditions 5 (Contaminated Land) & 9 (Land
Gas) of planning permission 160378 and respond as follows:

Condition 4

The construction method statement details, as shown on the following:

Construction Method Statement Rev A by DPA, as received 06/02/18

208 - Parking Plan, as received 06/02/18

are approved pursuant to condition 4.

In conjunction with approval of details 171160 (Construction Method Statement details for initial
demolition works only) granted on 21/09/17 it is confirmed that condition 4 is now discharged in full.

Condition 5
The Senior Environmental Health Officer has commented as follows: A site investigation satisfying the

requirements of the condition has been carried out. Elevated levels of chromium, lead, mercury, PAHs
and TPHs associated with the former use of the site have been identified, it will therefore be

www.reading.gov.uk Text 81722 DX 40124 Reading (Castle Street)
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necessary for a DQRA to be carried out and a remediation scheme to be submitted. | can recommend
discharge of condition 5.

Accordingly the contaminated land details, as shown in the following document:

Phase 2 Interpretative Site Investigation Report by Wardell Armstrong, Ref RPT002 V1.0, dated
December 2017, as received 20/12/17

are approved pursuant to condition 5.

Condition 9

The Senior Environmental Health Officer has commented as follows: A land gas investigation has been
carried out. It has identified elevated levels of methane which result in the site being considered
characteristic situation 2. The details of how the development will be protected to this level must
now be submitted. | can recommend that condition 9 is discharged.

Accordingly the land gas details, as shown in the following document:

Phase 2 Interpretative Site Investigation Report by Wardell Armstrong, Ref RPT002 V1.0, dated
December 2017, as received 20/12/17

are approved pursuant to condition 9.
The above conditions, where a submission is required and has been provided, shall have been
considered to have been discharged, providing that the development is undertaken in accordance with

the approved details.

Please note that it is the responsibility of the developer to ensure that all relevant conditions are
complied with during the construction and/or subsequent use of the development.

Should you wish to discuss this matter further, please contact me by email or the direct line as above.

Yours sincerely

Jrsattrss - Mesrkioret?

Mr Jonathan Markwell
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. Ageucy Apply Top 2 Approach to Produce Group
o~
Sifisigis
a fe s T =
8 T LS g o2 i
) ) g > g ® 2 =
Assessment Criterion (mg kg™ Ratio of ADE to HCV 50% rule? 2 Z Q > ) < =
Saturation Limit (mg kg'') :_ g 5 2 2 > o
oral inhalation combined oral inhalation i combined Oral Inhal e 1) ’g 2 % 5 =
1 Chromiium (VI) (S4UL) 1.04E+01 | 6.05E+00 NR 0.51 1.00 NR NR Yes No No 0 0 0 0 0 0
2 Mercury-elemental (S4UL) NR 4.45E+00 NR NR 1.00 NR 8.61E+00 (vap) No No No 0 0 0 0 0 0
3 Aromatic EC >10-12 (S4UL) 1.57E+02 | 1.13E+04 | 1.56E+02 0.99 0.01 1.00 7.27E+02 (sol) Yes Yes No 0 0 0 0 0 0
4 Aromatic EC >12-16 (S4UL) 2.72E+02 i 7.89E+04 i 2.72E+02 1.00 0.00 1.00 3.37E+02 (sol) Yes Yes No 0 0 0 0 0 0
5 Aromatic EC >16-21 (S4UL) 4.63E+02 NR NR 1.00 NR NR 1.07E+02 (vap) Yes No No 0 0 0 0 0 0
6 Aromatic EC >21-35 (S4UL) 1.41E+03 NR NR 1.00 NR NR 9.66E+00 (sol) Yes No No 0 0 0 0 0 0
7 Benzo(a)anthracene (S4UL) 1.34E+01 | 7.60E+01 ! 1.14E+01 0.85 0.15 1.00 3.42E+00 (sol) No No No 0 0 0 0 0 0
8 Benzo(a)pyrene (S4UL) 3.10E+00 } 1.78E+01 ! 2.64E+00 0.85 0.15 1.00 1.82E+00 (vap) No No No 0 0 0 0 0 0
9 Benzo(b)fluoranthene (S4UL) 3.71E+00 i 2.24E+01 i 3.18E+00 0.86 0.14 1.00 2.43E+00 (sol) No No No 0 0 0 0 0 0
10 Benzo(k)fluoranthene (S4UL) 1.06E+02 § 5.93E+02 | 9.01E+01 0.85 0.15 1.00 1.37E+00 (sol) No No No 0 0 0 0 0 0
11 Chrysene (S4UL) 2.34E+01} 1.73E+02 } 2.06E+01 0.88 0.12 1.00 8.80E-01 (vap) No No No 0 0 0 0 0 0
12 Dibenzo(ah)anthracene (S4UL) 3.34E-01 | 1.77E+00 i 2.81E-01 0.84 0.16 1.00 7.86E-03 (vap) No No No 0 0 0 0 0 0
13 Fluoranthene (S4UL) 4.84E+02 } 3.08E+05 | 4.83E+02 1.00 0.00 1.00 3.79E+01 (vap) No No No 0 0 0 0 0 0
14 Indeno(123-cd)pyrene (S4UL) 4.00E+01 } 2.53E+02 | 3.45E+01 0.86 0.14 1.00 1.23E-01 (vap) No No No 0 0 0 0 0 0
15 Naphthalene (S4UL) 5.32E+01 | 5.88E+01 NR 1.00 0.91 NR 1.53E+02 (sol) No No No 0 0 0 0 0 0
16 Phenanthrene (S4UL) 1.82E+02 | 7.10E+04 | 1.82E+02 1.00 0.00 1.00 7.20E+01 (sol) No No No 0 0 0 0 0 0
17
18
19
20
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Green vegetables

Apply Top 2 Approach to Produce Group

Root vegetables
Tuber vegetables
Herbaceous fruit
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Environment
10
4 e Soil Distribution Media Concentrations
- B3 B3 @
3 2012 1S = s F F g i3 5 -

Biz2 i3l 8 5 185188 1 53 185,185 <8 8 1 .8 i 8 2 2

SN BN T A R TR TR BT T I PO

- R & & £ 8% 8% £2 16%c 168« R g ¢ T2 o =

% % % % | mgkg' i mgm?® i mgkg' ! mgm?® { mgm® | mgm® | mgm® i mgm?® {mgkg' FW | mgkg' FW | mgkg' FW | mgkg' FW | mgkg' FW | mgkg' FW
1 Chromiium (V1) (S4UL) 97.0 1 30 } 0.0 | 100.0}! 6.05E+00 NR 3.02E+00 | 2.57E-09 | 0.00E+00 } 0.00E+00 } 0.00E+00 ! 0.00E+00 | 1.21E-03 | 6.05E-04 | 6.05E-04 | 5.44E-01 1.81E-03 5.44E-01
2 Mercury-elemental (S4UL) 99.7 1 03 | 0.0 | 100.0} 445E+00 | 3.09E+00 | 2.22E+00 | 1.89E-09 | 0.00E+00 | 3.84E-05 | 5.26E-07 | 0.00E+00 | 0.00E+00 | 0.00E+00 i 0.00E+00 i 0.00E+00 | 0.00E+00 | 0.00E+00
3 Aromatic EC >10-12 (S4UL) 981+ 1.8 | 0.0 | 100.0} 156E+02 | 3.80E+02 | 7.81E+01 | 6.65E-08 | 0.00E+00 | 6.31E-04 | 4.06E-05 ! 0.00E+00 | 3.05E+01 | 4.12E+01 | 1.18E+01 } 0.00E+00 ! 0.00E+00 | 5.74E+00
4 Aromatic EC >12-16 (S4UL) 9911 09 | 00 | 1000} 2.72E+02 } 5.84E+01 | 1.36E+02 | 1.16E-07 } 0.00E+00 | 1.51E-04 ! 2.74E-05 ! 0.00E+00 | 2.94E+01 | 4.03E+01 } 1.52E+01 } 0.00E+00 ! 0.00E+00 | 3.22E+00
5  Aromatic EC >16-21 (S4UL) 99.7 1 03 | 0.0 | 1000} 463E+02 ! 1.96E+00 | 2.32E+02 ! 1.97E-07 ! 0.00E+00 | 1.81E-05 ! 2.01E-05 ! 0.00E+00 ! 1.70E+01 | 2.66E+01 ! 1.59E+01 ! 0.00E+00 ! 0.00E+00 8.36E-01
6  Aromatic EC >21-35 (S4UL) 1000! 00 | 0.0 1000} 1.41E+03 | 2.40E-02 | 7.06E+02 | 6.01E-07 | 0.00E+00 | 3.13E-07 | 2.00E-05 | 0.00E+00 | 245E+00 | 9.58E+00 ! 1.43E+01 | 0.00E+00 | 0.00E+00 2.18E-02
7  Benzo(a)anthracene (S4UL) 999 ¢ 01 0.0 | 100.0 | 1.14E+01 | 4.00E-04 | 5.70E+00 | 4.85E-09 | 0.00E+00 | 5.03E-08 ! 1.27E-07 } 0.00E+00 } 3.37E-02 | 1.25E-01 | 8.68E-02 | 0.00E+00 i 0.00E+00 3.19E-04
8  Benzo(a)pyrene (S4UL) 10001 00 | 0.0 | 100.0{ 2.64E+00 | 3.11E-06 | 1.32E+00 | 1.12E-09 | 0.00E+00 | 4.50E-10 | 2.24E-08 | 0.00E+00 | 3.30E-03 | 1.76E-02 | 1.25E-02 | 0.00E+00 | 0.00E+00 2.07E-05
9  Benzo(b)fluoranthene (S4UL) 1000! 00 ! 0.0 } 1000} 3.18E+00 ! 5.37E-06 | 1.59E+00 } 1.35E-09 ! 0.00E+00 ! 7.51E-10 | 2.98E-08 i 0.00E+00 } 5.62E-03 | 2.60E-02 ! 1.79E-02 ! 0.00E+00 } 0.00E+00 4.10E-05
10  Benzo(k)fluoranthene (S4UL) 10001 00 | 0.0 }100.0{ 9.01E+01 | 9.13E-05 | 4.50E+01 | 3.83E-08 { 0.00E+00 | 1.32E-08 | 7.09E-07 i 0.00E+00 | 8.74E-02 | 5.22E-01 3.70E-01 | 0.00E+00 | 0.00E+00 4.83E-04
11 Chrysene (S4UL) 999 | 0.1 0.0 ! 100.0 ! 2.06E+01 ! 1.03E-04 ! 1.03E+01 | 8.78E-09 ! 0.00E+00 ! 1.37E-08 ! 2.72E-07 ! 0.00E+00 ! 1.05E-01 | 3.19E-01 ! 2.09E-01 ! 0.00E+00 ! 0.00E+00 1.31E-03
12 Dibenzo(ah)anthracene (S4UL) 1000f 00 | 0.0 } 1000} 2.81E-01 | 7.02E-07 | 1.40E-01 | 1.20E-10 | 0.00E+00 | 9.22E-11 | 1.91E-09 | 0.00E+00 ; 1.80E-04 | 1.29E-03 | 8.79E-04 | 0.00E+00 i 0.00E+00 8.24E-07
13 Fluoranthene (S4UL) 99.7 1 03 | 0.0 | 100.0 1 483E+02 | 1.44E-01 | 2.42E+02 | 2.06E-07 | 0.00E+00 | 1.73E-05 { 1.16E-05 | 0.00E+00 | 1.21E+01 | 2.21E+01 | 1.17E+01 | 0.00E+00 | 0.00E+00 3.72E-01
14 Indeno(123-cd)pyrene (S4UL) 999 | 0.1 0.0 | 100.0 | 3.45E+01 ! 7.01E-05 ! 1.73E+01 | 1.47E-08 | 0.00E+00 | 9.75E-09 ! 3.49E-07 } 0.00E+00 | 844E-02 | 3.39E-01 ! 222E-01 ! 0.00E+00 { 0.00E+00 7.30E-04
15  Naphthalene (S4UL) 9321 68 | 0.0 | 100.01 532E+01 { 4.39E+01 { 2.66E+01 | 2.27E-08 | 0.00E+00 { 9.61E-04 { 9.47E-06 | 0.00E+00 | 2.70E+01 { 3.92E+01 | 9.58E+00 i 0.00E+00 | 0.00E+00 1.22E+01
16  Phenanthrene (S4UL) 9921 08 | 00 | 1000} 1.82E+02} 4.04E-01 | 9.09E+01 | 7.74E-08 | 0.00E+00 | 4.41E-05 | 8.14E-06 | 0.00E+00 | 1.81E+01 | 2.57E+01 | 9.14E+00 | 0.00E+00 ! 0.00E+00 1.44E+00
17
18
19
20
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Environment
W Agency ) 4 4 R
Average Daily Exposure (mg kg™’ bw day™) Distribution by Pathway (%)

5 8 £ 5 5 8 £ 5 5

2 523 | Iz b % = o 1 £ 1828813 5 % 5 ¥ ieo

a [SRF=:] Q¢ £ £ o o< a [S=] Q¢ £ £ £0o o o<
1 Chromiium (V1) (S4UL) 4.49E-05 | 250E-04 | 0.00E+00 | 1.00E-07 | 0.00E+00 ! 3.77E-04 | 0.00E+00 } 0.00 0.00 0.00 100.00 ! 0.00 0.00 0.00 0.00
2 Mercury-elemental (S4UL) 3.30E-05 | 3.80E-07 | 0.00E+00 | 7.35E-08 i 2.50E-05 | 0.00E+00 | 1.58E-06 | 54.97 0.63 0.00 0.12 4162 1 003 0.00 263
3 Aromatic EC >10-12 (S4UL) 116E-03 | 1.87E-02 | 5.16E-05 | 2.58E-06 ! 4.11E-04 ! 562E+95 ! 6.06E+95 | 2.85 46.01 0.13 0.01 1.01 0.00 | 48.98 1.02
4 Aromatic EC >12-16 (S4UL) 202E-03 | 1.79E-02 } 9.00E-05 ! 4.50E-06 | 9.91E-05 | 5.62E+95 ! 6.06E+95 ! 5.02 44.49 0.22 0.01 0.24 0.00 | 4974 | 026
5  Aromatic EC >16-21 (S4UL) 3.44E-03 | 1.14E-02 | 1.53E-04 ! 7.66E-06 | 1.24E-05 | 5.62E+95 | 0.00E+00 ! 11.45 | 37.97 0.51 0.03 0.04 0.00 | 5000 ! 0.0
6  Aromatic EC >21-35 (S4UL) 105E-02 | 4.04E-03 | 4.67E-04 | 2.33E-05 | 7.96E-07 | 5.62E+95 | 0.00E+00 | 34.90 13.47 1.56 0.08 0.00 0.00 | 5000 i 0.0
7  Benzo(a)anthracene (S4UL) 8.45E-05 | 4.24E-05 | 4.90E-06 | 1.88E-07 | 3.64E-08 | 3.38E-06 | 6.67E-07 | 64.03 | 32.09 3.71 0.14 0.02 0.00 0.00 0.00
8  Benzo(a)pyrene (S4UL) 1.96E-05 | 5.68E-06 | 1.13E-06 | 4.36E-08 | 9.56E-10 | 6.19E-06 | 3.64E-07 | 74.07 | 2147 429 0.17 0.00 0.00 0.00 0.00
9  Benzo(b)fluoranthene (S4UL) 236E-05 | 849E-06 | 1.37E-06 ! 5.26E-08 | 1.37E-09 | 6.19E-06 | 7.88E-07 | 70.44 25.32 4.08 0.16 0.00 0.00 0.00 0.00
10  Benzo(k)fluoranthene (S4UL) 6.68E-04 | 1.67E-04 | 3.87E-05 | 1.49E-06 | 2.96E-08 | 5.06E-06 | 4.24E-07 | 76.33 19.07 4.42 0.17 0.00 0.00 0.00 0.00
11 Chrysene (S4UL) 153E-04 | 1.11E-04 | 8.86E-06 ! 3.41E-07 ! 1.70E-08 | 6.19E-06 | 1.03E-06 ! 55.94 ! 40.68 3.24 0.12 0.00 0.00 0.00 0.00
12 Dibenzo(ah)anthracene (S4UL) 2.08E-06 | 4.05E-07 | 1.21E-07 | 4.64E-09 | 1.16E-10 | 2.25E-06 | 2.00E-06 | 79.70 15.49 462 0.18 0.00 0.00 0.00 0.00
13 Fluoranthene (S4UL) 359E-03 | 8.67E-03 | 2.08E-04 | 7.99E-06 | 1.16E-05 | 1.97E-05 | 5.09E-06 | 28.67 | 69.31 1.66 0.06 0.09 0.00 0.16 0.04
14 Indeno(123-cd)pyrene (S4UL) 256E-04 | 112E-04 | 1.48E-05 ! 570E-07 | 1.66E-08 | 5.63E-06 | 546E-07 | 66.81 29.17 3.87 0.15 0.00 0.00 0.00 0.00
15  Naphthalene (S4UL) 395E-04 | 192E-02 | 2.29E-05 { 8.80E-07 i 6.24E-04 { 3.94E-04 | 1.70E-04 | 1.97 95.94 0.11 0.00 0.00 0.00 1.97 0.00
16  Phenanthrene (S4UL) 1.35E-03 | 1.10E-02 | 7.81E-05 | 3.00E-06 | 2.89E-05 | 8.66E-05 | 3.14E-05 | 10.76 | 87.42 0.62 0.02 0.23 0.00 0.69 0.25
17
18
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Environment ° .
o} _ -
AW Agency 2 o |z 5 i 5 |3
° > 3 ) < = 5 s 2 z °
3 g S £ £ £ —~ 13 S S s s
s 2 £ > g 5 5 - 2 z iz
o So £ 8 < 8 £ 515 g e 371 3%
Qo s S > > c S & = ES ~ @ = 2 -k T O T2
53 [ T ] EE o o K < 20 s 2289 > = > =
O © o © 8 o E 5 5 5 o 7} S 3 = S ® E ® 5
s =2 Tz = 8 = = e £ 2<c B o~ ] o3 o2
T @ c @ § s~ o E g 5 S S i<$g ERS £ 59 8 a ¢
3 - S 2 S g9 2~ 2~ A e A 23 S8 235 28
I o T o S © ® o T 8 < 8 < 8 3 T < ) 2068 Z = 2%
s o T < s 2 T ° 2 3 5o g N ¥ EQ ho P o0 £9 g
S o 2o S o 2 o [ Y Y = = s £ 3@ SEE TS s 2
c 2 32 c 2 3 I X S E S E S S a3t a2 5338 | &< ¥
1 Chromiium (VI) (S4UL) TDI 0.9 D 0.0001 6.7 NR NR NR NR NR | NR 0 0.5 1 1 1
2 Mercury-elemental (S4UL) NR 0 TDI 0.06 0 0.026 | 1.17E-01} 6.34E-06 | 2.00E-09 | 4.16 | 0.62 0 0.5 1 1 1
3 Aromatic EC >10-12 (S4UL) TDI 40 TDI 60 9.99E+99 | 9.99E+99 | 7.22E-02 | 1.00E-05 | 1.00E-09 | 3.4 | 393 ! 0.1 0.5 10 1 1
4 Aromatic EC >12-16 (S4UL) TDI 40 TDI 60 9.99E+99 | 9.99E+99 | 1.26E-02} 1.00E-05 | 1.00E-09 | 37 | 429 ! 0.1 0.5 10 1 1
5  Aromatic EC >16-21 (S4UL) TDI 30 NR 0 9.99E+99 0 6.95E-04 ! 1.00E-05 ! 1.00E-09 ! 4.15 ! 4.82 | 0.1 0.5 10 1 1
6  Aromatic EC >21-35 (S4UL) TDI 30 NR 0 9.99E+99 0 2.48E-05! 1.00E-05 ! 1.00E-09 ! 51 | 595 | 0.1 05 10 1 1
7  Benzo(a)anthracene (S4UL) D 0.155 D 0.0015 0.06 0.011 | 3.16E-05! 4.60E-06 | 3.80E-10 | 4.89 | 591 | 0.13 0.5 1 1 1
8 Benzo(a)pyrene (S4UL) D 0.031 D 0.0003 0.11 0.006 | 1.76E-061 4.38E-06 | 3.67E-10 | 511 | 6.18 | 0.13 0.5 1 1 1
9  Benzo(b)fluoranthene (S4UL) D 0.039 ID | 0.00038 0.11 0.013 | 2.05E-06! 4.36E-06 | 3.62E-10 | 502 } 6.08 | 0.13 0.5 1 1 1
10 Benzo(k)fluoranthene (S4UL) D 1.03 D 0.01 0.09 0.007 | 1.74E-06} 4.36E-06 | 3.62E-10 { 517 } 626 | 0.13 0.5 1 1 1
11 Chrysene (S4UL) D 0.31 D 0.003 0.11 0.017 | 3.18E-06! 4.57E-06 | 3.77E-10 | 474 | 573 | 0.13 0.5 1 1 1
12 Dibenzo(ah)anthracene (S4UL) D | 0.0031 ID | 0.00003 0.04 0.033 | 5.40E-06| 4.08E-06 | 3.40E-10 | 527 | 638 | 0.13 0.5 1 1 1
13 Fluoranthene (S4UL) TDI 125 TDI 125 0.35 0.084 | 6.29E-051 5.01E-06 | 4.11E-10 | 426 | 513 | 0.13 0.5 1 1 1
14 Indeno(123-cd)pyrene (S4UL) D 0.443 D 0.0043 0.1 0.009 | 2.05E-06! 4.17E-06 | 3.51E-10 | 4.94 | 597 | 0.13 0.5 1 1 1
15 Naphthalene (S4UL) TDI 20 TDI 0.86 7 238 6.62E-03 1 6.52E-06 | 5.16E-10 | 2.81 | 3.34 | 0.13 0.5 1 1 1
16 Phenanthrene (S4UL) TDI 125 TDI 125 1.54 0518 | 1.43E-04! 534E-06 | 432E-10 | 374 | 45 | 013 0.5 1 1 1
17
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Environment = o o

. W Agency g E b Ep o o o o
£ g 3 8 2 g 8 3
g S2 o s 2 9 s 8 ; §E 2 § = 5 ;

Ea = » = 0 9 E=1re) = E = =

c 5 S E3 8 £3 8 E8E _ EGE _ EE_ g E_
K=} o o c o c o+ c 0 o = c 3 o = C o= = = c = =
= = £ oI o Q= ePS 9 835 9 ©®5 6 © @. 6 0o
£ ® < gt cgE £z 2 €8z 2 cEz 2 g5z 2
g 2 z 8§53 8£57% 888 3 888 3 888 3 858 3
8 8 5 2Lz 2 283z 2 28 E - £8 E . £ E . ELE
=1 =] (=] = = O £ © » © = O
T s 3 s20 =2 s-0 =2 S 2 o S- 2 o 828 S22 o
i j 3 28D 28D 28 % o 28 * o 28 % o 28 % o
o o ] e S & % S = &~ el s E ST E ST E eL s E
z%E g 3 2823 2853 2825 z2o2% z2 2% Z28 2%
B S 3 S B8 E 58 E 68 E 3 588 E 3 588 E 3 68 E 3

1 Chromiium (V1) (S4UL) 1.80E+01 NR 2.30E+06 0.0002 fw 0.0001 fw 0.0001 fw 0.09 fw 0.0003 fw 0.09 fw

2 Mercury-elemental (S4UL) 1.68E+02 7.03E-02 5.60E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

3 Aromatic EC >10-12 (S4UL) 2.91E+01 3.21E+01 2.45E+01 model model model model model model

4 Aromatic EC >12-16 (S4UL) 5.81E+01 1.14E+00 5.75E+00 model model model model model model

5 Aromatic EC >16-21 (S4UL) 1.64E+02 5.62E-03 6.53E-01 model model model model model model

6 Aromatic EC >21-35 (S4UL) 1.46E+03 1.61E-06 6.61E-03 model model model model model model

7 Benzo(a)anthracene (S4UL) 9.00E+02 1.24E-06 3.80E-03 model model model model model model

8 Benzo(a)pyrene (S4UL) 1.49E+03 2.00E-08 3.80E-03 model model model model model model

9 Benzo(b)fluoranthene (S4UL) 1.21E+03 6.34E-08 2.00E-03 model model model model model model

10 Benzo(k)fluoranthene (S4UL) 1.72E+03 1.64E-08 8.00E-04 model model model model model model

1 Chrysene (S4UL) 6.37E+02 4.52E-08 2.00E-03 model model model model model model

12 Dibenzo(ah)anthracene (S4UL) 2.16E+03 1.66E-10 6.00E-04 model model model model model model

13 Fluoranthene (S4UL) 2.11E+02 1.31E-04 2.30E-01 model model model model model model

14 Indeno(123-cd)pyrene (S4UL) 1.01E+03 2.12E-09 2.00E-04 model model model model model model

15 Naphthalene (S4UL) 7.49E+00 2.31E+00 1.90E+01 model model model model model model

16 Phenanthrene (S4UL) 6.37E+01 2.82E-03 1.12E+00 model model model model model model

17
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Appendix3 Human Health — SSAC (Indoor and Outdoor Inhalation Pathways)
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Environment
. Ageucy Apply Top 2 Approach to Produce Group
o~
Sifisigis
a fe s T =
8 T LS g o2 i
) ) g > g ® 2 =
Assessment Criterion (mg kg™ Ratio of ADE to HCV 50% rule? 2 Z Q > ) < =
Saturation Limit (mg kg'') :_ g 5 2 2 > o
oral inhalation combined oral inhalation i combined Oral Inhal e 1) ’g 2 % 5 =
1 Chromiium (VI) (S4UL) NR NR NR 0.00 0.00 NR NR Yes No No 0 0 0 0 0 0
2 Mercury-elemental (S4UL) NR 1.04E+01 NR NR 1.00 NR 8.61E+00 (vap) No No No 0 0 0 0 0 0
3 Aromatic EC >10-12 (S4UL) NR 1.14E+04 | 1.14E+04 0.00 1.00 1.00 7.27E+02 (sol) Yes Yes No 0 0 0 0 0 0
4 Aromatic EC >12-16 (S4UL) NR 8.25E+04 i 8.25E+04 0.00 1.00 1.00 3.37E+02 (sol) Yes Yes No 0 0 0 0 0 0
5 Aromatic EC >16-21 (S4UL) 5.62E+05 NR NR 1.00 NR NR 1.07E+02 (vap) Yes No No 0 0 0 0 0 0
6 Aromatic EC >21-35 (S4UL) 2.66E+07 NR NR 1.00 NR NR 9.66E+00 (sol) Yes No No 0 0 0 0 0 0
7 Benzo(a)anthracene (S4UL) NR 4.69E+02 | 4.69E+02 0.00 1.00 1.00 3.42E+00 (sol) No No No 0 0 0 0 0 0
8 Benzo(a)pyrene (S4UL) NR 8.29E+02 | 8.29E+02 0.00 1.00 1.00 1.82E+00 (vap) No No No 0 0 0 0 0 0
9 Benzo(b)fluoranthene (S4UL) NR 8.83E+02 i 8.83E+02 0.00 1.00 1.00 2.43E+00 (sol) No No No 0 0 0 0 0 0
10 Benzo(k)fluoranthene (S4UL) NR 3.05E+04 | 3.05E+04 0.00 1.00 1.00 1.37E+00 (sol) No No No 0 0 0 0 0 0
11 Chrysene (S4UL) NR 3.65E+03 | 3.65E+03 0.00 1.00 1.00 8.80E-01 (vap) No No No 0 0 0 0 0 0
12 Dibenzo(ah)anthracene (S4UL) NR 7.24E+01 § 7.24E+01 0.00 1.00 1.00 7.86E-03 (vap) No No No 0 0 0 0 0 0
13 Fluoranthene (S4UL) NR 5.21E+05 | 5.21E+05 0.00 1.00 1.00 3.79E+01 (vap) No No No 0 0 0 0 0 0
14 Indeno(123-cd)pyrene (S4UL) NR 8.91E+03 | 8.91E+03 0.00 1.00 1.00 1.23E-01 (vap) No No No 0 0 0 0 0 0
15 Naphthalene (S4UL) NR 5.89E+01 NR 0.00 1.00 NR 1.53E+02 (sol) No No No 0 0 0 0 0 0
16 Phenanthrene (S4UL) NR 7.84E+04 | 7.84E+04 0.00 1.00 1.00 7.20E+01 (sol) No No No 0 0 0 0 0 0
17
18
19
20
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50% rule?

Oral Inhal

Top Two applied?

Green vegetables

Apply Top 2 Approach to Produce Group

Root vegetables
Tuber vegetables
Herbaceous fruit

Shrub fruit

Tree fruit
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10
4 e Soil Distribution Media Concentrations
- B3 B3 @
3 2012 1S = s F F g i3 5 -
Biz2 i3l 8 5 185 185 sz 183,18 <8 8 1 .8 i 8 2 2
SN BN T A R TR TR BT T I PO
- R & & £ 8% 8% £2 16%c 168« R g ¢ T2 o =
% % % % | mgkg' i mgm® | mgkg' { mgm mgm mgm> | mgm® i mgm® {mgkg'FW | mgkg' FW | mgkg' FW { mgkg' FW | mgkg' FW | mgkg' FW
1 Chromiium (V1) (S4UL) 0.0 00 } 00 | 00 ! 0.00E+00 NR NA NA NA 0.00E+00 | 0.00E+00 | 0.00E+00 NA NA NA NA NA NA
2 Mercury-elemental (S4UL) 99.7 1 03 | 0.0 | 100.01 1.04E+01 } 7.23E+00 NA NA NA 8.99E-05 | 1.23E-06 i 0.00E+00 NA NA NA NA NA NA
3 Aromatic EC >10-12 (S4UL) 981+ 1.8 | 0.0 | 100.0 ! 1.14E+04 | 2.77E+04 NA NA NA 4.60E-02 | 2.96E-03 ! 0.00E+00 NA NA NA NA NA NA
4 Aromatic EC >12-16 (S4UL) 9911 09 | 00 | 1000} 825E+04 } 1.77E+04 NA NA NA 458E-02 | 8.29E-03 | 0.00E+00 NA NA NA NA NA NA
5  Aromatic EC >16-21 (S4UL) 997 1 03 ! 0.0 | 100.0! 562E+05 ! 2.38E+03 NA NA NA 220E-02 | 2.44E-02 ! 0.00E+00 NA NA NA NA NA NA
6  Aromatic EC >21-35 (S4UL) 10001 00 | 0.0 | 100.0} 2.66E+07 | 4.52E+02 NA NA NA 5.90E-03 | 3.78E-01 | 0.00E+00 NA NA NA NA NA NA
7  Benzo(a)anthracene (S4UL) 999 ¢ 01 0.0 | 100.0 | 4.69E+02 | 1.65E-02 NA NA NA 2.07E-06 | 5.23E-06 | 0.00E+00 NA NA NA NA NA NA
8  Benzo(a)pyrene (S4UL) 10001 00 | 0.0 | 1000 8.29E+02 | 9.76E-04 NA NA NA 1.41E-07 | 7.04E-06 | 0.00E+00 NA NA NA NA NA NA
9  Benzo(b)fluoranthene (S4UL) 1000! 00 ! 0.0 } 1000} 8.83E+02 ! 1.49E-03 NA NA NA 2.08E-07 | 8.27E-06 | 0.00E+00 NA NA NA NA NA NA
10  Benzo(k)fluoranthene (S4UL) 10001 00 | 0.0 | 100.0{ 3.05E+04 | 3.09E-02 NA NA NA 4.47E-06 | 2.40E-04 | 0.00E+00 NA NA NA NA NA NA
11 Chrysene (S4UL) 999 | 0.1 0.0 ! 100.0 | 3.65E+03 | 1.82E-02 NA NA NA 2.43E-06 ! 4.80E-05 ! 0.00E+00 NA NA NA NA NA NA
12 Dibenzo(ah)anthracene (S4UL) 1000f 00 | 0.0 } 1000} 7.24E+01 | 1.81E-04 NA NA NA 2.38E-08 | 4.92E-07 § 0.00E+00 NA NA NA NA NA NA
13 Fluoranthene (S4UL) 99.7 1 03 | 0.0 | 100.01 521E+05 | 1.55E+02 NA NA NA 1.87E-02 | 1.25E-02 | 0.00E+00 NA NA NA NA NA NA
14 Indeno(123-cd)pyrene (S4UL) 999 | 0.1 0.0 | 100.0 | 8.91E+03 | 1.81E-02 NA NA NA 2.52E-06 | 9.00E-05 ! 0.00E+00 NA NA NA NA NA NA
15  Naphthalene (S4UL) 9321 68 i 0.0 | 100.01 589E+01 | 4.85E+01 NA NA NA 1.06E-03 | 1.05E-05 | 0.00E+00 NA NA NA NA NA NA
16  Phenanthrene (S4UL) 9921 08 | 00 | 100.0} 7.84E+04 | 1.74E+02 NA NA NA 1.90E-02 | 3.51E-03 | 0.00E+00 NA NA NA NA NA NA
17
18
19
20
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Environment
W Agency ) 4 4 R
Average Daily Exposure (mg kg™’ bw day™) Distribution by Pathway (%)

5 8 £ 5 5 8 £ 5 5

2 523 | Iz b % = o 1 £ 1828813 5 % 5 ¥ ieo

a [SRF=:] Q¢ £ £ o o< a [S=] Q¢ £ £ £0o o o<
1 Chromiium (V1) (S4UL) 0.00E+00 | 0.00E+00 | 0.00E+00 ! 0.00E+00 } 0.00E+00 ! 3.77E-04 | 0.00E+00 | 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2 Mercury-elemental (S4UL) 0.00E+00 | 0.00E+00 i 0.00E+00 | 0.00E+00 | 5.84E-05 | 0.00E+00 | 1.58E-06 | 0.00 0.00 0.00 0.00 97.31 0.06 0.00 263
3 Aromatic EC >10-12 (S4UL) 0.00E+00 | 0.00E+00 | 0.00E+00 ! 0.00E+00 | 3.00E-02 | 5.62E+95 | 6.06E+95 ! 0.00 0.00 0.00 0.00 4985 | 0.15 0.00 | 50.00
4 Aromatic EC >12-16 (S4UL) 0.00E+00 | 0.00E+00 } 0.00E+00 ! 0.00E+00 | 3.00E-02 | 5.62E+95 | 6.06E+95 | 0.00 0.00 0.00 0.00 4959 | 041 0.00 ! 50.00
5  Aromatic EC >16-21 (S4UL) 0.00E+00 ! 0.00E+00 ! 0.00E+00 ! 0.00E+00 ! 1.50E-02 ! 5.62E+95 | 0.00E+00 ! 0.00 0.00 0.00 0.00 4759 | 2.41 50.00 ! 0.00
6  Aromatic EC >21-35 (S4UL) 0.00E+00 | 0.00E+00 | 0.00E+00 ! 0.00E+00 | 1.50E-02 | 5.62E+95 | 0.00E+00 | 0.00 0.00 0.00 0.00 1276 | 37.24 | 50.00 | 0.00
7  Benzo(a)anthracene (S4UL) 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 1.50E-06 | 3.38E-06 | 6.67E-07 | 0.00 0.00 0.00 0.00 89.68 | 1032 | 0.0 0.00
8  Benzo(a)pyrene (S4UL) 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 3.00E-07 | 6.19E-06 | 3.64E-07 | 0.00 0.00 0.00 0.00 3058 | 69.42 | 0.00 0.00
9  Benzo(b)fluoranthene (S4UL) 0.00E+00 | 0.00E+00 } 0.00E+00 ! 0.00E+00 } 3.80E-07 ! 6.19E-06 | 7.88E-07 | 0.00 0.00 0.00 0.00 3564 | 6436 ! 0.00 0.00
10  Benzo(k)fluoranthene (S4UL) 0.00E+00 | 0.00E+00 { 0.00E+00 | 0.00E+00 } 1.00E-05 { 5.06E-06 | 4.24E-07 i 0.00 0.00 0.00 0.00 2003 { 7097 | 0.00 0.00
11 Chrysene (S4UL) 0.00E+00 ! 0.00E+00 ! 0.00E+00 ! 0.00E+00 ! 3.00E-06 ! 6.19E-06 ! 1.03E-06 ! 0.00 0.00 0.00 0.00 5262 | 47.38 ! 0.00 0.00
12 Dibenzo(ah)anthracene (S4UL) 0.00E+00 | 0.00E+00 } 0.00E+00 | 0.00E+00 i 3.00E-08 | 2.25E-06 | 2.00E-06 | 0.00 0.00 0.00 0.00 51.44 | 4856 | 0.00 0.00
13 Fluoranthene (S4UL) 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 1.25E-02 | 1.97E-05 | 5.09E-06 | 0.00 0.00 0.00 0.00 97.00 | 295 0.00 0.04
14 Indeno(123-cd)pyrene (S4UL) 0.00E+00 | 0.00E+00 { 0.00E+00 ! 0.00E+00 { 4.30E-06 | 5.63E-06 | 546E-07 ! 0.00 0.00 0.00 0.00 3804 | 61.96 ! 0.00 0.00
15  Naphthalene (S4UL) 0.00E+00 | 0.00E+00 { 0.00E+00 | 0.00E+00 i 6.90E-04 { 3.94E-04 | 1.70E-04 | 0.00 0.00 0.00 0.00 80.23 | 0.04 0.00 19.74
16  Phenanthrene (S4UL) 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 1.25E-02 | 8.66E-05 | 3.14E-05 | 0.00 0.00 0.00 0.00 9892 | 0.83 0.00 0.25
17
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Environment ° .
o} _ -
AW Agency 2 o |z 5 i 5 |3
° > 3 ) < = 5 s 2 z °
3 g S £ £ £ —~ 13 S S s s
s 2 £ > g 5 5 - 2 z iz
o So £ 8 < 8 £ 515 g e 371 3%
Qo s S > > c S & = ES ~ @ = 2 -k T O T2
53 [ T ] EE o o K < 20 s 2289 > = > =
O © o © 8 o E 5 5 5 o 7} S 3 = S ® E ® 5
s =2 Tz = 8 = = e £ 2<c B o~ ] o3 o2
T @ c @ § s~ o E g 5 S S i<$g ERS £ 59 8 a ¢
3 - S 2 S g9 2~ 2~ A e A 23 S8 235 28
I o T o S © ® o T 8 < 8 < 8 3 T < ) 2068 Z = 2%
s o T < s 2 T ° 2 3 5o g N ¥ EQ ho P o0 £9 g
S o 2o S o 2 o [ Y Y = = s £ 3@ SEE TS s 2
c 2 32 c 2 3 I X S E S E S S a3t a2 5338 | &< ¥
1 Chromiium (VI) (S4UL) TDI 0.9 D 0.0001 6.7 NR NR NR NR NR | NR 0 0.5 1 1 1
2 Mercury-elemental (S4UL) NR 0 TDI 0.06 0 0.026 | 1.17E-01} 6.34E-06 | 2.00E-09 | 4.16 | 0.62 0 0.5 1 1 1
3 Aromatic EC >10-12 (S4UL) TDI 40 TDI 60 9.99E+99 | 9.99E+99 | 7.22E-02 | 1.00E-05 | 1.00E-09 | 3.4 | 393 ! 0.1 0.5 10 1 1
4 Aromatic EC >12-16 (S4UL) TDI 40 TDI 60 9.99E+99 | 9.99E+99 | 1.26E-02} 1.00E-05 | 1.00E-09 | 37 | 429 ! 0.1 0.5 10 1 1
5  Aromatic EC >16-21 (S4UL) TDI 30 NR 0 9.99E+99 0 6.95E-04 ! 1.00E-05 ! 1.00E-09 ! 4.15 ! 4.82 | 0.1 0.5 10 1 1
6  Aromatic EC >21-35 (S4UL) TDI 30 NR 0 9.99E+99 0 2.48E-05! 1.00E-05 ! 1.00E-09 ! 51 | 595 | 0.1 05 10 1 1
7  Benzo(a)anthracene (S4UL) D 0.155 D 0.0015 0.06 0.011 | 3.16E-05! 4.60E-06 | 3.80E-10 | 4.89 | 591 | 0.13 0.5 1 1 1
8 Benzo(a)pyrene (S4UL) D 0.031 D 0.0003 0.11 0.006 | 1.76E-061 4.38E-06 | 3.67E-10 | 511 | 6.18 | 0.13 0.5 1 1 1
9  Benzo(b)fluoranthene (S4UL) D 0.039 ID | 0.00038 0.11 0.013 | 2.05E-06! 4.36E-06 | 3.62E-10 | 502 } 6.08 | 0.13 0.5 1 1 1
10 Benzo(k)fluoranthene (S4UL) D 1.03 D 0.01 0.09 0.007 | 1.74E-06} 4.36E-06 | 3.62E-10 { 517 } 626 | 0.13 0.5 1 1 1
11 Chrysene (S4UL) D 0.31 D 0.003 0.11 0.017 | 3.18E-06! 4.57E-06 | 3.77E-10 | 474 | 573 | 0.13 0.5 1 1 1
12 Dibenzo(ah)anthracene (S4UL) D | 0.0031 ID | 0.00003 0.04 0.033 | 5.40E-06| 4.08E-06 | 3.40E-10 | 527 | 638 | 0.13 0.5 1 1 1
13 Fluoranthene (S4UL) TDI 125 TDI 125 0.35 0.084 | 6.29E-051 5.01E-06 | 4.11E-10 | 426 | 513 | 0.13 0.5 1 1 1
14 Indeno(123-cd)pyrene (S4UL) D 0.443 D 0.0043 0.1 0.009 | 2.05E-06! 4.17E-06 | 3.51E-10 | 4.94 | 597 | 0.13 0.5 1 1 1
15 Naphthalene (S4UL) TDI 20 TDI 0.86 7 238 6.62E-03 1 6.52E-06 | 5.16E-10 | 2.81 | 3.34 | 0.13 0.5 1 1 1
16 Phenanthrene (S4UL) TDI 125 TDI 125 1.54 0518 | 1.43E-04! 534E-06 | 432E-10 | 374 | 45 | 013 0.5 1 1 1
17
18
19
20
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Environment = o o
. W Agency g E b Ep o o o o
£ g 3 8 2 g 8 3
g 58 . Sy 0 5838 53 8 s 3 § 2
Ea = » = 0 9 E=1re) = E = =
: 5 S E3 8 £3 8 E8E _ EQE _ g E_ g E_
2 < 2 §8= 58 = §25 73 §857% §55 73 §.573
g o € gck g9l gez 8 ges 8 gez @ €5z ¢
e 2 £ 8§53 8257% 888 3 888 3 888 3 858 3
8 8 5 2Lz 2 283z 2 28 E - £8 E . £ E . ELE
T 5 2 8§28 2 sS-D0 2 SEZ8 o S 2o 8§23 S8
F £ % @8 D 258 ¢ B 28 % o ¢80 82 o 28 % o
o o ] e S & % S = &~ el s E ST E ST E eL s E
z%E g 3 2823 2853 2825 z2o2% z2 2% Z28 2%
B S 3 S B8 E 58 E 68 E 3 588 E 3 588 E 3 68 E 3
1 Chromiium (V1) (S4UL) 1.80E+01 NR 2.30E+06 0.0002 fw 0.0001 fw 0.0001 fw 0.09 fw 0.0003 fw 0.09 fw
2 Mercury-elemental (S4UL) 1.68E+02 7.03E-02 5.60E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
3 Aromatic EC >10-12 (S4UL) 2.91E+01 3.21E+01 2.45E+01 model model model model model model
4 Aromatic EC >12-16 (S4UL) 5.81E+01 1.14E+00 5.75E+00 model model model model model model
5 Aromatic EC >16-21 (S4UL) 1.64E+02 5.62E-03 6.53E-01 model model model model model model
6 Aromatic EC >21-35 (S4UL) 1.46E+03 1.61E-06 6.61E-03 model model model model model model
7 Benzo(a)anthracene (S4UL) 9.00E+02 1.24E-06 3.80E-03 model model model model model model
8 Benzo(a)pyrene (S4UL) 1.49E+03 2.00E-08 3.80E-03 model model model model model model
9 Benzo(b)fluoranthene (S4UL) 1.21E+03 6.34E-08 2.00E-03 model model model model model model
10 Benzo(k)fluoranthene (S4UL) 1.72E+03 1.64E-08 8.00E-04 model model model model model model
1 Chrysene (S4UL) 6.37E+02 4.52E-08 2.00E-03 model model model model model model
12 Dibenzo(ah)anthracene (S4UL) 2.16E+03 1.66E-10 6.00E-04 model model model model model model
13 Fluoranthene (S4UL) 2.11E+02 1.31E-04 2.30E-01 model model model model model model
14 Indeno(123-cd)pyrene (S4UL) 1.01E+03 2.12E-09 2.00E-04 model model model model model model
15 Naphthalene (S4UL) 7.49E+00 2.31E+00 1.90E+01 model model model model model model
16 Phenanthrene (S4UL) 6.37E+01 2.82E-03 1.12E+00 model model model model model model
17
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Appendix4 Human Health — Wilson Modular Approach for Inhalation of Vapours in

Indoor Air



Contaminant: |Naphthalene Buildi‘ng Type: Pre-1970‘ offi‘ce
HCV,,, (ID or TDSI): 0.82 = 2.87 Soil Type: Silty cla;
ug/kg-d ug/m’
Calculated Indoor Vapour Concentration from
Equation 10 below for comparison with HCV;y,|  Chuiging 7.02E-03 pg/m®
Wilson eq Input Parameters units Calculated Variables | units Outputs units
Source Vapour Concentration in Soil Air from Soil Cc ination
(2) Soil Concentration Cr 490 mg/kg Cr 0.00049 a/g
Soil dry bulk density Dy 0.94 glcm®
Dimensionless Henry's Law constant (or K,,) H'ss 0.00662 -
Soil air filled porosity 0, 0.12 cm’/cm®
Soil water filled porosity 0, 0.51 cm’/cm® O 0.63 cm’/cm®
Octanol-water partition coefficient Koo 645.6542 cm’/g
Soil fraction organic carbon foe 0.019 - Ky 12.26743 | cm®g Coource 2.53E-07 | glcm®
Source Vapour Concentration in Soil Air from Groundwater Contamination
3) Groundwater concentration C, 19.1 ng/l C, 1.91E-08 | g/cm®
Dimensionless Henry's Law constant (or K,,) H'ss 0.00662 - Coource 1.26E-10 | g/cm®
Source Vapour Concentration in Soil Air from NAPL
(4) NAPL Mole fraction X -
Vapour Pressure P 2.28E-05 atm
Moelcular Weight MW 128.17 g/mol
Universal Gas Constant R 8.21E-05 | m*atm/molK
Soil Temperature T 283.15 K Coource 0.00E+00 | g/cm®
Combined Vapour Concentration from Soil, Groundwater and / or NAPL
Sum of Cgqe Calculated individually for soil,
groundwater and NAPL. Coource 2.53E-07 | glcm®
Diffusive Flow from Ground to Void
(5) Floor Area As 4.24E+06 cm?
Soil (S), Water (W), NAPL (N) or (C) combined | Source Type C -
Vapour concentration at top of soil Cuo 0.00E+00 glcm®
Diffusion coefficient in air D.. 6.52E-02 cm?/s
Diffusion coefficient in water Dyater 5.16E-06 cm?/s Dy 3.50E-04 | cm®/s
Depth to Source L 50 cm E 7.51E-06 als
Concentration in Void after Dilution by Fresh Air in Void
(7) Air Exchanges in Void Vo 1/day T exchance #DIV/0! s
Void Height Hooi 15 cm Quoe 4782.54 | cm’ls
Vapour concentration in outdoor air o 0.00E+00 glcm®
Use Air exchange/day (1) or BS5925 (2) 1or2 2 - Choia 1.57E-09 | glcm®
Advective Flow from Void (Ground) Through Cracks into Building
9) Pressure difference AP 4.4 Pa
Intrinsic permeability of floor slab k, 2.00E-07 cm?
Area of cracks in floor slab Acrack 1647.3 cm?
Viscosity of air n 1.80E-05 Pas
Thickness of floor slab Derack 15 cm Qeniry 8.43E-09 als
Diffusive Flow from Void through slab/barrier into building
Floor Area As 4.24E+06 cm?
Vapour concentration in building Cuo glcm®
Effective Diffusion coefficient for whole slab (barri Dt cm?/s
Slab/barrier thickness L cm Qeniry #DIV/0! als
Concentration in Building after Dilution by Fresh Air in Void (Advective flow - no Barrier)
(10)  |Air exchange rate in building B.. 1 1/hr
Vapour concentration in outdoor air o 0.00E+00 glcm®
Buiding height H 1020 cm Quuidina 1.20E+06 | cm’/s Chuidina 7.02E-15 | glem®
7.02E-03 | upg/m®
Concentration in Building after Dilution by Fresh Air in Void (Diffusive Flow - Vapour Barrier)
(10)  |Air exchange rate in building B.. 1 1/hr
Buiding height H 1020 cm Quuidina 1.20E+06 | cm’/s Chuidina #DIV/0! glcm?®
#DIV/0! | ug/m’
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Environment
. Ageucy Apply Top 2 Approach to Produce Group
o~
Sifisigis
a fe s T =
8 T LS g o2 i
) ) g > g ® 2 =
Assessment Criterion (mg kg™ Ratio of ADE to HCV 50% rule? 2 Z Q > ) < =
Saturation Limit (mg kg'') :_ g 5 2 2 > o
oral inhalation combined oral inhalation i combined Oral Inhal e 1) ’g 2 % 5 =
1 Chromiium (VI) (S4UL) NR NR NR 0.00 0.00 NR NR Yes No No 0 0 0 0 0 0
2 Mercury-elemental (S4UL) NR 1.67E+04 NR NR 1.00 NR 8.61E+00 (vap) No No No 0 0 0 0 0 0
3 Aromatic EC >10-12 (S4UL) NR 3.90E+06 | 3.90E+06 0.00 1.00 1.00 7.27E+02 (sol) Yes Yes No 0 0 0 0 0 0
4 Aromatic EC >12-16 (S4UL) NR 1.01E+07 i 1.01E+07 0.00 1.00 1.00 3.37E+02 (sol) Yes Yes No 0 0 0 0 0 0
5 Aromatic EC >16-21 (S4UL) 1.17E+07 NR NR 1.00 NR NR 1.07E+02 (vap) Yes No No 0 0 0 0 0 0
6 Aromatic EC >21-35 (S4UL) 3.57E+07 NR NR 1.00 NR NR 9.66E+00 (sol) Yes No No 0 0 0 0 0 0
7 Benzo(a)anthracene (S4UL) NR 4.55E+03 | 4.55E+03 0.00 1.00 1.00 3.42E+00 (sol) No No No 0 0 0 0 0 0
8 Benzo(a)pyrene (S4UL) NR 1.19E+03 | 1.19E+03 0.00 1.00 1.00 1.82E+00 (vap) No No No 0 0 0 0 0 0
9 Benzo(b)fluoranthene (S4UL) NR 1.37E+03 i 1.37E+03 0.00 1.00 1.00 2.43E+00 (sol) No No No 0 0 0 0 0 0
10 Benzo(k)fluoranthene (S4UL) NR 4.29E+04 | 4.29E+04 0.00 1.00 1.00 1.37E+00 (sol) No No No 0 0 0 0 0 0
11 Chrysene (S4UL) NR 7.69E+03 | 7.69E+03 0.00 1.00 1.00 8.80E-01 (vap) No No No 0 0 0 0 0 0
12 Dibenzo(ah)anthracene (S4UL) NR 1.49E+02 i 1.49E+02 0.00 1.00 1.00 7.86E-03 (vap) No No No 0 0 0 0 0 0
13 Fluoranthene (S4UL) NR 1.76E+07 | 1.76E+07 0.00 1.00 1.00 3.79E+01 (vap) No No No 0 0 0 0 0 0
14 Indeno(123-cd)pyrene (S4UL) NR 1.44E+04 | 1.44E+04 0.00 1.00 1.00 1.23E-01 (vap) No No No 0 0 0 0 0 0
15 Naphthalene (S4UL) NR 1.31E+05 NR 0.00 1.00 NR 1.53E+02 (sol) No No No 0 0 0 0 0 0
16 Phenanthrene (S4UL) NR 9.42E+06 | 9.42E+06 0.00 1.00 1.00 7.20E+01 (sol) No No No 0 0 0 0 0 0
17
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4 e Soil Distribution Media Concentrations
- B3 B3 @
3 2012 1S = s F F g i3 5 -
Biz2 i3l 8 5 185 185 sz 183,18 <8 g1 .8 | 8 2 2
SN BN T A R TR TR BT T I PO
®»ita >R & & £ 8% 8% £2 16%c 168« R g ¢ T2 o =
% % % % | mgkg' ! mgm® | mgkg' ! mgm® ! mgm® i mgm?® I mgm® | mgm?® !mgkg' FW{ mgkg' FW | mgkg' FW | mgkg! FW | mgkg' FW | mgkg’
1 Chromiium (V1) (S4UL) 0.0 00 } 00 | 00 ! 0.00E+00 NR NA NA NA NA 0.00E+00 | 0.00E+00 NA NA NA NA NA NA
2 Mercury-elemental (S4UL) 99.7 1 03 | 0.0 | 10001 1.67E+04 | 1.16E+04 NA NA NA NA 1.97E-03 | 0.00E+00 NA NA NA NA NA NA
3 Aromatic EC >10-12 (S4UL) 981+ 1.8 | 0.0 | 100.0 ! 3.90E+06 | 9.48E+06 NA NA NA NA 1.01E+00 | 0.00E+00 NA NA NA NA NA NA
4 Aromatic EC >12-16 (S4UL) 9911 09 | 00 | 1000} 1.01E+07 } 2.17E+06 NA NA NA NA 1.01E+00 | 0.00E+00 NA NA NA NA NA NA
5  Aromatic EC >16-21 (S4UL) 99.7 1 03 | 0.0 |100.0! 1.17E+07 | 4.93E+04 NA NA NA NA 5.07E-01 | 0.00E+00 NA NA NA NA NA NA
6  Aromatic EC >21-35 (S4UL) 1000f 00 | 0.0 | 100.0} 3.57E+07 | 6.06E+02 NA NA NA NA 5.07E-01 | 0.00E+00 NA NA NA NA NA NA
7  Benzo(a)anthracene (S4UL) 999 ¢ 01 0.0 | 100.0 | 455E+03 | 1.59E-01 NA NA NA NA 5.07E-05 | 0.00E+00 NA NA NA NA NA NA
8  Benzo(a)pyrene (S4UL) 10001 00 | 0.0 {1000 1.19E+03 | 1.41E-03 NA NA NA NA 1.01E-05 | 0.00E+00 NA NA NA NA NA NA
9  Benzo(b)fluoranthene (S4UL) 1000! 00 ! 0.0 } 1000} 1.37E+03 | 2.32E-03 NA NA NA NA 1.28E-05 | 0.00E+00 NA NA NA NA NA NA
10  Benzo(k)fluoranthene (S4UL) 10001 00 | 0.0 | 100.0{ 4.29E+04 | 4.35E-02 NA NA NA NA 3.38E-04 | 0.00E+00 NA NA NA NA NA NA
11 Chrysene (S4UL) 999 | 0.1 0.0 ! 100.0 ! 7.69E+03 | 3.83E-02 NA NA NA NA 1.01E-04 ! 0.00E+00 NA NA NA NA NA NA
12 Dibenzo(ah)anthracene (S4UL) 1000f 00 | 0.0 } 1000} 1.49E+02 | 3.73E-04 NA NA NA NA 1.01E-06 | 0.00E+00 NA NA NA NA NA NA
13 Fluoranthene (S4UL) 99.7 1 03 | 0.0 | 100.0 1 1.76E+07 | 5.24E+03 NA NA NA NA 4.22E-01 | 0.00E+00 NA NA NA NA NA NA
14 Indeno(123-cd)pyrene (S4UL) 999 | 0.1 0.0 | 100.0 | 1.44E+04 | 2.92E-02 NA NA NA NA 1.45E-04 | 0.00E+00 NA NA NA NA NA NA
15  Naphthalene (S4UL) 9321 68 i 0.0 | 100.01{ 1.31E+05 i 1.08E+05 NA NA NA NA 2.33E-02 | 0.00E+00 NA NA NA NA NA NA
16  Phenanthrene (S4UL) 9921 08 | 0.0 | 100.0 ! 9.42E+06 | 2.09E+04 NA NA NA NA 4.21E-01 | 0.00E+00 NA NA NA NA NA NA
17
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Environment
W Agency ) 4 4 R
Average Daily Exposure (mg kg™’ bw day™) Distribution by Pathway (%)

5 8 £ 5 5 8 £ 5 5

2 523 | Iz b % = o 1 £ 1828813 5 % 5 ¥ ieo

a [SRF=:] Q¢ £ £ o o< a [S=] Q¢ £ £ £0o o o<
1 Chromiium (V1) (S4UL) 0.00E+00 | 0.00E+00 | 0.00E+00 ! 0.00E+00 } 0.00E+00 ! 3.77E-04 | 0.00E+00 | 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2 Mercury-elemental (S4UL) 0.00E+00 | 0.00E+00 i 0.00E+00 | 0.00E+00 | 5.84E-05 | 0.00E+00 | 1.58E-06 | 0.00 0.00 0.00 0.00 0.00 | 9737 i 0.00 263
3 Aromatic EC >10-12 (S4UL) 0.00E+00 | 0.00E+00 | 0.00E+00 ! 0.00E+00 | 3.00E-02 | 5.62E+95 | 6.06E+95 ! 0.00 0.00 0.00 0.00 000 | 50.00 { 000 ! 50.00
4 Aromatic EC >12-16 (S4UL) 0.00E+00 | 0.00E+00 } 0.00E+00 ! 0.00E+00 | 3.00E-02 | 5.62E+95 | 6.06E+95 | 0.00 0.00 0.00 0.00 000 } 50.00 { 000 ! 50.00
5  Aromatic EC >16-21 (S4UL) 0.00E+00 ! 0.00E+00 ! 0.00E+00 ! 0.00E+00 ! 1.50E-02 ! 5.62E+95 | 0.00E+00 ! 0.00 0.00 0.00 0.00 0.00 | 50.00 ! 50.00 ! 0.0
6  Aromatic EC >21-35 (S4UL) 0.00E+00 | 0.00E+00 | 0.00E+00 ! 0.00E+00 | 1.50E-02 | 5.62E+95 | 0.00E+00 | 0.00 0.00 0.00 0.00 0.00 | 50.00 { 50.00 i 0.00
7  Benzo(a)anthracene (S4UL) 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 1.50E-06 | 3.38E-06 | 6.67E-07 | 0.00 0.00 0.00 0.00 0.00 | 100.00 i 0.00 0.00
8  Benzo(a)pyrene (S4UL) 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 3.00E-07 | 6.19E-06 | 3.64E-07 | 0.00 0.00 0.00 0.00 0.00 | 100.00 { 0.00 0.00
9  Benzo(b)fluoranthene (S4UL) 0.00E+00 | 0.00E+00 } 0.00E+00 ! 0.00E+00 } 3.80E-07 ! 6.19E-06 | 7.88E-07 | 0.00 0.00 0.00 0.00 0.00 } 100.00 { 0.00 0.00
10  Benzo(k)fluoranthene (S4UL) 0.00E+00 | 0.00E+00 { 0.00E+00 | 0.00E+00 } 1.00E-05 { 5.06E-06 | 4.24E-07 i 0.00 0.00 0.00 0.00 0.00 }{ 100.00 i 0.00 0.00
11 Chrysene (S4UL) 0.00E+00 ! 0.00E+00 ! 0.00E+00 ! 0.00E+00 ! 3.00E-06 ! 6.19E-06 ! 1.03E-06 ! 0.00 0.00 0.00 0.00 0.00 ! 100.00 ! 0.00 0.00
12 Dibenzo(ah)anthracene (S4UL) 0.00E+00 | 0.00E+00 } 0.00E+00 | 0.00E+00 i 3.00E-08 | 2.25E-06 | 2.00E-06 | 0.00 0.00 0.00 0.00 0.00 } 100.00 i 0.00 0.00
13 Fluoranthene (S4UL) 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 1.25E-02 | 1.97E-05 | 5.09E-06 | 0.00 0.00 0.00 0.00 0.00 | 99.96 | 0.0 0.04
14 Indeno(123-cd)pyrene (S4UL) 0.00E+00 | 0.00E+00 { 0.00E+00 ! 0.00E+00 { 4.30E-06 | 5.63E-06 | 546E-07 ! 0.00 0.00 0.00 0.00 0.00 }{ 100.00 { 0.00 0.00
15  Naphthalene (S4UL) 0.00E+00 | 0.00E+00 { 0.00E+00 | 0.00E+00 i 6.90E-04 { 3.94E-04 | 1.70E-04 | 0.00 0.00 0.00 0.00 0.00 | 8026 { 0.0 19.74
16  Phenanthrene (S4UL) 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 1.25E-02 | 8.66E-05 | 3.14E-05 | 0.00 0.00 0.00 0.00 000 | 99.75 | 0.0 0.25
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Environment ° .
o} _ -
AW Agency 2 o |z 5 i 5 |3
° > 3 ) < = 5 s 2 z °
3 g S £ £ £ —~ 13 S S s s
s 2 £ > g 5 5 - 2 z iz
o So £ 8 < 8 £ 515 g e 371 3%
Qo s S > > c S & = ES ~ @ = 2 -k T O T2
53 [ T ] EE o o K < 20 s 2289 > = > =
O © o © 8 o E 5 5 5 o 7} S 3 = S ® E ® 5
s =2 Tz = 8 = = e £ 2<c B o~ ] o3 o2
T @ c @ § s~ o E g 5 S S i<$g ERS £ 59 8 a ¢
3 - S 2 S g9 2~ 2~ A e A 23 S8 235 28
I o T o S © ® o T 8 < 8 < 8 3 T < ) 2068 Z = 2%
s o T < s 2 T ° 2 3 5o g N ¥ EQ ho P o0 £9 g
S o 2o S o 2 o [ Y Y = = s £ 3@ SEE TS s 2
c 2 32 c 2 3 I X S E S E S S a3t a2 5338 | &< ¥
1 Chromiium (VI) (S4UL) TDI 0.9 D 0.0001 6.7 NR NR NR NR NR | NR 0 0.5 1 1 1
2 Mercury-elemental (S4UL) NR 0 TDI 0.06 0 0.026 | 1.17E-01} 6.34E-06 | 2.00E-09 | 4.16 | 0.62 0 0.5 1 1 1
3 Aromatic EC >10-12 (S4UL) TDI 40 TDI 60 9.99E+99 | 9.99E+99 | 7.22E-02 | 1.00E-05 | 1.00E-09 | 3.4 | 393 ! 0.1 0.5 10 1 1
4 Aromatic EC >12-16 (S4UL) TDI 40 TDI 60 9.99E+99 | 9.99E+99 | 1.26E-02} 1.00E-05 | 1.00E-09 | 37 | 429 ! 0.1 0.5 10 1 1
5  Aromatic EC >16-21 (S4UL) TDI 30 NR 0 9.99E+99 0 6.95E-04 ! 1.00E-05 ! 1.00E-09 ! 4.15 ! 4.82 | 0.1 0.5 10 1 1
6  Aromatic EC >21-35 (S4UL) TDI 30 NR 0 9.99E+99 0 2.48E-05! 1.00E-05 ! 1.00E-09 ! 51 | 595 | 0.1 05 10 1 1
7  Benzo(a)anthracene (S4UL) D 0.155 D 0.0015 0.06 0.011 | 3.16E-05! 4.60E-06 | 3.80E-10 | 4.89 | 591 | 0.13 0.5 1 1 1
8 Benzo(a)pyrene (S4UL) D 0.031 D 0.0003 0.11 0.006 | 1.76E-061 4.38E-06 | 3.67E-10 | 511 | 6.18 | 0.13 0.5 1 1 1
9  Benzo(b)fluoranthene (S4UL) D 0.039 ID | 0.00038 0.11 0.013 | 2.05E-06! 4.36E-06 | 3.62E-10 | 502 } 6.08 | 0.13 0.5 1 1 1
10 Benzo(k)fluoranthene (S4UL) D 1.03 D 0.01 0.09 0.007 | 1.74E-06} 4.36E-06 | 3.62E-10 { 517 } 626 | 0.13 0.5 1 1 1
11 Chrysene (S4UL) D 0.31 D 0.003 0.11 0.017 | 3.18E-06! 4.57E-06 | 3.77E-10 | 474 | 573 | 0.13 0.5 1 1 1
12 Dibenzo(ah)anthracene (S4UL) D | 0.0031 ID | 0.00003 0.04 0.033 | 5.40E-06| 4.08E-06 | 3.40E-10 | 527 | 638 | 0.13 0.5 1 1 1
13 Fluoranthene (S4UL) TDI 125 TDI 125 0.35 0.084 | 6.29E-051 5.01E-06 | 4.11E-10 | 426 | 513 | 0.13 0.5 1 1 1
14 Indeno(123-cd)pyrene (S4UL) D 0.443 D 0.0043 0.1 0.009 | 2.05E-06! 4.17E-06 | 3.51E-10 | 4.94 | 597 | 0.13 0.5 1 1 1
15 Naphthalene (S4UL) TDI 20 TDI 0.86 7 238 6.62E-03 1 6.52E-06 | 5.16E-10 | 2.81 | 3.34 | 0.13 0.5 1 1 1
16 Phenanthrene (S4UL) TDI 125 TDI 125 1.54 0518 | 1.43E-04! 534E-06 | 432E-10 | 374 | 45 | 013 0.5 1 1 1
17
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e 2 £ 8§53 8257% 888 3 888 3 888 3 858 3
8 8 5 2Lz 2 283z 2 28 E - £8 E . £ E . ELE
T 5 2 8§28 2 sS-D0 2 SEZ8 o S 2o 8§23 S8
F £ % @8 D 258 ¢ B 28 % o ¢80 82 o 28 % o
o o ] e S & % S = &~ el s E ST E ST E eL s E
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B S 3 S B8 E 58 E 68 E 3 588 E 3 588 E 3 68 E 3
1 Chromiium (V1) (S4UL) 1.80E+01 NR 2.30E+06 0.0002 fw 0.0001 fw 0.0001 fw 0.09 fw 0.0003 fw 0.09 fw
2 Mercury-elemental (S4UL) 1.68E+02 7.03E-02 5.60E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
3 Aromatic EC >10-12 (S4UL) 2.91E+01 3.21E+01 2.45E+01 model model model model model model
4 Aromatic EC >12-16 (S4UL) 5.81E+01 1.14E+00 5.75E+00 model model model model model model
5 Aromatic EC >16-21 (S4UL) 1.64E+02 5.62E-03 6.53E-01 model model model model model model
6 Aromatic EC >21-35 (S4UL) 1.46E+03 1.61E-06 6.61E-03 model model model model model model
7 Benzo(a)anthracene (S4UL) 9.00E+02 1.24E-06 3.80E-03 model model model model model model
8 Benzo(a)pyrene (S4UL) 1.49E+03 2.00E-08 3.80E-03 model model model model model model
9 Benzo(b)fluoranthene (S4UL) 1.21E+03 6.34E-08 2.00E-03 model model model model model model
10 Benzo(k)fluoranthene (S4UL) 1.72E+03 1.64E-08 8.00E-04 model model model model model model
1 Chrysene (S4UL) 6.37E+02 4.52E-08 2.00E-03 model model model model model model
12 Dibenzo(ah)anthracene (S4UL) 2.16E+03 1.66E-10 6.00E-04 model model model model model model
13 Fluoranthene (S4UL) 2.11E+02 1.31E-04 2.30E-01 model model model model model model
14 Indeno(123-cd)pyrene (S4UL) 1.01E+03 2.12E-09 2.00E-04 model model model model model model
15 Naphthalene (S4UL) 7.49E+00 2.31E+00 1.90E+01 model model model model model model
16 Phenanthrene (S4UL) 6.37E+01 2.82E-03 1.12E+00 model model model model model model
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Appendix 6 Controlled Waters — DQRA Input Parameters



Source: Made Ground

Parameter Variable Value Units Data Source

Natural Moisture Content 24 % wt From 2010 Sl and 2017 SI.

Particle Density 2.78 tonnes/m3 |Default value

Dry Bulk Density 1.59 tonnes/m3 |From Atkins (2013), representative value to gravelly sand. Checked (ConSim manual)

Water filled soil porosity qW 0.38 fraction |Calculated using porosity calculator

Air filled soil porosity qa 0.05 fraction |Calculated using porosity calculator

Bulk density of soil zone material r 0.94 g/cm® Default value for Silty Clay from Environment Agency (2009)

Infiltration Inf 0.001 m/d Assumed 20% infiltration of average annual effective rainfall (rainfall - MORECS AE) plus 30mm/a leakage from drains
Area of contaminant source A 464 m’ Based on site width (16m) and length (29m) from Atkins (2013) (measured from site plan). Checked (site plan)

Length of contaminant source in direction of groundwater flow L 29 m From Atkins (2013), based on site length (measured from site plan) in direction of groundwater flow (to E). Checked (site plan)
Width of contaminant source perpendicular to groundwater flow w 16 m Based on site width (16m) from Atkins (2013) (measured from site plan). Checked (site plan)

Fraction of organic carbon (in soil) foc 0.011 fraction |From 2017 SI (average of made ground values)

Potential Pollutant Linkage (PPL): Cw1 Shallow Superficial Aquifer

Parameter Variable Value Units Data Source

Saturated aquifer thickness da 5.3 m Calculated from average thickness of Alluvium and Sand and Gravel and average groundwater level from 2017 SI
Hydraulic Conductivity of aquifer in which dilution occurs K 1.00E-02 m/d Falling head tests carried out in 2012 indicate 2.76E-04m/d (Atkins, 2013) but sand and gravels will be higher
Hydraulic gradient of water table i 0.03 fraction |From 12/12/2017 monitoring round

Enter mixing zone thickness Mz 5.4 m Assumed equal to saturated aquifer thickness

Bulk density of aquifer materials r 1.59 g/cm3  |Average value for gravely sand (ConSim manaul)

Effective porosity of aquifer n 0.4 fraction |Glacial deposits (Hiscock, 2005)

Distance to compliance point X 10 m Nominal 10m (river adjacent to site)

Time since pollutant entered groundwater t 1E+99 days Steady state conditions

Fraction of organic carbon in aquifer foc 4.35E-03 fraction |Average value for glacio-fluvial silty sand (Consim manual)

Dispersivities 10%, 1%, 0.1% of pathway length




Parameter Target concentration Henry's Law constant Soil water partition coefficient Organic carbon partition
Variable CT H Kd Koc
Units mg/| dimensionless I/kg I/kg

Mercury 0.00007 EQS Freshwater (The Water Frg 0.117 LQM/CIEH (2015) 6310 USEPA (2005) n/a n/a

Ammonium 0.5 EQS Freshwater (The Water Frg 0 - 66 From Atkins (2013) n/a n/a

Cyanide (Total) 0.001 EQS Freshwater (The Water Fr3 0 - 1.00E+03 [From Atkins (2013) n/a n/a

Benzene 0.01 EQS Freshwater (The Water Frg 1.16E-01 LQM/CIEH (2015) n/a n/a 6.76E+01 [LQM/CIEH (2015)
Aliphatics >C12-C16 0.01 UKDWS for hydrocarbons 1.71E+02 LQM/CIEH (2015) n/a n/a 5.37E+06 |[LQM/CIEH (2015)
Aliphatics >C16-C21 0.01 UKDWS for hydrocarbons 1.07E+03 LQM/CIEH (2015) n/a n/a 5.75E+08 [LQM/CIEH (2015)
Aliphatics >C21-C35 0.01 UKDWS for hydrocarbons 1.07E+03 LQM/CIEH (2015) n/a n/a 5.75E+08 [LQM/CIEH (2015)
Aromatics >EC5-EC7 0.01 UKDWS for hydrocarbons 1.16E-01 LQM/CIEH (2015) n/a n/a 6.76E+01 [LQM/CIEH (2015)
Aromatics >EC7-ECS8 0.01 UKDWS for hydrocarbons 1.15E-01 LQM/CIEH (2015) n/a n/a 2.04E+02 [LQM/CIEH (2015)
Aromatics >EC8-EC10 0.01 UKDWS for hydrocarbons 2.53E-01 LQM/CIEH (2015) n/a n/a 1.58E+03 |LQM/CIEH (2015)
Aromatics >EC10-EC12 0.01 UKDWS for hydrocarbons 7.22E-02 LQM/CIEH (2015) n/a n/a 2.51E+03 [LQM/CIEH (2015)
Aromatics >EC12-EC16 0.01 UKDWS for hydrocarbons 1.26E-02 LQM/CIEH (2015) n/a n/a 5.01E+03 [LQM/CIEH (2015)
Aromatics >EC16-EC21 0.01 UKDWS for hydrocarbons 6.95E-04 LQM/CIEH (2015) n/a n/a 1.41E+04 |LQM/CIEH (2015)
Benzo(a)pyrene 0.00000017 EQS Freshwater (The Water Frg 1.76E-06 LQM/CIEH (2015) n/a n/a 1.29E+05 |LQM/CIEH (2015)
Benzo(b)fluoranthene 0.00000017 Benzo(a)pyrene EQS Freshwatg 2.05E-06 LQM/CIEH (2015) n/a n/a 1.05E+05 |LQM/CIEH (2015)
Benzo(k)fluoranthene 0.00000017 Benzo(a)pyrene EQS Freshwatg 1.74E-06 LQM/CIEH (2015) n/a n/a 1.48E+05 |LQM/CIEH (2015)
Fluoranthene 0.0000063 EQS Freshwater (The Water Frg 6.29E-05 LQM/CIEH (2015) n/a n/a 1.82E+04 |LQM/CIEH (2015)
Indeno(1,2,3-cd)pyrene 0.00000017 Benzo(a)pyrene EQS Freshwatg 2.05E-06 LQM/CIEH (2015) n/a n/a 8.71E+04 [LQM/CIEH (2015)
Naphthalene 0.002 EQS Freshwater (The Water Frg 6.62E-03 LQM/CIEH (2015) n/a n/a 6.46E+02 [LQM/CIEH (2015)
Acenaphthene 0.017 Freshwater Chronic Screening 7.59E-04 LQM/CIEH (2015) n/a n/a 2.34E+03 [LQM/CIEH (2015)
Anthracene 0.0001 EQS Freshwater (The Water Fr3g 1.81E-04 LQM/CIEH (2015) n/a n/a 5.62E+03 [LQM/CIEH (2015)




Parameter Enter soil concentration
Variable Co
Units mg/kg
Mercury 0.46 |From 2017 Sl (average of made ground concentrations)
Ammonium 7.6 From 2017 Sl (average of made ground concentrations)
Cyanide (Total) 1.5 From 2017 Sl (average of made ground concentrations)
Benzene 0.0021 |From 2017 Sl (average of made ground concentrations)
Aliphatics >C12-C16 21 From 2017 Sl (average of made ground concentrations)
Aliphatics >C16-C21 25 From 2017 Sl (average of made ground concentrations)
Aliphatics >C21-C35 40 From 2017 Sl (average of made ground concentrations)
Aromatics >EC5-EC7 0.002 |From 2017 Sl (average of made ground concentrations)
Aromatics >EC7-EC8 0.001 |From 2017 Sl (average of made ground concentrations)
Aromatics >EC8-EC10 0.038 |From 2017 Sl (average of made ground concentrations)
Aromatics >EC10-EC12 32 From 2017 Sl (average of made ground concentrations)
Aromatics >EC12-EC16 118 From 2017 Sl (average of made ground concentrations)
Aromatics >EC16-EC21 390 From 2017 Sl (average of made ground concentrations)
Benzo(a)pyrene 34 From 2017 Sl (average of made ground concentrations)
Benzo(b)fluoranthene 34 From 2017 Sl (average of made ground concentrations)
Benzo(k)fluoranthene 21 From 2017 Sl (average of made ground concentrations)
Fluoranthene 87 From 2017 Sl (average of made ground concentrations)
Indeno(1,2,3-cd)pyrene 17 From 2017 Sl (average of made ground concentrations)
Naphthalene 24 From 2017 Sl (average of made ground concentrations)
Acenaphthene 15 From 2017 Sl (average of made ground concentrations)
Anthracene 21 From 2017 Sl (average of made ground concentrations)




Parameter

Half life for degradation of contaminant in water

Variable t1/2
Units days

Mercury 1.00E+10
Ammonium 1.00E+10
Cyanide (Total) 1.00E+10
Benzene 720 Mackay (2006)
Aliphatics >C12-C16 1.00E+10
Aliphatics >C16-C21 1.00E+10
Aliphatics >C21-C35 1.00E+10
Aromatics >EC5-EC7 720 Half-life for benzene Mackay (2006). Benzene used as indicator compound as per Environment Agency (2009b)
Aromatics >EC7-EC8 28 Half-life for toluene Mackay (2006). Toluene used as indicator compound as per Environment Agency (2009b)
Aromatics >EC8-EC10 360 Half-life for xylene Mackay (2006). Xylene used as indicator compound as per Environment Agency (2009b)
Aromatics >EC10-EC12 258 Half-life for naphthalene Mackay (2006). Naphthalene used as indicator compound as per Environment Agency (2009b)
Aromatics >EC12-EC16 204 Half-life for acenaphthene Mackay (2006). Acenaphthene used as indicator compound as per Environment Agency (2009b)
Aromatics >EC16-EC21 4280 Half-life for benzo(k)fluoranthene Mackay (2006). Benzo(k)fluoranthene used as indicator compound as per Environment Agency (2009b)
Benzo(a)pyrene 1064 Mackay (2006)
Benzo(b)fluoranthene 1220 Mackay (2006)
Benzo(k)fluoranthene 4280 Mackay (2006)
Fluoranthene 880 Mackay (2006)
Indeno(1,2,3-cd)pyrene 4280 Half-life for benzo(k)fluoranthene Mackay (2006). Benzo(k)fluoranthene used as indicator compound as per Environment Agency (2009b)
Naphthalene 258 Mackay (2006)
Acenaphthene 204 Mackay (2006)
Anthracene 920 Mackay (2006)
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Hydrogeological risk assessment for land contamination

Remedial Targets Worksheet , Release 3.2

First released: 2006. Version 3.2: January 2013

This worksheet has been produced in combination with the document 'Remedial Targets Methodology: Hydrogeological risk assessment for land contamination (
Environment Agency 2006).

Users of this worksheet should always refer to the User Manual to the Remedial Targets Methodology and to relevant guidance on UK legislation and
policy, in order to understand how this procedure should be applied in an appropriate context.

© Environment Agency, 2006. (Produced by the Environment Agency's Science Group)

The calculation of equations in this worksheet has been independently checked by Entec (UK) Ltd on behalf of the Environment Agency.
All rights reserved. You will not modify, reverse compile or otherwise dis-assemble the worksheet.

Liability: The Environment Agency does not promise that the worksheet will provide any particular facilities or functions. You must ensure that the worksheet meets your needs and you remain solely
responsible for the competent use of the worksheet. You are entirely responsible for the consequences of any use of the worksheet and the Agency provides no warranty about the fitness for purpose or
performance of any part of the worksheet. We do not promise that the media will always be free from defects, computer viruses, software locks or other similar code or that the operation of the worksheet will
be uninterrupted or error free. You should carry out all necessary virus checks prior to installing on your computing system.

IMPORTANT: To enable MS Excel worksheet, click Tools, Add -Ins, Analysis Tool Pak and Analysis Tool Pak-VBA (to calculate error functions).

Details to be completed for each assessment

Site Name: Former Gas Works

Site Address: Gas Works Road, Reading

Completed by: AS

Date: 12-Feb-18 Version: 1

Contaminant Mercury

Target Concentration (Cy) 0.00007 mg/l Origin of Cy: EQS Freshwater (The Water Framework Directive 2015

This worksheet can be used to determine remedial targets for soils (Worksheets Level 1 Soil, Level 2 and Level 3 Soil) or to determine remedial targets for groundwater (Level 3
Groundwater). For Level 3, parameter values must be entered separately dependent on whether the assessment is for soil or groundwater. For soil, remedial targets are
calculated as either mg/kg (for comparision with soil measurements) or mg/l (for comparison with leaching tests or pore water concentrations).

Site details entered on this page are automatically copied to Level 1, 2 and 3 Worksheets.

Worksheet options are identified by brown background and employ a pull-down menus. Data entry are identified as blue background.

Data origin / justification should be noted in cells coloured yellow and fully documented in subsequent reports.

Data carried forward from an earlier worksheet are identified by a light green background

It is recommended that a copy of the original worksheet is saved (all data fields in the original copy are blank).

The spreadsheet also includes a porosity calculation worksheet, a soil impact calculation worksheet and a worksheet that performs some simple hydrogeological
calculations.

23/02/2018, 09:20
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Remedial Targets Worksheet , Release 3.2

Level 1 - Soil

Environment
W Agency

Select the method of calculating the soil water
Partition Co-efficient by using the pull down menu

below

User specified value for partition coefficient

Source of parameter value

Calculated using porosity calculator

This sheet calculates the Level 1 remedial target for soils(mg/kg) based on a

Calculated using porosity calculator

selected target concentration and theoretical calculation of soil water partitioning.
Three options are included for determining the partition coefficient.

From Atkins (2013), representative value to gravelly

The measured soil concentration as mg/kg should be compared with the Level 1

LQM/CIEH (2015)

remedial target to determine the need for further action.

USEPA (2005)

Contaminant Mercury
Target concentration Cr 0.00007 __ |mg/l
Input Parameters Variable Value Unit
Standard entry
Water filled soil porosity Ow 3.82E-01  |fraction
Air filled soil porosity 0a 4.65E-02  |fraction
Bulk density of soil zone material p 9.40E-01  |g/cm®
Henry's Law constant H 1.17E-01  [dimensionless
Entry if specify partition coefficient (option)
Soil water partition coefficient Kd I/kg
Entry for non-polar organic chemicals (option)
Fraction of organic carbon (in soil) foc -fraction
Organic carbon partition coefficient Koc I/kg
Entry for ionic organic chemicals (option)
Sorption coefficient for neutral species Kocn IIkg
Sorption coefficient for ionised species Ko, IIkg
pH value pH pH units
Acid dissociation constant pKa
Fraction of organic carbon (in soil) foc fraction
Soil water partition coefficient used in Level Assessment Kd 6.31E+03 I’kg
Level 1 Remedial Target
Level 1 Remedial Target 4.42E-01 mg/kg
or
0.00007 mgl/l

Remedial targets worksheet v3.1

Specified value

(for comparison with soil analyses)

(for comparison with leachate test results)

23/02/2018, 09:20
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Remedial Targets Worksheet , Release 3.2

Environment
. Agenc
Level 2 - Soil AW AZENcy
Contaminant [Mercury ]from Level 1 This sheet calculates the Level 2 remedial target for soils (mg/kg) or for pore water (mg/l).
Target concentration Cr 0.00007 mg/l  from Level 1
The measured soil concentration as mg/kg or pore water concentration should be compared with the Level 2 remedial target
to determine the need for further action. Equations presented in 'Hydrogeological risk assessment for land contamiantion’
(Environment Agency 2006)
Input Parameters Variable Value Unit  Source of parameter value
Standard entry
Infiltration Inf 1.00E-04 m/d Calculated infiltration
Area of contaminant source A 4.64E+02 m? m) and length (29m) from Atkins (2013) (measured fr¢Not used in calculation
Entry for groundwater flow below site
Length of contaminant source in direction of groundwater flow L 2.90E+01 m te length (measured from site plan) in direction of gr
Saturated aquifer thickness da 5.40E+00 m hess of Alluvium and Sand and Gravel and average g
Hydraulic Conductivity of aquifer in which dilution occurs K 1.00E-02 m/d  tin 2012 indicate 2.76E-04m/d (Atkins, 2013) but san
Hydraulic gradient of water table i 3.00E-02 fraction From 12/12/2017 monitoring round
Width of contaminant source perpendicular to groundwater flow w 1.60E+01 m width (16m) from Atkins (2013) (measured from site p|Not used in calculation
Background concentration of contaminant in groundwater beneath site Cu 0.00E+00 mg/l
Define mixing zone depth by specifying or calculating depth (using pull down list) Specify
Enter mixing zone thickness Mz 5.40E+00 m Assumed equal to saturated aquifer thickness
Calculated mixing zone thickness Mz m
Calculated Parameters
Dilution Factor DF 1.56E+00
Level 2 Remedial Target 1.09E-04 mg/l |For comparison with measured pore water concentration. This assumes Level 1 Remedial Target is based on Target Concentra
or
6.88E-01 mg/kg |For comparison with measured soil concentration. This assumes Level 1
Remedial Target calculated from soil-water
Additional option
Calculation of impact on receptor
Concentration of contaminant in contaminated discharge (entering receptor) Cc 0.00E+00 mg/l |
Calculated concentration within receptor (dilution only) 0.00E+00 mg/l 0

Remedial targets worksheet v3.1

23/02/2018,09:20
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Remedial Targets Worksheet , Release 3.2

Level 3 - Soil

See Note

Unit  Source

from Level 1

Input Parameters Variable Value
C Mercury
Cr 0.00007

Target Concentration
Dilution Factor

Select nature of decay rate (click on brown cell below, then on pull-down menu)

Approach for simulating degradation of pollutants:

DF 1.56E+00

Select analytical solution (click on brown cell below, then on pull-down menu)

Ogata Banks

ma/l  from Level 1

from Level 2
Entry if specify partition coefficient (option)
Soil water partition coefficient

Equations in HRA Entry for non-polar organic chemicals (option)

Fraction of organic carbon in aquifer foc
Organic carbon partition coefficient Koc

degradation rate to pollutants in all phases (e.g. field derived value, I3 Entry for ionic organic chemicals (option)

Enter method of defining partition co-efficient (using pull down list)

6.31E+03  [I/kg

fraction
kg

kg
kg

fraction

6.31E+03 I/kg

Enter value

Sorption coefficient for related species Koen
Variable Value Unit__Source of parameter value Sorption coefficient for ionised species Ko
Enter source Soil concentration as mg/k pH value pH
Enter soil concentration 0.46 mglkg Acid dissociation constant pKa
Half life for degradation of contaminant in water  ti, 1.00E+10 days | | Fraction of organic carbon in aquifer foc
Calculated decay rate 1 6.93E-11 days” calculated
Width of plume in aquifer at source Sz 1.60E+01 m  from Level 2 Soil water partition coefficient Kd
Plume thickness in aquifer at source Sy 5.40E+00 m  from Level 2
Bulk density of aquifer materials ~ p 1.59E+00 glem” [Average value for gravely sand (ConSim manaul)
Effective porosity of aquifer ~ n fraction | Glacial deposits (Hiscock, 2005) | Define dispersivity (click brown cell and use pull down list)
Hydraulic gradient i fraction from Level 2 (adjusted) Dispersivities 10%, 1%, 0.1% of pathway length
Hydraulic conductivity of saturated aquifer K m/d  from Level 2
Distance to compliance point ~ x m  [Nominal 10m (river adjacent to site) |
Distance (lateral) to compliance point perpendicular to flow direction 2 m o | Longitudinal dispersivi ax
Distance (depth) to compliance point perpendicular to flow direction % m | | Transverse di: ivi az
Time since pollutant entered t 1.00E+99 days time variant options only Vertical dispersivity ay
Parameters values determined from options Note values of dispersivity must be > 0
tion coefficient  Kd 6.31E+03 kg see options
Longitudinal dispersivity  ax 1.000 m  see options Xu & Eckstein (1995) report ax = 0.83(log;ox)“"*; az = ax/10, ay = ax'100 are assumed
Transverse dispersivity  az 0.100 m  see options
Vertical dispersivity ~ av 0.010 m  see options
Parameter values should be checked against Level 1 and 2
Note
Calculated Parameters Variable This worksheet should be used if pollutant transport and
degradation is best described by a first order reaction. If
degradation is best desribed by an electron limited
Groundwater flow velocity ¥ 2098:03 md ogradation such as ovdation by Oy, NOy. SO, 6lc than an
Retardation factor ~ Rf 251E+04 fraction "
) alternative solution should be used
Decayrateused % 6.93E-11
Hydraulic aradient used in aquifer flow down-aradient i 8.37E-02 fraction
e of contaminant flow due to retardation U 8.34E-08 mid
Ratio of Compliance Point to Source Concentration  Ceo/Co 9.92E-01 fraction
Attenuation factor (Co/Ceo) ~ AF 1.01E400 fraction
Calculated soil leachate concentration  Co 7.29E-05 mall
Remedial Targets
Level 3 Remedial Target 1.10E-04 mg/l |For comparison with measured pore water concentration.
Ogata Banks or This assumes Level 1 Remedial Target is based on Target Concentration
6.94E-01 mglkg |For with measured soil ion. This
Distance to compliance point 10 m assumes Level 1 Remedial Target calculated from soil-water
partitioning equation.
Ratio of Compliance Point to Source Concentration Cgp/Cy 9.92E-01 fraction Ogata Banks

Care should be used when calculating remedial targets using the time variant options as this may result in an overestimate of the remedial target.
The recommended value for time when calculating the remedial target is 9.9E+99

Remedial targets worksheet v3.1

Environment

Calc value Xu & Eckstein

Agency
1.0E+00 C: (relative) for
80801 distance-concentration graph
T soe0r
& 7oe01
§ eoeor Ogata Banks
E oeor From calculation sheet
H Relative
§ om0t Distance  concentration Concentration
g 30801 (No units) mg/l
£ 20801 0 1.0E+00 4.68E-05
% 1oe01 0.5 1.00E+00 4.67E-05
0.0E+00 1 | 1.0 9.99E-01 4.67E-05
o 2 N ° 8 1 2 15 9.99E-01 4.67E-05
Distance (m) 20 9.98E-01 4.67E-05
25 9.98E-01 4.67E-05
Note: 'Relative concentration’ is the ratio of calculated concentation at a given 3.0 9.98E-01 4.6TE-05
position compared to the source concentration. The calculations assume plume 35 9.97E-01 4.66E-05
disperses from the top of the aquifer. An alternative solution assuming the
comre of he plume s located at the mid-depth of the aquifer is preseg(ed in 40 9.97E-01 4.66E-05
the calculation shees. 45 9.96E-01 4.66E-05
5.0 9.96E-01 4.66E-05
5.5 9.95E-01 4.66E-05
6.0 9.95E-01 4.65E-05
6.5 9.95E-01 4.65E-05
7.0 9.94E-01 4.65E-05
7.5 9.94E-01 4.65E-05
8.0 9.93E-01 4.65E-05
8.5 9.93E-01 4.64E-05
9.0 9.93E-01 4.64E-05
9.5 9.92E-01 4.64E-05
10.0 9.92E-01 4.64E-05

This sheet calculates the Level 3 remedial target for soils(mg/kg) or for pore water (mg/l),
based on the distance to the receptor or compliance located down hydraulic gradient of the
source Three solution methods are included, the preferred option is Ogata Banks.By setting a
long travel time (e.g. 9E99) it will give the steady state solution, which should always be used
when calculating remedial targets.

The measured soil concentration as mglkg or pore water concentration should be compared
with the Level 3 remedial target to determine the need for further action.

Note if contaminant is not subiect to first order degradation, then set half life as 9.9E+99.

23/02/2018,09:20
01_DQRA_PPLCW1_Mercury_v1.xisx
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Hydrogeological risk assessment for land contamination

Remedial Targets Worksheet , Release 3.2

First released: 2006. Version 3.2: January 2013

This worksheet has been produced in combination with the document 'Remedial Targets Methodology: Hydrogeological risk assessment for land contamination (
Environment Agency 2006).

Users of this worksheet should always refer to the User Manual to the Remedial Targets Methodology and to relevant guidance on UK legislation and
policy, in order to understand how this procedure should be applied in an appropriate context.

© Environment Agency, 2006. (Produced by the Environment Agency's Science Group)

The calculation of equations in this worksheet has been independently checked by Entec (UK) Ltd on behalf of the Environment Agency.
All rights reserved. You will not modify, reverse compile or otherwise dis-assemble the worksheet.

Liability: The Environment Agency does not promise that the worksheet will provide any particular facilities or functions. You must ensure that the worksheet meets your needs and you remain solely
responsible for the competent use of the worksheet. You are entirely responsible for the consequences of any use of the worksheet and the Agency provides no warranty about the fitness for purpose or
performance of any part of the worksheet. We do not promise that the media will always be free from defects, computer viruses, software locks or other similar code or that the operation of the worksheet will
be uninterrupted or error free. You should carry out all necessary virus checks prior to installing on your computing system.

IMPORTANT: To enable MS Excel worksheet, click Tools, Add -Ins, Analysis Tool Pak and Analysis Tool Pak-VBA (to calculate error functions).

Details to be completed for each assessment

Site Name: Former Gas Works

Site Address: Gas Works Road, Reading

Completed by: AS

Date: 12-Feb-18 Version: 1

Contaminant Ammonium

Target Concentration (Cy) 0.5 mg/l Origin of Cy: EQS Freshwater (The Water Framework Directive 2015

This worksheet can be used to determine remedial targets for soils (Worksheets Level 1 Soil, Level 2 and Level 3 Soil) or to determine remedial targets for groundwater (Level 3
Groundwater). For Level 3, parameter values must be entered separately dependent on whether the assessment is for soil or groundwater. For soil, remedial targets are
calculated as either mg/kg (for comparision with soil measurements) or mg/l (for comparison with leaching tests or pore water concentrations).

Site details entered on this page are automatically copied to Level 1, 2 and 3 Worksheets.

Worksheet options are identified by brown background and employ a pull-down menus. Data entry are identified as blue background.

Data origin / justification should be noted in cells coloured yellow and fully documented in subsequent reports.

Data carried forward from an earlier worksheet are identified by a light green background

It is recommended that a copy of the original worksheet is saved (all data fields in the original copy are blank).

The spreadsheet also includes a porosity calculation worksheet, a soil impact calculation worksheet and a worksheet that performs some simple hydrogeological
calculations.

23/02/2018, 09:25
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Remedial Targets Worksheet , Release 3.2

Level 1 - Soil

Environment
W Agency
Select the method of calculating the soil water

Partition Co-efficient by using the pull down menu
below

User specified value for partition coefficient

Source of parameter value

Calculated using porosity calculator This sheet calculates the Level 1 remedial target for soils(mg/kg) based on a

selected target concentration and theoretical calculation of soil water partitioning.
Calculated using porosity calculator Three options are included for determining the partition coefficient.

From Atkins (2013), representative value to gravelly [The measured soil concentration as mg/kg should be compared with the Level 1

remedial target to determine the need for further action.

From Atkins (2013)

Contaminant Ammonium
Target concentration Cr 0.5 mgll
Input Parameters Variable Value Unit
Standard entry
Water filled soil porosity Ow 3.82E-01  |fraction
Air filled soil porosity 0a 4.65E-02  |fraction
Bulk density of soil zone material p 9.40E-01  |g/cm®
Henry's Law constant H 0.00E+00  |gimensionless
Entry if specify partition coefficient (option)
Soil water partition coefficient Kd I/kg
Entry for non-polar organic chemicals (option)
Fraction of organic carbon (in soil) foc -fraction
Organic carbon partition coefficient Koc I/kg
Entry for ionic organic chemicals (option)
Sorption coefficient for neutral species Kocn IIkg
Sorption coefficient for ionised species Ko, IIkg
pH value pH pH units
Acid dissociation constant pKa
Fraction of organic carbon (in soil) foc fraction
Soil water partition coefficient used in Level Assessment Kd 6.60E+01 I’kg
Level 1 Remedial Target
Level 1 Remedial Target 3.32E+01 mg/kg
or
0.5 mgl/l

Remedial targets worksheet v3.1

Specified value

(for comparison with soil analyses)

(for comparison with leachate test results)

23/02/2018, 09:25
02_DQRA_PPLCW1_Ammonium_v1.xlsxLevel1 Soil



Remedial Targets Worksheet , Release 3.2 Environment
. Agenc
Level 2 - Soil AW Agency
Contaminant [Ammonium ]from Level 1 This sheet calculates the Level 2 remedial target for soils (mg/kg) or for pore water (mg/l).
Target concentration Cr 0.5 mg/l  from Level 1

The measured soil concentration as mg/kg or pore water concentration should be compared with the Level 2 remedial target
to determine the need for further action. Equations presented in 'Hydrogeological risk assessment for land contamiantion’
(Environment Agency 2006)

Input Parameters Variable Value Unit  Source of parameter value
Standard entry
Infiltration Inf 1.00E-04 m/d Calculated infiltration
Area of contaminant source A 4.64E+02 m? m) and length (29m) from Atkins (2013) (measured fr¢Not used in calculation
Entry for groundwater flow below site
Length of contaminant source in direction of groundwater flow L 2.90E+01 m te length (measured from site plan) in direction of gr
Saturated aquifer thickness da 5.40E+00 m hess of Alluvium and Sand and Gravel and average g
Hydraulic Conductivity of aquifer in which dilution occurs K 1.00E-02 m/d  tin 2012 indicate 2.76E-04m/d (Atkins, 2013) but san
Hydraulic gradient of water table i 3.00E-02 fraction From 12/12/2017 monitoring round
Width of contaminant source perpendicular to groundwater flow w 1.60E+01 m width (16m) from Atkins (2013) (measured from site p|Not used in calculation
Background concentration of contaminant in groundwater beneath site Cu 0.00E+00 mg/l
Define mixing zone depth by specifying or calculating depth (using pull down list) Specify
Enter mixing zone thickness Mz 5.40E+00 m Assumed equal to saturated aquifer thickness

Calculated mixing zone thickness Mz _ m

Calculated Parameters

Dilution Factor DF 1.56E+00
Level 2 Remedial Target 7.79E-01 mg/l |For comparison with measured pore water concentration. This assumes Level 1 Remedial Target is based on Target Concentra
or
5.18E+01 mg/kg |For comparison with measured soil concentration. This assumes Level 1

Remedial Target calculated from soil-water

Additional option
Calculation of impact on receptor

Concentration of contaminant in contaminated discharge (entering receptor) Cc 0.00E+00 mg/l |

Calculated concentration within receptor (dilution only) 0.00E+00 mg/l 0

Remedial targets worksheet v3.1 23/02/2018,09:25
02_DQRA_PPLCW1_Ammonium_v1.xlsxLevel2 Soil



Remedial Targets Worksheet , Release 3.2

Level 3 - Soil

Input Parameters

Contaminant

Target C

See Note

Variable

Value Unit  Source

[Ammonium _—]from Level 1

Select analytical solution (click on brown cell below, then on pull-down menu)

Cr 0.5 mall  from Level 1
Dilution Factor ~ DF 1.56E+00 from Level 2
Entry if specify partition coefficient (option)
Soil water partition coefficient
Ogata Banks Equations in HRA Entry for non-polar organic chemicals (option)
Fraction of organic carbon in aquifer foc
Organic carbon partition coefficient Koc

Select nature of decay rate (click on brown cell below, then on pull-down menu)

Approach for simulating degradation of pollutants:

degradation rate to pollutants in all phases (e.g. field derived value, I3 Entry for ionic organic chemicals (option)

Enter method of defining partition co-efficient (using pull down list)

00E+02 |I/kg

fraction
kg

kg
kg

fraction

5.00E+02 I/kg

Enter value

Sorption coefficient for related species Koen
Variable Value Unit__Source of parameter value Sorption coefficient for ionised species Ko
Enter source Soil concentration as mg/k pH value pH
Enter soil concentration 76 mglkg Acid dissociation constant pKa
Half life for degradation of contaminant in water  ti, 1.00E+10 days | | Fraction of organic carbon in aquifer foc
Calculated decay rate 1 6.93E-11 days” calculated
Width of plume in aquifer at source Sz 1.60E+01 m  from Level 2 Soil water partition coefficient Kd
Plume thickness in aquifer at source Sy 5.40E+00 m  from Level 2
Bulk density of aquifer materials ~ p 1.59E+00 glem” [Average value for gravely sand (ConSim manaul)
Effective porosity of aquifer ~ n fraction | Glacial deposits (Hiscock, 2005) | Define dispersivity (click brown cell and use pull down list)
Hydraulic gradient i fraction from Level 2 (adjusted) Dispersivities 10%, 1%, 0.1% of pathway length
Hydraulic conductivity of saturated aquifer K m/d  from Level 2
Distance to compliance point ~ x m  [Nominal 10m (river adjacent to site) |
Distance (lateral) to compliance point perpendicular to flow direction 2 m o | Longitudinal dispersivi ax
Distance (depth) to compliance point perpendicular to flow direction % m | | Transverse di: ivi az
Time since pollutant entered t 1.00E+99 days time variant options only Vertical dispersivity ay
Parameters values determined from options Note values of dispersivity must be > 0
tion coefficient  Kd 5.00E+02 kg see options
Longitudinal dispersivity  ax m  see options Xu & Eckstein (1995) report ax = 0.83(log;ox)“"*; az = ax/10, ay = ax'100 are assumed
Transverse dispersivity  az m  see options
Vertical dispersivity ~ av m  see options
Parameter values should be checked against Level 1 and 2
Note
Calculated Parameters Variable This worksheet should be used if pollutant transport and
degradation is best described by a first order reaction. If
degradation is best desribed by an electron limited
Groundwater flow velocity ¥ 200803 md ogradation such as ovdation by Oy, NOy. SO, 6lc than an
Retardation factor ~ Rf 1.99E+03 fraction "
) alternative solution should be used
Decayrateused % 6.93E-11
Hydraulic aradient used in aquifer flow down-aradient i 8.37E-02 fraction
e of contaminant flow due to retardation U 1.05E-06 mid
Ratio of Compliance Point to Source Concentration  Ceo/Co 9.99E-01 fraction
Attenuation factor (Co/Ceo) ~ AF 1.00E+00  fraction
Calculated soil leachate concentration  Co 1.14E-01 mall
Remedial Targets
Level 3 Remedial Target 7.80E-01 mg/l |For comparison with measured pore water concentration.
Ogata Banks or This assumes Level 1 Remedial Target is based on Target Concentration
5.18E+01 mglkg |For with measured soil ion. This
Distance to compliance point 10 m assumes Level 1 Remedial Target calculated from soil-water
partitioning equation.
Ratio of Compliance Point to Source Concentration Cgp/Cy 9.99E-01 fraction Ogata Banks

Care should be used when calculating remedial targets using the time variant options as this may result in an overestimate of the remedial target.

The recommended value for time when calculating the remedial target is 9.9E+99

Remedial targets worksheet v3.1

Environment
W Agency

Calc value Xu & Eckstein

1.0E+00 C: (relative) for
S0E01 distance-concentration graph
T soe0r
2 7os01
§ eoeor Ogata Banks
E oeor From calculation sheet
H Relative
§ om0t Distance  concentration Concentration
2 30801 (No units) mgll
g 20801 0 1.0E+00 7.34E-02
% 1oe01 0.5 1.00E+00 7.34E-02
0.0E+00 + | 1.0 1.00E+00 7.34E-02
° 2 N ° 8 1 2 15 1.00E+00 7.34E-02
Distance (m) 20 1.00E+00 7.34E-02
25 1.00E+00 7.34E-02
Note: 'Relative concentration’ is the ratio of calculated concentation at a given 3.0 1.00E+00 7.34E-02
position compared to the source concentration. The calculations assume plume 35 1.00E+00 7.34E-02
disperses from the top of the aquifer. An alternative solution assuming the
comre of he plume s located at the mid-depth of the aquifer is preseg(ed in 40 1.00E+00 734802
the calculation shees. 45 1.00E+00 7.34E-02
5.0 1.00E+00 7.34E-02
5.5 1.00E+00 7.34E-02
6.0 1.00E+00 7.34E-02
6.5 1.00E+00 7.34E-02
7.0 1.00E+00 7.34E-02
7.5 1.00E+00 7.34E-02
8.0 9.99E-01 7.34E-02
8.5 9.99E-01 7.34E-02
9.0 9.99E-01 7.34E-02
9.5 9.99E-01 7.34E-02
10.0 9.99E-01 7.34E-02

This sheet calculates the Level 3 remedial target for soils(mg/kg) or for pore water (mg/l),
based on the distance to the receptor or compliance located down hydraulic gradient of the
source Three solution methods are included, the preferred option is Ogata Banks.By setting a
long travel time (e.g. 9E99) it will give the steady state solution, which should always be used
when calculating remedial targets.

The measured soil concentration as mglkg or pore water concentration should be compared
with the Level 3 remedial target to determine the need for further action.

Note if contaminant is not subiect to first order degradation, then set half life as 9.9E+99.
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Hydrogeological risk assessment for land contamination

Remedial Targets Worksheet , Release 3.2

First released: 2006. Version 3.2: January 2013

This worksheet has been produced in combination with the document 'Remedial Targets Methodology: Hydrogeological risk assessment for land contamination (
Environment Agency 2006).

Users of this worksheet should always refer to the User Manual to the Remedial Targets Methodology and to relevant guidance on UK legislation and
policy, in order to understand how this procedure should be applied in an appropriate context.

© Environment Agency, 2006. (Produced by the Environment Agency's Science Group)

The calculation of equations in this worksheet has been independently checked by Entec (UK) Ltd on behalf of the Environment Agency.
All rights reserved. You will not modify, reverse compile or otherwise dis-assemble the worksheet.

Liability: The Environment Agency does not promise that the worksheet will provide any particular facilities or functions. You must ensure that the worksheet meets your needs and you remain solely
responsible for the competent use of the worksheet. You are entirely responsible for the consequences of any use of the worksheet and the Agency provides no warranty about the fitness for purpose or
performance of any part of the worksheet. We do not promise that the media will always be free from defects, computer viruses, software locks or other similar code or that the operation of the worksheet will
be uninterrupted or error free. You should carry out all necessary virus checks prior to installing on your computing system.

IMPORTANT: To enable MS Excel worksheet, click Tools, Add -Ins, Analysis Tool Pak and Analysis Tool Pak-VBA (to calculate error functions).

Details to be completed for each assessment

Site Name: Former Gas Works

Site Address: Gas Works Road, Reading

Completed by: AS

Date: 12-Feb-18 Version: 1

Contaminant Cyanide (Total)

Target Concentration (Cy) 0.001 mg/l Origin of Cy: EQS Freshwater (The Water Framework Directive 2015

This worksheet can be used to determine remedial targets for soils (Worksheets Level 1 Soil, Level 2 and Level 3 Soil) or to determine remedial targets for groundwater (Level 3
Groundwater). For Level 3, parameter values must be entered separately dependent on whether the assessment is for soil or groundwater. For soil, remedial targets are
calculated as either mg/kg (for comparision with soil measurements) or mg/l (for comparison with leaching tests or pore water concentrations).

Site details entered on this page are automatically copied to Level 1, 2 and 3 Worksheets.

Worksheet options are identified by brown background and employ a pull-down menus. Data entry are identified as blue background.

Data origin / justification should be noted in cells coloured yellow and fully documented in subsequent reports.

Data carried forward from an earlier worksheet are identified by a light green background

It is recommended that a copy of the original worksheet is saved (all data fields in the original copy are blank).

The spreadsheet also includes a porosity calculation worksheet, a soil impact calculation worksheet and a worksheet that performs some simple hydrogeological
calculations.

23/02/2018, 09:28
Environment Agency Publication 20, Remedial Targets worksheet v3.1 03_DQRA_PPLCW1_Cyanide_v1.xlsxIntroduction



Remedial Targets Worksheet , Release 3.2

Level 1 - Soil

Environment
W Agency

Select the method of calculating the soil water
Partition Co-efficient by using the pull down menu

below

User specified value for partition coefficient

Source of parameter value

Calculated using porosity calculator

This sheet calculates the Level 1 remedial target for soils(mg/kg) based on a

Calculated using porosity calculator

selected target concentration and theoretical calculation of soil water partitioning.
Three options are included for determining the partition coefficient.

From Atkins (2013), representative value to gravelly

The measured soil concentration as mg/kg should be compared with the Level 1

remedial target to determine the need for further action.

From Atkins (2013)

Contaminant Cyanide (Total)
Target concentration Cr 0.001 mgll
Input Parameters Variable Value Unit
Standard entry
Water filled soil porosity Ow 3.82E-01  |fraction
Air filled soil porosity 0a 4.65E-02  |fraction
Bulk density of soil zone material p 9.40E-01  |g/cm®
Henry's Law constant H 0.00E+00  |gimensionless
Entry if specify partition coefficient (option)
Soil water partition coefficient Kd I/kg
Entry for non-polar organic chemicals (option)
Fraction of organic carbon (in soil) foc -fraction
Organic carbon partition coefficient Koc I/kg
Entry for ionic organic chemicals (option)
Sorption coefficient for neutral species Kocn IIkg
Sorption coefficient for ionised species Ko, IIkg
pH value pH pH units
Acid dissociation constant pKa
Fraction of organic carbon (in soil) foc fraction
Soil water partition coefficient used in Level Assessment Kd 1.00E+03 I’kg
Level 1 Remedial Target
Level 1 Remedial Target 1.00E+00 mg/kg
or
0.001 mgl/l

Remedial targets worksheet v3.1

Specified value

(for comparison with soil analyses)

(for comparison with leachate test results)

23/02/2018, 09:28
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Remedial Targets Worksheet , Release 3.2 Environment
. Agenc
Level 2 - Soil AW Agency
Contaminant [Cyanide (Total) ]from Level 1 This sheet calculates the Level 2 remedial target for soils (mg/kg) or for pore water (mg/l).
Target concentration Cr 0.001 mg/l  from Level 1

The measured soil concentration as mg/kg or pore water concentration should be compared with the Level 2 remedial target
to determine the need for further action. Equations presented in 'Hydrogeological risk assessment for land contamiantion’
(Environment Agency 2006)

Input Parameters Variable Value Unit  Source of parameter value
Standard entry
Infiltration Inf 1.00E-04 m/d Calculated infiltration
Area of contaminant source A 4.64E+02 m? m) and length (29m) from Atkins (2013) (measured fr¢Not used in calculation
Entry for groundwater flow below site
Length of contaminant source in direction of groundwater flow L 2.90E+01 m te length (measured from site plan) in direction of gr
Saturated aquifer thickness da 5.40E+00 m hess of Alluvium and Sand and Gravel and average g
Hydraulic Conductivity of aquifer in which dilution occurs K 1.00E-02 m/d  tin 2012 indicate 2.76E-04m/d (Atkins, 2013) but san
Hydraulic gradient of water table i 3.00E-02 fraction From 12/12/2017 monitoring round
Width of contaminant source perpendicular to groundwater flow w 1.60E+01 m width (16m) from Atkins (2013) (measured from site p|Not used in calculation
Background concentration of contaminant in groundwater beneath site Cu 0.00E+00 mg/l
Define mixing zone depth by specifying or calculating depth (using pull down list) Specify
Enter mixing zone thickness Mz 5.40E+00 m Assumed equal to saturated aquifer thickness
Calculated mixing zone thickness Mz m

Calculated Parameters

Dilution Factor DF 1.56E+00
Level 2 Remedial Target 1.56E-03 mg/l |For comparison with measured pore water concentration. This assumes Level 1 Remedial Target is based on Target Concentra
or
1.56E+00 mg/kg |For comparison with measured soil concentration. This assumes Level 1

Remedial Target calculated from soil-water

Additional option
Calculation of impact on receptor

Concentration of contaminant in contaminated discharge (entering receptor) Cc 0.00E+00 mg/l |

Calculated concentration within receptor (dilution only) 0.00E+00 mg/l 0

Remedial targets worksheet v3.1 23/02/2018,09:28
03_DQRA_PPLCW1_Cyanide_v1.xIsxLevel2 Soil



Remedial Targets Worksheet , Release 3.2

Level 3 - Soil See Note
Input Parameters Variable Value Unit  Source
c Cyanide (Total) from Level 1
Target C c | 0001 | mal fromLevel 1
Dilution Factor ~ DF 1.56E+00 from Level 2
Select analytical solution (click on brown cell below, then on pull-down menu)
Ogata Banks Equations in HRA

Enter method of defining partition co-efficient (using pull down list)

Entry if specify partition coefficient (option)
Soil water partition coefficient

00E+02 |I/kg

Entry for non-polar organic chemicals (option)

Select nature of decay rate (click on brown cell below, then on pull-down menu)

Approach for simulating degradation of pollutants:

Enter source

Fraction of organic carbon in aquifer foc
Organic carbon partition coefficient Koc

fraction
kg

degradation rate to pollutants in all phases (e.g. field derived value, I3 Entry for ionic organic chemicals (option)

Enter soil concentration
Half life for degradation of contaminant in water

Width of plume in aquifer at source
Plume thickness in aquifer at source
Bulk density of aquifer materials
Effective porosity of aquifer

Hydraulic conductivity of saturated aquifer

Distance to compliance point

Distance (lateral) to compliance point perpendicular to flow direction
Distance (depth) to compliance point perpendicular to flow direction
Time since pollutant entered

Parameters values determined from options

i
Longitudinal dispersivity

Parameter values should be checked against Level 1 and 2
Calculated Parameters

Groundwater flow velocity

Hydraulic aradient used in aquifer flow down-aradient
te of contaminant flow due to retardation
Ratio of Compliance Point to Source Concentration
Attenuation factor (Co/Ceo)
Calculated soil leachate concentration
Remedial Targets

Level 3 Remedial Target

Distance to compliance point

Sorption coefficient for related species Koen Vka
Variable Value Unit __Source of parameter value Sorption coefficient for ionised species Ko Ika
Soil concentration as mg/kg pH value pH
1.5 mglkg Acid dissociation constant pKa
tiz 1.00E+10 days | | Fraction of organic carbon in aquifer foc fraction
Calculated decay rate % 6.93E-11 days”  calculated
sz 1.60E+01 m from Level 2 Soil water partition coefficient Kd 5.00E+02 kg
sy 5.40E+00 m  from Level 2
o 1.59E+00 glem” [Average value for gravely sand (ConSim manaul)
n fraction | Glacial deposits (Hiscock, 2005) | Define dispersivity (click brown cell and use pull down list)
Hydraulic gradient i fraction from Level 2 (adjusted) Dispersivities 10%, 1%, 0.1% of pathway length
K mid  from Level 2
x m  [Nominal 10m (river adjacent to site) | Enter value
2 mo |Lonmitudinal dispersivi a
v m o | Transverse di ivi az
t 1.00E+99 days time variant options only Vertical dispersivity ay
Note values of dispersivity must be > 0
ftion coefficient  Kd 5.00E+02 kg see options
ax m  see options Xu & Eckstein (1995) report ax = 0.83(log;ox)“"*; az = ax/10, ay = ax'100 are assumed
Transverse dispersivity  az m  see options
Vertical dispersivity ~ av m  see options
Note
Variable This worksheet should be used if pollutant transport and
degradation is best described by a first order reaction. If
degradation is best desribed by an electron limited
o oo ;f 12399:%33 f;‘;“’on d:gradgnwon such as oxidation yby 0, NOs, SO, etc than an
" alternative solution should be used
Decayrateused % 6.93E-11
i 8.37E-02 fraction
u 1.05E-06 mid
CeolCo 9.99E-01 fraction
AF 1.00E+00 fraction
Co 1.50E-03 mall
1.56E-03 mg/l | For comparison with measured pore water concentration.
Ogata Banks or This assumes Level 1 Remedial Target is based on Target Concentration
1.56E+00 mglkg |For with measured soil ion. This
10 m___ assumes Level 1 Remedial Target calculated from soil-water
partitioning equation.
Cen/Cy 9.99E-01 fraction Ogata Banks

Ratio of Compliance Point to Source Concentration

Care should be used when calculating remedial targets using the time variant options as this may result in an overestimate of the remedial target.
The recommended value for time when calculating the remedial target is 9.9E+99

Remedial targets worksheet v3.1

Environment
W Agency

Calc value Xu & Eckstein

1.0E+00 C: (relative) for
S0E01 distance-concentration graph
T soe0r
2 7os01
§ eoeor Ogata Banks
E oeor From calculation sheet
H Relative
§ om0t Distance  concentration Concentration
2 30801 (No units) mgll
g 20801 0 1.0E+00 9.62E-04
% 1oe01 0.5 1.00E+00 9.62E-04
0.0E+00 + | 1.0 1.00E+00 9.62E-04
° 2 N ° 8 1 2 15 1.00E+00 9.62E-04
Distance (m) 20 1.00E+00 9.62E-04
25 1.00E+00 9.62E-04
Note: 'Relative concentration’ is the ratio of calculated concentation at a given 3.0 1.00E+00 9.62E-04
position compared to the source concentration. The calculations assume plume 35 1.00E+00 9.62E-04
disperses from the top of the aquifer. An alternative solution assuming the
comre of he plume s located at the mid-depth of the aquifer is preseg(ed in 40 1.00E+00 9.62E-04
the calculation shees. 45 1.00E+00 9.62E-04
5.0 1.00E+00 9.62E-04
5.5 1.00E+00 9.62E-04
6.0 1.00E+00 9.62E-04
6.5 1.00E+00 9.62E-04
7.0 1.00E+00 9.62E-04
7.5 1.00E+00 9.62E-04
8.0 9.99E-01 9.61E-04
8.5 9.99E-01 9.61E-04
9.0 9.99E-01 9.61E-04
9.5 9.99E-01 9.61E-04
10.0 9.99E-01 9.61E-04

This sheet calculates the Level 3 remedial target for soils(mg/kg) or for pore water (mg/l),
based on the distance to the receptor or compliance located down hydraulic gradient of the
source Three solution methods are included, the preferred option is Ogata Banks.By setting a
long travel time (e.g. 9E99) it will give the steady state solution, which should always be used
when calculating remedial targets.

The measured soil concentration as mglkg or pore water concentration should be compared
with the Level 3 remedial target to determine the need for further action.

Note if contaminant is not subiect to first order degradation, then set half life as 9.9E+99.
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Hydrogeological risk assessment for land contamination

Remedial Targets Worksheet , Release 3.2

First released: 2006. Version 3.2: January 2013

This worksheet has been produced in combination with the document 'Remedial Targets Methodology: Hydrogeological risk assessment for land contamination (
Environment Agency 2006).

Users of this worksheet should always refer to the User Manual to the Remedial Targets Methodology and to relevant guidance on UK legislation and
policy, in order to understand how this procedure should be applied in an appropriate context.

© Environment Agency, 2006. (Produced by the Environment Agency's Science Group)

The calculation of equations in this worksheet has been independently checked by Entec (UK) Ltd on behalf of the Environment Agency.
All rights reserved. You will not modify, reverse compile or otherwise dis-assemble the worksheet.

Liability: The Environment Agency does not promise that the worksheet will provide any particular facilities or functions. You must ensure that the worksheet meets your needs and you remain solely
responsible for the competent use of the worksheet. You are entirely responsible for the consequences of any use of the worksheet and the Agency provides no warranty about the fitness for purpose or
performance of any part of the worksheet. We do not promise that the media will always be free from defects, computer viruses, software locks or other similar code or that the operation of the worksheet will
be uninterrupted or error free. You should carry out all necessary virus checks prior to installing on your computing system.

IMPORTANT: To enable MS Excel worksheet, click Tools, Add -Ins, Analysis Tool Pak and Analysis Tool Pak-VBA (to calculate error functions).

Details to be completed for each assessment

Site Name: Former Gas Works

Site Address: Gas Works Road, Reading

Completed by: AS

Date: 12-Feb-18 Version: 0.1

Contaminant Benzene

Target Concentration (Cy) 0.01 mg/l Origin of Cy: EQS Freshwater (The Water Framework Directive 2015

This worksheet can be used to determine remedial targets for soils (Worksheets Level 1 Soil, Level 2 and Level 3 Soil) or to determine remedial targets for groundwater (Level 3
Groundwater). For Level 3, parameter values must be entered separately dependent on whether the assessment is for soil or groundwater. For soil, remedial targets are
calculated as either mg/kg (for comparision with soil measurements) or mg/l (for comparison with leaching tests or pore water concentrations).

Site details entered on this page are automatically copied to Level 1, 2 and 3 Worksheets.

Worksheet options are identified by brown background and employ a pull-down menus. Data entry are identified as blue background.

Data origin / justification should be noted in cells coloured yellow and fully documented in subsequent reports.

Data carried forward from an earlier worksheet are identified by a light green background

It is recommended that a copy of the original worksheet is saved (all data fields in the original copy are blank).

The spreadsheet also includes a porosity calculation worksheet, a soil impact calculation worksheet and a worksheet that performs some simple hydrogeological
calculations.
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Remedial Targets Worksheet , Release 3.2

Level 1 - Soil

Environment
W Agency
Select the method of calculating the soil water

Partition Co-efficient by using the pull down menu
below

Calculate for non-polar organic chemicals

Source of parameter value

Calculated using porosity calculator This sheet calculates the Level 1 remedial target for soils(mg/kg) based on a

selected target concentration and theoretical calculation of soil water partitioning.
Calculated using porosity calculator Three options are included for determining the partition coefficient.

From Atkins (2013), representative value to gravelly [The measured soil concentration as mg/kg should be compared with the Level 1

remedial target to determine the need for further action.

LQM/CIEH (2015)

From 2017 Sl (average of made ground values)

From 2017 Sl (average of made ground values)

Contaminant Benzene
Target concentration Cr 0.01 mgll
Input Parameters Variable Value Unit
Standard entry
Water filled soil porosity Ow 3.82E-01  |fraction
Air filled soil porosity 0a 4.65E-02  |fraction
Bulk density of soil zone material p 9.40E-01  |g/cm®
Henry's Law constant H 1.16E-01  [dimensionless
Entry if specify partition coefficient (option)
Soil water partition coefficient Kd _I/kg
Entry for non-polar organic chemicals (option)
Fraction of organic carbon (in soil) foc 1.10E-02__[fraction
Organic carbon partition coefficient Koc 6.76E+01 _ [I/kg
Entry for ionic organic chemicals (option)
Sorption coefficient for neutral species Kocn IIkg
Sorption coefficient for ionised species Ko, IIkg
pH value pH pH units
Acid dissociation constant pKa
Fraction of organic carbon (in soil) foc fraction
Soil water partition coefficient used in Level Assessment Kd 7.44E-01 I’kg
Level 1 Remedial Target
Level 1 Remedial Target 1.16E-02 mg/kg
or
0.01 mgl/l

Remedial targets worksheet v3.1

Calculated value

(for comparison with soil analyses)

(for comparison with leachate test results)
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Remedial Targets Worksheet , Release 3.2

Environment
. Agenc
Level 2 - Soil AW AZENcy
Contaminant [Benzene ]from Level 1 This sheet calculates the Level 2 remedial target for soils (mg/kg) or for pore water (mg/l).
Target concentration Cr 0.01 mg/l  from Level 1
The measured soil concentration as mg/kg or pore water concentration should be compared with the Level 2 remedial target
to determine the need for further action. Equations presented in 'Hydrogeological risk assessment for land contamiantion’
(Environment Agency 2006)
Input Parameters Variable Value Unit  Source of parameter value
Standard entry
Infiltration Inf 1.00E-04 m/d Calculated infiltration
Area of contaminant source A 4.64E+02 m? m) and length (29m) from Atkins (2013) (measured fr¢Not used in calculation
Entry for groundwater flow below site
Length of contaminant source in direction of groundwater flow L 2.90E+01 m te length (measured from site plan) in direction of gr
Saturated aquifer thickness da 5.40E+00 m hess of Alluvium and Sand and Gravel and average g
Hydraulic Conductivity of aquifer in which dilution occurs K 1.00E-02 m/d  tin 2012 indicate 2.76E-04m/d (Atkins, 2013) but san
Hydraulic gradient of water table i 3.00E-02 fraction From 12/12/2017 monitoring round
Width of contaminant source perpendicular to groundwater flow w 1.60E+01 m width (16m) from Atkins (2013) (measured from site p|Not used in calculation
Background concentration of contaminant in groundwater beneath site Cu 0.00E+00 mg/l
Define mixing zone depth by specifying or calculating depth (using pull down list) Specify
Enter mixing zone thickness Mz 5.40E+00 m Assumed equal to saturated aquifer thickness
Calculated mixing zone thickness Mz m
Calculated Parameters
Dilution Factor DF 1.56E+00
Level 2 Remedial Target 1.56E-02 mg/l |For comparison with measured pore water concentration. This assumes Level 1 Remedial Target is based on Target Concentra
or
1.80E-02 mg/kg |For comparison with measured soil concentration. This assumes Level 1
Remedial Target calculated from soil-water
Additional option
Calculation of impact on receptor
Concentration of contaminant in contaminated discharge (entering receptor) Cc 0.00E+00 mg/l |
Calculated concentration within receptor (dilution only) 0.00E+00 mg/l 0

Remedial targets worksheet v3.1
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Remedial Targets Worksheet , Release 3.2

Level 3 - Soil See Note
Input Parameters Variable Value Unit  Source
c Benzene from Level 1
Target C i [ 0.01 [ man from Level 1
Dilution Factor ~ DF 1.56E+00 from Level 2
Select analytical solution (click on brown cell below, then on pull-down menu)
Ogata Banks Equations in HRA

Select nature of decay rate (click on brown cell below, then on pull-down menu)

Enter method of defining partition co-efficient (using pull down list)
Calculate for non:

Entry if specify partition coefficient (option)
Soil water partition coefficient

[

Entry for non-polar organic chemicals (option)

Approach for simulating degradation of pollutants:

Variable Value Unit__Source of parameter value

degradation rate to pollutants in all phases (e.t

Fraction of organic carbon in aquifer foc fraction

Organic carbon partition coefficient Koc ]
field derived value, I Entry for ionic organic chemicals (option)

Sorption coefficient for related species Koen Vka

Sorption coefficient for ionised species Ko Vka

Enter source

Enter soil concentration

Soil concentration as mg/k pH value pH
0.0021 mglkg Acid dissociation constant pKa
days

| Fraction of organic carbon in aquifer foc fraction

Half life for degradation of contaminant in water tiz 7.20E+02 ‘
Calculated decay rate % 9.63E-04 days”  calculated
Width of plume in aquifer at source Sz 1.60E+01 m  from Level 2
Plume thickness in aquifer at source Sy 5.40E+00 m  from Level 2

Soil water partition coefficient Kd 7.44E-01 I’kg

1.59E+00

Bulk density of aquifer materials

glem” [Average value for gravely sand (ConSim manaul)

Effective porosity of aquifer

fraction |Glacial deposits (Hiscock, 2005)

| Define dispersivity (click brown cell and use pull down list)

Hydraulic gradient

m/d  from Level 2

fraction from Level 2 (adjusted)

Dispersivities 10%, 1%, 0.1% of pathway length

Distance to compliance point

m  [Nominal 10m (river adjacent to site)

| Enter value

o
n
i
Hydraulic conductivity of saturated aquifer K
x
z
v
t

Environment

Calc value Xu & Eckstein

Distance (lateral) to compliance point perpendicular to flow direction m | | Longitudinal di ivi ax
Distance (depth) to compliance point perpendicular to flow direction m | | Transverse di: ivi az
Time since pollutant entered 1.00E+99 days time variant options only Vertical dispersivity ay
Parameters values determined from options Note values of dispersivity must be > 0
tion coefficient  Kd 7.44E-01 kg see options
Longitudinal dispersivity  ax 1.000 m  see options Xu & Eckstein (1995) report ax = 0.83(log;ox)“"*; az = ax/10, ay = ax'100 are assumed
Transverse dispersivity  az 0.100 m  see options
Vertical dispersivity ~ av 0.010 m  see options
Parameter values should be checked against Level 1 and 2
Note
Calculated Parameters Variable This worksheet should be used if pollutant transport and
degradation is best described by a first order reaction. If
degradation is best desribed by an electron limited
Groundwater flow velocity v 209803 m/d d:gradanon such as oxidation yby 0,, NO;, SO etc than an
Retardation factor ~ Rf 3.96E+00 fraction "
" alternative solution should be used
Decayrateused % 9.63E-04 d
Hydraulic aradient used in aquifer flow down-aradient i 8.37E-02 fraction
e of contaminant flow due to retardation ~ u 5.29E-04 mid
Ratio of Compliance Point to Source Concentration  Ceo/Co 8.38E-05 fraction
Attenuation factor (Co/Ceo) ~ AF 1.19E+04 fraction
Calculated soil leachate concentration  Co 1.82E-03 mall
Remedial Targets
Level 3 Remedial Target 1.86E+02 mg/l |For comparison with measured pore water concentration.
Ogata Banks or This assumes Level 1 Remedial Target is based on Target Concentration
2.15E+02 mglkg |For with measured soil ion. This

Distance to compliance point

Ratio of Compliance Point to Source Concentration

10 m assumes Level 1 Remedial Target calculated from soil-water
partitioning equation.

Ceo/Co 8.38E-05 fraction Ogata Banks

Care should be used when calculating remedial targets using the time variant options as this may result in an overestimate of the remedial target.
The recommended value for time when calculating the remedial target is 9.9E+99

Remedial targets worksheet v3.1

Agency
1.0E+00 C: (relative) for
S0E01 distance-concentration graph
T soe0r
& 7oe01
§ eoeor Ogata Banks
E oeor From calculation sheet
H Relative
§ om0t Distance  concentration Concentration
2 30801 (No units) mgll
g 20801 0 1.0E+00 1.17E-03
% 1oe01 0.5 6.25E-01 7.29E-04
0.0E+00 + | 1.0 3.91E-01 4.56E-04
° 2 N ° 8 1 2 15 2.45E-01 2.85E-04
Distance (m) 20 1.53E-01 1.78E-04
25 9.57E-02 1.12E-04
Note: 'Relative concentration’ is the ratio of calculated concentation at a given 3.0 5.98E-02 6.98E-05
position compared to the source concentration. The calculations assume plume 35 3.74E-02 4.36E-05
disperses from the top of the aquifer. An alternative solution assuming the
comre of he plume s located at the mid-depth of the aquifer is preseg(ed in 40 23402 273605
the calculation shees. 45 1.46E-02 1.71E-05
5.0 9.15E-03 1.07E-05
5.5 5.72E-03 6.67E-06
6.0 3.58E-03 4.17E-06
6.5 2.24E-03 2.61E-06
7.0 1.40E-03 1.63E-06
7.5 8.75E-04 1.02E-06
8.0 5.48E-04 6.38E-07
8.5 3.42E-04 3.99E-07
9.0 2.14E-04 2.50E-07
9.5 1.34E-04 1.56E-07
10.0 8.38E-05 9.77E-08

This sheet calculates the Level 3 remedial target for soils(mg/kg) or for pore water (mg/l),
based on the distance to the receptor or compliance located down hydraulic gradient of the
source Three solution methods are included, the preferred option is Ogata Banks.By setting a
long travel time (e.g. 9E99) it will give the steady state solution, which should always be used
when calculating remedial targets.

The measured soil concentration as mglkg or pore water concentration should be compared
with the Level 3 remedial target to determine the need for further action.

Note if contaminant is not subiect to first order degradation, then set half life as 9.9E+99.
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Hydrogeological risk assessment for land contamination

Remedial Targets Worksheet , Release 3.2

First released: 2006. Version 3.2: January 2013

This worksheet has been produced in combination with the document 'Remedial Targets Methodology: Hydrogeological risk assessment for land contamination (
Environment Agency 2006).

Users of this worksheet should always refer to the User Manual to the Remedial Targets Methodology and to relevant guidance on UK legislation and
policy, in order to understand how this procedure should be applied in an appropriate context.

© Environment Agency, 2006. (Produced by the Environment Agency's Science Group)

The calculation of equations in this worksheet has been independently checked by Entec (UK) Ltd on behalf of the Environment Agency.
All rights reserved. You will not modify, reverse compile or otherwise dis-assemble the worksheet.

Liability: The Environment Agency does not promise that the worksheet will provide any particular facilities or functions. You must ensure that the worksheet meets your needs and you remain solely
responsible for the competent use of the worksheet. You are entirely responsible for the consequences of any use of the worksheet and the Agency provides no warranty about the fitness for purpose or
performance of any part of the worksheet. We do not promise that the media will always be free from defects, computer viruses, software locks or other similar code or that the operation of the worksheet will
be uninterrupted or error free. You should carry out all necessary virus checks prior to installing on your computing system.

IMPORTANT: To enable MS Excel worksheet, click Tools, Add -Ins, Analysis Tool Pak and Analysis Tool Pak-VBA (to calculate error functions).

Details to be completed for each assessment

Site Name: Former Gas Works

Site Address: Gas Works Road, Reading

Completed by: AS

Date: 12-Feb-18 Version: 1

Contaminant Aliphatics >C12-C16

Target Concentration (Cy) 0.01 mg/l Origin of C;: UKDWS for hydrocarbons

This worksheet can be used to determine remedial targets for soils (Worksheets Level 1 Soil, Level 2 and Level 3 Soil) or to determine remedial targets for groundwater (Level 3
Groundwater). For Level 3, parameter values must be entered separately dependent on whether the assessment is for soil or groundwater. For soil, remedial targets are
calculated as either mg/kg (for comparision with soil measurements) or mg/l (for comparison with leaching tests or pore water concentrations).

Site details entered on this page are automatically copied to Level 1, 2 and 3 Worksheets.

Worksheet options are identified by brown background and employ a pull-down menus. Data entry are identified as blue background.

Data origin / justification should be noted in cells coloured yellow and fully documented in subsequent reports.

Data carried forward from an earlier worksheet are identified by a light green background

It is recommended that a copy of the original worksheet is saved (all data fields in the original copy are blank).

The spreadsheet also includes a porosity calculation worksheet, a soil impact calculation worksheet and a worksheet that performs some simple hydrogeological
calculations.

23/02/2018, 09:29
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Remedial Targets Worksheet , Release 3.2

Level 1 - Soil

Contaminant

Environment
W Agency

Select the method of calculating the soil water
Partition Co-efficient by using the pull down menu

below

Calculate for non-polar organic chemicals

Aliphatics >C12-C16

Source of parameter value

Calculated using porosity calculator

Calculated using porosity calculator

From Atkins (2013), representative value to gravelly

LQM/CIEH (2015)

From 2017 Sl (average of made ground values)

LQM/CIEH (2015)

Target concentration Cr 0.01 mgll
Input Parameters Variable Value Unit
Standard entry
Water filled soil porosity Ow 3.82E-01  |fraction
Air filled soil porosity 0a 4.65E-02  |fraction
Bulk density of soil zone material p 9.40E-01  |g/cm®
Henry's Law constant H 1.71E+02  |dimensionless
Entry if specify partition coefficient (option)
Soil water partition coefficient Kd _I/kg
Entry for non-polar organic chemicals (option)
Fraction of organic carbon (in soil) foc 1.10E-02__[fraction
Organic carbon partition coefficient Koc 5.37E+06 _ [I/kg
Entry for ionic organic chemicals (option)
Sorption coefficient for neutral species Kocn IIkg
Sorption coefficient for ionised species Ko, IIkg
pH value pH pH units
Acid dissociation constant pKa
Fraction of organic carbon (in soil) foc fraction
Soil water partition coefficient used in Level Assessment Kd 5.91E+04 I’kg
Level 1 Remedial Target
Level 1 Remedial Target 5.91E+02 mg/kg
or
0.01 mgl/l

Remedial targets worksheet v3.1

Calculated value

(for comparison with soil analyses)

(for comparison with leachate test results)

This sheet calculates the Level 1 remedial target for soils(mg/kg) based on a
selected target concentration and theoretical calculation of soil water partitioning.
Three options are included for determining the partition coefficient.

The measured soil concentration as mg/kg should be compared with the Level 1
remedial target to determine the need for further action.

23/02/2018, 09:29
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Remedial Targets Worksheet , Release 3.2 Environment

. Agenc
Level 2 - Soil i gency
Contaminant [Aliphatics >C12-C16 ]from Level 1 This sheet calculates the Level 2 remedial target for soils (mg/kg) or for pore water (mg/l).
Target concentration Cr 0.01 mg/l  from Level 1

The measured soil concentration as mg/kg or pore water concentration should be compared with the Level 2 remedial target
to determine the need for further action. Equations presented in 'Hydrogeological risk assessment for land contamiantion’
(Environment Agency 2006)

Input Parameters Variable Value Unit  Source of parameter value
Standard entry
Infiltration Inf 1.00E-04 m/d Calculated infiltration
Area of contaminant source A 4.64E+02 m? m) and length (29m) from Atkins (2013) (measured fr¢Not used in calculation
Entry for groundwater flow below site
Length of contaminant source in direction of groundwater flow L 2.90E+01 m te length (measured from site plan) in direction of gr
Saturated aquifer thickness da 5.40E+00 m hess of Alluvium and Sand and Gravel and average g
Hydraulic Conductivity of aquifer in which dilution occurs K 1.00E-02 m/d  tin 2012 indicate 2.76E-04m/d (Atkins, 2013) but san
Hydraulic gradient of water table i 3.00E-02 fraction From 12/12/2017 monitoring round
Width of contaminant source perpendicular to groundwater flow w 1.60E+01 m width (16m) from Atkins (2013) (measured from site p|Not used in calculation
Background concentration of contaminant in groundwater beneath site Cu 0.00E+00 mg/l
Define mixing zone depth by specifying or calculating depth (using pull down list) Specify
Enter mixing zone thickness Mz 5.40E+00 m Assumed equal to saturated aquifer thickness
Calculated mixing zone thickness Mz m

Calculated Parameters

Dilution Factor DF 1.56E+00
Level 2 Remedial Target 1.56E-02 mg/l |For comparison with measured pore water concentration. This assumes Level 1 Remedial Target is based on Target Concentra
or
9.21E+02 mg/kg |For comparison with measured soil concentration. This assumes Level 1

Remedial Target calculated from soil-water

Additional option
Calculation of impact on receptor

Concentration of contaminant in contaminated discharge (entering receptor) Cc 0.00E+00 mg/l |

Calculated concentration within receptor (dilution only) 0.00E+00 mg/l 0

Remedial targets worksheet v3.1 23/02/2018,09:29
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Remedial Targets Worksheet , Release 3.2

Level 3 - Soil See Note
Input Parameters Variable Value Unit  Source Enter method of defining partition co-efficient (using pull down list)
Calculate for non:
c Aliphatics >C12-C16 from Level 1
Target C i c | 0.01 [ man from Level 1
Dilution Factor ~ DF 1.56E+00 from Level 2
Entry if specify partition coefficient (option)
Select analytical solution (click on brown cell below, then on pull-down menu) Soil water partition coefficient | I
Ogata Banks Equations in HRA Entry for non-polar organic chemicals (option)
Fraction of organic carbon in aquifer foc fraction
Select nature of decay rate (click on brown cell below, then on pull-down menu) Organic carbon partition coefficient Koc \/ku
Approach for simulating degradation of pollutants: degradation rate to pollutants in all phases (e.g. field derived value, I Entry for ionic organic chemicals (option)
Sorption coefficient for related species Kocn Ika
Variable Value Unit__Source of parameter value Sorption coefficient for ionised species Ko Ika

Enter source

Enter soil concentration

Soil concentration as mg/k pH value pH
20.7 mglkg Acid dissociation constant pKa
days

Half life for degradation of contaminant in water  ti2 1.00E+10 [ | Fraction of organic carbon in aquifer foc fraction
Calculated decay rate s 6.93E-11 days’ " calculated
Width of plume in aquifer at source Sz 1.60E+01 m from Level 2 Soil water partition coefficient Kd 5.91E+04 kg
Plume thickness in aquifer at source Sy 5.40E+00 m from Level 2

1.59E+00

Bulk density of aquifer materials

glem” [Average value for gravely sand (ConSim manaul)

Effective porosity of aquifer

fraction |Glacial deposits (Hiscock, 2005)

| Define dispersivity (click brown cell and use pull down list)

Hydraulic gradient

m/d  from Level 2

fraction from Level 2 (adjusted)

Dispersivities 10%, 1%, 0.1% of pathway length

Distance to compliance point

m  [Nominal 10m (river adjacent to site)

| Enter value

o
n
i
Hydraulic conductivity of saturated aquifer K
x
z
v
t

Distance (lateral) to compliance point perpendicular to flow direction m | | Longitudinal di ivi ax
Distance (depth) to compliance point perpendicular to flow direction m | | Transverse di: ivi az
Time since pollutant entered 1.00E+99 days time variant options only Vertical dispersivity ay
Parameters values determined from options Note values of dispersivity must be > 0
tion coefficient  Kd 5.91E+04 kg see options
Longitudinal dispersivity  ax 1.000 m  see options Xu & Eckstein (1995) report ax = 0.83(log;ox)“"*; az = ax/10, ay = ax'100 are assumed
Transverse dispersivity  az 0.100 m  see options
Vertical dispersivity ~ av 0.010 m  see options
Parameter values should be checked against Level 1 and 2
Note
Calculated Parameters Variable This worksheet should be used if pollutant transport and
degradation is best described by a first order reaction. If
degradation is best desribed by an electron limited
Groundwater flow velocity v 209803 m/d d:gradanon such as oxidation yby 0,, NO;, SO etc than an
Retardation factor ~ Rf 2.35E+05 fraction "
" alternative solution should be used
Decayrateused % 6.93E-11
Hydraulic aradient used in aquifer flow down-aradient i 8.37E-02 fraction
e of contaminant flow due to retardation U 8.91E-09 mid
Ratio of Compliance Point to Source Concentration  Ceo/Co 9.26E-01 fraction
Attenuation factor (Co/Ceo) ~ AF 1.08E+00 fraction
Calculated soil leachate concentration  Co 3.50E-04 mall
Remedial Targets
Level 3 Remedial Target 1.68E-02 mg/l |For comparison with measured pore water concentration.
Ogata Banks or This assumes Level 1 Remedial Target is based on Target Concentration
9.95E+02 mglkg |For with measured soil ion. This

Distance to compliance point 10 m

assumes Level 1 Remedial Target calculated from soil-water

partitioning equation.

Ratio of Compliance Point to Source Concentration Cgp/Cy 9.26E-01

fraction Ogata Banks

Care should be used when calculating remedial targets using the time variant options as this may result in an overestimate of the remedial target.

The recommended value for time when calculating the remedial target is 9.9E+99

Remedial targets worksheet v3.1

Environment

Calc value Xu & Eckstein

Agency
1.0E+00 C: (relative) for
80801 distance-concentration graph
T soe0r
& 7oe01
§ eoeor Ogata Banks
E oeor From calculation sheet
H Relative
§ om0t Distance  concentration Concentration
g 30801 (No units) mg/l
£ 20801 0 1.0E+00 2.25E-04
% 1oe01 0.5 9.96E-01 2.24E-04
0.0E+00 1 | 1.0 9.92E-01 2.23E-04
o 2 N ° 8 1 2 15 9.88E-01 2.22E-04
Distance (m) 20 9.85E-01 2.21E-04
25 9.81E-01 2.20E-04
Note: 'Relative concentration’ is the ratio of calculated concentation at a given 3.0 9.77E-01 2.20E-04
position compared to the source concentration. The calculations assume plume 35 9.73E-01 2.19E-04
disperses from the top of the aquifer. An alternative solution assuming the
comre of he plume s located at the mid-depth of the aquifer is preseg(ed in 40 9.70E-01 2.18E-04
the calculation shees. 45 9.66E-01 247E-04
5.0 9.62E-01 2.16E-04
5.5 9.58E-01 2.15E-04
6.0 9.55E-01 2.15E-04
6.5 9.51E-01 2.14E-04
7.0 9.47E-01 2.13E-04
7.5 9.44E-01 2.12E-04
8.0 9.40E-01 2.11E-04
8.5 9.36E-01 2.11E-04
9.0 9.33E-01 2.10E-04
9.5 9.29E-01 2.09E-04
10.0 9.26E-01 2.08E-04

This sheet calculates the Level 3 remedial target for soils(mg/kg) or for pore water (mg/l),
based on the distance to the receptor or compliance located down hydraulic gradient of the
source Three solution methods are included, the preferred option is Ogata Banks.By setting a
long travel time (e.g. 9E99) it will give the steady state solution, which should always be used
when calculating remedial targets.

The measured soil concentration as mglkg or pore water concentration should be compared
with the Level 3 remedial target to determine the need for further action.

Note if contaminant is not subiect to first order degradation, then set half life as 9.9E+99.

23/02/2018,09:20
05_DQRA_PPLCW1_AI12-16_v1.xisx



\ Environment
Agency

'\

Hydrogeological risk assessment for land contamination

Remedial Targets Worksheet , Release 3.2

First released: 2006. Version 3.2: January 2013

This worksheet has been produced in combination with the document 'Remedial Targets Methodology: Hydrogeological risk assessment for land contamination (
Environment Agency 2006).

Users of this worksheet should always refer to the User Manual to the Remedial Targets Methodology and to relevant guidance on UK legislation and
policy, in order to understand how this procedure should be applied in an appropriate context.

© Environment Agency, 2006. (Produced by the Environment Agency's Science Group)

The calculation of equations in this worksheet has been independently checked by Entec (UK) Ltd on behalf of the Environment Agency.
All rights reserved. You will not modify, reverse compile or otherwise dis-assemble the worksheet.

Liability: The Environment Agency does not promise that the worksheet will provide any particular facilities or functions. You must ensure that the worksheet meets your needs and you remain solely
responsible for the competent use of the worksheet. You are entirely responsible for the consequences of any use of the worksheet and the Agency provides no warranty about the fitness for purpose or
performance of any part of the worksheet. We do not promise that the media will always be free from defects, computer viruses, software locks or other similar code or that the operation of the worksheet will
be uninterrupted or error free. You should carry out all necessary virus checks prior to installing on your computing system.

IMPORTANT: To enable MS Excel worksheet, click Tools, Add -Ins, Analysis Tool Pak and Analysis Tool Pak-VBA (to calculate error functions).

Details to be completed for each assessment

Site Name: Former Gas Works

Site Address: Gas Works Road, Reading

Completed by: AS

Date: 12-Feb-18 Version: 1

Contaminant Aliphatics >C16-C21

Target Concentration (Cy) 0.01 mg/l Origin of C;: UKDWS for hydrocarbons

This worksheet can be used to determine remedial targets for soils (Worksheets Level 1 Soil, Level 2 and Level 3 Soil) or to determine remedial targets for groundwater (Level 3
Groundwater). For Level 3, parameter values must be entered separately dependent on whether the assessment is for soil or groundwater. For soil, remedial targets are
calculated as either mg/kg (for comparision with soil measurements) or mg/l (for comparison with leaching tests or pore water concentrations).

Site details entered on this page are automatically copied to Level 1, 2 and 3 Worksheets.

Worksheet options are identified by brown background and employ a pull-down menus. Data entry are identified as blue background.

Data origin / justification should be noted in cells coloured yellow and fully documented in subsequent reports.

Data carried forward from an earlier worksheet are identified by a light green background

It is recommended that a copy of the original worksheet is saved (all data fields in the original copy are blank).

The spreadsheet also includes a porosity calculation worksheet, a soil impact calculation worksheet and a worksheet that performs some simple hydrogeological
calculations.

23/02/2018, 09:32
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Remedial Targets Worksheet , Release 3.2

Level 1 - Soil

Contaminant

Environment
W Agency

Select the method of calculating the soil water
Partition Co-efficient by using the pull down menu

below

Calculate for non-polar organic chemicals

Aliphatics >C16-C21

Source of parameter value

Calculated using porosity calculator

Calculated using porosity calculator

From Atkins (2013), representative value to gravelly

LQM/CIEH (2015)

From 2017 Sl (average of made ground values)

LQM/CIEH (2015)

Target concentration Cr 0.01 mgll
Input Parameters Variable Value Unit
Standard entry
Water filled soil porosity Ow 3.82E-01  |fraction
Air filled soil porosity 0a 4.65E-02  |fraction
Bulk density of soil zone material p 9.40E-01  |g/cm®
Henry's Law constant H 1.07E+03  |gimensionless
Entry if specify partition coefficient (option)
Soil water partition coefficient Kd _I/kg
Entry for non-polar organic chemicals (option)
Fraction of organic carbon (in soil) foc 1.10E-02__[fraction
Organic carbon partition coefficient Koc 5.75E+08  [I/kg
Entry for ionic organic chemicals (option)
Sorption coefficient for neutral species Kocn IIkg
Sorption coefficient for ionised species Ko, IIkg
pH value pH pH units
Acid dissociation constant pKa
Fraction of organic carbon (in soil) foc fraction
Soil water partition coefficient used in Level Assessment Kd 6.33E+06 I’kg
Level 1 Remedial Target
Level 1 Remedial Target 6.33E+04 mg/kg
or
0.01 mgl/l

Remedial targets worksheet v3.1

Calculated value

(for comparison with soil analyses)

(for comparison with leachate test results)

This sheet calculates the Level 1 remedial target for soils(mg/kg) based on a
selected target concentration and theoretical calculation of soil water partitioning.
Three options are included for determining the partition coefficient.

The measured soil concentration as mg/kg should be compared with the Level 1
remedial target to determine the need for further action.

23/02/2018, 09:32
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Remedial Targets Worksheet , Release 3.2 Environment

. Agenc
Level 2 - Soil i gency
Contaminant [Aliphatics >C16-C21 ]from Level 1 This sheet calculates the Level 2 remedial target for soils (mg/kg) or for pore water (mg/l).
Target concentration Cr 0.01 mg/l  from Level 1

The measured soil concentration as mg/kg or pore water concentration should be compared with the Level 2 remedial target
to determine the need for further action. Equations presented in 'Hydrogeological risk assessment for land contamiantion’
(Environment Agency 2006)

Input Parameters Variable Value Unit  Source of parameter value
Standard entry
Infiltration Inf 1.00E-04 m/d Calculated infiltration
Area of contaminant source A 4.64E+02 m? m) and length (29m) from Atkins (2013) (measured fr¢Not used in calculation
Entry for groundwater flow below site
Length of contaminant source in direction of groundwater flow L 2.90E+01 m te length (measured from site plan) in direction of gr
Saturated aquifer thickness da 5.40E+00 m hess of Alluvium and Sand and Gravel and average g
Hydraulic Conductivity of aquifer in which dilution occurs K 1.00E-02 m/d  tin 2012 indicate 2.76E-04m/d (Atkins, 2013) but san
Hydraulic gradient of water table i 3.00E-02 fraction From 12/12/2017 monitoring round
Width of contaminant source perpendicular to groundwater flow w 1.60E+01 m width (16m) from Atkins (2013) (measured from site p|Not used in calculation
Background concentration of contaminant in groundwater beneath site Cu 0.00E+00 mg/l
Define mixing zone depth by specifying or calculating depth (using pull down list) Specify
Enter mixing zone thickness Mz 5.40E+00 m Assumed equal to saturated aquifer thickness
Calculated mixing zone thickness Mz m

Calculated Parameters

Dilution Factor DF 1.56E+00
Level 2 Remedial Target 1.56E-02 mg/l |For comparison with measured pore water concentration. This assumes Level 1 Remedial Target is based on Target Concentra
or
9.87E+04 mg/kg |For comparison with measured soil concentration. This assumes Level 1

Remedial Target calculated from soil-water

Additional option
Calculation of impact on receptor

Concentration of contaminant in contaminated discharge (entering receptor) Cc 0.00E+00 mg/l |

Calculated concentration within receptor (dilution only) 0.00E+00 mg/l 0

Remedial targets worksheet v3.1 23/02/2018,09:32
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Remedial Targets Worksheet , Release 3.2

Level 3 - Soil See Note
Input Parameters Variable Value Unit  Source
c Aliphatics >C16-C21 from Level 1
Target C i c | 0.01 [ man from Level 1
Dilution Factor ~ DF 1.56E+00 from Level 2
Select analytical solution (click on brown cell below, then on pull-down menu)
Ogata Banks Equations in HRA

Select nature of decay rate (click on brown cell below, then on pull-down menu)

Enter method of defining partition co-efficient (using pull down list)
Calculate for non:

Entry if specify partition coefficient (option)
Soil water partition coefficient

[

Entry for non-polar organic chemicals (option)

Approach for simulating degradation of pollutants:

Variable Value Unit__Source of parameter value

degradation rate to pollutants in all phases (e.t

Fraction of organic carbon in aquifer foc fraction

Organic carbon partition coefficient Koc ]
field derived value, I Entry for ionic organic chemicals (option)

Sorption coefficient for related species Koen Vka

Sorption coefficient for ionised species Ko Vka

Enter source

Enter soil concentration

Soil concentration as mg/k pH value pH
25 mglkg Acid dissociation constant pKa
days

| Fraction of organic carbon in aquifer foc fraction

Half life for degradation of contaminant in water tiz 1.00E+10 ‘
Calculated decay rate % 6.93E-11 days”  calculated
Width of plume in aquifer at source Sz 1.60E+01 m  from Level 2
Plume thickness in aquifer at source Sy 5.40E+00 m  from Level 2

Soil water partition coefficient Kd 6.33E+06 I/kg

1.59E+00

Bulk density of aquifer materials

glem” [Average value for gravely sand (ConSim manaul)

Effective porosity of aquifer

fraction |Glacial deposits (Hiscock, 2005)

| Define dispersivity (click brown cell and use pull down list)

Hydraulic gradient

m/d  from Level 2

fraction from Level 2 (adjusted)

Dispersivities 10%, 1%, 0.1% of pathway length

Distance to compliance point

m  [Nominal 10m (river adjacent to site)

| Enter value

o
n
i
Hydraulic conductivity of saturated aquifer K
x
z
v
t

Environment

Calc value Xu & Eckstein

Distance (lateral) to compliance point perpendicular to flow direction m | | Longitudinal di ivi ax
Distance (depth) to compliance point perpendicular to flow direction m | | Transverse di: ivi az
Time since pollutant entered 1.00E+99 days time variant options only Vertical dispersivity ay
Parameters values determined from options Note values of dispersivity must be > 0
tion coefficient  Kd 6.33E+06 kg see options
Longitudinal dispersivity  ax m  see options Xu & Eckstein (1995) report ax = 0.83(log;ox)“"*; az = ax/10, ay = ax'100 are assumed
Transverse dispersivity  az m  see options
Vertical dispersivity ~ av m  see options
Parameter values should be checked against Level 1 and 2
Note
Calculated Parameters Variable This worksheet should be used if pollutant transport and
degradation is best described by a first order reaction. If
degradation is best desribed by an electron limited
Groundwater flow velocity v 209803 m/d d:gradanon such as oxidation yby 0,, NO;, SO etc than an
Retardation factor ~ Rf 2.52E+07 fraction "
) alternative solution should be used
Decayrateused % 6.93E-11 d
Hydraulic aradient used in aquifer flow down-aradient i 8.37E-02 fraction
e of contaminant flow due to retardation ~ u 8.32E-11 mid
Ratio of Compliance Point to Source Concentration  Ceo/Co 4.48E-03 fraction
Attenuation factor (Co/Ceo) ~ AF 223E+02  fraction
Calculated soil leachate concentration  Co 3.95E-06 mall
Remedial Targets
Level 3 Remedial Target 3.48E+00 mg/l |For comparison with measured pore water concentration.
Ogata Banks or This assumes Level 1 Remedial Target is based on Target Concentration
2.20E+07 mglkg |For with measured soil ion. This
Distance to compliance point 10 m assumes Level 1 Remedial Target calculated from soil-water

Ratio of Compliance Point to Source Concentration

partitioning equation.

Ceo/Co 4.48E-03 fraction Ogata Banks

Care should be used when calculating remedial targets using the time variant options as this may result in an overestimate of the remedial target.
The recommended value for time when calculating the remedial target is 9.9E+99

Remedial targets worksheet v3.1

Agency
1.0E+00 C: (relative) for
S0E01 distance-concentration graph
T soe0r
& 7oe01
§ eoeor Ogata Banks
E oeor From calculation sheet
H Relative
§ om0t Distance  concentration Concentration
2 30801 (No units) mgll
g 20801 0 1.0E+00 2.53E-06
% 1oe01 0.5 7.63E-01 1.93E-06
0.0E+00 + | 1.0 5.82E-01 1.48E-06
° 2 N ° 8 1 2 15 4.44E-01 1.13E-06
Distance (m) 20 3.39E-01 8.59E-07
25 2.59E-01 6.55E-07
Note: 'Relative concentration’ is the ratio of calculated concentation at a given 3.0 1.97E-01 5.00E-07
position compared to the source concentration. The calculations assume plume 35 1.51E-01 3.82E-07
disperses from the top of the aquifer. An alternative solution assuming the
comre of he plume s located at the mid-depth of the aquifer is preseg(ed in 40 1-15E-01 291E-07
the calculation shees. 45 8.77E-02 222607
5.0 6.69E-02 1.70E-07
5.5 5.11E-02 1.29E-07
6.0 3.90E-02 9.87E-08
6.5 2.97E-02 7.53E-08
7.0 2.27E-02 5.75E-08
7.5 1.73E-02 4.39E-08
8.0 1.32E-02 3.35E-08
8.5 1.01E-02 2.55E-08
9.0 7.69E-03 1.95E-08
9.5 5.87E-03 1.49E-08
10.0 4.48E-03 1.13E-08

This sheet calculates the Level 3 remedial target for soils(mg/kg) or for pore water (mg/l),
based on the distance to the receptor or compliance located down hydraulic gradient of the
source Three solution methods are included, the preferred option is Ogata Banks.By setting a
long travel time (e.g. 9E99) it will give the steady state solution, which should always be used
when calculating remedial targets.

The measured soil concentration as mglkg or pore water concentration should be compared
with the Level 3 remedial target to determine the need for further action.

Note if contaminant is not subiect to first order degradation, then set half life as 9.9E+99.

23/02/2018,09:32
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Hydrogeological risk assessment for land contamination

Remedial Targets Worksheet , Release 3.2

First released: 2006. Version 3.2: January 2013

This worksheet has been produced in combination with the document 'Remedial Targets Methodology: Hydrogeological risk assessment for land contamination (
Environment Agency 2006).

Users of this worksheet should always refer to the User Manual to the Remedial Targets Methodology and to relevant guidance on UK legislation and
policy, in order to understand how this procedure should be applied in an appropriate context.

© Environment Agency, 2006. (Produced by the Environment Agency's Science Group)

The calculation of equations in this worksheet has been independently checked by Entec (UK) Ltd on behalf of the Environment Agency.
All rights reserved. You will not modify, reverse compile or otherwise dis-assemble the worksheet.

Liability: The Environment Agency does not promise that the worksheet will provide any particular facilities or functions. You must ensure that the worksheet meets your needs and you remain solely
responsible for the competent use of the worksheet. You are entirely responsible for the consequences of any use of the worksheet and the Agency provides no warranty about the fitness for purpose or
performance of any part of the worksheet. We do not promise that the media will always be free from defects, computer viruses, software locks or other similar code or that the operation of the worksheet will
be uninterrupted or error free. You should carry out all necessary virus checks prior to installing on your computing system.

IMPORTANT: To enable MS Excel worksheet, click Tools, Add -Ins, Analysis Tool Pak and Analysis Tool Pak-VBA (to calculate error functions).

Details to be completed for each assessment

Site Name: Former Gas Works

Site Address: Gas Works Road, Reading

Completed by: AS

Date: 12-Feb-18 Version: 1

Contaminant Aliphatics >C21-C35

Target Concentration (Cy) 0.01 mg/l Origin of C;: UKDWS for hydrocarbons

This worksheet can be used to determine remedial targets for soils (Worksheets Level 1 Soil, Level 2 and Level 3 Soil) or to determine remedial targets for groundwater (Level 3
Groundwater). For Level 3, parameter values must be entered separately dependent on whether the assessment is for soil or groundwater. For soil, remedial targets are
calculated as either mg/kg (for comparision with soil measurements) or mg/l (for comparison with leaching tests or pore water concentrations).

Site details entered on this page are automatically copied to Level 1, 2 and 3 Worksheets.

Worksheet options are identified by brown background and employ a pull-down menus. Data entry are identified as blue background.

Data origin / justification should be noted in cells coloured yellow and fully documented in subsequent reports.

Data carried forward from an earlier worksheet are identified by a light green background

It is recommended that a copy of the original worksheet is saved (all data fields in the original copy are blank).

The spreadsheet also includes a porosity calculation worksheet, a soil impact calculation worksheet and a worksheet that performs some simple hydrogeological
calculations.

23/02/2018, 09:32
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Remedial Targets Worksheet , Release 3.2

Level 1 - Soil

Contaminant

Environment
W Agency

Select the method of calculating the soil water
Partition Co-efficient by using the pull down menu

below

Calculate for non-polar organic chemicals

Aliphatics >C21-C35

Source of parameter value

Calculated using porosity calculator

Calculated using porosity calculator

From Atkins (2013), representative value to gravelly

LQM/CIEH (2015)

From 2017 Sl (average of made ground values)

LQM/CIEH (2015)

Target concentration Cr 0.01 mgll
Input Parameters Variable Value Unit
Standard entry
Water filled soil porosity Ow 3.82E-01  |fraction
Air filled soil porosity 0a 4.65E-02  |fraction
Bulk density of soil zone material p 9.40E-01  |g/cm®
Henry's Law constant H 1.07E+03  |gimensionless
Entry if specify partition coefficient (option)
Soil water partition coefficient Kd _I/kg
Entry for non-polar organic chemicals (option)
Fraction of organic carbon (in soil) foc 1.10E-02__[fraction
Organic carbon partition coefficient Koc 5.75E+08  [I/kg
Entry for ionic organic chemicals (option)
Sorption coefficient for neutral species Kocn IIkg
Sorption coefficient for ionised species Ko, IIkg
pH value pH pH units
Acid dissociation constant pKa
Fraction of organic carbon (in soil) foc fraction
Soil water partition coefficient used in Level Assessment Kd 6.33E+06 I’kg
Level 1 Remedial Target
Level 1 Remedial Target 6.33E+04 mg/kg
or
0.01 mgl/l

Remedial targets worksheet v3.1

Calculated value

(for comparison with soil analyses)

(for comparison with leachate test results)

This sheet calculates the Level 1 remedial target for soils(mg/kg) based on a
selected target concentration and theoretical calculation of soil water partitioning.
Three options are included for determining the partition coefficient.

The measured soil concentration as mg/kg should be compared with the Level 1
remedial target to determine the need for further action.

23/02/2018, 09:32
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Remedial Targets Worksheet , Release 3.2 Environment

. Agenc
Level 2 - Soil i gency
Contaminant [Aliphatics >C21-C35 ]from Level 1 This sheet calculates the Level 2 remedial target for soils (mg/kg) or for pore water (mg/l).
Target concentration Cr 0.01 mg/l  from Level 1

The measured soil concentration as mg/kg or pore water concentration should be compared with the Level 2 remedial target
to determine the need for further action. Equations presented in 'Hydrogeological risk assessment for land contamiantion’
(Environment Agency 2006)

Input Parameters Variable Value Unit  Source of parameter value
Standard entry
Infiltration Inf 1.00E-04 m/d Calculated infiltration
Area of contaminant source A 4.64E+02 m? m) and length (29m) from Atkins (2013) (measured fr¢Not used in calculation
Entry for groundwater flow below site
Length of contaminant source in direction of groundwater flow L 2.90E+01 m te length (measured from site plan) in direction of gr
Saturated aquifer thickness da 5.40E+00 m hess of Alluvium and Sand and Gravel and average g
Hydraulic Conductivity of aquifer in which dilution occurs K 1.00E-02 m/d  tin 2012 indicate 2.76E-04m/d (Atkins, 2013) but san
Hydraulic gradient of water table i 3.00E-02 fraction From 12/12/2017 monitoring round
Width of contaminant source perpendicular to groundwater flow w 1.60E+01 m width (16m) from Atkins (2013) (measured from site p|Not used in calculation
Background concentration of contaminant in groundwater beneath site Cu 0.00E+00 mg/l
Define mixing zone depth by specifying or calculating depth (using pull down list) Specify
Enter mixing zone thickness Mz 5.40E+00 m Assumed equal to saturated aquifer thickness
Calculated mixing zone thickness Mz m

Calculated Parameters

Dilution Factor DF 1.56E+00
Level 2 Remedial Target 1.56E-02 mg/l |For comparison with measured pore water concentration. This assumes Level 1 Remedial Target is based on Target Concentra
or
9.87E+04 mg/kg |For comparison with measured soil concentration. This assumes Level 1

Remedial Target calculated from soil-water

Additional option
Calculation of impact on receptor

Concentration of contaminant in contaminated discharge (entering receptor) Cc 0.00E+00 mg/l |

Calculated concentration within receptor (dilution only) 0.00E+00 mg/l 0

Remedial targets worksheet v3.1 23/02/2018,09:32
07_DQRA_PPLCW1_AI21-35_v1.xIsxLevel2 Soil



Remedial Targets Worksheet , Release 3.2

Level 3 - Soil See Note
Input Parameters Variable Value Unit  Source
c Aliphatics >C21-C35 from Level 1
Target C i c | 0.01 [ man from Level 1
Dilution Factor ~ DF 1.56E+00 from Level 2
Select analytical solution (click on brown cell below, then on pull-down menu)
Ogata Banks Equations in HRA

Select nature of decay rate (click on brown cell below, then on pull-down menu)

Enter method of defining partition co-efficient (using pull down list)
Calculate for non:

Entry if specify partition coefficient (option)
Soil water partition coefficient

[

Entry for non-polar organic chemicals (option)

Approach for simulating degradation of pollutants:

Variable Value Unit__Source of parameter value

degradation rate to pollutants in all phases (e.t

Fraction of organic carbon in aquifer foc fraction

Organic carbon partition coefficient Koc ]
field derived value, I Entry for ionic organic chemicals (option)

Sorption coefficient for related species Koen Vka

Sorption coefficient for ionised species Ko Vka

Enter source

Enter soil concentration

Soil concentration as mg/k pH value pH
40 mglkg Acid dissociation constant pKa
days

| Fraction of organic carbon in aquifer foc fraction

Half life for degradation of contaminant in water tiz 1.00E+10 ‘
Calculated decay rate % 6.93E-11 days”  calculated
Width of plume in aquifer at source Sz 1.60E+01 m  from Level 2
Plume thickness in aquifer at source Sy 5.40E+00 m  from Level 2

Soil water partition coefficient Kd 6.33E+06 I/kg

1.59E+00

Bulk density of aquifer materials

glem” [Average value for gravely sand (ConSim manaul)

Effective porosity of aquifer

fraction |Glacial deposits (Hiscock, 2005)

| Define dispersivity (click brown cell and use pull down list)

Hydraulic gradient

m/d  from Level 2

fraction from Level 2 (adjusted)

Dispersivities 10%, 1%, 0.1% of pathway length

Distance to compliance point

m  [Nominal 10m (river adjacent to site)

| Enter value

o
n
i
Hydraulic conductivity of saturated aquifer K
x
z
v
t

Environment

Calc value Xu & Eckstein

Distance (lateral) to compliance point perpendicular to flow direction m | | Longitudinal di ivi ax
Distance (depth) to compliance point perpendicular to flow direction m | | Transverse di: ivi az
Time since pollutant entered 1.00E+99 days time variant options only Vertical dispersivity ay
Parameters values determined from options Note values of dispersivity must be > 0
tion coefficient  Kd 6.33E+06 kg see options
Longitudinal dispersivity  ax m  see options Xu & Eckstein (1995) report ax = 0.83(log;ox)“"*; az = ax/10, ay = ax'100 are assumed
Transverse dispersivity  az m  see options
Vertical dispersivity ~ av m  see options
Parameter values should be checked against Level 1 and 2
Note
Calculated Parameters Variable This worksheet should be used if pollutant transport and
degradation is best described by a first order reaction. If
degradation is best desribed by an electron limited
Groundwater flow velocity v 209803 m/d d:gradanon such as oxidation yby 0,, NO;, SO etc than an
Retardation factor ~ Rf 2.52E+07 fraction "
) alternative solution should be used
Decayrateused % 6.93E-11 d
Hydraulic aradient used in aquifer flow down-aradient i 8.37E-02 fraction
e of contaminant flow due to retardation ~ u 8.32E-11 mid
Ratio of Compliance Point to Source Concentration  Ceo/Co 4.48E-03 fraction
Attenuation factor (Co/Ceo) ~ AF 223E+02  fraction
Calculated soil leachate concentration  Co 6.32E-06 mall
Remedial Targets
Level 3 Remedial Target 3.48E+00 mg/l |For comparison with measured pore water concentration.
Ogata Banks or This assumes Level 1 Remedial Target is based on Target Concentration
2.20E+07 mglkg |For with measured soil ion. This
Distance to compliance point 10 m assumes Level 1 Remedial Target calculated from soil-water

Ratio of Compliance Point to Source Concentration

partitioning equation.

Ceo/Co 4.48E-03 fraction Ogata Banks

Care should be used when calculating remedial targets using the time variant options as this may result in an overestimate of the remedial target.
The recommended value for time when calculating the remedial target is 9.9E+99

Remedial targets worksheet v3.1

Agency
1.0E+00 C: (relative) for
S0E01 distance-concentration graph
T soe0r
& 7oe01
§ eoeor Ogata Banks
E oeor From calculation sheet
H Relative
§ om0t Distance  concentration Concentration
2 30801 (No units) mgll
g 20801 0 1.0E+00 4.05E-06
% 1oe01 0.5 7.63E-01 3.09E-06
0.0E+00 + | 1.0 5.82E-01 2.36E-06
° 2 N ° 8 1 2 15 4.44E-01 1.80E-06
Distance (m) 20 3.39E-01 1.37E-06
25 2.59E-01 1.05E-06
Note: 'Relative concentration’ is the ratio of calculated concentation at a given 3.0 1.97E-01 8.00E-07
position compared to the source concentration. The calculations assume plume 35 1.51E-01 6.11E-07
disperses from the top of the aquifer. An alternative solution assuming the
comre of he plume s located at the mid-depth of the aquifer is preseg(ed in 40 1-15E-01 4.66E-07
the calculation shees. 45 8.77E-02 3.56E-07
5.0 6.69E-02 2.71E-07
5.5 5.11E-02 2.07E-07
6.0 3.90E-02 1.58E-07
6.5 2.97E-02 1.21E-07
7.0 2.27E-02 9.20E-08
7.5 1.73E-02 7.02E-08
8.0 1.32E-02 5.35E-08
8.5 1.01E-02 4.09E-08
9.0 7.69E-03 3.12E-08
9.5 5.87E-03 2.38E-08
10.0 4.48E-03 1.82E-08

This sheet calculates the Level 3 remedial target for soils(mg/kg) or for pore water (mg/l),
based on the distance to the receptor or compliance located down hydraulic gradient of the
source Three solution methods are included, the preferred option is Ogata Banks.By setting a
long travel time (e.g. 9E99) it will give the steady state solution, which should always be used
when calculating remedial targets.

The measured soil concentration as mglkg or pore water concentration should be compared
with the Level 3 remedial target to determine the need for further action.

Note if contaminant is not subiect to first order degradation, then set half life as 9.9E+99.

23/02/2018,09:32
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Hydrogeological risk assessment for land contamination

Remedial Targets Worksheet , Release 3.2

First released: 2006. Version 3.2: January 2013

This worksheet has been produced in combination with the document 'Remedial Targets Methodology: Hydrogeological risk assessment for land contamination (
Environment Agency 2006).

Users of this worksheet should always refer to the User Manual to the Remedial Targets Methodology and to relevant guidance on UK legislation and
policy, in order to understand how this procedure should be applied in an appropriate context.

© Environment Agency, 2006. (Produced by the Environment Agency's Science Group)

The calculation of equations in this worksheet has been independently checked by Entec (UK) Ltd on behalf of the Environment Agency.
All rights reserved. You will not modify, reverse compile or otherwise dis-assemble the worksheet.

Liability: The Environment Agency does not promise that the worksheet will provide any particular facilities or functions. You must ensure that the worksheet meets your needs and you remain solely
responsible for the competent use of the worksheet. You are entirely responsible for the consequences of any use of the worksheet and the Agency provides no warranty about the fitness for purpose or
performance of any part of the worksheet. We do not promise that the media will always be free from defects, computer viruses, software locks or other similar code or that the operation of the worksheet will
be uninterrupted or error free. You should carry out all necessary virus checks prior to installing on your computing system.

IMPORTANT: To enable MS Excel worksheet, click Tools, Add -Ins, Analysis Tool Pak and Analysis Tool Pak-VBA (to calculate error functions).

Details to be completed for each assessment

Site Name: Former Gas Works

Site Address: Gas Works Road, Reading

Completed by: AS

Date: 12-Feb-18 Version: 1

Contaminant Aromatics >EC5-EC7

Target Concentration (Cy) 0.01 mg/l Origin of C;: UKDWS for hydrocarbons

This worksheet can be used to determine remedial targets for soils (Worksheets Level 1 Soil, Level 2 and Level 3 Soil) or to determine remedial targets for groundwater (Level 3
Groundwater). For Level 3, parameter values must be entered separately dependent on whether the assessment is for soil or groundwater. For soil, remedial targets are
calculated as either mg/kg (for comparision with soil measurements) or mg/l (for comparison with leaching tests or pore water concentrations).

Site details entered on this page are automatically copied to Level 1, 2 and 3 Worksheets.

Worksheet options are identified by brown background and employ a pull-down menus. Data entry are identified as blue background.

Data origin / justification should be noted in cells coloured yellow and fully documented in subsequent reports.

Data carried forward from an earlier worksheet are identified by a light green background

It is recommended that a copy of the original worksheet is saved (all data fields in the original copy are blank).

The spreadsheet also includes a porosity calculation worksheet, a soil impact calculation worksheet and a worksheet that performs some simple hydrogeological
calculations.

23/02/2018, 09:33
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Remedial Targets Worksheet , Release 3.2

Level 1 - Soil

Environment
W Agency

Select the method of calculating the soil water
Partition Co-efficient by using the pull down menu

below

Calculate for non-polar organic chemicals

Source of parameter value

Calculated using porosity calculator

Calculated using porosity calculator

From Atkins (2013), representative value to gravelly

LQM/CIEH (2015)

From 2017 Sl (average of made ground values)

LQM/CIEH (2015)

Contaminant Aromatics >EC5-EC7
Target concentration Cr 0.01 mgll
Input Parameters Variable Value Unit
Standard entry
Water filled soil porosity Ow 3.82E-01  |fraction
Air filled soil porosity 0a 4.65E-02  |fraction
Bulk density of soil zone material p 9.40E-01  |g/cm®
Henry's Law constant H 1.16E-01  [dimensionless
Entry if specify partition coefficient (option)
Soil water partition coefficient Kd _I/kg
Entry for non-polar organic chemicals (option)
Fraction of organic carbon (in soil) foc 1.10E-02__[fraction
Organic carbon partition coefficient Koc 6.76E+01 _ [I/kg
Entry for ionic organic chemicals (option)
Sorption coefficient for neutral species Kocn IIkg
Sorption coefficient for ionised species Ko, IIkg
pH value pH pH units
Acid dissociation constant pKa
Fraction of organic carbon (in soil) foc fraction
Soil water partition coefficient used in Level Assessment Kd 7.44E-01 I’kg
Level 1 Remedial Target
Level 1 Remedial Target 1.16E-02 mg/kg
or
0.01 mgl/l

Remedial targets worksheet v3.1

Calculated value

(for comparison with soil analyses)

(for comparison with leachate test results)

This sheet calculates the Level 1 remedial target for soils(mg/kg) based on a
selected target concentration and theoretical calculation of soil water partitioning.
Three options are included for determining the partition coefficient.

The measured soil concentration as mg/kg should be compared with the Level 1
remedial target to determine the need for further action.

23/02/2018, 09:33
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Remedial Targets Worksheet , Release 3.2 Environment
. Agenc
Level 2 - Soil AW AZENcy
Contaminant [Aromatics >EC5-EC7 ]from Level 1 This sheet calculates the Level 2 remedial target for soils (mg/kg) or for pore water (mg/l).
Target concentration Cr 0.01 mg/l  from Level 1
The measured soil concentration as mg/kg or pore water concentration should be compared with the Level 2 remedial target
to determine the need for further action. Equations presented in 'Hydrogeological risk assessment for land contamiantion’
(Environment Agency 2006)
Input Parameters Variable Value Unit  Source of parameter value
Standard entry
Infiltration Inf 1.00E-04 m/d Calculated infilltration
Area of contaminant source A 4.64E+02 m? m) and length (29m) from Atkins (2013) (measured fr¢Not used in calculation
Entry for groundwater flow below site
Length of contaminant source in direction of groundwater flow L 2.90E+01 m te length (measured from site plan) in direction of gr
Saturated aquifer thickness da 5.40E+00 m hess of Alluvium and Sand and Gravel and average g
Hydraulic Conductivity of aquifer in which dilution occurs K 1.00E-02 m/d  tin 2012 indicate 2.76E-04m/d (Atkins, 2013) but san
Hydraulic gradient of water table i 3.00E-02 fraction From 12/12/2017 monitoring round
Width of contaminant source perpendicular to groundwater flow w 1.60E+01 m width (16m) from Atkins (2013) (measured from site p|Not used in calculation
Background concentration of contaminant in groundwater beneath site Cu 0.00E+00 mg/l
Define mixing zone depth by specifying or calculating depth (using pull down list) Specify
Enter mixing zone thickness Mz 5.40E+00 m Assumed equal to saturated aquifer thickness
Calculated mixing zone thickness Mz m
Calculated Parameters
Dilution Factor DF 1.56E+00
Level 2 Remedial Target 1.56E-02 mg/l |For comparison with measured pore water concentration. This assumes Level 1 Remedial Target is based on Target Concentra
or
1.80E-02 mg/kg |For comparison with measured soil concentration. This assumes Level 1
Remedial Target calculated from soil-water
Additional option
Calculation of impact on receptor
Concentration of contaminant in contaminated discharge (entering receptor) Cc 0.00E+00 mg/l |
Calculated concentration within receptor (dilution only) 0.00E+00 mg/l 0

Remedial targets worksheet v3.1
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Remedial Targets Worksheet , Release 3.2

Level 3 - Soil See Note
Input Parameters Variable Value Unit  Source
c Aromatics >EC5-EC7 from Level 1
Target C i c | 0.01 [ man from Level 1
Dilution Factor ~ DF 1.56E+00 from Level 2
Select analytical solution (click on brown cell below, then on pull-down menu)
Ogata Banks Equations in HRA

Select nature of decay rate (click on brown cell below, then on pull-down menu)

Enter method of defining partition co-efficient (using pull down list)
Calculate for non:

Entry if specify partition coefficient (option)
Soil water partition coefficient

[

Entry for non-polar organic chemicals (option)

Approach for simulating degradation of pollutants:

Variable Value Unit__Source of parameter value

degradation rate to pollutants in all phases (e.t

Fraction of organic carbon in aquifer foc fraction

Organic carbon partition coefficient Koc ]
field derived value, I Entry for ionic organic chemicals (option)

Sorption coefficient for related species Koen Vka

Sorption coefficient for ionised species Ko Vka

Enter source

Enter soil concentration

Soil concentration as mg/k pH value pH
0.002 mglkg Acid dissociation constant pKa
days

| Fraction of organic carbon in aquifer foc fraction

Half life for degradation of contaminant in water tiz 7.20E+02 ‘
Calculated decay rate % 9.63E-04 days”  calculated
Width of plume in aquifer at source Sz 1.60E+01 m  from Level 2
Plume thickness in aquifer at source Sy 5.40E+00 m  from Level 2

Soil water partition coefficient Kd 7.44E-01 I’kg

1.59E+00

Bulk density of aquifer materials

glem” [Average value for gravely sand (ConSim manaul)

Effective porosity of aquifer

fraction |Glacial deposits (Hiscock, 2005)

| Define dispersivity (click brown cell and use pull down list)

Hydraulic gradient

m/d  from Level 2

fraction from Level 2 (adjusted)

Dispersivities 10%, 1%, 0.1% of pathway length

Distance to compliance point

m  [Nominal 10m (river adjacent to site)

| Enter value

o
n
i
Hydraulic conductivity of saturated aquifer K
x
z
v
t

Environment
Agency

Calc value Xu & Eckstein

Distance (lateral) to compliance point perpendicular to flow direction m | | Longitudinal di ivi ax
Distance (depth) to compliance point perpendicular to flow direction m | | Transverse di: ivi az
Time since pollutant entered 1.00E+99 days time variant options only Vertical dispersivity ay
Parameters values determined from options Note values of dispersivity must be > 0
tion coefficient  Kd 7.44E-01 kg see options
Longitudinal dispersivity  ax 1.000 m  see options Xu & Eckstein (1995) report ax = 0.83(log;ox)“"*; az = ax/10, ay = ax'100 are assumed
Transverse dispersivity  az 0.100 m  see options
Vertical dispersivity ~ av 0.010 m  see options
Parameter values should be checked against Level 1 and 2
Note
Calculated Parameters Variable This worksheet should be used if pollutant transport and
degradation is best described by a first order reaction. If
degradation is best desribed by an electron limited
Groundwater flow velocity v 209803 m/d d:gradanon such as oxidation yby 0,, NO;, SO etc than an
Retardation factor ~ Rf 3.96E+00 fraction "
" alternative solution should be used
Decayrateused % 9.63E-04 d
Hydraulic aradient used in aquifer flow down-aradient i 8.37E-02 fraction
e of contaminant flow due to retardation ~ u 5.29E-04 mid
Ratio of Compliance Point to Source Concentration  Ceo/Co 8.38E-05 fraction
Attenuation factor (Co/Ceo) ~ AF 1.19E+04  fraction
Calculated soil leachate concentration  Co 1.73-03 mall
Remedial Targets
Level 3 Remedial Target 1.86E+02 mg/l |For comparison with measured pore water concentration.
Ogata Banks or This assumes Level 1 Remedial Target is based on Target Concentration
2.15E+02 mglkg |For with measured soil ion. This

Distance to compliance point

Ratio of Compliance Point to Source Concentration

10 m assumes Level 1 Remedial Target calculated from soil-water
partitioning equation.

Ceo/Co 8.38E-05 fraction Ogata Banks

Care should be used when calculating remedial targets using the time variant options as this may result in an overestimate of the remedial target.
The recommended value for time when calculating the remedial target is 9.9E+99

Remedial targets worksheet v3.1

1.0E+00 C: (relative) for
S0E01 distance-concentration graph
T soe0r
2 7os01
§ eoeor Ogata Banks
E oeor From calculation sheet
H Relative
§ om0t Distance  concentration Concentration
2 30801 (No units) mgll
g 20801 0 1.0E+00 1.11E-03
% 1oe01 0.5 6.25E-01 6.95E-04
0.0E+00 + | 1.0 3.91E-01 4.34E-04
° 2 N ° 8 1 2 15 2.45E-01 2.72E-04
Distance (m) 20 1.53E-01 1.70E-04
25 9.57E-02 1.06E-04
Note: 'Relative concentration’ is the ratio of calculated concentation at a given 3.0 5.98E-02 6.64E-05
position compared to the source concentration. The calculations assume plume 35 3.74E-02 416E-05
disperses from the top of the aquifer. An alternative solution assuming the
comre of he plume s located at the mid-depth of the aquifer is preseg(ed in 40 23402 2.60E-05
the calculation shees. 45 1.46E-02 1.63E-05
5.0 9.15E-03 1.02E-05
5.5 5.72E-03 6.36E-06
6.0 3.58E-03 3.98E-06
6.5 2.24E-03 2.49E-06
7.0 1.40E-03 1.55E-06
7.5 8.75E-04 9.72E-07
8.0 5.48E-04 6.08E-07
8.5 3.42E-04 3.80E-07
9.0 2.14E-04 2.38E-07
9.5 1.34E-04 1.49E-07
10.0 8.38E-05 9.30E-08

This sheet calculates the Level 3 remedial target for soils(mg/kg) or for pore water (mg/l),
based on the distance to the receptor or compliance located down hydraulic gradient of the
source Three solution methods are included, the preferred option is Ogata Banks.By setting a
long travel time (e.g. 9E99) it will give the steady state solution, which should always be used
when calculating remedial targets.

The measured soil concentration as mglkg or pore water concentration should be compared
with the Level 3 remedial target to determine the need for further action.

Note if contaminant is not subiect to first order degradation, then set half life as 9.9E+99.
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Hydrogeological risk assessment for land contamination

Remedial Targets Worksheet , Release 3.2

First released: 2006. Version 3.2: January 2013

This worksheet has been produced in combination with the document 'Remedial Targets Methodology: Hydrogeological risk assessment for land contamination (
Environment Agency 2006).

Users of this worksheet should always refer to the User Manual to the Remedial Targets Methodology and to relevant guidance on UK legislation and
policy, in order to understand how this procedure should be applied in an appropriate context.

© Environment Agency, 2006. (Produced by the Environment Agency's Science Group)

The calculation of equations in this worksheet has been independently checked by Entec (UK) Ltd on behalf of the Environment Agency.
All rights reserved. You will not modify, reverse compile or otherwise dis-assemble the worksheet.

Liability: The Environment Agency does not promise that the worksheet will provide any particular facilities or functions. You must ensure that the worksheet meets your needs and you remain solely
responsible for the competent use of the worksheet. You are entirely responsible for the consequences of any use of the worksheet and the Agency provides no warranty about the fitness for purpose or
performance of any part of the worksheet. We do not promise that the media will always be free from defects, computer viruses, software locks or other similar code or that the operation of the worksheet will
be uninterrupted or error free. You should carry out all necessary virus checks prior to installing on your computing system.

IMPORTANT: To enable MS Excel worksheet, click Tools, Add -Ins, Analysis Tool Pak and Analysis Tool Pak-VBA (to calculate error functions).

Details to be completed for each assessment

Site Name: Former Gas Works

Site Address: Gas Works Road, Reading

Completed by: AS

Date: 12-Feb-18 Version: 1

Contaminant Aromatics >EC7-EC8

Target Concentration (Cy) 0.01 mg/l Origin of C;: UKDWS for hydrocarbons

This worksheet can be used to determine remedial targets for soils (Worksheets Level 1 Soil, Level 2 and Level 3 Soil) or to determine remedial targets for groundwater (Level 3
Groundwater). For Level 3, parameter values must be entered separately dependent on whether the assessment is for soil or groundwater. For soil, remedial targets are
calculated as either mg/kg (for comparision with soil measurements) or mg/l (for comparison with leaching tests or pore water concentrations).

Site details entered on this page are automatically copied to Level 1, 2 and 3 Worksheets.

Worksheet options are identified by brown background and employ a pull-down menus. Data entry are identified as blue background.

Data origin / justification should be noted in cells coloured yellow and fully documented in subsequent reports.

Data carried forward from an earlier worksheet are identified by a light green background

It is recommended that a copy of the original worksheet is saved (all data fields in the original copy are blank).

The spreadsheet also includes a porosity calculation worksheet, a soil impact calculation worksheet and a worksheet that performs some simple hydrogeological
calculations.

23/02/2018, 09:34
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Remedial Targets Worksheet , Release 3.2

Level 1 - Soil

Environment
W Agency

Select the method of calculating the soil water
Partition Co-efficient by using the pull down menu

below

Calculate for non-polar organic chemicals

Source of parameter value

Calculated using porosity calculator

Calculated using porosity calculator

From Atkins (2013), representative value to gravelly

LQM/CIEH (2015)

From 2017 Sl (average of made ground values)

LQM/CIEH (2015)

Contaminant Aromatics >EC7-EC8
Target concentration Cr 0.01 mgll
Input Parameters Variable Value Unit
Standard entry
Water filled soil porosity Ow 3.82E-01  |fraction
Air filled soil porosity 0a 4.65E-02  |fraction
Bulk density of soil zone material p 9.40E-01  |g/cm®
Henry's Law constant H 1.15E-01  [dimensionless
Entry if specify partition coefficient (option)
Soil water partition coefficient Kd _I/kg
Entry for non-polar organic chemicals (option)
Fraction of organic carbon (in soil) foc 1.10E-02__[fraction
Organic carbon partition coefficient Koc 2.04E+02  (I/kg
Entry for ionic organic chemicals (option)
Sorption coefficient for neutral species Kocn IIkg
Sorption coefficient for ionised species Ko, IIkg
pH value pH pH units
Acid dissociation constant pKa
Fraction of organic carbon (in soil) foc fraction
Soil water partition coefficient used in Level Assessment Kd 2.25E+00 I’kg
Level 1 Remedial Target
Level 1 Remedial Target 2.66E-02 mg/kg
or
0.01 mgl/l

Remedial targets worksheet v3.1

Calculated value

(for comparison with soil analyses)

(for comparison with leachate test results)

This sheet calculates the Level 1 remedial target for soils(mg/kg) based on a
selected target concentration and theoretical calculation of soil water partitioning.
Three options are included for determining the partition coefficient.

The measured soil concentration as mg/kg should be compared with the Level 1
remedial target to determine the need for further action.

23/02/2018, 09:34
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Remedial Targets Worksheet , Release 3.2 Environment
. Agenc
Level 2 - Soil AW AZENcy
Contaminant [Aromatics >EC7-EC8 ]from Level 1 This sheet calculates the Level 2 remedial target for soils (mg/kg) or for pore water (mg/l).
Target concentration Cr 0.01 mg/l  from Level 1
The measured soil concentration as mg/kg or pore water concentration should be compared with the Level 2 remedial target
to determine the need for further action. Equations presented in 'Hydrogeological risk assessment for land contamiantion’
(Environment Agency 2006)
Input Parameters Variable Value Unit  Source of parameter value
Standard entry
Infiltration Inf 1.00E-04 m/d Calculated infiltration
Area of contaminant source A 4.64E+02 m? m) and length (29m) from Atkins (2013) (measured fr¢Not used in calculation
Entry for groundwater flow below site
Length of contaminant source in direction of groundwater flow L 2.90E+01 m te length (measured from site plan) in direction of gr
Saturated aquifer thickness da 5.40E+00 m hess of Alluvium and Sand and Gravel and average g
Hydraulic Conductivity of aquifer in which dilution occurs K 1.00E-02 m/d  tin 2012 indicate 2.76E-04m/d (Atkins, 2013) but san
Hydraulic gradient of water table i 3.00E-02 fraction From 12/12/2017 monitoring round
Width of contaminant source perpendicular to groundwater flow w 1.60E+01 m width (16m) from Atkins (2013) (measured from site p|Not used in calculation
Background concentration of contaminant in groundwater beneath site Cu 0.00E+00 mg/l
Define mixing zone depth by specifying or calculating depth (using pull down list) Specify
Enter mixing zone thickness Mz 5.40E+00 m Assumed equal to saturated aquifer thickness
Calculated mixing zone thickness Mz m
Calculated Parameters
Dilution Factor DF 1.56E+00
Level 2 Remedial Target 1.56E-02 mg/l |For comparison with measured pore water concentration. This assumes Level 1 Remedial Target is based on Target Concentra
or
4.14E-02 mg/kg |For comparison with measured soil concentration. This assumes Level 1
Remedial Target calculated from soil-water
Additional option
Calculation of impact on receptor
Concentration of contaminant in contaminated discharge (entering receptor) Cc 0.00E+00 mg/l |
Calculated concentration within receptor (dilution only) 0.00E+00 mg/l 0

Remedial targets worksheet v3.1

23/02/2018,09:34
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Remedial Targets Worksheet , Release 3.2

Level 3 - Soil See Note
Input Parameters Variable Value Unit  Source
c Aromatics >EC7-EC8 from Level 1
Target C i c | 0.01 [ man from Level 1
Dilution Factor ~ DF 1.56E+00 from Level 2
Select analytical solution (click on brown cell below, then on pull-down menu)
Ogata Banks Equations in HRA

Select nature of decay rate (click on brown cell below, then on pull-down menu)

Enter method of defining partition co-efficient (using pull down list)
Calculate for non:

Entry if specify partition coefficient (option)
Soil water partition coefficient

[

Entry for non-polar organic chemicals (option)

Approach for simulating degradation of pollutants:

Variable Value Unit__Source of parameter value

degradation rate to pollutants in all phases (e.t

Fraction of organic carbon in aquifer foc fraction

Organic carbon partition coefficient Koc ]
field derived value, I Entry for ionic organic chemicals (option)

Sorption coefficient for related species Koen Vka

Sorption coefficient for ionised species Ko Vka

Enter source

Enter soil concentration

Soil concentration as mg/k pH value pH
0.001 mglkg Acid dissociation constant pKa
days

| Fraction of organic carbon in aquifer foc fraction

Half life for degradation of contaminant in water tiz 2.80E+01 ‘
Calculated decay rate % 2.48E-02 days”  calculated
Width of plume in aquifer at source Sz 1.60E+01 m  from Level 2
Plume thickness in aquifer at source Sy 5.40E+00 m  from Level 2

Soil water partition coefficient Kd 2.25E+00 I/kg

1.59E+00

Bulk density of aquifer materials

glem” [Average value for gravely sand (ConSim manaul)

Effective porosity of aquifer

fraction |Glacial deposits (Hiscock, 2005)

| Define dispersivity (click brown cell and use pull down list)

Hydraulic gradient

m/d  from Level 2

fraction from Level 2 (adjusted)

Dispersivities 10%, 1%, 0.1% of pathway length

Distance to compliance point

m  [Nominal 10m (river adjacent to site)

| Enter value

o
n
i
Hydraulic conductivity of saturated aquifer K
x
z
v
t

Environment

Calc value Xu & Eckstein

Distance (lateral) to compliance point perpendicular to flow direction m | | Longitudinal di ivi ax
Distance (depth) to compliance point perpendicular to flow direction m | | Transverse di: ivi az
Time since pollutant entered 1.00E+99 days time variant options only Vertical dispersivity ay
Parameters values determined from options Note values of dispersivity must be > 0
tion coefficient  Kd 2.25E+00 kg see options
Longitudinal dispersivity  ax m  see options Xu & Eckstein (1995) report ax = 0.83(log;ox)“"*; az = ax/10, ay = ax'100 are assumed
Transverse dispersivity  az m  see options
Vertical dispersivity ~ av m  see options
Parameter values should be checked against Level 1 and 2
Note
Calculated Parameters Variable This worksheet should be used if pollutant transport and
degradation is best described by a first order reaction. If
degradation is best desribed by an electron limited
Groundwater flow velocity v 209803 m/d d:gradanon such as oxidation yby 0,, NO;, SO etc than an
Retardation factor ~ Rf 9.93E+00 fraction "
) alternative solution should be used
Decayrateused % 2.48E-02 d
Hydraulic aradient used in aquifer flow down-aradient i 8.37E-02 fraction
e of contaminant flow due to retardation ~ u 2.11E-04 mid
Ratio of Compliance Point to Source Concentration  Ceo/Co 1.14E-45 fraction
Attenuation factor (Co/Ceo) ~ AF 8.78E+44 fraction
Calculated soil leachate concentration  Co 3.76E-04 mall
Remedial Targets
Level 3 Remedial Target 1.37E+43 mg/l |For comparison with measured pore water concentration.
Ogata Banks or This assumes Level 1 Remedial Target is based on Target Concentration
3.64E+43 mglkg |For with measured soil ion. This
Distance to compliance point 10 m assumes Level 1 Remedial Target calculated from soil-water

Ratio of Compliance Point to Source Concentration

partitioning equation.

Ceo/Co 1.14E-45 fraction Ogata Banks

Care should be used when calculating remedial targets using the time variant options as this may result in an overestimate of the remedial target.
The recommended value for time when calculating the remedial target is 9.9E+99

Remedial targets worksheet v3.1

Agency
1.0E+00 C: (relative) for
S0E01 distance-concentration graph
T soe0r
& 7oe01
§ eoeor Ogata Banks
E oeor From calculation sheet
H Relative
§ om0t Distance  concentration Concentration
2 30801 (No units) mgll
g 20801 0 1.0E+00 2.41E-04
% 1oe01 0.5 5.66E-03 1.37E-06
0.0E+00 + | 1.0 3.20E-05 7.73E-09
° 2 N ° 8 1 2 15 1.81E-07 4.38E-11
Distance (m) 20 1.03E-09 2.48E-13
25 5.81E-12 1.40E-15
Note: 'Relative concentration’ is the ratio of calculated concentation at a given 3.0 3.29E-14 7.94E-18
position compared to the source concentration. The calculations assume plume 35 1.86E-16 4.49E-20
disperses from the top of the aquifer. An alternative solution assuming the
comre of he plume s located at the mid-depth of the aquifer is preseg(ed in 40 1.05E-18 254822
the calculation shees. 45 5.96E-21 144824
5.0 3.38E-23 8.15E-27
5.5 1.91E-25 461E-29
6.0 1.08E-27 2.61E-31
6.5 6.12E-30 1.48E-33
7.0 3.46E-32 8.36E-36
7.5 1.96E-34 4.73E-38
8.0 1.11E-36 2.68E-40
8.5 6.28E-39 1.52E-42
9.0 3.56E-41 8.59E-45
9.5 2.01E-43 4.86E-47
10.0 1.14E-45 2.75E-49

This sheet calculates the Level 3 remedial target for soils(mg/kg) or for pore water (mg/l),
based on the distance to the receptor or compliance located down hydraulic gradient of the
source Three solution methods are included, the preferred option is Ogata Banks.By setting a
long travel time (e.g. 9E99) it will give the steady state solution, which should always be used
when calculating remedial targets.

The measured soil concentration as mglkg or pore water concentration should be compared
with the Level 3 remedial target to determine the need for further action.

Note if contaminant is not subiect to first order degradation, then set half life as 9.9E+99.
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Hydrogeological risk assessment for land contamination

Remedial Targets Worksheet , Release 3.2

First released: 2006. Version 3.2: January 2013

This worksheet has been produced in combination with the document 'Remedial Targets Methodology: Hydrogeological risk assessment for land contamination (
Environment Agency 2006).

Users of this worksheet should always refer to the User Manual to the Remedial Targets Methodology and to relevant guidance on UK legislation and
policy, in order to understand how this procedure should be applied in an appropriate context.

© Environment Agency, 2006. (Produced by the Environment Agency's Science Group)

The calculation of equations in this worksheet has been independently checked by Entec (UK) Ltd on behalf of the Environment Agency.
All rights reserved. You will not modify, reverse compile or otherwise dis-assemble the worksheet.

Liability: The Environment Agency does not promise that the worksheet will provide any particular facilities or functions. You must ensure that the worksheet meets your needs and you remain solely
responsible for the competent use of the worksheet. You are entirely responsible for the consequences of any use of the worksheet and the Agency provides no warranty about the fitness for purpose or
performance of any part of the worksheet. We do not promise that the media will always be free from defects, computer viruses, software locks or other similar code or that the operation of the worksheet will
be uninterrupted or error free. You should carry out all necessary virus checks prior to installing on your computing system.

IMPORTANT: To enable MS Excel worksheet, click Tools, Add -Ins, Analysis Tool Pak and Analysis Tool Pak-VBA (to calculate error functions).

Details to be completed for each assessment

Site Name: Former Gas Works

Site Address: Gas Works Road, Reading

Completed by: AS

Date: 12-Feb-18 Version: 1

Contaminant Aromatics >EC8-EC10

Target Concentration (Cy) 0.01 mg/l Origin of C;: UKDWS for hydrocarbons

This worksheet can be used to determine remedial targets for soils (Worksheets Level 1 Soil, Level 2 and Level 3 Soil) or to determine remedial targets for groundwater (Level 3
Groundwater). For Level 3, parameter values must be entered separately dependent on whether the assessment is for soil or groundwater. For soil, remedial targets are
calculated as either mg/kg (for comparision with soil measurements) or mg/l (for comparison with leaching tests or pore water concentrations).

Site details entered on this page are automatically copied to Level 1, 2 and 3 Worksheets.

Worksheet options are identified by brown background and employ a pull-down menus. Data entry are identified as blue background.

Data origin / justification should be noted in cells coloured yellow and fully documented in subsequent reports.

Data carried forward from an earlier worksheet are identified by a light green background

It is recommended that a copy of the original worksheet is saved (all data fields in the original copy are blank).

The spreadsheet also includes a porosity calculation worksheet, a soil impact calculation worksheet and a worksheet that performs some simple hydrogeological
calculations.

23/02/2018, 09:35
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Remedial Targets Worksheet , Release 3.2

Level 1 - Soil

Environment
W Agency

Select the method of calculating the soil water
Partition Co-efficient by using the pull down menu

below

Calculate for non-polar organic chemicals

Source of parameter value

Calculated using porosity calculator

Calculated using porosity calculator

From Atkins (2013), representative value to gravelly

LQM/CIEH (2015)

From 2017 Sl (average of made ground values)

LQM/CIEH (2015)

Contaminant Aromatics >EC8-EC10
Target concentration Cr 0.01 mgll
Input Parameters Variable Value Unit
Standard entry
Water filled soil porosity Ow 3.82E-01  |fraction
Air filled soil porosity 0a 4.65E-02  |fraction
Bulk density of soil zone material p 9.40E-01  |g/cm®
Henry's Law constant H 2.53E-01 |dimensionless
Entry if specify partition coefficient (option)
Soil water partition coefficient Kd _I/kg
Entry for non-polar organic chemicals (option)
Fraction of organic carbon (in soil) foc 1.10E-02__[fraction
Organic carbon partition coefficient Koc 1.58E+03 _|I’kg
Entry for ionic organic chemicals (option)
Sorption coefficient for neutral species Kocn IIkg
Sorption coefficient for ionised species Ko, IIkg
pH value pH pH units
Acid dissociation constant pKa
Fraction of organic carbon (in soil) foc fraction
Soil water partition coefficient used in Level Assessment Kd 1.74E+01 I’kg
Level 1 Remedial Target
Level 1 Remedial Target 1.79E-01 mg/kg
or
0.01 mgl/l

Remedial targets worksheet v3.1

Calculated value

(for comparison with soil analyses)

(for comparison with leachate test results)

This sheet calculates the Level 1 remedial target for soils(mg/kg) based on a
selected target concentration and theoretical calculation of soil water partitioning.
Three options are included for determining the partition coefficient.

The measured soil concentration as mg/kg should be compared with the Level 1
remedial target to determine the need for further action.

23/02/2018, 09:35
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Remedial Targets Worksheet , Release 3.2 Environment
. Agenc
Level 2 - Soil AW Agency
Contaminant [Aromatics >EC8-EC10 ]from Level 1 This sheet calculates the Level 2 remedial target for soils (mg/kg) or for pore water (mg/l).
Target concentration Cr 0.01 mg/l  from Level 1

The measured soil concentration as mg/kg or pore water concentration should be compared with the Level 2 remedial target
to determine the need for further action. Equations presented in 'Hydrogeological risk assessment for land contamiantion’
(Environment Agency 2006)

Input Parameters Variable Value Unit  Source of parameter value
Standard entry
Infiltration Inf 1.00E-04 m/d Calculated infiltration
Area of contaminant source A 4.64E+02 m? m) and length (29m) from Atkins (2013) (measured fr¢Not used in calculation
Entry for groundwater flow below site
Length of contaminant source in direction of groundwater flow L 2.90E+01 m te length (measured from site plan) in direction of gr
Saturated aquifer thickness da 5.40E+00 m hess of Alluvium and Sand and Gravel and average g
Hydraulic Conductivity of aquifer in which dilution occurs K 1.00E-02 m/d  tin 2012 indicate 2.76E-04m/d (Atkins, 2013) but san
Hydraulic gradient of water table i 3.00E-02 fraction From 12/12/2017 monitoring round
Width of contaminant source perpendicular to groundwater flow w 1.60E+01 m width (16m) from Atkins (2013) (measured from site p|Not used in calculation
Background concentration of contaminant in groundwater beneath site Cu 0.00E+00 mg/l
Define mixing zone depth by specifying or calculating depth (using pull down list) Specify
Enter mixing zone thickness Mz 5.40E+00 m Assumed equal to saturated aquifer thickness
Calculated mixing zone thickness Mz m

Calculated Parameters

Dilution Factor DF 1.56E+00
Level 2 Remedial Target 1.56E-02 mg/l |For comparison with measured pore water concentration. This assumes Level 1 Remedial Target is based on Target Concentra
or
2.78E-01 mg/kg |For comparison with measured soil concentration. This assumes Level 1

Remedial Target calculated from soil-water

Additional option
Calculation of impact on receptor

Concentration of contaminant in contaminated discharge (entering receptor) Cc 0.00E+00 mg/l |

Calculated concentration within receptor (dilution only) 0.00E+00 mg/l 0

Remedial targets worksheet v3.1 23/02/2018,09:35
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Remedial Targets Worksheet , Release 3.2

Level 3 - Soil See Note
Input Parameters Variable Value Unit  Source
c Aromatics >EC8-EC10 from Level 1
Target C i c | 0.01 [ man from Level 1
Dilution Factor ~ DF 1.56E+00 from Level 2

Select analytical solution (click on brown cell below, then on pull-down menu)

Enter method of defining partition co-efficient (using pull down list)
Calculate for non:

Entry if specify partition coefficient (option)
Soil water partition coefficient ki |

Entry for non-polar organic chemicals (option)

Ogata Banks Equations in HRA
Fraction of organic carbon in aquifer foc fraction
Select nature of decay rate (click on brown cell below, then on pull-down menu) Organic carbon partition coefficient Koc ]
Approach for simulating degradation of pollutants: ly degradation rate to pollutants in all phases (e.g. field derived value, 1§ Entry for ionic organic chemicals (option)
Sorption coefficient for related species Koen Ika
Variable Value Unit __Source of parameter value Sorption coefficient for ionised species Ko Ika

Enter source [ Soil concentration as mg/k pH value pH
Enter soil concentration 0.037857143 mg/kg Acid dissociation constant pKa
days

Half life for degradation of contaminant in water  ti2 3.60E+02 [ | Fraction of organic carbon in aquifer foc fraction
Calculated decay rate s 1.93E-03 days1 calculated
Width of plume in aquifer at source Sz 1.60E+01 m from Level 2 Soil water partition coefficient Kd 1.74E401 kg
Plume thickness in aquifer at source Sy 5.40E+00 m from Level 2
Bulk density of aquifer materials 1.59E+00 glem” [Average value for gravely sand (ConSim manaul)

Effective porosity of aquifer

fraction |Glacial deposits (Hiscock, 2005)

| Define dispersivity (click brown cell and use pull down list)

Hydraulic gradient

m/d  from Level 2

fraction from Level 2 (adjusted)

Dispersivities 10%, 1%, 0.1% of pathway length

Distance to compliance point

m  [Nominal 10m (river adjacent to site)

| Enter value  Calc value Xu & Eckstein

o
n
i
Hydraulic conductivity of saturated aquifer K
x
z
v
t

Distance (lateral) to compliance point perpendicular to flow direction m | | Longitudinal di ivi ax
Distance (depth) to compliance point perpendicular to flow direction m | | Transverse di: ivi az
Time since pollutant entered 1.00E+99 days time variant options only Vertical dispersivity ay
Parameters values determined from options Note values of dispersivity must be > 0
tion coefficient  Kd 1.74E+01 kg see options
Longitudinal dispersivity  ax 1.000 m  see options Xu & Eckstein (1995) report ax = 0.83(log;ox)“"*; az = ax/10, ay = ax'100 are assumed
Transverse dispersivity  az 0.100 m  see options
Vertical dispersivity ~ av 0.010 m  see options
Parameter values should be checked against Level 1 and 2
Note
Calculated Parameters Variable This worksheet should be used if pollutant transport and
degradation is best described by a first order reaction. If
degradation is best desribed by an electron limited
Groundwater flow velocity v 209803 m/d d:gradanon such as oxidation yby 0,, NO;, SO etc than an
Retardation factor ~ Rf 7.03E+01 fraction "
) alternative solution should be used
Decayrateused % 1.93€-03 d
Hydraulic aradient used in aquifer flow down-aradient i 8.37E-02 fraction
e of contaminant flow due to retardation U 2.98E-05 mid
Ratio of Compliance Point to Source Concentration  Ceo/Co 1.50E-33 fraction
Attenuation factor (Co/Ceo) ~ AF 6.67E+32 fraction
Calculated soil leachate concentration  Co 2.12E-03 mall
Remedial Targets
Level 3 Remedial Target 1.04E+31 mg/l |For comparison with measured pore water concentration.
Ogata Banks or This assumes Level 1 Remedial Target is based on Target Concentration
1.86E+32 mglkg |For ion. This
Distance to compliance point 10 m assumes Level 1 Remedial Target calculated from soil-water

partitioning equation.
Ratio of Compliance Point to Source Concentration Cgp/Cy 1.50E-33 fraction Ogata Banks

Care should be used when calculating remedial targets using the time variant options as this may result in an overestimate of the remedial target.

The recommended value for time when calculating the remedial target is 9.9E+99

Remedial targets worksheet v3.1

Environment

Agency
1.0E+00 C: (relative) for
S0E01 distance-concentration graph
T soe0r
& 7oe01
§ eoeor Ogata Banks
E oeor From calculation sheet
H Relative
§ om0t Distance  concentration Concentration
2 30801 (No units) mgll
g 20801 0 1.0E+00 1.36E-03
% 1oe01 0.5 2.28E-02 3.11E-05
0.0E+00 + | 1.0 5.22E-04 7.10E-07
° 2 N ° 8 1 2 15 1.19E-05 1.62E-08
Distance (m) 20 2.72E-07 3.71E-10
25 6.22E-09 8.46E-12
Note: 'Relative concentration’ is the ratio of calculated concentation at a given 3.0 1.42E-10 1.93E-13
position compared to the source concentration. The calculations assume plume 35 3.25E-12 4.42E15
disperses from the top of the aquifer. An alternative solution assuming the
comre of he plume s located at the mid-depth of the aquifer is preseg(ed in 40 7.426-14 101E16
the calculation shees. 45 1.69E-15 231E-18
5.0 3.87E-17 5.27E-20
5.5 8.84E-19 1.20E-21
6.0 2.02E-20 2.75E-23
6.5 4.61E-22 6.28E-25
7.0 1.05E-23 1.43E-26
7.5 2.41E-25 3.28E-28
8.0 5.50E-27 7.48E-30
8.5 1.26E-28 171E31
9.0 2.87E-30 3.91E-33
9.5 6.56E-32 8.92E-35
10.0 1.50E-33 2.04E-36

This sheet calculates the Level 3 remedial target for soils(mg/kg) or for pore water (mg/l),
based on the distance to the receptor or compliance located down hydraulic gradient of the
source Three solution methods are included, the preferred option is Ogata Banks.By setting a
long travel time (e.g. 9E99) it will give the steady state solution, which should always be used
when calculating remedial targets.

The measured soil concentration as mglkg or pore water concentration should be compared
with the Level 3 remedial target to determine the need for further action.

Note if contaminant is not subiect to first order degradation, then set half life as 9.9E+99.
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Hydrogeological risk assessment for land contamination

Remedial Targets Worksheet , Release 3.2

First released: 2006. Version 3.2: January 2013

This worksheet has been produced in combination with the document 'Remedial Targets Methodology: Hydrogeological risk assessment for land contamination (
Environment Agency 2006).

Users of this worksheet should always refer to the User Manual to the Remedial Targets Methodology and to relevant guidance on UK legislation and
policy, in order to understand how this procedure should be applied in an appropriate context.

© Environment Agency, 2006. (Produced by the Environment Agency's Science Group)

The calculation of equations in this worksheet has been independently checked by Entec (UK) Ltd on behalf of the Environment Agency.
All rights reserved. You will not modify, reverse compile or otherwise dis-assemble the worksheet.

Liability: The Environment Agency does not promise that the worksheet will provide any particular facilities or functions. You must ensure that the worksheet meets your needs and you remain solely
responsible for the competent use of the worksheet. You are entirely responsible for the consequences of any use of the worksheet and the Agency provides no warranty about the fitness for purpose or
performance of any part of the worksheet. We do not promise that the media will always be free from defects, computer viruses, software locks or other similar code or that the operation of the worksheet will
be uninterrupted or error free. You should carry out all necessary virus checks prior to installing on your computing system.

IMPORTANT: To enable MS Excel worksheet, click Tools, Add -Ins, Analysis Tool Pak and Analysis Tool Pak-VBA (to calculate error functions).

Details to be completed for each assessment

Site Name: Former Gas Works

Site Address: Gas Works Road, Reading

Completed by: AS

Date: 12-Feb-18 Version: 1

Contaminant Aromatics >EC10-EC12

Target Concentration (Cy) 0.01 mg/l Origin of C;: UKDWS for hydrocarbons

This worksheet can be used to determine remedial targets for soils (Worksheets Level 1 Soil, Level 2 and Level 3 Soil) or to determine remedial targets for groundwater (Level 3
Groundwater). For Level 3, parameter values must be entered separately dependent on whether the assessment is for soil or groundwater. For soil, remedial targets are
calculated as either mg/kg (for comparision with soil measurements) or mg/l (for comparison with leaching tests or pore water concentrations).

Site details entered on this page are automatically copied to Level 1, 2 and 3 Worksheets.

Worksheet options are identified by brown background and employ a pull-down menus. Data entry are identified as blue background.

Data origin / justification should be noted in cells coloured yellow and fully documented in subsequent reports.

Data carried forward from an earlier worksheet are identified by a light green background

It is recommended that a copy of the original worksheet is saved (all data fields in the original copy are blank).

The spreadsheet also includes a porosity calculation worksheet, a soil impact calculation worksheet and a worksheet that performs some simple hydrogeological
calculations.

23/02/2018, 09:35
Environment Agency Publication 20, Remedial Targets worksheet v3.1 11_DQRA_PPLCW1_Ar10-12_v1.xIsxIntroduction



Remedial Targets Worksheet , Release 3.2

Level 1 - Soil

Environment
W Agency

Select the method of calculating the soil water
Partition Co-efficient by using the pull down menu

below

Calculate for non-polar organic chemicals

Source of parameter value

Calculated using porosity calculator

Calculated using porosity calculator

From Atkins (2013), representative value to gravelly

LQM/CIEH (2015)

From 2017 Sl (average of made ground values)

LQM/CIEH (2015)

Contaminant Aromatics >EC10-EC12
Target concentration Cr 0.01 mgll
Input Parameters Variable Value Unit
Standard entry
Water filled soil porosity Ow 3.82E-01  |fraction
Air filled soil porosity 0a 4.65E-02  |fraction
Bulk density of soil zone material p 9.40E-01  |g/cm®
Henry's Law constant H 7.22E-02  |dimensionless
Entry if specify partition coefficient (option)
Soil water partition coefficient Kd _I/kg
Entry for non-polar organic chemicals (option)
Fraction of organic carbon (in soil) foc 1.10E-02__[fraction
Organic carbon partition coefficient Koc 2.51E+03  [l/kg
Entry for ionic organic chemicals (option)
Sorption coefficient for neutral species Kocn IIkg
Sorption coefficient for ionised species Ko, IIkg
pH value pH pH units
Acid dissociation constant pKa
Fraction of organic carbon (in soil) foc fraction
Soil water partition coefficient used in Level Assessment Kd 2.76E+01 I’kg
Level 1 Remedial Target
Level 1 Remedial Target 2.80E-01 mg/kg
or
0.01 mgl/l

Remedial targets worksheet v3.1

Calculated value

(for comparison with soil analyses)

(for comparison with leachate test results)

This sheet calculates the Level 1 remedial target for soils(mg/kg) based on a
selected target concentration and theoretical calculation of soil water partitioning.
Three options are included for determining the partition coefficient.

The measured soil concentration as mg/kg should be compared with the Level 1
remedial target to determine the need for further action.

23/02/2018, 09:35
11_DQRA_PPLCW1_Ar10-12_v1 .xisxLevel1 Soil



Remedial Targets Worksheet , Release 3.2 Environment
. Agenc
Level 2 - Soil AW Agency
Contaminant [Aromatics >EC10-EC12 ]from Level 1 This sheet calculates the Level 2 remedial target for soils (mg/kg) or for pore water (mg/l).
Target concentration Cr 0.01 mg/l  from Level 1

The measured soil concentration as mg/kg or pore water concentration should be compared with the Level 2 remedial target
to determine the need for further action. Equations presented in 'Hydrogeological risk assessment for land contamiantion’
(Environment Agency 2006)

Input Parameters Variable Value Unit  Source of parameter value
Standard entry
Infiltration Inf 1.00E-04 m/d Calculated infiltration
Area of contaminant source A 4.64E+02 m? m) and length (29m) from Atkins (2013) (measured fr¢Not used in calculation
Entry for groundwater flow below site
Length of contaminant source in direction of groundwater flow L 2.90E+01 m te length (measured from site plan) in direction of gr
Saturated aquifer thickness da 5.40E+00 m hess of Alluvium and Sand and Gravel and average g
Hydraulic Conductivity of aquifer in which dilution occurs K 1.00E-02 m/d  tin 2012 indicate 2.76E-04m/d (Atkins, 2013) but san
Hydraulic gradient of water table i 3.00E-02 fraction From 12/12/2017 monitoring round
Width of contaminant source perpendicular to groundwater flow w 1.60E+01 m width (16m) from Atkins (2013) (measured from site p|Not used in calculation
Background concentration of contaminant in groundwater beneath site Cu 0.00E+00 mg/l
Define mixing zone depth by specifying or calculating depth (using pull down list) Specify
Enter mixing zone thickness Mz 5.40E+00 m Assumed equal to saturated aquifer thickness
Calculated mixing zone thickness Mz m

Calculated Parameters

Dilution Factor DF 1.56E+00
Level 2 Remedial Target 1.56E-02 mg/l |For comparison with measured pore water concentration. This assumes Level 1 Remedial Target is based on Target Concentra
or
4.37E-01 mg/kg |For comparison with measured soil concentration. This assumes Level 1

Remedial Target calculated from soil-water

Additional option
Calculation of impact on receptor

Concentration of contaminant in contaminated discharge (entering receptor) Cc 0.00E+00 mg/l |

Calculated concentration within receptor (dilution only) 0.00E+00 mg/l 0

Remedial targets worksheet v3.1 23/02/2018,09:35
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Remedial Targets Worksheet , Release 3.2

Level 3 - Soil See Note
Input Parameters Variable Value Unit  Source
c Aromatics >EC10-EC12__|from Level 1
Target C i c | 0.01 [ man from Level 1
Dilution Factor ~ DF 1.56E+00 from Level 2

Select analytical solution (click on brown cell below, then on pull-down menu)

Enter method of defining partition co-efficient (using pull down list)
Calculate for non:

Entry if specify partition coefficient (option)
Soil water partition coefficient ki |

Entry for non-polar organic chemicals (option)

Ogata Banks Equations in HRA
Fraction of organic carbon in aquifer foc fraction
Select nature of decay rate (click on brown cell below, then on pull-down menu) Organic carbon partition coefficient Koc ]
Approach for simulating degradation of pollutants: ly degradation rate to pollutants in all phases (e.g. field derived value, 1§ Entry for ionic organic chemicals (option)
Sorption coefficient for related species Koen Ika
Variable Value Unit __Source of parameter value Sorption coefficient for ionised species Ko Ika

Enter source [ Soil concentration as mg/k pH value pH
Enter soil concentration 31.51428571 mg/kg Acid dissociation constant pKa
days

Half life for degradation of contaminant in water  ti2 2.58E+02 [ | Fraction of organic carbon in aquifer foc fraction
Calculated decay rate s 2.69E-03 days1 calculated
Width of plume in aquifer at source Sz 1.60E+01 m from Level 2 Soil water partition coefficient Kd 2.76E+01 kg
Plume thickness in aquifer at source Sy 5.40E+00 m from Level 2
Bulk density of aquifer materials 1.59E+00 glem” [Average value for gravely sand (ConSim manaul)

Effective porosity of aquifer

fraction |Glacial deposits (Hiscock, 2005)

| Define dispersivity (click brown cell and use pull down list)

Hydraulic gradient

m/d  from Level 2

fraction from Level 2 (adjusted)

Dispersivities 10%, 1%, 0.1% of pathway length

Distance to compliance point

m  [Nominal 10m (river adjacent to site)

o
n
i
Hydraulic conductivity of saturated aquifer K
x
z
v
t

Distance (lateral) to compliance point perpendicular to flow direction m | | Longitudinal di ivi ax
Distance (depth) to compliance point perpendicular to flow direction m | | Transverse di: ivi az
Time since pollutant entered 1.00E+99 days time variant options only Vertical dispersivity ay
Parameters values determined from options Note values of dispersivity must be > 0
tion coefficient  Kd 2.76E+01 kg see options
Longitudinal dispersivity  ax m  see options Xu & Eckstein (1995) report ax = 0.83(log;ox)“"*; az = ax/10, ay = ax'100 are assumed
Transverse dispersivity  az m  see options
Vertical dispersivity ~ av m  see options
Parameter values should be checked against Level 1 and 2
Note
Calculated Parameters Variable This worksheet should be used if pollutant transport and
degradation is best described by a first order reaction. If
degradation is best desribed by an electron limited
Groundwater flow velocity v 209803 m/d d:gradanon such as oxidation yby 0,, NO;, SO etc than an
Retardation factor ~ Rf 1.11E+02 fraction "
) alternative solution should be used
Decayrateused % 2.69E-03 d
Hydraulic aradient used in aquifer flow down-aradient i 8.37E-02 fraction
e of contaminant flow due to retardation U 1.89E-05 mid
Ratio of Compliance Point to Source Concentration  Ceo/Co 2.09E-50 fraction
Attenuation factor (Co/Ceo) ~ AF 478E+49 fraction
Calculated soil leachate concentration  Co 1.12E+00 mall
Remedial Targets
Level 3 Remedial Target 7.46E+47 mg/l |For comparison with measured pore water concentration.
Ogata Banks or This assumes Level 1 Remedial Target is based on Target Concentration
2.09E+49 mglkg |For ion. This
Distance to compliance point 10 m assumes Level 1 Remedial Target calculated from soil-water
partitioning equation.
Ratio of Compliance Point to Source Concentration Cgp/Cy 2.09E-50 fraction Ogata Banks

Care should be used when calculating remedial targets using the time variant options as this may result in an overestimate of the remedial target.

The recommended value for time when calculating the remedial target is 9.9E+99

Remedial targets worksheet v3.1

Environment

| Enter value  Calc value Xu & Eckstein

Agency
1.0E+00 C: (relative) for
S0E01 distance-concentration graph
T soe0r
& 7oe01
§ eoeor Ogata Banks
E oeor From calculation sheet
H Relative
§ om0t Distance  concentration Concentration
2 30801 (No units) mgll
g 20801 0 1.0E+00 7.21E-01
% 1oe01 0.5 3.28E-03 2.37E-03
0.0E+00 + | 1.0 1.08E-05 7.76E-06
° 2 N ° 8 1 2 15 3.53E-08 2.55E-08
Distance (m) 20 1.16E-10 8.36E-11
25 3.80E-13 2.74E13
Note: 'Relative concentration’ is the ratio of calculated concentation at a given 3.0 1.25E-15 9.00E-16
position compared to the source concentration. The calculations assume plume 35 4.09E-18 2.95E-18
disperses from the top of the aquifer. An alternative solution assuming the
comre of he plume s located at the mid-depth of the aquifer is preseg(ed in 40 1.34E-20 9.68E-21
the calculation shees. 45 441E-23 315623
5.0 1.45E-25 1.04E-25
5.5 4.74E-28 3.42E-28
6.0 1.56E-30 1.12E-30
6.5 5.11E-33 3.68E-33
7.0 1.68E-35 1.21E35
7.5 5.50E-38 3.96E-38
8.0 1.80E-40 1.30E-40
8.5 5.92E-43 4.27E-43
9.0 1.94E-45 1.40E-45
9.5 6.37E-48 4.50E-48
10.0 2.09E-50 1.51E-50

This sheet calculates the Level 3 remedial target for soils(mg/kg) or for pore water (mg/l),
based on the distance to the receptor or compliance located down hydraulic gradient of the
source Three solution methods are included, the preferred option is Ogata Banks.By setting a
long travel time (e.g. 9E99) it will give the steady state solution, which should always be used
when calculating remedial targets.

The measured soil concentration as mglkg or pore water concentration should be compared
with the Level 3 remedial target to determine the need for further action.

Note if contaminant is not subiect to first order degradation, then set half life as 9.9E+99.
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Hydrogeological risk assessment for land contamination

Remedial Targets Worksheet , Release 3.2

First released: 2006. Version 3.2: January 2013

This worksheet has been produced in combination with the document 'Remedial Targets Methodology: Hydrogeological risk assessment for land contamination (
Environment Agency 2006).

Users of this worksheet should always refer to the User Manual to the Remedial Targets Methodology and to relevant guidance on UK legislation and
policy, in order to understand how this procedure should be applied in an appropriate context.

© Environment Agency, 2006. (Produced by the Environment Agency's Science Group)

The calculation of equations in this worksheet has been independently checked by Entec (UK) Ltd on behalf of the Environment Agency.
All rights reserved. You will not modify, reverse compile or otherwise dis-assemble the worksheet.

Liability: The Environment Agency does not promise that the worksheet will provide any particular facilities or functions. You must ensure that the worksheet meets your needs and you remain solely
responsible for the competent use of the worksheet. You are entirely responsible for the consequences of any use of the worksheet and the Agency provides no warranty about the fitness for purpose or
performance of any part of the worksheet. We do not promise that the media will always be free from defects, computer viruses, software locks or other similar code or that the operation of the worksheet will
be uninterrupted or error free. You should carry out all necessary virus checks prior to installing on your computing system.

IMPORTANT: To enable MS Excel worksheet, click Tools, Add -Ins, Analysis Tool Pak and Analysis Tool Pak-VBA (to calculate error functions).

Details to be completed for each assessment

Site Name: Former Gas Works

Site Address: Gas Works Road, Reading

Completed by: AS

Date: 12-Feb-18 Version: 1

Contaminant Aromatics >EC12-EC16

Target Concentration (Cy) 0.01 mg/l Origin of C;: UKDWS for hydrocarbons

This worksheet can be used to determine remedial targets for soils (Worksheets Level 1 Soil, Level 2 and Level 3 Soil) or to determine remedial targets for groundwater (Level 3
Groundwater). For Level 3, parameter values must be entered separately dependent on whether the assessment is for soil or groundwater. For soil, remedial targets are
calculated as either mg/kg (for comparision with soil measurements) or mg/l (for comparison with leaching tests or pore water concentrations).

Site details entered on this page are automatically copied to Level 1, 2 and 3 Worksheets.

Worksheet options are identified by brown background and employ a pull-down menus. Data entry are identified as blue background.

Data origin / justification should be noted in cells coloured yellow and fully documented in subsequent reports.

Data carried forward from an earlier worksheet are identified by a light green background

It is recommended that a copy of the original worksheet is saved (all data fields in the original copy are blank).

The spreadsheet also includes a porosity calculation worksheet, a soil impact calculation worksheet and a worksheet that performs some simple hydrogeological
calculations.

23/02/2018, 09:36
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Remedial Targets Worksheet , Release 3.2

Level 1 - Soil

Environment
W Agency

Select the method of calculating the soil water
Partition Co-efficient by using the pull down menu

below

Calculate for non-polar organic chemicals

Source of parameter value

Calculated using porosity calculator

Calculated using porosity calculator

From Atkins (2013), representative value to gravelly

LQM/CIEH (2015)

From 2017 Sl (average of made ground values)

LQM/CIEH (2015)

Contaminant Aromatics >EC12-EC16
Target concentration Cr 0.01 mgll
Input Parameters Variable Value Unit
Standard entry
Water filled soil porosity Ow 3.82E-01  |fraction
Air filled soil porosity 0a 4.65E-02  |fraction
Bulk density of soil zone material p 9.40E-01  |g/cm®
Henry's Law constant H 1.26E-02  [dimensionless
Entry if specify partition coefficient (option)
Soil water partition coefficient Kd _I/kg
Entry for non-polar organic chemicals (option)
Fraction of organic carbon (in soil) foc 1.10E-02__[fraction
Organic carbon partition coefficient Koc 5.01E+03 _ [I/kg
Entry for ionic organic chemicals (option)
Sorption coefficient for neutral species Kocn IIkg
Sorption coefficient for ionised species Ko, IIkg
pH value pH pH units
Acid dissociation constant pKa
Fraction of organic carbon (in soil) foc fraction
Soil water partition coefficient used in Level Assessment Kd 5.51E+01 I’kg
Level 1 Remedial Target
Level 1 Remedial Target 5.55E-01 mg/kg
or
0.01 mgl/l

Remedial targets worksheet v3.1

Calculated value

(for comparison with soil analyses)

(for comparison with leachate test results)

This sheet calculates the Level 1 remedial target for soils(mg/kg) based on a
selected target concentration and theoretical calculation of soil water partitioning.
Three options are included for determining the partition coefficient.

The measured soil concentration as mg/kg should be compared with the Level 1
remedial target to determine the need for further action.

23/02/2018, 09:36
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Remedial Targets Worksheet , Release 3.2 Environment
. Agenc
Level 2 - Soil AW Agency
Contaminant [Aromatics >EC12-EC16 ]from Level 1 This sheet calculates the Level 2 remedial target for soils (mg/kg) or for pore water (mg/l).
Target concentration Cr 0.01 mg/l  from Level 1

The measured soil concentration as mg/kg or pore water concentration should be compared with the Level 2 remedial target
to determine the need for further action. Equations presented in 'Hydrogeological risk assessment for land contamiantion’
(Environment Agency 2006)

Input Parameters Variable Value Unit  Source of parameter value
Standard entry
Infiltration Inf 1.00E-04 m/d Calculated infiltration
Area of contaminant source A 4.64E+02 m? m) and length (29m) from Atkins (2013) (measured fr¢Not used in calculation
Entry for groundwater flow below site
Length of contaminant source in direction of groundwater flow L 2.90E+01 m te length (measured from site plan) in direction of gr
Saturated aquifer thickness da 5.40E+00 m hess of Alluvium and Sand and Gravel and average g
Hydraulic Conductivity of aquifer in which dilution occurs K 1.00E-02 m/d  tin 2012 indicate 2.76E-04m/d (Atkins, 2013) but san
Hydraulic gradient of water table i 3.00E-02 fraction From 12/12/2017 monitoring round
Width of contaminant source perpendicular to groundwater flow w 1.60E+01 m width (16m) from Atkins (2013) (measured from site p|Not used in calculation
Background concentration of contaminant in groundwater beneath site Cu 0.00E+00 mg/l
Define mixing zone depth by specifying or calculating depth (using pull down list) Specify
Enter mixing zone thickness Mz 5.40E+00 m Assumed equal to saturated aquifer thickness
Calculated mixing zone thickness Mz m

Calculated Parameters

Dilution Factor DF 1.56E+00
Level 2 Remedial Target 1.56E-02 mg/l |For comparison with measured pore water concentration. This assumes Level 1 Remedial Target is based on Target Concentra
or
8.66E-01 mg/kg |For comparison with measured soil concentration. This assumes Level 1

Remedial Target calculated from soil-water

Additional option
Calculation of impact on receptor

Concentration of contaminant in contaminated discharge (entering receptor) Cc 0.00E+00 mg/l |

Calculated concentration within receptor (dilution only) 0.00E+00 mg/l 0

Remedial targets worksheet v3.1 23/02/2018,09:36
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Remedial Targets Worksheet , Release 3.2

Level 3 - Soil See Note
Input Parameters Variable Value Unit  Source
Calculate for non

c Aromatics >EC12-EC16 | from Level 1

Target C c | 0.01 [ man from Level 1

Dilution Factor ~ DF 1.56E+00 from Level 2

Entry if specify partition coefficient (option)
Select analytical solution (click on brown cell below, then on pull-down menu) Soil water partition coefficient
Ogata Banks Equations in HRA Entry for non-polar organic chemicals (option)

Enter method of defining partition co-efficient (using pull down list)

[

Calc value Xu & Eckstein

Fraction of organic carbon in aquifer foc fraction
Select nature of decay rate (click on brown cell below, then on pull-down menu) Organic carbon partition coefficient Koc ]
Approach for simulating degradation of pollutants: degradation rate to pollutants in all phases (e.g. field derived value, I Entry for ionic organic chemicals (option)
Sorption coefficient for related species Koen Ika
Variable Value Unit__Source of parameter value Sorption coefficient for ionised species Ko Ika
Enter source Soil concentration as mg/k pH value pH
Enter soil 118 mglkg Acid dissociation constant pKa
Half life for degradation of contaminant in water  ti, 2.04E+02 days | | Fraction of organic carbon in aquifer foc fraction
Calculated decay rate 1 3.40E-03 days” calculated
Width of plume in aquifer at source Sz 1.60E+01 m  from Level 2 Soil water partition coefficient Kd 5.51E401 kg
Plume thickness in aquifer at source Sy 5.40E+00 m  from Level 2
Bulk density of aquifer materials ~ p 1.59E+00 glem” [Average value for gravely sand (ConSim manaul)
Effective porosity of aquifer ~ n fraction | Glacial deposits (Hiscock, 2005) | Define dispersivity (click brown cell and use pull down list)
Hydraulic gradient i fraction from Level 2 (adjusted) Dispersivities 10%, 1%, 0.1% of pathway length
Hydraulic conductivity of saturated aquifer K m/d  from Level 2
Distance to compliance point ~ x m  [Nominal 10m (river adjacent to site) | Enter value
Distance (lateral) to compliance point perpendicular to flow direction z m | [ ax
Distance (depth) to compliance point perpendicular to flow direction % m | | Transverse az
Time since pollutant entered t 1.00E+99 days time variant options only Vertical dispersivity ay
Parameters values determined from options Note values of dispersivity must be > 0
tion coefficient  Kd 551E+01 kg see options
Longitudinal dispersivity  ax 1.000 m  see options Xu & Eckstein (1995) report ax = 0.83(log;ox)“"*; az = ax/10, ay = ax'100 are assumed
Transverse dispersivity  az 0.100 m  see options
Vertical dispersivity ~ av 0.010 m  see options
Parameter values should be checked against Level 1 and 2
Note
Calculated Parameters Variable This worksheet should be used if pollutant transport and
degradation is best described by a first order reaction. If
degradation is best desribed by an electron limited
Groundwater flow velocity ¥ 2008:03 md ogradation such as ovdation by Oy, NOy. SO, 6lc than an
Retardation factor ~ Rf 2.20E+02 fraction "
) alternative solution should be used
Decayrateused % 3.40E-03
Hydraulic aradient used in aquifer flow down-aradient i 8.37E-02 fraction
e of contaminant flow due to retardation U 951E-06 mid
Ratio of Compliance Point to Source Concentration  Ceo/Co 1.08E-80 fraction
Attenuation factor (Co/Ceo) ~ AF 9.26E+79 fraction
Calculated soil leachate concentration  Co 2.12E400 mall
Remedial Targets
Level 3 Remedial Target 1.44E+78 mg/l |For comparison with measured pore water concentration.
Ogata Banks or This assumes Level 1 Remedial Target is based on Target Concentration
8.02E+79 mglkg |For with measured soil ion. This
Distance to compliance point 10 m assumes Level 1 Remedial Target calculated from soil-water

Ratio of Compliance Point to Source Concentration

partitioning equation.

Ceo/Co 1.08E-80 fraction Ogata Banks

Care should be used when calculating remedial targets using the time variant options as this may result in an overestimate of the remedial target.
The recommended value for time when calculating the remedial target is 9.9E+99

Remedial targets worksheet v3.1

Environment

Agency
1.0E+00 C: (relative) for
80801 distance-concentration graph
T soe0r
& 7oe01
§ eoeor Ogata Banks
E oeor From calculation sheet
H Relative
§ om0t Distance  concentration Concentration
g 30801 (No units) mg/l
£ 20801 0 1.0E+00 1.36E+00
% 1oe01 0.5 1.00E-04 1.37E-04
0.0E+00 1 | 1.0 1.01E-08 1.37E-08
o 2 N ° 8 1 2 15 1.01E-12 1.38E-12
Distance (m) 20 1.02E-16 1.38E-16
25 1.02E-20 1.39E-20
Note: 'Relative concentration’ is the ratio of calculated concentation at a given 3.0 1.02E-24 1.39E-24
position compared to the source concentration. The calculations assume plume 35 1.03E-28 1.40E-28
disperses from the top of the aquifer. An alternative solution assuming the
comre of he plume s located at the mid-depth of the aquifer is preseg(ed in 40 1.03E-32 141832
the calculation shees. 45 1.04E-36 141636
5.0 1.04E-40 1.42E-40
5.5 1.04E-44 1.42E-44
6.0 1.05E-48 1.43E-48
6.5 1.05E-52 1.43E-52
7.0 1.06E-56 1.44E-56
7.5 1.06E-60 1.44E-60
8.0 1.06E-64 1.45E-64
8.5 1.07E-68 1.46E-68
9.0 1.07E-72 1.46E-72
9.5 1.08E-76 1.47E-76
10.0 1.08E-80 1.47E-80

This sheet calculates the Level 3 remedial target for soils(mg/kg) or for pore water (mg/l),
based on the distance to the receptor or compliance located down hydraulic gradient of the
source Three solution methods are included, the preferred option is Ogata Banks.By setting a
long travel time (e.g. 9E99) it will give the steady state solution, which should always be used
when calculating remedial targets.

The measured soil concentration as mglkg or pore water concentration should be compared
with the Level 3 remedial target to determine the need for further action.

Note if contaminant is not subiect to first order degradation, then set half life as 9.9E+99.
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Hydrogeological risk assessment for land contamination

Remedial Targets Worksheet , Release 3.2

First released: 2006. Version 3.2: January 2013

This worksheet has been produced in combination with the document 'Remedial Targets Methodology: Hydrogeological risk assessment for land contamination (
Environment Agency 2006).

Users of this worksheet should always refer to the User Manual to the Remedial Targets Methodology and to relevant guidance on UK legislation and
policy, in order to understand how this procedure should be applied in an appropriate context.

© Environment Agency, 2006. (Produced by the Environment Agency's Science Group)

The calculation of equations in this worksheet has been independently checked by Entec (UK) Ltd on behalf of the Environment Agency.
All rights reserved. You will not modify, reverse compile or otherwise dis-assemble the worksheet.

Liability: The Environment Agency does not promise that the worksheet will provide any particular facilities or functions. You must ensure that the worksheet meets your needs and you remain solely
responsible for the competent use of the worksheet. You are entirely responsible for the consequences of any use of the worksheet and the Agency provides no warranty about the fitness for purpose or
performance of any part of the worksheet. We do not promise that the media will always be free from defects, computer viruses, software locks or other similar code or that the operation of the worksheet will
be uninterrupted or error free. You should carry out all necessary virus checks prior to installing on your computing system.

IMPORTANT: To enable MS Excel worksheet, click Tools, Add -Ins, Analysis Tool Pak and Analysis Tool Pak-VBA (to calculate error functions).

Details to be completed for each assessment

Site Name: Former Gas Works

Site Address: Gas Works Road, Reading

Completed by: AS

Date: 12-Feb-18 Version: 1

Contaminant Aromatics >EC16-EC21

Target Concentration (Cy) 0.01 mg/l Origin of C;: UKDWS for hydrocarbons

This worksheet can be used to determine remedial targets for soils (Worksheets Level 1 Soil, Level 2 and Level 3 Soil) or to determine remedial targets for groundwater (Level 3
Groundwater). For Level 3, parameter values must be entered separately dependent on whether the assessment is for soil or groundwater. For soil, remedial targets are
calculated as either mg/kg (for comparision with soil measurements) or mg/l (for comparison with leaching tests or pore water concentrations).

Site details entered on this page are automatically copied to Level 1, 2 and 3 Worksheets.

Worksheet options are identified by brown background and employ a pull-down menus. Data entry are identified as blue background.

Data origin / justification should be noted in cells coloured yellow and fully documented in subsequent reports.

Data carried forward from an earlier worksheet are identified by a light green background

It is recommended that a copy of the original worksheet is saved (all data fields in the original copy are blank).

The spreadsheet also includes a porosity calculation worksheet, a soil impact calculation worksheet and a worksheet that performs some simple hydrogeological
calculations.

23/02/2018, 09:36
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Remedial Targets Worksheet , Release 3.2

Level 1 - Soil

Environment
W Agency

Select the method of calculating the soil water
Partition Co-efficient by using the pull down menu

below

Calculate for non-polar organic chemicals

Source of parameter value

Calculated using porosity calculator

Calculated using porosity calculator

From Atkins (2013), representative value to gravelly

LQM/CIEH (2015)

From 2017 Sl (average of made ground values)

LQM/CIEH (2015)

Contaminant Aromatics >EC16-EC21
Target concentration Cr 0.01 mgll
Input Parameters Variable Value Unit
Standard entry
Water filled soil porosity Ow 3.82E-01  |fraction
Air filled soil porosity 0a 4.65E-02  |fraction
Bulk density of soil zone material p 9.40E-01  |g/cm®
Henry's Law constant H 6.95E-04  |gimensionless
Entry if specify partition coefficient (option)
Soil water partition coefficient Kd _I/kg
Entry for non-polar organic chemicals (option)
Fraction of organic carbon (in soil) foc 1.10E-02__[fraction
Organic carbon partition coefficient Koc 1.41E+04  |l/kg
Entry for ionic organic chemicals (option)
Sorption coefficient for neutral species Kocn IIkg
Sorption coefficient for ionised species Ko, IIkg
pH value pH pH units
Acid dissociation constant pKa
Fraction of organic carbon (in soil) foc fraction
Soil water partition coefficient used in Level Assessment Kd 1.55E+02 I’kg
Level 1 Remedial Target
Level 1 Remedial Target 1.56E+00 mg/kg
or
0.01 mgl/l

Remedial targets worksheet v3.1

Calculated value

(for comparison with soil analyses)

(for comparison with leachate test results)

This sheet calculates the Level 1 remedial target for soils(mg/kg) based on a
selected target concentration and theoretical calculation of soil water partitioning.
Three options are included for determining the partition coefficient.

The measured soil concentration as mg/kg should be compared with the Level 1
remedial target to determine the need for further action.

23/02/2018, 09:36
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Remedial Targets Worksheet , Release 3.2 Environment

. Agenc
Level 2 - Soil i gency
Contaminant [Aromatics >EC16-EC21 ]from Level 1 This sheet calculates the Level 2 remedial target for soils (mg/kg) or for pore water (mg/l).
Target concentration Cr 0.01 mg/l  from Level 1

The measured soil concentration as mg/kg or pore water concentration should be compared with the Level 2 remedial target
to determine the need for further action. Equations presented in 'Hydrogeological risk assessment for land contamiantion’
(Environment Agency 2006)

Input Parameters Variable Value Unit  Source of parameter value
Standard entry
Infiltration Inf 1.00E-04 m/d Calculated infiltration
Area of contaminant source A 4.64E+02 m? m) and length (29m) from Atkins (2013) (measured fr¢Not used in calculation
Entry for groundwater flow below site
Length of contaminant source in direction of groundwater flow L 2.90E+01 m te length (measured from site plan) in direction of gr
Saturated aquifer thickness da 5.40E+00 m hess of Alluvium and Sand and Gravel and average g
Hydraulic Conductivity of aquifer in which dilution occurs K 1.00E-02 m/d  tin 2012 indicate 2.76E-04m/d (Atkins, 2013) but san
Hydraulic gradient of water table i 3.00E-02 fraction From 12/12/2017 monitoring round
Width of contaminant source perpendicular to groundwater flow w 1.60E+01 m width (16m) from Atkins (2013) (measured from site p|Not used in calculation
Background concentration of contaminant in groundwater beneath site Cu 0.00E+00 mg/l
Define mixing zone depth by specifying or calculating depth (using pull down list) Specify
Enter mixing zone thickness Mz 5.40E+00 m Assumed equal to saturated aquifer thickness
Calculated mixing zone thickness Mz m

Calculated Parameters

Dilution Factor DF 1.56E+00
Level 2 Remedial Target 1.56E-02 mg/l |For comparison with measured pore water concentration. This assumes Level 1 Remedial Target is based on Target Concentra
or
2.43E+00 mg/kg |For comparison with measured soil concentration. This assumes Level 1

Remedial Target calculated from soil-water

Additional option
Calculation of impact on receptor

Concentration of contaminant in contaminated discharge (entering receptor) Cc 0.00E+00 mg/l |

Calculated concentration within receptor (dilution only) 0.00E+00 mg/l 0

Remedial targets worksheet v3.1 23/02/2018,09:36
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Remedial Targets Worksheet , Release 3.2

Level 3 - Soil See Note
Input Parameters Variable Value Unit  Source
c Aromatics >EC16-EC21__ | from Level 1
Target C i c | 0.01 [ man from Level 1
Dilution Factor ~ DF 1.56E+00 from Level 2
Select analytical solution (click on brown cell below, then on pull-down menu)
Ogata Banks Equations in HRA

Select nature of decay rate (click on brown cell below, then on pull-down menu)

Enter method of defining partition co-efficient (using pull down list)
Calculate for non:

Entry if specify partition coefficient (option)
Soil water partition coefficient

[

Entry for non-polar organic chemicals (option)

Fraction of organic carbon in aquifer foc [ 1.10E-02 |fraction

10l
Organic carbon partition coefficient Koc 141E+04 _ |I/kg

Approach for simulating degradation of pollutants:

Variable Value Unit__Source of parameter value

degradation rate to pollutants in all phases (e.t

field derived value, I Entry for ionic organic chemicals (option)

Enter source

Enter soil concentration

Sorption coefficient for related species Kaen Vka
Sorption coefficient for ionised species Koei Vka
Soil concentration as mg/k pH value pH
390 mglkg Acid dissociation constant pKa
days

Half life for degradation of contaminant in water  ti2 4.28E+03 [ | Fraction of organic carbon in aquifer foc fraction
Calculated decay rate s 1.62E-04 days1 calculated
Width of plume in aquifer at source Sz 1.60E+01 m from Level 2 Soil water partition coefficient Kd 1.55E+02 kg
Plume thickness in aquifer at source Sy 5.40E+00 m from Level 2
Bulk density of aquifer materials 1.59E+00 glem” [Average value for gravely sand (ConSim manaul)

Effective porosity of aquifer

fraction |Glacial deposits (Hiscock, 2005)

| Define dispersivity (click brown cell and use pull down list)

Hydraulic gradient

m/d  from Level 2

fraction from Level 2 (adjusted)

Dispersivities 10%, 1%, 0.1% of pathway length

Distance to compliance point

m  [Nominal 10m (river adjacent to site)

| ongitudinal dispersivi ax

o
n
i
Hydraulic conductivity of saturated aquifer K
x
z
v
t

Distance (lateral) to compliance point perpendicular to flow direction m |
Distance (depth) to compliance point perpendicular to flow direction m |
Time since pollutant entered 1.00E+99 days time variant options only

Parameters values determined from options
ition coefficient Kd 1.55E+02 I’kg see options
Longitudinal dispersivity ~ ax | 1000 | m  see options

Vertical dispersivity ay
Note values of dispersivity must be > 0

Xu & Eckstein (1995) report ax = 0.83(log,ox)"*'*; az = ax/10, ay = ax/100 are assumed

Environment

| Enter value  Calc value Xu & Eckstein

Transverse dispersivity az m see options
Vertical dispersivity av m see options
Parameter values should be checked against Level 1 and 2
Note
Calculated Parameters Variable This worksheet should be used if pollutant transport and
degradation is best described by a first order reaction. If
degradation is best desribed by an electron limited
Groundwater flow velocity ¥ 2.008:03 md ogradation such as ovdation by Oy, NOy. SO, 6lc than an
Retardation factor ~ Rf 6.19E+02 fraction "
) alternative solution should be used
Decayrateused A 1.62E-04 d
Hydraulic aradient used in aquifer flow down-aradient i 8.37E-02 fraction
te of contaminant flow due to retardation u 3.38E-06 m/d
Ratio of Compliance Point to Source Concentration  Ceo/Co 1.10E-28 fraction
Attenuation factor (Co/Cen) ~ AF 9.06E+27 fraction
Calculated soil leachate concentration Co 2.50E+00 mall
Remedial Targets
Level 3 Remedial Target 1.41E+26 mg/l |For comparison with measured pore water concentration.
Ogata Banks or This assumes Level 1 Remedial Target is based on Target Concentration.
2.20E+28 mglkg |For with measured soil tion. This.
Distance to compliance point 10 m assumes Level 1 Remedial Target calculated from soil-water

Ratio of Compliance Point to Source Concentration

partitioning equation.

Ceo/Co 1.10E-28 fraction Ogata Banks

Care should be used when calculating remedial targets using the time variant options as this may result in an overestimate of the remedial target.
The recommended value for time when calculating the remedial target is 9.9E+99

Remedial targets worksheet v3.1

Agency
1.0E+00 C: (relative) for
S0E01 distance-concentration graph
T soe0r
& 7oe01
§ eoeor Ogata Banks
E oeor From calculation sheet
H Relative
§ om0t Distance  concentration Concentration
2 30801 (No units) mgll
g 20801 0 1.0E+00 1.61E+00
% 1oe01 0.5 4.00E-02 6.43E-02
0.0E+00 + | 1.0 1.60E-03 2.57E-03
° 2 N ° 8 1 2 15 6.40E-05 1.03E-04
Distance (m) 20 2.56E-06 4.11E-06
25 1.02E-07 1.65E-07
Note: 'Relative concentration’ is the ratio of calculated concentation at a given 3.0 4.10E-09 6.59E-09
position compared to the source concentration. The calculations assume plume 35 1.64E-10 2.64E-10
disperses from the top of the aquifer. An alternative solution assuming the
comre of he plume s located at the mid-depth of the aquifer is preseg(ed in 40 6.56E-12 1.05E11
the calculation shees. 45 2.63E-13 422613
5.0 1.05E-14 1.69E-14
5.5 4.20E-16 6.75E-16
6.0 1.68E-17 2.70E17
6.5 6.73E-19 1.08E-18
7.0 2.69E-20 4.326-20
7.5 1.08E-21 1.73E21
8.0 4.31E-23 6.92E-23
8.5 1.72E-24 2.77E-24
9.0 6.89E-26 1.11E-25
9.5 2.76E-27 4.436-27
10.0 1.10E-28 1.77E-28

This sheet calculates the Level 3 remedial target for soils(mg/kg) or for pore water (mg/l),
based on the distance to the receptor or compliance located down hydraulic gradient of the
source Three solution methods are included, the preferred option is Ogata Banks.By setting a
long travel time (e.g. 9E99) it will give the steady state solution, which should always be used
when calculating remedial targets.

The measured soil concentration as mglkg or pore water concentration should be compared
with the Level 3 remedial target to determine the need for further action.

Note if contaminant is not subiect to first order degradation, then set half life as 9.9E+99.

23/02/2018,09:36
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Hydrogeological risk assessment for land contamination

Remedial Targets Worksheet , Release 3.2

First released: 2006. Version 3.2: January 2013

This worksheet has been produced in combination with the document 'Remedial Targets Methodology: Hydrogeological risk assessment for land contamination (
Environment Agency 2006).

Users of this worksheet should always refer to the User Manual to the Remedial Targets Methodology and to relevant guidance on UK legislation and
policy, in order to understand how this procedure should be applied in an appropriate context.

© Environment Agency, 2006. (Produced by the Environment Agency's Science Group)

The calculation of equations in this worksheet has been independently checked by Entec (UK) Ltd on behalf of the Environment Agency.
All rights reserved. You will not modify, reverse compile or otherwise dis-assemble the worksheet.

Liability: The Environment Agency does not promise that the worksheet will provide any particular facilities or functions. You must ensure that the worksheet meets your needs and you remain solely
responsible for the competent use of the worksheet. You are entirely responsible for the consequences of any use of the worksheet and the Agency provides no warranty about the fitness for purpose or
performance of any part of the worksheet. We do not promise that the media will always be free from defects, computer viruses, software locks or other similar code or that the operation of the worksheet will
be uninterrupted or error free. You should carry out all necessary virus checks prior to installing on your computing system.

IMPORTANT: To enable MS Excel worksheet, click Tools, Add -Ins, Analysis Tool Pak and Analysis Tool Pak-VBA (to calculate error functions).

Details to be completed for each assessment

Site Name: Former Gas Works

Site Address: Gas Works Road, Reading

Completed by: AS

Date: 12-Feb-18 Version: 1

Contaminant Benzo(a)pyrene

Target Concentration (Cy) 0.00000017 mg/l Origin of Cy: EQS Freshwater (The Water Framework Directive 2015

This worksheet can be used to determine remedial targets for soils (Worksheets Level 1 Soil, Level 2 and Level 3 Soil) or to determine remedial targets for groundwater (Level 3
Groundwater). For Level 3, parameter values must be entered separately dependent on whether the assessment is for soil or groundwater. For soil, remedial targets are
calculated as either mg/kg (for comparision with soil measurements) or mg/l (for comparison with leaching tests or pore water concentrations).

Site details entered on this page are automatically copied to Level 1, 2 and 3 Worksheets.

Worksheet options are identified by brown background and employ a pull-down menus. Data entry are identified as blue background.

Data origin / justification should be noted in cells coloured yellow and fully documented in subsequent reports.

Data carried forward from an earlier worksheet are identified by a light green background

It is recommended that a copy of the original worksheet is saved (all data fields in the original copy are blank).

The spreadsheet also includes a porosity calculation worksheet, a soil impact calculation worksheet and a worksheet that performs some simple hydrogeological
calculations.

23/02/2018, 09:37
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Remedial Targets Worksheet , Release 3.2

Environment
. Agenc
Level 1 - Soil /\ gency
Select the method of calculating the soil water
Partition Co-efficient by using the pull down menu
below
Calculate for non-polar organic chemicals
Contaminant Benzo(a)pyrene
Target concentration Cr 0.00000017 |mgll
Input Parameters Variable Value Unit Source of parameter value
Standard entry
Water filled soil porosity Ow 3.82E-01 |fraction Calculated using porosity calculator This sheet calculates the ITeveI 1 remedia}l target for §oi|s(mg/lkg) based ona.
. . . selected target concentration and theoretical calculation of soil water partitioning.
Air filed soil porosity  6a 4658-02 _ |fraction Calculated using porosity calculator Three options are included for determining the partition coefficient.
Bulk density of soil zone material p 9.40E-01  |g/cm® From Atkins (2013), representative value to gravelly [ The measured soil concentration as mg/kg should be compared with the Level 1
Henry's Law constant H 1.76E-06  |dimensionless |LQM/CIEH (2015) remedial target to determine the need for further action.
Entry if specify partition coefficient (option)
Soil water partition coefficient Kd _I/kg
Entry for non-polar organic chemicals (option)
Fraction of organic carbon (in soil) foc 1.10E-02__[fraction From 2017 Sl (average of made ground values)
Organic carbon partition coefficient Koc 1.29E+05 |lkkg LQM/CIEH (2015)
Entry for ionic organic chemicals (option)
Sorption coefficient for neutral species Kocn IIkg
Sorption coefficient for ionised species Ko, IIkg
pH value pH pH units
Acid dissociation constant pKa
Fraction of organic carbon (in soil) foc fraction
Soil water partition coefficient used in Level Assessment Kd 1.42E+03 I’/kg Calculated value

Level 1 Remedial Target

Level 1 Remedial Target 2.41E-04 mg/kg (for comparison with soil analyses)
or
0.00000017 mgl/l (for comparison with leachate test results)
Remedial targets worksheet v3.1 23/02/2018, 09:37
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Remedial Targets Worksheet , Release 3.2 Environment

. Agenc
Level 2 - Soil i gency
Contaminant |Benzo(a)_pyrene ]from Level 1 This sheet calculates the Level 2 remedial target for soils (mg/kg) or for pore water (mg/l).
Target concentration Cr 0.00000017 mg/l  from Level 1

The measured soil concentration as mg/kg or pore water concentration should be compared with the Level 2 remedial target
to determine the need for further action. Equations presented in 'Hydrogeological risk assessment for land contamiantion’
(Environment Agency 2006)

Input Parameters Variable Value Unit  Source of parameter value
Standard entry
Infiltration Inf 1.00E-04 m/d Calculated infiltration
Area of contaminant source A 4.64E+02 m? m) and length (29m) from Atkins (2013) (measured fr¢Not used in calculation
Entry for groundwater flow below site
Length of contaminant source in direction of groundwater flow L 2.90E+01 m te length (measured from site plan) in direction of gr
Saturated aquifer thickness da 5.40E+00 m hess of Alluvium and Sand and Gravel and average g
Hydraulic Conductivity of aquifer in which dilution occurs K 1.00E-02 m/d  tin 2012 indicate 2.76E-04m/d (Atkins, 2013) but san
Hydraulic gradient of water table i 3.00E-02 fraction From 12/12/2017 monitoring round
Width of contaminant source perpendicular to groundwater flow w 1.60E+01 m width (16m) from Atkins (2013) (measured from site p|Not used in calculation
Background concentration of contaminant in groundwater beneath site Cu 0.00E+00 mg/l
Define mixing zone depth by specifying or calculating depth (using pull down list) Specify
Enter mixing zone thickness Mz 5.40E+00 m Assumed equal to saturated aquifer thickness
Calculated mixing zone thickness Mz m

Calculated Parameters

Dilution Factor DF 1.56E+00
Level 2 Remedial Target 2.65E-07 mg/l |For comparison with measured pore water concentration. This assumes Level 1 Remedial Target is based on Target Concentra
or
3.76E-04 mg/kg |For comparison with measured soil concentration. This assumes Level 1

Remedial Target calculated from soil-water

Additional option
Calculation of impact on receptor

Concentration of contaminant in contaminated discharge (entering receptor) Cc 0.00E+00 mg/l |

Calculated concentration within receptor (dilution only) 0.00E+00 mg/l 0

Remedial targets worksheet v3.1 23/02/2018,09:37
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Remedial Targets Worksheet , Release 3.2

Level 3 - Soil

Input Parameters Variable Value Unit  Source

c

See Note

Enter method of defining partition co-efficient (using pull down list)
Calculate for non:

Target Concentration
Dilution Factor

Select analytical solution (click on brown cell below, then on pull-down menu)

Select nature of decay rate (click on brown cell below, then on pull-down menu)

Approach for simulating degradation of pollutants:

Enter source

from Level 1
Cr 000000017 mall  from Level 1
DF 1.56E+00 from Level 2

Entry if specify partition coefficient (option)
Soil water partition coefficient

[

Entry for non-polar organic chemicals (option)

Enter soil concentration
Half life for degradation of contaminant in water

Width of plume in aquifer at source
Plume thickness in aquifer at source
Bulk density of aquifer materials
Effective porosity of aquifer

Hydraulic conductivity of saturated aquifer

Distance to compliance point

Distance (lateral) to compliance point perpendicular to flow direction
Distance (depth) to compliance point perpendicular to flow direction
Time since pollutant entered

Parameters values determined from options

i
Longitudinal dispersivity

Parameter values should be checked against Level 1 and 2
Calculated Parameters

Groundwater flow velocity

Hydraulic aradient used in aquifer flow down-aradient
te of contaminant flow due to retardation
Ratio of Compliance Point to Source Concentration
Attenuation factor (Co/Ceo)
Calculated soil leachate concentration
Remedial Targets

Environment

Calc value Xu & Eckstein

Agency
1.0E+00 C: (relative) for
S0E01 distance-concentration graph
T soe0r
& 7oe01
§ eoeor Ogata Banks
E oeor From calculation sheet
H Relative
§ om0t Distance  concentration Concentration
2 30801 (No units) mgll
g 20801 0 1.0E+00 1.54E-02
% 1oe01 0.5 1.03E-09 1.59E-11
0.0E+00 + | 1.0 1.07E-18 1.64E-20
° 2 N ° 8 1 2 15 1.10E-27 1.69E-29
Distance (m) 20 1.14E-36 1.75E-38
25 1.17E-45 1.81E-47
Note: 'Relative concentration’ is the ratio of calculated concentation at a given 3.0 1.21E-54 1.86E-56
position compared to the source concentration. The calculations assume plume 35 1.25E-63 1.92E-65
disperses from the top of the aquifer. An alternative solution assuming the
comre of he plume s located at the mid-depth of the aquifer is preseg(ed in 40 1.29E-72 199874
the calculation shees. 45 1.33E-81 2.056-83
5.0 1.38E-90 2.12E-92
5.5 1.42E-99 2.19E-101
6.0 1.47E-108 2.26E-110
6.5 1.51E-117 2.33E-119
7.0 1.56E-126 2.41E-128
7.5 1.61E-135 2.49E-137
8.0 1.67E-144 2.57E-146
8.5 1.72E-153 2.65E-155
9.0 1.78E-162 2.74E-164
9.5 1.84E-171 2.82E-173
10.0 1.89E-180 2.92E-182

This sheet calculates the Level 3 remedial target for soils(mg/kg) or for pore water (mgfl),
based on the distance to the receptor or compliance located down hydraulic gradient of the
source Three solution methods are included, the preferred option is Ogata Banks.By setting a
long travel time (e.g. 9E99) it will give the steady state solution, which should always be used

Level 3 Remedial Target

Ogata Banks tions in HRA
Fraction of organic carbon in aquifer foc fraction
Organic carbon partition coefficient Koc ]
degradation rate to pollutants in all phases (e.g. field derived value, § Entry for ionic organic chemicals (option)
Sorption coefficient for related species Koen Vka
Variable Value Unit __Source of parameter value Sorption coefficient for ionised species Ko Ika
Soil concentration as mg/kg pH value pH
34 mglkg Acid dissociation constant pKa
tiz 1.06E+03 days | | Fraction of organic carbon in aquifer foc fraction
Calculated decay rate 1 6.51E-04 days”  calculated
sz 1.60E+01 m  from Level 2 Soil water partition coefficient Kd 1.42E+03 kg
sy 5.40E+00 m  from Level 2
o 1.59E+00 glem” [Average value for gravely sand (ConSim manaul)
n fraction | Glacial deposits (Hiscock, 2005) | Define dispersivity (click brown cell and use pull down list)
Hydraulic gradient i fraction from Level 2 (adjusted) Dispersivities 10%, 1%, 0.1% of pathway length
K m/d  from Level 2
x m  [Nominal 10m (river adjacent to site) | Enter value
2 mo |Lonmitudinal dispersivi a
v m o | Transverse di ivi az
t 1.00E+99 days time variant options only Vertical dispersivity ay
Note values of dispersivity must be > 0
tion coefficient  Kd 1.42E+03 kg see options
ax m  see options Xu & Eckstein (1995) report ax = 0.83(log;ox)“"*; az = ax/10, ay = ax'100 are assumed
Transverse dispersivity  az m  see options
Vertical dispersivity ~ av m  see options
Note
Variable This worksheet should be used if pollutant transport and
degradation is best described by a first order reaction. If
degradation is best desribed by an electron limited
o oo ;f 2239:?)33 f;‘;“’on d:gradgnwon such as oxidation yby 0, NOs, SO, etc than an
" alternative solution should be used
Decayrateused % 6.51E-04 d
i 8.37E-02 fraction
u 3.71E-07 mid
Ceo/Co  1.89E-180 fraction
AF 5.28E+179 fraction
Co 2.40E-02 mall
1.40E+173 mg/l | For comparison with measured pore water concentration.
Ogata Banks or This assumes Level 1 Remedial Target is based on Target Concentration

1.98E+176 mglkg |For with measured soil tion. This.

Distance to compliance point

Ratio of Compliance Point to Source Concentration

10 m assumes Level 1 Remedial Target calculated from soil-water
partitioning equation.

Ceo/Co 1.89E-180 fraction Ogata Banks

Care should be used when calculating remedial targets using the time variant options as this may result in an overestimate of the remedial target.
The recommended value for time when calculating the remedial target is 9.9E+99

Remedial targets worksheet v3.1

when calculating remedial targets.

The measured soil concentration as mglkg or pore water concentration should be compared

with the Level 3 remedial target to determine the need for further action.

Note if contaminant is not subiect to first order degradation, then set half life as 9.9E+99.
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Hydrogeological risk assessment for land contamination

Remedial Targets Worksheet , Release 3.2

First released: 2006. Version 3.2: January 2013

This worksheet has been produced in combination with the document 'Remedial Targets Methodology: Hydrogeological risk assessment for land contamination (
Environment Agency 2006).

Users of this worksheet should always refer to the User Manual to the Remedial Targets Methodology and to relevant guidance on UK legislation and
policy, in order to understand how this procedure should be applied in an appropriate context.

© Environment Agency, 2006. (Produced by the Environment Agency's Science Group)

The calculation of equations in this worksheet has been independently checked by Entec (UK) Ltd on behalf of the Environment Agency.
All rights reserved. You will not modify, reverse compile or otherwise dis-assemble the worksheet.

Liability: The Environment Agency does not promise that the worksheet will provide any particular facilities or functions. You must ensure that the worksheet meets your needs and you remain solely
responsible for the competent use of the worksheet. You are entirely responsible for the consequences of any use of the worksheet and the Agency provides no warranty about the fitness for purpose or
performance of any part of the worksheet. We do not promise that the media will always be free from defects, computer viruses, software locks or other similar code or that the operation of the worksheet will
be uninterrupted or error free. You should carry out all necessary virus checks prior to installing on your computing system.

IMPORTANT: To enable MS Excel worksheet, click Tools, Add -Ins, Analysis Tool Pak and Analysis Tool Pak-VBA (to calculate error functions).

Details to be completed for each assessment

Site Name: Former Gas Works

Site Address: Gas Works Road, Reading

Completed by: AS

Date: 12-Feb-18 Version: 1

Contaminant Benzo(b)fluoranthene

Target Concentration (Cy) 0.00000017 mg/l Origin of C;: Benzo(a)pyrene EQS Freshwater (The Water Framewor|

This worksheet can be used to determine remedial targets for soils (Worksheets Level 1 Soil, Level 2 and Level 3 Soil) or to determine remedial targets for groundwater (Level 3
Groundwater). For Level 3, parameter values must be entered separately dependent on whether the assessment is for soil or groundwater. For soil, remedial targets are
calculated as either mg/kg (for comparision with soil measurements) or mg/l (for comparison with leaching tests or pore water concentrations).

Site details entered on this page are automatically copied to Level 1, 2 and 3 Worksheets.

Worksheet options are identified by brown background and employ a pull-down menus. Data entry are identified as blue background.

Data origin / justification should be noted in cells coloured yellow and fully documented in subsequent reports.

Data carried forward from an earlier worksheet are identified by a light green background

It is recommended that a copy of the original worksheet is saved (all data fields in the original copy are blank).

The spreadsheet also includes a porosity calculation worksheet, a soil impact calculation worksheet and a worksheet that performs some simple hydrogeological
calculations.

23/02/2018, 09:38
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Remedial Targets Worksheet , Release 3.2

Environment
. Agenc
Level 1 - Soil AV Agency
Select the method of calculating the soil water
Partition Co-efficient by using the pull down menu
below
Calculate for non-polar organic chemicals
Contaminant Benzo(b)fluoranthene
Target concentration Cr 0.00000017 |mgll
Input Parameters Variable Value Unit Source of parameter value
Standard entry
Water filled soil porosity Ow 3.82E-01 |fraction Calculated using porosity calculator This sheet calculates the ITeveI 1 remedia}l target for §oi|s(mg/lkg) based ona.
. . . selected target concentration and theoretical calculation of soil water partitioning.
Air filed soil porosity  6a 4658-02 _ |fraction Calculated using porosity calculator Three options are included for determining the partition coefficient.
Bulk density of soil zone material p 9.40E-01  |g/cm® From Atkins (2013), representative value to gravelly [ The measured soil concentration as mg/kg should be compared with the Level 1
Henry's Law constant H 2.05E-06 |dimensionless |LQM/CIEH (2015) remedial target to determine the need for further action.
Entry if specify partition coefficient (option)
Soil water partition coefficient Kd _I/kg
Entry for non-polar organic chemicals (option)
Fraction of organic carbon (in soil) foc 1.10E-02__[fraction From 2017 Sl (average of made ground values)
Organic carbon partition coefficient Koc 1.05E+05 _|lkg LQM/CIEH (2015)
Entry for ionic organic chemicals (option)
Sorption coefficient for neutral species Kocn IIkg
Sorption coefficient for ionised species Ko, IIkg
pH value pH pH units
Acid dissociation constant pKa
Fraction of organic carbon (in soil) foc fraction
Soil water partition coefficient used in Level Assessment Kd 1.15E+03 I’/kg Calculated value

Level 1 Remedial Target

Level 1 Remedial Target 1.96E-04 mg/kg (for comparison with soil analyses)
or
0.00000017 mgl/l (for comparison with leachate test results)
Remedial targets worksheet v3.1 23/02/2018, 09:38
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Remedial Targets Worksheet , Release 3.2 Environment

. Agenc
Level 2 - Soil i gency
Contaminant [Benzo(b)fluoranthene ]from Level 1 This sheet calculates the Level 2 remedial target for soils (mg/kg) or for pore water (mg/l).
Target concentration Cr 0.00000017 mg/l  from Level 1

The measured soil concentration as mg/kg or pore water concentration should be compared with the Level 2 remedial target
to determine the need for further action. Equations presented in 'Hydrogeological risk assessment for land contamiantion’
(Environment Agency 2006)

Input Parameters Variable Value Unit  Source of parameter value
Standard entry
Infiltration Inf 1.00E-04 m/d Calculated infiltration
Area of contaminant source A 4.64E+02 m? m) and length (29m) from Atkins (2013) (measured fr¢Not used in calculation
Entry for groundwater flow below site
Length of contaminant source in direction of groundwater flow L 2.90E+01 m te length (measured from site plan) in direction of gr
Saturated aquifer thickness da 5.40E+00 m hess of Alluvium and Sand and Gravel and average g
Hydraulic Conductivity of aquifer in which dilution occurs K 1.00E-02 m/d  tin 2012 indicate 2.76E-04m/d (Atkins, 2013) but san
Hydraulic gradient of water table i 3.00E-02 fraction From 12/12/2017 monitoring round
Width of contaminant source perpendicular to groundwater flow w 1.60E+01 m width (16m) from Atkins (2013) (measured from site p|Not used in calculation
Background concentration of contaminant in groundwater beneath site Cu 0.00E+00 mg/l
Define mixing zone depth by specifying or calculating depth (using pull down list) Specify
Enter mixing zone thickness Mz 5.40E+00 m Assumed equal to saturated aquifer thickness
Calculated mixing zone thickness Mz m

Calculated Parameters

Dilution Factor DF 1.56E+00
Level 2 Remedial Target 2.65E-07 mg/l |For comparison with measured pore water concentration. This assumes Level 1 Remedial Target is based on Target Concentra
or
3.05E-04 mg/kg |For comparison with measured soil concentration. This assumes Level 1

Remedial Target calculated from soil-water

Additional option
Calculation of impact on receptor

Concentration of contaminant in contaminated discharge (entering receptor) Cc 0.00E+00 mg/l |

Calculated concentration within receptor (dilution only) 0.00E+00 mg/l 0

Remedial targets worksheet v3.1 23/02/2018,09:38
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Remedial Targets Worksheet , Release 3.2

Level 3 - Soil

Input Parameters

Contaminant
Target Concentration
Dilution Factor

See Note

Variable Value Unit  Source

Benzo(b)fluoranthene

from Level 1

Select analytical solution (click on brown cell below, then on pull-down menu)

Cr 000000017 mall  from Level 1
DF 1.56E+00 from Level 2
Ogata Banks Equations in HRA

Select nature of decay rate (click on brown cell below, then on pull-down menu)
degradation rate to pollutants in all phases (e.g. field derived value, I3 Entry for ionic organic chemicals (option)

Approach for simulating degradation of pollutants:

Enter source

Enter method of defining partition co-efficient (using pull down list)
Calculate for non:

Entry if specify partition coefficient (option)
Soil water partition coefficient

[

Entry for non-polar organic chemicals (option)

Variable Value Unit__Source of parameter value

Fraction of organic carbon in aquifer foc fraction
Organic carbon partition coefficient Koc 1.05E+05_|likg
Sorption coefficient for related species Koen Vka
Sorption coefficient for ionised species Ko Vka

Enter soil concentration

Half life for degradation of contaminant in water
Calculated decay rate

Width of plume in aquifer at source

Plume thickness in aquifer at source

Bulk density of aquifer materials

Effective porosity of aquifer

Hydraulic conductivity of saturated aquifer

Distance to compliance point

Distance (lateral) to compliance point perpendicular to flow direction
Distance (depth) to compliance point perpendicular to flow direction
Time since pollutant entered

Parameters values determined from options

i
Longitudinal dispersivity
Transverse dispersivity

Parameter values should be checked against Level 1 and 2
Calculated Parameters
Groundwater flow velocity
Hydraulic aradient used in aquifer flow down-aradient
te of contaminant flow due to retardation

Ratio of Compliance Point to Source Concentration
Attenuation factor (Co/Cen)

Soil concentration as mg/k pH value pH
34 mglkg Acid dissociation constant pKa
tiz 1.22E+03 days | | Fraction of organic carbon in aquifer foc fraction
2 5.68E-04 days”  calculated
sz 1.60E+01 m from Level 2 Soil water partition coefficient Kd 1.15E+03 kg
sy 5.40E+00 m  from Level 2
o 1.59E+00 glem” [Average value for gravely sand (ConSim manaul)
n fraction | Glacial deposits (Hiscock, 2005) | Define dispersivity (click brown cell and use pull down list)
Hydraulic gradient i fraction from Level 2 (adjusted) Dispersivities 10%, 1%, 0.1% of pathway length
K mid  from Level 2
x m  [Nominal 10m (river adjacent to site) | Enter value
z mo| |Lonsitudinal aispersivi ax
v m o | Transverse di ivi az
t 1.00E+99 days time variant options only Vertical dispersivity ay
Note values of dispersivity must be > 0
ftion coefficient  Kd 1.15E+03 kg see options
ax m  see options Xu & Eckstein (1995) report ax = 0.83(log,ox)"*'*; az = ax/10, ay = ax/100 are assumed
az m  see options
Vertical dispersivity ~ av m  see options
Note
Variable This worksheet should be used if pollutant transport and
degradation is best described by a first order reaction. If
degradation is best desribed by an electron limited
o oo ;f fg::?s f;‘;“’on d:gradgnwon such as oxidation yby 0, NOs, SO, etc than an
" alternative solution should be used
Decayrateused % 5.68E-04
i 8.37E-02 fraction
u 4.57E-07 mid
Cer/Cy  1.04E-151 fraction
AF 9.62E+150 fraction
Co 2.95€-02 mall

Calculated soil leachate concentration
Remedial Targets

Level 3 Remedial Target
Ogata Banks

2.55E+144 mgll

For comparison with measured pore water concentration.

or This assumes Level 1 Remedial Target is based on Target Concentration.

2.94E+147 mglkg |For

with measured soil

This

Distance to compliance point

Ratio of Compliance Point to Source Concentration

Care should be used when calculating remedial targets using the time variant options as this may result in an overestimate of the remedial target.

10 m
partitioning equation.

Ceo/Co 1.04E-151 fraction Ogata Banks

The recommended value for time when calculating the remedial target is 9.9E+99

Remedial targets worksheet v3.1

assumes Level 1 Remedial Target calculated from soil-water

Environment

Calc value Xu & Eckstein

Agency
1.0E+00 C: (relative) for
S0E01 distance-concentration graph
T soe0r
& 7oe01
§ eoeor Ogata Banks
E oeor From calculation sheet
H Relative
§ om0t Distance  concentration Concentration
2 30801 (No units) mgll
g 20801 0 1.0E+00 1.89E-02
% 1oe01 0.5 2.82E-08 5.35E-10
0.0E+00 + | 1.0 7.97E-16 1.51E-17
° 2 N ° 8 1 2 15 2.25E-23 4.26E-25
Distance (m) 20 6.36E-31 1.20E-32
25 1.80E-38 3.40E-40
Note: 'Relative concentration’ is the ratio of calculated concentation at a given 3.0 5.07E-46 9.60E-48
position compared to the source concentration. The calculations assume plume 35 1.43E-53 2.71E-55
disperses from the top of the aquifer. An alternative solution assuming the
comre of he plume s located at the mid-depth of the aquifer is preseg(ed in 40 4.04E-61 765563
the calculation shees. 45 1.14E-68 246670
5.0 3.22E-76 6.10E-78
5.5 9.10E-84 1.72E-85
6.0 2.57E-91 4.87E-93
6.5 7.26E-99 1.37E-100
7.0 2.05E-106 3.88E-108
7.5 5.79E-114 1.10E-115
8.0 1.63E-121 3.09E-123
8.5 4.61E-129 8.74E-131
9.0 1.30E-136 2.47E-138
9.5 3.68E-144 6.97E-146
10.0 1.04E-151 1.97E-153

This sheet calculates the Level 3 remedial target for soils(mg/kg) or for pore water (mg/l),
based on the distance to the receptor or compliance located down hydraulic gradient of the
source Three solution methods are included, the preferred option is Ogata Banks.By setting a
long travel time (e.g. 9E99) it will give the steady state solution, which should always be used
when calculating remedial targets.

The measured soil concentration as mglkg or pore water concentration should be compared
with the Level 3 remedial target to determine the need for further action.

Note if contaminant is not subiect to first order degradation, then set half life as 9.9E+99.

23/02/2018,09:38
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Hydrogeological risk assessment for land contamination

Remedial Targets Worksheet , Release 3.2

First released: 2006. Version 3.2: January 2013

This worksheet has been produced in combination with the document 'Remedial Targets Methodology: Hydrogeological risk assessment for land contamination (
Environment Agency 2006).

Users of this worksheet should always refer to the User Manual to the Remedial Targets Methodology and to relevant guidance on UK legislation and
policy, in order to understand how this procedure should be applied in an appropriate context.

© Environment Agency, 2006. (Produced by the Environment Agency's Science Group)

The calculation of equations in this worksheet has been independently checked by Entec (UK) Ltd on behalf of the Environment Agency.
All rights reserved. You will not modify, reverse compile or otherwise dis-assemble the worksheet.

Liability: The Environment Agency does not promise that the worksheet will provide any particular facilities or functions. You must ensure that the worksheet meets your needs and you remain solely
responsible for the competent use of the worksheet. You are entirely responsible for the consequences of any use of the worksheet and the Agency provides no warranty about the fitness for purpose or
performance of any part of the worksheet. We do not promise that the media will always be free from defects, computer viruses, software locks or other similar code or that the operation of the worksheet will
be uninterrupted or error free. You should carry out all necessary virus checks prior to installing on your computing system.

IMPORTANT: To enable MS Excel worksheet, click Tools, Add -Ins, Analysis Tool Pak and Analysis Tool Pak-VBA (to calculate error functions).

Details to be completed for each assessment

Site Name: Former Gas Works

Site Address: Gas Works Road, Reading

Completed by: AS

Date: 12-Feb-18 Version: 1

Contaminant Benzo(k)fluoranthene

Target Concentration (Cy) 0.00000017 mg/l Origin of C;: Benzo(a)pyrene EQS Freshwater (The Water Framewor|

This worksheet can be used to determine remedial targets for soils (Worksheets Level 1 Soil, Level 2 and Level 3 Soil) or to determine remedial targets for groundwater (Level 3
Groundwater). For Level 3, parameter values must be entered separately dependent on whether the assessment is for soil or groundwater. For soil, remedial targets are
calculated as either mg/kg (for comparision with soil measurements) or mg/l (for comparison with leaching tests or pore water concentrations).

Site details entered on this page are automatically copied to Level 1, 2 and 3 Worksheets.

Worksheet options are identified by brown background and employ a pull-down menus. Data entry are identified as blue background.

Data origin / justification should be noted in cells coloured yellow and fully documented in subsequent reports.

Data carried forward from an earlier worksheet are identified by a light green background

It is recommended that a copy of the original worksheet is saved (all data fields in the original copy are blank).

The spreadsheet also includes a porosity calculation worksheet, a soil impact calculation worksheet and a worksheet that performs some simple hydrogeological
calculations.

23/02/2018, 12:48
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Remedial Targets Worksheet , Release 3.2

Environment
. Agenc
Level 1 - Soil /\ gency
Select the method of calculating the soil water
Partition Co-efficient by using the pull down menu
below
Calculate for non-polar organic chemicals
Contaminant Benzo(k)fluoranthene
Target concentration Cr 0.00000017 |mgll
Input Parameters Variable Value Unit Source of parameter value
Standard entry
Water filled soil porosity Ow 3.82E-01 |fraction Calculated using porosity calculator This sheet calculates the ITeveI 1 remedia}l target for §oi|s(mg/lkg) based ona.
. . . selected target concentration and theoretical calculation of soil water partitioning.
Air filed soil porosity  6a 4658-02 _ |fraction Calculated using porosity calculator Three options are included for determining the partition coefficient.
Bulk density of soil zone material p 9.40E-01  |g/cm® From Atkins (2013), representative value to gravelly [ The measured soil concentration as mg/kg should be compared with the Level 1
Henry's Law constant H 1.74E-06  |dimensionless |LQM/CIEH (2015) remedial target to determine the need for further action.
Entry if specify partition coefficient (option)
Soil water partition coefficient Kd _I/kg
Entry for non-polar organic chemicals (option)
Fraction of organic carbon (in soil) foc 1.10E-02__[fraction From 2017 Sl (average of made ground values)
Organic carbon partition coefficient Koc 1.48E+05 |lkkg LQM/CIEH (2015)
Entry for ionic organic chemicals (option)
Sorption coefficient for neutral species Kocn IIkg
Sorption coefficient for ionised species Ko, IIkg
pH value pH pH units
Acid dissociation constant pKa
Fraction of organic carbon (in soil) foc fraction
Soil water partition coefficient used in Level Assessment Kd 1.63E+03 I’/kg Calculated value

Level 1 Remedial Target

Level 1 Remedial Target 2.77E-04 mg/kg (for comparison with soil analyses)
or
0.00000017 mgl/l (for comparison with leachate test results)
Remedial targets worksheet v3.1 23/02/2018, 12:48
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Remedial Targets Worksheet , Release 3.2 Environment
. Agenc
Level 2 - Soil AW AZENcy
Contaminant [Benzo(k)fluoranthene ]from Level 1 This sheet calculates the Level 2 remedial target for soils (mg/kg) or for pore water (mg/l).
Target concentration Cr 0.00000017 mg/l  from Level 1
The measured soil concentration as mg/kg or pore water concentration should be compared with the Level 2 remedial target
to determine the need for further action. Equations presented in 'Hydrogeological risk assessment for land contamiantion’
(Environment Agency 2006)
Input Parameters Variable Value Unit  Source of parameter value
Standard entry
Infiltration Inf 1.00E-04 m/d Calculated infiltration
Area of contaminant source A 4.64E+02 m? m) and length (29m) from Atkins (2013) (measured fr¢Not used in calculation
Entry for groundwater flow below site
Length of contaminant source in direction of groundwater flow L 2.90E+01 m te length (measured from site plan) in direction of gr
Saturated aquifer thickness da 5.40E+00 m hess of Alluvium and Sand and Gravel and average g
Hydraulic Conductivity of aquifer in which dilution occurs K 1.00E-02 m/d  tin 2012 indicate 2.76E-04m/d (Atkins, 2013) but san
Hydraulic gradient of water table i 3.00E-02 fraction From 12/12/2017 monitoring round
Width of contaminant source perpendicular to groundwater flow w 1.60E+01 m width (16m) from Atkins (2013) (measured from site p|Not used in calculation
Background concentration of contaminant in groundwater beneath site Cu 0.00E+00 mg/l
Define mixing zone depth by specifying or calculating depth (using pull down list) Specify
Enter mixing zone thickness Mz 5.40E+00 m Assumed equal to saturated aquifer thickness
Calculated mixing zone thickness Mz m
Calculated Parameters
Dilution Factor DF 1.56E+00
Level 2 Remedial Target 2.65E-07 mg/l |For comparison with measured pore water concentration. This assumes Level 1 Remedial Target is based on Target Concentra
or
4.31E-04 mg/kg |For comparison with measured soil concentration. This assumes Level 1
Remedial Target calculated from soil-water
Additional option
Calculation of impact on receptor
Concentration of contaminant in contaminated discharge (entering receptor) Cc 0.00E+00 mg/l |
Calculated concentration within receptor (dilution only) 0.00E+00 mg/l 0

Remedial targets worksheet v3.1
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Remedial Targets Worksheet , Release 3.2

Environment

Level 3 - Soil See Note W Agency
Input Parameters Variable Value Unit  Source Enter method of defining partition co-efficient (using pull down list)
Calculate for non 1.0E400 C (relative) for
Contaminant from Level 1 9.0E.01 distance-concentration graph
Target Concentration ~ Cr ma/l from Level 1 T soeor
Dilution Factor ~ DF from Level 2 & 7oeor
Entry if specify partition coefficient (option) 5 oot Ogata Banks
Select analytical solution (click on brown cell below, then on pull-down menu) Soil water partition coefficient [ [ E oo From calculation sheet
. . . elative
Ogata Banks Equations in HRA Entry for non-polar organic chemicals (option) % A0E01 Distance  concentration Concentration
Fraction of organic carbon in aquifer foc 10l fraction g 30E01 (No units) mg/l
Select nature of decay rate (click on brown cell below, then on pull-down menu) Organic carbon partition coefficient Koc ] £ 20801 0 1.0E+00 8.28E-03
Approach for simulating degradation of pollutants: degradation rate to pollutants in all phases (e.g. field derived value, I Entry for ionic organic chemicals (option) % 1os01 0.5 1.77E-05 1.47E-07
Sorption coefficient for related species Koen Ika 0.08+0 1 | 1.0 3.15E-10 2.60E-12
Variable Value Unit _ Source of parameter value Sorption coefficient for ionised species Koai Ilka o 2 4 6 8 1o 2 15 5.58E-15 4.62E17
Enter source Soil concentration as mg/k pH value pH Distance (m) 2.0 9.90E-20 8.19E-22
Enter soil concentration 21 mglkg Acid dissociation constant pKa 25 1.76E-24 1.45E-26
Half life for degradation of contaminant in water  ti, 4.28E+03 days | | Fraction of organic carbon in aquifer foc fraction Note: 'Relative concentration’ is the ratio of calculated concentation at a given 3.0 3.11E-29 2.58E-31
Calculated decay rate 1 1.62E-04 days” calculated position compared to the source concentration. The calculations assume plume 35 5.50E-34 457E-36
Width of plume in aquifer at source Sz 1.60E+01 m  from Level 2 Soil water partition coefficient Kd 1.63E+03 kg disperses from the top of the aquifer. An alternative solution assuming the 4.0 9.79E-39 8.11E-41
1 centre of the plume is located at the mid-depth of the aquifer is presented in
Plume thickness in aquifer at source Sy 5.40E+00 m  from Level 2 the calculation shests. 45 1.74E-43 1.44E-45
Bulk density of aquifer materials ~ p 1.59E+00 glem” [Average value for gravely sand (ConSim manaul) 5.0 3.08E-48 2.55E-50
Effective porosity of aquifer ~ n fraction | Glacial deposits (Hiscock, 2005) | Define dispersivity (click brown cell and use pull down list) 5.5 5.46E-53 4.52E-55
Hydraulic gradient i fraction from Level 2 (adjusted) Dispersivities 10%, 1%, 0.1% of pathway length 6.0 9.69E-58 8.02E-60
Hydraulic conductivity of saturated aquifer K m/d  from Level 2 6.5 1.72E-62 1.42E-64
Distance to compliance point X m  [Nominal 10m (river adjacent to site) Enter value  Calc value Xu & Eckstein 7.0 3.05E-67 2.52E-69
Distance (lateral) to compliance point perpendicular to flow direction  z m | | Longitudinal di ivi ax 7.5 5.41E-72 4.48E-74
Distance (depth) to compliance point perpendicular to flow direction m | | Transverse di: ivi az 8.0 9.59E-77 7.94E-79
Time since pollutant entered t 1.00E+99 days time variant options only Vertical dispersivity ay 8.5 1.70E-81 1.41E-83
Parameters values determined from options Note values of dispersivity must be > 0 9.0 3.02E-86 2.50E-88
tion coefficient  Kd 1.63E+03 kg see options 9.5 5.35E-91 4.43E-93
Longitudinal dispersivity ~ ax m see options Xu & Eckstein (1995) report ax = 0.83(logsox)**'*; az = ax/10, ay = ax/100 are assumed 10.0 9.49E-96 7.86E-98
Transverse dispersivity  az m  see options This sheet calculates the Level 3 remedial target for soils(mg/kg) or for pore water (mgl),
Vertical dispersivity ~ av. m  see ootlons based on the distance to the receptor or compliance located down hydraulic gradient of the
Parameter values should be checked against Level 1 and 2 source Three solution methods are included, the preferred option is Ogata Banks.By setting a
Note long travel time (.g. 9E99) it will give the steady state solution, which should always be used
Calculated Parameters Variable This worksheet should be used if pollutant transport and when calculating remedial targets.
degradation is best described by a first order reaction. If The measured soil concentration as mg/kg or pore water concentration should be compared
Groundwater flow velocity v 2.09E-03 mid degradation is best desribed by an electron limited with the Level 3 remedial target to determine the need for further action.
Retardation foctor R 6.47E50 fraction degradation such as oxidation by O, NOs, SO etc than an
" alternative solution should be used y .
Decayrateused % 1.626-04 Note if contaminant is not subiect to first order degradation, then set half life as 9.9E+99.
Hydraulic aradient used in aquifer flow down-aradient i 8.37E-02 fraction
e of contaminant flow due to retardation U 3.24E-07 mid
Ratio of Compliance Point to Source Concentration  Ceo/Co 9.49E-96 fraction
Attenuation factor (Co/Ceo) ~ AF 1.05E495  fraction
Calculated soil leachate concentration  Co 1.29E-02 mall
Remedial Targets
Level 3 Remedial Target 2.79E+88 mg/l |For comparison with measured pore water concentration.
Ogata Banks or This assumes Level 1 Remedial Target is based on Target Concentration
4.54E+91 mglkg |For with measured soil ion. This
Distance to compliance point 10 m assumes Level 1 Remedial Target calculated from soil-water

Ratio of Compliance Point to Source Concentration

CenlCo 9.49E-96

partitioning equation.
fraction Ogata Banks

Care should be used when calculating remedial targets using the time variant options as this may result in an overestimate of the remedial target.
The recommended value for time when calculating the remedial target is 9.9E+99

Remedial targets worksheet v3.1
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Hydrogeological risk assessment for land contamination

Remedial Targets Worksheet , Release 3.2

First released: 2006. Version 3.2: January 2013

This worksheet has been produced in combination with the document 'Remedial Targets Methodology: Hydrogeological risk assessment for land contamination (
Environment Agency 2006).

Users of this worksheet should always refer to the User Manual to the Remedial Targets Methodology and to relevant guidance on UK legislation and
policy, in order to understand how this procedure should be applied in an appropriate context.

© Environment Agency, 2006. (Produced by the Environment Agency's Science Group)

The calculation of equations in this worksheet has been independently checked by Entec (UK) Ltd on behalf of the Environment Agency.
All rights reserved. You will not modify, reverse compile or otherwise dis-assemble the worksheet.

Liability: The Environment Agency does not promise that the worksheet will provide any particular facilities or functions. You must ensure that the worksheet meets your needs and you remain solely
responsible for the competent use of the worksheet. You are entirely responsible for the consequences of any use of the worksheet and the Agency provides no warranty about the fitness for purpose or
performance of any part of the worksheet. We do not promise that the media will always be free from defects, computer viruses, software locks or other similar code or that the operation of the worksheet will
be uninterrupted or error free. You should carry out all necessary virus checks prior to installing on your computing system.

IMPORTANT: To enable MS Excel worksheet, click Tools, Add -Ins, Analysis Tool Pak and Analysis Tool Pak-VBA (to calculate error functions).

Details to be completed for each assessment

Site Name: Former Gas Works

Site Address: Gas Works Road, Reading

Completed by: AS

Date: 12-Feb-18 Version: 1

Contaminant Fluoranthene

Target Concentration (Cy) 0.0000063 mg/l Origin of Cy: EQS Freshwater (The Water Framework Directive 2015

This worksheet can be used to determine remedial targets for soils (Worksheets Level 1 Soil, Level 2 and Level 3 Soil) or to determine remedial targets for groundwater (Level 3
Groundwater). For Level 3, parameter values must be entered separately dependent on whether the assessment is for soil or groundwater. For soil, remedial targets are
calculated as either mg/kg (for comparision with soil measurements) or mg/l (for comparison with leaching tests or pore water concentrations).

Site details entered on this page are automatically copied to Level 1, 2 and 3 Worksheets.

Worksheet options are identified by brown background and employ a pull-down menus. Data entry are identified as blue background.

Data origin / justification should be noted in cells coloured yellow and fully documented in subsequent reports.

Data carried forward from an earlier worksheet are identified by a light green background

It is recommended that a copy of the original worksheet is saved (all data fields in the original copy are blank).

The spreadsheet also includes a porosity calculation worksheet, a soil impact calculation worksheet and a worksheet that performs some simple hydrogeological
calculations.
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Remedial Targets Worksheet , Release 3.2

Environment
. Agenc
Level 1 - Soil /\ gency
Select the method of calculating the soil water
Partition Co-efficient by using the pull down menu
below
Calculate for non-polar organic chemicals
Contaminant Fluoranthene
Target concentration Cr 0.0000063 [mg/1
Input Parameters Variable Value Unit Source of parameter value
Standard entry
Water filled soil porosity Ow 3.82E-01 |fraction Calculated using porosity calculator This sheet calculates the ITeveI 1 remedia}l target for §oi|s(mg/lkg) based ona.
. . . selected target concentration and theoretical calculation of soil water partitioning.
Air filed soil porosity  6a 4658-02 _ |fraction Calculated using porosity calculator Three options are included for determining the partition coefficient.
Bulk density of soil zone material p 9.40E-01  |g/cm® From Atkins (2013), representative value to gravelly [ The measured soil concentration as mg/kg should be compared with the Level 1
Henry's Law constant H 6.29E-05 |dimensionless |LQM/CIEH (2015) remedial target to determine the need for further action.
Entry if specify partition coefficient (option)
Soil water partition coefficient Kd _I/kg
Entry for non-polar organic chemicals (option)
Fraction of organic carbon (in soil) foc 1.10E-02__[fraction From 2017 Sl (average of made ground values)
Organic carbon partition coefficient Koc 1.82E+04 |lkkg LQM/CIEH (2015)
Entry for ionic organic chemicals (option)
Sorption coefficient for neutral species Kocn IIkg
Sorption coefficient for ionised species Ko, IIkg
pH value pH pH units
Acid dissociation constant pKa
Fraction of organic carbon (in soil) foc fraction
Soil water partition coefficient used in Level Assessment Kd 2.00E+02 I’/kg Calculated value

Level 1 Remedial Target

Level 1 Remedial Target 1.26E-03 mg/kg (for comparison with soil analyses)
or
0.0000063 mgl/l (for comparison with leachate test results)
Remedial targets worksheet v3.1 23/02/2018, 09:42
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Remedial Targets Worksheet , Release 3.2 Environment
. Agenc
Level 2 - Soil AW Agency
Contaminant [Fluoranthene ]from Level 1 This sheet calculates the Level 2 remedial target for soils (mg/kg) or for pore water (mg/l).
Target concentration Cr 0.0000063 mg/l  from Level 1

The measured soil concentration as mg/kg or pore water concentration should be compared with the Level 2 remedial target
to determine the need for further action. Equations presented in 'Hydrogeological risk assessment for land contamiantion’
(Environment Agency 2006)

Input Parameters Variable Value Unit  Source of parameter value
Standard entry
Infiltration Inf 1.00E-04 m/d Calculated infiltration
Area of contaminant source A 4.64E+02 m? m) and length (29m) from Atkins (2013) (measured fr¢Not used in calculation
Entry for groundwater flow below site
Length of contaminant source in direction of groundwater flow L 2.90E+01 m te length (measured from site plan) in direction of gr
Saturated aquifer thickness da 5.40E+00 m hess of Alluvium and Sand and Gravel and average g
Hydraulic Conductivity of aquifer in which dilution occurs K 1.00E-02 m/d  tin 2012 indicate 2.76E-04m/d (Atkins, 2013) but san
Hydraulic gradient of water table i 3.00E-02 fraction From 12/12/2017 monitoring round
Width of contaminant source perpendicular to groundwater flow w 1.60E+01 m width (16m) from Atkins (2013) (measured from site p|Not used in calculation
Background concentration of contaminant in groundwater beneath site Cu 0.00E+00 mg/l
Define mixing zone depth by specifying or calculating depth (using pull down list) Specify
Enter mixing zone thickness Mz 5.40E+00 m Assumed equal to saturated aquifer thickness

Calculated mixing zone thickness Mz _ m

Calculated Parameters

Dilution Factor DF 1.56E+00
Level 2 Remedial Target 9.82E-06 mg/l |For comparison with measured pore water concentration. This assumes Level 1 Remedial Target is based on Target Concentra
or
1.97E-03 mg/kg |For comparison with measured soil concentration. This assumes Level 1

Remedial Target calculated from soil-water

Additional option
Calculation of impact on receptor

Concentration of contaminant in contaminated discharge (entering receptor) Cc 0.00E+00 mg/l |

Calculated concentration within receptor (dilution only) 0.00E+00 mg/l 0

Remedial targets worksheet v3.1 23/02/2018,09:42
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Remedial Targets Worksheet , Release 3.2

Level 3 - Soil

Input Parameters

Contaminant

See Note

Enter method of defining partition co-efficient (using pull down list)
Calculate for non:

Variable Value Unit  Source

Fluoranthene

from Level 1

Target Concentration ~ Cr ma/l  from Level 1
Dilution Factor ~ DF from Level 2
Entry if specify partition coefficient (option)
Select analytical solution (click on brown cell below, then on pull-down menu) Soil water partition coefficient | I
Ogata Banks Equations in HRA Entry for non-polar organic chemicals (option)
Fraction of organic carbon in aquifer foc fraction
Select nature of decay rate (click on brown cell below, then on pull-down menu) Organic carbon partition coefficient Koc ]
Approach for simulating degradation of pollutants: degradation rate to pollutants in all phases (e.g. field derived value, § Entry for ionic organic chemicals (option)
Sorption coefficient for related species Koen Vka
Variable Value Unit __Source of parameter value Sorption coefficient for ionised species Ko Ika
Enter source Soil concentration as mg/k pH value pH
Enter soil concentration 87 mglkg Acid dissociation constant pKa
Half life for degradation of contaminant in water  ti, 8.80E+02 days | | Fraction of organic carbon in aquifer foc fraction
Calculated decay rate % 7.88E-04 days”  calculated
Width of plume in aquifer at source Sz 1.60E+01 m from Level 2 Soil water partition coefficient Kd 2.00E+02 kg
Plume thickness in aquifer at source Sy 5.40E+00 m  from Level 2
Bulk density of aquifer materials ~ p 1.59E+00 glem” [Average value for gravely sand (ConSim manaul)
Effective porosity of aquifer ~ n fraction | Glacial deposits (Hiscock, 2005) | Define dispersivity (click brown cell and use pull down list)
Hydraulic gradient i fraction from Level 2 (adjusted) Dispersivities 10%, 1%, 0.1% of pathway length
Hydraulic conductivity of saturated aquifer K m/d  from Level 2
Distance to compliance point ~ x m  [Nominal 10m (river adjacent to site) | Enter value
Distance (lateral) to compliance point perpendicular to flow direction z m | | Longitudinal di ivi ax
Distance (depth) to compliance point perpendicular to flow direction % m | | Transverse di: ivi az
Time since pollutant entered t 1.00E+99 days time variant options only Vertical dispersivity ay
Parameters values determined from options Note values of dispersivity must be > 0
tion coefficient  Kd 2.00E+02 kg see options
Longitudinal dispersivity  ax m  see options Xu & Eckstein (1995) report ax = 0.83(log;ox)“"*; az = ax/10, ay = ax'100 are assumed
Transverse dispersivity  az m  see options
Vertical dispersivity ~ av m  see options
Parameter values should be checked against Level 1 and 2
Note
Calculated Parameters Variable This worksheet should be used if pollutant transport and
degradation is best described by a first order reaction. If
degradation is best desribed by an electron limited
Groundwater flow velocity v 209803 m/d d:gradanon such as oxidation yby 0,, NO;, SO etc than an
Retardation factor ~ Rf 7.97E+02 fraction "
" alternative solution should be used
Decayrateused % 7.88E-04
Hydraulic aradient used in aquifer flow down-aradient i 8.37E-02 fraction
e of contaminant flow due to retardation U 2.63E-06 mid
Ratio of Compliance Point to Source Concentration  Ceo/Co 8.60E-74 fraction
Attenuation factor (Co/Ceo) ~ AF 116E473  fraction
Calculated soil leachate concentration  Co 4.34E-01 mall
Remedial Targets
Level 3 Remedial Target 1.14E+68 mg/l |For comparison with measured pore water concentration.
Ogata Banks or This assumes Level 1 Remedial Target is based on Target Concentration
2.20E+70 mglkg |For with measured soil ion. This
Distance to compliance point 10 m assumes Level 1 Remedial Target calculated from soil-water
partitioning equation.
Ratio of Compliance Point to Source Concentration Cgp/Cy 8.60E-74 fraction Ogata Banks

Care should be used when calculating remedial targets using the time variant options as this may result in an overestimate of the remedial target.
The recommended value for time when calculating the remedial target is 9.9E+99

Remedial targets worksheet v3.1

Environment
W Agency

Calc value Xu & Eckstein

1.0E+00 C: (relative) for
S0E01 distance-concentration graph
T soe0r
2 7os01
§ eoeor Ogata Banks
E oeor From calculation sheet
H Relative
§ om0t Distance  concentration Concentration
2 30801 (No units) mgll
g 20801 0 1.0E+00 2.78E-01
% 1oe01 0.5 2.22E-04 6.18E-05
0.0E+00 + | 1.0 4.94E-08 1.37E-08
o 2 N ° 8 1 2 15 1.10E-11 3.05E-12
Distance (m) 20 2.44E-15 6.78E-16
25 5.42E-19 1.51E-19
Note: 'Relative concentration’ is the ratio of calculated concentation at a given 3.0 1.20E-22 3.35E-23
position compared to the source concentration. The calculations assume plume 35 2.67E-26 7.44E27
disperses from the top of the aquifer. An alternative solution assuming the
comre of he plume s located at the mid-depth of the aquifer is preseg(ed in 40 5.94E-30 165830
the calculation shees. 45 1.32E-33 3.67€-34
5.0 2.93E-37 8.16E-38
5.5 6.52E-41 1.81E-41
6.0 1.45E-44 4.03E-45
6.5 3.22E-48 8.95E-49
7.0 7.15E-52 1.99E-52
7.5 1.59E-55 4.42E-56
8.0 3.53E-59 9.82E-60
8.5 7.84E-63 2.18E-63
9.0 1.74E-66 4.85E-67
9.5 3.87E-70 1.08E-70
10.0 8.60E-74 2.39E-74

This sheet calculates the Level 3 remedial target for soils(mg/kg) or for pore water (mg/l),
based on the distance to the receptor or compliance located down hydraulic gradient of the
source Three solution methods are included, the preferred option is Ogata Banks.By setting a
long travel time (e.g. 9E99) it will give the steady state solution, which should always be used
when calculating remedial targets.

The measured soil concentration as mglkg or pore water concentration should be compared
with the Level 3 remedial target to determine the need for further action.

Note if contaminant is not subiect to first order degradation, then set half life as 9.9E+99.
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Hydrogeological risk assessment for land contamination

Remedial Targets Worksheet , Release 3.2

First released: 2006. Version 3.2: January 2013

This worksheet has been produced in combination with the document 'Remedial Targets Methodology: Hydrogeological risk assessment for land contamination (
Environment Agency 2006).

Users of this worksheet should always refer to the User Manual to the Remedial Targets Methodology and to relevant guidance on UK legislation and
policy, in order to understand how this procedure should be applied in an appropriate context.

© Environment Agency, 2006. (Produced by the Environment Agency's Science Group)

The calculation of equations in this worksheet has been independently checked by Entec (UK) Ltd on behalf of the Environment Agency.
All rights reserved. You will not modify, reverse compile or otherwise dis-assemble the worksheet.

Liability: The Environment Agency does not promise that the worksheet will provide any particular facilities or functions. You must ensure that the worksheet meets your needs and you remain solely
responsible for the competent use of the worksheet. You are entirely responsible for the consequences of any use of the worksheet and the Agency provides no warranty about the fitness for purpose or
performance of any part of the worksheet. We do not promise that the media will always be free from defects, computer viruses, software locks or other similar code or that the operation of the worksheet will
be uninterrupted or error free. You should carry out all necessary virus checks prior to installing on your computing system.

IMPORTANT: To enable MS Excel worksheet, click Tools, Add -Ins, Analysis Tool Pak and Analysis Tool Pak-VBA (to calculate error functions).

Details to be completed for each assessment

Site Name: Former Gas Works

Site Address: Gas Works Road, Reading

Completed by: AS

Date: 12-Feb-18 Version: 1

Contaminant Indeno(1,2,3-cd)pyrene

Target Concentration (Cy) 0.00000017 mg/l Origin of C;: Benzo(a)pyrene EQS Freshwater (The Water Framewor|

This worksheet can be used to determine remedial targets for soils (Worksheets Level 1 Soil, Level 2 and Level 3 Soil) or to determine remedial targets for groundwater (Level 3
Groundwater). For Level 3, parameter values must be entered separately dependent on whether the assessment is for soil or groundwater. For soil, remedial targets are
calculated as either mg/kg (for comparision with soil measurements) or mg/l (for comparison with leaching tests or pore water concentrations).

Site details entered on this page are automatically copied to Level 1, 2 and 3 Worksheets.

Worksheet options are identified by brown background and employ a pull-down menus. Data entry are identified as blue background.

Data origin / justification should be noted in cells coloured yellow and fully documented in subsequent reports.

Data carried forward from an earlier worksheet are identified by a light green background

It is recommended that a copy of the original worksheet is saved (all data fields in the original copy are blank).

The spreadsheet also includes a porosity calculation worksheet, a soil impact calculation worksheet and a worksheet that performs some simple hydrogeological
calculations.

23/02/2018, 09:40
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Remedial Targets Worksheet , Release 3.2

Environment
. Agenc
Level 1 - Soil /\ gency
Select the method of calculating the soil water
Partition Co-efficient by using the pull down menu
below
Calculate for non-polar organic chemicals
Contaminant Indeno(1,2,3-cd)pyrene
Target concentration Cr 0.00000017 |mgll
Input Parameters Variable Value Unit Source of parameter value
Standard entry
Water filled soil porosity Ow 3.82E-01 |fraction Calculated using porosity calculator This sheet calculates the ITeveI 1 remedia}l target for §oi|s(mg/lkg) based ona.
. . . selected target concentration and theoretical calculation of soil water partitioning.
Airr filled soil porosity 6a 4.65E-02  [fraction Calculated using porosity calculator Three options are included for determining the partition coefficient.
Bulk density of soil zone material p 9.40E-01  |g/cm® From Atkins (2013), representative value to gravelly | The measured soil concentration as mg/kg should be compared with the Level 1
Henry's Law constant H 2.05E-06 | dimensionless |LQM/CIEH (2015) remedial target to determine the need for further action.
Entry if specify partition coefficient (option)
Soil water partition coefficient Kd _I/kg
Entry for non-polar organic chemicals (option)
Fraction of organic carbon (in soil) foc 1.10E-02__[fraction From 2017 Sl (average of made ground values)
Organic carbon partition coefficient Koc 8.71E+04 |lkg LQM/CIEH (2015)
Entry for ionic organic chemicals (option)
Sorption coefficient for neutral species Kocn IIkg
Sorption coefficient for ionised species Ko, IIkg
pH value pH pH units
Acid dissociation constant pKa
Fraction of organic carbon (in soil) foc fraction
Soil water partition coefficient used in Level Assessment Kd 9.58E+02 I’kg Calculated value

Level 1 Remedial Target

Level 1 Remedial Target 1.63E-04 mg/kg (for comparison with soil analyses)
or
0.00000017 mgl/l (for comparison with leachate test results)
Remedial targets worksheet v3.1 23/02/2018, 09:40
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Remedial Targets Worksheet , Release 3.2 Environment

. Agenc
Level 2 - Soil i gency
Contaminant [Indeno(1,2,3-cd)pyrene ]from Level 1 This sheet calculates the Level 2 remedial target for soils (mg/kg) or for pore water (mg/l).
Target concentration Cr 0.00000017 mg/l  from Level 1

The measured soil concentration as mg/kg or pore water concentration should be compared with the Level 2 remedial target
to determine the need for further action. Equations presented in 'Hydrogeological risk assessment for land contamiantion’
(Environment Agency 2006)

Input Parameters Variable Value Unit  Source of parameter value
Standard entry
Infiltration Inf 1.00E-04 m/d Calculated infiltration
Area of contaminant source A 4.64E+02 m? m) and length (29m) from Atkins (2013) (measured fr¢Not used in calculation
Entry for groundwater flow below site
Length of contaminant source in direction of groundwater flow L 2.90E+01 m te length (measured from site plan) in direction of gr
Saturated aquifer thickness da 5.40E+00 m hess of Alluvium and Sand and Gravel and average g
Hydraulic Conductivity of aquifer in which dilution occurs K 1.00E-02 m/d  tin 2012 indicate 2.76E-04m/d (Atkins, 2013) but san
Hydraulic gradient of water table i 3.00E-02 fraction From 12/12/2017 monitoring round
Width of contaminant source perpendicular to groundwater flow w 1.60E+01 m width (16m) from Atkins (2013) (measured from site p|Not used in calculation
Background concentration of contaminant in groundwater beneath site Cu 0.00E+00 mg/l
Define mixing zone depth by specifying or calculating depth (using pull down list) Specify
Enter mixing zone thickness Mz 5.40E+00 m Assumed equal to saturated aquifer thickness
Calculated mixing zone thickness Mz m

Calculated Parameters

Dilution Factor DF 1.56E+00
Level 2 Remedial Target 2.65E-07 mg/l |For comparison with measured pore water concentration. This assumes Level 1 Remedial Target is based on Target Concentra
or
2.54E-04 mg/kg |For comparison with measured soil concentration. This assumes Level 1

Remedial Target calculated from soil-water

Additional option
Calculation of impact on receptor

Concentration of contaminant in contaminated discharge (entering receptor) Cc 0.00E+00 mg/l |

Calculated concentration within receptor (dilution only) 0.00E+00 mg/l 0

Remedial targets worksheet v3.1 23/02/2018,09:40
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Remedial Targets Worksheet , Release 3.2

Level 3 - Soil

Input Parameters Variable Value Unit  Source

c

See Note

Enter method of defining partition co-efficient (using pull down list)
Calculate for non:

Indeno(1,2.3-cd)pyrene __| from Level 1

Target Concentration
Dilution Factor

Cy 0.00000017 ma/l  from Level 1

DF 1.56E+00 from Level 2

Entry if specify partition coefficient (option)

Select analytical solution (click on brown cell below, then on pull-down menu) Soil water partition coefficient ki |
Ogata Banks Equations in HRA Entry for non-polar organic chemicals (option)
Fraction of organic carbon in aquifer foc 10 fraction
Select nature of decay rate (click on brown cell below, then on pull-down menu) Organic carbon partition coefficient Koc ]
Approach for simulating degradation of pollutants: degradation rate to pollutants in all phases (e.g. field derived value, § Entry for ionic organic chemicals (option)
Sorption coefficient for related species Koen Vka
Variable Value Unit __Source of parameter value Sorption coefficient for ionised species Koei Ika
Enter source Soil concentration as mg/k pH value pH
Enter soil concentration 17 mglkg Acid dissociation constant pKa
Half ife for degradation of contaminant in water  ti2 4.28E+03 days | | Fraction of organic carbon in aquifer foc fraction
Calculated decay rate % 1.62E-04 days”  calculated
Width of plume in aquifer at source Sz 1.60E+01 m from Level 2 Soil water partition coefficient Kd 2.00E+02 kg
Plume thickness in aquifer at source Sy 5.40E+00 m  from Level 2
Bulk density of aquifer materials ~ p 1.59E+00 glem” [Average value for gravely sand (ConSim manaul)
Effective porosity of aquifer  n fraction |Glacial deposits (Hiscock, 2005) | Define dispersivity (click brown cell and use pull down list)
Hydraulic gradient i fraction from Level 2 (adjusted) Dispersivities 10%, 1%, 0.1% of pathway length
Hydraulic conductivity of saturated aquifer K mid  from Level 2
Distance to compliance point X m  [Nominal 10m (river adjacent to site) Enter value__ Calc value Xu & Eckstein
Distance (lateral) to compliance point perpendicular to flow direction z m | | Longitudinal di ivi ax
Distance (depth) to compliance point perpendicular to flow direction % m | | Transverse di: ivi az
Time since pollutant entered t 1.00E+99 days time variant options only Vertical dispersivity ay
Parameters values determined from options Note values of dispersivity must be > 0
tion coefficient  Kd 2.00E+02 kg see options
Longitudinal dispersivity  ax m  see options Xu & Eckstein (1995) report ax = 0.83(log,ox)"*'*; az = ax/10, ay = ax/100 are assumed
Transverse dispersivity  az m  see options
Vertical dispersivity  av m  see options
Parameter values should be checked against Level 1 and 2
Note
Calculated Parameters Variable This worksheet should be used if pollutant transport and
degradation is best described by a first order reaction. If
degradation is best desribed by an electron limited
Groundwater flow velocity ¥ 2098:03 md ogradation such as ovdation by Oy, NOy. SO, 6lc than an
Retardation factor ~ Rf 7.97E+02 fraction .
" alternative solution should be used
Decayrateused % 1.62E-04 d
Hvdraulic aradient used in aquifer flow down-aradient i 8.37E-02 fraction
e of contaminant flow due to retardation U 2.63E-06 mid
Ratio of Compliance Point to Source Concentration  Ceo/Co 1.00E-32 fraction
Attenuation factor (Co/Ceo) ~ AF 9.97E+31 fraction
Calculated soi leachate concentration o 1.77€-02 ma/l
Remedial Targets
Level 3 Remedial Target 2.64E+25 mg/l |For comparison with measured pore water concentration.
Ogata Banks or This assumes Level 1 Remedial Target is based on Target Concentration
2.53E+28 mglkg |For with measured soil ion. This

Distance to compliance point

Ratio of Compliance Point to Source Concentration

10 m___assumes Level 1 Remedial Target calculated from soil-water
partitioning equation
Cen/Cy 1.00E-32 fraction Ogata Banks

Care should be used when calculating remedial targets using the time variant options as this may result in an overestimate of the remedial target.
The recommended value for time when calculating the remedial target is 9.9E+99

Remedial targets worksheet v3.1

Environment

Agency
1.0E+00 C: (relative) for
S0E01 distance-concentration graph
T soe0r
& 7oe01
§ eoeor Ogata Banks
E oeor From calculation sheet
H Relative
§ om0t Distance  concentration Concentration
2 30801 (No units) mgll
g 20801 0 1.0E+00 1.14E-02
% 1oe01 0.5 2.51E-02 2.86E-04
0.0E+00 + | 1.0 6.31E-04 7.18E-06
° 2 N ° 8 1 2 15 1.59E-05 1.80E-07
Distance (m) 20 3.98E-07 4.53E-09
25 1.00E-08 1.14E-10
Note: 'Relative concentration’ is the ratio of calculated concentation at a given 3.0 2.51E-10 2.86E-12
position compared to the source concentration. The calculations assume plume 35 6.32E-12 7.19E-14
disperses from the top of the aquifer. An alternative solution assuming the
comre of he plume s located at the mid-depth of the aquifer is preseg(ed in 40 1.59E-13 181E15
the calculation shees. 45 3.99E-15 459617
5.0 1.00E-16 1.14E-18
5.5 2.52E-18 2.86E-20
6.0 6.32E-20 7.19E-22
6.5 1.59E-21 1.81E-23
7.0 3.99E-23 4.54E-25
7.5 1.00E-24 1.14E-26
8.0 2.52E-26 2.86E-28
8.5 6.32E-28 7.20E-30
9.0 1.59E-29 1.81E-31
9.5 3.99E-31 4.54E-33
10.0 1.00E-32 1.14E-34

This sheet calculates the Level 3 remedial target for soils(mg/kg) or for pore water (mg/l),
based on the distance to the receptor or compliance located down hydraulic gradient of the
source Three solution methods are included, the preferred option is Ogata Banks.By setting a
long travel time (e.g. 9E99) it will give the steady state solution, which should always be used
when calculating remedial targets.

The measured soil concentration as mglkg or pore water concentration should be compared
with the Level 3 remedial target to determine the need for further action.

Note if contaminant is not subiect to first order degradation, then set half life as 9.9E+99.
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Hydrogeological risk assessment for land contamination

Remedial Targets Worksheet , Release 3.2

First released: 2006. Version 3.2: January 2013

This worksheet has been produced in combination with the document 'Remedial Targets Methodology: Hydrogeological risk assessment for land contamination (
Environment Agency 2006).

Users of this worksheet should always refer to the User Manual to the Remedial Targets Methodology and to relevant guidance on UK legislation and
policy, in order to understand how this procedure should be applied in an appropriate context.

© Environment Agency, 2006. (Produced by the Environment Agency's Science Group)

The calculation of equations in this worksheet has been independently checked by Entec (UK) Ltd on behalf of the Environment Agency.
All rights reserved. You will not modify, reverse compile or otherwise dis-assemble the worksheet.

Liability: The Environment Agency does not promise that the worksheet will provide any particular facilities or functions. You must ensure that the worksheet meets your needs and you remain solely
responsible for the competent use of the worksheet. You are entirely responsible for the consequences of any use of the worksheet and the Agency provides no warranty about the fitness for purpose or
performance of any part of the worksheet. We do not promise that the media will always be free from defects, computer viruses, software locks or other similar code or that the operation of the worksheet will
be uninterrupted or error free. You should carry out all necessary virus checks prior to installing on your computing system.

IMPORTANT: To enable MS Excel worksheet, click Tools, Add -Ins, Analysis Tool Pak and Analysis Tool Pak-VBA (to calculate error functions).

Details to be completed for each assessment

Site Name: Former Gas Works

Site Address: Gas Works Road, Reading

Completed by: AS

Date: 12-Feb-18 Version: 1

Contaminant Naphthalene

Target Concentration (Cy) 0.002 mg/l Origin of Cy: EQS Freshwater (The Water Framework Directive 2015

This worksheet can be used to determine remedial targets for soils (Worksheets Level 1 Soil, Level 2 and Level 3 Soil) or to determine remedial targets for groundwater (Level 3
Groundwater). For Level 3, parameter values must be entered separately dependent on whether the assessment is for soil or groundwater. For soil, remedial targets are
calculated as either mg/kg (for comparision with soil measurements) or mg/l (for comparison with leaching tests or pore water concentrations).

Site details entered on this page are automatically copied to Level 1, 2 and 3 Worksheets.

Worksheet options are identified by brown background and employ a pull-down menus. Data entry are identified as blue background.

Data origin / justification should be noted in cells coloured yellow and fully documented in subsequent reports.

Data carried forward from an earlier worksheet are identified by a light green background

It is recommended that a copy of the original worksheet is saved (all data fields in the original copy are blank).

The spreadsheet also includes a porosity calculation worksheet, a soil impact calculation worksheet and a worksheet that performs some simple hydrogeological
calculations.
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Remedial Targets Worksheet , Release 3.2

Level 1 - Soil

Environment
W Agency

Select the method of calculating the soil water
Partition Co-efficient by using the pull down menu

below

Calculate for non-polar organic chemicals

Source of parameter value

Calculated using porosity calculator

Calculated using porosity calculator

From Atkins (2013), representative value to gravelly

LQM/CIEH (2015)

From 2017 Sl (average of made ground values)

LQM/CIEH (2015)

Contaminant Naphthalene
Target concentration Cr 0.002 mgll
Input Parameters Variable Value Unit
Standard entry
Water filled soil porosity Ow 3.82E-01  |fraction
Air filled soil porosity 0a 4.65E-02  |fraction
Bulk density of soil zone material p 9.40E-01  |g/cm®
Henry's Law constant H 6.62E-03  |gimensionless
Entry if specify partition coefficient (option)
Soil water partition coefficient Kd _I/kg
Entry for non-polar organic chemicals (option)
Fraction of organic carbon (in soil) foc 1.10E-02__[fraction
Organic carbon partition coefficient Koc 6.46E+02  [I/kg
Entry for ionic organic chemicals (option)
Sorption coefficient for neutral species Kocn IIkg
Sorption coefficient for ionised species Ko, IIkg
pH value pH pH units
Acid dissociation constant pKa
Fraction of organic carbon (in soil) foc fraction
Soil water partition coefficient used in Level Assessment Kd 7.10E+00 I’kg
Level 1 Remedial Target
Level 1 Remedial Target 1.50E-02 mg/kg
or
0.002 mgl/l

Remedial targets worksheet v3.1

Calculated value

(for comparison with soil analyses)

(for comparison with leachate test results)

This sheet calculates the Level 1 remedial target for soils(mg/kg) based on a
selected target concentration and theoretical calculation of soil water partitioning.
Three options are included for determining the partition coefficient.

The measured soil concentration as mg/kg should be compared with the Level 1
remedial target to determine the need for further action.

23/02/2018, 09:40
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Remedial Targets Worksheet , Release 3.2 Environment

. Agenc
Level 2 - Soil i gency
Contaminant [Naphthalene ]from Level 1 This sheet calculates the Level 2 remedial target for soils (mg/kg) or for pore water (mg/l).
Target concentration Cr 0.002 mg/l  from Level 1

The measured soil concentration as mg/kg or pore water concentration should be compared with the Level 2 remedial target
to determine the need for further action. Equations presented in 'Hydrogeological risk assessment for land contamiantion’
(Environment Agency 2006)

Input Parameters Variable Value Unit  Source of parameter value
Standard entry
Infiltration Inf 1.00E-04 m/d Calculated infiltration
Area of contaminant source A 4.64E+02 m? m) and length (29m) from Atkins (2013) (measured fr¢Not used in calculation
Entry for groundwater flow below site
Length of contaminant source in direction of groundwater flow L 2.90E+01 m te length (measured from site plan) in direction of gr
Saturated aquifer thickness da 5.40E+00 m hess of Alluvium and Sand and Gravel and average g
Hydraulic Conductivity of aquifer in which dilution occurs K 1.00E-02 m/d  tin 2012 indicate 2.76E-04m/d (Atkins, 2013) but san
Hydraulic gradient of water table i 3.00E-02 fraction From 12/12/2017 monitoring round
Width of contaminant source perpendicular to groundwater flow w 1.60E+01 m width (16m) from Atkins (2013) (measured from site p|Not used in calculation
Background concentration of contaminant in groundwater beneath site Cu 0.00E+00 mg/l
Define mixing zone depth by specifying or calculating depth (using pull down list) Specify
Enter mixing zone thickness Mz 5.40E+00 m Assumed equal to saturated aquifer thickness
Calculated mixing zone thickness Mz m

Calculated Parameters

Dilution Factor DF 1.56E+00
Level 2 Remedial Target 3.12E-03 mg/l |For comparison with measured pore water concentration. This assumes Level 1 Remedial Target is based on Target Concentra
or
2.34E-02 mg/kg |For comparison with measured soil concentration. This assumes Level 1

Remedial Target calculated from soil-water

Additional option
Calculation of impact on receptor

Concentration of contaminant in contaminated discharge (entering receptor) Cc 0.00E+00 mg/l |

Calculated concentration within receptor (dilution only) 0.00E+00 mg/l 0

Remedial targets worksheet v3.1 23/02/2018,09:40
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Remedial Targets Worksheet , Release 3.2

Level 3 - Soil

Input Parameters

c

See Note

Variable Value Unit  Source
Calculate for non:

from Level 1

Naphthalene

Target Concentration
Dilution Factor

Select analytical solution (click on brown cell below, then on pull-down menu)

Select nature of decay rate (click on brown cell below, then on pull-down menu)

Approach for simulating degradation of pollutants:

Enter source

Cr 0.002 ma/l from Level 1
DF 1.56E+00 from Level 2

Entry if specify partition coefficient (option)

Soil water partition coefficient

Ogata Banks tions in HRA

Enter soil concentration
Half life for degradation of contaminant in water

Width of plume in aquifer at source
Plume thickness in aquifer at source
Bulk density of aquifer materials
Effective porosity of aquifer

Hydraulic conductivity of saturated aquifer

Distance to compliance point

Distance (lateral) to compliance point perpendicular to flow direction
Distance (depth) to compliance point perpendicular to flow direction
Time since pollutant entered

Entry for non-polar organic chemicals (option)

Enter method of defining partition co-efficient (using pull down list)

[

Parameters values determined from options

i
Longitudinal dispersivity
Transverse dispersivity

Parameter values should be checked against Level 1 and 2
Calculated Parameters

Groundwater flow velocity

Hydraulic aradient used in aquifer flow down-aradient
te of contaminant flow due to retardation
Ratio of Compliance Point to Source Concentration
Attenuation factor (Co/Ceo)
Calculated soil leachate concentration
Remedial Targets

Level 3 Remedial Target

Distance to compliance point

Calc value Xu & Eckstein

Environment

Fraction of organic carbon in aquifer foc fraction
Organic carbon partition coefficient Koc ]
degradation rate to pollutants in all phases (e.g. field derived value, § Entry for ionic organic chemicals (option)
Sorption coefficient for related species Koen Vka
Variable Value Unit __Source of parameter value Sorption coefficient for ionised species Koei Ika
Soil concentration as mg/kg pH value pH
24 mglkg Acid dissociation constant pKa
tiz 2.58E+02 days | | Fraction of organic carbon in aquifer foc fraction
Calculated decay rate % 2.69E-03 days”  calculated
sz 1.60E+01 m from Level 2 Soil water partition coefficient Kd 7.10E+00 kg
sy 5.40E+00 m  from Level 2
o 1.59E+00 glem” [Average value for gravely sand (ConSim manaul)
n fraction | Glacial deposits (Hiscock, 2005) | Define dispersivity (click brown cell and use pull down list)
Hydraulic gradient i fraction from Level 2 (adjusted) Dispersivities 10%, 1%, 0.1% of pathway length
K mid  from Level 2
x m  [Nominal 10m (river adjacent to site) | Enter value
2 mo I a
v m o | Transverse az
t 1.00E+99 days time variant options only Vertical dispersivity ay
Note values of dispersivity must be > 0
ftion coefficient  Kd 7.10E+00 kg see options
ax m  see options Xu & Eckstein (1995) report ax = 0.83(log,ox)"*'*; az = ax/10, ay = ax/100 are assumed
az m  see options
Vertical dispersivity ~ av m  see options
Note
Variable This worksheet should be used if pollutant transport and
degradation is best described by a first order reaction. If
degradation is best desribed by an electron limited
o oo ;f 22329;‘;31 f;‘;“’on d:gradgnwon such as oxidation yby 0, NOs, SO, etc than an
" alternative solution should be used
Decayrateused % 2.69E-03
i 8.37E-02 fraction
u 7.16E-05 mid
Ceo/Cy 3.00E-25 fraction
AF 333E+24  fraction
Co 3.20E+00 mall
1.04E+22 mg/l | For comparison with measured pore water concentration.
Ogata Banks or This assumes Level 1 Remedial Target is based on Target Concentration
7.79E+22 mglkg |For with measured soil ion. This
10 m___ assumes Level 1 Remedial Target calculated from soil-water
partitioning equation.
CeolCo 3.00E25 fraction Ogata Banks

Ratio of Compliance Point to Source Concentration

Care should be used when calculating remedial targets using the time variant options as this may result in an overestimate of the remedial target.
The recommended value for time when calculating the remedial target is 9.9E+99

Remedial targets worksheet v3.1

Agency
1.0E+00 C: (relative) for
80801 distance-concentration graph
T soe0r
& 7oe01
§ eoeor Ogata Banks
E oeor From calculation sheet
H Relative
§ om0t Distance  concentration Concentration
g 30801 (No units) mg/l
£ 20801 0 1.0E+00 2.05E+00
% 1oe01 0.5 5.94E-02 1.22E-01
0.0E+00 1 | 1.0 3.53E-03 7.24E-03
o 2 N ° 8 1 2 15 2.10E-04 4.30E-04
Distance (m) 20 1.25E-05 2.56E-05
25 7.40E-07 1.52E-06
Note: 'Relative concentration’ is the ratio of calculated concentation at a given 3.0 4.40E-08 9.02E-08
position compared to the source concentration. The calculations assume plume 35 2.61E-09 5.36E-00
disperses from the top of the aquifer. An alternative solution assuming the
comre of he plume s located at the mid-depth of the aquifer is preseg(ed in 40 1.55E-10 318810
the calculation shees. 45 9.226-12 1.89E-11
5.0 5.48E-13 1.12E-12
5.5 3.26E-14 6.68E-14
6.0 1.93E-15 3.97E-15
6.5 1.15E-16 2.36E-16
7.0 6.83E-18 1.40E-17
7.5 4.06E-19 8.32E-19
8.0 2.41E-20 4.94E-20
8.5 1.43E-21 2.94E-21
9.0 8.51E-23 1.75E-22
9.5 5.06E-24 1.04E-23
10.0 3.00E-25 6.16E-25

This sheet calculates the Level 3 remedial target for soils(mg/kg) or for pore water (mg/l),
based on the distance to the receptor or compliance located down hydraulic gradient of the
source Three solution methods are included, the preferred option is Ogata Banks.By setting a
long travel time (e.g. 9E99) it will give the steady state solution, which should always be used
when calculating remedial targets.

The measured soil concentration as mglkg or pore water concentration should be compared
with the Level 3 remedial target to determine the need for further action.

Note if contaminant is not subiect to first order degradation, then set half life as 9.9E+99.

23/02/2018,09:40
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Hydrogeological risk assessment for land contamination

Remedial Targets Worksheet , Release 3.2

First released: 2006. Version 3.2: January 2013

This worksheet has been produced in combination with the document 'Remedial Targets Methodology: Hydrogeological risk assessment for land contamination (
Environment Agency 2006).

Users of this worksheet should always refer to the User Manual to the Remedial Targets Methodology and to relevant guidance on UK legislation and
policy, in order to understand how this procedure should be applied in an appropriate context.

© Environment Agency, 2006. (Produced by the Environment Agency's Science Group)

The calculation of equations in this worksheet has been independently checked by Entec (UK) Ltd on behalf of the Environment Agency.
All rights reserved. You will not modify, reverse compile or otherwise dis-assemble the worksheet.

Liability: The Environment Agency does not promise that the worksheet will provide any particular facilities or functions. You must ensure that the worksheet meets your needs and you remain solely
responsible for the competent use of the worksheet. You are entirely responsible for the consequences of any use of the worksheet and the Agency provides no warranty about the fitness for purpose or
performance of any part of the worksheet. We do not promise that the media will always be free from defects, computer viruses, software locks or other similar code or that the operation of the worksheet will
be uninterrupted or error free. You should carry out all necessary virus checks prior to installing on your computing system.

IMPORTANT: To enable MS Excel worksheet, click Tools, Add -Ins, Analysis Tool Pak and Analysis Tool Pak-VBA (to calculate error functions).

Details to be completed for each assessment

Site Name: Former Gas Works

Site Address: Gas Works Road, Reading

Completed by: AS

Date: 12-Feb-18 Version: 1

Contaminant Acenaphthene

Target Concentration (Cy) 0.017 mg/l Origin of C;: Freshwater Chronic Screening Value, Region 4 USEPA|

This worksheet can be used to determine remedial targets for soils (Worksheets Level 1 Soil, Level 2 and Level 3 Soil) or to determine remedial targets for groundwater (Level 3
Groundwater). For Level 3, parameter values must be entered separately dependent on whether the assessment is for soil or groundwater. For soil, remedial targets are
calculated as either mg/kg (for comparision with soil measurements) or mg/l (for comparison with leaching tests or pore water concentrations).

Site details entered on this page are automatically copied to Level 1, 2 and 3 Worksheets.

Worksheet options are identified by brown background and employ a pull-down menus. Data entry are identified as blue background.

Data origin / justification should be noted in cells coloured yellow and fully documented in subsequent reports.

Data carried forward from an earlier worksheet are identified by a light green background

It is recommended that a copy of the original worksheet is saved (all data fields in the original copy are blank).

The spreadsheet also includes a porosity calculation worksheet, a soil impact calculation worksheet and a worksheet that performs some simple hydrogeological
calculations.

23/02/2018, 09:41
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Remedial Targets Worksheet , Release 3.2

Level 1 - Soil

Environment
W Agency

Select the method of calculating the soil water
Partition Co-efficient by using the pull down menu

below

Calculate for non-polar organic chemicals

Source of parameter value

Calculated using porosity calculator

Calculated using porosity calculator

From Atkins (2013), representative value to gravelly

LQM/CIEH (2015)

From 2017 Sl (average of made ground values)

LQM/CIEH (2015)

Contaminant Acenaphthene
Target concentration Cr 0.017 mgll
Input Parameters Variable Value Unit
Standard entry
Water filled soil porosity Ow 3.82E-01  |fraction
Air filled soil porosity 0a 4.65E-02  |fraction
Bulk density of soil zone material p 9.40E-01  |g/cm®
Henry's Law constant H 7.59E-04 |dgimensionless
Entry if specify partition coefficient (option)
Soil water partition coefficient Kd _I/kg
Entry for non-polar organic chemicals (option)
Fraction of organic carbon (in soil) foc 1.10E-02__[fraction
Organic carbon partition coefficient Koc 2.34E+03 _ [l/kg
Entry for ionic organic chemicals (option)
Sorption coefficient for neutral species Kocn IIkg
Sorption coefficient for ionised species Ko, IIkg
pH value pH pH units
Acid dissociation constant pKa
Fraction of organic carbon (in soil) foc fraction
Soil water partition coefficient used in Level Assessment Kd 2.58E+01 I’kg
Level 1 Remedial Target
Level 1 Remedial Target 4.45E-01 mg/kg
or
0.017 mgl/l

Remedial targets worksheet v3.1

Calculated value

(for comparison with soil analyses)

(for comparison with leachate test results)

This sheet calculates the Level 1 remedial target for soils(mg/kg) based on a
selected target concentration and theoretical calculation of soil water partitioning.
Three options are included for determining the partition coefficient.

The measured soil concentration as mg/kg should be compared with the Level 1
remedial target to determine the need for further action.

23/02/2018, 09:41
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Remedial Targets Worksheet , Release 3.2 Environment
. Agenc
Level 2 - Soil AW AZENcy
Contaminant [Acenaphthene ]from Level 1 This sheet calculates the Level 2 remedial target for soils (mg/kg) or for pore water (mg/l).
Target concentration Cr 0.017 mg/l  from Level 1
The measured soil concentration as mg/kg or pore water concentration should be compared with the Level 2 remedial target
to determine the need for further action. Equations presented in 'Hydrogeological risk assessment for land contamiantion’
(Environment Agency 2006)
Input Parameters Variable Value Unit  Source of parameter value
Standard entry
Infiltration Inf 1.00E-04 m/d Calculated infiltration
Area of contaminant source A 4.64E+02 m? m) and length (29m) from Atkins (2013) (measured fr¢Not used in calculation
Entry for groundwater flow below site
Length of contaminant source in direction of groundwater flow L 2.90E+01 m te length (measured from site plan) in direction of gr
Saturated aquifer thickness da 5.40E+00 m hess of Alluvium and Sand and Gravel and average g
Hydraulic Conductivity of aquifer in which dilution occurs K 1.00E-02 m/d  tin 2012 indicate 2.76E-04m/d (Atkins, 2013) but san
Hydraulic gradient of water table i 3.00E-02 fraction From 12/12/2017 monitoring round
Width of contaminant source perpendicular to groundwater flow w 1.60E+01 m width (16m) from Atkins (2013) (measured from site p|Not used in calculation
Background concentration of contaminant in groundwater beneath site Cu 0.00E+00 mg/l
Define mixing zone depth by specifying or calculating depth (using pull down list) Specify
Enter mixing zone thickness Mz 5.40E+00 m Assumed equal to saturated aquifer thickness
Calculated mixing zone thickness Mz m
Calculated Parameters
Dilution Factor DF 1.56E+00
Level 2 Remedial Target 2.65E-02 mg/l |For comparison with measured pore water concentration. This assumes Level 1 Remedial Target is based on Target Concentra
or
6.94E-01 mg/kg |For comparison with measured soil concentration. This assumes Level 1
Remedial Target calculated from soil-water
Additional option
Calculation of impact on receptor
Concentration of contaminant in contaminated discharge (entering receptor) Cc 0.00E+00 mg/l |
Calculated concentration within receptor (dilution only) 0.00E+00 mg/l 0

Remedial targets worksheet v3.1

23/02/2018,09:41
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Remedial Targets Worksheet , Release 3.2

Level 3 - Soil

Input Parameters

Contaminant

See Note

Variable Value Unit  Source

Acenaphthene from Level 1

Calculate for non:

Enter method of defining partition co-efficient (using pull down list)

Calc value Xu & Eckstein

Environment
W Agency

Target C Cr 0.017 ma/l  from Level 1
Dilution Factor ~ DF 1.56E+00 from Level 2
Entry if specify partition coefficient (option)
Select analytical solution (click on brown cell below, then on pull-down menu) Soil water partition coefficient | I
Ogata Banks Equations in HRA Entry for non-polar organic chemicals (option)
Fraction of organic carbon in aquifer foc fraction
Select nature of decay rate (click on brown cell below, then on pull-down menu) Organic carbon partition coefficient Koc ]
Approach for simulating degradation of pollutants: degradation rate to pollutants in all phases (e.g. field derived value, § Entry for ionic organic chemicals (option)
Sorption coefficient for related species Koen Vka
Variable Value Unit __Source of parameter value Sorption coefficient for ionised species Ko Ika
Enter source Soil concentration as mg/k pH value pH
Enter soil 15 mglkg Acid dissociation constant pKa
Half life for degradation of contaminant in water  ti, 2.04E+02 days | | Fraction of organic carbon in aquifer foc fraction
Calculated decay rate 1 3.40E-03 days” calculated
Width of plume in aquifer at source Sz 1.60E+01 m  from Level 2 Soil water partition coefficient Kd 2.58E+01 kg
Plume thickness in aquifer at source Sy 5.40E+00 m  from Level 2
Bulk density of aquifer materials ~ p 1.59E+00 glem” [Average value for gravely sand (ConSim manaul)
Effective porosity of aquifer ~ n fraction | Glacial deposits (Hiscock, 2005) | Define dispersivity (click brown cell and use pull down list)
Hydraulic gradient i fraction from Level 2 (adjusted) Dispersivities 10%, 1%, 0.1% of pathway length
Hydraulic conductivity of saturated aquifer K m/d  from Level 2
Distance to compliance point ~ x m  [Nominal 10m (river adjacent to site) | Enter value
Distance (lateral) to compliance point perpendicular to flow direction z m | [ ax
Distance (depth) to compliance point perpendicular to flow direction % m | | Transverse az
Time since pollutant entered t 1.00E+99 days time variant options only Vertical dispersivity ay
Parameters values determined from options Note values of dispersivity must be > 0
tion coefficient  Kd 2.58E+01 kg see options
Longitudinal dispersivity  ax m  see options Xu & Eckstein (1995) report ax = 0.83(log;ox)“"*; az = ax/10, ay = ax'100 are assumed
Transverse dispersivity  az m  see options
Vertical dispersivity ~ av m  see options
Parameter values should be checked against Level 1 and 2
Note
Calculated Parameters Variable This worksheet should be used if pollutant transport and
degradation is best described by a first order reaction. If
degradation is best desribed by an electron limited
Groundwater flow velocity v 209803 m/d d:gradanon such as oxidation yby 0,, NO;, SO etc than an
Retardation factor ~ Rf 1.04E+02 fraction "
" alternative solution should be used
Decayrateused % 3.40E-03
Hydraulic aradient used in aquifer flow down-aradient i 8.37E-02 fraction
e of contaminant flow due to retardation ~ u 2.02E-05 mid
Ratio of Compliance Point to Source Concentration  Ceo/Co 6.75E-55 fraction
Attenuation factor (Co/Ceo) ~ AF 1.48E+54  fraction
Calculated soil leachate concentration  Co 5.73E-01 mall
Remedial Targets
Level 3 Remedial Target 3.93E+52 mg/l |For comparison with measured pore water concentration.
Ogata Banks or This assumes Level 1 Remedial Target is based on Target Concentration
1.03E+54 mglkg |For with measured soil ion. This
Distance to compliance point 10 m assumes Level 1 Remedial Target calculated from soil-water
partitioning equation.
Ratio of Compliance Point to Source Concentration Cgp/Cy 6.75E-55 fraction Ogata Banks

Care should be used when calculating remedial targets using the time variant options as this may result in an overestimate of the remedial target.
The recommended value for time when calculating the remedial target is 9.9E+99

Remedial targets worksheet v3.1

1.0E+00 C: (relative) for
S0E01 distance-concentration graph
T soe0r
2 7os01
§ eoeor Ogata Banks
E oeor From calculation sheet
H Relative
§ om0t Distance  concentration Concentration
2 30801 (No units) mgll
g 20801 0 1.0E+00 3.67E-01
% 1oe01 0.5 1.96E-03 7.19E-04
0.0E+00 + | 1.0 3.83E-06 1.41E-06
° 2 N ° 8 1 2 15 7.49E-09 2.75E-09
Distance (m) 20 1.46E-11 5.38E-12
25 2.87E-14 1.05E-14
Note: 'Relative concentration’ is the ratio of calculated concentation at a given 3.0 5.61E-17 2.06E-17
position compared to the source concentration. The calculations assume plume 35 1.10E-19 4.03E-20
disperses from the top of the aquifer. An alternative solution assuming the
comre of he plume s located at the mid-depth of the aquifer is preseg(ed in 40 215622 788523
the calculation shees. 45 4.20E-25 1.54E-25
5.0 8.21E-28 3.02E-28
5.5 1.61E-30 5.90E-31
6.0 3.14E-33 1.16E-33
6.5 6.15E-36 2.26E-36
7.0 1.20E-38 4.42E-39
7.5 2.35E-41 8.65E-42
8.0 4.61E-44 1.69E-44
8.5 9.01E-47 3.31E-47
9.0 1.76E-49 6.48E-50
9.5 3.45E-52 1.27E-52
10.0 6.75E-55 2.48E-55

This sheet calculates the Level 3 remedial target for soils(mg/kg) or for pore water (mg/l),
based on the distance to the receptor or compliance located down hydraulic gradient of the
source Three solution methods are included, the preferred option is Ogata Banks.By setting a
long travel time (e.g. 9E99) it will give the steady state solution, which should always be used
when calculating remedial targets.

The measured soil concentration as mglkg or pore water concentration should be compared
with the Level 3 remedial target to determine the need for further action.

Note if contaminant is not subiect to first order degradation, then set half life as 9.9E+99.

23/02/2018,00:41
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Hydrogeological risk assessment for land contamination

Remedial Targets Worksheet , Release 3.2

First released: 2006. Version 3.2: January 2013

This worksheet has been produced in combination with the document 'Remedial Targets Methodology: Hydrogeological risk assessment for land contamination (
Environment Agency 2006).

Users of this worksheet should always refer to the User Manual to the Remedial Targets Methodology and to relevant guidance on UK legislation and
policy, in order to understand how this procedure should be applied in an appropriate context.

© Environment Agency, 2006. (Produced by the Environment Agency's Science Group)

The calculation of equations in this worksheet has been independently checked by Entec (UK) Ltd on behalf of the Environment Agency.
All rights reserved. You will not modify, reverse compile or otherwise dis-assemble the worksheet.

Liability: The Environment Agency does not promise that the worksheet will provide any particular facilities or functions. You must ensure that the worksheet meets your needs and you remain solely
responsible for the competent use of the worksheet. You are entirely responsible for the consequences of any use of the worksheet and the Agency provides no warranty about the fitness for purpose or
performance of any part of the worksheet. We do not promise that the media will always be free from defects, computer viruses, software locks or other similar code or that the operation of the worksheet will
be uninterrupted or error free. You should carry out all necessary virus checks prior to installing on your computing system.

IMPORTANT: To enable MS Excel worksheet, click Tools, Add -Ins, Analysis Tool Pak and Analysis Tool Pak-VBA (to calculate error functions).

Details to be completed for each assessment

Site Name: Former Gas Works

Site Address: Gas Works Road, Reading

Completed by: AS

Date: 12-Feb-18 Version: 1

Contaminant Anthracene

Target Concentration (Cy) 0.0001 mg/l Origin of Cy: EQS Freshwater (The Water Framework Directive 2015

This worksheet can be used to determine remedial targets for soils (Worksheets Level 1 Soil, Level 2 and Level 3 Soil) or to determine remedial targets for groundwater (Level 3
Groundwater). For Level 3, parameter values must be entered separately dependent on whether the assessment is for soil or groundwater. For soil, remedial targets are
calculated as either mg/kg (for comparision with soil measurements) or mg/l (for comparison with leaching tests or pore water concentrations).

Site details entered on this page are automatically copied to Level 1, 2 and 3 Worksheets.

Worksheet options are identified by brown background and employ a pull-down menus. Data entry are identified as blue background.

Data origin / justification should be noted in cells coloured yellow and fully documented in subsequent reports.

Data carried forward from an earlier worksheet are identified by a light green background

It is recommended that a copy of the original worksheet is saved (all data fields in the original copy are blank).

The spreadsheet also includes a porosity calculation worksheet, a soil impact calculation worksheet and a worksheet that performs some simple hydrogeological
calculations.

23/02/2018, 09:42
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Remedial Targets Worksheet , Release 3.2

Level 1 - Soil

Environment
W Agency

Select the method of calculating the soil water
Partition Co-efficient by using the pull down menu

below

Calculate for non-polar organic chemicals

Source of parameter value

Calculated using porosity calculator

Calculated using porosity calculator

From Atkins (2013), representative value to gravelly

LQM/CIEH (2015)

From 2017 Sl (average of made ground values)

LQM/CIEH (2015)

Contaminant Anthracene
Target concentration Cr 0.0001 __ |mg/l
Input Parameters Variable Value Unit
Standard entry
Water filled soil porosity Ow 3.82E-01  |fraction
Air filled soil porosity 0a 4.65E-02  |fraction
Bulk density of soil zone material p 9.40E-01  |g/cm®
Henry's Law constant H 1.81E-04  [dimensionless
Entry if specify partition coefficient (option)
Soil water partition coefficient Kd _I/kg
Entry for non-polar organic chemicals (option)
Fraction of organic carbon (in soil) foc 1.10E-02__[fraction
Organic carbon partition coefficient Koc 5.62E+03  [I/kg
Entry for ionic organic chemicals (option)
Sorption coefficient for neutral species Kocn IIkg
Sorption coefficient for ionised species Ko, IIkg
pH value pH pH units
Acid dissociation constant pKa
Fraction of organic carbon (in soil) foc fraction
Soil water partition coefficient used in Level Assessment Kd 6.19E+01 I’kg
Level 1 Remedial Target
Level 1 Remedial Target 6.23E-03 mg/kg
or
0.0001 mgl/l

Remedial targets worksheet v3.1

Calculated value

(for comparison with soil analyses)

(for comparison with leachate test results)

This sheet calculates the Level 1 remedial target for soils(mg/kg) based on a
selected target concentration and theoretical calculation of soil water partitioning.
Three options are included for determining the partition coefficient.

The measured soil concentration as mg/kg should be compared with the Level 1
remedial target to determine the need for further action.

23/02/2018, 09:42
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Remedial Targets Worksheet , Release 3.2 Environment
. Agenc
Level 2 - Soil AW AZENcy
Contaminant [Anthracene ]from Level 1 This sheet calculates the Level 2 remedial target for soils (mg/kg) or for pore water (mg/l).
Target concentration Cr 0.0001 mg/l  from Level 1
The measured soil concentration as mg/kg or pore water concentration should be compared with the Level 2 remedial target
to determine the need for further action. Equations presented in 'Hydrogeological risk assessment for land contamiantion’
(Environment Agency 2006)
Input Parameters Variable Value Unit  Source of parameter value
Standard entry
Infiltration Inf 1.00E-04 m/d Calculated infiltration
Area of contaminant source A 4.64E+02 m? m) and length (29m) from Atkins (2013) (measured fr¢Not used in calculation
Entry for groundwater flow below site
Length of contaminant source in direction of groundwater flow L 2.90E+01 m te length (measured from site plan) in direction of gr
Saturated aquifer thickness da 5.40E+00 m hess of Alluvium and Sand and Gravel and average g
Hydraulic Conductivity of aquifer in which dilution occurs K 1.00E-02 m/d  tin 2012 indicate 2.76E-04m/d (Atkins, 2013) but san
Hydraulic gradient of water table i 3.00E-02 fraction From 12/12/2017 monitoring round
Width of contaminant source perpendicular to groundwater flow w 1.60E+01 m width (16m) from Atkins (2013) (measured from site p|Not used in calculation
Background concentration of contaminant in groundwater beneath site Cu 0.00E+00 mg/l
Define mixing zone depth by specifying or calculating depth (using pull down list) Specify
Enter mixing zone thickness Mz 5.40E+00 m Assumed equal to saturated aquifer thickness
Calculated mixing zone thickness Mz m
Calculated Parameters
Dilution Factor DF 1.56E+00
Level 2 Remedial Target 1.56E-04 mg/l |For comparison with measured pore water concentration. This assumes Level 1 Remedial Target is based on Target Concentra
or
9.70E-03 mg/kg |For comparison with measured soil concentration. This assumes Level 1
Remedial Target calculated from soil-water
Additional option
Calculation of impact on receptor
Concentration of contaminant in contaminated discharge (entering receptor) Cc 0.00E+00 mg/l |
Calculated concentration within receptor (dilution only) 0.00E+00 mg/l 0

Remedial targets worksheet v3.1

23/02/2018,09:42
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Remedial Targets Worksheet , Release 3.2

Level 3 - Soil See Note

Input Parameters Variable Value Unit  Source

c Anthracene from Level 1
0.0001

1.56E+00

Select analytical solution (click on brown cell below, then on pull-down menu)

Target Concentration ~ Cr
Dilution Factor ~ DF

ma/l  from Level 1
from Level 2

Enter method of defining partition co-efficient (using pull down list)
Calculate for non:

Entry if specify partition coefficient (option)
Soil water partition coefficient ki |

Entry for non-polar organic chemicals (option)

Fraction of organic carbon in aquifer foc fraction
Organic carbon partition coefficient Koc 5.62E+03 |likg

Ogata Banks tions in HRA
Select nature of decay rate (click on brown cell below, then on pull-down menu)
Approach for simulating degradation of pollutants: ly degradation rate to pollutants in all phases (.

Variable Value Unit__Source of parameter value

field derived value, I Entry for ionic organic chemicals (option)

Sorption coefficient for related species Koen I/kg
Sorption coefficient for ionised species Koei I/kg

Enter source [ Soil concentration as mg/k pH value pH
Enter soil concentration 21 mglkg Acid dissociation constant pKa
days

Half life for degradation of contaminant in water  ti2 9.20E+02 [ | Fraction of organic carbon in aquifer foc fraction
Calculated decay rate s 7.53E-04 days1 calculated
Width of plume in aquifer at source Sz 1.60E+01 m from Level 2 Soil water partition coefficient Kd 6.19E+01 kg
Plume thickness in aquifer at source Sy 5.40E+00 m from Level 2
Bulk density of aquifer materials 1.59E+00 glem” [Average value for gravely sand (ConSim manaul)

Effective porosity of aquifer

fraction |Glacial deposits (Hiscock, 2005)

| Define dispersivity (click brown cell and use pull down list)

Hydraulic gradient

m/d  from Level 2

fraction from Level 2 (adjusted)

Dispersivities 10%, 1%, 0.1% of pathway length

Distance to compliance point

m  [Nominal 10m (river adjacent to site)

| Enter value  Calc value Xu & Eckstein

| Longitudinal dispersivi ax [ .00E+00]

| Transverse di ivi az 1.00E-01

o
n
i
Hydraulic conductivity of saturated aquifer K
x
z
v
t

Distance (lateral) to compliance point perpendicular to flow direction m |
Distance (depth) to compliance point perpendicular to flow direction m |
Time since pollutant entered 1.00E+99 days time variant options only

Parameters values determined from options
ition coefficient Kd 6.19E+01 I’kg see options
Longitudinal dispersivity ~ ax | 1000 | m  see options

Vertical dispersivity ay 1.00E-02
Note values of dispersivity must be > 0

Xu & Eckstein (1995) report ax = 0.83(log,ox)"*'*; az = ax/10, ay = ax/100 are assumed

Transverse dispersivity az m see options
Vertical dispersivity av m see options
Parameter values should be checked against Level 1 and 2
Note
Calculated Parameters Variable This worksheet should be used if pollutant transport and
degradation is best described by a first order reaction. If
degradation is best desribed by an electron limited
Groundwater flow velocity ¥ 209803 md ogradation such as ovdation by Oy, NOy. SO, 6lc than an
Retardation factor ~ Rf 2.47E+02 fraction "
) alternative solution should be used
Decayrateused A 7.53E-04 d
Hydraulic aradient used in aquifer flow down-aradient i 8.37E-02 fraction
te of contaminant flow due to retardation u 8.48E-06 m/d
Ratio of Compliance Point to Source Concentration  Cep/Co 1.47E-39 fraction
Attenuation factor (Co/Cen) ~ AF 6.79E+38 fraction
Calculated soil leachate concentration Co 3.37E-01 mall
Remedial Targets
Level 3 Remedial Target 1.06E+35 mg/l |For comparison with measured pore water concentration.
Ogata Banks or This assumes Level 1 Remedial Target is based on Target Concentration.
6.59E+36 mglkg |For tion. This.
Distance to compliance point 10 m assumes Level 1 Remedial Target calculated from soil-water

partitioning equation.
Ratio of Compliance Point to Source Concentration Cgp/Cy 1.47E-39 fraction Ogata Banks

Care should be used when calculating remedial targets using the time variant options as this may result in an overestimate of the remedial target.

The recommended value for time when calculating the remedial target is 9.9E+99

Remedial targets worksheet v3.1

Environment
W Agency

1.0E+00 C: (relative) for
S0E01 distance-concentration graph
T soe0r
2 7os01
§ eoeor Ogata Banks
E oeor From calculation sheet
H Relative
§ om0t Distance  concentration Concentration
2 30801 (No units) mgll
g 20801 0 1.0E+00 2.16E-01
% 1oe01 0.5 1.14E-02 2.48E-03
0.0E+00 + | 1.0 1.31E-04 2.83E-05
° 2 N ° 8 1 2 15 1.50E-06 3.24E-07
Distance (m) 20 1.71E-08 3.71E-09
25 1.96E-10 4.24E-11
Note: 'Relative concentration’ is the ratio of calculated concentation at a given 3.0 2.24E-12 4.85E-13
position compared to the source concentration. The calculations assume plume 35 2.56E-14 5.55E-15
disperses from the top of the aquifer. An alternative solution assuming the
comre of he plume s located at the mid-depth of the aquifer is preseg(ed in 40 29316 635E17
the calculation shees. 45 3.36E-18 7.26E-19
5.0 3.84E-20 8.31E21
5.5 4.39E-22 9.50E-23
6.0 5.02E-24 1.09E-24
6.5 5.75E-26 1.24E-26
7.0 6.57E-28 1.42E-28
7.5 7.52E-30 1.63E-30
8.0 8.60E-32 1.86E-32
8.5 9.84E-34 2.13E-34
9.0 1.13E-35 2.44E-36
9.5 1.29E-37 2.79E-38
10.0 1.47E-39 3.19E-40

This sheet calculates the Level 3 remedial target for soils(mg/kg) or for pore water (mg/l),
based on the distance to the receptor or compliance located down hydraulic gradient of the
source Three solution methods are included, the preferred option is Ogata Banks.By setting a
long travel time (e.g. 9E99) it will give the steady state solution, which should always be used
when calculating remedial targets.

The measured soil concentration as mglkg or pore water concentration should be compared
with the Level 3 remedial target to determine the need for further action.

Note if contaminant is not subiect to first order degradation, then set half life as 9.9E+99.

23/02/2018,09:42
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Dilution in River Kennet

Parameter Variable Value Units
Hydraulic Conductivity of aquifer in which dilution occurs K 1.00E-02 m/d
Hydraulic gradient of water table i 0.03 fraction
Width of contaminant source perpendicular to groundwater flow w 16 m
Saturated aquifer thickness da 5.3 m
Cross-sectional area A 84.8 m’
Flow from site to River (calculated using Dracy's Law) Q 0.025 m>/d
- . ) 3.76 m®/s
Flow in River Kennet at Theale (Q95 flow from Natural Environment Research Council, 2008) Q 3
324,864 m°/d

[pilution factor | bF | 12,769,811 | unitless |




Appendix 8 Ground Gas Monitoring Results



Geotechnical Engineering Limited

GAS AND GROUNDWATER LEVELS

CLIENT: WARDELL ARMSTRONG LLP

SITE: GAS WORKS RCAD, READING
Borshols date and time barpmelre | pressure carbon methane oXygen LEL hydrogen carbon Voo gas flow  |temperturs water remarks
frial pit pressure  |differentiation)  dioxide (%) (%) (%) sulphide moncide {pom) (Hv/hr) °C) leve|
no, {mb} {mm H,0) {%) {ppm) {ppmy} {m - byl
.f/-;\\
BHO1 27M1/17 13:20:00 1009 0.00 e \ AN 0.0 10
- .
e ,-’ \\ \.‘
BHO1 27M1/17 13:21:00 il Y 0.0
\\ \‘) ~

BHD1 27M1/17 13:22:00 PR \\\ i 0.0

__,-/ {\\ '\ // ’
BHo1 271117 13:23,00 /-' I o 0.0

i ~ ; .
BHO1 271417 13:24:00 N N 0.0
u,
BHM 271117 13:25:00 3.5 9.1 06 00 “-\0 AN 0 25
BHO1 27T 13:26:00 3.5 9.2 04 .00 o, o 3.2
BHI ZTIAT 13:27:00 3.5 9.2 04 ""«.f-._fmﬁu.o TP 0 a7
W P e
BHO1 27TMNT 13:28:00 35 93._| 04 Y I60 37 o 0 4.
BHO1 2711/17 13:28:00 35 \ooos |V o3 \\ 00 0 0 a3
Ak : H v
Fal Y oL [
BHOM 27711117 13:30:00 387 | ™93 }|™e3__ii700 o 4 47
o '\\ \.\ & ’?'
BHO1 27M117 13:31:00 35 [N 9.3\\ “““““ 0.3 0.0 0 0 5.0
,,,,,,,, - .
BHO1 2711117 13:32:00 ], 38 N 1}\3\ 04 0.0 0 0 5.4
."';—" \\ \\ \\\I _J/-
BHM 27H 117 13:33:00 /,-f’ b 35 | V91 /g o7 0.0 0 n 59
£ NI
BHOA 27T 13:34:00 \ \\3.3 | /88 12 0.0 0 0 6.4
£
BHO1 2711117 13:35:00 \,.{’ ’ 164
BHO1 04/12/17 09:50:00 1031 0.00 v 0.0 8
A
o

BHO1 04/12/17 09:51:00 0.0
remarks CONTRACT CHECKED

# denotes result excooding capacity of gas monitering equipment
VOC - Pholoionization Detector Mini RAE 2000 measures YOC vapours with 10.6eV lamp cabibrated against iscbutylene,
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Geotechnical Engineering Limited
GAS AND GROUNDWATER LEVELS

CLIENT: WARDELL ARMSTRONG LLP

SITE: GAS WORKS ROAD, READING
Boretiole date and tims barometic | pressure carbor methane oxygen LEL hydrogen carbon VYOG gas flow | temperatura water ramarks
final pit pressure  (differentiation|  dioxide {%) (%) (%) sulphide monoxids (ppm) {irfer) " lewed
no. {mb) {mm H,0} {%) {ppm) (ppm} {m - bgl}
.-";
BHO1 04/12/17 09:52:00 . 0.0
,\ '\_\

BHO1 041127 09:53:00 N 0.0

. s R

A kS
RHO1 4/12/17 09:54:00 ~ v 0.0
BHO1 04112117 09:55:00 20 47 0.3 o |1
BHO1 04/12/17 09:56:00 41 47 2.0 ¢ 0 10.6
BHO1 04/12117 02:57:00 4 47 0.1 o 11.9
BHO1 04/12/17 09:58:00 4.1 4.7 0.4 T 0 12.8
Y
BHO1 04/12117 09:59.00 4.1 47 g 13.4
BHO1 041217 10:00:00 4.1 a7... o o 14.8
BHO1 04/12/17 10:01:00 42 VAT | L 0.0 0 0 15.7
Pl N LS e
- R . 1y
BH1 D4/12117 10:02:00 431 | a5, B4 | 700 0 0 17.0
E e s
BHO1 04112117 10:03:00 24 - 4.4‘”\\ 08 0.0 0 0 18.5
o T kS
BHO1 04/12/17 10:04:00 Al 48 N 42 A4 0.0 ¢ 0 207
S ™ \\ L7
BHO1 041217 10:05:00 AN SOy A 1.67
V/'f'\ ™ \\ ': ¥
BHO1 121217 1011500 | 975 o?m& N Yo 0.0 3
Y i
BHO1 12M2/17 10:16:00 \\, g 0.0
e
BHD1 121217 10:17:00 9 0.0
&

BHG1 1212417 10:18:00 0.0
remarks CONTRACT CHECKED

# danotes result exseeding capaclly of gae monitoring equipment
YOC - Photofonisation Detector Mini RAE 2000 measures VOC vapours with 10.6eV lamp calibrated against iscbutylene,
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Geoiechnical Engineering Limited

GAS AND GROUNDWATER LEVELS

CLIENT: WARDELL ARMSTRONG LLP

SITE: GAS WORKS ROAD, READING
Boratole date and time barometric | pressure carbon methane oxygen LEL hydregen carbon YOO gas flow | temperature water ramarks
ftrial pit prassure  differentiation|  dioxide %0 {2} (%) sulphide menoxide {ppm) ey ["C) level
no, {mb) {mm H,0} % {ppm) {ppe} (m - bgf}
_-"f-/\\\
BHO1 12112417 10:19:00 SN 0.0
,-/ \\\ \
BHO1 1211217 10:20:00 1.3 8.0 127 0.0 ol 0 . 4B
/'_A\ \\. N ™.
BHO1 12012117 10:21:00 11 4.6 13.9 0.0 NN 0~ 557
- g ) \\ //f
BHO{ 12112117 10:22:00 0.9 4.3 14.5 LS N 0 2764
N RV ‘
BHO1 12H217 10:23:00 0.8 3.9 152 oo™, g 0 8.1
Y
~
BHO1 1212117 10:24:00 7 34 158 0.0 R 8.7
P ™~ va
BHO1 1212117 10:25:00 0.7 az 169 .00 (N 8.9
i RS i
Y - &
BHO1 12712117 10:26:00 06 29 18.2 [~ DD T 0 8.9
g S
BHO1 121217 10:27:00 0.8 7B g 8.8
BHM 12/12/17 10:28:00 0.6 0 0 8.7
BHO1 12M2/17 10:28:00 05" 0 0 8.8
BHO4 121217 10:30:00 1.49
BHOT 04/01/18 10:55:00 s Cover and surounding
e e area under water. No
N ., menitering possible.
- . ~, !
df"\m )
BHO1 18/01/18 09:00:00 oy 0.80 \\ Yo 0.0 i
\ ", /
BHO1 18/01/18 09:01:00 \; 0.0
BHO1 18101118 09:02:00 v 0.0
BHO1 1801718 09:03:00 0.0
remarks CONTRACT | CHECKED

¥ denntes result exceeding capacity of gas moniforing equipmsnt
YOC - Photeicnisation Detacior Mini RAE 2000 measures VOC vapours with 10,62V Yamp calibrated against isobutylens.
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Geotechnical Engineering Limited

GAS AND GROUNDWATER LEVELS

CLIENT: WARDELL ARMSTRONG LLP

SITE: GAS WORKS ROAD, READING
Borshole date and time barametric methane Yoo gas flow water remayks
Jtrial pit prassura {%) (ppm) fitr/hr} level
(mb) {m - bgl)

BHO1 18/01/18 09:04:00 0.0
BHO1 18/01/18 09:05:00 a1 . b4
BHO1 18/01/18 09:06:00 0.0 o4z

e
BHM 18/01/18 09:07:00 a.0 ji 0.4
BHO1 18/0118 08:08.00 0.0 04
BH1 18/01/18 09:09:00 0.0 0.5
BHO1 18/01/18 09:10:00 G.0 0.5
BHO1 15/01/18 09:11:00 2.0 0.5
BHO1 18/01/18 09;12:00 0.0... 0.5
BHO1 T8/01/18 09:13:00 N 0.5
BHO1 18/01/18 09:14:00 ~0.0 L =N g 0.0

RV,
BHO1 18/1/18 09:15:00 s 1.58
“
™,
et

ramarks
# denotes resuli exceeding capacity of gas monitoring equipment CONTRACT CHECKED

VOC - Photojonisaticn Detector Mini RAE 2000 measures YOC vapours with 10.65Y lamp calibrated against isebutylens.
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Geotechnical Engineering Limited

GAS AND GROUNDWATER LEVELS

CLIENT: WARDELL ARMSTRONG LLP

SITE: GAS WORKS ROAD, READING
Borehole date and time barometric pressure carton methane oxygen LEL. hydrogen carban Voo gas flow | tamperaturs water remarks
Arigl pit pressure  ldifferentiation|  dioxide {%) (%) {%) sulphide monoxide (Ppm) {iirhr} {"C) level
no, {mbj {mm H,0) (%) {ppm} (pnrl_j_}\ {m - bal)
BHOZ2 0411217 10:15:00 1029 0.00 0.0 8
BHO2 04£42/17 10:16:00 0.0
BHO2 04/12117 10:17:00 N 0.0
BHOZ 0411217 10:18:00 rd g 0.0
BHOZ 0412117 10:19:00 0.0
BHO2 Q4442017 10:20:00 | 0.2 0.0 19.3 18.2
BHO2 04/12117 10:21:00 0.0 0.0 20%‘% 15.5
BHO2 04/12/17 10:22,00 0.0 0.0 20345 _ 13.4
EHO2 04/12/17 10:23:00 0.0 00 | 203 3 124
BHO2 04/12/17 10:24:00 0.0 P 'f’tm\\ 203 | 115
BHO2 04/12/17 10:25:00 u{io'\ \\u\.uj___j ‘L-hz-a,a__h_ /J;'L-""bn 0 D 10.8
BHO2 0411217 10:26:00 00 I\ 0.\6*’{1' 203 | 0.0 0 I 10.3
BHO2 04M217 10:27:00 A e he 503 0.0 0 0 10.0
BHO2 O4/12/17 10:28:00 P RN LN ‘t-.\é 0.0 | 203 0.0 0 0 0.6
BHO2 0412017 10:29:00 R NI J 00 20.3 0.0 0 0 92
BHO2 041217 10:30:00 \ h /_,_:_,—" 1.76
BHOZ2 12H2/17 08:50:00 078 0.00 3 /.-/ 0.0 3
BHO2 1211217 08:51:00 - 0.0
rsmarks CONTRACT CHECKED

# danotes result exceeding capasity of gas manitaring eouipment
VOC - Phetolenlsatiun Detector Mini RAE 2000 maasures VOC vapours with 10,68V lamp calibraiesd against ischulylene,
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Geotechnical Engineering Limited

GAS AND GROUNDWATER LEVELS

CLIENT: WARDELL ARMSTRONG LLP

SITE: GAS WORKS ROAD, READING
Borshole date and time barometric | pressurs carbon meaihans Qxygen LEL hydrogen carban YOO gas flow | temperaturs watar remarks
Hrial pit pressure  |differentiation|  dioxlde (%) (%) (%) sulphicie rnanoxids (ppr) {lthn) [§H] {zvel
no. (mb) {mm H,0} {%) {ppm] ( oprrf}\ {m -bgh
/_,- Y
BHOZ 12H2M7 09:52:00 0.0
BHOZ 12/12/17 09:53:00 0.0
BHOZ 12M12/17 09:54:00 0.0
BHOZ 12217 09:55:00
BHOZ 121217 09:56:00
BHO2 12M121M7 09:57:90
BHO2 1211217 03:58:00
BHoZ 12(1217 09:59:00
BHOZ 12H2/17 10:00:00
BHOZ 12H 2117 10:01:00
BHOZ2 12f12A7 10:02:00
EHOZ2 12/12A17 10:03:00
BHO2 12/12/17 10:04:00 AL -_
BHOZ2 1211247 10:05:00 P & 1.61
BHOZ 04/01 /18 07:40:00 998 - M'K N ; 0.0 8
BHOZ 0401118 07:41:00 A7 0.0
AN i
BHO2 04/01/18 07:42:00 N 0.0
BHO2 04001118 07:43:00 ¢ 0.0
ramarks CONTRACT | CHECKED

# denntes resull exceeding capacity of gas monitoring equipment

VOC - Photolanisation Datector Mint RAE 2000 measures VOC vapours with 10.6eV lamp calibrated against isobufylene,
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Geotechnical Engineering Limited

GAS AND GROUNDWATER LEVELS

CLIENT: WARDELL ARMSTRONG LLP

SITE:

GAS WORKS ROAD, READING

Borehole
friak

date and time

barometric

prassurg
{mb}

LEL
(%)

YOC
{ppm}

gas Mlow
(iw/hr)

water
fevel

{m - bt

remarks

BHOZ

BHO2

EHO2

BHO2

BHO2

BHO2

BRO2

BHO2

BHO2

BHOZ2

BHOZ

BHO2

BHOZ

BHQO2

BHOz

BHO2

BHG2

BHO2

04/01/18 0T:44.:00
04/01/18 07:45:00
04/01/18 0T:4E6:00
0440118 07:47.00
04/01/18 07:48:00
04/01/18 07:49:00
04401718 07:50:00
04/01/18 07:51:00
04/31/18 07:52:00
04/01/18 G7:53:00
04/01/18 07:54:00
04/01/18 07:55:00
18/01/18 09:00:00
18/01/18 09:01:00
18/01/18 08:02:00
18/01/18 05:03:00
18/01/18 08:04:00

18/01/18 09:05.00

997

1.7

1.2

12

1.1

1.0

0.9

04

0.0

0.0

0.0

0.0

0.0

0.0

1.53

remarks

# denctes rasult axceeding capacity of gas monitoring equipment
VOC - Photoionisation Detector Mini RAE 2000 measures VOC vapours with 10 e lamp calibrated against ischutylene.

CONTRACT
33572

CHECKED




Geotechnical Engineering Limited

GAS AND GROUNDWATER LEVELS
CLIENT: WARDELL ARMSTRONG LLP

SITE:  GAS WORKS ROAD, READING

# denates result exceeding capecity of gas monitaring aquipmant

VOU - Photoionization Datector Mini RAE 2000 measures VOG vapours with 10.6eV lamp calibrated against isobutylsne.

33572

Borehole date and time baromefric | pressure carbon methane axygen LEL hydrogen carbon VoG gas flow | iemperaeture water rarmarks
feral pit pressure  |differentiation|  dioxide {%) {%a) (%} sulphide monoxlde {ppm) {Ir/he) 4] keval
Ro. (mb) {mm H,0) {%) {ppm} {ppm) (m - bt}
R
/’ -,
BHOZ2 18/01/18 09:.06:00 0.0 0.0 199 2.2 o0 - O\ 04
LA ™,
BH02 18/01/18 09:07:00 0.0 0.0 19.9 18 af: S BN I N
. AN o

BHO2 18/01/18 09:08:00 0.0 0.0 19.9 17 e 0 N 84
BHOZ 18/01/18 09:08:00 0o 1305
BHO2Z | 18/01/18 09:10:00 a a5
BHOZ 18/01/18 09:11:G0 ul 0.5
BHOZ 18/01/18 09:12:00 o] a5
BHO2 18014718 09:13:00 0 0.5
BHO2 18/01/18 09:14:00 ju] 0.0
BHO2 18/01£18 08:15:00 1.6¢
remarks CONTRACT CHECKED




Geotechnical Engineering Limited
GAS AND GROUNDWATER LEVELS

CLIENT: WARDELL ARMSTRCONG LLP

SITE: GAS WORKS ROAD, READING
Borehole date and time barometric | pressure carbon methane oxygen LEL hydrogen carbon Yoo gas flow | temperature water ramarks
ftrial pit pressure  |differentislion|  dloxide (%) (%) (%) sulphide monoxide (pprm) (ftchr) ") lewvel
no. k) | (mmHO) | (%) (pprm) o) (m-bg))
e .,

BHO3C 04112117 10:40:00 | 1029 0.00 \\\ 0.0 9
BHO3C 04/12/17 10:41:00 \J’ g A 0.0

//\\\‘:— Y .
BHO3C 04/1217 40:42:00 PR N 0.0
BHO3C 0412017 10:43:00 A e 0.0

e [

BHO3C 04/12/17 10:44:00 ;f’"\\\ N = 0.0
BHO3C 04/12/17 10:45:00 0.4 0.0 19.7 00 [N AN L0 1.3
BHO3C 04112/17 10:46:00 0.4 0.0 19?%‘“‘ ~-80 o, / 0 10.7
BHOSC 04112117 10:47:00 0.4 0.0 N ~0” 0 105
BHOAC 0412117 10:48:00 0.3 00 fif i "o 0 10.3
BHO3C 04/12117 10:49:00 03 )§§inmx\ . 0 0 10.3
BHO3G 04H12/17 10:50,00 q_:gsj:- \\g.o 0 0 103
BHU3G 0412117 10:51:00 03 ) " o?éix’;'\ 0 0 10.2
BHO3C 04/12/17 10:52:00 P ii . :Ko.é:“‘\\ \6:0\_ | _-_—,:'1““9.? 0.0 0 0 10.2
BHO3C 04112417 10:53:00 e i\\ 03 |\ 00 2 a7 0.0 0 0 10.3
BHO3C 04712717 10:54:00 {ﬂ\\ 63 0.0 197 0.0 0 6 10.3
BHO3C 04112117 10:55:00 ™ \\\\,ﬁ:f 1.79
BHO3C 1212117 10:4000 | 976 14.00 \\} _/’/ 0.0 3
BHo3C 1212117 10:41:00 - 0.0
rernzirks CONTRACT CHECKED

# denotes result exceeding capecity of gas monitoring equipment
VOC - Photolonisation Detector Minl RAE 2000 measures VOC vapours with 10.6eV lamp calibrated against Iscbutylene.
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GGeotechnical Engineering Limited
GAS AND GROUNDWATER LEVELS

CLIENT: WARDELL ARMSTRONG LLP

SITE: GAS WORKS ROAD, READING
Borchole dafe and time barometdc | pressure carbon methane oxygen LEL hydrogen carbon YOC gas flow | temperature water remerks
firial pit pressure  |differentiation)  dioxide (%} (%6} (%) sulphids manaxide {ppmy) (irihr} (4] leval
no. (mb) (mm H0) (%) (pprm) {ppml {m - bgl}
f'" \\_
.r"/" >
BHO3C 12012117 10:42:00 A 0.0
AN N
BHO3C 12(12M7 10:43:00 SN . 0.0
AN ™, o,
. . 3 \ \ -
BHO3C 12/12/17 10:44:00 2 .« - 00
BHO3C 1241217 10:45:00 0.3 0.0 18.7 0.0 o o }_/é#.g
- . [ =
N BN
BHO3C 12112017 10:45:00 0.3 0.0 18.7 0.0 R S o 356
.,
BHOAC 12/1217 10:47:00 0.3 0.0 18.6 0.0 L RN 376
R
e Y =
BHO3C 12{12/17 10:48:00 0.3 0.0 187 T--.00 [N 38.5
' - &
BHO3C 12112117 10:43:00 0.3 0.0 187\ g.u —! 0 30.8
N -
5 Y Era ’_/
BHO3C 12/1217 10:50:00 0.3 00 187 00 37 0 0 40.4
- I
3 L
BHO3C 1212017 10:51:00 03 -0l % 188 \1 00 0 0 406
N , ;" L
BHO3C 1212117 10:52:00 .37 | 00 S e8| 4700 0 0 107
Z S
BHO3C 12012117 10:53:00 03 00 [e8 0.0 0 0 40.9
T T ™
BHO3C 1201217 10:54:00 Alo0a ™ o ~-A88 0.0 o o 40,2
< /:-/ \ A \\ 3
BHO3C 12112117 10:55:00 SN N 1.79
Lo ~) kY 1 &4
BHO3C 0401118 08:10:00 087 | 21\.60\ . a3 8
.
BHO3C 0401118 08:11:00 e 0.0
BHO3C 04/01/18 08:12:00 \ e 0.0
e
BHO3C 04/01/18 08:13:00 0.0
remarks CONTRACT CHECKED

# denotes resulf excoeding capaciiy of gas monitoring equipment
VOC - Phatelorisation Datectar Mini RAE 2000 measures VO vapours with 10.6eV lamp calibrated against ischutylene.

33572




Geotechnical Engineering Limited

GAS AND GROUNDWATER LEVELS
CLIENT: WARDELL ARMSTRONG LLP

SITE:  GAS WORKS ROAD, READING

Borehols date and time barometric pressure carbon methanse oxygen LEL hydrogien carbon VoG gasflow |iemperature watar remarks
Arial pit pressure  [differentiation| dioxide (%) 163 (%) sukphide monmdde {ppm) {Hrthry ! leval
no. (k) {mm H,0) (%) {ppm) {ppm) {m - byl)
f/-’ \\\
/-/:ff-i
BHO3C 04/01/18 08:14:00 AN 0.0
S N S
AN S
BHO3C 04/01/18 08:15:00 0.4 0.0 19.0 00 6§ ~0 . A5
SN
- '\\5 \\ \\
EBHO3C 04/01/18 08:16:00 0.1 0.0 19.6 20 |7 -8 AN 347
i e
v -, Y -
BHO3C 04/01/18 08:17:00 0.0 0.0 19.8 09 & 0 ;_,-f"a.a
= ™~ N &4
. S K J .,
BHOZC 04/01H8 08:18:00 0.0 0.0 19.9 9.0 . RV S 0 3.1
:, Y
.
BHO3C 040118 08:19:00 0.0 0.q 20.0 oc \\ 0 .0 31
e ™, re
BHO3G 04/01/18 08:20:00 0.0 0.0 200 T 0.0 Ao 29
. = ¥
BHO3C 04/01118 08:21:00 0.0 0.0 2014 T 0.0 [ed o 27
W Fe |
BHO3C 04/01/18 08:22:00 0.0 00| 201 [ 60 4 o 0 24
~ *, - L ’
BHO3C 04/01/18 08,23:00 00 Lo | 204 11,00 0 o 23
R \"\_ Vo
BHO3C 04/01/18 08:24:00 0-_%/.1 00 |f20a | i00 0 ] 22
AN \,—j . ;

BHO3C 04/01/18 08:25:00 N S e 1.55

P - \\ .
BHO3C 18/01/18 09:40:00 097 1140077 | ~ -, - 27 8

';/ e ™, \\\ '_/'
BHO3C 18/01/18 09:41:00 AN SOy T P
& ~ N

BHO3C 18/01/18 00:42:00 > Yo/ 08
BHO3C 18/01/18 09:43:00 . \\./’;-‘j 09

N -
BHO3C 18/01/18 09:44:00 b 15
BHO3C 18/31/18 09:45:00 0.0 2.0 19.8 11 0 0 0.4
refmiarks
# denates result exceeding capacity of gas monltaring aquipmant CONTRACT CHECKED

VOC - Photoioniselion Detector Mini RAE 2000 measures VOG vapours with 10,66V lamp calibrated against [sobutylene, 338572




Geotechnical Engineering Limited

GAS AND GROUNDWATER LEVELS

CLIENT: WARDELL ARMSTRONG LLP

SITE: GAS WORKS ROAD, READING
Berehols dzte and time barometric | pressure carbon methang oxygen LEL hydrogen carbon VoG gasflow | lemperature watar remarks
firlal pit pressure  |differentiaion] dioxide {%) (%) (%) sulphide moncxide (ppm} {"C) leve!
no. (mb} (mmm H,0) (%} {ppm) {ppm) (m - bgl}
/"-:\\
e
A
- R
BHO3C 18/01/18 09:46:00 0.0 0.0 200 &, 0z
- "
BHO3C 18/01/18 09:47:00 0.0 0.0 202 \Q 0.1
~,
BHO3C 18/01/16 09:48:00 0.0 0.0 20.2 0~ \a,_’r/’f
BHO3G 18/01/18 09:49:00 0.0 0.0 20.2 0 A0
BHO3C 18/01/18 09:50:00 0.0 0.0 20.2 0.0 N0 0.1
BHU3IC 18/01/48 09:51.00 0.0 0.0 20.3 5 [ 0.1
§e e
BHO3G 18/01/18 §9:52:00 0.0 0.6 20.‘% o a.1
kY
BHO3C 18/01/18 09:53.00 Q.0 0.0 2034 0 01
BHO3C 18/01/18 09:54:00 0.0 0.0 203 8] 0.1
T
BHO3C 18/01/18 09:55.00 e | 1.70
I ’
- ™ \\\ M
o e =
SN ™ e
/' . e & &
& y ot
\ - |
\ /
R g
\ =
&
remarks CONTRACT CHECKED

# danotes resuli exceeding capacity of gas monitoring squipment

YOG - Photoienigation Deteclor Minl RAE 2000 measures VOC vapours with 10.8eV [amp calibrated against isobutylana,

33572




Geotechnical Engineering Limited
GAS AND GROUNDWATER LEVELS

CLIENT: WARDELL ARMSTRONG LLP

SITE: GAS WORKS ROAD, READING
Borehola date and time barometriz pressure carbon mathane oxygen LEL hydrogen carbon YOG gas flow | termperature water remars
firial pit pressure  |diffarentiation] dioxide (%} (%) (%) sulphide monoxife {ppm} {trfhr) (] level
ne. (mb} tmm H,0) (%) {ppm) {Pprnl)\ (m - bgf}
BHO4B 07/12/17 08:05:00 | 1003 0.00 A | _\\\ 0.0 12 18mm standpipe
BHO4E 07/12/17 08:06:00 7 S 00
/__,\_\\\\; . \\\

BHO4B 0741217 09:07:00 Sy ~ S~ 0.0
BHO4B 07/12117 08:08:00 __'_/"! \\ 7 0.0
BHO4B 071127 09:08:00 N \\/ ~ 0.0
BHO4B 07/12117 09:10:00 1.0 14 180 0.0 N 0\-\_ .0 5.0
BHO4B 0711217 09:11:00 1.0 1.4 T B o 54
BHO4B 07H2/17 09:12:00 18 1.4 13.0\"‘\‘ T ,‘_“c_v_.uh' — 9‘5;; 0 55
BHO4B 0741217 09:13:00 18 1,4... 18.0 \"ix_,,-f-;j-/i%.? d 0 0 53
BHO4E 072017 08;14:00 15 {-‘f;f""l'is\ \ 18.0 ‘\gfﬂ 0 0 5.3
BHO4E 0712117 09:15:00 1.5/\ '\\1 3 \ ":r"h-q&z,___,_ 7/60 o 0 5.3
BHO4B 0712117 09:16:00 15 \1 Ef’i\ gt 00 ¢ 0 5.4
BHO4B 07A2117 09:17:00 /f I 15“ N ?;\Q\\ | '\:}ﬁfa.z 0.0 0 0 5.5
BHO4B 07/12117 09:18:00 AN | s U w2 0.0 o 0 5.4
BHJ4B 07/42/17 08:19:00 {;ﬁ\\ \1,4. A f..-‘; 1.3 18.2 0.0 0 0 5.4
BHO4B OTH2M7 09:21.00 5 N 1.30
BHO4B 12217 12:16:00 979 -5,00 \\}f_‘_,- _ 3 19mm standpips
BHO4B 12217 1217:00 ’ 0.0
;: {I;r;?':':?as result excaeding capacity of gas monitoring aquipment CONTRACT CHECKED
}Ifgmcrr; Fhotoicnisation Detectar Minl RAE 2000 measures VOO vapours with 10.6eV lamp callbrated against isobutylans. 23572




Geotechnical Engineering Limited

GAS AND GROUNDWATER LEVELS
CLIENT: WARDELL ARMSTRONG LLP

SITE: GAS WORKS ROAD, READING

Borehale date and time barometric | pressure carbon methane oxygen LEL hydrogen carzon VQG gas flow |temperalure water remarks
frial pit pressure  (differentiation}  dioxlde (%) (%} (%) sulphide manaxide (ppm) (Refiir) ("Cy lensa]
no. (mb) (mm H,0} (%] (bpmy) {ppngl_ {m - bgl}
BHC4B 121217 12:18:00 .0
BHO4B 12M217 12:19:00 0.0
EHO4B 1212717 12:20:00 0.0
BHOAR 12217 12:21:00 0.0
BHO4B 12T 12:22:00
BHD48 12M12/17 12:23.00
BHU4B 1212117 12:24:00
BHO4B 12217 12:25:00
BHO4B 121217 12:26:00
BHO48 12012117 12:27:00
BHO48 12M2/17 12:28:00
BHO48 12M2/17 12:29:00
BHO4B 121217 12:30:00
BHO4B 1212417 12:31:00
BHO4B 1212117 12:32:00 \ E .31
BHD48 04/01/18 09:36:00 | 987 0.00 \, 4 8 19mm standplpe
BHO4B 04/01/18 09:37.00 \\\) ) /"';/ 0.0
BHO4B 04/01/18 09:38:00 < 0.0
rc.ina?:('}(:gs tesult exceeding capacity of gas monltoring equipmani CONTRACT CHEGKED
Y&?n?rr; Photoionisation Deteclor Mini RAE 2000 measures VOC vapours with 10.6eV lamp caflbrated against isobutylene. 33572




Geotechnical Engineering Limited

GAS AND GROUNDWATER LEVELS
CLIENT: WARDELL ARMSTRONG LLP

SITE:  GAS WORKS ROAD, READING

Borehole dats and time barometric | pressure carbion mathne oxygen LEL hydrogen carbon YOO gas flow | temperatune water remarks
Hrial pit prassure (differentiation]  dioxide (%) {%) (%) sulphide monoxide {ppmy} (ttrfhr) ("C} lavel
no. {mb} (mm HO) (%} {ppm} {ppm} {m-bgi)
/_’-J \\'-\
EHO4B 04/01418 09:39:00 _,_;_ \\ 0.0
e -..f/ \ AN
BHO4R 04/01/18 09:40:00 < . 0.0
AN ™~ ~
A1 A e L
BHO4B 04/01/18 09:41:00 s N ‘\/. 0.0
BHO4B 040118 09:42:00 20 0.0 180 0.9 B 0o |10
~, [N K
BHD4B 04/01/18 09:43:00 240 0.0 17.9 D0, Sl 0 1.1
BHC4B 04101118 0%:44:00 . 1.2
BHO4E 0401418 094500 0 12
BHO4B 04/01/18 02:46;00 0 1.2
BHO45 04/01/18 0%:47-00 0 12
BHO4B 04/01/18 02:42:00 ¢ 12
BHO4B 04/01/18 09:49-00 0 11
aHN4B 0401118 09:50:00 o 1.0
BHO4E 04/01/18 09:51:00 0 1.0
BHO4B 04501118 15200 1.02
BHO48 18101418 11:01:00 948 8 18mm standpipe
BHZ4B 18/0118 11:02:00 0.0
EHO4B 18/01/18 11:03:00 0.0
BHC4B 18401718 11:04:00 0.0
ramarks . , CONTRACT CHECKED
# denctes rosult exceading capaahy of gas monitaring equipment
VOUG - Photoionisalion Detectar Mini RAE 2000 measures VOC vapours with 10.6eV lamp calibrated against lschutylene. 33572
t9mm




Geotechnical Engineering Limited

GAS AND GROUNDWATER LEVELS

CLIENT: WARDELL ARMSTRONG LLP

SITE: GAS WORKS ROAD, READING
Borshole date and time barometric pressure carbon methane axygen LEL hiydrogen carban Yoo gas flow | teemperature waier remarks
frial pit pressure  ifferentiation|  dloxide %) (%) (%) sulphide manoxide {ppm} {Itrfhry (4] level
no., {mbj {mm H,2) (%) {ppim} {ppm) {m - bagl)
_,-"\'\\
7
7L
BHQ4B 18/01/18 11:05:00 - \\ 0.0
el AN -,
o7 =, "
BHO4B 18/01/18 11:08:00 < N _ 0.0
\\ ™,

BHO43 18/01/18 $1:07:00 0| e

- ra

R
BHO4B 18/01/18 11:08:00 0 1,703
£

BHO4B 18/01H8 11:08:00 0 0.3
BHO4B 18/01/18 11:1G:00 g 0.3
BHO4RB 18/01/18 11:11:00 o 03
BHO4B 1810118 11:12:00 4] 0.3
BHC4R 18/31/18 11:13:00 0 0.3
BHO45 1801118 11:14:00 0 0.3
BHO48B 18/01118 11:15:00 0 0.3
BHO4E 18/01/18 11:18:00 0 0.3
BHO4R 18/01/18 11:17:00 1.1¢
romarks _ . CONTRACT | CHECKED
# denates resuli exceeding capacily of gas monitoring aquipmant
YOG - Photoionisation Detactor Minl RAE 2000 measures YOG vepours with 10.6e¥ lamp callbrated against isobutylene. 33572
19mm




Geotechnical Engineering Limited

GAS AND GROUNDWATER LEVELS

CLIENT: WARDELL ARMSTRONG LLP

SITE: GAS WORKS ROAD, READING
Borehole date and time baromatric | pressure cargon methans oxygen LEL hydrogen carbon VOO gasflow | temperature water remarks
Arial pit pressure  |diferentiaion;  dioxide {%) (%) (%) sulphide moencxide {ppm) {firthr) {"C) level
na. {mb} {mm H,0) (%) (ppm) {Ppm/l {m - by}
P
BHO4B 1211217 12:00:00 979 5,00 AN 0.0 3 50mm standplpe
N .
AF N b
EHO4BE 12M12/17 12:01:00 < . . 0.0
e \‘\_‘ \"} \\‘ \\\\
BHO4B 12M2fyva20200 (| | | 1 | | NS - g 0.0
-~
BHO4E 1212017 12:03:00 ‘i\\ , 0.0
BHO4B 12142117 12:04:00 PN 0.0
.
BHO4B 1211217 12:05:00 0.0 LN 12
., ../-’/—'
BHO4B 1212417 12:06:00 0.0 &, o 13
i
BHO4B 121217 12:07:00 0.0 -0” 0 13
BHO4B 12112/17 12:08:00 0.0 0 0 12
BHO4B 12f12/17 12:09:00 0.0 0 0 1.3
BHO4B 12217 12:10:00 o;g_/\ 0 0 1.3
BHO4B 121217 12:11:00 0.0 0 0 1.3
BHO4B 12112117 12:12:00 AL oo 0 0 12
"'-:{’ \\\.
BHO4R 1211217 12:13:00 / 0.0~ o g 12
e, b 1\\
BHO4B 12012017 12:14:00 Ty Noe N 0 a 1.2
AN
BHN4B 12/12/17 12:15:00 " S 1.97
BHO48 04/01718 09:20:00 |  g87 2.00 e 0.0 8 50mm standpipe
o
BHO4B 04/01/15 09:21:00 0.0
remarks . ] - CONTRACT | CHECKED
# denotes result exceeding capacily of gas monitoring equipment
VOC - Photoionisation Datactor Min! RAE 2000 measures VOC vapours with 10.8eV lamp calibrated againat isobutylena. 33572
S0mm




Geotechnical Engineering Limited

GAS AND GROUNDWATER LEVELS
CLIENT: WARDELL ARMSTRONG LLP

SITE: GAS WORKS ROAD, READING

otal ot PR AINTE | Moresaure. [iiereniagon dorae | T | T Wy | Sionce | monodde | gom | Sawnny |CmRsmhe|  vefer remarks
no. {mb} (mm H,0) (%) {ppm} {ppm) {rm: - byi)
BHO4B 04/01#18 09:22:00 00
BHO4B 040118 09:23:00 0.0
BHO4B 04/01/18 09:24:00 0.0
BHO4B 04/01/18 09:25:00 0.2
BHO4B 04/01/18 09:26:00 0.0
BHO4B 04/01/18 09:27:00 0.0
BHO4B 04101718 09:28:00 0.6
BHO4B 04/01/18 09:28:00 0.0
RHO4E 04/01/18 09:30:00 0.0
BHO4B D4/01/18 09:31:00 0o
BHO4B 04/01/18 09:32:00 oég;f:
BHO4B 04/01/18 09:33:00 0.0
BHO4B D4/01718 19:34:00 - ,\05
BHO4B 04/01/18 09:35:00 rd \ S . 173
BHO4B 180118 10:45:00 | ovs | -\‘.ua N N 0.0 8 50mm standpipe
BHO4B 18/01/18 10:46:00 - \\_,.jj / 0.0
BHO4B 18/01/18 10:47:00 \\ _,.f"; 00
e
BHO4B 18/01/18 10:48:00 0.0
;!B f:r;:'nt:as resull exceeding capacity of gas manitoting equipment CONTRACT CHECKED
gg}"?"; Fhotaionisation Detactor Minl RAE 2000 measures VOC vapours with 10.6aV lamp calibrated against isobutyiene, 33572




Geotechnical Engineering Limited

GAS AND GROUNDWATER LEVELS
CLIENT: WARDELL ARMSTRONG LLP

SITE:  GAS WORKS ROAD, READING

Borehole date amd time barometric | pressure carbon methare oxygen LEL hydragen cabon voC gas flow |temperature water remarks
frial pit pressure  [differentistion|  dioxide {%) {3) (%) sulphics monoxide {ppm) {(Ihr} {*C) leval
ne. {mb} {mm H.C) (%) {ppm) {ppma\ {m - hgl}
,',_f// ™
AN
BHO45 18/01/18 190:49.00 N 0.0
fa s .
BHO4B 18/01/18 10:50:00 0.0 0.9 201 2.0 ol | "0 N X 4
FAANINY . ™,
BHO4B 18/01/18 10:51:00 0.0 0.0 202 X R P A 0~ st
S o
S & N L
BHO4B 18/01/18 10:52:00 0.0 0.0 20.2 0.g- - 5 b\\\ o] PR X
- [N 4
BHO4B 18/01/18 10:53:00 ' 0.0 0.0 202 BoN | R 0 0.4
-, .
BHO4E 18/01118 10:54:00 0.0 0.0 20,2 0.0 ™~ 0 \\_ .0 .4
o, ™~ rd
BHO4E 18/01/18 10:55:00 0.0 0.0 202 T G0 g, . O 0.4
b e L
\.‘ "‘-\-\\__\; {_.:_/
EHO4B 18/01/18 10:56:00 a0 0.0 202 "\\‘-{ ’ RM_HI],D “““"--;ﬂ 0 ¢4
\\'\, ) f'x;m\__\“ o
BHO4B 18/01/18 10:57:00 0.0 JOF.Q,MH 202 i) 00 // 0 0 0.4
BHO4B 18/01/18 10:58:00 00 Voo, |} 202 [ 09 0 0 0.4
BHO4B 18/01/18 10:59:00 og” | oo } [~-202. | 00 0 0 03
A \\ \4'““.- . -
BHO4B 18/81/18 11:00:00 N N T 1.88
., 3
o . Y i
/j/ ., \\\ \\"';:_-
/,‘,/' T " . Ve
Iy ~
e \\\ \\\ Y &'}/
FoaN AN
. “ kY i
. \\ I,
A
“ <
N A
2
remarks ) , CONTRACT CHECKED
# denotes result exceeding capaclty of gas monHoring equiprment
YOG - Photoionisation Datector Mini RAE 2000 measures VOC vapours with 10.6eV lamp callbrated against isobutylana. 33572
S0mm




Geotechnical Engineering Limited
GAS AND GROUNDWATER LEVELS

CLIENT: WARDELL ARMSTRONG LLFP

SITE: GAS WORKS ROAD, READING
Borahoals date and time barametric Eressure carbon methane oxygen LEL hydrogen carbon Voo gas flow | temperature water remarks
ftriak pit pressure |differentiation| dioxide (%) (%) (%) sulphide monexide (ppm) {Hrfhe) ("C) level
no, {mb} {imm H,0} (%) {ppm) {ppm) fm - byl
SN
Y
BHOEA 041217 11:16:00 1029 0.00 A \\ 0.0 g 18mm standpipe
- :-:’:-: \\- \\
BHOGA 041217 11:17:00 [_.«5\ 1 \_\ \_\ 0.0
BHOBA 04112117 11:18:00 Sy S e 0.0
F . _/f
BHOGA 041217 11:18:00 - \\\ A 0.0
P i \\ -‘ \\ B4

BHOBA 04/12/17 11:20:00 o Ny 0.0

' AN
BHO8A 0412117 11:21:00 0.1 0.0 2041 [£21] "\\ o0~ . 0 10.4

T ~ -
BHOGA 0412117 11:22:00 0.0 [1X1] 20:’4 ‘H,.H\D.{} o ] i} 94
- i - ,:/
BHOGA 04/1217 11:23:00 0.0 0.0 0457~ 00 [0 ’ 0 5.2
BHOBA 04H2AT 11:24:00 0.0 00.. | 204 Y60 7 o 0 5.0
- 1
k!

BHOBA 04/12/17 11:25:00 00 -0 |} 204 |\ 08 0 0 0.4

A vV
BHOBA 0411217 11:26:00 087 | 00 } |*204._ |00 0 0 0.4

& S A
BHOBA 04/42/17 11:27:00 0.0 0.0 <\*294J 0.0 0 0 04
e .
BHOBA 0412117 11:28:00 o 00 X 204 0.0 o 0 0.3
S T TN g
BHOGA Q4142117 11:28:00 o . 0.0~ Y00 L 20,4 0.0 ] 0 ¢.3
A ~ ol -
BHOGA Q412717 11:30:00 \\\ \\O.D k 0.0 204 oo G 0 .3
, 1 F

BHOSA 0411217 11:37:00 N AN 195

o
BHOBA 12042117 11:41:00 978 6.00 \5/.»-’ 0.0 3 19mm standpine
BHOGA 1212117 11:42.00 0.0
remarkes ) ) CONTRACT CHECKED
# denoles result exceeding capacity of gas monionng equipment
VOC - Photoiontsation Detecter Mini RAE 2000 maasurss VOC vapours with 10.6eV lamp calibrated against isobutylene, 33572
18mm




Geotechnical Engineering Limited

GAS AND GROUNDWATER LEVELS
CLIENT: WARDELL ARMSTRONG LLP

SITE:  GAS WORKS ROAD, READING

Borehole date and time baremetric | pressure carben methane oxygen LEL hygdregen carbon Voo gas flow | temperature watar remarks
firial pit pressure (diffarentiation] dioxide {9 (%} (%} sulphide mongxide {ppm) {Hrfhe) [ "] taval
mno. {mb) {mm HO] (%} {prm) (pprm) {m - hghy
/’:
//_.-'< -~ 3

BHOGA 1211217 11:43:00 AL 0.0

'_'.-f'(,-" \\\_ \‘\
BHOGA, 1211217 11:44:00 < i . : 0.0

/,-\\\:5 N RN
BHOGA 121217 11:45:00 ) :’ - -\Q, ™., T 0.0
BHOBA 12M2H7 11:46:00 0.0 0.0 20.0 og” < B ) 306
L [N R
e ~ ~

BHGBA 12/1217 11:47:00 0.0 0.0 20.0 0.0~ - \\4{' """" 0 0.6

B
BHOBA, 12/12M7 11:48:00 \\ g \ . 0 0.6
BHOGA 12/1217 11:48:00 5\1 I 0.5

i
BHOBA 12112A7 11:50:00 S 0 05
BHOGA 12012117 11:51:00 ' 0 05
BHOGA 121217 11:52:00 0 0 05
BHOBA 1211217 11:.53:00 o 0 0.5
BHOBA 121217 11:54:00 0 0 0.5
BHOBA 12M217 11:655:00 0 G 0.5
BHOBA 12/12/17 11:56:00 PN 1.85
BHOBA 040118 08:51:00 | 087 | owQ 0.0 8 19mm standpipe
BHDBA 04/01/18 08:52:00 00
BHOGA 04/01/18 08:53:00 0.9
BHOBA 04/01/18 08:54:00 00
remarks ] ) CONTRACT |CHECKED
# denoiss resuft excaeding capacity of gas monitaring equipment
VOC - Photolonisation Detectar Mini RAE 2000 measures YOC vepaurs with 10.6eV lamp calibrated against isobutylene, 33572
18rmm




Geotechnical Engineering Limited
GAS AND GROUNDWATER LEVELS

CLIENT: WARDELL ARMSTRCONG LLP

SITE: GAS WORKS ROAD, READING
Borehole date and time barometrc pressura carton methane oXygen LEL hrydrogen carbon Voo gas flow | temperature water remarks -
frial pit pressure  [differentialion|  dioxide {%a) (%) (%) sulghide manoxide (ppm) {Hrffr} "Cy lerval
na. (mb) (mm H:0) {%) {ppim) {ppm} {m -bgl)
_-"-d \\
" =
. ey
BHOGA 04/01/18 08:55:00 . \\ a.0
A ™
E N ™,
BHOGA 04/01/18 08:56:00 0.0 0.0 20.2 0.0 0(/ ~0 . 0
/-‘\:\\\\": A ™, \\
BHOBA 04/01A8 08:57:00 0.0 0.0 20.3 0.0 e 0 \\ ‘B.g.f?
BHOBA 04/01/18 08:58:00 0.0 0.0 203 0o < B o |00
A R N ?
BHOSA 04/0%/18 08:53:00 0.0 0.0 203 “/'0.0\\ \\,g_, ““““ 4 0 0.0
BHOEA 04/01/18 09:00:00 0.0 0.0 20.3 0.0 T 0\\ . @ 0.0
BHOGA 04/01/18 09:01:00 0.0 0.0 0 0.0
BHOGA 04/01/18 09:02:00 0.0 0.0 O 0.0
BHOGA, 0401118 08:03:00 0.0 [VRII. b 0.0
BHOGA 04/01/18 08:04:00 0.0 e O, 4] 0.0
K ™
BHOSA 04/01/18 09:05:00 Dg{ \‘\ Xy} o .0
& \ S
BHORA 04/01/18 09:06:00 L N ST o 1.72
e . ,
BHOBA 18/01418 10:21:00 ag7 —2.{}0/’f_ — ™ \\ eeel? 4.0 8 19mm standpipe
_/f-<'r \\\_ \\\ \\ /'/
BHOSA 18/01/18 10:22:00 AN SO A 0.0
& - N
BHOSA 1801418 10:23:00 \'\ \ 4 ,-'i oo
BHOSA 18/0118 10:24:00 S / 4 0.0
N
BHOSA 18/01/18 10:25:00 3 /-"' 0.0
BHOGA 18/01118 10:28:00 0.0 0.0 203 0.0 0 0 0.3
remarks
# danotes result exceading capachy of gas monltoring eguipment CONTRACT CHECKED
YOG - Photoicnisation Detector Mini RAE 2000 measures VOC vapours with 10.8e lamp calibrated against isobutylene. 33572
18mm




Geotechnical Engineering Limited

GAS AND GROUNDWATER LEVELS

CLIENT: WARDELL ARMSTRONG LLP

SITE: GAS WORKS ROAD, READING
Borehole date and time baromefric | pressure carbonr methane Gxygen LEL hydregen carban ks ges flow | lemperature water remarks
firtal pit prassure [differentiation| dioxide (%) {%) {33 sulphide monroxide {ppmm) {Hrihr) {*C) level
fo. {mbj} (mm HQ) (%} {ppm) (ppm) {m - bal)
BHOGA 18/01/18 10:27:00 0.0 00 203 0.0 0o - G 0.3
A ~,
O “~ ™
BHO8A 18/01/18 10:28.00 0.0 0.0 202 0.0 o ! 03
AN \\‘; N .
BHO6A 18/01/18 16:29:00 .0 0.0 202 0.0 P 2N 0 \\ A /?'
BHOGA 18/01718 10:30:00 oo o 03
BHOGA 1801418 10:31:00 \\-?f AN U 0.3
M,
.
BHOBA 18/01/18 10:32.00 ~ 0 ] .0 .3
. ol
" -
BHOGA 18/01/18 10:33:00 \ _,-'/ v 0.3
&
BHOBA 13/01/18 10:34:00 ~- ) 0 0.3
L
BHOBA 18/01/18 10:35:00 0 0 0.3
BHOGA 1801/18 10:36:00 1.88 18mm standpipe
£
N
remarks . . CONTRACT CHECKED
# denotes result exceeding capacity of gas monitoring equipment
YOG - Photoionisation Detector Mini RAE 2000 measurss VOC vapours with 10.68V lamp calibrated against isobutylena. 33572
79mm




Geotechnical Engineering Limited

GAS AND GROUNDWATER LEVELS

CLIENT: WARDELL ARMSTRONG LLP

SITE:  GAS WORKS ROAD, READING
Borehole date and time baromedric pressure carbon methane oxygen LEL hydrogen carbon YOO gas flow | tempearabire water remarks
Arial pit pressure [differentiation| dioxide (%} (%) {%) sulphlde MRNCXKide (ppm) (ftrfhr) {°C} lavel
nio. {mb) {mm H,0) (%) {ppm} (ppm} (m - bgl}
N
f-”{‘f =
EHOBA 04712417 11:00:00 1029 9.00 /\ . 00 9 B0rmm standpipe
Y ™
BHOGA 04/12/17 11:01:00 O RN . 0.0
AN N
BHOSA D4M2A7 11:02:00 S S| 0.0
=
BHOBA 0411217 11:03:00 P NN )i 0.0
_-oj:-- . ,-: ~ ~
BHOBA 04/12/17 11:04:00 = A 0.0
AN
BHOBA 04/12/17 11:05:00 0.1 0.0 20.1 0.0 N A 2.9
EHOGA 04/1217 11:06:00 0 9.2
BHOGA 0471217 11:07:00 0 9.1
EHOBA 04/1217 11:08:00 0 0.5
BHOBA 04/12/17 11:09:00 0 7.9
BHOBA 0471217 11:10:00 0 7.4
BHOGA, 04M2M7 11:11:00 c T4
BHOBA 04112117 11:12:00 s Ny 0 6.8
BHOBA 04/12/17 11:13:00 yd ] :\\ Eﬁ\ V00 J 203 0.0 0 0 8.5
& .
BHOBA 041247 11:14:00 ~ 00 Y ;oo 20.4 0.0 0 0 6.1
\\\ \\\ /
BHOBA, 0412017 11:15:00 h L 2.06
BHOBA 12M12/17 11:25:00 978 0.00 \; rd 0.0 a 50mm slandpipe
&
BHOGA, 1212117 11:26:00 0.0
ramarks . i CONTRACT | CHECKED
# denotas result exceeding capacity of gas monitoring equipmant
\ngnc - Photeionisation Detector Mini RAE 2000 measures VOG vapours with 10.6eV lamp calibrated agzinst isobutylene, 33572
M




Geotechnical Engineering Limited

GAS AND GROUNDWATER LEVELS
CLIENT: WARDELL ARMSTRONG LLP

SITE:  GAS WORKS ROAD, READING

Barehaole date and time baromefric | pressure carbon methang axygen LEL hydrogen zarbon Voo gas flow | temperature water remarks
Jirial pit pressure  |differentialion|  dlaxide (%) (%) (%) sulphide nanaxide {ppm) {Rr/hr) [ %] lsvel
no. (mig) (mm H,0) {%) {ppm) {opm) . {m - bgl}
- \\
EHO6A 121127 11:27:00 AN 0.0
A -
SN .
BHOGA 12217 11:28:00 L . 0.0
oty . Ny
BHOBA 1212417 11:29:00 AN N 0.0
. . y o "“\Q | e "
S s N
BHOGA 12/12/17 11:30:00 0.0 0.0 200 0.0 < a;\\ 0 28
e .. o~ 1
e K + |
BHOBGA 12M2/47 11:31:00 0.0 0.0 19.9 ”D.U\\\ ™, Q- T o] 25
~ ~
BHOBA 12M2/17 11:32:00 0.0 0.0 200 i RENEEE | BN . 0 25
T . v
BHOGA 122417 11:33:00 0.0 0.0 200 T--..0.0 o, 0 2.3
'.\ m\\\ } A
- . &
BHO6A 1212/17 11:34:00 0.0 0.0 2004 .00 ) 0 2.2
BHOGA 121217 11:35,00 0 ¥ 2.1
BHOBA 121217 11:36.00 0 21
BHOGA 12112017 11:37:00 0 2.0
BHOBA 1212017 11:38:00 Q 1.8
BHOBA 12142017 11:39:00 0 1.9
BHOBA 12112117 11:40:00 RN \\\ VoA 2.08
- . 1 i
Lo A
BHOBA 04/01718 08:35:00 958 &BQ \\ L 0.0 8 50mm standpipe
~, f
~ s
BHOEA 0441118 08:38:00 - \/ 0.0
. -
.. e
BHOSA 04/01118 08:37:00 Ny 0.0
&
BHOBA 04101118 08:38:00 0.0
remarks
# denotes result axceading capacity of gas monfloring squipmant CONTRACT CHECKED
VOC - Photoionisation Detector Minl RAE 2000 measuras YO vapours with 10.6eV lamp callbrated against iscbutylens. 33572
50mm




Geotechnical Engineering Limited

GAS AND GROUNDWATER LEVELS

CLIENT: WARDELL ARMSTRONG LLP

SITE:

GAS WORKS ROAD, READING

Borehole
frial pit

date and time

barometric

pressure
{mb)

differentiation;

pressure

[mm Hy3)

carbon

dioxide

(%}

methane

(%)

oxygen

(%)

LEL

%)

Voo
{ppm)

gas flow
(itribr}

water
lovel
{m - bal}

remarks

BHOBA

BHOBA

BHOGA

BHOGA

BHOBA

BHOGA

BHOGA

BHOGA

BHOGA

BHOGA

BHOGA,

BHOGA

BHO6A

BHOGA

BHOSA

BHO&A

BHOGA

BHOGA

04/01/18 08:39:.00
04/01/18 08:40:00
04/101/18 08:41:00
04/01/18 08:42:00
04/01/18 08:43:00
04/01/18 08:44:00
04/01/18 08:45:.00
04/01/18 08:46:00
04/01/18 0B:47:00
94/01/15 08:43:00
04/01/18 08:49:00
04/01/18 08:50:00
18/01/18 10:05:00
18/01/18 10:08:00
18/01/18 10:07:00
+5/01/18 10:08:00
18/01/18 10:08:00

18/01418 10;10:00

907

0.4

0.1

0.0

0.0

0.0

0.0

0.0

0.0

0.0

19.8

19.¢

20,0

20.0

19.7

0.0

o
",

4.5
Tags

1535

2.9

1.8

1.7

1.7

18

0.0

Q.0

00

0.0

00

0.0

1.78

50mm standpipe

remariks

50mm

¥ denotes rasuli exceeding capacily of gas menitong equipment
VOC - Photoionisation Detectar Mini RAE 2000 measuras VOO vapours with 10.8eV tamp callbrated against isobugylane.

CONTRACT
33572

CHECKED




Geotechnical Engineering Limited

GAS AND GROUNDWATER LEVELS

CLIENT: WARDELL ARMSTRONG LLP

SITE:

GAS WORKS ROAD, READING

Borehole
Hrial

date and time

barometric
pressurs
{mb)

methane

(%)

axygen

(%)

VOG
{Ppmy)

temperature
&)

veater
level
{m - bl

remarks

BHOSA

BHOGA

BHOEA

BHOGA,

BHOGA

BHOGA

BHOGA

BHOGA

BHO&A

BHOGA

18/01/18 10:11:00
18/01/18 10:12:00
18/01/18 10:13:00
18/01/18 10:14:00
18/01/18 10:15:00
18/01/18 10:16:00
18/01/18 10:17:00
18/01/18 10:18:00
18/01/18 10:19:00

1801418 10:20:00

0.0

0.0

0.0

.0

0.0

0.0

0.0

19.8

20.1

20.1

1.7
0.9

Nogr

\,/0.8

(Hirg

or

0.6

0.6

0.6

1.84

ramarks

¥ denotes resull exceeding cepacity of gas montoiing equipment
VOG - Phatolonisation Detector Mini RAE 2000 measures VOG vapours with 10.6eV lamp calibrated against isobutylsna.

Slam

CONTRACT
33572

CHECKED




Geotachnical Engineering Limited

GAS AND GROUNDWATER LEVELS

CLIENT: WARDELL ARMSTRONG LLP

SITE: GAS WORKS ROAD, READING
Borshols date and time barometric | pressure methane LEL VoG gas flow water remarks
ftrial pit pr?;sbu)re di?;r:n::\g?n {%) (%) monoxide {ppm) {trfhr) (m‘ejﬂbg;r}
A
\'\
WS001 04/112/17 11:40:00 | 1009 0 0.0
WS001 04112417 11:41:00 ™~ 0.0
WS001 0411217 11:42:00 ™ N 0.0
WS001 04112417 11:43:00 0.0
WS001 04112H7 11:44:00 0.0
WS001 04112417 11:45:00 0.7
WS001 04/1217 11:46:00 07
WS001 04{12/7 11:47:00 0.8
WS001 04112117 11:48:00 06
WS001 041217 $1:48:00 06
WS001 0411217 11:50:00 06
WS001 04112117 11:51:00 06
WS001 04/12/17 11:52:00 - 06
WS001 04/1217 11:53:00 : N 06
WS001 04112117 11:54:00 L{f\\\ 1] 0.0 0.0 06
WS007 04/12/17 11:55:00 1.40
WS001 1812117 10:15:00 | 1024 -6.00 .15
W$001 1811217 10:16:00 15
remarks CONTRACT CHECKED

# denutes resull exceeding capacity of gas monttorng aquipmeant
VO - Phatolonlsation Detecior Mini RAE 2000 measures VOC vepours with 10.8eV lamp calibrated against isobutylana.

33572




Geotechnical Engineering Limited

GAS AND GROUNDWATER LEVELS

CLIENT: WARDELL ARMSTRONG LLP

SITE: GAS WORKS RQOAD, READING
Borehole dats and time barometric | pressure carbon methane oxygen LEL hydrogen carbon Voo gas fiow | temperatura water remarks
Arial pit pressure  |differentiation|  dloxide %%} {%) {%) sulphide monoxide {ppmy {[trihr) (“C) level
no. {mb) {mm HO}% {%) {(ppm} {ppm} {m = bgl)
AN
.'f<;
w3001 18112117 10:17:00 Y -1.2
SN N
wWs0a01 181217 10+18:00 < ™. . -1.5
.f\\‘\‘x S ™.
f‘ B ™~ R
WSO 18M2/17 $0:19:00 P <5 . ~F -1.5
SF -
L P N
WSs001 18M12/17 10:20:00 0.4 0.0 19.6 0.0~ Y b,:\ 0 2104
wWson 18M12/17 10:21:00 [oX 0 8.7
Wsa01 18112017 10:22:00 0 92
YWS001 1812117 10:23:.00 0 86
wWS0a01 18M2117 10:24:00 0 3.1
VWS001 18112117 10:25:00 0 Ty
W30 1812/17 10:26:00 0 73
w5001 18M12117 10:27:00 0 6.8
WS001 1812117 10:28:00 0 8.4
WS00 18112117 10:22.00 ] 6.2
WS001 18/12/17 10:30:00 e S~y ) 1.21
WS001 04/ /18 08:35:00 988 0.@0\ \ jf Q.0 3
WS001 04/01/18 08:36:00 Ny 0.0
WS001 04/01/18 08:37.00 y 0.0
&
W3001 04/01/18 08:38:00 0.0
remarks CONTRACT CHECKED

# denotes resull exceeding capacity of gas monitedng equipment
VOC - Photcionisation Defector Minl RAE 2000 measures VO vapours with 10,88V lamp calibrated against isobutylana,

33572




Geotechnical Engineering Limited

GAS AND GROUNDWATER LEVELS

CLIENT: WARDELL ARMSTRONG LLP

SITE: GAS WORKS ROAD, READING
Borehole date and fime barormetric | pressure carbon methane oxygen LEL hydrogen carbon voC gas flow | temperature water remarks
ftrial pit pressure  |diffarentiatlon|  dloxide (%} (%) {%) sulphide monoxide {ppm} {Hrfhr) {°C) Tovel
ne. (mb) {mm H0} (%o} {ppm) {(ppm} (m - bgl)
_-"/\\
WSs001 04/01/18 08:39:00 s 0.0
w5001 04/01/18 08:40:00 0.3 0.0 19.8 0.0 /\&\/ \_\g\ . 1.3
WS001 04/01/18 08:41:00 0.0 0.0 20.0 00 ~r}q\ * 0 V127
WS001 04/01/18 08:42:00 . 3\\\ 0 ({:;"",‘i,.T
WSs001 04/01/18 08:43:00 \\“E{’ - 0 10
WS001 0401118 08:44:00 ‘\\u\\\\w¢ 0 0.9
WS001 D4/01/18 0R:45:00 \Ba; p 0 09
WS001 A8 08:46:00 “‘w;-,@e’? 0 0.8
WS001 04/01118 08:47:00 ¥,fj-o 0 0.8
WSs001 04/01/18 08:48:00 1] 0 0.8
WS001 04/01/18 08:49:00 1] 0 0.3
WS001 04/01118 08:90.00 1.08
WS001 18/01/18 08:20:00 697 0.0 8
WS001 18/01/18 08:21:00 0.0
WS001 18/01/18 08:22:00 0.0
wWs001 18/01/18 08:23:00 0.0
WS001 18/01/18 03:24:00 y 0.0
Ws001 18/01/18 08:25:00 :_0.0 0.0 201 0.0 ] 0 0.2
remarks CONTRACT | CHECKED

# denotes result excesding capacity of gas monitoring equipment
VGG - Photoionisation Detectar Mini RAE 2000 measures VOC vapours with 10.68V lamp callbrated against isobutylzne,

33572




Geotechnical Engineering Limited
GAS AND GROUNDWATER LEVELS

CLIENT: WARDELL ARMSTRONG LLP

SITE: GAS WORKS ROAD, READING
Borahale date and ime barometrlc | pressure carban methane oxygen LEL hydrogen carbon YOG gas flow | ismperature waler remarks
Hrial pit pressure  differentiation] dioxide (%) %) (%) sulphide monoxice {ppm) {3/hry (") level
no, (mb} (mm H,Q) (%} {ppm) [ppn'g\ {m - bgly
7T
wWs001 18/01/18 03:26:00 Q.0 0.0 201 0.4 D 4 -, 0.2
RN ",
WS001 18/01/18 08:27:00 0.0 0.0 20.2 0.0 I}'\"/ \\0 A . 0.2
p /‘\\\\:\,‘: + \ \_\

WS001 1840118 §3:28.00 0.0 0.0 20.2 .0 -y o] \&g’
WS001 18/01/16 09:29:00 t o |)-02
wWS00o1 18/01/18 09;30:00 o 0.2
W30 18/01/18 08:31:00 Q 02
WS001 18/01/18 05:32:00 Q 0.2
WS001 18101418 09:33:00 0 0.2
WSs001 1801718 09:34:00 0 02
W3001 18701718 09:35:00 1.27
remarks CONTRACT CHECKED

# dangtes result exceeding capacity of gas monitoring souipment

VOC - Photoicnisation Detector Mini RAE 2000 measures VGG vapours with 10.6sV lamp calibrated against isobutylene,

33572




GGeotechnical Engineering Limited

GAS AND GROUNDWATER LEVELS

CLENT: WARDELL ARMSTRONG LLP

SITE: GAS WORKS ROAD, READING
Borshale date and Eme barometrlc | pressure carbon meathane oxygen LEL hydrogen carbon oo gas fiow | temperature water ramarks
frial pit pressure  |differentlation]  dioxide (%) (%) {%) sulphlde monoxide {ppm) {Hrthr) {°C) {avel
na. {mbj} {mm H;Q) (%} {ppm) (ppm) {m - bal}
/':f\\
,-‘r,—/
ra {\
Wa005 D4/ 12117 12:05:00 1029 -1 L "~ 0.0 g
_.-/,-‘: \\\ N
W3S005 DAN 217 12:06:00 <4 . 0.0
ra \\> . .
WS005 04112117 12:07:00 ’ w\\\ N4 0.0
o y
WE005 04112117 12:08:00 o 1 1 0.0
e | RN
A ~ AN
WS005 041217 12:09:00 TN L 0.0
AN
WS005 04/12/47 12:10:60 0.1 0.0 20.2 G0 DN Y 0.7
T h -~ -
WSB0S 04217 12:11:00 o.c 0.0 203 -.8.0 0 A L 06
WEI5 041217 12:12:00 - 0 0.6
WS005 041217 12:13:00 0 0.8
WS005 041217 12:14:00 0 06
WS005 041217 12:15:00 0 06
WS005 0412117 12:16:00 0 0.6
WS005 Q412117 1217:00 0 0.6
WE005 04/12{17 12:18:00 g 0.6
WS005 041217 12:19:00 0 0.6
WS008 041217 12:20:00 1.96
WS005 18/12/17 11:45:00 | 1026 -4 \ _/,-" -15 7
&
WS0d5 181217 11:46:00 -1.2
remarks CONTRACT | CHECKED

¥ danotes result exceeding capacily of gas monltoring aquipment
YOO - Pheteionisation Detector Mini RAE 2000 measures VOG vapours with 10,66V lamp callbrated against isnbutylene.

33572




Geotechnical Engineering Limited

GAS AND GROUNDWATER LEVELS

CLIENT: WARDELL ARMSTRONG LLP

SITE: GAS WORKS ROAD, READING
Borahola date and time barometrle | pressurs carben methane nxygen LEL hydrogen carbon Yoo gas flow | temperatire water remarks
Arial pit pressure  [differentiation|  dioxide (%} {%) (34} sulphide monaxide {ppm) (Itvhr) [*) level
no. (imb) {rmm H,0) (%) (ppm) (ppm} {m - bal)
I/'f \\.
WS005 18/12/17 11:47:00 P \‘ -1.2
R hS
FAr N S
WS005 1BA12/47 11:48:00 < \\ -1,2
R
AR NERNN b .
WS005 1812417 11:49:00 T | .2
gt S
WS0J5 18M12/17 11:50:00 0.3 0.0 20.0 06" < f;?\ 0 ;__-f’é-o
e . T 1
. i VN
WS005 18/12/17 14:51:00 0.3 0.0 19.9 B0 | g 0 19
"\,
WS005 18112/17 11:52:00 0.1 0.0 200 00 % 0 ] Lo 18
by N ’
WS005 1811217 11:63:00 0.1 0.0 208 .00 o 4 0 17
L e, P
ool e i
WS005 168/1217 11:54:00 0.0 0.0 20.0 4. O g 0 17
I\\. kY . S e |
WS005 18/1217 $1:55:00 0.0 0.0... 200 \,_,-;.-ﬂ/.o 30 ] 1.6
- 5, L N
WS005 18/12/17 11:56:00 00 Mi-me |} 200 [\l 0o 0 0 16
e "'.\ Yo/ : e
W35005 18/12/17 11:57:00 007 | ™00  |"2Ba. 4700 0 ] 1.6
N N :
WS005 1812117 11:58:00 0.0 N 0.5\1\ “““““ 2017 0.0 o 0 1.6
- ”"‘"'-»-__\ - N

WS005 181217 11:59:00 //’ ] - 00 ™~ 204 0.0 ] 0 1.6

WS005 1812717 12:00:00 yd ’ N SOy 1,89
WS005 04/01/18 10:30:00 | 88 | EEK “‘\\ Y 00 8

WS005 04/01/18 10:31:00 b N ; 0.0

WS005 04/01/18 10:32:00 y 0.0

pr
WS008 0401118 10:33:00 0.0
remarks CONTRACT CHECKED

# denoies result exceading capacity of gas menitering equipmant
YOC - Photolonisation Datacter Mini RAE 2000 maasures VOC vapours with 10.8ev lamp caftbrated against isobutylens.

33572




Geotechnical Engineering Limited

GAS AND GROUNDWATER LEVELS
CLIENT: WARDELL ARMSTRONG LLP

SITE: GAS WORKS ROAD, READING

Borahole date and time barometic | pressure carbon methans oxygen LEL hydrogen carbon Yoo gas flow | temperature water remarks
Hrial pit pressure  [differentiation|  dioxide {%) (%) (%) sUlphide monexide {ppm) {Hrfhr) ") level
no. (mb) {mm H,0) {%) {opm) {ppm/l (m - bgt}
AN
rad
WS005 0401118 10:34:00 s \\\ 0.0
FA N
WS005 04/01/18 10:26:00 0.1 0.0 20.2 0.0 ol | N I N &S
FARANY .,
/ -, *\: . -
WS005 04/01/18 10:36:00 0.0 0.0 20.1 0.0 |7 e, o \\ 887
WS006 04/01/18 10:37:00 0.0 0.0 20.3 00" B ¢ |1 08
ol RN v
WS005 04/01/18 10:38:00 0.0 0.0 203 "0.5\ S S ooy
~ kS
e
WS005 04/01/18 10:38:00 09 0.0 203 0o (™~ 0 | .0 07
T ™, 4

w3005 04/01/18 10:40:00 0.0 0.0 203 T 0.0 [ o 07

: S >

, 3

v . &
WS008 04/01/18 10:41:00 0.0 0.0 20337~ 00 1} 0 0.7

l-"\ 3 o __‘:/\“'“ /';/
WS005 04/01/18 10:42:00 0.0 00 204 A\l _0.0 ‘\, o i 0.8
el I { )
WSG05 04/01/18 10:43:00 00 P08, |1 204 [\ 0D o 0 06
WS005 04/01/18 10:44:00 n{.fgj__x 0.0 AlE 204 1L 00 o q 0.6
D | A
Ws005 04/01/18 16:45:00 N ST 172
| .
WS005 18/01/18 11:20:00 899 20071 \\ - 0.0 8
v ) e ~ |7
WS005 18/01/18 11:21:00 f.-/ S \\ S 2 0.0
& N \\ : -
WS005 18/0118 11:22:00 . \ i 0.0
AN N /
N d4 7
WS005 18/01/18 11:23:.00 . AN 0.0
WS005 18/01/18 11:24:00 \ pd 0.0
&

WS005 1810118 11:25:00 0.3 0.0 20.0 0.0 0 0 0.3
rermarks
# denctes result sxcesding capacity of gas manitoring equipment CONTRACT CHECKED

VOC - Photolonisation Detector Mini RAE 2000 measures VOO vapours with 10.86Y lamp caliprated against iscbutylane. 33RK72




Geotechnical Engineeting Limited

GAS AND GROUNDWATER LEVELS

CLIENT: WARDELL ARMSTRONG LLP
SITE: GAS WORKS ROAD, READING

Borshole
firial pit
ho.

date and time

barcrmetric
pressure
{mi)

CXygen

(%}

VoG
{ppm)

gas flow

{Krinr)

water
leval
{m - bgl)

remarks

WS3005
WS00s
WS00S
WE005
W3005
WS005
W3005
WS005
Y3005

W3005

18/01/18 11:26:00
1801418 11:27:00
18/01/18 11:28:00

1861718 11:20:00

"18/01/18 11:30:00

1801118 11:31:00
18/01/18 11:32:00
18/01/18 11:33:00
18/01/18 11:34:00

18/01/18 11:35:00

201
20.1
20.2
20.2
20.2

202

20.2

202 "
-‘\.

20.2%\ 1

=

03

0.3

0.3

1.72

remarks
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