APPENDIX E
Chemical Data: AERC Investigation
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19-5EF-20B3 ©8:S5 FROM:ROBERTSOMS LABORATOR 81492 552038 T0:81376572700 P:l

To Facsimile 01376 572700 From  Foesimile 01492 592030
Company AERC Robertson Research
international Limited
Location Colchester Lianrhos, Liandudno
_ ' North Wales LL30 1SA
Aftention of ~ Luis Rodrigues United Kingdom
Name  Janet Hunt
Telephone 01402 581811
Number of pages in this Date 09/09/2003
transmission, including this sheet >3
Reference
Message
VOC results are appended for the water samples received on 27" August.
Regards,
Janet Hunt
-

This facsimile fransmission may contain confidential and priviteged information Intended solely for the Individuol or organisation fo whom If Is oddressed. If the readsr is
not the intended uddressoe, or the employes or agent responsible fo deliver if fo the addressee, you dre hereby nofified thot any disssmination, distibufion or copying Is
sfrictly prohibited. If you haove received this communication in orror. please notfv the ssnde by telenhane and alther daskriv the commenientinn nr mhirn i tn tha nddrace



10-SEP-2P@Z 08:56 FROM:ROBERTSONS LABORATOR 81452 S32830

Date rec'd : 27/8/2003
OurRel.: 808-2
_your Ref.: C3477 Belveder
. jmDate: $/2:2003

g

ANALYSIS OF WATER SAMPLES

CLIENT ID.

DETERMINAND LABID.
VOC({Headspaca) (ug/L)

g

Dichloromethane
Chioroform
1,1,1~Trichloroethane
Carbon tetrachloride
Benzene
1,2-Dichlorosthane
Trichlorosthane
Bromodichioromethane
Dibromochloremethane
1,1,2.2-Tetrachlorosthane
Toluene
1,1,2-Trichloro—1,2,2~triflucethane
Tetrachloroethens
Chlorobenzsne
Ethylbenzene

M/p~Xylene

o-Xylane
Hexachloro-1,3-butadiene
{=Chloro—4-methylbenzene
1-Chioro-2-methylbenzene
isopropylbenzene
Bromoform

Styrene
1,2.3-Trichlorobenzene
1,2.4~Trichigrobenzens
1,2-Dichiorobenzene
1,3-Dichiorobenzene
1,4-Dichlorobenzsne
a—Mathylstyrene
1,1-Dichloroethans

... 1,1,2-Trichioroethane
_1,1-Dichloroethene

trang-1,2-Dichloroethene
¢cis-1,2-Dichlorosthene
MTBE

Vinyl Chloride
Trichloramonofluoromethane
1,1-Dichloro-1-propsne
1,2-Dibromoethana
1,2-Dichloropropane
1,3-Dichlgropropane
2,2-Dichloropropane
cis-1,3-Dichigro-1-propene
trans—1,3-Dichloro~1-propane
1.1.1.2-Tetrachlorcethans
1.2,3-Trichioropropane
Bromobenzene
Dibromomethane

QA data notreported.

Sw1
308660

BAAGOAOOAABLAANGOLANGOANAGLOANLODARAAANLARGOABANANG

A
b=

Pasaa10of2

308661

bobLAAMMAY

ANOGOABOAABGLARGOANGLOARALALANLOLAAANNGLAR

a8

SW3
308662

o

GHLELANMAADG

LOARBOBARRARNGAR

LAAOGOALOAAGAANGOANAARAY

a

T0:B1376S7aTRY

BH1
308671

RGGOLAMAMRARNLARBLOALAAMAMRY

AABGOAADOAABOAANAGGA

bARD AL

A
o

308670

ABGARGOAOOAALOLANOOARAGAAABOANGLOAANANBGARNGOOLAARAG

308669

COARLLOAARARBGAROALLARARNG

AGARGOROLAAOONAGLOANDLAARA



16-SEP-20@3 B8:56 FROM:ROBERTSONS LABORATOR 81492 S32836

Date rec'd : 27/8/2003

Ow Ref.: B06=-2

Your Ref.: C3477 Balvader
Yrint Date :  9/9/2003

ANALYSIS OF WATER SAMPLES

CLIENT ID.
DETERMINAND LABID.

VOC(Headspace) (ug/l)
Dichlaramathana
Chiloroform
1.1,4-Trichloroethane
Carbon tetrachloride
Benzene
1,2-Dichioroethane
Trichloroethene
Bromodichloromsthane
Dibromochioromathane
1,1,2,2-Tetrachioroethane
Toluens
1,1,2=Trichloro=1,2,2-trifiuoethans
Tetrachioroethene

" Chlorobenzene
Ethyltbenzene
M/p—-Xylene
o~-Xylene
Hexachloro~1,3—-butadiene
1~Chloro—-4-mathylbenzene
1-Chloro-2-mathylbenzene
Isoprapylbenzane
Bromoform
Styrene
1,2,3-Trichlorobenzens
1,2,4-Trichlorobenzens
1,2-Dichlorobenzane
1,3-Dichiorobenzene
1,4-Dichlorobanzene
a-Methyigtyrene
1,1-Dichioroethane

. 1,1,2=Trichlorosthane

«,,, W1-Dichloroethene
trang-1,2~Dichloroathene
cis—1,2-Dichloroethene
MTBE
Vinyl Chloride
Trichloromenofluoromethane
1,1-Dichioro-1-propene
1,2=Dibromosethane
1,2-Dichloropropane
1,3-Dichloropropane
2,2-Dichloropropane
cia—1,3-Dichioro-1-propense
trans~1,3=-Dichioro~1-propens
1.1,1,2-Tetrachloroathane
1,2,3~Trichioropropane
Bromobenzene
Dibromomethane

QA data not reported.
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APPENDIX F
Assessment Framework




CONTAMINATED LAND ASSESSMENT FRAMEWORK
Introduction

The first priority when dealing with brownfield land is to prevent or minimise further
pollution and to limit the spread of existing contamination.

Current guidance' supports sustainable development by reducing the damage from past

. activities and by permitting brownfield land to be kept in or returned to a beneficial use

wherever practicable, so minimising pressures for development to take place on greenfield
land. This is a ‘suitable for use’ approach to the control and treatment of existing
contamination and requires regulatory action only where it is necessary to deal with
unacceptable risks to the health of the environment, assessed in relation to the current use

_of the land and its wider environmental setting.

Under the statutory guidance for contaminated land, three elements must have been
identified with respect to the land before it can be defined as contaminated. These are;

o a contaminant or potential pollutant (the source) - that is, a substance which is in, on
or under the land and which has the potential to cause harm or to cause pollution of
controlled waters.

o a receptor (the target) - that is, either a living organism, a group of organisms, an
ecological system of specified conservation value or some piece of property which is
likely to be harmed by the contaminant, or controlled waters which are being or are
likely to be polluted by the contaminant.

o a pathway - that is, one or more routes by or through which the receptor is being, or
could be, or affected by, that contaminant.

The identification of each of these three elements is linked to the identification of the
others: an identified pathway should be capable of exposing a specified receptor to a
specified contaminant, and that particular contaminant should be capable of causing
significant harm or, in the case of controlled waters, polluting that receptor.

If the land is being used only for certain purposes, the number of pathways by which the
critical group might be exposed will be limited, so that less extensive and costly
remediation measures would be needed to reduce the risk to below a given level than
would be the case for all types of actual or potential use. The land would then be ‘suitable
for use’.

Selection of Contaminants

In the past, contaminated land investigations concentrated on those contaminants
identified in Tables 3 & 4 of [CRCL 59/83%. Although this a general indication of whether a
site is likely to be contaminated many hazardous contaminants, not identified in the
tables, were overlooked. The Environment Agency has recently consolidated research into
likely contaminants from a specific industry into a single document’.

Department of the Environment, Transport and the Regions: Environmental Protection Act 1990: Part
IIA, Contaminated Land.

Interdepartmental Committee on the Redevelopment of Contaminated Land: Guidance on the
Assessment and Redevelopment of Contaminated Land. ICRCL 59/83, Second Edition, 1989.
Environment Agency/Department for Environment Food & Rural Affairs: Potential Contaminants for
the Assessment of Land. R&D Publication CLR 8. March 2002.

© Applied Environmental Research Centre Limited 2003



A number of contaminants identified in ICRCL 59/83 do not commonly occur except in
specialised industries. For example, both boron and selenium occur at a lower frequency
of industrial sites than vanadium, which is not included in [CRCL 59/83. Based on this
research, and also our experience built up over many years of investigating contaminated
land, AERC has complied a suite of commonly occurring contaminants which shall be
tested for on every site. The most commonly occurring determinands are identified in
Table 1.

In a number of cases, contaminants not identified in the guidance have been included.
This relates to the presence of organics and cyanide. [nitially a screening process is carried
out using Toluene Extractable Matter (TEM). If the value of TEM exceeds 500mg/kg then
the sample is retested for Total Petroleum Hydrocarbons (TPH) and Polycyclic Aromatic
Hydrocarbons (PAH). [n the case of cyanide, an initial screen is made for total cyanide. If

“the value exceed 25mg/kg, then the sample is retested for both free and complex cyanide.

Relevant Guidance - Solid Contamination

There are no mandatory standards in the United Kingdom for assessing the level of
contamination on a particular site. However, the recently published CLEA model* gives
Soil Guideline Values (SGV) for a limited number of heavy metals. CLEA quotes a number
of SGVs dependant on the proposed end-use of a site. The SGVs have been set according
to the end-use of the site with more stringent standards adopted for sensitive end-users, e.g.
residential developments with private gardens.

The SGVs represent concentrations above which the material can be considered to be
contaminated in respect to the proposed end-use. The currently available SGVs are
presented in Table 2.

It should be noted that the SGVs have been derived as a ‘worst case scenario’ taking into
account ground conditions and the likely receptor.

The number of contaminants quoted in the CLEA model is substantially less than that in the
withdrawn ICRCL 59/83° and no guidance has been published for most of the phytotoxic
elements or for hydrocarbons.

Where possible, and where relevant data has been published by CLEA, generic RAVs are
calculated based on the most vulnerable target i.e.; a child between the ages of 0 and 6
years.

[n other cases, guidance is sought from other areas principally the Environment Agency.
The Agency has published ‘Guidance for the Disposal of Contaminated Soils’®. Although,
strictly speaking, this guidance should only be used for removal of materials from site, it
gives a lower threshold concentration below which the materials can be put to any end-use
including domestic gardens. This implies that soils with contaminant concentrations at
levels less than the lower threshold concentration do not pose a risk to human health or
plants.

All the UK guidance concentrates on metals in inorganic substances. For many of the
organic compounds, reference is made to the Netherlands Test Tables. The Dutch
guidance provides ‘target’ and ‘intervention’ levels. Target levels being those at which little
or no pollution risk is present and intervention levels are those at which remediation is
advisable.

*  DEFRA/Environment Agency: CLR10 - The Contaminated Land Assessment Model (CLEA): Technical
Basis and Algorithms, 2002.

Interdepartmental Committee on the Redevelopment of Contaminated Land: Guidance on the
Assessment and Redevelopment of Contaminated Land. ICRCL 59/83, Second Edition, 1989.

¢ Environment Agency: Guidance for the Disposal of Contaminated Soils. Version 3, April 2001.

© Applied Environmental Research Centre Limited 2003



The ‘Greater London Council Definitions of Contaminated Soils” gives suggested ranges of
values on air-dried soils for a range of determinands and groups then into five
classifications from ‘uncontaminated’ to ‘unusually heavily contaminated’. These were
primarily applied to gas works sites and should not used as a basis for risk assessment.
However, they provide some guidance for background levels within urban areas e.g.; for
vanadium.

~ Water soluble sulphate can attack the hardened cement causing an expansive reaction
which may damage insitu concrete or concrete hardcore. Acidic water can also dissolve
the calcareous binders or aggregates in concrete. The Building Research Establishment
produces guidance® on the selection of concrete for building purposes.

AERC's risk assessment is three fold;
-a |s there a risk to human health?
a Is there a risk to plant life?
a [s there a risk to controlled waters?
Additionally, risk assessments may be carried out for harm to plants and buildings.

Based on the guidance and information above, AERC has compiled its own Risk
Assessment Values which are presented in Table 7.

In all cases, test results are compared against the relevant RAV. However, a statistical
analysis is carried out to ensure confidence can be placed on the results and that they
represent the nature of contamination with the ground on site. The approach is to
calculate the 95% confidence limits of the measured mean and compare the upper 95"
percentile with the relevant guidance. In order to ensure that the range of results is
representative and that no single result is a hot-spot, the maximum value test is applied.
Further details of the statistical tests carried out are given in the Environment Agency R&D
Publication CLR7’. In the case of cadmium, where the RAV is pH dependant, a site
specific pH is used based on the USqs .

If the levels of contamination in the ground are greater than the relevant RAV, or
surface/groundwater is a likely target then leaching tests will be required. If this is the case,
the leaching quality values given in Table 7 should be used for guidance. The leachate
quality values (LQV) are derived from the Environment Agency’s Guidance on the Disposal
of Soils and implies that soil with a LQV lower than that quoted does not present a
significant risk to either surface or groundwater.

Relevant Guidance - Groundwater Contamination

Groundwater quality may be assessed using a number of published guidelines and
standards including those set by the European Union, The Netherlands and the United
Kingdom govemment.

‘The European Community Groundwater Directive (80/68/EEC)’ contains two levels of
substances which can affect groundwater. List [ substances should be prevented from
being discharged into groundwater and List [l substances could have a harmful effect on
groundwater. [ncluded in List | are chromium, mercury, mineral oils and organchalogen
compounds. List [l includes a wide range of elements including arsenic, boron, copper,
lead, nickel, selenium and zinc.

! Kelly, J. “Site Investigation and Material Problems.” Proc. Conference on Reclamation of Contaminated
Land, Eastbourne, 1979. Soc. Chem.Ind., London, 1980.

¢ Building Research Establishment: BRE Special Digest 1: Concrete in Aggressive Ground, July 2001.

> Environment Agency/DEFRA: Assessment of Risks to Human Health from Land Contamination: An
overview of the development of soil guideline values and related research. R&D Publication CLR7,
March 2002.

© Applied Environmental Research Centre Limited 2003



The standards of water for human consumption are given in the ‘European Community
Directive 80/778" which sets guide levels (GL) and maximum admissible concentrations
(MAC) for a number of determinands. These are given in Table 8.

The Netherlands Test Tables can be used for assessing groundwater and are applied in the
same way as for soils. The guidance levels are given in Table 4.

Waste Management Paper 26A' presents criteria for assessing the pollution potential of

- landfill leachate based on a scenario where leachate from a site is likely to enter the

groundwater. These values are given in Table 9.
Relevant Guidance — Gas Contamination

The presence of hazardous gases in the ground requires consideration for both human
health and structures. Gas accumulation could cause a hazardous situation leading to

“asphyxiation and explosion in the case of carbon dioxide and methane (landfill gases)

respectively or increase the risk for cancer in the case of radon.

Govemment guidance exists for both of these situations particularly with respect to landfill
gas in the Waste Management Papers and for radon, work published by the Building
Research Establishment.

Waste Management Paper 26A, paragraphs 4.10 and 4.11 consider the requirements for
(landfill) gas conditions on a site. These paragraphs consider two possible criteria
depending on monitoring. The first is that the maximum concentration of methane remains
less than 1% by volume and the maximum concentration of carbon dioxide remains below
1.5% by volume. Readings should have been taken at least 4 times over a 24 month
period with at least two sets of readings taken when the atmospheric pressure was falling
and less than 1000mb.

The second criterion is the rate of gas emission where emissions are less than 0.015m3hr
for methane and less than 0.022m3hr for carbon dioxide. Again, readings should have
been taken at least 4 times over a 24 month period with at least two sets of readings taken
when the atmospheric pressure was falling and less than 1000mb.

Specific advice is given in the Building Regulations (1991) Part C and also BRE212"" where
gas concentrations are in excess of the Waste Management Paper Guidelines for the
construction of new dwellings. Site specific risk assessments can also be carried out in
accordance with CIRIA 152"

With respect to radon, the guidelines given in BRE211" are followed. In these cases, the
site geology is assessed for the potential for radon gas to be produced and the subsequent
need for protection.

®  Waste Management Paper 26A: Landfill Completion, Department of the Environment, HMSO,
London, 1994.

' Building Research Establishment: BRE212 Construction of New Buildings on Gas-Contaminated Land.

2 (Q'Riordan, N.J., and Milloy, C.J. “Risk Assessment for Methane and Other Gases from the Ground.”

CIRIA Report 152, 1995.

Building Research Establishment: BRE211 Radon - guidance on protective measures for new dwellings.

1999.

© Applied Environmental Research Centve Limited 2003
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TABLE 1: Commonly Occurring Contaminants Routinely Tested For

Metals Non-metals Inorganics Organics Others

Cadmium Arsenic Total Cyanide Phenols Asbestos

Chromium ' Water Soluble TEM pH

Copper Nitrate

1 Lead Water Soluble

e

Nickel ap

Vanadium

Zinc

TABLE 2: Currently Available SGVs in the CLEA Model
‘€ 2 = < g ) =2
g E g by = K 5

g - -t (7] Z -—
< S & p- &
mg/kg | mg/kg | mg/kg | mg/kg | mg/kg | mg/kg | mg/kg

Residential with plant uptake | 20 2 130 450 8 50 35

(i.e.; private gardens)

Residential with no plant| 20 30 200 450 15 75 260

uptake

Allotments 20 2 130 450 8 50 35

Commercial 500 1400 5000 750 480 5000 8000

© Applied Environmental Research Centre Limited 2003
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TABLE 3: Guidance for Disposal of Contaminated Soils

Determinand Leachate Quality | Lower Threshold | Upper Threshold
Threshold Concentration Concentration
g/l mg/kg mg/kg
| pH 5.5-9.5 6-8 5-9
Toluene Extract - 5000 10000
Cyclohexane Extract - 2000 5000
Conductivity 1000ps/cm - -
coD 30mg/! . -
L.Ammonia 500 - -
Arsenic 10 10 50
Boron 2000 3 3
Cadmium 1 3 15
Chromium 50 600 1000
Copper 20 130 130
Lead 50 500 2000
Mercury 1 1 20
Nickel 50 70 70
Selenium 10 3 6
Zinc 500 300 300
Cyanide (complex) - 250 250
Cyanide (free) 50 25 25
Sulphate 150mg/! 2000 2000
Sulphide 150mg/l 250 250
Sulphur (free) 150mg/l 5000 5000
Phenol 0.5 5 5
Iron 100 - -
Chiloride 200mg/l - -
Polycyclic Aromatic Hydrocarbons 0.2 50 1000

© Applied Environmental Research Centre Limited 2003




TABLE 4: Dutch Guidance

Substance Soil Groundwater
Target Intervention Target Intervention
mg/kg Mg/kg g/l rg/l

| METALS

Arsenic 29 55 10 60

Barium 200 625 50 625

Cadmium 0.8 12 04 6

Chromium 100 380 1 30

" Cobalt 20 240 20 100

Copper 36 190 15 75

Mercury 0.3 10 0.05 0.3

Lead 85 530 15 75

Molybdenum 10 200 5 300

Nickel 35 210 15 75

Zinc 140 720 65 800

INORGANIC COMPOUNDS

Cyanide (free) 1 20 5 1500

Cyanide (complex pH <5) 5 650 10 1500

Cyanide (complex pH >5) 5 50 10 1500

Thiocyanate - 20 - 1500

AROMATIC COMPOUNDS

Benzene 0.05 1 0.2 30

Ethyl Benzene 0.05 50 0.2 150

Phenol 0.05 40 0.2 2000

Cresoles - 5 - 200

Toluene 0.05 130 0.2 1000

Xylene 0.05 25 0.2 70

Catechol - 20 - 1250

Resorcinol - 10 - 600

Hydroquinone - 10 - 800

POLYCYCLIC AROMATIC HYDROCARBONS (PAH)

PAH (sum of 10) 1 40 - -

Naphthalene - - 0.1 70

Anthracene - - 0.02 5

Phenanthracene - - 0.02 5

Fluoroanthene - - 0.005 1

Benzo(a)anthracene - - 0.002 0.5

Chrysene - - 0.002 0.05

Benzo(a)pyrene - - 0.001 0.05

Benzo(ghi)perylcene - - 0.0002 0.05

Benzo(k)fluoranthene - - 0.001 0.05

Indeno(1,2,3-cd)pyrene - - 0.0004 0.05

© Applied Environmental Research Centre Limited 2003




TABLE 4: Dutch Guidance (continued)

Substance Soil Groundwater
Target Intervention Target Intervention
mg/kg Mg/kg pg/! g/l
.| CHLORINATED HYDROCARBONS
1,2-dichloroethane - 4 0.01 400
Dichloromethane - 20 0.01 1000
Tetrachloromethane 0.001 1 0.01 10
Tetrachloroethene 0.01 4 0.01 40
" Trichloromethane 0.001 10 0.01 400
Trichloroethene 0.001 60 0.01 500
Vinylchloride - 0.1 - 0.7
Chlorobenzenes (sum) - 30 - -
Monochlorobenzene - - 0.01 180
Dichlorobenzene 0.01 - 0.01 50
Trichlorobenzene 0.01 - 0.01 10
Tetrachlorobenzene 0.01 - 0.0t 2.5
Pentachlorobenzene 0.0025 - 0.01 1
Hexachlorobenzene 0.0025 - 0.01 0.5
Chlorophenols - 10 - -
Monochlorophenols 0.0025 - 0.25 100
Dichlorophenols 0.003 - 0.08 30
Trichlorophenols 0.001 - 0.025 10
Tetrachlorophenols 0.00t - 0.01 10
Pentachlorophenol 0.002 5 0.02 3
Chloronaphthalene - 10 - 6
Polychlorobiphenyls 0.02 1 0.01 0.01
CONTROL AGENTS
DDT/DDE/DDD 0.0025 4 - 0.01
Drins - 4 - 0.1
Aldrin 0.0025 - - -
Dieldrin 0.0005 - 0.00002 -
Endrin 0.001 - - -
HCH Compounds - 2 - 1
a-HCH 0.0025 - - -
B-HCH 0.001 - - -
y-HCH 0.00005 . 0.0002 -
Carbaryl - 5 0.01 0.1
Carbofurane - 2 0.01 0.1
Maneb - 35 - 0.1
Atrazine 0.00005 6 0.0075 150

© Applied Environmental Research Centre Limited 2003
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TABLE 4: Dutch Guidance (continued)

Substance Soil Groundwater
Target Intervention Target Intervention
mg/kg Mg/ke rg/l ng/l

1 OTHER CONTAMINANTS

Cyclohexane 0.1 270 0.5 15000

Phthalates 0.1 60 0.5 5

Mineral Oil 50 5000 50 600

Pyridine 0.1 1 0.5 3

“Styrene 0.1 100 0.5 300

Tetrahydrifurane 0.1 0.4 0.5 1

Tetrahydrothiophene 0.1 90 0.5 30

© Applied Environmental Research Centre Limited 2003
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TABLE 5: Greater London Council (Kelly, 1979)

Determinand | Typical values | Typical values Typical Typical Typical
for for soils with values for values for values for
uncontaminated slight contaminated heavily unusually
soils contamination soils . - | contaminated heavily
soils contaminated
soils
mg/kg mg/kg mg/kg mg/kg mg/kg
pH (acid) 6-7 5-6 4-5 2-4 <2
pH (alkali) 7-8 8-9 9-10 10-12 >12
F.Antimony <30 30-50 50-100 100-500 >500
Arsenic <30 30-50 50-100 100-500 500
Cadmium <1 1-3 3-10 10-50 50
Chromium <100 100-200 200-500 500-2500 >2500
Copper (avail) <100 100-200 200-500 500-2500 >2500
Lead 0-500 500-1000 1000-2000 2000-1% >1%
Lead (avail) 0-200 200-500 500-1000 1000-5000 >5000
Mercury <1 1-3 3-10 10-50 50
Nickel (avail) <20 20-50 50-200 200-1000 >1000
Zinc (avail) <250 250-500 500-1000 1000-5000 >5000
Zinc (equiv) <250 250-500 500-2000 2000-1% >1%
Boron (avail) <2 2-5 5-50 50-250 >250
Selenium <1 1-3 3-10 10-50 >50
Barium <500 500-1000 1000-2000 2000-1% >1%
Beryllium <5 5-10 10-20 20-50 >50
Manganese <500 500-1000 1000-2000 2000-1% >1%
Vanadium <100 100-200 200-500 500-2500 >2500
Magnesium <500 500-1000 1000-2000 2000-1% >1%
Sulphate <2000 2000-5000 5000-1% 1%-5% >5%
Sulphur (free) <100 100-500 500-1000 1000-5000 >5000
Sulphide <10 10-20 20-100 100-500 >500
Cyanide (free) <1 1-5 5-50 50-100 >100
Cyanide (total) <5 5-25 25-250 250-500 >500
Ferricyanide <100 100-500 500-1000 1000-5000 >5000
Thiocyanate <10 10-50 50-100 100-500 2500
Coal Tar <500 500-1000 1000-2000 2000-1% >1%
Phenol <1 1-5 5-50 50-250 >250
TEM <5000 5000-1% 1%-5% 5%-25% >25%
CEM <2000 2000-5000 5000-2% 2%-10% >10%
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TABLE 6: BRE Concrete in Aggressive Ground

Design | 2:1 water/soil | Groundwater Total Natural Soil Brownfield ACEC
Sulphate extract Potential Class
Class for Sulphate

Site SO, | Mg | SO, Mg ‘SO, | Static | Mobile | Static | Mobile
g | st | o g % pH | pH pH pH

DS-1 <1.2 <0.4 <0.24 All All AC-1s
>5.5 >6.5 AC-1

<55 5.5-6.5 | AC-2z

4.5-5.5 | AC-3z
<4.5 AC4Z

. DS-2 1.2-2.3 0.4-1.4 0.24-0.6 | >3.5 >5.5 AC-1s
>5.5- >6.5 AC-2

<3.5 <5.5 AC-2s
<5.5 5.5-6.5 | AC-3z
4.5-5.5 | AC4z

<4.5 AC-5z

DS-3 2.4-3.7 1.5-3.0 0.7-1.2 | >35 >5.5 AC-2s
>5.5 >6.5 AC-3

<35 <5.5 AC-3s

<55 5.5-6.5| AC+4

<5.5 AC-5

DS-4 3.8- <12 3.1- <1.0 1.3-2.4 | >3.5 >5.5 AC-3s
6.7 6.0 >5.5 >6.5 AC-4

<3.5 <5.5 AC-4s

<5.5 <6.5 AC-5

DS-4m 3.8- >1.2 3.1- >1.0 1.3-2.4 | >35 >5.5 AC-3s

6.7 6.0 >5.5 >6.5 AC-4m
<3.5 <5.5 AC-
<5.5 <6.5 4ms

AC-5m

DS-5 >6.7 | <1.2 >6.0 01.0 >2.4 >3.5 All >5.5 All AC-4s
<3.5 <5.5 AC-5

DS-5m | >6.7 | >1.2 | >6.0 >1.0 >2.4 >3.5 All >5.5 All AC-

<35 <5.5 4ms
AC-5
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TABLE 7: RAVs for Assessment of Contaminated Land (proposed by AERC)

1. Values derived from CLEA.
2. Values derived from Environment

Agency.

3. Values derived from Kelly (1979) as
representative of background levels.

NSV

samples across the site.

Values derived from Dutch Standards. 12.
Values derived from BRE SP1

Values based on sandy soils.
Assumes that all chromium is Cr(V1).
Values apply to geometric mean of

Proposed End-Use
Determinand s £ £ -
3% “—!ﬁ 3 % %2‘\ Notes

s |Es | F | 8 | §i2

53 =25 © . :g:

s e | 3 _§ , = : L2

8 'Z - L = < “ 8 6 L

=B 1 3 i R
Cadmium 2 30 2 1400 1 1,6,9,12

“Chromium 130 200 130 5000 50 1,6,7,12

Copper 130 1000 130 1000 20 2,12
Lead 450 750 50 1,8,12
Mercury 8 15 8 480 1 1,6,12
Nickel 50 75 50 5000 50 1,6,12
Vanadium 150 60 3,14
Zinc 300 1000 300 1000 500 2,12
Arsenic 20 500 10 1,6,12
Total Cyanide 30 50 12,13
Water Soluble Nitrate 50mg/t 11
Sulphide 250 150mg/t | 2,12
Water Soluble 1.2g/l 150mg/l | 5,12
Sulphate
Toluene Extractable 500 5000 - 2
Matter
Phenol 5 0.5 2,12
Polycyclic Aromatic 50 1000 0.2 2,12
Hydrocarbons
Total Petroleum 500 5000 10 4,11
Hydrocarbons
pH 5-9 2
Asbestos Visible Fibres 0.1% - 10
Notes

9. Dependent on soil pH, i.e.; pH6=1,

pH7=2, pH8=8.

10. Soil containing >0.1% asbestos is

classified as Special Waste
11. From EC Directive 80/778
Leachate quality values derived from

Environment Agency.

13. AERC Risk Assessment value based
on published toxicological data from
CLEA

14. From UK Drinking Water Standard
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TABLE 8: European Community Directive 80/778

Determinand Guide Level Maximum Admissible
Concentration

Calcium mg/l 100 -

| Magnesium mg/l 30 50
Sodium mg/t 20 150
Potassium mg/l 10 12
Chloride mg/l 25 -

--Sulphate mg/l 25 250
Aluminium mg/l 0.05 ' 0.5
Nitrate mg/l 25 50
Nitrite mg/l - 0.1
Ammonium mg/l 0.05 0.5
fron mg/l 0.05 0.2
Manganese mg/t 0.02 0.05
Copper ng/l 3000 -
Zinc pg/l 5000 -
Phosphate pg/l 400 5000
Fluoride - 12°C ug/l 8 1500
Fluoride - 35°C ng/l 25 700
zellrium ug/l 100 ]-

ilver - 0
Arsenic ! - 50
Cadmium e/ - 5
Cyanide e/ - 50
Chromium hg/ - 50
Mercury vef - 1
Nickel ke/l - 50
Lead kg/l - 50
Antimony ng/ - 10
Selenium ng/t - 10
Pesticides (individual) ~ #&/! - 0.1
Pesticides (total) rg/! - 0.5
PAH v/l - 0.2
Temperature pg/l 12 25
pH C 6.5-8.5 -
Conductivity at 20°C ~ unit 400 -
uS/em
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TABLE 9: Waste Management Paper 26A

Determinand Units Concentration
pH - 6.5-8.5
Conductivity pS/cm 4000
Chloride mg/l 2000

| Sulphate mg/l 2500
Calcium mg/l 1000
Magnesium mg/l 500
Sodium mg/l 1500
Potassium mg/l 120

" Aluminium mg/l 2

Nitrate mg/! 500
Nitrite mg/l 1
Ammonia mg/l 5
Total Organic Carbon mg/l 10
ron mg/l 2
Manganese mg/l 0.5
Copper mg/l 1
Zinc mg/l 1
Phosphorous mg/l 10
Fluoride mg/l 10
Barium mg/l ' 1
Silver mg/l 0.1
Arsenic mg/l 0.5
Cadmium mg/l 0.05
Cyanides mg/l 0.05
Chromium mg/l 0.05
Mercury mg/l 0.01
Nickel mg/l 0.5
Lead mg/! 0.5
Antimony mg/l 0.1
Selenium mg/l 0.1
Mineral Oils mg/l 0.1
Phenols mg/l 0.005
Organochlorine Compounds mg/l 0.01
(other than pesticides)
Pesticides
- individually mg/l 0.001
- total mg/l 0.005
PAH mg/l 0.002
NOTES:

1. Leachate will enter groundwater.

2. Local water quality objectives are set for potable supply.
3. A minimum dilution factor of 10 is expected.

4. There is no significant saturated zone attenuation.
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APPENDIX G
Risk Assessment Spreadsheet
Arsenic




e

Notes to accompany risk assessment for arsenic

Objective

To model the attenuation of arsenic in soils of hydraulic conductivity 1 x 10°m/s, as above for
assessing risk to surface water.

Input parameters

For the purpose of the model it has been assumed that the target value at the receptor (the
surface water course) is 25ugl™, equivalent to the EQS for arsenic in freshwater.

The model has assumed an initial concentration at the source of 1mgl™ arsenic (which is higher
than the maximum leachable value detected in any of the tested samples).

It has been assumed that the hydraulic conductivity of the soil between the sources and the
target is 1 x 10°m/s. A time span of 1000 years has been assumed and the dispersion
calculated using the Ogata Banks model.

Model Output
The attached spreadsheet details the input parameters and indicates that the concentration of

arsenic would be reduced to the EQS (25ugl™) at a distance of approximately 4.3m from the
source.

The model also derives a concentration at the source which would result in a concentration of
25ugl™ at 5m distance form the source after 1000 years. This value, indicated as the Remedial
Target, would be 15.5mgl™.

Conclusion

Emplacement of clean soil with a hydraulic conductivity of T x 10°m/s (or less) between the
source and the surface water receptors on site at Belvedere would protect the water course
from migration of arsenic from Made Ground.
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