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Introduction

This Issue of the Hydrogeological Risk Assessment Report

This report was issued to the EA for comment in November 2004 as part of the IPPC
application for Area 2. In February 2004 the EA issued a Schedule 4 Notice
requesting further information on the application site. This report has been reissued
in response to the Notice and addresses the additional hydrogeological information
requested.

Revised or additional text present within this version of the report which is required in
order to satisfy the Schedule 4 Notice has been labelled in order to assist the EA in
the review of new information. Such text has been given a number (in grey bold italic
font) to its left. This number refers to the item number of the Schedule 4 Notice in
which the information was requested. In the case of this paragraph, item no. 38 of the
Schedule 4 Notice has been indicated for demonstration purposes.

Background

The Docksway Disposal Site is located 3km south of Newport Town Centre, Gwent
and is centred on National Grid Reference ST 305 853 (Figure 1). It is operated by
Newport City Council, referred to hereafter as NCC.

The disposal site is located on a peninsula of land between the tidal River Ebbw and
River Usk. It is bordered immediately to the west by the River Ebbw and to the east
and south by Newport Docks on the western bank of the River Usk.

The site is split into a northern half (Area 1) and a southern half (Area 2). Area 1 of
the site has been used intermittently for waste disposal operations since 1939 and
will reach capacity in early 2005. There is no artificial containment of potential
contaminants at Area 1. Area 2 comprises land reclaimed in 1990 following a
diversion of the River Ebbw. Up until recently Area 2 was partially flooded with a
large oxbow lake. Dewatering of the oxbow lake is currently being undertaken in
preparation for the engineering of Area 2 to form a containment landfill. This
proposed extension to Docksway Disposal site will increase the life of the landfill until
approximately 2025.

NCC requires a hydrogeological risk assessment to be carried out at Docksway
Disposal Site in order to comply with the EC Groundwater Directive (80/68/EEC) and
the Landfill Directive (99/31/EC) (as stipulated in condition 48.3 of the site waste
management licence), and to support an IPPC application for the ‘installation’. The
EC Groundwater Directive has been implemented in the UK via the Waste
Management Licensing Regulations, 1994 and the Groundwater Regulations, 1998.
A hydrogeological risk assessment is required by these Regulations before a licence
or permit can be granted for the disposal of waste to land where that waste may
contain certain polluting substances. This risk assessment will investigate the risks to
groundwater by the proposed engineered landfill extension. The ultimate design of
the proposed extension may be modified following the findings of the hydrogeological
risk assessment. The completed assessment will be submitted to the Environment
Agency (EA) for approval.

1
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1.3

1.4

A hydrogeological risk assessment has also been undertaken for Area 1 of the landfill
and this has been reported separately to the EA (see PBA, 2004c) as part of a
separate |IPPC application.

A review of available historical investigation reports has been undertaken to
complement the hydrogeological risk assessment along with the results of recent
PBA intrusive investigations and environmental monitoring.

Scope of Work

The scope of work for this assessment was outlined in the Peter Brett Associates
(PBA) proposal Reference 11938/001/TAU/DA/GLA dated July 2001.

Guidance on the approach to be taken for hydrogeological risk assessment for
landfills has been provided by the EA (EA, 2003a) and the standard approach to risk
assessment is given by the DETR in their Waste Management Paper 26B, Appendix
E (DETR, 1995).

The approach is to ascertain the contaminative “source term” for a site and the
“receptors” that could be at risk as a result of “pathways” between the two. All three
aspects have to be present for a risk to exist. For landfills the source term is the
leachate produced by the reaction between water which enters the waste (usually
rainfall but also percolating groundwater or liquid waste if present) and the waste
itself. In order to define the pathways and targets it is necessary to understand the
geology, hydrogeology and hydrology of the site area.

The guidance recommends collecting together all relevant information to characterise
the site and the surrounding area. This includes a review of available data on the site
history, topography, geology, hydrogeology, hydrology, waste input, leachate level
and leachate quality. All the information on the above aspects available to date is
summarised and any shortfalls in data requirements are highlighted.

Legislative Framework

An IPPC permit is required to allow the commencement of waste disposal at Area 2
of the Docksway Disposal Site. For the permit to be issued an authorisation to
discharge Listed substances under the Groundwater Regulations, 1998 is required.
The hydrogeological risk assessment is required to demonstrate that these
discharges will be acceptable in terms of the Groundwater Regulations,

The Groundwater Regulations, 1998 transpose the EC Groundwater Directive
(80/68/EEC) into UK law. The general purpose of the Groundwater Directive is:

e to prevent substances in List | from entering groundwater; and
e to limit the introduction of List Il substances so as to avoid pollution.

Listed substances are defined by the EC Directive (80/68/EEC). List | substances are
defined as substances that have very significant carcinogenicity, toxicity, persistence
and/or bio-accumulation. List [l substances are defined as all other potentially
polluting substances. Substances designated as either List | or List Il are given in
JAGDAG, 2001 and EA, 2004b.
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Sources of Information

A full reference list for all the documentation consulted as part of this work is
provided in Section 16.

Some data have been obtained directly as a result of recent investigation and
monitoring work commissioned by PBA. In addition, some data have been obtained
through external archives and data providers, such as the Environment Agency,
Associated British Ports and the Centre for Ecology and Hydrology (CEH).

A full Envirocheck report including historical Ordnance Survey Mapping was obtained
by PBA from Landmark Information Services Limited in 2001 which has provided
information on for example, local licensed groundwater abstractions.

A number of historical investigation reports have been provided by NCC, many of
which have been used to assist in the production of a conceptual model for the site.
In particular the borehole records included in such reports have been used to assist
in understanding the geology of the site.

No guarantee can be given for the accuracy or completeness of the third party
information which has been used in the compilation of this report. It must be noted
that there may be conditions pertaining to the site which were not disclosed by any of
the investigative work carried out and which, therefore, could not be taken into
consideration.

The interpretation carried out in this report is based on scientific and engineering
appraisal. We have not taken into account the perceptions of, for example banks,
insurers, lay people etc.

Complexity of Risk Assessment

EA guidance stipulates that hydrogeological risk assessments can be undertaken by
means of a risk screen, a simple risk assessment or a complex risk assessment
dependant on the nature of the site setting and the type of landfill under
consideration. It is considered that a complex risk assessment is the most suitable
method for evaluating the risks posed by Docksway Disposal site, based on the fact
that it will take municipal waste and is in close proximity to a river. Consequently a
complex assessment has been undertaken which includes a comprehensive site
characterisation. This approach has been agreed with the EA.
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2.1

2.2

2.3

Site Description

Location and Setting

The Docksway Disposal Site lies 3km south of Newport Town Centre between the
River Ebbw and Newport Docks (Figure 1). The site is centred on NGR ST 305 853
and occupies a total area of approximately 50 hectares. Area 2 is centred on NGR
ST 305 850 and occupies just under half of the total site area.

Area 1 (which lies to the north of Area 2) is a dilute and disperse landfill which has
been operated by the local authority since the 1980s. The area to the west of the site
(across the River Ebbw) is grassland and is known to have been used historically for
landfilling. The Newport Docks lie to the east of the site and contain a number of
industrial units including a timber treatment works and a fertiliser manufacturer. The
River Ebbw forms the southern boundary of the site.

Site Geometry

Area 2 comprises low lying land reclaimed in 1990 following the straightening of the
River Ebbw. It is intended that the area will be engineered for landfilling in five cells
as depicted in Figure 2A. The surface areas of each cell are provided in Table 2.1.
The total area that will be used for waste disposal in Area 2 is approximately 15.4 ha.

Table 2.2 Approximate Percentages of Each Waste Type Accepted

Cell No. ~ Surface Area (m?)
1 47495
2 33710
3 25173
4 29514
5 18196
Total 154088

The IPPC boundary for the site is shown in Figure 3.

Topography

Docksway Disposal site is located on the alluvial plain of the River Severn Estuary.
Prior to all filling activities, the site would have had a low-lying relief cut into by
various meanders of the River Ebbw. As a result of landfilling activities, Area 1 now
rests at between approximately 15m and 40m AOD.

The northwestern part of Area 2 has been raised using waste materials, see Section
2.4. In other locations the alluvial clay has been won from Area 2 for use in Area 1
(as temporary daily cover material for example) and this has reduced the ground
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level across some parts of Area 2. The edge of Area 2 adjacent to the Ebbw has
been raised for flood protection. Topographic lows are present where the Ebbw
formerly meandered through Area 2 (see Figure 3 for the location of the former Ebbw
meander).

Area 2 now typically varies between approximately 6.5 and 9.5m AOD with the floor
of the former oxbow lake/river meander at approximately 2.5m AOD.

Site History

2.4.1 Recent History

Docksway Disposal Site (Area 1) has been operated by Newport City Council or its
predecessors since 3 June 1987 under waste management licence number
EAWML30058. During this time filling has generally only taken place in Area 1. The
site licence permits the acceptance of inert, household, commercial and industrial
wastes. Table 2.2 details the breakdown of individual waste types currently accepted
at the site (in Area 1 South).

Table 2.2 Approximate Percentages of Each Waste Type Accepted

Waste Type Percent of Total (%)
Domestic/Household 54
Commercial 35
Inert Waste : 11

2.4.2 Early History

Available 1:10,000 scale historical Ordnance Survey (OS) maps for the site do not
indicate that the site was used for waste disposal until between 1981 and 1994
(Appendix 1). However, the 1968:1972 1:2,500 map labels Area 1 as a ‘council tip’
on the 1972 part of the map.

On the 1992, 1994, 1996, 1972 1:10,000 OS map, refuse disposal is indicated to
have taken place largely on Area 1, but also on Area 2 to the north and west of the
then oxbow lake (former River Ebbw meander). GW03/14 is located on this part of
the Area 2 and records refuse in the Made Ground.

Land to the west of the site on the opposite side of the Ebbw is also known to be a
landfill.

Available borehole logs indicate that Made Ground is present across much of Area 2.
This provides evidence that early (pre-1980s) landfilling took place in Area 2. In
general the Made Ground does not have the appearance of waste and this early fill
placement may is expected to have been undertaken to raise the land and reclaim it
from the flood plain of the River Severn.
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2.4.3 History of the Ebbw Meander

Work to straighten the meander of the Ebbw which flowed through Area 2 was
completed in 1990. The Ebbw was dammed at two points using clay with demolition
arisings (Figure 2B). This work initially created an oxbow lake. The lake was
dewatered in 2000 in order to undertake geotechnical investigations of the suitability
of the area for development as a containment landfill. The lake was subsequently
allowed to refill.

Two internal clay dams were installed subsequent to the oxbow lake formation
(Figure 2B). These dams split the oxbow lake into three separate lakes.

The lakes of Area 2 have recently been dewatered in preparation for the construction
of the Docksway landfill extension. Three smaller residual water bodies now remain
in Area 2 (see Figure 2B). Figure 3 shows the locations of both of the former Ebbw
meanders which were present on the Docksway Disposal site prior to the two
separate river straightening operations.

Principal Drainage

Drainage from Area 1 runs towards and into Area 2 to the lowest point on the site
(the former oxbow lake/Ebbw meander). Because the land has been raised for flood
defence along the southern and western margins of Area 2, an effective basin is
formed which collects precipitation and surface water runoff from several directions.
Following recent dewatering work in preparation for construction, three lakes remain
within the former Ebbw meander (Figure 2B). The principal drainage at Area 2 is
towards these three residual water bodies.

One further surface water feature is present to the northeast of the Area 2 IPPC
boundary. This is a ditch which runs close to the eastern boundary of the site (i.e. the
waste management licence boundary). However, the ditch acts as a minor surface
water storage area and no flow has been observed within this ditch to date.

A 1.2m diameter storm drain taking runoff from the ABP docks formerly discharged
into the oxbow lake. This was diverted in 1995 and now runs along the eastern edge
of Area 2 and outflows into the Ebbw to the south of the site (monitoring point SW15).

The Maes Glas Pill was formerly culverted in a dog leg along the eastern edge of
Area 1 and east-west north of the boundary between Area 1 and Area 2. Following a
stability assessment it was concluded that the load-bearing capacity of the culvert
was not sufficient to support the estimated loading which would result from future
landfilling at the site. A new 1.8m diameter concrete pipeline was installed in 2001
which runs through the northern part of Area 1 and the dog leg culvert was
decommissioned.

Historically, this redundant culvert had had problems with the rapid transmittal of
groundwater and/or contaminants. In the 1994 Working Plan for the site, it is noted
that leachate-contaminated groundwater (presumably from the Area 1 tip) was
discharging to the Ebbw in the vicinity of the now redundant Maes Glas Pill culvert
(LG Mouchel, 1994). It was suggested that voids in the backfill surrounding the
culvert were likely to have formed preferential pathways for the leachate.

Artificial site drainage is depicted on Figure 2B.
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Engineering Design Philosophy
2.6.1 Outline Details

The design of the future Area 2 landfill has been discussed in detail in the
engineering design philosophy report (PBA, 2004e). However, outline details have
been provided here in order to comply with the Schedule 4 Notice.

The geology of the site has been discussed in detail in Section 3. The natural
geology at the site comprises of alluvial clays (approximately 2.5m to 8m thick) over
gravel deposits (approximately 5 to 8m thick) over the Mercia Mudstone.

Limited Made Ground is present over the natural strata in some parts of Area 2.
However, where present this material will be removed prior to construction of the
landfill. Consequently both the base and the sides of the artificial landfill liner will rest
on alluvial clay following construction. Moreover, the top 2m of the exposed alluvial
clay will be cement stabilised to form part of the EBS for the landfill.

2.6.2 Engineered Barrier System

Leakage from the site and the associated transport of contaminants will be impeded
by the presence of an engineered barrier and a natural geological barrier (the natural
alluvial clays present beneath the site). The engineered barrier system (or EBS) will
comprise 3 components; two clay barriers separated by a load transfer blanket
(numbers 2. to 4. in Table 2.3).

The upper clay barrier will comprise 1.2m of imported clay engineered to have a
maximum permeability of 10° m/s. The lower barrier will comprise 2m of in-situ
alluvial clay which will undergo stabilisation using cement columns. Details of the
input parameters used to represent the EBS in the LandSim modelling are included in
Table 9.1.

Table 2.3  Area 2 EBS Design

Material Thickness (mm) Concli-ll}/t?t'i'sil:::(Zmls)
1. Granular drainage blanket 500 107
2. Engineered imported Clay Barrier 1200 <10°
3. Load transfer blanket 300 107
4. Cement stabilised in-situ Alluvium 2000 <10°
Note: Numbers 2 o 4 are termed the engineered barrier system (EBS) throughout this report.

Table 2.3 indicates the EBS design over the majority of the site. It is not quite correct
for the EBS design over the deepest parts of the former Ebbw channel which
meanders beneath Area 2. In the deepest part of the river channel the top of the
alluvium is lower than elsewhere across the site and in order to reach the
construction level required an additional layer of imported engineered clay will have
to be added. At its lowest point the top of the alluvium is present at +1.5m AOD. At
such locations an additional 1.5m of engineered clay will be added and the total
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imported engineered clay used in the design will be up to 2.7m thick. This is
represented pictorially in Figure 2D.

2.6.3 Minimum Alluvial Clay Thickness Beneath the Landfill

Beneath the future Area 2 landfill, the base of the alluvial clay/top of the Gravel
Deposits rests at between approximately -1.0m AOD and-2.5m AOD, Figure 4E).

The most recent (March 2005) topographic survey of the site has confirmed that the
top of the alluvial clay has a minimum height of 1.5m AQD in the former Ebbw river
channel, giving the alluvium a minimum thickness of 2.5m.

The top 2m of the alluvial clay deposit is to be stabilised with cement to form part of
the engineered barrier system for the landfill. Consequently a minimum thickness of
0.5m of ‘unengineered’ alluvium will remain beneath the landfill site following the EBS
construction. At such locations additional clay will be added above the top of the
alluvium in order to achieve the required construction platform height (see discussion -
in Section 2.6.2). -

Away from the former river channel, the maximum height of the top of the alluvial clay
will rest at 3.8m AOD following preparation of the surface for the construction of the
upper (imported clay) barrier/liner. Consequently, away from the river meander the
‘unengineered’ alluvium will have a minimum thickness of 2.8m. The worst case and
best case thickness of the ‘unengineered’ alluvial clay beneath the landfill is
represented pictorially in Figure 2D.

2.6.4 Groundwater Levels

Beneath the future Area 2 landfill, the base of the EBS will rest at between 1.8m AOD
and 0.3m AOD. The top of the EBS will rest at between 4.5m and 5.3m AOD (see
Figure 2D).

Sub-artesian groundwater is present in the gravel deposits which in general has a
piezometric surface within the Alluvial Clays at a level of between approximately
+1.3 m AOD and +3.7 m AOD (see Figures 8A to 8J for the piezometric surface of
the Gravel groundwater at various states of the tide). At some locations the
piezometric surface of the Gravel groundwater will lie within the lower part of the EBS
(see Figure 2D).

At no point will the future landfill be below the piezometric surface of the Gravel
groundwater, i.e. sub-water table (see Figure 2D). During high tide however, the sub-
artesian piezometric surface may rise into the basal clay liner (i.e. the stabilised
alluvium) in the north-western part of the landfill (i.e. where groundwater levels are
higher). Also at the very lowest points of the EBS the piezometric surface is expected
to generally be present just above the base of the EBS.

As the tide rises and falls the proportion of the natural alluvial clay which forms the
vertical pathway (i.e. that which is fully saturated) will theoretically change. As the
vertical pathway increases the unsaturated pathway will decrease and vice-versa.
This has implications for the LandSim modelling work which are discussed further in
Section 9.5.
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2.6.5 Stability of the EBS

An assessment of the hydrogeological stability of the engineered lining system (i.e.
the risk of hydraulic uplift caused by the piezometric surface) has been undertaken in
the Stability Assessment report for Area 2 (PBA, 2004a). The findings of this
assessment are that there should be at least 3.64m of strata between the top of the
gravel and the underside of the upper engineered clay barrier to ensure a minimum
factor of safety (1.5) against hydraulic uplift. Figure 2D shows that at the sump of
Cell 1A this distance is 4.4m, i.e. considerably in excess of the minimum requirement.

2.6.6 Drainage Blanket Details

Full details of the drainage blanket specification and performance are presented in
the design philosophy report (PBA, 2004e). However, outline details have been
provided here in order to comply with the Schedule 4 Notice.

The drainage blanket for the landfill will comprise 500mm of ‘40mm single size’, (to
BS882 grading requirements), clean non-calcareous gravel or crushed rock with a
10% fines value of greater than 100kN.

Using Hazen’s formula the inferred permeability of this material (with a D4o minimum
particle size of 11mm) is 1.21 m/s. In accordance with EA guidance a landfill
drainage blanket requires a minimum permeability of 1x10™ m/s and the performance
assessment for the drainage blanket is based on the assumption that it will have this
minimum permeability.

It has been calculated (assuming a 1x10™ m/s permeability value) that the maximum
head of leachate that will be present above the base of the drainage blanket will be
120mm, which is considerably lower than the design head, and less than the blanket
thickness of 500mm (PBA, 2004e).

The actual permeability of the proposed drainage stone is considered to be some
four orders of magnitude greater than the design value, thus allowing for a significant
degree of clogging and bio-fouling to occur before the leachate management system
would be incapable of maintaining the maximum leachate head proposed.

Details of the drainage parameters which have been entered into the LandSim model
are given in Table 9.1.
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3.1

3.2

Geology and Ground Conditions

Data Available

The geology of Area 1 is described in detail in the Area 1 hydrogeological risk
assessment (PBA 2004c). The ground conditions at Area 2 are described here.
Geological data are available as a result of:

e Work undertaken in 1994 to investigate the potential suitability of the alluvial
clays beneath the southern part of the site for use as capping material and/or for
the containment of waste (Structural Soils, 1994).

e Work undertaken in 1996 to investigate the engineering properties of the strata
underlying the southern extension area (Exploration Associates, 1996):

e Boreholes drilled around the former Maes Glas Pill culvert in August 1999 (Gwent
Consultancy, 1999a and 1999b).

e Groundwater and gas monitoring well installation work in 2003 (CJ Associates,
2003 and 2004a).

e Borehole investigation work in 2004 (CJ Associates, 2004b).

All the boreholes used to compile a 3D conceptual model of the site geology are
included on Figure 3. Schematic geological cross sections through Area 2 are
presented in Figure 5. The borehole logs used to generate Figure 5 are presented in
Appendix 3.

Main Stratigraphic Units

Four main geological horizons are recognised. The natural succession comprises
superficial deposits (Alluvial Clays over Gravels) over the Triassic bedrock. The
Triassic bedrock is generally considered to comprise the Mercia Mudstone Group
beneath the entire site (e.g. LG Mouchel, 1996a).

The 1:50,000 scale geological map of Newport, (BGS 1986a), indicates that the north
western-most part of Area 1 of the site lies on bedrock which is younger than the
Mercia Mudstone, i.e. rocks of the Rhaetic Cotham and Westbury beds and the
Jurassic Blue Lias Group (see Figure 4A).

However, all of the deeper boreholes drilled on the Docksway Disposal Site to date
have identified red-brown mudstone bedrock which is assumed to be the Mercia
Mudstone and hence it has been assumed for this risk assessment that the Mercia
Mudstone Group underlies the entire site area.

Recently, GW03/28 was drilled outside the application boundary to the north west of
the site. This borehole encountered grey calcareous mudstone and hard limestone
below 4m bgl which is considered likely to represent part of the Blue Lias Group.
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Made Ground is present overlying the superficial deposits over some of the site. Due
to the extent of the landfilling activity at the site and the local topography, the
thicknesses of each of these strata vary significantly between Area 1 and Area 2.

Made Ground

In Area 1 the Made Ground can be summarised as a mixture of domestic refuse,
building rubble and reworked natural deposits. In Area 2, the Made Ground is
generally less extensive and contains less in the way of waste materials. Typically
Made Ground located in Area 2 comprises clay with gravel and cobbles.

For the most part the horizon comprises reworked natural deposits. However, locally,
especially around the edges of Area 2, builder's waste-type material is included in the
fill. For example, concrete is present at GW03/09 and GW03/10A and in the Ebbw
dams.

The Made Ground has been described as dark grey-black coal-derived ash with coal
at borehole EA7 (to 2.1m bgl). Occasional ash was also noted during the drilling of
SS94-8, SS94-9 and SS94-10 (Structural Soils, 1994).

Investigations undertaken to date have not been able to establish a lateral limit to fill
placement and fill materials are present beyond the Area 2 IPPC application
boundary towards the east, and to the west and south where fill materials ‘outcrop’
on the bank of the Ebbw.

Fill materials have been used to construct four dams in Area 2. Two largely clay
dams have been placed to cut off the Ebbw initially forming an oxbow lake. The clay
dams include some demolition materials such as concrete boulders. Two internal
dams have also been placed which at the time, divided the oxbow lake into three
separate water bodies. These dams also comprise clay with demolition rubble.

To the north (i.e. in Area 1), considerable thicknesses of fill (and in particular waste)
have been placed to create the landform present. The highest part of Area 1 has
been termed the central raised area or CRA (see also PBA, 2004c).

Alluvial Clays

The Alluvial Clays generally comprise grey, grey-brown or grey-black organic-rich
clays or clay-silts with traces of peat. They are generally firm to stiff with a desiccated
‘crust’ for the top 1 to 2m of the strata. Below this depth they are soft or very soft.

Atterberg Limit testing on the alluvial deposits shows them to comprise generally high
to very high plasticity clays (Structural Soils, 1994). In general the maximum liquid
limit measured is approximately 80% whilst the maximum plasticity index measured
is approximately 50%. Recent studies (based on the testing of 45 samples), have
shown the liquid limit of the clays to vary between 40% and 106% with a mean value
of 62%, and the plasticity index of the clays to vary between 12% and 63% with a
mean value of 25% (CJ Associates, 2003).

A study of 135 moisture content measurements from the Alluvial Clays has
demonstrated a range between 13 and 85% with a mean of 48%.
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Particle size distribution tests have shown that the Alluvial Clays contain a clay
fraction of between 41 and 55% with the remaining grains largely silt-sized (Structural
Soils, 1994).

Consolidation tests on the Alluvial Clays recorded coefficient of volume
compressibility values of between 2.0 m?MN for a pressure range of 25 to 50 kNm?
and 1.0 m*MN for a pressure range of 50 to 100 kNm? These values are
representative of high compressibility soils.

Recent cation exchange coefficient (CEC) testing has indicated that the Alluvial
Clays have a CEC value of between 140 and 230 meg/kg. This range is fairly typical
for a clay soil (EA, 2001a). Organic carbon content testing indicated that the Alluvial
Clay has between 0.6 and 14% organic carbon. The analytical certificates for the
CEC and organic carbon testing are presented in Appendix 7.

The upper crust of the alluvium has been removed over a large part of the site and
has exposed very soft clay in these areas. Where the crust remains the alluvial clay
forming the crust tends to be soft to firm.

The alluvial clay deposits contain occasional depositional sub-horizontal silt partings
and laminae. The presence of these partings is expected to contribute to the higher
observed horizontal permeability of the alluvium in comparison with its vertical
permeability (see Appendix 4). No discrete peat layers have been recorded in any of
the boreholes sunk although traces of peaty and organic matter are recorded in
places but present as disseminated fragments within the clay.

In general the alluvial clay deposits are very soft or soft with a relatively high natural
moisture content (mean of 48%) and no observations of discontinuities have been
made in the clays at any significant depth. The top 1 to 2m of the alluvial clay has
been noted to generally form a desiccated crust where micro-fissures have been
occasionally observed. However, such conditions are much less common in Area 2
since at the majority of locations the top few meters of the clay has been won for use
as daily cover material on the Area 1 landfill. Below the "crust" the lithology,
depositional history, unconsolidated nature and geotechnical properties of the alluvial
clay are such that vertical discontinuities will not be present. Importantly, where the
alluvium is at its thinnest beneath the former river meander, the presence of surface
water above the clay will have kept it softened and hence fissures will not have
developed.

In general, vertical discontinuities are not considered to be of significance in the
alluvium beneath Area 2. However, in case of their presence a very conservative
value for the vertical permeability of the alluvial clays has been used in the modelling
(see Appendix 4, Table 9.1 and Section 13. 9).

Gravel Deposits

The Gravel Deposits generally comprise pale brown-grey medium dense to dense
sandy and sometimes silty or clayey gravel of sandstone and quartz with occasional
cobbles of sandstone.

Particle size distribution tests have shown that the Gravel Deposits contain a fine to
coarse gravel fraction of between 55 and 97% and a fines (silt and clay) content of up

12

Doc Ref: J:\14000series\14739\038B - HRA\Phase2HRA-R05.doc Created on 30 March 2005




Peter Brett Associates Docksway Disposal Site, Newport

Conceptual Mode!l And Hydrogeological Risk Assessment For Area 2

3.6

3.7

to 15%. The remaining grains (up to 30%) comprise fine to coarse sand (Exploration
Associates, 1996).

Mercia Mudstone Group

The Mercia Mudstone Group comprises red and brown weak blocky mudstones with
occasional siltstones. The Group is observed to be weathered at the top and
comprises gravel-sized fragments of mudstone bound in a red clay matrix or stiff red-
brown clay with gravel (Exploration Associates, 1996, LG Mouchel, 1996a and
NCBC, 2000). During recent investigation work (CJ Associates, 2003), the Mercia
Mudstone was encountered in four boreholes where it was described as a stiff or
very stiff red-brown clay with silt.

The Mercia Mudstone has been proven to a maximum thickness of 11.7m as a resuit
of the various investigations undertaken to date. The mudstones of the Mercia
Mudstone Group are known to be between 130m thick (BGS and EA, 2000) and
190m (BGS, 1986b) in the region. The Mercia Mudstone is referred fo by its former
name (Keuper Marl) on the geological map for the site (Figure 4A).

Thicknesses of Deposits

3.7.1 Made Ground Thickness and Occurrence

Made Ground generally varies between about 0.5m and 3m thick across Area 2.
However, locally the Made Ground thins or is absent, e.g. beneath the former oxbow
lake at borehole EA1. Also, locally the Made Ground increases substantially in
thickness.

In the northeastern part of Area 2 the Made Ground increases to up to 6.5m thick e.g.
at GWO03/14 and domestic refuse is included in the Made Ground. Landfilling with
refuse on this part of the site is indicated on the 1992, 1994, 1996, 1972 OS map for
the area (see also Section 2.4).

The Made Ground is slightly thicker around GW03/13 and SS94-8 on the south
western edge of the site.

The Made Ground also increases in thickness where dams have been placed (see
Figure 2B). Made Ground is 6.3m thick at the internal dam on the western side of the
former oxbow lake. Made Ground is 7m thick at the internal dam on the eastern of
the former oxbow lake. The Made Ground increases to up to 10.6m thick where the
dams have been placed to straighten the Ebbw (borehole GW03/23).

The western-most dam installed to cut off the oxbow lake from the Ebbw extends
from approximately 7.5m AOD to -3.3m AOD. The eastern dam extends from
approximately 8.8m AOD to approximately -0.5m AOD. The base of the made ground
in these locations is lower than the natural top of the Alluvial Clays (approximately
2.5m AOD). This suggests that some clay may have been removed prior to the
placement of the dams. Also the clay beneath the dams is likely to have consolidated
following dam construction.
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Figure 4B shows a plot of Made Ground thickness across the site. Figure 2C shows a
schematic geological cross section through one of the Ebbw dams indicating the
approximate made ground thickness within the dam.

3.7.2 Natural Deposits Thickness and Occurrence

The thickness of the Alluvial Clay varies considerably beneath Area 2. It ranges
between approximately 5.5m in the west (GW03/13) and 8 to 10m in the east (for
example SS94-9 and EAY) with thinning to a minimum of 2.5m observed below the
former river channel. Figure 4C shows a plot of Alluvial Clay thickness across the
site.

Table 3.2 Simplified Generalised Stratigraphic Sequence at Area 2

Approximate Approximate Approximate

Stratum Depth to base (m Horizon Height of Base

) bgl) Thickness (m) (m AOD)
Made Ground (where present) 1.0 1.0 3.5
Alluvial Clays 6.0 5.0 -1.0
Gravels 12.0 6.0 -6.0
Mercia Mudstone Up to 190
Note:
Sequence is generalised and figures are only approximate mean values.
The Mercia Mudstone has been proven to a maximum thickness of 11.7m beneath the site (Morgan Vinci, 2002)
but is known to be up to 190m thick in the region (BGS, 1986b).

The Gravel Deposits beneath Area 2 vary in thickness between approximately 3.8m
at the western end (SS94-5 and SS94-6) and 8.9m at the eastern boundary of the
site (EA6 and GW03/09). The base of the gravel horizon/top of the Mercia Mudstone
Group is present at between -5.25 and -11.00m AOD. The boundary undulates
somewhat but in general it deepens towards the east as the Alluvial Clays and Gravel
Deposits above thicken.

A generalised and simplified geological sequence beneath Area 2 is summarised in
Table 3.2. The elevations of the bases of each stratigraphic horizon at selected
borehole locations in Area 2 are given in Table 3.3. Further details of the height of
each stratigraphic horizon at the majority of the boreholes studied as part of this
assessment (in both Areas 1 and 2) are presented in Table A3-1 within Appendix 3.

Site-wide Trends

The base of the Made Ground/top of the Alluvial Clays varies between approximately
8.8m and -3.3 AOD (Table 3.3). The junction is present at greater depth close to the
former river channels and where dams have been constructed to straighten the
Ebbw. Figure 4D plots the height of this horizon across both Areas 1 and 2. It shows
that the junction is particularly deep around the two external Ebbw dams and at
GW03/08B. In all three of these areas the top of the Alluvial Clay has probably been
reduced at a result of clay extraction.

The base of the Alluvial Clay/top of the Gravels generally lies between approximately
-0.5m AOD and -3.5m AOD (Table 3.3). Figure 6F provides contours of the height of
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this stratigraphic boundary across Area 2. The base of the Alluvial Clay deposits
generally deepen in an easterly direction, i.e. towards the River Usk and also in a
southerly direction towards the Severn Estuary. The contours show that the base of
the alluvium/top of the gravels is typically present at between -1m and -3m AOD
beneath the future Area 2 landfill.

Table 3.3 Elevation of the Bases of Various Stratigraphic Horizons

Elevation of base of | Elevation of base of | Elevation of base of
Borehole Made Ground Alluvial Clays Gravel Deposits
(m AOD) (m AOD) (m AOD)
GwW03/07 5.40 -2.10 Not determined
GWO03/08A 5.85 -2.85 Not determined
GW03/09 7.36 -0.64 -8.74
GW03/10a 8.88 -1.47 Not determined
GWO03/13 5.31 -0.19 -5.24
GWO03/14 3.83 -0.27 -7.77
GWO03/17** 0.75 -1.25 -8.65
GwW0o3/19* 1.98 Not determined Not determined
GW03/21* -0.56 Not determined Not determined
GW03/22** 0.7 -1.4 -8.0
GW03/23* -3.30 Not determined Not determined
GW03/24* -2.79 -3.29 Not determined
GW03/25 4.68 -3.32 -7.52
Notes:
* = external dam location ** = internal dam location

The base of the Gravel Deposits varies between approximately -5.2m AOD and
approximately -8.7m AOD beneath Area 2 (Table 3.3). Figure 6G provides contours
of the height of this horizon across both Areas 1 and 2. In general, the junction
deepens towards the east, i.e. towards the River Usk and also towards the south, i.e.
towards the Severn Estuary.

Construction Earthworks

It is noteworthy that the preparation of Area 2 for the construction of the landfill will
entail earthworks which will alter the near surface geology. Where it is present, made
ground will be removed from areas where the landfill is to be constructed. In addition,
where the top of the alluvium is below the required construction platform height,
imported, engineered clay will be placed in order to raise ground level prior to
construction.
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4.1

4.2

Hydrogeology

Regional Hydrogeology

The regional hydrogeology for the site is described in outline on the 1:125,000
hydrogeology map for South Wales (BGS, 1986b). The site is shown to be underlain
by ‘alluvial deposits and peat’. Groundwater yields from the alluvial deposits are
described as low (less than 5 Is™) and the groundwater is described as liable to
saline intrusion.

Beneath the alluvial deposits is ‘sand and gravel’ from which groundwater yields of 5
to 15 Is” are reported. The groundwater quality in these deposits is described as
similar to that of the river with which they are in hydraulic continuity (i.e. the estuarine
Ebbw in the case of gravels beneath the subject site). Iron and manganese
concentrations are also reported as undesirably high (BGS, 1986b).

The Mercia Mudstone Group is described as approximately 190m thick across the
map area comprising mudstones over a conglomerate layer at the base which is up
to 60m thick. The map states that the mudstones act as an impermeable top to the
basal conglomerate. This description is echoed in the Policy and Practice for the
Protection of Groundwater, Welsh Regional Appendix, (EA, 1995).

Contours of the base of the superficial deposits are shown to deepen towards the
Severn (i.e. towards the south east) on the hydrogeology map. Groundwater within
the superficial deposits would be expected to flow in this broad direction. This is in
agreement with the regional groundwater flow direction indicated in the
Environmental Impact Statement for the site (Borough of Newport, 1993).

Hydrogeological Sensitivity
4.2.1 Groundwater Vulnerability Map

The 1:100,000 scale groundwater vulnerability map for the site and its vicinity (EA,
1996), indicates that some of the site and the general area around the site is
considered as a non-aquifer (Figure 6). This classification relates to the presence of
the low permeability alluvial deposits that are present on the northern tidal flats of the
Severn Estuary.

However, part of the site has been designated as a minor aquifer on the map. The
deposits indicated as a minor aquifer cover a localised area adjacent to the River
Ebbw and its former meander (the base plan used for the groundwater vulnerability
map does not show the work undertaken in 1990 to straighten the Ebbw in Area 2 of
the site). This designation is assumed to relate to the presence of the Gravel
Deposits beneath the Docksway site.

Based on the fact that some of the site area is classified as a non-aquifer, and on the
fact that the wider area within the Severn flood plain is considered as a non-aquifer
(see Figure 6), the site is not considered to be particularly sensitive with respect to
groundwater resources. Other evidence which supports this view is the lack of
groundwater abstractions in the site vicinity (see Section 4.2.2) and the known poor
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quality of the Gravel groundwater (see Section 7 and relevant comments in the
above Section).

4.2.2 Groundwater Abstractions

No groundwater abstraction points within 5km of the site are shown on the
hydrogeology map (BGS, 1986b). According to the Envirocheck report commissioned
by PBA, there are no licensed groundwater abstractions within a 1000m radius of the
site (PBA, 2001). According to the EA, there are no licensed groundwater
abstractions within a 2000m radius of the site (EA, pers. comm.). According to the
Local Authority (Newport City Council, there are no private water wells located within
a 2000m radius of the site (NCC Environmental Health Department, pers. comm.,
see Appendix 2).

The site does not lie within a source protection zone (SPZ) for any licensed
groundwater abstractions (EA, 2004). As indicated in the previous Section, the site is
considered to be a low sensitivity location with respect to groundwater resources.

Hydraulic Properties of the Made Ground

The Made Ground is generally only 0.5m to 3m thick where present over Area 2 and
it is absent at many locations. Where made ground is present beneath the proposed
landfill site it will be removed and the landfill will be constructed on the alluvial clay,
consequently its hydraulic properties are of little significance to this risk assessment.

Made ground will remain in place at two locations to the south of the landfill at the
Ebbw dams (see Figure 2B for approximate dam locations). The top edge of the
engineered side slope of the landfill will abut the made ground of the dams at two
locations (see Figure 2C for relationship between the landfill edge and the dams).
Based on the fact that the dams only border approximately 9% of the perimeter of the
landfill, the proximity of these two areas of made ground are not considered to have
any hydraulic significance to the presence of the landfill.

In any case, the side liner of the landfill will be thickened to 3m where the landfill
abuts these two dams (see Figure 2D).

Hydraulic Properties of the Alluvial Clays

The Alluvial Clays are regarded as an aquitard. Several assessments of their
permeability have been carried out previously (see for example Structural Soils, 1994
and Exploration Associates, 1996).

A thorough assessment of all the available data has been undertaken by PBA as part
of the geotechnical design of the Area 2 landfill extension (PBA, 2004a). Work which
has been undertaken to evaluate the permeability of the Alluvial Clays is presented in
Appendix 4.

The mean coefficient of horizontal permeability has been estimated to be of the order
of 1.0x107 ms™ and the mean coefficient of vertical permeability has been estimated
at < 8.8x10™ ms™ as a result of this assessment (Appendix 4). For the LandSim
modelling work the vertical hydraulic conductivity has been assigned a fixed higher
value of 1.0x10° ms™ in order to be conservative.
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investigations, the porosity of the alluvium has been estimated at ranging between
0.41 and 0.69. This is typical for a clay deposit (see for example Freeze and Cherry,
1979). The initial void ratio data used to estimate the alluvial clay porosity is
presented as Appendix 8.

The EA has requested that effective porosity values are provided for the Alluvial Clay
however this data is not available. Studies indicate that that the effective porosity of a
clay is unlikely to exceed 0.18 (McWorter and Sunada, 1977).

A sensitivity analysis has been carried out on the porosity used in the model to
assess the degree of influence that this parameter has on the model output (see
Section 13.10). The analysis demonstrated that the model is relatively insensitive to
the porosity value used (values for porosity of between 0.05 and 0.7 were modelled).

Hydraulic Properties of the Gravel Deposits

The Gravel Deposits of the Severn Estuary are classified as a minor aquifer by the
EA (EA, 1996). Generally these deposits were noted as water bearing when
encountered during drilling work. Groundwater was often struck at boundary between
the top of the Gravel Deposits and the base of the Alluvial Clays during drilling
(Table 4.1).

After 20 minutes, rest water levels generally rose to some 2m or more above the

base of the Alluvial Clays suggesting that groundwater within the Gravel Deposits is
confined slightly by the overlying clays (Table 4.1).

Table 4.1 Examples of Groundwater Strikes in the Gravel Deposits

Well Strike depth Geology Rest wat.er level
(m bgl) after 20 min (m bgl)
GWO03/01 10.10 Top of Gravel at 10.00 8.60
GW03/04 16.00 Top of Gravel at 16.10 10.10
GW03/05 15.80 Top of Gravel at 15.80 13.20
GWO03/07 11.30 Top of Gravel at 11.30 8.70
GWO03/08A 9.00 Top of Gravel at 10.00 8.00
GW03/09 12.00 Top of Gravel at 10.90 9.00
GWO03/10A 11.50 Top of Gravel at 11.50 9.00
GwWO03/14 11.00 Top of Gravel at 10.00 9.00
GWO03/15 11.40 Top of Gravel at 11.40 9.90

The in-situ hydraulic conductivity of the Gravel Deposits has been estimated in the
field using a series of rising head and constant head permeability tests (CJ
Associates, 2003 and CJ Associates, 2004). The results suggest that the hydraulic
conductivity falls within the range from 1.9 x 107 ms™ t0 >9.5 x 10° ms™.
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Previously, the permeability of the gravel was estimated at between 1.3 x 10® ms™
and 6.8 x 10 ms™ based on five field falling head permeability tests (Exploration
Associates, 1996).

It is important to note that tests undertaken in borehole standpipes influence only a
small volume of soil (which is likely to have been disturbed during the drilling
process) and can give rise to misleading results. Variable head tests, particularly
those carried out in boreholes during drilling, are prone to silting up and can
underestimate the permeability of the horizon being tested. The constant head tests
in standpipes are considered the more reliable. Typical permeability values for sand
and gravel deposits vary between 10° and 1 ms™ according to the geotechnical
engineering handbook (Carter, 1983) although with the relatively high sand fraction
present in the Gravel at the site, values in excess of 102 ms™are unlikely. It is
anticipated that the true permeability of the Gravel Deposits is close to the higher end
of the range of values determined in 2003 and 2004.

Ignoring the variable head tests and any spuriously low constant head tests gives a
permeability range from 8.3 x 10 to >9.5 x 10° ms™ with the actual field value likely
to be towards the higher end of this range.

Accordingly a triangular distribution within the range from 1x10° to 1x10? ms™ has
been selected for the LandSim model input. The apex of the triangle is set at
5x10° ms™" to skew the value towards the upper end of the range.

Hydraulic Properties of the Mercia Mudstone

The Mercia Mudstone Group comprises a series of low permeability mudstones with
occasional thin horizons of fractured siltstone (or skerries), through which minor flows
of groundwater can occur (BGS and EA, 2000). The Group is considered a minor
aquifer by the EA since small quantities of potable water can be abstracted from its
more permeable siltstone horizons and the basal conglomerate layer in some areas.

In general, the mudstones of the Group are viewed as a low permeability horizon
which confines groundwater within the basal conglomerate (e.g. BGS, 1986b). Data
on the hydrogeological properties of the Mercia Mudstone are extremely rare in the
South Wales area (BGS and EA, 2000), which reflects the minor importance of this
(minor) aquifer as a groundwater resource in this part of the United Kingdom.

The BGS aquifer properties manual (BGS and EA, 2000) describes the Mercia
Mudstone Group as ‘predominately impermeable and at best a poor aquifer’. For this
reason the Mercia Mudstone Group is treated as a non-aquifer throughout the rest of
this assessment.

Groundwater Elevation and Flow

4.7.1 Preliminary Studies and General Comments

In 1996, groundwater monitoring by LG Mouchel & Partners over a nine hour period
demonstrated that the elevation of the gravel groundwater is subtly affected by tidal
forces. It was concluded from this study that the groundwater within the Gravel
Deposits is in partial hydraulic continuity with the River Ebbw (LG Mouchel, 1996a).
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Table 4.2 shows the results of a round of groundwater elevation monitoring for the
whole site (Area 1 and Area 2) undertaken on 20 August 2003 at twelve wells
installed into the Gravel Deposits. Crucially, these dip measurements were taken
within a short time frame around the high tide time for the Ebbw (11:30am to
1:55pm). The High tide time for the Newport Docks was 11:32 on this date (ABP,
2003). Since the gravel groundwater is influenced by the tides it is important to use
dip measurements taken during the same part of the tidal cycle in order to draw
conclusions about true groundwater elevations (and hence likely groundwater flow
direction).

Table 4.2 shows that the groundwater in the Gravel Deposits was present beneath
the site at between approximately 1.3m and 4.4m AOD on this occasion and was
present at between 1.3m and 2.7m AOD beneath Area 2. Groundwater is generally
at a lower elevation beneath Area 2 than is the case beneath Area 1 providing
evidence for groundwater flow from Area 1 to Area 2. This is in line with the expected
regional groundwater flow direction towards the Severn Estuary.

Also of note from Table 4.2 is that the typical elevation of the Gravel Deposits
piezometric surface is some 1.6 to 4.9m above the top of the horizon. The Gravel
Deposits groundwater is hence slightly confined by the Alluvial Clays (GWO03/02 is
the exception where the groundwater does not appear to be confined).

The results of these early studies indicated that tidal influence is significant and that a

more comprehensive programme of tidal and groundwater level monitoring was
required.

Table 4.2 Elevation of the Gravel Groundwater on 20/8/03

Dip (m Height of Elevation of Distance of
Well below cover Groundwater top of RWL above
cover (m AOD) level (m AOD) Gravel top of Gravel
{(m AOD) {m)
GWO03/02 10.445 14.814 4.37 4.61 -0.24
GW03/03 11.85 15.382 3.73 1.94 1.79
GW03/06a 7.75 9.918 217 -1.59 3.76
GW03/07 7.43 10.229 2.80 -2.1 4.90
GWO03/09* 7.8 10.508 2.71 -0.64 3.35
GWO03/10A" 8.4 9.704 1.30 -1.47 2.77
GW03/13* 5.93 7.984 2.05 -0.19 2.24
GWO03/14* 7.49 9.68 2.19 -0.27 2.46
GWO03/15 9.05 11.74 2.69 1.09 1.60
GW03/16 11.125 14.421 3.30 0.42 2.88
Note:
* = Well positioned in Area 2

4.7.2 Tidal Influence

Regional groundwater flow in the site vicinity is likely to be towards the south or south
east, i.e. in the general direction of the Severn Estuary. However, early work
demonstrated that the tidal nature of the Ebbw does locally alter groundwater
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elevation within the Gravel Deposits and therefore both the hydraulic gradient and
groundwater flow direction within the gravels are likely to be subject to localised
variations at different states of the tide.

More recently, a comprehensive study of the tidal variations in elevation of the Gravel
groundwater has been undertaken. This study includes three main rounds of
monitoring which have been undertaken over the duration of full tidal cycles during
low spring, high spring and neap tidal events (see Table 4.3). In order to target these
tidal events, the National Tidal and Sea Level Facility website (NTSLF, 2004) and the
South Wales tide tables booklet (ABP, 2004) were consulted. Additionally,
information on the tidal range of the Ebbw at the entrance to Newport Docks has
been obtained through ABP (ABP, pers. comm.).

The results of the three main tidal monitoring episodes are depicted in Figures 7A,
7B and 7C and are discussed below.

Raw groundwater monitoring data collected as part of this study is presented in
Appendix 11.

Figure 7A shows groundwater levels in the gravel during the low spring tidal cycle of
13 January 2004. It is apparent from Figure 7A that the groundwater level in some
wells is not influenced by the Ebbw tides (e.g. GW03/04, GW03/05 and GW03/06
GWO03/09 which are all located to the north and east of Area 1). Groundwater levels
in wells located in close proximity to the Ebbw, i.e. less inland, record an obvious
tidal response (e.g. GW03/10A, GW03/13, GW03/14, GW03/15 and GW03/16),

Table 4.3 Tidal Monitoring Undertaken at the site

Date State of Tidal Cycle Details of Monitoring Undertaken

Monitoring of 10 gravel wells undertaken once

20/08/03 NR around high tide.

Continuous monitoring of several perched water
13/01/04* Low Spring wells and several gravel groundwater wells over
a full cycle (Figure 7A).

Continuous monitoring of several gravel

26/01/04% High Spring groundwater wells over a full cycle (Figure 7B).
N | o e e 70
s | v e ek
09/09/04 Neap m;tr:i:%r(iar?g of 5 gravels wells once just before
Note:

NR = Not recorded
* = Main tidal monitoring rounds comprised measuring groundwater at each monitoring location approximately

once every half an hour continuously for between 12 and 13 hours.

Figure 7B shows groundwater levels in the Gravel Deposits during the high spring
tidal cycle of 26 January 2004. As with the low spring tidal event (Figure 7A), only
selected wells located close to the bank of the Ebbw are influenced by its tides (e.g.
at GWO03/10A, GW03/13, GW03/14, GW03/15 and GW03/16).
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It is interesting to note from Figure 7B that the tides increase the groundwater
elevation at selected wells to the point where hydraulic gradients within the Gravel
groundwater system are likely to be altered locally for short period of time around the
high tide peak. For example, in general, groundwater levels at GW03/13 are lower
than those at GW03/05 and consequently groundwater flow would be expected to be
broadly from GWO03/05 towards GW03/13. However, for a period of about 3 hours
around the time of the high tide during a High Spring cycle, the situation is reversed,
(Figure 7B). This indicates that local groundwater flow directions are likely to change
at high tide (see Section 4.7.3 below).

It is important to note that the typical sea level of the Usk Estuary at the entrance to
the Newport Docks ranges between -4.0m and -5.0m AOD during low tide (see
Figures 7A and 7B) and that the bed of the river will be below -5m AOD. This is
significantly lower than the bed of the River Ebbw adjacent to the site which is
approximately Om AOD according to site surveys and OS maps. The bed level of the
River Usk at and around low tide is considered to be what drives the hydraulic
gradient of the Gravel groundwater beneath the site. The net flow of groundwater at
the site is consistently towards the southeast (i.e. towards the Usk Estuary) as
described in Section 4.7.3 below.

4.7.3 Groundwater Flow Direction

Figures 8A to 8J provide interpretive gravel groundwater elevation contour plots on
various dates at various stages of the tidal cycle. The likely direction of groundwater
flow is indicated as generally towards the south east on all of these plots. This is in
line with the general groundwater flow direction indicated on the hydrogeology map
for the region (BGS, 1986b)

During low tide times (e.g. Figures 7A and 7D), groundwater contours conform
slightly to the shape of the peninsula between the Ebbw and the Usk. Hence whilst
flow is generally to the southeast, locally flow can be towards the east, south, west or
southwest away from the site. The shape formed by the groundwater elevation
contours is described as a bulge in the following text.

During high tide times the increase in head in the Ebbw alters the groundwater head
in the Gravel Deposits along the southern and western edges of the site. The contour
bulge observed at low tide is effectively widened and shifts slightly to the south west
(e.g. Figures 8B and 8E), giving a more southerly component of groundwater flow.

It is important to note that during high tide this shift of the contour bulge means that
groundwater can theoretically flow beneath the Ebbw towards the site from the
adjacent landfilled area. Consequently groundwater from beneath the former landfill
across the Ebbw to the west of the site could potentially influence the hydrochemistry
of the site groundwater (for example in the vicinity of GW03/14), (see Figures 8B, 8E
and 8G).

Whether at high tide or low tide the net groundwater flow direction has been
demonstrated as towards the south east.

4.7.4 Water Level in the Docks

The water level in the Newport Docks to the east of the site is relatively consistent.
Information has been supplied by ABP (ABP, pers. comm.) for all occasions when
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tidal assessments have been undertaken. ABP record the Docks water level once in
the morning and once in the afternoon. The water level has varied by a total of 70cm
over six monitoring occasions and twelve readings.

The level of the water in the Docks is consistently much higher than groundwater in
the Gravel Deposits. The nearest wells to the Docks that are included in the
monitoring programme are GW03/26 and GW03/27 situated some 175m from the
north Dock (Figure 3). Groundwater in these wells is present at approximately 2.5m
AOD regardless of the state of the tide whilst water in the Docks is at more than
6.8m AOD at all times (Table 4.4). This significant difference in head suggests that
the water in the Docks is not in hydraulic continuity with the Gravel groundwater.

Evidence for this lack of effective hydraulic continuity is supported by the
hydrochemistry (see Section 7.4).

Table 4.4  Water Levels in Newport Docks

Water level Water level Water level Water level

peit |l o om o
to Ng;vapr(t)ga(tj:;nnel to Newlyn OD to N;\?;pr?ga?:;nnel to Newlyn OD

20/08/03 11.7 7.22 11.7 7.22

13/01/04 12.0 7.52 11.9 7.42

26/01/04 11.7 7.22 11.8 7.32

14/07/04 11.85 7.37 11.8 7.32

01/09/04 11.9 7.42 11.85 7.37

09/09/04 11.45 6.97 11.3 6.82

The North Dock is reported to be 8m deep, (ABP, pers. comm.) which suggests that
its base would lie in the Alluvial Clays. The South Dock is reported to be 11m deep
(ABP, pers. comm.) which suggests that its base would be more likely to lie in the
Gravel Deposits. However, the expected silting up of the base of the Docks would be
likely to reduce hydraulic continuity between the dock water and the Gravel
groundwater if this was ever the case.

4.7.5 Hydraulic Gradients

Table 4.5 gives a number of potential values for the hydraulic gradient within the
Gravel Deposits. Because of the bulge in the groundwater elevation contours formed
by the peninsula, groundwater may flow towards the south, east or west at different
times and beneath different parts of the site. The values of the hydraulic gradients
given in Table 4.5 are all estimated between wells which are at right angles to the
groundwater elevation contours.
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Table 4.5  Estimate of Hydraulic Gradient in Gravel Deposits

Wells used in Difference in Distance between | Hydraulic Gradient
calculation Head (m) wells (m) (dimensionless)
GWO3(/1136/ & /%Z‘;OW 13 1.977 590 0.0034
GW03/(11-4£3 /8(3 1C;(\)/ZOSM Oa 1496 380 0.0039
GWOB??%/&%/A\’/)(BM Oa 1.494 270 0.0055
GWO3£‘122/31%/A\’/)03/103 2376 380 0.0063
GWO::»‘(g)tSZ/O&:| /%X\;OM 6 2.976 480 0.0047
GWOSégg/&%/X)OG}M Oa 1764 270 0.0065
Gwoe,(/zcg & /%X‘;OP’“E‘ 0.721 130 0.0055
GWO3(/11 ;}0&7 /%X\;OI&/ZS 1.39 310 0.0044

The hydraulic gradient for the groundwater in the gravel is estimated at between
0.0034 and 0.0065.
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Hydrology

Introduction

The main hydrological feature of the site is the River Ebbw which forms the western
boundary of the site (see Figure 4). The Ebbw joins the River Usk about 1.3km
downstream of the site. The Usk then flows into the Severn Estuary some 3.5km
downstream from the site. Other surface water features on the site include:

e A small pond (North Pond) in the north western corner of the site close to the
civic amenity centre.

e A number of lakes in the southern half of the site (Area 2) which have formed in
an abandoned loop of the River Ebbw before diversion works were completed in
1990. At one time the lakes combined to form one oxbow lake. Area 2 has almost
entirely been dewatered in preparation for the groundworks necessary prior to the
construction of the southern extension to Docksway Disposal Site.

Rainfall

Rainfall data has been collated from various sources.

Over the twelve year period between 1980 and 1991, NCC reported the average
annual Newport rainfall to be 999.89 mm (NCBC, 1992). These data were recorded
by the Local Authority-operated weather station at the Newport Civic Centre which is
no longer in use. In a letter to the Borough of Newport dated 22 October 1996, the
total annual rainfall for the Newport area averaged over the period 1981 to 1996 is
given as 987 mm/year (LG Mouchel, 1996b).

Rainfall data from 1978 to 1995 for Cardiff is available on the Met Office website (Met
Office, 2004). These data gives the average annual precipitation at 1112.6 mm/yr.

The data from Cardiff are considered to be the most conservative since the average
rainfall presented is higher than that quoted by NCC and LG Mouchel. Consequently,
it is the Cardiff data that has been used in the water balance work. Furthermore, the
Cardiff rainfall data is given for individual months between 1978 and 1995 with
accompanying monthly temperature averages which are required to establish
potential evapotranspiration as part of the water balance.

Water Balance

Pre-restoration and post-restoration water balances have been undertaken for Cell 1
of the future landfill and have been presented in the engineering design philosophy
report (PBA, 2004e). The pre-restoration and post restoration water balances are
reproduced in this report in Appendices 5 and 6 respectively. The calculations have
been undertaken with reference to published authoritative guidance (DoE, 1995).

Calculations have been undertaken to estimate the potential infiltration rate to active
landfill cells assuming use of daily cover of not greater than 150mm thickness to the
waste, and also post restoration assuming a 1.0m thickness clay capping, overlain by
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850mm subsoil and 150mm grassed topsoil (see Appendix 5 and PBA, 2004¢). The
following parameters have been determined:

Table 5.1

Water Balance Input Parameters

Parameter

Calculated Value

Average Rainfall (1978 — 1995)

1113mm per annum

Runoff
Post restoration (15% assumed)
Pre restoration (0% assumed)

167mm per annum
NIL

Actual Evapotranspiration AET
Post restoration
Pre restoration

584mm per annum
329mm per annum

Infiltration to waste
Post restoration
Pre restoration

43mm per annum
678mm per annum

Rate of waste infilling

90,000 tonnes per annum
Decreasing thereafter

6 | Placement Density of Waste

0.85 tonne/m®

7 | Absorptive Capacity of Waste

0.06m>/tonne

The full water balance calculation for Cell 1 is presented in Appendix 5 and PBA,
2004e. Each sub-cell has been shown to have sufficient absorptive capacity to
accommodate the estimated amount of leachate likely to be generated. In the event
that free leachate does accumulate in the piped system as a result of the generation
of preferential pathways, then the leachate will be extracted by pumping. Reference
should be made to PBA, 2004e with regard to leachate management details.

Table 5.2 Cell 1 Water Balance Results
. . Volume of
Sub Cell AbsorptlveSCapaCIty Infiltration Free Leachate

No. (m°) 3

()
1A 4010 2779 No
1B 4379 3632 No
1C 2023 1679 No
1D 2113 1870 No
1E 3017 2860 No
1F 1565 1399 No

It has been agreed with the EA that at this stage of the IPPC application process that
full engineering details are only required for Cell 1. Consequently a sub-cell by sub-
cell water balance has not been provided for the cells other than Cell 1. However,
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based on knowledge of the expected waste volumes in the remaining cells within
Area 2, calculations regarding the required number of sub-cells within each cell have
been provided (Table 5.3). The subdivision of the remaining cells will provide a
theoretical greater absorption capacity for the refuse than the average rainfall, thus
minimising the potential for free leachate to arise.

Table 5.3 Area 2 — Approximate Filling Rates
Cell Lined Area Volume Waste Average Filling Rate
(@) (b) ()
(m® approx) (m® approx) (Yannum)
1 39851 335423 88121
2 33710 378010 74037
3 25173 276903 56047
4 29514 442710 48357
5 18196 127372 47214

48b  Based on the absorptive capacity of 0.06m%tonne for a mixed waste density of
0.85 tonnes/m® the subdivision of Area 2 Cells 1 to 5 may be calculated. By applying
the subdivision of these Cells, the potential for generation of free leachate will be
minimised.
Table 5.4 Area 2 — Cell Subdivision Water Balance Calculation
Cell Annual Infiltration per Optimum Minimum
absorptive annum Operational Number
capacity Area of
(d) =(c) x 0.06 (e) (dle) Sub-cells
(m*annum) (m) (m?)
1 5287 0.678 7796 5.11 (6 No.)
2 4442 0.678 6550 5.14 (6 No.)
3 3362 0.678 4959 5.07 (6 No.)
4 2901 0.678 5704 6.89 (7 No.)-
5 2832 0.678 5569 4.35 (5 No.)
5.4  River Flow Characteristics
5.4.1 Ebbw
27 Flow data for the Ebbw have been taken from two volumes of the Hydrometric

Register (CEH, 1998 and 2003) and are presented in Table 5.5. The Ebbw flow
monitoring point is located at NGR ST 259 889.

The Ebbw is tidal (see also Section 4.8.3 with respect to the influence this has on the
water table in the Gravel Deposits). Data from the Environmental Impact Statement
for the Proposed Extension of Docksway Disposal Site, (Borough of Newport, 1993)
indicates the following predicted tide levels for the Ebbw in this area:
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Mean High Water Spring Tide 6.29m AOD
Highest Astronomical Tide 7.69m AOD
1in 200 Still Water Level 8.50m AOD

Table 5.2 Ebbw Flow Data Published by CEH (Rhiwderyn)
Year Mean Flow (m®s™) Peak Flow (m’s™) MinimumaDﬁily
Flow (m°s™)

1991 7.19 105.1 1.27
1992 7.00 171.7 1.25
1993 6.91 122.1 1.15
1994 9.17 113.5 1.22
1995 6.86 69.9 0.82
1996 Not given Not given Not given
1997 6.66 Not given Not given
1998 9.70 248.3 1.49
1999 9.13 121.0 1.33
2000 10.34 402.4 1.12

Actual tidal data for the Ebbw collected as part of the recent tidal studies suggest the
following tide levels for the Ebbw at the entrance to Newport Docks (ABP, 2004 and
ABP, pers. comm.):

Low Spring Tide High Water Level
Low Spring Tide Low Water Level

5.1m AOD (13/1/04)
-4.1m AOD (13/1/04)

Actual tidal data for the Ebbw collected as part of the recent tidal studies suggest the
following high tide level for the Ebbw adjacent to the LL03/01 area of the site:

High Spring Tide High Water Level 6.9m AOD (26/1/04)

The nature of these tides means that the southern part of the site was at risk from
flooding until flood defence bunds were placed around the edge of this part of the site
at an elevation of approximately 9m AOD. A flood risk assessment using the latest

guidelines in TAN 15 (2004) has been completed for Area 2 of the Docksway
Disposal Site and will be submitted as part of the IPPC.

5.4.2 Maes Glas Pill

No flow data are available for the Maes Glas Pill since it is such a minor water
course. The Pill is slightly influenced by the tidal behaviour of the Ebbw. Recent
monitoring has demonstrated that the elevation of the stream water within the Maes
Glas Pill increases at higher tide times in the Ebbw. The Maes Glas Pill is isolated
from the Ebbw by means of a flat non-return valve fitted at the exit of the new culvert
(i.e. at sampling location SW04). The observed increase in the Maes Glas Pill
elevation during the Ebbw high tide is hence likely to be largely a result of the
backing up of Maes Glas Pill water as opposed to the ingress of estuarine Ebbw
water. This theory is not fully supported by the results of salinity testing undertaken at
monitoring point SW21 in the Maes Glas Pill during high and low tide (Section 7.5.5).
The results of this work show that the salinity of the Maes Glas Pill increases slightly
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during the high tide of the Ebbw tidal cycle, suggesting that the non-return valve may
not stop all of the Ebbw tidal surge (see Table 7.8).

29
Doc Ref: J:\14000series\14739\038B - HRA\Phase2HRA-R05.doc Created on 30 March 2005




Peter Brett Associates Docksway Disposal Site, Newport

Conceptual Model And Hydrogeological Risk Assessment For Area 2

6

6.1

6.2

Leachate

Leachate Control Measures

Leachate control measures will be incorporated into the engineering of each Area 2
cell as they are constructed. Leachate pumping wells will be built in sections above
the sumps of each of the cells as part of landfilling operation. This will enable
leachate levels in each landfill cell to be controlled during the operational and
managed phases. Design details of the leachate management wells and their
proposed locations are presented in PBA, 2004e and also in PBA, 2005a.

The two main objectives of leachate management are to minimise the rate of
leachate generation by minimising rainfall infiltration and water seepage into the
waste and secondly to provide a reliable, maintainable means of collecting and
removing the leachate quantities that are produced. Prior to the capping being
completed the cells of the landfill will operate on the basis of providing a greater
absorption capacity by the refuse than the average rainfall infiltration, thus minimising
the potential for free leachate to arise.

Leachate removed from the landfill in order to maintain affixed head will be pumped
to a leachate treatment plant. No leachate recirculation is planned for this landfill.

Each phase will be capped at the earliest opportunity to further restrict surface water
input. Surface water from capped phases will be directed away from the landfill via
the surface water management control ditches constructed along the perimeter of the
site.

Details of water balance calculations, anticipated leachate generation and further
details of the landfill leachate management plan are presented in PBA, 2004e.

Leachate Elevation

To date, leachate maintenance levels for the operational and managed phases have
not been agreed between the Operator and the EA. However, likely leachate
management practices have been considered in order to complete the design and
the hydrogeological risk assessment for the landfill.

The engineering design philosophy report for Area 2 (PBA, 2004e), details the
leachate management scheme proposed for the site. During the early stages of
landfill operation leachate will be controlled such that it lies at an average of 1m
above the bases of each cell (if leachate control is required). This measure will
ensure that leachate does not overtop the internal bunds between each cell of the
landfill. This short term arrangement will be in place until the second stage of filling
commences over the tops of the cells. During the second stage of the operational
phase and throughout the managed phase, leachate will be controlled such that it
averages equal to or less than 2m above the base of the landfill.

For the LandSim modelling undertaken as part of this assessment, an assumed
leachate level within the landfill is required as an input parameter for the model. The
value used in the modelling work is an average of 2m above the base of the
engineered barrier system (EBS) which equates to approximately 5m AOD. This is
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5¢

considered to be the most appropriate value to use throughout the operational and
managed phases. Based on the water balance calculations undertaken (Section 5.3) -
and on the assumed absorption capacity of the waste, it is a conservative
assumption that free leachate will reach 2m above the EBS during the operational
phase.

Leachate Chemistry

Details of the expected leachate chemistry are required as an input for the LandSim
modelling work. The quality of the leachate within the Area 2 landfill is not yet known
because the landfill is not yet constructed.

It is necessary to estimate the expected leachate chemistry based on scientific
judgement whilst taking a conservative approach.

Where an application is for a future landfill, the LandSim guidance stipulates default
leachate contaminant concentrations (based on a wide range of UK data) which can
be used in the contaminant transport modelling (EA, 2001a). For contaminants for
which there are no LandSim default values, other published data are available for
guidance on expected leachate chemistry (i.e. DoE, 1995). In the case of Docksway
Disposal site, the data collected to date on the leachate chemistry of Area 1 also
provides a useful information source.

Information is particularly sparse on expected concentrations of certain contaminants
in landfill leachate. Contaminants which fall into this category and are considered as
possible priority contaminants at the Docksway site include: phenol, petroleum
hydrocarbons and other organic List | substances. The EA guidance suggests that in
the absence of published guidance, the public register can be consulted for an
indication of likely contaminant concentrations in similar landfills.

Whilst much of the tipping at Area 1 pre-dates the current licensing regime, waste
within Area 1 represents waste from a largely municipal source from around the
Newport area. In particular, waste within the central raised area (CRA) is largely
municipal and has largely been placed within the last 15 years. Consequently, whilst
there is a possibility that leachate from the CRA in Area 1 could contain substances
unlikely to be present in the current Newport municipal waste stream, it does provide
a useful guide to the possible future chemistry of the Area 2 leachate.

The Area 1 leachate testing data provides a conservative estimate of the likely future
Area 2 source term concentrations since industrial and commercial wastes will not be
permitted in the Area 2 facility (as they have been in the past in Area 1).

Selection of Priority Contaminants for which Data are Widely Available

Leachate data from Area 1, WMP 26B (DoE, 1995) and the LandSim manual have
been compared in Table 6.1 for assessing likely future concentrations of more
common contaminants in landfill leachate.

When selecting priority contaminants for use in the LandSim modelling, contaminants
which are more elevated in the Area 1 leachate than expected typical values
published in WMP 26B and the LandSim manual have been preferentially selected to
model a conservative scenario. Whether or not the contaminant has been identified
in the Docksway Gravel Deposits groundwater has also been taken into account
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when selecting priority contaminants (if the contaminant is currently present in the
Docksway Gravel groundwater it is considered a higher risk contaminant).

Table 6.1

Determination of Potential Priority Contaminants for which Data

on Expected Concentrations in Leachate are Widely Available.

Conservative

Area 1 spot LandSim Mean conc’s for
: measurements methanogenic range chosen
Determinand I?efault leachates WMP | for modelling
(uniform) (triangular) | 268 (triangular)
Electrical conductivity 5990, 11502, -
(uSicm) 22100 to 24300 19300 Not a priority

Ammoniacal Nitrogen
(mg/)

1763 to 2439

32.1, 267, 1100

283, 889, 2040

1763 to:2439*

BOD (mg/l) 120 to 804 97,374,1770 | Nota priority*
COoD (mgll) 421 to 4810 662, 2307, Not a priority
8000
Chioride (mg/l) 2119 to 2688 207, 997, 2650 573’7?]%74’ Not a priority*
Arsenic (ug/l) 75 to 143 3.71,4.8510.7 | <1,34,485 | 75,143,485
Boron (ug/l) 5392 to 14760 Not a priority*
Cadmium (ug/l) <0.4102.2 1.9, 10.1, 105 <10, 15, 80 Not a priority
Chromium (ug/l) 268 to 600 23.1,98.1,416 | <30,90,560 | Nota priority
Copper (ug/l) 9to 35 12.9,50.9, 191 | <20, 130,620 | Nota priority
Lead (ug/l) 28 to 111 337,111,340 | <40, 200, 1900 | Nota priority
0.0394, 0.0891, 0.0394,
Mercury (ug/l) <0.05 195 <0.1,0.2,0.8 0.0891, 1.95*
Nickel (ug/l) 271 to 389 345,126,627 | <30,170,600 | 271,389, 627
Zinc (ugl) 192 to 294 29.6, 362, 9000 | 30, 1140, 6700 | Nota priority
Potassium (mg/l) 915 to 1215 40.8,321,1140 | 100,854, 1580 | 9122215
Sodium (mg/l) 1312 to 2040 474, 1480, Not a priority”
3650

Nitrate (mg/l) 0.8109.5 0.2,0.86,21 | Nota priority
Sulphate (mg/l) <3 to 29 <5, 67, 322 Not a priority
oH 7.91t0 8.4 6.8,7.5,8.2 | Nota priority
Note:  * = Detected in significant quantities in Gravel groundwater.

In Table 6.1, arsenic, chromium, nickel, potassium and ammoniacal nitrogen are all
potential priority contaminants since the concentrations in the Area 1 leachate are
significantly higher than the expected or mean concentrations provided in the
LandSim documentation and WMP 26B. In addition, potassium and ammoniacal
nitrogen have been recorded in significant concentrations in the Gravel deposits
groundwater. Chromium and arsenic behave similarly in the environment, i.e. they
are both relatively immobile and hence only one of these two contaminants has been
selected (i.e. arsenic due to the fact that its concentration in the Area 1 leachate is
significantly greater than the default values provided in the LandSim manual).

Whilst mercury has not been detected to date in the Area 1 landfill leachate, it has
been sporadically detected in the Gravel groundwater to the north of the site and is
therefore considered worthy of study. It also represents an inorganic List | substance.
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The highest concentration range identified from the three data sources consulted has
been used for the modelling work in order to take the most conservative approach
(as agreed with the EA). For arsenic, the lowest and expected concentrations are
represented by the lowest and highest measured arsenic concentration in the Area 1
landfill leachate to date. The highest possible arsenic concentration used in the
distribution has been taken from WMP 26B. The nickel and potassium expected
concentration ranges have been compiled in a similar way. Importantly, the highest,
and therefore most conservative realistic concentration ranges have been used in the
determination of the input parameters for the modelling.

General discussion on List | Substances in the Area 1 Leachate

Appendix 1 of the EA guidance (EA, 2003a) describes the families of chemicals
viewed as List | substances by the EA. These comprise: organohalogen compounds,
organophosphorus compounds, organotins, carcinogenic, mutagenic or teratogenic
compounds, mercury, cadmium, cyanides and mineral oil/hydrocarbons.

When selecting List | priority contaminants for use in the LandSim modelling,
contaminants which have been recorded in the Docksway Area 1 leachate have been
preferentially selected. The results of the List | substances testing undertaken to date
on the Area 1 leachate are presented in Appendix 9. Observation of the testing
certificates supplied indicates that:

No organohalogen compounds have been identified;

No organophosphorus compounds have been identified,;

No mercury has been detected;

Cadmium concentrations are low;

No cyanide has been detected.

A number of VOCs including BTEX compounds have been detected;
Few SVOCs have been detected although PAHSs are present;
Petroleum hydrocarbons/mineral oil are present in the leachate;
Organotin compounds are low or not detected in the leachate.

Based on the above information, petroleum hydrocarbons are considered the highest
priority group of List | substances which require representation in the source term.

When selecting List | priority contaminants for use in the LandSim modelling, whether
or not the contaminants have been recorded in the Docksway Gravel Deposits
groundwater has also been taken into consideration (see earlier discussion regarding
the inclusion of mercury).

Selection of Priority Contaminants for which Data are not Widely Available

Phenol, extractable petroleum hydrocarbons (including mineral oil, see testing
certificates in Appendix 9) and a number of aromatic (BTEX and PAH) hydrocarbon
compounds have been detected in the Area 1 landfill leachate. All the List |
substances detailed in Table 6.2 have also been sporadically detected in the Gravel
groundwater.

Data on likely organic substance concentrations in leachate are not widely available.
Leachate data from Area 1 and other UK landfills have been compared in Table 6.2
for assessing likely organic substance concentrations in the future Area 2 leachate. It
is widely accepted that in general, contaminant concentrations are likely to be higher
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in containment landfills than they are in dilute and disperse landfills. Consequently
the public register was consulted for information on organic substance concentrations
in Welsh containment landfills. The EA’s EDM was used to search the available
records for 14 Welsh containment landfills: Tir John, Nantycaws, Pwlifawatkin, Bryn
Pica, Nant Y Gwyddon, Lamby Way, Bryn Posteg, Garden Lodge, Pen Y Bont,
Astbury, Standard, Brookhill, Llanddulas and Penhesgyn Gors. Information supplied
by the EA detailing the locations and waste management licence numbers of each of
these landfills is presented in Appendix 2. Unfortunately the vast majority of these
landfills had either no leachate data available for viewing or no information on less
common leachate contaminants (such as organic List | substances). Organic
substance concentration data was only supplied for Nant Y Gwyddon landfill in Gelli
(see Table 6.2). However, PBA have in-house data on organic substance
concentrations in the leachate of Pwllfawatkin Landfill in Pontardawe, Bletchley
Landfill in Bedfordshire and Stewartby Landfill in Bedfordshire (Table 6.2) and this
information has been consulted in order to gauge whether concentrations found in

the Docksway Area 1 leachate are high or low.

Table 6.2 Deduction of Potential Organic Priority Contaminants (for which Data
on Expected Concentrations in Leachate are not Widely Available)

Area 1 . .
: NantY Pwlifawatkin Stewartby Bletchley Conservative
i eh;fglé;‘:ﬁslf::é’ﬁat . mesa‘;‘fre_ Gwyddon | landfill Landfill, Landfill | range chosen
data* data** data*** Data¥ for modelling
ments
Benzene (vg/l) <1t04 <2 <1 6.1 10.6 10.6#
Chlorobenzene (ug/l) <1to5 <2 <1 NT 37.3 #
Ethylbenzene (ug/i) 18to 77 <2 <1 8.7t0745 12.6 #
Naphthalene (ug/l) 3to14 <10 <1 10to41.2 57t07.2 10to 41.2#
Toluene (ug/l) <1to0 83 2.0 <1 18.7 to 452 37.8 #
Eg}}fthy'benze“e 2810100 | <2 <1 5910336 | 9.3t01656 #
m,p-xyl /l 8310148 <2 <1 24910223 | 12.11t025.5
p-xylene (ug/l) o 118 to 311 #t
o-xylene (ug/l) 351053 <2 <1 17.8t088.2 | 10.9t011.6
Phenol (ug/l) 60.to 550 <150 ND 910 <110 20.8 60 to 910#
Extractable petroleum 101 to
hydrocarbons (Cqo to ; ND ND ND 0.7t014.3
172.6
Cao) (mg/l) 10.1 to 172.6#
Mineral oil (mg/l) 0000 ND ND ND ND

Notes:

2003).

NT = not tested
ND = No data

* = Sourced from EA, 2005.
** = Sourced in ‘Pwilfawatkin Landfill — Regulation 15 assessment — interim report’. (PBA, 2001b)
*** = Sourced in ‘Conceptual model and hydrogeological risk assessment for Stewardtby Landfill site’ (ESI, October

T = xylene modelled as combination of o- and m,p-xylene in LandSim model

¥ = Sourced in Bletchley Landfill Site -~ Hydrogeological Risk Assessment (Entec UK Limited, 2003).
# = Detected in Gravel groundwater.

It is noteworthy that all five of the landfills listed in Table 6.2 have taken commercial
and industrial waste in the past, and consequently List | substances are likely to be
more concentrated in these landfills than they would be in a landfill which accepts
only municipal waste (i.e. the future Area 2 facility). Consequently it is a conservative
approach to define the future source term for Area 2 using the above data.
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Phenol has been selected as a priority contaminant based on the fact that it is found
at relatively high concentrations in the Area 1 leachate.

Three List | aromatic hydrocarbons (benzene, naphthalene and xylene) have been
selected for modelling based on the fact that hydrocarbons are an important
constituent of the Area 1 leachate. Each of the selected List | hydrocarbons has a
different mobility in aquifer systems and all of them have been detected in the Gravel
groundwater in the past.

Mineral oil and extractable petroleum hydrocarbons (also referred to as diesel range
organics) represent a range of different hydrocarbons which need to be represented
in the source term. Mineral oil comprises, amongst other chemicals, straight chain
aliphatic hydrocarbons in the range Cy, to Css (EA, 2000). Extractable petroleum
hydrocarbons (EPH) include straight aliphatics in the range C,o to C40 and PAHSs.

PAHs are represented in the source term in the form of naphthalene. To represent
mineral oil/EPH a series of straight chain aliphatics have been entered in the source
term, the retardation properties of which have been determined by desk top research.
The concentration of aliphatic hydrocarbons entered into the model is that of the full
range of extractable petroleum hydrocarbons recorded in the leachate samples.

The highest concentration range identified from the review of Area 1 leachate data
and available data from four UK containment landfills has been allocated to each
organic contaminant for input into the model in order to take the most conservative
approach (as agreed with the EA). Priority contaminants have also been chosen with
due regard for representing different environmental behaviour characteristics as is
recommended in LFTGNO1 (see Section 9.4 for further justification of the choice of
priority contaminants modelled).

For xylene, the Area 1 Docksway leachate data had the highest minimum recorded
concentration range (of m,p- plus o-xylene) and Stewartby had the highest maximum
value. The range used in the model was hence a combination of the Stewartby and
Docksway data to provide the highest possible concentration range and therefore to
exercise the highest level of conservatism. For naphthalene, data from Stewartby
landfill indicated the highest concentration range and hence these data were used for
conservatism. For benzene, a single measurement from Bletchley landfill indicated
the highest concentration and this was used in the model for conservatism.

Whilst trimethylbenzene and ethyl benzene were relatively elevated in the Area 1
Docksway leachate compared to that of the other landfills reviewed, these
contaminants were not modelled on account of their very high degradation rates in
the environment. Both ethylbenzene and trimethylbenzene have half lives measured
in weeks under anaerobic conditions and days under aerobic conditions (Howard et
al., 1991). Consequently it is unlikely that these contaminants would break through
the base of an engineered barrier system before they have biodegraded. One high
degradation-rate organic substance which is present at a high concentration in the
Area 1 leachate has been selected for the modelling (i.e. phenol).

Table 9.1 indicates the assigned chemistry of the Area 2 leachate with respect to ten
priority determinands based on most conservative concentration ranges established
in Tables 6.1 and 6.2.

Where possible, triangular distributions have been used for the input of source term
concentrations in LandSim in line with the presentation of leachate quality data in the
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LandSim guidance. However, where the Docksway Area 1 leachate testing data has
been used directly, (e.g. as is the case for ammoniacal nitrogen), the concentrations
have been entered as uniform distributions. Uniform distributions are used because
only four spot tests of leachate quality are available at Area 1 and consequently it is
not statistically justifiable to average the four results and assume that the mean will
be the expected value in a triangular distribution. The concentration of benzene in
Stewartby landfill was based on one test result only and hence this has been entered
as a single value in the model.

46 The priority contaminants selected for modelling will be subject to different types of
behaviour in the geosphere in and around the Area 2 landfill. An assessment of
uncertainty of the future presence of each of these contaminants is given in
Table 6.3.

Table 6.3 Uncertainty Associated with the Presence of the Selected
Priority Contaminants

Priority

Contaminant Comment on Uncertainty

Aliphatic hydrocarbons are common ingredients in many household
products. They are found in lotions, soaps, cosmetics and motor oil and
are the main ingredients in many baby care products such as baby oil,

ﬁ)l/‘groit;bons baby liquid soap, baby lotions and petroleum jelly. Aliphatic hydrocarbons
are also found in most household and motor fuels. Based on this
information it is considered highly likely that they will continue to be
present in the Newport municipal waste stream.
Ammoniacal It is widely accepted that ammoniacal nitrogen is one qf the most common
nitrogen contaminants arising from MSW landfills. Therefore, it is considered very

likely that it will be generated in Area 2.

The leachate and Gravel groundwater testing data from Area 1 indicates
that arsenic is currently present in the Newport municipal waste stream.
Arsenic As a common ingredient of weed killers and wood preservatives and an
additive to textiles, glass and paint it is considered highly likely that
arsenic will continue to be present within the Newport MSW stream.

Benzene has been identified in the Area 1 leachate and also sporadically
in the Gravel groundwater at selected locations. It can be concluded that
benzene must be present in the Newport municipal waste stream. The
Benzene most common application of benzene is as an additive to fuels. In the past
it was also extensively used as a solvent. Because of its presence in fuels,
it is considered likely that benzene will continue to be present in the
Newport municipal waste stream.

Mercury is a common trace component of most landfill leachates. It has
been sporadically recorded in the Gravel groundwater at selected
locations. Mercury is used in thermometers, barometers, diffusion pumps,
switches and other electrical apparatus and for making some types of
battery cell. It is also used in mercury-vapour lamps and advertising signs
and some pesticides and antifouling paints. Based on this information it is
considered moderately likely-that mercury will be present in the future
Newport municipal waste stream.

Naphthalene has been identified in the Area 1 leachate and also
sporadically in the Gravel groundwater at selected locations. It can be
concluded that naphthalene must be present in the Newport municipal
Naphthalene waste stream. Naphthalene may be found in a wide range of substances,
including petroleum products, mothballs, wood preservatives, solvents and
dyes. Consequently, it is considered highly likely that naphthalene will
continue to be present in the Newport municipal waste stream.

Mercury
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Priority

Contaminant Comment on Uncertainty

The leachate and Gravel groundwater testing data from Area 1 indicates
that nickel is currently present in the Newport municipal waste stream. As
Nickel a constituent of stainless steel, coins, colour ceramics and batteries and
due to its widespread use in metal plating it is considered likely that nickel
will continue to be present within the Newport MSW stream.

Phenol is a component of disinfectant and antiseptic and is used widely in
industry as a chemical intermediate. As such it is common in landfill
leachates. Phenol is currently present in the Newport municipal waste
stream and based on the fact that it is a relatively common substance, itis
considered likely that it will continue to be present in the Newport
municipal waste stream.

Phenol

It is widely accepted that potassium is a common contaminant arising from
landfills which is reflected in data for typical landfill leachates provided in
the LandSim guidance and in WMP 26B. Potassium is currently present in
the Newport municipal waste stream and based on the fact that itis a
relatively common element, it is considered likely that it will continue to be
present in the Newport municipal waste stream.

Potassium

Xylene is the most elevated List | substance which has been identified in
the Area 1 Docksway leachate to date and it can be concluded that it must
be present in the Newport municipal waste stream. Xylene is used widely
Xylene in industry including as a solvent in paints and marker pens and as an
additive in insecticides, pharmaceuticals and motor fuel. It is therefore
considered highly likely that xylene will continue to be present in the
Newport municipal waste stream.

A sensitivity analysis has not been undertaken on the source term since the most
conservative concentration range has been selected in each case (in excess of the
LandSim default values where available). The choice of leachate component
concentration ranges used in the modelling is highly conservative and it is considered
unlikely the values used will be approached in the future landfill for the reasons
outlined below.

Firstly, Stewartby, Bletchley, Pwillfawatkin, Nant Y Gwyddon and the Area 1
Docksway landfills have all taken industrial waste in the past, yet the new Area 2
landfill facility will not be permitted to take industrial waste. Consequently, the
assumption that the Area 2 landfill leachate will realise the highest identified organic
contaminant concentrations from all five of the above source terms is highly
conservative.

Secondly, the WMP 26B and LandSim default leachate data are based on
information from landfills which have taken both municipal and industrial wastes.
Consequently, the assumption that the Area 2 landfill leachate will realise the highest
identified contaminant concentrations from these source terms is highly conservative.

Also of note is that, as waste regulations tighten and recycling targets increase in the
future, less more hazardous contaminants are likely to be deposited in municipal
waste landfills. This should lead to municipal waste streams providing less
contaminated source terms in the future.
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7.1

i
3]

7.2

Hydrochemistry

Groundwater Quality Monitoring Programme

A discussion of the perched groundwater conditions in Area 1 is provided in the
hydrogeological risk assessment report for Area 1 (PBA, 2004c). In Area 2, perched
groundwater is not likely to be important due to the limited thickness of made ground
(where present) at Area 2 and the fact that it will be removed where it is in place
ahead of construction to ensure that the landfill is constructed on the alluvial clay.
Consequently this chapter of the report focuses on the quality of the Gravel Deposits
groundwater.

Prior to September 2003, very little groundwater quality data were available for the
site. Sporadic monitoring had been undertaken in the past, but such monitoring
tended to be limited to only a handful of monitoring locations, a limited testing suite
and a short time span. Consequently, a comprehensive groundwater and surface
water monitoring programme was commenced in September 2003 in order to gain
hydrochemical data for the hydrogeological risk assessment. It is intended that this
monitoring programme will continue indefinitely on a monthly basis in accordance
with the licence conditions of the site and the monitoring plan.

The locations of the borehole installations used as part of the current monitoring
programme are indicated on Figure 3. The outline design for the Gravel groundwater
monitoring boreholes is shown in Figure 14.

Initial baseline data gathering was undertaken during the first and second rounds of
groundwater monitoring (which commenced on 30/9/03 and 17/11/03 respectively).
For these two rounds of monitoring all of the suitable available Gravel groundwater
wells at the site were sampled and tested for various contaminants in order to
establish hydrochemical conditions over a large part of the site. Many of the
conclusions regarding the hydrochemistry of the site in this Chapter of the report are
based on the results from the preliminary baseline monitoring rounds.

Subsequent monitoring data has been passed to the EA in the form of interim
monitoring reports on a monthly basis since June 2004 (see for example PBA,
2004b).

The hydrochemistry discussed in Sections 7.4 and 7.6 covers the Docksway Disposal
site as a whole, i.e. results are discussed for groundwater and surface water at Area
1 and Area 2. The groundwater beneath Area 1 is likely to flow towards Area 2 and
hence provides the baseline hydrochemistry for the groundwater entering the Area 2
IPPC. This is discussed further in Section 7.5.

Assessment Criteria

The significance of the results of the analytical testing undertaken on groundwater
and surface waters beneath and around the site should be assessed against
available environmental reporting limits (or EALs) according to EA hydrogeological
risk assessment guidance (EA, 2003a). Available and appropriate assessment
criteria are discussed further in Section 10. As part of the risk assessment procedure,
Trigger Levels and Control Levels should be set for between three and ten priority
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7.4

contaminants, and these Levels will provide guidance on the significance of results
obtained as part of a site monitoring programme. The guidance stipulates that the
Trigger levels for List | substances should be set at the minimum reporting values
(MRVs) for each List | priority contaminant where baseline concentrations in the site
groundwater are below the MRV. Section 10 deals with setting Control and Trigger
Levels for the site groundwater.

Field Observations and Field Testing of the Gravel Groundwater

In the majority of cases the gravel groundwater was observed to be colourless. In all
cases the gravel groundwater was noted as odourless. The majority of the
groundwater samples taken from the gravel recorded elevated EC values suggesting
that there may be some saline intrusion into the gravel deposits or some impact by
landfill leachate. Dissolved oxygen is low in the gravel groundwater (generally
between 0 and 3 mg/l), which is typical for confined groundwater.

Laboratory Results for the Gravel Groundwater Testing
7.4.1 List 1 Substances

None of the Gravel groundwater samples taken from the site to date have recorded
cadmium or cyanide at concentrations above the laboratory detection limits for the
tests (0.4 pg/l and 0.05 mg/l respectively). Mercury was either not recorded above
the detection limit for mercury or was recorded at negligible concentrations in the
gravel groundwater (up to 0.13 pg/l compared to the UK Drinking Water Quality
Standard of 1 ug/l).

No organotin compounds organochlorine pesticides (OCPs) or organophosphate
pesticides (OPPs) have been detected in the gravel groundwater to date.

A few List 1 substances have been identified in the Gravel groundwater as detailed in
Table 7.1 beneath Area 1 (i.e. upgradient of Area 2 with respect to the general
groundwater flow direction. These are generally the same substances as those
identified in the raw leachate within the CRA of Area 1 (See Section 6 of PBA 2004c).

It is noteworthy from Table 7.1 that the occurrence of List | substances is sporadic in
the Gravel wells. No one location has consistently recorded the presence of the same
List | substances.

The distribution of List 1 substances in the Gravel groundwater suggests that landfill
leachate has impacted the groundwater beneath Area 1 (to the north of the proposed
landfill extension site).

In general it is the wells GWQ03/07, GWO03/14, GW03/15 and GW03/16 which record
most of the List | substances on the most occasions. GW03/14, GW03/15 and
GWO03/16 are all located on the western side of the site and could potentially receive
groundwater flow from the west, i.e. from across the River Ebbw. This implies that the
groundwater at these locations could potentially be impacted by contaminants
originating from the landfill across the River Ebbw from the site (see Section 4.7.3
and Figures 8B, 8D and 8G).
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GW03/14 is located in close proximity to a redundant culvert which used to direct the
Maes Glas Pill beneath Area 1 of the site. It has been historically reported that this
culvert preferentially transmitted contaminants to the Ebbw (see also Section 2.5). It
may be that the presence of List | substances at GW03/14 is associated with the past
or current presence of a preferential pathway associated with the original Maes Glas
Pill culvert construction.

GWO03/07 is considered most likely to receive groundwater flow from beneath the

CRA and consequently contaminants identified at this location are likely to have
originated in the Area 1 landfill.

Table 7.1 List 1 Substances Recorded in Gravel Groundwater

Substance Occurrences Frequen conrl:::::'l;?i]on Assessment
quency Criteria (ug/l)
(ugll)
4-chloroaniline GW03/14 10f2 2 NG
Benzene GWO03/14 20f4 3 307 30*
Chlorobenzene GW03/14 20f4 6 NG
GWO03/14 20of4 *
Ethylbenzene GWO03/15 1of4 2 150
GW03/01 10f3
GwW03/02 10f3
GwW03/03 10f3 *
Mercury GW03/04 2 of 2 0.13 0.3*, 1.0t
GW03/05 10f3
GW03/06 10f2
GwW03/04 10f3
GwW03/07 10f4 *
Naphthalene GW03/14 2 0of 4 6 70
GWO03/16 10f4
Toluene GW03/14 2 of 4 1 507, 1000*
) GW03/04 1 of 1
Tributyt phosphate GW03/15 1 of 1 1 NG
GW03/14 3of4
Trimethylbenzene GW03/15 10f4 61 NG
GW03/16 10f4
GWO03/07 10f4
GW03/09 10f3 = onw
Xylene GWO03/14 3 0f 4 15 30,70
GWO03/16 10f4
Notes:
List 1 substances are as those denoted in JAGDAG, 2001 and EA, 2004b.
Italics indicates a VOC or SVOC
** = MRV presented in EA, 2003a.
NG = No guideline available.
* = Dutch Intervention Guideline for groundwater (Ministerie VROM, 2000)
T = UK Drinking Water Quality Standard (DETR, 2000).
== Freshwater EQS (EA, 2001b)== Freshwater EQS (EA, 2001b)

The pattern of mercury distribution in the Gravel groundwater is not like any of the
other List | chemicals. The slightly elevated mercury concentrations to the northern
part of Area 1 of the site may represent background or baseline conditions. Mercury
has not been identified in the CRA leachate to date and hence the mercury recorded
in the wells to the north of the CRA is not thought to have originated from the CRA.
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7.4.2 Sodium, Chloride and Electrical Conductivity

Groundwater within the gravel beneath the site is known to be in some degree of
hydraulic continuity with the estuarine water of the Ebbw (e.g. LG Mouchel, 1996a)
and/or Newport Docks. During high tide, the water in the Newport Docks is known to
increase to approximately 5600 mg/l sodium and 15,000 mg/I chloride (recent PBA
testing), whilst the water in the Ebbw to the south of the site increases to at least
1500 mg/l sodium and 2400 mg/| chloride (recent PBA testing).

Figures 9 and 10 show the distribution of chloride in the Gravel Deposits groundwater
during Round 2 and Round 8 respectively. Figure 11 shows electrical conductivity
(EC) measurements in the gravel groundwater during Round 1. The patterns are
similar for all of these figures. The highest chloride and EC concentrations are
measured to the southeast of the site. This is considered likely to be caused by the
influence of the Ebbw estuary water which is more saline at its most south eastern
(downstream) extent. It is not considered likely that the saline water in the Newport
Docks is in effective hydraulic conductivity with the Gravel groundwater observed
beneath the site based on the significant difference between the head of water in the
Docks and the Gravel water table. The relatively low chloride concentrations in wells
GWQ03/26 and GWO03/27 adjacent to the Docks confirms this viewpoint (see
Section 7.5).

7.4.3 Ammoniacal Nitrogen, BOD and COD

Many of the Gravel wells in Area 1 (GWO03/01, GW03/02, GW03/03, GW03/04,
GW03/05, GWO03/06, GW03/07, GW03/15 and GWO03/16) have recorded elevated
ammoniacal nitrogen compared to typical ‘unpoliuted’ groundwater during one or
more of the monitoring rounds. In some cases ammoniacal nitrogen has been
recorded at concentrations in excess of 300 mg/l in Area 1 (e.g. GWO03/04 during
Rounds 1 and 2, and GWO03/07 during Round 6). It is considered likely that these
wells have been impacted to some degree by landfill leachate generated at Area 1.
Ammoniacal nitrogen concentrations beneath Area 2 range from approximately 2 to
140 mg/l. They are particularly elevated in GWO03/14 which is expected to be
impacted by leachate from Area 1 or from leachate from the landfill across the Ebbw
from GWO03/14 (see Section 4.7.3). Figure 12 indicates ammoniacal nitrogen
concentration in the Gravel Deposits groundwater during Round 1.

BOD has generally not been significantly elevated in the Gravel Deposits
groundwater. BOD was only recorded as significantly elevated on one occasion (24
mg/l at GW03/14 during Round 2).

COD concentrations in the Gravel Deposits are not atypical for confined groundwater.
They range between 12 and 329 mg/l and values are highest beneath Area 1.

7.4.4 Other Determinands

A number of other determinands, (e.g. potassium, boron, chromium and nickel) form
distribution patterns suggesting that the gravel groundwater directly beneath the CRA
of Area 1 has been impacted by landfill leachate. Figure 13 shows the distribution of
potassium in the gravel groundwater.
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7.5 Quality of Off-site Groundwater

As part of this assessment, PBA have endeavoured to obtain details of the quality of
the gravel groundwater in the wider vicinity of Docksway Disposal Site in order to
make a broad assessment of its background hydrochemistry.

Local groundwater quality data has been requested from the EA as part of this study
but unfortunately none are available (EA, pers. comm.).

It is possible that better quality groundwater may be present in the Gravel Deposits to
the north of the site at least with respect to sodium, chloride and electrical
conductivity. However, the area of Newport which lies to the north of the site is
largely industrial and hence high quality groundwater would not be expected to the
north of the site. In any case the groundwater beneath Area 1 flows towards Area 2
and it is the Area 1 groundwater which can be considered representative of off-site
conditions in terms of the land within the Area 2 IPPC application boundary. The
quality of the Area 1 Gravel groundwater is known to be generally poor (see PBA,
2004c and Table 7.1 of this report).

To the east of the site, the Docks are present. As a result of the on-site industrial
activities carried out on the Docks it is not expected that groundwater quality will
improve significantly to the east of the site. Landfilling is known to have taken place
over part of this land.

Groundwater quality to the west of the site is expected to be poor since the land
across the Ebbw from the site to the west has also been used for landfilling.

In essence, groundwater quality is considered likely to be relatively poor to the north,
east and west of Area 2.

Perched Groundwater Quality

In Area 1, a substantial thickness of made ground is present across the entire site
and this material is invariably water-bearing. In Area 2 Made Ground is much less
extensive and hence perched groundwater is not particularly important at the Area 2
facility. Where made ground is present at locations where the Area 2 containment
landfill is to be constructed, it will be removed and the landfill will be constructed on
alluvial clay at all locations (Figure 2C).

To the immediate south of the proposed Area 2 landfill two dams have historically
been constructed to divert the course of the River Ebbw (Figure 2B). At these two
locations made ground extends to deeper levels than elsewhere on the site and
perched groundwater is present in this made ground.

The quality of the perched groundwater has been tested in GW03/12D installed
within the western Ebbw dam (see Figure 2B) and the results of this testing are
presented in Table 7.2.

The perched groundwater quality in GW03/12D is generally of similar quality to the
Area 2 gravel groundwater. There is one exception in that ammoniacal nitrogen is
higher than would be expected in the Gravel groundwater at this part of the site. This
slightly elevated ammoniacal nitrogen in the perched groundwater may be caused by
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the presence of occasional fill materials other than reworked clay within the soil used
for the dam construction.

Baseline groundwater monitoring and testing is ongoing at the Docksway site (both in
the Gravel groundwater and in the perched groundwater where present). Collection
of further data from well GWO03/12D may clarify the ammoniacal nitrogen
concentration in the perched groundwater in this area.

A considerable database of groundwater testing results from Area 2 will have been
compiled prior to the commencement of landfilling operations in Area 2. The
established baseline data will ensure that potential groundwater quality impacts from
the new landfill will be able to be recognised.

Current baseline groundwater conditions have been used in order to assess the
Trigger and Control Levels for the site. Collation and assessment of future monitoring
results will enable the review of the conceptual model and reassessment of the
groundwater compliance levels as appropriate (see Section 11.3).

Table 7.2 Chemistry of the Groundwater in one Ebbw Dam

Concentrations Concentrations

Determinand GWrg??/(:t‘Zdl; ?n|r|:nay Determinand GV\Ir(‘)a?‘::/(:erISa ?nlrlzllay

2004 2004
agj'g':;" conductivity 7980 Mercury (ug/l) <0.05
,(Anrqr:;r/r:)oniacal Nitrogen 157 Nickel (ug/l) 4
BOD (mg/l) 4 Zinc (ug/) 17
COD (mg/) 78 Potassium (mg/l) 93
Chloride (mg/l) 2319 Sodium (mg/t) 1395
Arsenic (ug/l) 12 Nitrate (mg/l) <0.3
Boron (zg/l) 1119 Sulphate (mg/l) 280
Cadmium (ug/l) <0.4 pH 8.34
Chromium (ug/l) 2 Phenol (ug/l) <0.01
coer o) < St e
Lead (ug/) <1 Mineral oil <10
OPPs (ng/l) <10 OCPs (ng/t) <10

3 of 60 compounds detected at
Svogs | b lbordon detecton Ink ot | vocs
n-butyl phthalate)

Surface Water Quality Monitoring
7.7.1 Historical Data

Prior to September 2003, little surface water testing data were available for the
Docksway Disposal site in general and was particularly sparse for Area 2. It is known
that in July 2000 chemical testing of the former oxbow lake was undertaken. The
results demonstrated that at the time it was acceptable for the lake to be dewatered
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into the Ebbw in order for geotechnical investigation work to be undertaken. This
dewatering to the Ebbw was approved by the EA.

7.7.2 Current Programme

In order to gain adequate hydrochemical data for the hydrogeological risk
assessment, a comprehensive groundwater and surface water monitoring
programme was commenced in September 2003. It is intended that this monitoring
programme will continue indefinitely on a monthly basis in accordance with the
licence conditions of the site.

A number of monitoring points have been used for assessing the surface water
quality within the vicinity of the landfill site. Three of the previously used sampling
locations in the oxbow lake are no longer in use due to the fact that the lake has been
largely dewatered in preparation for the Area 2 landfill construction work. The
positions of both the current and historical surface water sampling points used for
monitoring to date are illustrated on Figure 2B.

The colour and odour of each water sample taken is recorded during monitoring. In
general the surface water samples taken to date at the site have been observed to be
colourless and odourless.

Surface water samples have been tested in the field for temperature, electrical
conductivity, pH and dissolved oxygen. The results of field testing of the surface
water samples have been passed to the EA on a monthly basis since May 2004
within interim monitoring reports as stipulated in the landfill licence (see for example
PBA, 2004b).

Laboratory Results for Surface Water Testing
7.8.1 List 1 Substances

To date, cadmium, cyanide and mercury have not been recorded in any of the
surface water samples tested for List | substances.

In addition, no VOCs, SVOCs, organotin compounds, organochlorine pesticides
(OCPs) or organophosphate pesticides (OPPs) have been detected at any of the
surface water sampling locations tested for List | substances.

7.8.2 Sodium, Chloride and Electrical Conductivity

Many of the surface water sampling locations around the site are (or were) fresh
water (e.g. North Pond and the former Oxbow Lake). These sampling locations have
consistently recorded low sodium and chloride concentrations and low electrical
conductivity values, i.e. values which meet UK drinking water criteria. However, the
River Ebbw and Maes Glas Pill are not entirely fresh water and are influenced by the
salinity of the Severn Estuary to some degree.

Greater concentrations of sodium, chloride, and electrical conductivity were generally
recorded at high tide in the Ebbw and the Maes Glas Pill as a result of the ingress of
salt water (see Table 7.3). The most significant increase in these determinands was
observed at the downstream Ebbw monitoring point (SW02). The mechanisms for the
increase in the salinity in the Maes Glas Pill are discussed further in Section 5.3.2.
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Table 7.3 Tidal Effects on Surface Water Quality
Monitorin Sodium at Sodium at | Chloride at | Chloride at | EC at Low | EC at High
Point 9 Low Tide High Tide | Low Tide High Tide Tide Tide
(Round 1) {(Round 2) | (Round 1) {Round 2) (Round 1) (Round 2)
SWO01 -
(Ebbw up) 43.5 135 22 26 737 531
SWo02
(Ebbw down) 37.5 1537.5 68 2412 1058 7860
SWO03 (Maes
Glas Pill up) 33.0 75 62 106 473 929
SW04 (Maes
Glas Pill 115 135 216 172 1015 1277
down)
Monitorin Sodium at Sodium at | Chloride at | Chloride at | EC at Low | EC at High
Point 9 Low Tide High Tide Low Tide High Tide Tide Tide
(Round 6) (Round 7) (Round 6) {Round 7) (Round 6) {Round 7)
SWO01
2
(Ebbw up) NT 150 28 226 601 1263
SWo02
(Ebbw down) NT 4575 263 8087 1701 21900

7.8.3 Ammoniacal Nitrogen, BOD and COD

With respect to ammoniacal nitrogen and BOD in the surface water around the site,
few samples indicate elevated concentrations. The EA’s GQA Scheme for rivers and
canals has been used to assess the quality of surface waters at the site. All ten of
surface water samples tested during Round 2 are classified as of very good quality
(Class A) according to their BOD values.

Eight of the ten samples are classified as good to fairly good quality (Class B to C)
based on the ammoniacal nitrogen testing results. Two samples are classed as poor
(SW15 which represents drainage from the adjacent Newport Docks) or bad quality
(SW04 — the downstream Maes Glas Pill sample) according to their ammoniacal
nitrogen testing results. It should be noted that both of these samples represent water
discharged from culverts.

Figure 20 shows the variation in ammoniacal nitrogen with time at SW01 and SW02.
The water quality at SWO01 is fairly consistent whilst that at SWO02 is quite variable.
SWO02 is poorest quality when the tide is low. At higher tides the poorer quality of the
downstream aquatic environment is masked by the surge of more saline water.

Conclusions Regarding the Hydrochemistry of the Site

7.9.1 Hydrochemistry of the Gravel Groundwater

e Ammoniacal nitrogen and BOD results indicate that the gravel groundwater
may have been impacted by landfill leachate beneath Area 1 and at GW03/14
in Area 2.

e The gravel groundwater chemistry is influenced to some degree by saline
intrusion from the Ebbw Estuary.
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e Very few List 1 substances have been identified in the Gravel groundwater,
i.e. no cadmium, cyanide, organotin compounds, organophosphates or
organochlorines have been identified.

e Trace List | volatile organic compounds have been identified in the Gravel
groundwater at five locations. Two of these locations are present in Area 2
(i.e. GW03/14 and GW03/09).

e Mercury has been identified above the laboratory detection limit for the test in
selected wells in the northern half of Area 1. Mercury has not been recorded
in the Area 1 leachate.

o The presence of List | substances in the Gravel groundwater is sporadic with
substances being detected in some monitoring wells but not in others and
during some rounds but in not in others. It has not been proven that any List |
substance is consistently present in the Gravel groundwater at any one
location.

e The presence on occasion of several List | substances in the Gravel
groundwater (which were also identified in the Area 1 landfill leachate)
indicate that the Area 1 landfill leachate is a potential source of the
groundwater contamination.

o The contamination identified at GW03/14, GW03/15 and GWQ03/16 may have
migrated there from the beneath an adjacent landfill located across the Ebbw
from GWO03/14 (see Section 4.7.3). This is another potential source of List |
substances in these wells.

e The List | substances detected in GW03/14 may be related to a past or
present localised flow path related to the now redundant Maes Glas Pill
culvert and are possibly not indicative of a widespread ubiquitous release of
List | substances from the Area 1 landfill.

7.9.2 Hydrochemistry of the Surface Water

o No list 1 substances were identified in any of the surface water bodies on or
around the site.

o Following on from the above point, it is important to note that according to the
chemical testing results reviewed to date, the Docksway Disposal Site is not
discharging List | substances to the Ebbw surface water course (either directly
or via the Gravel groundwater) to the extent that that is any measurable
increase in the concentration of List | substances.

e COD and ammoniacal nitrogen are more concentrated in the downstream
Ebbw and Maes Glas Pill samples than they are in the upstream samples.

¢ Tidal affects mask the reduction in quality recorded in the Ebbw at low tide as
it flows downstream.
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8

8.1

8.2

8.3

Conceptual Model

Principles

Guidance on the approach to be taken for hydrogeological risk assessments for
landfills, indicates that the “sources” of potential contamination from a site and the
“receptors” that could be at risk as a result of “pathways” between the two should
be established (EA, 2003a). All three aspects have to be present for a risk to exist.

The site conceptual model has been developed with the objective of quantifying
contaminant migration from the source along each possible pathway to an identified
receptor. Figure 16 provides a diagrammatic representation of the conceptual model
used for the LandSim modelling work. Figure 2C provides a schematic north-south
cross-section through the landfill showing its construction design.

Source Term

The landfill leachate at the study site represents the source term in the conceptual
model. Leachate contains a range of potential contaminants that may cause harm if
they enter the groundwater or surface water environment.

The key contaminants that are likely to be present in the Area 2 leachate have been
discussed in Section 6.3 and the priority contaminants used in the modelling are
detailed in Sections 6.3 and 9.3.

There will be a decline in source term concentration with time as infiltrating rainwater
continues to pass through the site and dilute the leachate, and as leachate treatment
processes take place during the managed phase. Hence, the declining source term
option has been used during the LandSim modelling assessment.

Potential Receptors

A review of the potential receptors to contamination derived from any site should
include all the on-site and nearby surface water bodies and all potential groundwater
bearing strata. For Docksway Disposal Site Area 2, this kind of preliminary
assessment identifies three potential receptors as follows: the River Ebbw,
groundwater in the gravel and groundwater in the Mercia Mudstone.

However, as detailed in Table 8.1, not all of these potential receptors are considered
significant for the purposes of this risk assessment.

As discussed in Section 7.3, the quality of the gravel groundwater beneath the site is
poor with respect to its chloride and sodium content and its electrical conductivity.
The observed estuarine hydrochemistry of the gravel groundwater coupled with the
absence of known licensed groundwater abstractions or private water wells within at
least 2km of the site reduces the sensitivity of the groundwater as a receptor.
However, the groundwater within the Gravel Deposits is a controlled water and as
such the potential impacts to this water body have been evaluated as part of this
assessment.
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8.4

Table 8.1 Potential Receptors Considered

To be
Potential Description of Receptor included in
Receptor p p the risk
assessment?
River Ebbw Controlled water. Yes
Groundwater within the Gravel is controlled water. It has
Gravel been agreed with the EA that potential impacts to the Gravel Yes

Groundwater groundwater should be assessed as part of this
hydrogeological risk assessment.

At all locations where the Mercia Mudstone Group has been
encountered beneath the site, it has comprised a stiff clay.

Mercia Hence the bedrock is expected to behave as a non aquifer.
Mudstone e i No
Groundwater This is supported by the absence of any known abstractions

from this horizon in the site vicinity and by published
documents (e.g. BGS, 1986b).

Following a review of the potential receptors within the vicinity of the site, two are
considered suitable for consideration in the hydrogeological risk assessment.
Namely:

a) The groundwater within the Gravel Deposits.

b) The River Ebbw. This passes the southern boundary of the site, which lies
downgradient with respect to the anticipated groundwater flow direction.

Because the groundwater within the Gravel lies directly beneath the landfill (ignoring
the finite thickness of Alluvial Clay), this is considered to be the most sensitive
receptor to landfill-derived contamination.

Potential Pathways

Landfill leachate could impact the Gravel groundwater below the site via gradual
downward permeation of the leachate through the Alluvial Clays which separate the
Gravels from the waste.

There are anticipated to be three pathways via which contamination from Area 2 may
enter the Ebbw:

(@) Directly via surface run-off; [considered unlikely due to the design topography
of the Area 2 landfill and its surrounds and the implementation of a surface
water management plan].

(b) Indirectly by passing through the Made Ground which forms the flood bunds
around the edge of Area 2; and/or

(c) Indirectly via baseflow from the Gravel groundwater; [this pathway is
considered to be of minor-moderate importance and is of secondary
importance to the initial entering of leachate into the Gravel groundwater
beneath the Area 2 landfill].
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8.5

Table 8.2 Significance of Potential Pathways

Potential Pathway Receptor Significance
Downward migration of leachate from the Groundwater in Gravel Deposits Maior
landfill through the Alluvial Clays beneath the site. !
Runoff of surface water from the tip Ebbw or Maes Glas Pill Minor
Lateral transport in Gravel and flow into :
Ebbw as baseflow Ebbw Minor/Moderate
Flow of leachate through the flood bunds to : .
the bank of the Ebbw Ebbw Minor

The significance of each of the pathways reviewed as part of this assessment are
outlined in Table 8.2. It is the pathway of major significance, i.e. the vertical pathway
from the waste to the Gravel which will be considered in the numerical part of this
assessment.

Transport Fate

The expected flow path for a typical contaminant in the Phase 2 southern extension
of Docksway Disposal Site is outlined below.

a) Downward migration through the waste in the landfill
b) Downward migration through the granular drainage blanket (flow path =0.5m).

c) Downward migration through the upper engineered clay barrier (flow path =
1.2m).

d) Downward migration through the load transfer blanket (flow path =0.3m).

e) Downward migration through the cement stabilised alluvium immediately below
the site. (flow path = 2m).

f) Downward migration through the unengineered Alluvial Clay (flow path =1.4m
to 4.3m — see Figure 2D). This layer has been modelled as a fixed unsaturated
zone of 0.5m and an underlying saturated zone (termed the vertical pathway in
the LandSim model) varying between 0.9m and 3.8m thick.

g) Enter the Gravel groundwater beneath Area 2.

h) Travel broadly due south (may be to the southeast of southwest depending on
the state of the tide) to the southern site margin where the contaminant may or
may not enter the Ebbw as baseflow (flow path = approximately 140m).

The conceptual model above will be used to simulate the transport behaviour of
several selected priority contaminants (see Section 9.3) away from the Area 2 landfill.
A diagrammatic representation of the conceptual model is presented as Figure 16.

It has been agreed with the EA that potential impacts to the Gravel Deposits
groundwater should be considered in the LandSim modelling.
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9

9.1

9.2

Numerical Simulations

Modelling Software

This risk assessment has been assisted via the use of LandSim2.5 (EA, 2001a)
numerical simulations. Following the agreement of the EA, LandSim2.5 has been be
used to assess the likely water quality impacts to the Gravel Deposits groundwater
that may result from the Docksway Disposal Site operation.

The LandSim modelling work has considered the following:
o The composition of the future landfill leachate;
o The volumes of leachate generated through time;
e The estimated rate of leachate leakage from Area 2;
° The dilution of the leachate by groundwater beneath the site.
° The attenuation of selected contaminants within the leachate as they pass

through the engineered barrier system and the Alluvial Clays below (the
unsaturated zone and vertical pathway components of the model).

Future Modelling Predictions

LandSim can model site conditions many years into the future. The LandSim work
has been undertaken to predict site conditions during the operational phase,
managed phase and the unmanaged phase.

¢ The landfill operational phase represents the situation between the start of
tipping, (2005), and cessation of tipping which is anticipated to be
approximately 2020 depending on the rate at which waste is accepted at the
new installation. Consequently the year 2025 has been selected for the end of
the operational phase for the purposes of the LandSim modelling.

e The managed phase (post-operational phase), represents the situation from
2025 to approximately 2075. Leachate levels will be controlled in Area 2
during this 50 year time period via pumping to a leachate treatment plant in
order to restrict leachate to a level agreed with the EA.

¢ The unmanaged phase (post 2075), represents the time after leachate control
measures will have ceased.

For the purposes of the LandSim modelling we have designated that leachate levels
will be kept at a maximum of 2m above the EBS for the duration of the operational
and managed phases (see Section 6.2). It should be noted that because the bases of
each cell will slope slightly towards a sump, the 2m average height above the EBS
will vary. Above the sump the leachate will slightly more than 2m above the EBS
where as at the edges of each cell the leachate will be significantly less than 2m
above the EBS.
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9.3

L

Calculations have demonstrated that free leachate (i.e. leachate in excess of the
absorptive capacity of the waste) is unlikely to be generated during the operational
phase (see Sections 5.3 and 6.2) and hence to fix the head at 2m above the EBS in
the model is a conservative approach. Calculations have demonstrated that the
drainage blanket is likely to sustain a maximum leachate head of 120mm above the
base of the drainage blanket (see Section 2.6.6 and PBA, 2004e). It should be noted
that leachate levels have yet to be formally agreed with the EA.

Priority Contaminants Considered

Testing of the leachate at Area 2 in order to determine its constituent chemicals will
not be possible until the landfill is operational. Consequently for the LandSim
modelling work, the source term input required has been taken from a variety of
sources as detailed in Section 6.3.

Typical leachate contains a range of potential contaminants which may cause harm if
released into the groundwater or surface water environment. It is usually considered
unnecessary to consider all such contaminants and selected species typical of the
main groups of chemicals present are normally assessed (EA, 2003a). The transport
behaviour of the following species have been modelled since they are considered
representative of different types of chemical contaminant which are likely to be
present in the future leachate of Area 2:

Aliphatic hydrocarbons are considered as List | substances. Mineral oil and EPH
have been detected at high concentrations in the Area 1 leachate (up to 173 mg/l).
Aliphatic hydrocarbons are generally not as mobile as aromatic hydrocarbons and
are only marginally soluble or insoluble in water. Aliphatic hydrocarbons are strongly
sorbed to organic carbon (Koc value for the Cis to C, fraction given as 6x10% in
TPHCWG, 1997). The half life of straight chain aliphatic hydrocarbons in the Cys to
Cs6 range is estimated at 10 years (MftE, 1999).

Ammoniacal nitrogen is a common component of landfill leachates and is usually the
List Il substance present at the highest concentration. It is retarded and undergoes
decay via oxidation to nitrate and nitrite.

Arsenic is an inorganic List Il element which is generally quite strongly sorbed to
organic matter and clay particles. Consequently arsenic provides a good indicator for
substances of relatively low mobility.

Benzene is an organic List | substance which is used largely as an additive in motor,
aviation and other fuels. Benzene is readily biodegraded under aerobic conditions
and it has a short half life (days). However, in anaerobic conditions benzene is more
persistent and a half life of up to 2 years can be expected (Howard et al., 1991). It is
hydrophilic and relatively soluble in water (720 ppm according to WRc, 1999 and up
to 1780 ppm according to Fetter, 1994) which increases its mobility within aquifer
systems. In addition, benzene is not readily sorbed to soil (a Ky value of 97 is given
in Fetter, 1994) and hence benzene is considered to have a relatively high mobility
within landfills.

Mercury is a List | metal which is generally found to some degree in most landfill
leachates. It has been sporadically detected in the Gravel groundwater but not in the
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Docksway leachate to date. It does not decay and hence effectively has an infinite
half life. It is generally slightly retarded in aquifer systems.

Naphthalene is an organic List | substance present in the Docksway leachate. It is a
non-polar hydrophobic polycyclic aromatic hydrocarbon and has a relatively short half
life of up to 258 days under anaerobic conditions (Howard et al.,, 1991). it is only
sparingly soluble in water (approximately 32 ppm according to Fetter, 1994) and has
a tendency to adsorb to soil and sediment particles. Consequently, naphthalene
represents a substance which is likely to be retarded in aquifer systems.

Nickel is an inorganic List Il metal subject to some retardation, but is generally
relatively mobile. The metal acts as a good indicator for metal contamination in
general.

Phenol is a component of disinfectant and antiseptic and is used widely in industry as
a chemical intermediate. Hence it is common in landfill leachates. Phenol is not
easily retarded by sorption (low Koc of 27 ml/g according to Fetter, 1994) and is
highly soluble in water (up to 82000 ppm, Fetter, 1994) and as such is considered a
highly mobile contaminant in soil. However, it is rapidly degraded with a half-life of
only 8 to 28 days in anaerobic conditions (Howard et al.,, 1991). Based on the fact
that phenol is likely to have a deleterious effect on the taste and odour of
groundwater, it can be considered as a List |l substance.

Potassium salts are relatively soluble and hence are usually found to some degree in
all landfill leachates. Being inorganic and relatively soluble, the concentration of
potassium in a leachate would not normally be particularly affected by passage
through the soil. The element thus provides an example of a relatively conservative
species via which the impact of leachate can be assessed in an estuarine
environment (where chloride is inappropriate for this purpose).

Xylene is an aromatic hydrocarbon and a List | substance. It occurs in three isomeric
forms -ortho, -meta and -para xylene, also known as 1,2-dimethylbenzene, 1,3-
dimethylbenzene & 1,4-dimethylbenzene respectively. Xylene has found wide use in
industry including as a solvent in paints and as an additive in motor and aviation fuel
and is therefore a relatively commonly encountered contaminant. Xylene is the most
elevated List | substance identified in the Area 1 Docksway leachate it has been
recorded in some Gravel groundwater monitoring wells on the site. Due to its
moderate solubility in water (up to approximately 200 mg/l), and its low to moderate
sediment-water partition coefficient (WRc, 1999 and Fetter, 1994), xylene is likely to
have moderate mobility in aquifer systems. It is subject to decay however and is
reported to have a half life of approximately 12 months under anaerobic conditions
(Howard et al., 1991).

Between them, the ten chosen priority contaminants represent:
e A relatively low mobility hydrophobic organic List | substance (naphthalene)
e Very low mobility organic List | substances (aliphatic hydrocarbons)
e A moderate mobility volatile organic List | substance (xylene)
e A relatively high mobility volatile organic List | substance (benzene)

e An inorganic List | substance (mercury)
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e A highly soluble (hydrophilic) organic List Il substance (phenol)
e A relatively low mobility persistent List Il substance (arsenic)
e A moderately mobile, persistent List Il substance (nickel)

e A moderately mobile List Il substance which is subject to decay (ammoniacal
nitrogen)

e An inorganic non-reactive species (potassium).

9.4 LandSim Inputs

Table 9.1 details the inputs used for the LandSim modelling undertaken as part of
this risk assessment. Model parameters have been selected based on site specific
data and literature searches. The values, or ranges of values used are given in
addition to the justifications for their selection.

Table 9.1 LandSim Input Parameters

Parameter Value Distribution Units Justification
Approximate
dimensions of 2850586'19“;3] by single m Measured from site plan
site (width)

Based on 18 years of Cardiff rainfall

Infiltration 678.2, 86.4 normal mm data and water balance (see
Section 5.3 and Appendix 5)

Based on PBA water balance
calculations assuming a cap
permeabilitg of between 5x10™"° and
1x10™ m/s. (Appendix 6)

Design Cap .
infiltration 23 to 46 uniform mm/yr

Based on information contained in

Waste porosity 0.02,0.07,0.2 triangular fraction Powrie and Beaven, 1999.

Waste hydraulic -8 -4 . Based on information contained in
conductivity 3.7e710 1.5e uniform m/s Powrie and Beaven, 1999.
. 0.62, 0.87, . 3 "Based on information contained in
Waste density 111 friangular | g/em Powrie and Beaven, 1999.
. Based on design report. (PBA,
Final waste 5,13, 20 normal m 2004a) and site layout and waste
deposition drawing 14739/007/203.
Waste field 0.4, 0.425, trianqular fraction Based on information contained in
capacity 0.45 9 Powrie and Beaven, 1999.
No cells 5 single - As proposed design (see Figure 2A)
End of managed
. 2005 to 2075. The managed phase
phase (from 70 single yrs lasts 50 years from 2025 to 2075

start of filling)
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Parameter Value Distribution Units Justification

End of filling 20 single yrs 2005 to 2025

Total surface .

area of landfill 15.4 single ha Table 2.2

Ave. leachate Assumed level maintained by

: leachate pumping for bulk of
head above . -
2.0 single m operational phase and all of
EBS (managed .
hase) managed phase (Sgctlon 6.2). To
P be agreed with EA.

Leachate head

si?fc;\::?evg?;g}l- 2.75 single m See discussion in Section 9.5.

out will occur
Drainage Blanket Properties

Thickness of . .
blanket 0.5 single m As design (see PBA, 2004e)
Blanket . .

hydraulic 1.0e™ to 1.4e” uniform m/s Based on dft(e)s;lgir:)fsop:la(i:nand allowing

conductivity g

Basal slope 1in 50 single As design (see PBA, 2004e)

Pipe spacing 50 single m As design (see PBA, 2004e)

Pipe failure rate 0.2 single fraction As in LandSim manual
Leachate Inventory
Ammoniacal . .
nitrogen 1763 to 2439 uniform mg/l See Table 6.1 and Section 6.3
Arsenic 0'0705;1(35143’ triangular mg/ See Table 6.1 and Section 6.3
Benzene 0.0106 single mg/} See Table 6.2 and Section 6.3
3.94x10°,
Mercury 8.91x10”, triangular mg/I See Table 6.1 and Section 6.3
0.00195
Mineral oil
(aliphatic 10.1t0 172.6 uniform mg/l See Table 6.2 and Section 6.3
hydrocarbons)

Naphthalene 0.01 to 0.0412 uniform mg/l See Table 6.2 and Section 6.3
Nickel 0'2701 ’6(2)‘7389’ triangular mg/ See Table 6.1 and Section 6.3
Phenol 0.060t0 0.910 uniform mg/l See Table 6.2 and Section 6.3

Potassium 91?’513%15' triangular mg/l See Table 6.1 and Section 6.3
Xylene 0.118 to 0.311 uniform mg/l See Table 6.2 and Section 6.3
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Parameter Value Distribution Units Justification
Engineered Barrier System — Double Clay Liner
. As design (PBA, 2004a). CQA
Thickness of . 2 .
. 1.2 single m should ensure minimum thickness
upper clay liner of 1.2m
Thickness of As design (PBA, 2004a). CQA
lower (cement . L
- 2.0 single m should ensure minimum 2m
stabilised) clay . : .
i thickness is achieved
iner
. 1.0 x 10'10, Clay liner and cement stabilised
Permégtghty of 5.0x 107 triangular m/s alluvium expected to achieve
1.0x 107, <10 m/s (PBA, 2004a).
Revised . - .
= -9 . Revised due to sensitivity analysis
permeability of 1.0x10 single m/s (see Section 13.3).
EBS
Dispersivity of . 10% of total engineered clay barrier
EBS 0.32 triangular m thickness
. Conservative value for clay
Organic carbon assigned. NB: This value has been
content of 2 indl . i irc EB
imported clay 0.00 single fraction applied to th(_a entlrg S even
liner though two thirds of it comprises
higher foc alluvial clay.
Thickness of 300mm load transfer blanket will
internal 0.3 triangular m separate two engineered clay
drainage layer barriers
Conductivity of -4 -6 . Permeability of layer expected to
drainage layer 107t 10 triangular mis reduce with time due to biofowling
Base slope to 1in 50 single As design. See PBA, 2004d
sump
Diameter of 3 sinale m As design. See PBA, 2004d.
sump 9 (Centrally placed).

Relationship between Lower Liner, Unsaturated Zone and Vertical Pathway

See Section 2.6, Section 9.5 and Figure 2D for information on the relationship between the lower

engineered liner, the unsaturated zone and the vertical pathway.

Unsaturated Zone — Alluvial Clay

Liﬂiitn?sr;e 0.5 single m See Section 9.5
Unsat zone Conservative value. PBA
vertical 1¢7° trianqular ms™' permeability assessment outlined in
conductivit 9 Appendix 4 suggests < 8.8¢'% is
y more likely.
Assessment of 135 mc test results
Moisture content 0.478, 0.15 normal fraction from recent and historic
investigations
Organic carbon . .
0.006, 0.008, . . Based on-alluvial clay testing results
cglms&tn?f 0.14 triangular fraction (Appendix 7). See also Section 9.5
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Parameter Value Distribution Units Justification
Unsat zone . . .
density 1.6510 2.0 uniform kgl As bulk density for a typical clay
Dispersivity of .
Ur?sat zoze 0.1 single m 10% of pathway length
Vertical Pathway —~ Alluvial Clay
Thickness of . . .
vertical pathway 1.0t0 3.8 uniform m See Section 9.5 and Figure 2D
Porosity of Calculated from 21 measurements
vertical a)f(hwa 0.41 t0 0.69 uniform fraction | of the initial void ratio of the Alluvial
P y Clay. See Appendix 8.
Dispersivity of . o .
vertical pathway 0.11t0 0.55 uniform m 10% of vertical pathway length
Aquifer Properties
Width of aquifer . Width of site perpendicular to
mixing zone 550 single m groundwater flow direction
Mixing zone Full thickness of Gravel beneath
thickness 6.12,1.35 normal m Area 2 based on borehole logs
Hydraulic 5 - 2| .. -1 .
conductivity 1e™, 6e’3, 1e triangular ms See Section 4.5
Hydraulic 0.0034 to, triangular fraction Measured from monitoring results.
gradient 0.0065 s See Section 4.7.5.
Porosity 0.2100.35 uniform | fraction | oSty fo(rFrz't’t‘:rd fggg)a”d gravel
Longitudinal . 10% of pathway length which is
dispersivity 14 single m approximately 140m.
Transverse . 1% of pathway length which is
dispersivity 14 single m approximately 140m.
Organic carbon .
content of 0.0 single fraction Conservag\ézivitléa for gravel
Gravel gned.

9.5 Justifications for Chosen LandSim Inputs
‘Aquifer’ Width

47d  The width of ‘aquifer’ mixing zone has been set at the width of the site perpendicular
to the anticipated groundwater flow direction (550m).
Height of Surface Breakout

49a  The edges of the landfill cells will be constructed at 7.5m AOD and the base of the

landfill cells will vary between 4.5m and 5.3m AOD (see for example Figure 2D).
Consequently the leachate head which will be sustainable above the EBS before
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surface breakout occurs is between 2.2 and 3.0m. This has been set at 2.75m in the
model (i.e. between the minimum and maximum likely breakout heights.

Fixed Leachate Head During Managed Phase

It has been proposed that leachate will limited to a maximum average value of 2m
above the EBS during the managed phase via pumping to a leachate treatment plant.
Calculations have been undertaken to demonstrate that even with potential long term
clogging, a head of greater than 120mm will not be sustainable on the drainage
blanket at the base of the EBS (see PBA, 2004€). The 2m fixed leachate head will
hence be achievable in the short, medium and long term regardless of the decreasing
performance of the drainage blanket. The location, spacing and specification of the
proposed leachate wells in addition to the expected capacity of the leachate
management system are presented in PBA, 2004e.

Permeability of the EBS

The permeability of the upper and lower parts of the EBS must be set as the same in
LandSim. Both the upper and lower parts of the EBS, (the engineered clay barrier
and the cement stabilised alluvium respectively) are likely to have permeability
values of less than 1x10° ms™. Consequently, in the model the permeability of the
EBS was initially input as the triangular distribution 1x107°, 5x107°, 1x10° ms™.
Following the completion of the sensitivity analysis, this value was altered to 1x10®
ms™ as a single value for additional conservatism (see Section 13.3).

Thickness of Unsaturated Zone and Vertical Pathway

The alluvial clay horizon can be modelled as one of three pathways in the LandSim
model. It either forms the EBS, the unsaturated zone or the vertical pathway
depending on its elevation. The ‘unengineered’ alluvium beneath the landfill EBS will
have a thickness ranging between 0.5 and 4.3m thick. This is shown schematically in
Figure 2D.

Where the unengineered clay is at its thinnest, additional imported clay will be added
above the cement stabilised-alluvium in order to achieve the required construction
platform height. As a result of this construction requirement, the total thickness of
clay beneath the upper clay barrier will always be equal to or greater than 4m (see
Figure 2D). 2m is modelled as the lower part of the EBS leaving 2m comprising the
vertical pathway and unsaturated zone.

The unsaturated zone and vertical pathway components of the model are never less
than 2m thick and range between 2m and 4.3m thick (Figure 2D).

In general, groundwater has been shown to vary between 0.5m and 3.7m AOD
beneath Area 2 which means that in theory the part of the ‘unengineered’ clay which
acts as the saturated vertical pathway varies considerably during the cycle of the tide.
It should be noted that the assessment of the tidal influence on groundwater has
been assessed in wells which are open to the atmosphere with their response zones
in the gravel (i.e. the water table is not confined by the presence of the clays). In
practice, due to the low permeability of the alluvium and the time that it would take to
displace porewater within it, it is likely that the piezometric surface of the gravel
groundwater stays relatively consistent.
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Due to the fact that the piezometric surface of the gravel water is likely to stay
relatively constant in the alluvium, the thickness of the unsaturated zone has been
fixed in the modelling. It would not be scientifically sound to enter both the
unsaturated and saturated part of the ‘unengineered’ alluvium at their full range of
possible values in the model, since LandSim may assign an unrealistic total thickness
to the horizon. Consequently the variation in thickness of the ‘unengineered’ alluvium
is allowed for in the thickness range specified for the vertical pathway.

The unsaturated zone has been fixed at 0.5m thick in the model. In reality, the
thickness of the unsaturated zone is probably less that 0.5m thick in some locations
and more than 0.5m thick in others, but 0.5m is considered to be a reasonable mean
value for this parameter. Consequently the remaining thickness available to be
assigned to the vertical pathway is 1.5m to 3.8 m. In order to add in additional
conservatism to the model we have set the vertical pathway with a lower minimum
than that likely to be present in the field. In the model the vertical pathway has been
given the uniform distribution of 1.0m to 3.8 m.

Retardation Parameters

Retardation parameters used in the modelling have been taken from the LandSim
guidance where available e.g. the Kd values for common components of leachate
such as potassium, nickel and arsenic. Where no default values are available, or
where more detailed values were sought, a literature search has been undertaken in
order to select appropriate values. The retardation parameters used in the modelling
are presented in Table 9.2.

484,490 For ammoniacal nitrogen, the EBS and sand and gravel Kd value ranges used in the

model are presented in NGWCLC, 2003. Both triangular ranges used are given a
high degree of confidence by the NGWCLC report authors. For the alluvial clays the
default LandSim Kd value range has been used in the absence of site-specific data.

48d,495 The degradation rate of ammoniacal nitrogen has been assumed to be negligible in

the EBS and alluvial clays as indicated in the national groundwater and contaminated
land centre publication (NGWCLC, 2003), and consequently the half life has been set
at 10° years in these horizons. In the gravel deposits the ammoniacal nitrogen half
life has been set at the range presented in the comprehensive 1 to 6 years national
groundwater and contaminated land centre review of ammonium attenuation
(NGWCLC, 2003).

The Kd values for arsenic, nickel and potassium (used in the modelling) are the
default ranges taken from the LandSim user manual. Half lives for each of these
species has been set at 10° years in all geological horizons since they are not subject
to degradation. Default kappa values for potassium are not supplied in the LandSim
model. Potassium has been assigned the LandSim default kappa constants for
chloride to replicate rapid release from landfill waste. Potassium is known to behave
generally as a conservative species. This is a conservative approach and has been
agreed with the Environment Agency.

For benzene, naphthalene and xylene, the anaerobic half lives presented in Howard
et al., 1991 have been used and the Koc values (used to calculate Kd values by the
model) are taken from Fetter, 1994,

Aliphatic hydrocarbons have been assigned the decay half life of 10 years after
information published by the Ministry for the Environment, New Zealand (MftE, 1999).
They have been assigned a Koc value of 6x10° I/kg after information published by the
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TPH Criteria Working Group (TPHCWG, 1997). Aliphatic hydrocarbons have been
assigned the LandSim default kappa constants for chloride to replicate rapid release
from landfill waste. This is not likely to be the way that hydrocarbons behave based
on their strong affinity for organic carbon. However, it is a conservative approach in
the absence of site-specific data or available published data.

LandSim calculates the Kd value from the user-defined Koc value and organic carbon
content of the porous medium under consideration. The organic carbon content of the
imported (upper) clay liner has been set at 0.2% which is conservative for a UK clay.
In order to be conservative, this value has been applied to the entire EBS even
though two thirds of the EBS will comprise alluvial clay and will consequently have a
higher foc value (see discussion below).

Laboratory testing of the in-situ alluvial clays at the site has recorded an organic
carbon fraction (foc) ranging between 0.6% and 14% (Appendix 7). Whilst two of the
three alluvial clay samples tested, recorded <1% organic carbon, the 14%
measurement is not considered likely to be an outlier. It is considered likely that the
overall carbon content of the alluvial clays is likely to range between 0.6 and 14%
based on the knowledge that the deposits contain occasional decayed organic matter
and traces of peat and that UK alluvial deposits in general are often rich in organic
matter. NCC staff are aware that marsh gas has historically been generated at the
site and its surroundings prior to waste placement which supports the view that the
alluvial deposits have a relatively high organic content.

It is considered likely that the foc of the alluvium has a uniform distribution between

0.6 and 14% in the field. However, in order to be conservative, the foc has been
assigned a triangular distribution in the model with the expected value set at 0.8%.

Table 9.2 LandSim Input Parameters (Retardation Factors)

Parameter Value Distribution Units Justification
Aliphatic . . .
8 . Value for aliphatics with carbon
hydrolé::ébons 6.3x10 single I’kg chain Cisto Cor. TPHCWG (1997).
Aliphatic . . . .
. Value for aliphatics with chain
hydroca'rbons 10 single years length Cis 0 Cas. MAE (1999).
half life
Allocated LandSim default kappa
Aliphatic 0.2919 (c) constants of chloride to simulate
hydrocarbons 0 b298 (m) single kg/l rapid release from landfill waste.
kappa constants ’ Whilst unrealistic, this is the most
conservative approach
Ammonia Kd 0.1,0.5,5.0 triangular likg NGWCLC, 2003
(EBS)
Ammonia Kd . Default value from Table 5.10 in
(alluvium) 05t02.0 uniform kg LandSim user manual
. NGWCLC, 2003 gives a range of
A"’E"}‘;’J:;)Kd 0.0 triangular kg 0.0, 0.4, 0.9, but a fixed value of
¢ zero was used to be conservative.
Ammonia decay .
rate (gravel) 1to0 6 uniform years NGWCLC, 2003
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Parameter Value Distribution Units Justification
Ammonia decay
rate (EBS and 10° single years NGWCLC, 2003
alluvium)
. . Default value from Table 5.10 in
Arsenic Kd 500 to 5000 uniform I/kg LandSim user manual
: . 9 . Assumed to be persistent (i.e. not
Arsenic half life 10 single years subject to decay)
Benzene Koc 97 single I/kg Fetter, 1994,
. . Anaeraobic half life given in Howard
Benzene half life 0.3t02.0 uniform years etal., 1991.
. Default value from Table 5.10 in
Mercury Kd 450 to 3835 uniform I/kg LandSim user manual
Revised . Conservative value used as a result
Mercury Kd 430 single Vkg of sensitivity analysis
Mercury half life 10° single years Not subject to decay
Naphihalene 1300 single milg Table 11.3, Fetter (1994)
Naphthalene 0.75 inale ar Anaerobic half life given in Howard
half life : sing years etal., 1991.
. . Default value from Table 5.10 in
Nickel Kd 20 to 800 uniform I/kg LandSim user manual
Revised Nickel . Conservative range used as a result
Kd 20to 100 uniform Vkg of sensitivity analysis
: : 9 . Assumed to be persistent (i.e. not
Nickel half life 10 single years subject to decay)
Phenol Koc 27 single I’kg Table 11.3, Fetter (1994)
. . Anaerobic half life given in Howard
Phenol half life 0.02 t0 0.08 uniform years etal., 1991.

. : Default value from Table 5.10 in
Potassium Kd 0 single Vkg LandSim user manual. Unretarded.
Potassium half ) . Assumed to be persistent (i.e. not

life 10 single years subject to decay)
Allocated LandSim default kappa
: constants of chloride to replicate
ka Pc;tizsr::trg nts g 623;8? ((r(r;1)) single kg/l rapid release from landfill waste.
PP ’ Potassium is know to behave
generally as a conservative species
Xylene Koc 552 to 588 uniform I/kg Table 11.3, Fetter (1994)
Xylene half life y single years Anaerobic half life given in Howard

etal., 1991.

Note:

For triangular distributions the lowest value, expected value and highest value are given in that order.
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Limitations of the Modelling

It is important to note that the LandSim modelling has certain limitations. With all
probabilistic models it is possible to set a broad range for parameter values in order
to compensate for uncertainty. This avoids the neglect of possible (but unlikely)
parameter combinations. The worst-case scenario  output from the model will
combine extremes in parameter values which in practice are unlikely to be present in
nature.

In addition, the LandSim model has been constructed using a number of conservative
simplifications to give additional confidence in the protection of the environment. This
inevitably leads to unrealistically pessimistic results.

LandSim has to simplify the geometry of the system. In the landfill, each cell is
assumed to be of equal size and shape. However, the results are insensitive to size
and shape as long as the total base area is correct (15.4 ha in this case).

There is uncertainty associated with all inputs into the model. The majority of input
ranges have been selected based on a significant number of field tests or laboratory
tests or on established literature values/ranges. In general, e.g. in the consideration
of leachate concentration and alluvial clay hydraulic conductivity a conservative value
or range of values has been chosen for the model input. A sensitivity analysis has
been undertaken for several input parameters in order to gauge which parameters
influence the model output the most strongly.

Only selected contaminants can be used to model chemical behaviour in the
geosphere. Such contaminants have been selected based on their significance in the
Newport municipal waste stream and in order to represent different groups of
chemicals which behave differently in the environment. The uncertainty associated
with the selection of priority contaminants used in the model is addressed in Table
6.3.

Figure 2D shows schematic cross-sections through the centre and edges of Cell 1
indicating the construction details and the height of the piezometric surface of the
groundwater confined in the Gravel Deposits. Potentially the thicknesses of the
vertical pathway and unsaturated zone in the LandSim model will constantly change
during a tidal cycle. This relationship has to be simplified for input into the model and
the unsaturated zone thickness has been fixed at 0.5m.

Despite any limitations in the modelling work, it should be noted that a highly
conservative approach to the modelling exercise has been undertaken. In the
construction of the conceptual model, highly conservative input has been used
including the following:

e The source term input used in the model represents the anticipated worst
case scenario based on the composition of several leachate sources which
have been influenced by commercial and industrial wastes;

e It has been assumed that the leachate head in the tip will be kept at an
average of 2m above the EBS throughout the operational and management
phases. This is a conservative assumption since during the operational phase
leachate is not likely to be generated to this degree;
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e The permeability of the EBS has been set at the probable maximum value it
will achieve. In reality much lower permeability values could be the norm;

e A high (worst-case) permeability has been used for the alluvium. In reality
much lower average permeability value than that used in the model could
dominate;

e A very low minimum thickness for the alluvial clay has been used in the model
(see discussion in Section 9.5);

e The impacts of contaminants on the Gravel groundwater has been studied
without taking into account background concentrations of the contaminants
already present. Breakthrough curves for contaminants such as arsenic,
nickel, potassium and ammoniacal nitrogen would be more subdued than that
predicted by the model if background concentrations were considered.

e Conservative retardation factors have been used in the EBS and alluvium;

e The organic carbon content of the alluvial clay has been set at a conservative
range; and

e All contaminants have been assigned a Kd value of zero in the Gravel
‘aquifer’ and hence no sorption has been allowed for in the Gravel aquifer.

All of the above points add a considerable factor of safety to the modelling work
presented.

Locations for Assessing Emissions to Groundwater

The EA is required to prevent the pollution of groundwater by the substances listed in
the Annex of the Groundwater Directive, namely List | and List Il substances. More
specifically the EA is required to ensure that necessary steps are taken to prevent
List | substances from entering groundwater (within the Gravel Deposits in the case
of Docksway Disposal Site) and to /imit the introduction of List Il substances to
groundwater so as to avoid pollution.

The point of compliance where an assessment of the impacts of List | substances is
undertaken as part of the numerical modelling work has been chosen as the base of
the Alluvial Clays beneath the tip, since this marks the point of entry into the Gravel
groundwater for leachate contaminants.

The potential impacts of the other three priority contaminants (ammoniacal nitrogen,
nickel and potassium) have been assessed at a compliance well which is located at
the south western edge of the Area 1 landfill (GW03/14).

Graphical output from the LandSim model is presented as Figures 17 to 20.
Tabulated numerical output from the model is provided within Appendix 10 (the
sensitivity analysis).

62

Doc Ref: J:\14000series\14739\038B - HRA\Phase2HRA-R05.doc Created on 30 March 2005



Peter Brett Associates Docksway Disposal Site, Newport

Conceptual Model And Hydrogeological Risk Assessment For Area 2

9.8

Results of the Quantitative Risk Assessment
9.8.1 Percentiles and Confidence Limits

It is important to note that LandSim uses the Monte Carlo methodology which allows
for uncertainty in input parameters. Where parameters have been set as a
distribution of likely values (see table 9.1), the model quantitatively assesses
uncertainty by running the model with many different assigned values for each
parameter.

The results of the quantitative risk assessment have been discussed in terms of the
95™ percentile (95%ile) and the 50™ percentile (50%ile). The 95%ile is considered to
be an appropriate conservative estimate of the risk that might arise as a result of
uncertainty of the model input. It represents a result or value which has only been
realised 5% of the time and there is therefore 95% confidence that the true resuit or
value will be less than the 95%ile value.

The 50%ile gives an indication of the most likely risk since it is equally as likely that
the true result will be higher or lower than this predicted value. The 50%ile value is
exceeded in 50% of the model runs and for the other 50% of the runs the result is
predicted to be below the 50%ile.

9.8.2 Maximum Head Calculations

The LandSim model was used to calculate the anticipated maximum head likely to be
present on the basal drainage blanket. The output from LandSim is shown in Figure
17A. The maximum likely head predicted by LandSim based on the drainage blanket
properties input (Table 9.1) is 50 mm. This is a similar result to that generated by the
manual calculations presented in PBA, 2004e (120 mm).

Calculations demonstrating the likely performance of the drainage blanket are
provided in PBA, 2004e.

9.8.3 Predicted Leachate Heads

Figure 17B presents the expected leachate head in the Area 2 landfill as predicted by
LandSim. For the operational and managed phases it has been proposed that the
leachate head be set at 2.0m above the EBS (see Section 6.2). This represents the
anticipated leachate level that will be agreed with the EA in the future and achieved
through pumping from the landfill to a leachate treatment plant.

Figure 17B shows that when the managed phase of the landfill operation ends (70
years from the commencement of tipping), leachate levels will rise slightly to 2.75m
above the EBS (based on the 95%ile value). However, the 50%ile predicts a
maximum head of about 2.6m above the EBS.

Figure 17C indicates the predicted rate of leachate leakage from the base of the
Area 2 landfill. The plot demonstrates how leakage from the base of the tip may
reduce once the cap is emplaced (20 years after commencement of tipping) and then
is predicted to increase again when leachate management via pumping ceases (70
years after commencement of tipping). A tabular, numerical print out of the leakage
predicted by the model is presented in Appendix 12.
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Surface breakout of leachate is not predicted to occur during the operational,
managed or unmanaged phase according to the 50%ile value (Figure 17D).
According to the 95%ile some surface breakout is predicted up to a worst-case value
of approximately 9500 litres per day.

The estimate of 2.75m to give surface breakout is based on the height of the cell
edges minus the average height of the top of the EBS. It is noteworthy that in reality
leachate would probably reach higher than 2.75m above the EBS in the centre of the
landfill before any major breakout is observed at the edges.

Estimates of the amounts of leachate that will need to pumped to the leachate
treatment plant to maintain the fixed leachate head of 2m during the operational and
managed phases are given in Figures 17E and 17F. Two graphs are required owing
to the different scales required to show the leachate pumped during the operational
and managed phases.

During the operational phase it is predicted that up to 4x10° litres of leachate per day
will require removal to maintain the fixed head of 2m above the EBS (based on the
95%ile value) (Figure 17E). Once the cap has been placed on Area 2, the model
predicts that based on the 95%ile value, approximately 15,000 litres of leachate per
day will need to be pumped to the treatment plant (Figure 17F).

It is recommended that the water balance for the Area 2 landfill is revisited in the
future during the managed phase. At this time the leachate levels in the tip will be
known as will the volumes being pumped to the treatment plant. it will be more
straightforward and verifiable to reassess the water balance and carry out another
prediction of the likely leachate levels following the cessation of pumping with this
information to hand. If there is an unacceptably high risk of leachate breakout in Area
2 during the unmanaged phase, mitigation or remedial measures can be incorporated
into a controlled and monitored cessation of management plan.

9.8.4 Definition of Discernable Concentrations

It is important to use the LandSim model to determine whether the discharge of List |
substances to groundwater is predicted. LandSim is capable of predicting very dilute
output concentrations for contaminants (down to approximately 102° mg/l) but such
discharges would not necessarily be discernable using modern analytical techniques.
The EA has defined discernable concentrations for some List | substances as
minimum reporting values (MRVs) in LFTGNO1.

Where MRVs are not published we have been advised by the EA to use the
laboratory detection limit to represent the discernable concentration (see email
correspondence from the EA of 1 March 2005 in Appendix 2.

Table 9.3 lists the concentrations deemed as ‘discernable concentrations’ for use in
estimating impact from List | substances at the Docksway site. The UKAS and
MCERTS accredited analytical laboratory used for this project cannot detect mercury
at the MRV specified by the EA. However, when evaluating output from the LandSim
model, the EA MRV has been used to determine discernable potential impacts from
mercury.
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Table 9.3 Discernable Concentrations of List | Substances

List | Substance Dlscernab_le Source
Concentration
. . Minimum achievable detection limit of UKAS and
Aliphatic hydrocarbons 10 ug/ MCERTS accredited project laboratory**
Benzene 1 ugll MRV from LFTGNO1
0.01 ugfl MRV from LFTGNO1
Mercury 0.05 ugfl Minimum achievable detection limit of UKAS and
MCERTS accredited project laboratory
Minimum achievable detection limit of UKAS and
Naphthalene Tugh MCERTS accredited project laboratory**
Xylene 3 ugh MRV from LFTGNO1
Note:
Project analytical testing laboratory is ALControl Chester
** = MRV not published by EA.

9.8.5 Emissions to Groundwater — List | Substances

Figures 18A, 18B, 18C, 18D and 18E indicate the LandSim-predicted concentrations
of the List | substances aliphatic hydrocarbons, benzene, mercury, naphthalene and
xylene respectively at the base of the vertical pathway.

The figures demonstrate that all five of these List | substances are not predicted to
reach the base of the vertical pathway at recordable concentrations (i.e. less than
1x10%° mg/l) after 20,000 years.

9.8.6 Emissions to Groundwater — List Il Substances

Figures 18F, 18G, 18H and 18l indicate the LandSim-predicted concentrations of the
List Il substances arsenic, ammoniacal nitrogen, nickel and phenol at the base of the
vertical pathway.

Ammoniacal nitrogen is predicted to reach a maximum concentration of
approximately 800 mg/l (95%ile) after approximately 1000 years (Figure 18F).

Arsenic is predicted to reach a maximum concentration of approximately 0.04 mg/i
(95%ile) after approximately 20,000 years (Figure 18G).

Nickel is predicted to reach a maximum concentration of approximately 0.05 mg/|
(95%ile) after approximately 16,000 years (Figure 18H).

Figure 18l shows that phenol is not predicted to reach the base of the vertical
pathway after 20,000 years.

Figures 19A, 19B and 19C indicate the LandSim-predicted concentrations of the
List Il substances arsenic, ammoniacal nitrogen and nickel at a compliance well
located at the southern edge of the landfill.
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Figure 19A indicates that ammoniacal nitrogen will reach a concentration of up to
approximately 2.5 mg/l at a southern compliance well after approximately 1000 years
(95%ile). The 50%ile predicts that almost no ammoniacal nitrogen will reach the
compliance well. It is very unlikely that ammoniacal nitrogen would breakthrough at
the compliance well at a concentration greater than the background ammoniacal
nitrogen concentration present within the Gravel groundwater.

Figure 19B shows that arsenic is predicted to reach a maximum concentration of
6.0x10™ mg/l at the compliance well after approximately 20,000 years. The 50%ile
predicts a much lower maximum breakthrough concentration of less than 1x10”° mg/l.
[t is very unlikely that arsenic would breakthrough at the compliance well at a
concentration greater than the background arsenic concentration present within the
Gravel groundwater.

Figure 19C shows that nickel is predicted to reach a maximum concentration of
9.0x10”° mg/l at the compliance well after approximately 20,000 years. The 50%ile
predicts a much lower maximum breakthrough concentration. It is very unlikely that
nickel would breakthrough at the compliance well at a concentration greater than the
background nickel concentration present within the Gravel groundwater.

9.8.7 Emissions to Groundwater — Potassium

Figure 18J indicates that potassium will reach a concentration of up to approximately
600 mg/l at a the base of the vertical pathway after less than 500 years (95%ile). The
50%ile predicts a maximum breakthrough concentration of approximately 350 mg/I.

Figure 19D indicates that potassium will reach a maximum concentration of
approximately 2.5mg/l at a southern compliance well after less than 500 years
(95%ile). A more likely value of approximately 0.5 mg/l is modelled as the 50%ile. It is
very unlikely that potassium will breakthrough at the compliance well at a
concentration detectable above the background potassium concentration within the
Gravel groundwater.
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10.3

Control and Trigger Levels

Introduction

It is a requirement of the EA (EA, 2003a), that assessment criteria (control and trigger
levels) are agreed for selected contaminants in order to be able to assess the
significance of monitoring results in the future.

Trigger Levels are defined as compliance limits for water quality which if exceeded
warrant the instigation of a contingency action plan to be agreed with the EA. Control
Levels are set at lower concentrations than the Trigger Level for the same chemical
species (for species other than List | substances). The exceedance of a control level
provides a potential warning of detrimental trends. It may be appropriate to instigate a
contingency action plan (such as increasing the monitoring frequency) when a control
level is exceeded.

This section of the report addresses recommended compliance monitoring locations,
recommended determinands for which assessment criteria should be set and
discusses the derivation of control and trigger levels.

Monitoring Locations

As discussed in Sections 8.3 and 8.4 the Gravel groundwater is considered the key
receptor for potential contamination generated at the site and the vertical pathway
through the Alluvial Clay deposits is considered to be the primary pathway via which
contamination in the leachate may reach the Gravel groundwater. Consequently, it is
proposed that compliance points are considered as wells installed within the Gravel
Deposits.

Suitable boreholes via which groundwater quality in relation to established control
and trigger levels could be monitored are GW03/10a, GW03/13 and GW03/25. These
wells are all located just outside the southern margin of the Area 2 IPPC boundary
(see Figure 2B and Figure 5). These three wells are termed as the ‘compliance wells’
in this section of the report and are suitable for assessing the potential impacts of List
Il substances. The outline design of the three compliance monitoring boreholes is
presented as Figure 14.

Discharges of List | substances are assessed at notional points directly beneath the
centre of each phase of the landfill at the point of entry into the Gravel groundwater.
Monitoring of these substances should be undertaken at GW03/10a, GW03/13 and
GW03/25 and GW03/14 in order to provide groundwater quality data upgradient of
the Area 2 landfill. It should be noted that groundwater at GW03/14 may have been
impacted by the presence of the Area 1 dilute and disperse landfill.

Chemicals Considered

As part of this assessment, the quality of the Docksway Disposal site leachate and
the surrounding groundwaters have been studied. The background quality of the
Gravel Deposits groundwater is generally poor and it is not practical to set
assessment criteria for all of the chemical determinands that exceed available
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10.5

guidance criteria (e.g. the prescribed concentrations for UK drinking water) or MRVs
where available (for List | substances). The rationale behind modelling the behaviour
of a selection of chemicals (priority contaminants), during this assessment is
discussed in Section 9.3.

Assessment criteria have been derived for aliphatic hydrocarbons, ammoniacal
nitrogen, arsenic, benzene, mercury, naphthalene, nickel, phenol, potassium and
xylene,

Derivation of Trigger Levels for List | Substances

It is not usual to set Control Levels for List 1 substances. The Trigger Levels for such
substances are generally set at very low values since the Groundwater Directive
prohibits their entry into groundwater (EA, 2003a). It is preferable to set the Trigger
Values for List | substances in groundwater at the minimum reporting value (MRV) for
that substance where the substance is not already present in the aquifer. However,
at Docksway Disposal site a number of List | substances have been identified in the
Gravel Deposits groundwater and hence background conditions need to be
considered.

Guidance from the EA (EA, 2003a), stipulates that where baseline concentrations
exceed the appropriate MRV for that chemical (List | substance) baseline
groundwater conditions should be taken into account when setting Trigger Levels. In
this case, Trigger Levels should be set at the concentration of the current baseline
quality such that the landfill is not permitted to cause a discernable increase to the
baseline contamination.

For the priority List | contaminants that have been detected in the Gravel
groundwater (benzene, naphthalene and xylene) it is proposed that the Trigger
Levels for Gravel groundwater are set are the maximum concentration recorded in
the groundwater to date plus 25%. This is a technique adopted in one of the case
studies cited in Appendix 11 of LFTGNO1 (EA, 2003a). Using this method, the trigger
levels derived for benzene, naphthalene and total xylene are 3.8, 7.5 and 22.5 ugl/l
respectively (Table 10.1).

Derivation of Assessment Criteria for Other Contaminants

Where possible, it is recommended by the EA that Trigger Levels for List I
substances are set at a relevant environmental assessment level (EAL) for that
contaminant (EA, 2003a). However, where baseline concentrations exceed
appropriate EALs for that chemical, the guidance stipulates that baseline
groundwater conditions should be taken into account when setting Trigger Levels.

For ammoniacal nitrogen, arsenic, nickel and potassium, we propose that Trigger
Levels for the Gravel groundwater are initially set at the highest concentration of
each contaminant recorded in Gravel groundwater to date plus 25%. This is a
technique adopted in one of the case studies cited in Appendix 11 of LFTGNO1 (EA,
2003a). Similarly, we propose that Control Levels for the Gravel groundwater are
initially set at the maximum concentrations of each contaminant recorded in the
Gravel groundwater to date plus 10%.
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. Using this approach, the Trigger Levels derived for ammoniacal nitrogen, arsenic

nickel, and potassium are 580mg/l, 48.8ug/l, 30ug/l and 431mg/l respectively and the

control levels are 510mgl/l, 42.9ug/l, 26.4ug/l, and 380mg/l respectively (Table 10.1).

Table 10.1  Derivation of Control and Trigger Levels
Highest Proposed - Proposed
Determinand concentration . MRV or EAL Control Level Trigger
measured to date in — max conc Level — max
Gravel wells +10% conc +25%
Ammoniacal *hk t
nitrogen (mg/l) 463.8 0.021***, 0.5 510 580
Arsenic (ug/l) 39 25", 501 42.9 48.8
. Not relevant —
Benzene(ug/h) 3 1 List | 3.8
Mercury (ug/l) 0.13 0.01* Not rfift",a”t - 0.16
Extractable
petroleum Not relevant —
hydrocarbons 4.6 NG List | 58
C10-Cao (mg/t)
Naphthalene - Not relevant —

(ug/) 6 1 List | 7.5
Nickel (ug/l) 24 30***, 207 26.4 30
Phenol (ugf) 1 30*+ 1.1 1.25

Potassium T

(mg/l) 345 12 380 431
Total xylene N Not relevant —

(ug/) 18 3 List | 22.5

Notes

Itis not practical to set control and trigger values for all the contaminants present in the source term and it is
acceptable to set a few such levels for selected contaminants of differing chemical properties.

* = minimum reporting value taken from Appendix 7 of LFTGNO1 (EA, 2003a)

** = Assumed minimum reporting value based on UK laboratory VOC detection limit in water.

*** = Saltwater EQS

' = Prescribed concentration for UK drinking water (DETR, 2000)

NG = no EAL available.

10.6 Predicted Contaminant Concentrations

The assessment criteria detailed in Table 10.1 have been compared with the results
of the numerical modelling to ensure that predicted concentrations of contaminants in
the Gravel groundwater are not likely to exceed the assessment criteria proposed.
Figures 18A to 18J provide LandSim-predicted concentration breakthrough curves for
all of the priority contaminants at the base of the vertical pathway. For six of the ten
priority contaminants the predicted concentrations in the Gravel groundwater do not
exceed the Trigger or Control Levels presented in Table 10.1 and hence they are
considered as appropriate assessment criteria at this time.

Ammoniacal nitrogen, arsenic, nickel and potassium concentrations at the base of
the vertical pathway (point of entry into the Gravel groundwater), are predicted to
almost reach or exceed the proposed trigger levels (according to the 95%ile values).
However, at the GWO03/25 compliance well their respective concentrations are
significantly below the suggested control levels. Hence the proposed Trigger and
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10.7

Control Levels for all ten priority contaminants are considered appropriate at this
time.

Compliance Monitoring Frequency and Methods

It is proposed that monitoring of the compliance wells should be undertaken monthly
and that the exceedance of an assessment criterion (Control or Trigger Level) on
three monitoring occasions out of twelve (i.e. three times per year) at any one well
should be considered a breach of that assessment criterion and would necessitate
consideration of contingency action at that specific monitoring location. Table 10.2
outlines details of each Trigger and Control Level and proposed contingency actions

following a breach in the line with the guidance provided in EA, 2003b.

Table 10.2 Trigger and Control Level Monitoring and Contingency Requirements
Assessment Tri Level Control Level
Criteria rigger Levels ontrol Levels

Contaminant

EPH C10"C40 (58 mg/l)
Ammoniacal nitrogen (580 mg/l),
Arsenic (48.8 ugll)
Benzene (3.8 pg/l)

Ammoniacal nitrogen (510 mg/l),
Arsenic (42.9 ugll),

for which Mercury (0.16 pg/l) ;
levels have Naphthalene (7.5 ug/l) Nickel (26.4 uafl),
been set Nickel (30 ug/l), o Phenal (1 -ggé’g/ ')/]
Phenol (1.1 g/l otassium (380 mg/l)
Potassium (431 mg/l),
Total xylene (22.5 ug/l)
Criterion To ensure that quality of To ensure that quality of groundwater
Objective groundwater does not deteriorate does not deteriorate
Monitoring
points GWO03/14, GW03/10a, GW03/13 and GW03/25 or alternative suitable wells
covered by to be agreed with EA.
criterion
Lab test for ammoniacal nitrogen using Kone analyser. VOC lab test by GC-
MS headspace (benzene, naphthalene, xylene). Lab test for potassium
Measurement using flame photometer. Lab test for arsenic and nickel using ICP-MS. Lab
technique test for mercury using Emission Spectrometry - ICP. Lab test for aliphatic

hydrocarbons using EPH C;oto C, by GC-FID. Lab test for phenol as part of
an SVOC suite using GC-MS.

Frequency of

measurement Monthly Monthly
Assessment of . _
breach 3 times per year 3 times per year

Response time

Within 1 month of breach

Within 1 month of breach

action

o Advise EA
e Increased frequency of testing _
to fortnightly o Advise EA
o Re-appraise risks and report J lncreas_ed frequency of testing
Contingency to EA to fortnightly

e Re-evaluate assessment
criterion if risks are acceptable

o Implement corrective
measures if risks are deemed
unacceptable

e Re-appraise risks and report to
EA
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11

11.2

Completion Criteria

Definition

As part of the hydrogeological risk assessment, completion criteria need to be
proposed based on the predictions of the reducing leachate quality with time and the
predicted transport and decay behaviour of contaminants (EA, 2003a). Completion
criteria may take the form of contaminant concentrations at selected distances from
the landfill and/or calculated time periods at which such concentrations will be met.
When these completion criteria are met, it is assumed that the landfill will not pose an
unacceptable risk to the environment. Completion criteria can be used to assist
formulating the landfill closure and aftercare plan (EA, 2003a).

Contaminant Concentrations

The fate and transport behaviour of seven of the ten priority contaminants have been
studied in order to provide completion criteria. Between the seven priority
contaminants discussed, those forming short term, medium term and long term risks
are present. The declining source term of the landfill is presented in Figures 21A to
21G.

Table 11.1 Completion Criteria
Recommended Likely time-scale
Mszfi":balgle Completion Mf_iscl;rt?:nm required to reach the
Criterion proposed criterion
Ammoniacal 1 mg/l Compliance well
Nitrogen 50 mg /l Sourge term well 4000 years
concentration g
Potassium 1 mgl/l Compliance well
concentration 100 mg/l Source term well 2000 years
Arsenic
concentration 25 ugll Source term well 10000 years
Nickel . 25 ugll Source term well 3000 years
concentration
Benzene
concentration 1 pg/l (MRV) Source term well 25 years
Naphthalene
concentration 1 ugli Source term well 50 years
Xylene
concentration 3 pg/l (MRV) Source term well 5 years

Within 70 years, benzene, xylene and naphthalene have all disappeared from the
source term. These List | substances are hence viewed as posing relatively short
term risks to the environment. It has been demonstrated that at the concentrations in
which they have been entered into the model, benzene, naphthalene and xylene do
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not reach the Gravel groundwater at discernable concentrations. Hence at their
highest likely concentrations, benzene, naphthalene and xylene do not pose
significant harm to the environment assuming that the landfill functions as designed.
Nevertheless, we would recommend that concentrations equal to the relevant MRVs
(where available) measured in the leachate are as used as completion criteria for
these List | contaminants.

Figure 18F shows the breakthrough of ammoniacal nitrogen at the base of the
vertical pathway. It shows that after 4000 years, ammoniacal nitrogen is still predicted
to be discharging to groundwater at concentrations in excess of 100 mg/l (95%ile).
Consequently, ammoniacal nitrogen poses a medium term risk to groundwater. In
practice the 50%ile predicts the concentrations most likely to be realised and after
4000 years this is approximately 30 mg/l which is not considered to represent an
unacceptable risk. At 4000 years the source term ammoniacal nitrogen concentration
is predicted to be zero or close to zero (Figure 20B) and the compliance well -
ammoniacal nitrogen concentration is predicted to be less than 1 mg/l (Figure 19A).

The ammoniacal nitrogen compliance criteria can be set at either the source term (50
mg/l is suggested) or the compliance well (1 mg/l is suggested) see Table 11.1.

Figure 18G shows the breakthrough of arsenic at the base of the vertical pathway. It
is not certain from Figure 18G whether or not the peak of the arsenic breakthrough
has occurred within the maximum runtime of the model (20,000 vyears).
Consequently, arsenic poses a relatively long term risk to groundwater. However, it is
noteworthy that the predicted maximum breakthrough concentrations of arsenic are
low. The 95%ile after 20,000 years is 0.05 mg/l which is equal to the freshwater EQS
of 0.05 mg/l. The more likely 50" %ile predicts breakthrough at less than 0.01 mg/I
after 20,000 years which is less than the saltwater EQS for arsenic of 0.025 mg/I.

Arsenic breakthrough is predicted to be negligible at the nearest compliance well to
the site (GW03/25). At this location the 95'%ile prediction is less than 1.6x10™ mg/!
after 20,000 years (see Figure 19B) and consequently arsenic not considered to
represent an unacceptable risk to the environment at any time.

Due to the fact that arsenic concentrations in the compliance well steadily increase
with time up to the 20,000 year modelling limit, it is not practical to set completion
criteria for arsenic in the Gravel groundwater. However, the decline of arsenic from
the source term can be monitored and based on the model output (Figure 20C),
arsenic should reach about 25 ug/l after 10,000 years. This figure is suggested as a
compliance criterion for arsenic (see Table 11.1).

Figure 18J shows the breakthrough of potassium at the base of the vertical pathway.
It shows that after 2000 years, potassium discharges to the Gravel groundwater are
predicted to be lower than 150 mg/l (95%ile). Based on the fact that the Gravel
groundwater is brackish due to saline intrusion from the Ebbw, an input of 150 mg/| of
potassium into the groundwater would not be considered to pose unacceptable risk.
At 2000 years the source term potassium concentration is predicted to be less than
50 mg/l (Figure 20l) and the compliance well potassium concentration is predicted to
be less than 1 mg/l (Figure 19D).
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11.3

The potassium compliance criteria can be set at either the source term (100 mg/l is
suggested) or the compliance well (1 mg/l is suggested) see Table 11.1. It should be
noted that background potassium concentrations in the Gravel groundwater are likely
to be greater than 1 mg/l and consequently it is likely that the completion criterion for
this contaminant will be more easily monitored in the source term.

Figure 18H shows the breakthrough of nickel at the base of the vertical pathway. It
shows that the peak of the nickel breakthrough does not occur until at least 16000
years. Consequently, nickel poses a relatively long term risk to groundwater.
However, it is noteworthy that the predicted maximum breakthrough concentrations
of nickel are low. Whilst the 95%ile exceeds the saltwater EQS of 0.03 mg/l the more
likely 50%ile predicts breakthrough at or just below this EAL. Breakthrough is
predicted to be negligible (up to 3x10™ mg/l) at the nearest compliance well to the
site (see Figure 19C) and consequently nickel not considered to represent an
unacceptable risk to the environment at any time.

Due to the trace concentrations predicted, and the fact that nickel concentrations in
the compliance well steadily increase with time up to at least 16,000 years, it is not
practical to set a compliance limit for nickel in the Gravel groundwater. However, the
decline of nickel from the source term can be monitored and based on the model
output (Figure 20G), nickel should reach about 0.025 mg/l after 3000 years. This
figure is suggested as a compliance criterion for nickel (see Table 11.1).

Ongoing Review of the Risk Assessment

It is stipulated in the guidance (EA, 2003a), that hydrogeological risk assessments
should be reviewed every four years after the submission of the PCC application.
Environmental monitoring and ongoing risk assessment requirements will be laid out
in the PPC landfill permit.

The review of the risk assessment should take into account changes in the baseline
conditions or model input parameters which will potentially alter the conceptual model
and alter the degree of risk presented by the landfill. Table 11.2 includes some
parameters which should be reviewed and fed into the conceptual model.
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Table 11.2 Risk Assessment Review Criteria
Measurable e g .
Variable Comments on Significance of Variation

Rainfall

Annual rainfall should be compared to the range input in the model
to ensure that water balance calculations remain realistic.

Average Leachate
Head

Average leachate levels in the landfill should be monitored to
ensure that leachate head does not exceed 2.75m above its base in
order to minimise the risk of surface breakout.

Leachate Chemistry

Monitor landfill leachate quality to ensure that it does not contain
priority contaminants at concentrations in excess of those used in
the model input. The true declining source term concentrations can
be compared to predicted concentrations.

Groundwater levels

Based on current and historical monitoring data the landfill is not
sub-water table at any locations. Groundwater levels should be
monitored in the future to ensure that this situation remains
constant.

Groundwater quality

Groundwater quality should be monitored throughout the life of the
landfill. Groundwater quality upgradient of the site which is out of
the influence of Area 2 (but within the influence of Area 1) is of key
importance.

Observations of
surface breakout

Observations of surface breakout should be recorded and details of
the corresponding leachate head in the tip. This will clarify the true
leachate head which gives rise to.surface breakout.
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12 Conclusions

The results of this risk assessment can be viewed in terms of the Groundwater
Regulations (1998). These regulations prohibit the discharge of List | substances to
groundwater and stipulate that the introduction of List Il substances should be limited
so as to avoid pollution.

The output graphs from the LandSim modelling, (Figures 18A to 18F), predict that the
proposed extension to Docksway Disposal Site (Area 2) will be compliant with the
Groundwater Regulations using the design proposed.

The potential impacts of the List | substances aliphatic hydrocarbons, benzene,
mercury, naphthalene and xylene have been assessed at the base of the vertical
pathway (i.e. at the point of entry into the Gravel groundwater system). These
contaminants are not predicted to reach the Gravel groundwater at concentrations in
excess of the relevant MRVs or other discernable concentrations (see Table 9.3) for
these contaminants based on the 95%ile LandSim output.

The potential impacts of the List Il substances ammoniacal nitrogen, arsenic nickel
and phenol and the conservative species potassium have been assessed at a base
of the vertical pathway and also at a compliance well situated at the southern edge of
Area 2. Phenol is not predicted to reach the base of the vertical pathway during the
20,000 year maximum model run time. The breakthrough concentrations of
ammoniacal nitrogen, arsenic, nickel and potassium have been shown to be
negligible at a compliance well located on the southern boundary of the landfill.

LandSim modelling has demonstrated that none of the priority contaminants are
predicted to reach the compliance well at significant concentrations. It should be
stressed that the modelling undertaken is considered to be highly conservative for the
following reasons:

e The source term input used in the model represents the anticipated worst
case scenario based on the composition of several leachate sources which
have been influenced by commercial and industrial wastes;

e It has been assumed that the leachate head in the tip will be kept at an
average of 2m above the EBS throughout the operational and management
phases. This is a conservative assumption since during the operational phase
leachate is not likely to be generated to this degree;

e The permeability of the EBS has been set at the probable maximum value it
will achieve. In reality much lower permeability values could prevail;

e A high (worst-case) permeability has been used for the alluvium. In reality
much lower average permeability value than that used in the model could
prevail;

e A very low minimum thickness for the alluvial clay has been used in the
model;
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e The impacts of contaminants on the Gravel groundwater has been studied
without taking into account background concentrations of the contaminants
already present. Breakthrough curves for contaminants such as arsenic,
nickel, potassium and ammoniacal nitrogen would be more subdued than that
predicted by the model if background concentrations were considered.

o Conservative retardation factors have been used in the EBS and alluvium;

e The organic carbon content of the alluvial clay has been set at a conservative
range; and

o All contaminants have been assigned a Kd value of zero in the Gravel
‘aquifer’ and hence no potential retardation by sorption has been allowed for
in the Gravel aquifer.

List | substances have been identified in the Gravel groundwater within Area 2 (in
particular at GW03/14), and leachate leakage from the base of the current Area 1
landfill could be a potential source for these substances. The contaminants identified
in the groundwater at GW03/14 could alternatively be present as a result of;
(1) migration along a current or historical localised preferential pathway associated
with the now redundant Maes Glas Pill culvert; or (2) groundwater flowing from the
west beneath the Ebbw carrying contaminants which have originated at the landfill to
the west of the site. Possible origins for the contaminants which have been identified
in the Gravel groundwater are discussed in more detail in the hydrogeological risk
assessment for Area 1 which has been reported to the EA as part of a separate IPPC
application for that Area (PBA, 2004c).

Two failure scenarios have been modelled to demonstrate the performance of the
landfill if either the cap or the basal EBS should catastrophically fail (see Section 14).

Completion criteria have been set for the landfill based on the outcome of the
predictive modelling (see Section 11).
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13

13.1

Sensitivity Analysis

Introduction

42,52 A sensitivity analysis has been undertaken in order to establish parameters which

13.2

apply the most significant control to the outcome of the model. The amount of
leakage from the base of the tip is controlled by:

a) the infiltration rate;
b) the permeability of the EBS; and
c) the fixed leachate head level during the managed phase.

The amount of leakage leaving the base of the landfill will directly influence the
leachate head predicted by the model during the unmanaged phase.

The times of the peak breakthrough of modelled contaminants and the maximum
concentrations recorded are controlled partly by the amount of leakage leaving the tip
(and hence on the factors listed above), and also on the following parameters:

d) the concentration at the source term

e) retardation factors for individual contaminants

f) the organic carbon content of the EBS and alluvial clay (organic
species only)

g) the thickness of the in-situ alluvial clay

h) the permeability of the alluvial clay; and

i) the porosity of the vertical pathway.

Sensitivity runs have been carried out for each of these parameters or justifications
have been given for why such an analysis has not been undertaken. For most
sensitivity runs, the model was run with 201 iterations and two priority contaminants
only (potassium and ammoniacal nitrogen) in order to speed up the run time of the
model. This was also done because ammoniacal nitrogen and potassium have
marked breakthrough curves in the model submitted whilst other contaminants have
negligible or no breakthrough (and hence changes to these outputs would be less
readily observable following modifications to the model).

Infiltration Rate

The initial infiltration rate input into the model is a mean of 678.2mm with a standard
deviation of 86.4. This is considered to be a reliable value since it is based on 18
years of rainfall data and a detailed water balance. The infiltration rate (based on the
climate) only affects the output of the model for the first 20 years of the simulation.
This is because following cessation of tipping the landfill cap is paced, and infiltration
to the tip is then governed by the cap design infiltration rate regardless of the amount
of rainfall. Consequently it is the cap design infiltration that has been varied to
observe its influence on leachate head and leakage.
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13.3

The cap design infiltration (cdi) rate has been input into the model as a range
between 23mm/yr and 46mm/yr. These figures have been derived based on seepage
velocity calculations through a 1m thick cap with a permeability value ranging
between 5x10"° and 1x10®° ms™ respectively. It is anticipated that the average
permeability of the cap will be 7.5x10"° ms™ (equivalent to a cdi of 34.5 mm/yr).

Because the clay cap will be engineered with construction quality assurance (CQA) it
is considered unlikely that the anticipated average cdi of 34.5 mm/yr will be
exceeded. However, a sensitivity run has been undertaken setting the cdi at 46mm/yr
to assess the significance.

The results of this analysis are shown in Section 2 of Appendix 10. With the cdi set at
46mm/yr, leakage and head on the EBS increases fractionally over the submitted
model. Crucially, some surface breakout is predicted by the 50™ percentile (4000
litres per day) when the cap design infiltration is fixed at this higher limit.
Consequently, cdi is considered to be a fairly sensitive parameter and the CQA
applied to the cap construction will need to be rigorous.

Comparison of the 23mm/yr cap design infiltration run versus the 46mm/yr cap
infiltration design run shows that EBS leakage approximately doubles in the latter (as
would be expected). A run with the cap design infiltration set at 92mm/yr was
undertaken to demonstrate that predicted leakage from the EBS does not increase
significantly compared with the 23mm/yr run, but surface breakout more than doubles
from approximately 11000 litres per day to approximately 28,000 litres per day
(90%ile values).

Hydraulic Conductivity of the EBS

The permeability values for both clay barriers must be set as the same distribution in
LandSim. In the model we have set this distribution as triangular (1x107, 5x10™°,
1x10° ms™). As with the clay cap it is considered that this permeability range is likely
to be achieved based on the fact that a CQA programme will be in place.

In any case model runs have been undertaken with the EBS permeability set at
1x10° ms™ and 1x10® ms™ in order to assess the significance of this parameter.

If the EBS conductivity is increased to 1x10®° ms™, little difference is made to the
output of the model compared to that submitted with the application. Head on the
EBS reduces slightly and no surface breakout is predicted. Leakage remains
approximately the same as in the submitted model and the breakthrough curves for
ammonium and potassium are similar.

If the EBS conductivity is increased to 1x10® ms™, marked differences are apparent
in the model output. Firstly no significant head of leachate is sustained on the EBS
and hence no surface breakout occurs. Secondly, ammoniacal nitrogen and
potassium breakthrough at far greater concentrations than those observed at lower
hydraulic conductivity values and they breakthrough more quickly.
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The hydraulic conductivity values of the clay barriers are a particularly sensitive input
in the model. If the EBS permeability increases, the breakthrough of contaminants is
more rapid and at higher concentrations. In order to be conservative the hydraulic
conductivity for the EBS was revised to 1x10° ms™ (as compared with the range
specified above (see also Table 9.1).

The graphical and numerical output for this work is presented in Section 3 of
Appendix 10. The graphical output from the revised model is provided in Section 4 of
Appendix 10.

13.4 Fixed Leachate Head During the Managed Phase

52,17,42The leachate head will be restricted to 2m above the EBS during the managed phase

13.5

via pumping to a leachate treatment plant. Figure 18D shows a LandSim plot
indicating the predicted leachate volumes which will need to be pumped to the
treatment plant in order to maintain the 2m head.

In order to assess the sensitivity of the fixed leachate head parameter to the model
output, the model has also been run with 0.5m and 2.75m fixed heads for the
duration of the managed phase. Both sensitivity runs demonstrated no differences in
the chemical breakthrough curves of potassium and ammoniacal nitrogen (Section
10 of Appendix 10).

The flow to leachate treatment plant graph produced in each case was similar to the
submitted model although inevitably slightly more or less leachate is predicted to be
removed during the managed phase.

Concentration of the Source Term

A sensitivity analysis has not been undertaken on the source term since the worst
case source term has been entered into the model. For ammoniacal nitrogen,
arsenic, mercury, nickel and potassium, the worst case probability density function
(pdf), composed after reference to Area 1 leachate data, WMP 26B and the LandSim
manual has been entered as the source term. For the List | organic contaminants
aliphatic hydrocarbons, benzene, naphthalene and xylene, and the List Il substance
phenol, the worst case source term pdf has been arrived at by comparison of Area 1
leachate data with leachate data from four UK containment landfills which have
accepted industrial and commercial wastes. In the case of all ten priority
contaminants, the worst case pdf was used (see Section 6.3) and consequently the
model predictions are unlikely to be realised in actuality.
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13.6 Retardation Factors

52

A sensitivity analysis has been undertaken to determine how critical selected
retardation factors of certain priority contaminants are. Graphical and spreadsheet
output for this work is presented in Section 4 of Appendix 10.

Ammoniacal Nitrogen

Ammoniacal nitrogen has been assigned a decay half life of 10° years in the EBS
and alluvial clay and 1 to 6 years in the gravels based on information published in
NGWCLC, 2003. This is a well-researched EA publication and because there is little
uncertainty associated with these values, it is not considered necessary undertake a
sensitivity analysis.

Ammoniacal nitrogen has been assigned a Kd value of 0.1, 0.5, 5 l/kg (triangular) in
the EBS based on information published in NGWCLC, 2003. This is a well-
researched EA publication and because there is little uncertainty associated with this
pdf, it is not considered necessary to undertake a sensitivity analysis.

Ammoniacal nitrogen has been assigned the LandSim default Kd value of 0.5 to
2.0 I/kg as a uniform distribution in the alluvial clay unsaturated zone and the alluvial
clay vertical pathway. In order to assess the sensitivity of this parameter, the model
was ran assigning the minimum LandSim value of 0.5 I/kg. Breakthrough behaviour
was compared with that in the submitted model.

The run shows that with a Kd value of 0.5 I’kg in the alluvium, an almost identical
ammoniacal nitrogen breakthrough curve to that from the submitted model is
predicted. That is to say that the ammoniacal nitrogen Kd value in the alluvium is not
a particularly sensitive parameter within the model.

The model was also run with the ammoniacal nitrogen Kd value set at zero in the
EBS, unsaturated zone and vertical pathway, i.e. representing no possible
retardation. Ammoniacal nitrogen is predicted to peak at a maximum concentration of
1250 mg/l at the base of the vertical pathway after less than 1000 years (95%ile)
under these conditions (Section 11, Appendix 10).

Arsenic

Arsenic has been assigned a decay half life of 10° years in all horizons since it does
not decay and this value does not require a sensitivity analysis. Arsenic has been
assigned the LandSim default Kd value of 25 to 250 I/kg as a uniform distribution in
the EBS, the alluvial clay unsaturated zone and the alluvial clay vertical pathway. In
order to assess the sensitivity of this parameter, the model was ran with arsenic only
in the source term assigning the minimum LandSim value of 25 I/kg. Breakthrough
behaviour was compared with output from the submitted model in Section 4 of the
sensitivity analysis appendix (Appendix 10).
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This work demonstrates that the breakthrough behaviour of arsenic is altered by the
Kd value used. In the submitted model, arsenic reaches almost 0.007 mg/l after
some 18,000 years. With the Kd value reduced to 25 I/kg, arsenic reaches 0.05 mg/
in 10,000 years.

It is noteworthy that at the compliance well (where the impacts of List |l substances
are assessed), arsenic does not reach significant concentrations with the reduced Kd
value. A maximum value of 2x10™ mg/l or 0.2 ug/l is predicted after 13,000 years
(see Section 5 of Appendix 10).

The model was also run with the arsenic Kd value set at zero in the EBS,
unsaturated zone and vertical pathway, i.e. representing no possible arsenic
retardation. It is predicted to peak at a maximum concentration of 0.3 mg/l at the
base of the vertical pathway after less than 1000 years (95%ile) under these
conditions (Section 11, Appendix 10).

Mercury

Mercury has been assigned a decay half life of 10° years in all horizons since it does
not decay and this value does not require a sensitivity analysis. Mercury has been
assigned the LandSim default Kd value of 450 to 3585 I/kg as a uniform distribution
in the EBS, the alluvial clay unsaturated zone and the alluvial clay vertical pathway.
In order to assess the sensitivity of this parameter, the model was ran with mercury
only in the source term assigning the minimum LandSim value of 450 l/kg.
Breakthrough behaviour was compared with output from the submitted model
(Appendix 10).

This work demonstrates that the breakthrough behaviour of mercury is altered by the
Kd value used. In the submitted model, mercury does not reach the base of the
vertical pathway at a recordable concentration after some 20,000 years. With the Kd
value reduced to 450 I/kg, it reaches the base of the vertical pathway at 10" mgl/l
after 20,000 years. This is still significantly below the MRV for mercury (10”° mg/l).

In order to be conservative, the minimum LandSim mercury Kd value of 450 I/kg has
been used in the revised model submitted.

The model was also run with the mercury Kd value set at zero in the EBS,
unsaturated zone and vertical pathway, i.e. representing no possible mercury
retardation. In this case, mercury is predicted to enter the Gravel groundwater at
concentrations exceeding the MRV for mercury. It is predicted to peak at a maximum
concentration of 7x10* mg/l after less than 1000 years (95%ile) under these
conditions (Section 11, Appendix 10).

Nickel

Nickel has been assigned a decay half life of 10° years in all horizons since it does
not decay and this value does not require a sensitivity analysis. Nickel has been
assigned the LandSim default Kd value of 20 to 800 I/kg as a uniform distribution in
the EBS, the alluvial clay unsaturated zone and the alluvial clay vertical pathway. In
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order to assess the sensitivity of this parameter, the model was ran with nickel only in
the source term assigning the minimum LandSim value of 20 I/kg. Breakthrough
behaviour was compared with output from the submitted model (Appendix 10).

This work demonstrates that the breakthrough behaviour of nickel is significantly
altered by the Kd value used. In the submitted model, nickel only reaches 3x10® mg/!
after some 16,000 years. With the Kd value reduced to 20 I/kg, nickel reaches 3x10%
mg/l in approximately 7,500 years.

It is noteworthy that at the compliance well (where the impacts of List Il substances
are assessed), nickel does not reach significant concentrations if the reduced Kd
value is used. A maximum value of 7x10° mg/l or 0.07 ug/l is predicted after
approximately 8,000 years (see Section 5 of Appendix 10).

In order to be conservative, and in order that nickel can be used to assess the
behaviour of the more mobile List Il metals, the Kd value of nickel has been reduced
from the value presented in the LandSim manual. A range of 20 to 100 I/kg has been
used in place of the default range of 20 to 800 I/kg.

The model was also run with the nickel Kd value set at zero in the EBS, unsaturated
zone and vertical pathway, i.e. representing no possible nickel retardation. Nickel is
predicted to peak at a maximum concentration of 0.3 mg/l at the base of the vertical
pathway after less than 1000 years (95%ile) under these conditions (Section 11,
Appendix 10).

Potassium

Potassium has been assigned a Kd value of 0 and a decay half life of 10° years to
represent truly conservative behaviour. This is in agreement with the approach for
modelling potassium in the LandSim manual and does not require a sensitivity

analysis.

Aliphatic Hydrocarbons

The straight chain aliphatic hydrocarbons used to represent mineral oil and EPH in
the source term have been assigned a decay half life of 10 years after MftE, 1999.
No measurable breakthrough of aliphatic hydrocarbons is predicted at the base of
vertical pathway by the LandSim model using this half life. Two sensitivity runs were
undertaken increasing the aliphatics half life to 100 years and 1000 years to observe
the differing breakthrough behaviour at the base of the vertical pathway. These runs
demonstrated no difference in predicted output and consequently the half life of
aliphatic hydrocarbons is not considered to be a sensitive input parameter.

The aliphatic hydrocarbons in the source term have been assigned a Koc value of
6x10% ml/g (TPHCWG, 1999). A sensitivity run was undertaken reducing the Koc by 3
orders of magnitude to 10° mil/g and no difference in output was predicted by the
model. Consequently the Koc value of the aliphatic hydrocarbons is not considered to
be a particularly sensitive parameter in the LandSim model.
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Benzene

A sensitivity analysis has been undertaken on benzene in order to assess the likely
affects on the general breakthrough behaviour of the three aromatic List | substances
modelled (benzene, xylene, naphthalene) when altering the retardation factors.
Benzene has been chosen because it is potentially the most mobile organic List |
substance present in the model. Consequently, if the alteration of the decay half life
and Koc value of benzene show little or no change to the breakthrough behaviour of
benzene, then little or no change would be expected to the behaviour of the less
mobile aromatic contaminants modelled (naphthalene and xylene) if their retardation
parameters were changed. ”

Benzene has been assigned an anaerobic decay half life of between 0.3 and 2 years
after Howard et al., 1991 and no measurable breakthrough of benzene is predicted at
the base of vertical pathway by the LandSim model. Two sensitivity runs were
undertaken doubling the maximum possible benzene half life to 4 years and then
again to 8 years to observe the differing breakthrough behaviour at the base of the
vertical pathway. These runs demonstrated a measurable difference in the
breakthrough behaviour of benzene but bezene remained at insignificant
concentrations. If a 4 year half life is used benzene reaches a maximum
concentration of approximately 1x10™" mg/l. If an 8 year half life is used benzene
reaches a maximum concentration of approximately 1x10™'? mg/ at the base of the
vertical pathway (Section 5 of Appendix 10). Although the half life of the most mobile
organic List | substance does have an impact on breakthrough behaviour, output is
still significantly below the minimum reporting value (10° mg/l) given in the EA
guidance on producing hydrogeological risk assessments.

Benzene has been assigned a Koc value of 97 ml/g (Fetter, 1994). A sensitivity run
was undertaken setting the benzene Koc value at 0 (which assumes the contaminant
has no affinity for organic carbon and is hence the most conservative possible
situation) to observe the resulting breakthrough behaviour at the base of the vertical
pathway. This run shows that a negligible breakthrough of benzene is still observed
when the Koc is set to zero. Consequently the Koc value of benzene is not
considered to be a particularly sensitive parameter in the LandSim model.

Phenol

It is widely accepted that phenol has a low Koc and has little affinity for adsorption to
carbon (see for example ATSDR, 1998). The Koc for carbon has been set at the low
value of 27 ml/g (after Fetter, 1994) and a sensitivity analysis is not considered to be
required for this parameter (reducing the value to zero is not likely to alter the output
from the model).

It is widely accepted that phenol is readily degradable in the environment (see for
example ATSDR, 1998) and the expected half life of this substance is measured in
days whether under aerobic or anaerobic conditions. The half life of phenol has been
set at 0.02 to 0.08 years (after Howard et al., 1991). A model run with the half life set
at 1 year (i.e. more than an order of magnitude greater that the maximum expected
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13.8

value) demonstrated a negligible difference in the breakthrough behaviour of phenol
at the base of the vertical pathway (see Section 5 of Appendix 10).

Organic Carbon Content

Conservative values for the organic carbon content (foc) of the landfill barriers and
the alluvial clay have been input into the model. The EBS as a whole can only be
assigned one value for foc. As a conservative approach, the entire EBS has been
assigned the lower imported clay foc value rather than the higher alluvial clay value,
despite the fact that two thirds of the EBS is constructed of stabilised alluvial clay.

The alluvial clay has been assigned a conservative foc as detailed in Section 9.5.
Due to the fact that such conservative foc values have been used in the model it is
not considered necessary to assess the sensitivity of this parameter.

Alluvial Clay Thickness

The inter-relationship between the alluvial clay thickness, the vertical pathway length
and the unsaturated zone thickness has been discussed at length in Sections 2.6 and
9.5.

The alluvial clay beneath the stabilised alluvium his has been modelled as a 0.5m
thick unsaturated zone overlying a vertical pathway which varies between 1.0m and
3.8m thick. The minimum value for the vertical pathway thickness has been set lower
than that anticipated from measurements of the alluvium thickness across the site
and knowledge of the clay importation required to raise the construction platform.
Hence a conservative approach has been taken in modelling the alluvial clay
thickness.

In order to assess the sensitivity of this parameter, the model has been run with the
vertical pathway fixed at the very low thickness of 1.6 m under the entire landfill.

Using a fixed 1.6m vertical pathway thickness, the leakage from the base of the
landfill is approximately the same as when the vertical pathway is assigned a
thickness range of 1.0 to 3.8m. However, the 50%ile prediction of leachate head
drops slightly from above 2.5m to below 2.5m when comparing both models and
predicted surface breakout is marginally less with the reduced vertical pathway.

The breakthrough behaviour of ammoniacal nitrogen and potassium has been shown
to be almost identical whether the vertical pathway is fixed at 1.6m thick or assigned
a thickness range of 1.0 to 3.8m.

It is concluded that the model is not considered to be particularly sensitive to
moderate changes in the thickness of the vertical pathway.
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Hydraulic Conductivity of the Unsaturated Zone

The alluvial clay beneath the stabilised alluvium his has been assigned a hydraulic
conductivity of 1x10”° ms™ (a conservative value based on the fact that the expected
vertical hydraulic conductivity of the alluvium is 5x10™ ms™ according to a review
undertaken of the testing data available. The model was also run with a fixed
alluvium hydraulic conductivity of 1x10® ms™ and 1x107 ms™ in order to assess the
sensitivity of this parameter.

The breakthrough behaviour of both ammoniacal nitrogen and potassium has been
shown to be almost identical comparing models with the hydraulic conductivity of the
alluvium set at 1x10° ms™ and 1x107. Consequently, it is concluded that the model is
not considered to be particularly sensitive to changes in the hydraulic conductivity of
the alluvial clay unsaturated pathway. This is to be expected since the unsaturated
zone is relatively thin (0.5m) in the conceptual model.

13.10 Porosity of the Alluvium (Vertical Pathway)

32,49d The alluvial clay beneath the stabilised alluvium his has been assigned a porosity of

13.11

0.41 to 0.69 based on the initial void ratio testing results from the on-site alluvium. In
order to assess the sensitivity of this parameter, the model was also run with a fixed
porosity of 0.7, 0.2 and 0.05 (see Section 9 of Appendix 10).

The breakthrough behaviour of both ammoniacal nitrogen and potassium has been
shown to be almost identical comparing models with the porosity of the vertical
pathway set at 0.2 and 0.7.

Also the ammoniacal nitrogen and potassium breakthrough curves are similar
comparing the 0.05 alluvium porosity run against the 0.7 porosity run. Consequently,
it is concluded that the model output is not particularly sensitive to changes in the
porosity of the vertical pathway.

Outcome of Sensitivity Analysis

The sensitivity analysis has determined five high sensitivity parameters which
significantly alter the model predictions when they are varied (Table 13.1).
Implementation of a strict CQA programme during construction should ensure that
the design cap infiltration and the hydraulic conductivity of the EBS are as (or more
favourable than) the inputs used in the LandSim model.

A conservative value for the Kd of nickel and mercury which are less than the
LandSim default values have been used in the revised model submitted with this
report in recognition of the fact that these are sensitive parameters.
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Whilst the sensitivity analysis has shown that the arsenic Kd value is a sensitive
parameter, it has been demonstrated that arsenic does not reach significant
concentrations at the nearest compliance well to the site (GW03/25).

Table 13.1 Relative Sensitivity of Model Input Parameters

High Sensitivity Parameters Low Sensitivity Parameters
Design cap infiltration Fixed leachate head (managed phase)

Hydraulic conductivity of EBS Ammoniacal nitrogen Kd in alluvium

Arsenic Kd value Vertical pathway porosity

Mercury Kd value Hydraulic conductivity of unsaturated

pathway.
Nickel Kd value Koc of benzene
Half life of benzene Half Life of phenol

Half life of aliphatic hydrocarbons

Koc of aliphatic hydrocarbons

46 Sensitivity runs with Kd values for nickel, mercury, arsenic and ammoniacal nitrogen
set at zero have been provided to demonstrate breakthrough behaviour of these
inorganic contaminants in the complete absence of retardation. In the view of the EA,
this exercise provides information on the possible worst case discharges from the
landfill where site-specific Kd values are not available.
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14.1

Accidents and Failure Scenarios

Accidents and their Impacts

A qualitative assessment of the likely impacts of site accidents on the landfill is
discussed in PBA, 2005b. This document includes likely impacts of accident
scenarios on the leachate management system.

Failure Scenarios

The site basal lining system and cap do not include any form of geosynthetic
membrane. Consequently the failure of such membranes has not been considered as
part of this work.

The likelihood for potential base failure as a result of uplift of the soft alluvial clays
beneath the landfill has been discussed in the stability assessment report for Area 2
(PBA, 2004a) and it is not proposed that this is discussed any further as part of the
hydrogeological risk assessment.

During the operational and managed phases, leachate control occurs. The potential
failure of the leachate management system and its consequences are discussed in
PBA, 2005b.

As a result of the sensitivity analysis (see Section 13), the design cap infiltration and
the EBS hydraulic conductivity have been assessed to be two high sensitivity input
parameters. A failure within the cap would lead to greater leachate generation and
either an increase in leakage from the site or surface breakout of leachate or both.

A catastrophic failure in the EBS would cause a decrease in leachate head within the
tip and a reduction in the likelihood of surface breakout of leachate. However, it
would significantly increase leakage from the landfill and significantly alter the
breakthrough behaviour of all source term components.

The two failure scenarios described above have been modelled using LandSim and
the results are presented in Sections 12 and 13 of Appendix 10.

Cap Failure

A seepage calculation was undertaken which demonstrated that if the cap
permeability reduced catastrophically to 10* ms™, the cap design infiltration (cdi)
could be as high as 4575874 mm/yr. If this was the case, the infiltration would be_
limited to the pre-restoration infiltration for the site (678 mm/yr) (see Table 5.1). This
value for the cap design infiltration was put into the model and it was rerun to
demonstrate the outcome of a catastrophic cap failure.
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This exercise demonstrated that as soon as leachate management ceases (70 years
after the commencement of tipping), the leachate head in the tip rises to the
maximum possible level (2.75m) and stays at this level.

Surface breakout of leachate is predicted to be continuous following cessation of
leachate management at approximately 2.7x10° I/day or 270 m*day. The LandSim
output shows that the same quantity (approximately 2.7x10° I/day) of leachate would
have to be pumped to the leachate treatment plant during the managed phase in
order to maintain the fixed leachate head of 2m above the EBS.

The breakthrough curves for all the List | substances (aliphatics, benzene, mercury,
naphthalene, xylene) and phenol show no breakthrough at the base of the vertical
pathway (as is the case in the submitted model accompanying this report).

The breakthrough curves of ammoniacal nitrogen, nickel, potassium and arsenic are
significantly different comparing the cap failure run with the submitted model.
Ammoniacal nitrogen, potassium, nickel and arsenic breakthrough in a much reduced
timescale in the cap failure run, and at reduced concentrations.

Instinctively, the reduced contaminant concentrations beneath the landfill could be
presumed to be caused by the model allowing for some contaminant release via the
surface breakout of leachate. Alternatively, a more rapid contaminant reduction in the
source term could result from the increased leachate removal during the managed
phase (required to maintain the fixed leachate head of 2m). Study of the source term
decline output graphs from LandSim (included in Section 12 of Appendix 10)
identifies which of these mechanisms is important.

The source term decline output graphs show that at the end of the operational phase
(20 years) the source term components are predicted to rapidly decline to zero. The
rapid source term decline is hence not predicted to be as a result of surface breakout
since surface breakout is only allowed to occur after 70 years. The concentrations of
contaminants predicted at the base of the vertical pathway are lower in the cap failure
scenario because the source term decline is predicted to accelerate due to increased
leachate removal during the managed phase.

Basal EBS Failure

It is considered highly unlikely that the basal EBS of the landfill will catastrophically
fail. Calculations have been undertaken to demonstrate that there is no significant
risk present from uplift of the EBS caused by sub-artesian groundwater pressures
(PBA, 2004a). However, in order to demonstrate catastrophic failure of the basal EBS
for example as a result of a Newport earthquake, the LandSim model has been run
with the hydraulic conductivity of the EBS set at 10 ms™.

The output from this modelling is presented in Section 13 of Appendix 10. The
leachate head is shown to be maintained at 2m above the EBS until the end of the
managed phase when it drops to zero. The post-managed head of Om indicates that
with the hydraulic conductivity of the base set so high (10* ms™), the landfill cannot
maintain any leachate and any leachate generated is lost via leakage.
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The operational and managed phase leachate head output is unrealistic in that the
model forces the head to remain at 2m (as specified by the user) even though the
hydraulics make this head unsustainable. The leakage output graphs show that
significant leakage is generated prior to 20 years when the cap is constructed. After
the placement of the cap, leakage reduces to the approximate volumes indicated by
the submitted model. This is expected since the same infiltration rate into the landfill
is used by both models (i.e. the submitted model and the basal EBS failure model).

The surface breakout plot shows that no surface breakout is predicted when the
landfill EBS hydraulic conductivity is so high (10* ms™).

The ‘flow leachate treatment plant’ plot shows that no artificial leachate removal is
required since the leachate losses via the base are so substantial early on in the
operational phase. The fact that all the leachate generated passes vertically
downwards into the geosphere has a marked impact on the breakthrough behaviour
of many source term components.

The breakthrough curves for all the List | substances (aliphatics, benzene, mercury,
naphthalene, xylene) and phenol show no breakthrough at the base of the vertical
pathway (as is the case in the submitted model accompanying this report).

The breakthrough curves for ammoniacal nitrogen, arsenic, nickel, and potassium
indicate more rapid and more concentrated breakthrough than is predicted in the
submitted model. This is to be expected since in this example no source term
reduction takes place via leachate pumping to a treatment plant.
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15 Glossary of Terms

cdi

Compliance point

Control Level

CRA

EAL

EBS

Effective rainfall
foc

kappa

Made Ground

MRV

cap design infiltration

Location at which the input of List | or List Il substances to the receptor
are assessed.

Set lower than the Trigger Level, the control level marks a value above
which monitoring frequency may be increased in order to assess
detrimental trends. Control levels are not applicable to List | substances.

Central raised area’. The highest part of Area 1, filled largely between
the late 1980s and 2004. Waste is of the order of 30m deep in this area.

Environmental assessment level, e.g. freshwater and saltwater EQSs.

Acronym used for the engineered barrier system or engineered liner of a
landfill in the LandSim documentation. In this case the EBS comprises
1.2m of imported engineered clay (the upper barrier), and 2m of cement-
stabilised alluvium separated by a 300mm thick load transfer blanket.

Total precipitation minus evapotranspiration = infiltration plus runoff.
Organic carbon content fraction.

A constant, unique to each chemical species which is related to the rate
of release of the chemical species from the solid phase (the waste) to
the liquid phase (the leachate) within the landfill. A chemical with a high
value of kappa (e.g. chloride) will decline from the source term more
rapidly than one with a low value of kappa (e.g. arsenic).

Solid:liquid distribution coefficient calculated from laboratory batch
sorption experiments. Ky = C4/Caq Where Cs = concentration of the
contaminant sorbed to the soil and C,q = the concentration of the
contaminant which remains in solution, i.e. in the groundwater. Higher K4
values imply less mobile contaminants.

Organic carbon:liquid distribution coefficient calculated from laboratory
batch sorption experiments. Higher K, values imply less mobile
contaminants. K, values can be converted to K values for any specific
material if the foc of that material is known.

A general term to describe fill material in Area 1. Much of the made
ground contains refuse.

Minimum reporting value for a List | substance given in the EA
guidance on production of hydrogeological risk assessments.
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NCC Newport City Council — the landfill operator.

pdf Probability density function; the range of values entered for any one
parameter in the LandSim model.

Perched groundwater ~ Groundwater within the made ground around the CRA of Area 1.

Priority Contaminants ~ Several species used to model contaminant behaviour in the geosphere.
Each contaminant chosen for the modelling has different chemical
and/or physical properties.

SDR Southern Distributor Road of Newport

Trigger Level A compliance limit for water quality. If the trigger level is exceeded a
contingency action plan will be adopted.
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Eich cyf/Your ref. 11938/SNK/JA/DW/RHT ASIANTAETH YR

Ein cyf/Our ref. ACSC/SE/Ip/Ei7082 AMGYLCHEDD CYMRU
ENVIRONMENT

Dyddiad/Date: 13 January 2004 AGENCY WALES

A o  roigles

Mr James Amos e C | =

Peter Brett Associates o \\c:\ 73%) ,‘i

16 Westcote Road, L SEA g

Reading

RG302DE

Berkshire Cpe e men J_QW
Sl i

Dear Mr Amos,

i
<
!

RE: Docksway Disposal Site - Property at 330975185267. =777

Thank you for your letter which we received on 5™ January 2003 regarding the above. The
Agency’s response is as follows:

Please find attached a report showing all the licensed abstractions found within 2 km of NGR

ST 30975 85267 as required. This report confirms that there is 1 active licensed abstraction
within this radius: license number 20/56/11/0013 under the name of Corus UK Ltd. It is a
surface water abstraction.

For your information Abstraction license listed (20/56/11/22) was revoked in 1999.

Unfortunately we do not have Agency monitoring boreholes in this area and therefore have no
records on groundwater quality as requested by you.

The information provided is based on that currently available to the Agency. The Agency
and its officers, are not able to offer any warranty as to the accuracy or completeness of the
information provided nor can it accept any liability whatsoever for any loss or damage
resulting from the interpretation or use of the information. :

If you require any further information please do not hesitate to contact Lucy Prisk at this office.

Yours sincerely

=S

GARY INIGHT
Team Leader Customer Contact

Asiantaeth yr Amgylchedd Cymru
Plas-yr-Afon, Parc Busnes Lianeirwg, Llaneirwg, Caerdydd, CF3 OEY
Ffon: 029 20770088 Ffacs: 029 20798555

Environment.Agency Wales
Rivers House, St Mellons Business Park, St Mellons, Cardiff, CF3 OEY
Tel: 02920770088 Fax: 029 20798555
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Darren Wilcox -

From: Gerard Edwards

Sent: 01 March 2005 13:31

To: Darren Wilcox; Malcolm Lane
Subject: FW: Docks Way Landfill Area/Phase 2

————— Original Message-----

From: Kerry Paulson [mailto:kerry.paulson@environment-agency.wales.gov.uk]
Sent: 01 March 2005 12:46

To: Gerard Edwards

Subject: Docks Way Landfill Area/Phase 2

Gerard,

Further to the meeting held on 15 February 2005 at The Civic Centre, Newport a
response to the following question has been obtained as
follows:

With respect to List I substances, where a minimum reporting value

(MRV) exists this is defined as the discernible concentration {(Appendix 7,
Hydrogeological RA guidance). How is a discernible concentration of a List I substance
defined for those substances for which no MRV exist?

The limit of detection should be used.
I trust that this response addresses your concerns.
Yours sincerely

Kerry Paulson
Regulatory (Waste) Specialist

hkkhkhkhkhhkhkkhhkkhkhkhhhkhkhkhkhhkhkkhhkhhkhkhhkhhhhhhhkhhhhkhkhhkrhkhkrhrhrhhrrrrhrrhrrxkkx

Mae'r neges hon yn gyfrinachol gan ei bod yn cynnwys gwybodaeth am y sawl rydym yn ei
hanfon ato/ati. Os cawsoch chi'r neges hon drwy gamgymeriad, diléwch hi a pheidiwch
ag anfon copi at neb arall os gwelwch yn dda.

Os yw'r neges hon yn cynnwys gwybodaeth yr ydych wedi gofyn amdani oddi wrthym,
edrychwch ar ein hysbysiad safonol os gwelwch yn dda i gael manylion ynghylch sut y
cewch chi ddefnyddio'r wybodaeth honno. O0s nad yw'r hysbysiad ynghlwm a bod angen
copi arnoch, ffoniwch 08708 506506 a gofyn am ein cyswllt cwsmeriaid.

I gael rhagor o wybodaeth am Asiantaeth yr Amgylchedd Cymru, ffoniwch y rhif uchod neu
edrych ar ein safle ar y we http://www.asiantaeth-amgylchedd.cymru.gov.uk
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This message is confidential as it contains information about the person we are
sending it to. If you have received this message by mistake, please delete it and do
not copy it to anyone else.

If this message contains information that you have requested from us please see our
standard notice for details of how you may use that information. If the notice is not
attached and you require a copy please telephone 08708 506506 and ask for the customer
contact.






29 Jan 04 15:08 Newport City Council

tisa Elliott -

01633232622

PRIVATE WATER WELLS - AREA OF DOCKSWAY DISPOSAL SITE

From: Lisa Elliott

To: Zkriley@pba.co.uk .

Subject: PRIVATE WATER WELLS - AREA OF DOCKSWAY DISPOSAL SITE
Kate,

With reterence to our telephone conversation this morning, | am writing to confirm that at this time we
are not aware of any private water wells within a 2km radius of the Docksway Disposal Site.

Hope this is of help, If you requlre any further information please let me know.

Regards
Lisu |
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ASIANTAETH YR

Ein cyf/Our ref. KP/DP3733BK AMGYLCHEDD CYMRU
ENVIRONMENT
Dyddiad/Date: 14 March 2005 AGENCY WALES

Peter Brett Associates Limited
Caversham Bridge House
Waterman Place

Reading

Berkshire

RG1 8DN.

For the attention of Mr D Wilcox

Dear Sir

THE WASTE MANAGEMENT LICENSING REGULATIONS 1994, ’AS“AMENDED
THE POLLUTION PREVENTION AND CONTROL (ENGLAND AND WALES)
REGULATIONS 2000 (SI 2000 No. 1973)

Public Register enquiry:

Further to your faxed public register enquiry, dated 7 March 2005, please find below details
of operational and closed containment landfills for the acceptance of municipal waste in
Wales:

Tir John Landfill, Swansea (EAWMIL34011)*

Nantycaws Phase 2 Landfill, Camarthen (EAWMIL34144)*
Pwllfawatkin Landfill, Pontardawe (EAWML34149)*

Bryn Pica Landfill (excluding Phase 1), Aberdare (EAWMIL30104)
Nant Y Gwyddon Landfill, Gelli (EAWMIL30157)

Lamby Way Landfill Eastern Extension, Cardiff (EAWMIL30235)*
Bryn Posteg Landfill (EAWMILA47065)*

Garden Lodge Landfill, Ruabon (EAWMIL37014 &37109)

. Pen Y Bont Landfill, Chirk (EAWML37123)*

10. Astbury Landfill, Phase 5 and Cells 1 to 5, Llay (EAWML37116)
11. Standard Landfill, Buckley (EAWMIL37073)

12. Brookhill Landfill, Buckley (EAWML37207)*

13. Llanddulas Landfill Phases 2 & 3, Llanddulas (EAWMIL37027 & 37028)*
14. Penhesgyn Gors Landfill Area 3, Llansadwrm (EAWMIL37083)*

R R

Leachate quality data is available for these sites in the Agency’s Electronic Document
Management (EDM) System, which you are entitled to view by visiting an Area Agency
Office and logging into the system. From our telephone conversation on Friday Wallingford
is the closest Area office to Reading. Should you wish to visit the Wallingford office for this
purpose arrangements can be made.

Asiantaeth yr Amgylchedd Cymru www.environment-agency.gov.uk
Plas Yr Afon, Parc Busnes Llaneirwg, Llaneirwg, Caerdydd, CF3 OEY
Ffon: 02920 245296 Ffacs: 029 20362920

Environment Agency Wales
Rivers House, St Mellons Business Park, St Mellons, Cardiff, CF3 OEY
Tel: 02920 245296 Fax: 029 20362920






Furthermore, leachate quality data may be available in PPC Permit applications submitted for
the sites marked above with an asterix. These Applications, in paper form, are available on
the local public register to the site in question.

The Agency does not guarantee the accuracy or suitability for use of data provided under the
public register provisions.

In the meantime, should you wish to discuss any aspect of this letter please do not hesitate to
contact me on 02920 245296, or by e-mail at kerry.paulson@environment-agency.gov.uk.

Yours faithfully

‘)<’ ‘ @-d%w

KERRY PAULSON
Regulatory (Waste) Specialist

Asiantaeth yr Amgylchedd Cymru www.environment-agency.gov.uk
Plas Yr Afon, Parc Busnes Llaneirwg, Llaneirwg, Caerdydd, CF3 OEY
Ffon: 02920 245296 Ffacs: 029 20362920

Environment Agency Wales
Rivers House, St Mellons Business Park, St Mellons, Cardiff, CF3 OEY
Tel: 02920 245296 Fax: 029 20362920












L0'8 vy 144 S08v81L /280€EE £8'G 0L/¥6SS
psuluugiap jo0N 96°¢- vs'L fetote1 421 £e0lee 8’6 60/¥6SS
pauiLLsiap JON G9'0- 9 096¥81 L2LiEE geol 80/V6SS
pauiIB}ap 0N £0¢ LE°G L96V81) 260€€ XA LO/Y6SS

19~ oAl 8'9 S/8v81 9690¢¢e (A 90/¥6SS
6y’ 69'L- 3809 626v81 6850€E 162 S0/¥6SS

6'G- - L2 850981 8660€E 6 y0/¥6SS

19'9- 1971~ 6¥'v Shlegl 8680¢€E 606 ge0/y68S

166 0 £6'E Ly2s8l 8E0LEE £EB YZ0/¥6SS

9.'9 10°¢ 69V £62S81L 8480¢€¢ 001 Y10/¥6SS
pauiuIaiap JoN ¥6°'L- 96'2 Ly'098v81 Zv.0LEE 9001 v3

82’ L~ 80°¢- 28's G0'2ELSBL VP ZLLLEE 25’9 9v3

96'8- gl’¢g- y0'S 19788681 Sy €860¢EE 8L Sv3d

L9 JAX% £0'9 (4450405 76 9060EE £8'9 LA E]

9¢°L- 9¢g'L- 69 19856981 L2 L 260EE yEL £v3

al'g- 9€'C- br'9 oy $S8v8L §'2880€¢ 0’8 AE]
6£'9- 6€°L- punolig) spep ON 6€°LL8V81 G'29.0¢E€ 19’9 Lv3
pauiwis}ap 0N pauluislap 0N 1E6'S 862018681 9€9'vL20€E eVl €L/E0dD
pauilLIBiep 10N paullialep 0N ¥8G°G 126162681 79€°0660LE 8y’ 0L YeLE0dD
pauluisiap 0N paujusiap 10N 1yes 969'Ch9e8L 696'¢20L€E Lyeol L L/E0dD
pauilIBap JON pauiLLIslap JON L00°S G/1'69¥S81 Zye ¥990¢ee L00'vL 0L/€0dD
paujusiep JON paulusiap JON A LLL'GLES8E Ly'8920€€ gyeil 60/20dD
pauiwisiap joN paujuwiisiap JION 6.8'% GL0'v0LS8)L 960°1£80€¢€ 6.6 80/£0d9
pauiuieiep JON pauluLsiap 10N aye’s £62°68¥581 LEL'VL0LEE gyeol 20/£0d9
paulllIsiap JON PaBUILLIBBP 10N Syey 909'422581 828°0GLLEE 9¥c'L 90/£0dO
pauilIsiep 10N pauilis}ap JON gL0'S y81L'80V581 1£6'860LEE 818'6 S0/€0dD
poaullIsiap JION paululelap JON 18Y' Y 181°1GS68L 6.G°CS0LEE 1816 YH0/£0dD
PauilISiop JON PaUILLIBIEP JION gL'y 2£9'198581 LySy60ee gycL Ye0/20dD
PauiLILIep JION pauluusiap 10N x4 S69'¢18G8L 6£2°€840E€ el <0/£0d9O
pauiuleiep 0N pauiwisiap 0N LE9'S £16°969681 862°9880¢€€ LESYL 10/£0dD
pauiLLISIop JON pauillIalep JION re'e $66'812981 910'8080¢¢ A4 g90/€0M
pauiuslap 0N $£6°0- 996'S 600822581 12€2280€¢€ 99¢ 0} S0/€0T1
pauilsiep J0N pauiLsiap 10N S0E'e LE1L°¥9288L 668'v2L0E€ G00'0L PO/E0T
pauiulisiap JON paujwislap 10N 7189 L1EV82s8L 8vy'L6L0EC vl €0/2011
pauilsiap JON y9L'0- 9EV'Ee £68'862581 G08'9¥L0E€ 9EL’LL 20/€011
pauiwleiep JON pauluslap JON A vy'eles8t £v0'£080EC y62°01 L0/€07T1
pauiulisiap JON pauiwsiap JON (1323 892625581 S92°'1680£€ 999'8¢ 20/€041
pauiulialop JON pauitisiap I0N 6L¥'Ee £8€°2E6581 £68°€080E€ 6Ly'8¢E 10/€0471

262 444 819 2EL'96198) 61E£'6£40€€ 89'8 62/E0MD
poaultuis1ap 0N 69|~ L8 G61°¢298S8L 1eZ’yellee 1601 L2/EOMD
paulis)ap 0N e 698 G6E Lpes8l 9.5719¢lee 69°0L 9Z/COMD
poaullIa1ap 0N 9g°E o'y £8C'SLLy8L £h¥'SE80EE yG'L GT/IEOMD
PauUlLIBIap JION 98c ¢- 98.1°2- Z28°L8.v8L £95°'99.0¢€¢ bivi Y2/ISOMD
pauluisiap JON pauiwIs)ap JON G62 '€ L8y'c6iy8l 126'9920€E G0E°L £C/IE0MD

Ll- LL- 13 9’66698} 8'EV80EE €L CZIEOMD
pauiLIBiep JON 66V’ L- 6550 LeT veLivel £€2'1860¢€E 1 y8'8 LZIEOMD
paulusiap JON pauiulsiap JON Syo- 6°0LLy8L '5260€E 6'8 0Z/20MD
pauiulIsiap JON PaululIsiep 10N LL6'L 20V ¥69y81 8616608 1488 BL/EOMD

59'g- ST GL0 £'6.0881 AT SLL LLEOMD
paujuLIBlap JON 13140 LGE'G SY6'GLYS8L 11°0990¢€€ LSyl gL/eOMD

996'0- vEL'0 ye0's £¥6'80€S58L 910'L220E€ VESLL SLEOMD

GOl L G920 SER'E £86'260581 9.4°8280¢E¢ GEL'B PLEOMD

cle e 2910~ 8€L'S 620°988¥81 S8y'e190ee 88L°L EL/E0MD

G96°9- paujwisiap 10N G9S5'¢C- 161084981 L6¥'86920€€ GELL ACL/SOMD

9eL'g- gee’e- 9€8°0- 969012981 £2°1660€€ $90'6 gL L/E0MD

06°9- $SeL- 966'8 16142928} SOv'vZolee 9656 YOL/EOMD

GL'g- S9'0- Sel 682'866P81 891991 1¢E€ S2 0L 60/COMD

£59'8- £96'C £0v'C- 10502581 69'6YlIiee LyeL gG80/C0MD
paullLIzlep 10N vS8'¢- 9y8's 8C'892581 989'€GL1IEE oyiL Y80/C0MD
poullsiap JON ey LS¥'S Shy'20¥S8L y28°00L1EE £56'6 20/E0MD
paulwiis}ap JON 9L~ 96’y 62£'855G81 L¥9°050L €€ 996 S0/SOMD
paulusiap 10N 6£€°¢e- 19.°S 862 ¥98581 Z89'¢v60Ee 1144 SO/E0MD
paujuIsisp 0N 8€9°L 8E6'S 98¥'008881 Viv'¥.80L€ geL'll YO/IEOMD
pauillialep JION G96'1 S90°L 89£°€09481L Z2¥0'G890€€ qgl'sl £0/E0MO
pauluusiap 10N Yo'y £¥9'9 1$9'769581 ¥00°'S8S0EE Yoyl 20/OMD
ﬁocME‘_mumUvqu ; : PMN.N T —.meAm 980'8894581 889'10S0€E LeLZ) LO/EOMD

aovui aovuw) sAeid felanjiy aovuw) punoig
|aAeI9 J0 aseg JO uoleAa|] 10 aseg 4o uoneAajg apel 4o asegq Jo uoyeasjg HLYON sO 1svaso T3A31 ANNOHO ¥IFWNN HE

1-CV 8[qeL t¢ Xipusddy







Cable Percussion Borehole Log Sheet BH No:  ewo3/29
Site: Newport Start Date: 09/08/2004
Job Number: R0S555 Finish Date:  10/08/2004
Client: Newport City Council Vertical Scale: 1:50

Rig Type: Pilcon 1500 Sheet 1 of 2

Standard Penetration Tests (SPT's) e
Depth | Sampla | Bow Courss Pen. (mmil U100 Blows / ] Depth | Thickness| Legend ’ Description of Strata (mOD.)
(| Rel |18 o | Tostbive [Hevaion [Seatirast] %rocovey | m) | m
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Tio% Progress will Time (DopiRs i m. bakw G .L.) Chiselling Casing Record Groundwater Strikes (depthe in m. balow G.L..
Data___Hole deptiiCasing depthiDapth to watar Remaiks From (m) | Te (m) | Time (hes) | Depth {m)] Dia. (mm) J Swike |Casing [Water ( Seaind Remarks

10/082004 1.00 7.00 . Dry - start of ghift 11.80 12,30 1 17.60 200 10.90 | 10.680 10.80 - Struck
14.50 14.80 1
1820 10.60 1.25

General Remarks: mlig; RD




Cable Percussion Borehole Log Sheet BH No:  GW03/29

Site: . Newport Start Date: 09/08/2004
Job Number: R0555 Finish Date:  10/08/2004
Client; Newport City Council Vertical Scale: 1:50 C
Rig Type: Pilcon 1500 Sheet 2 of 2 C J Associates
Standard Penetration Tests (SPT's) R""L::
Depth SaRmB‘ple Tost Riow Courds Pen. (mm)| 11100 Blows / § Depth | Thicknass | Lagend Deseription of Strata {mOD)
m | oo | TesDa | tevave [seatfrase| %reoovey § ) |
N Firm, gray CLAY. (Drillars o
N description) N
3 ©080) N
N N
y 1080 N
B 4100 | D12 Dense GRAVEL, cobbles and coarse SAND. B~
- (Drlllars description) . N
F~1200 | O P
3 -
B 1200 | DM -~
- -
N 5.10) N
£1400 | OIS B~
e 1500 | o8 B
£.16.00 | D7 §~
" 1660 1 DM -
N 1680 Weathered, red MARL. (Drillers o
[ description) o
] (.00 3
N £ END OF BOREHOLE N
Hola Progress with T;mc-isepms i m. below G.L.} Chiselll; Casing Record Groundwatar Strikes {dapths in m. below G.L.
Date___Hole depthiCasing depthiDepth to water Remarke From {m} | To(m) | Tima (hrs) 3 Depth (m Dia. {mm) § Stike |Casing [Water (20mins) Sealed Remacks
. Diled By: RD
Geaneral Remarks: Logped By:
MY,
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Sampling Strata
Casing| Date/ | SPT N . ~ Depth
Depth Type |Depth | Water | (Cu) | Description (Thickness)| “eve!
n 19/04 A A L. G.L. [14.67
- 2000 MADE GROUND: Soft to firm brown slightly r
- sandy gravelly clay. Gravel is medium to -
© coarse subrounded ta rounded of quartzite. -
I 0.40-0.80 B8 Sand is fine to medium. Material contains -
B ptastic bags. -
- L (1.60)
‘£ 1.00-1.45 c [ .
L 1.00-1.50 8 -
- L
- Eo1.60  |13.07
X MADE GROQUND: Soft to firm dark grey to black n
I 2.00-2.45 o 1.50 8 slightly gravelly sandy clay. Gravel is fine L
- 2.00-2.50 B ta coarse, angular of various lithologies, N
r Material contains plastic bags, wood r
" chippings and ash with depth. L
C. 3.00-3.45 c | 3.00 1 -
. 3.00-3.50 B -
- L (3.40)
— 4.00-4.45 c 3.80 1 -
- 4.00-4.50 8 -
L 5.00-5.45 ¢ | 4.50 22 L 5.00. {9.67 2
5.00-5.50 8 r Xead
: MADE GROUND: Medium dense black clayey fine N SR
. . to coarse sand and fine to coarse angular N iﬁéif‘
- gravel of clinker, sandstone, brick, with I G
. some rubber tubing, timber and ash. r (1.10) §:(‘,> G
. t ol
~ 6.00-6.45 C 6.00f 6.00 70 — 2“(
© 6.00-6.80 B 22 = r 6.10 18.57
MADE GROUND: Very dense dark grey slightly o
- * clayey slightly sandy medium to coarse -
angular gravel of limestone with many cobbies, [
and steel wire. (Brick, wood and metal)**, -
- 7.00-7.45 c 7.00) 6.70{ 65 -
- 7.50] 6.40 "
- 7.50 20/04 L (2.60)
6.00 r
- B.00-8.21 c 7.00 407 .
61 I
8.80-9.00 B - 8.70 5.97
- 9.00-9.45 u | 8.8 firm to stiff grey mottled orange/ brown L
stightly sandy CLAY. Sand is fine., Material r
contains root traces. "
- 9.50 ) C
9.70 D C(1.90
Zquipment: Light cable reussion Groundwater &7
: pe st Na. Struck Behaviour Sealed ‘égg‘r’{}?n';ﬁ‘éil ;gﬁa“%gu mE
3 1 6.00 R 6.00m in 20 mi 8.90 182878.70
Sop e Oia (mm) - Casing Ofa {mm) " 886/6°006.00 in 5/10715 mins '
158 to 9.00m 200 to 9.00m 2 12.00 Rose to 12.00m in 20 mins Drilled by GB
to 25.00m 150 to 25.00m 12.007/12.00/12.00 in 5/10/15 Logged b GN
5 mins Checked gy NW
emarks Chiselled from 6.20m_to 6.80m (90 mins), 7.10m_to 7.50m (80 mins), 7.60m ta 8.00m (60 mins), &.20m to - ’
8.40m (60 mins), 16.30m to 16.90m (100 _mins), 17.50m to 18.Q0m (120 mins), 18.10m to 18.70m (90 mins),
e 20.00m to 20.40m (90 mins), 21.40m to 21.90m_(¢80 mins), 23.70m to 24.10m (80 mins)
me key sheet Water-added to assist boring from 9.00m to 12.00m '
DCia;:: endices Unable to retrieve 13.50m of 150mm casing from borehole.
I explanations. . Form 1/0
Borehole Record Project o Contract 150069
B Newpart Sauthern Distributor Road
- Newport -County Borough Council B hol
. . T
Exploration Associates Orenol®  44(1 ot 3)
N ——
e




i
i

mﬁ m

A, s

Y r—

Sampling .Strata
Casing| Date/ | SPTN . Depth
Depth Type |Depth |Water | {Cu) Description {Thickness) Level
" 20704 | - L
T 10.00-10.45 S 2.00 6 -
- © 10.60  |4.07
- 10.7C D i .
- . very soft to soft brownish grey lacally L
[ 11.00-11.45 U 9.00 slightly sandy CLAY. Sand is fine. L
C 11.50 D -
E .70 0 -
. 12.00-12.45] S 9 {12 3 "
. 12.00 S L
o % o
; 12.70 { With btack amorphaus plant remains. [ (4.10)
[ 13.00-13.451 U | 12.50{12.80 -
: 1 -
- i N
~ 13.50 D -
F 13.70 0 -
. 14.00-14.45 s |13.5 {13.6 1 -
u L
. - 1470 |-0.03
. 15.00-15.45 I 15.00[14.10 8 | soft frey to dark grey stightly sandy r
. .15.00-15.50 8 gravelly CLAY. Gravel is fine to medium, F
N subrounded ta rounded of quartzite. Sand is "
3 Tine. OFilter noted presence of cobbles. o
r F (1.60)
" 16.00-16.45| € |16.00{12.00 { 74 -
r 16.00112.90 o
- 16.00 21704 -
N 12.00 [ 16.30 1837
.. 16.00-16.30 B s L~
- Large cabbles*™ r
: L (0.60). .
L. 17.00-17.45 ¢ }17.00}13.90 | 29 L 16.90 [-2.23 FeC
~ 17.00-17.50f 8 . - e
N Medium dense grey clayey sandy fine to coarse, " (0.6Q) P
N | sub rounded to rounded quartzite GRAVEL with L SRENRS
- i some cobbtes. sand is fine to coarse. . 17.50 |{-2.83 hA
: -
o Dense ta very dense greyish brown stightly L
L 18.00-18.25 C 18.00} 8.60 } 31/ silty stigntly sandy fine to coarse, [
- . 101 subrounded to rounded GRAVEL with some -
L 18.00418.00 cobbles. L 4
- 18.00 25704 r
- 8.6 L~
- 18.70-19.00{ B _ r
" 19.00-19.45] ¢ |19.00|10.10 | 35 -
- 19.00-19.50| 8 . g
= [ ¢5.00)
Equipment: | ight cabl i Groundwater
1ght cabie percgssmn No. Struck Behaviour Sealed Egg,‘ﬂ?ng‘éggl %%6324?9? m
185878.70 mN
Barehale Dia (mm} Casing Dia (mm) - .
200 to 9.00m 200 to 9.00m prilled by GB !
150 to 25.00m 15Q to 25.00m Logged b Y GN
Checked by Ny
Remarks
See key sheet
and appendices
for explanations. Form 1/0
jec
Borehole Record Project . Contract 450069
Newport Secuthern Distributor Road
Newport County gorough Council B ol
N - agrenoie
Exploration Associates 11(2 of 3)
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aﬂ1p¥h1g, “Jllatﬂ

Casing| Date/ | SPT N . . Depth

epth Type Deptr? .Wateﬂ {Cu) Description ; \(Thic}?nass)\ Level \ Legend
i 25704

0.00 ¢ |20.00{10.50 | 30/

0.50-20.80| B

11,00-21.45] C© 121.00 11.60 | 36 -
i1.00-21.304 8 r
| -
27.00-22.45) € |22.00{12.80 25 L
22.00-22.50 8 -
22.50(13.40 L
22.50 26/04 . 22.50 {-7.83
12.60 M
: Firm reddish browWn slightly gravelly sandy o
CLAY. Gravel is fine subangular of mudstone. - ¢0.70)
22.90 ] sand is fine. -
23.00-23.45 u 22.90/13.10 C
r 23.20 -8.53
23.50 D Red silty clay(alluvium)** I 23.40 |-B.T3
23.50-23.95 o 23.50{13.90 | 12 r
33.50-24.00] 8 . - ;
Medium dense reddish brown slightly sitty N " |
fine to coarse SAND and fine to coarse, :
rounded to subrounded quartzite GRAVEL. (1.20)
24.20-26.50| B
24.50-26.95 c 26.50114.60 &3
24.60 |-9.93
very dense reddish brown siightly sandy fine (0.40) ol
25.00 14 .60 to coarse, rounded to subrounded GRAVEL. 25.00 -10.33
(‘mark')."*

....... R R R i

............ End of Boreholé. )

T T T T T TR
1 ! T

l\ll‘lll\’llll

llllf’llnllllltl»“

‘|Il

Groundwater Ground Level 14.67 m 0D oE

No, Struck Behaviour Sealed | coordinates 130845.96
. 185878.70 N

Equipment: { ight cable percussion

Borehole Dia {mm) Casing Dia {mm)
200 to 9.00m 200 to 9.00m prilled by GB
150 to 25.00m 150 to 25.00m . ) . ngg:ddbg GN

Checked by NW s

Remarks

[ PR

See key sheet
and appendices
tor explanations. Form 1/0

Borehol Project : Contract 150069
e Record Newport Southern pistributer Road ’
Newport County ggrough Council

Borehole 1143 of 3y
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Cable Percussion Borehole Log Sheet

Site:

Docksway Waste Disposal Site, Newport Start Date:

BHNo: GWO03/04

12/06/2003

Job Number: P0514 Finish Date:  18/06/2003 :
Client: Peter Brett Associates Vertical Scale: 1:50 o
Rig Type: ~  Dando 2000 Sheet 1 of 3 C J Associates
Standard Penetration Tests (SPT's} Ref:::;d
Depth | Sample| Blow Counts Pen. {mm) | 100 Blaws / | Depth [Thickness| Legend Description of Strata (m.0D)
(m) | Ref type|Seat.| TestDrive |N-valua|Seat | Test| % recovery | (m) (m) 1778
N MADE GROUND (Soft to firm, grey-black, N
X ashy, clay, with brick fragments). A
X (1.10) C
- 100 | Dt 10 - 16.68
- ’ MADE GROUND (Refuse, occasionaily r
[ slightly clayey). =
200 | D2 -
- 300 | D3 -
- 400 | D4 -
- 500 | D5 -
600 | D8 -
(11.10) C
- 700 | D7 ' -
X C
800 | D8 -
900 | Do C
~10.00 { D10 (Continued on next sheet) C.
Hola Progress with Tima (Depths in m. below G.L.} Chiselling Casing Record Groundwater Strikes (dopths in m. below G.L.)
Date | Hola depth| Casing depth | Depth to water Remarh From(m) | To(m) | Time(hrs) § Depth(m)| Dia. (mm) ] Sirke |Casing | Water (0mins) | Sealed Remarks
18/08/2003 13.50 13.50 8.00 Start of shift 1.00 200 1.5 13.50 200 8.00 9.00 2.00 Struck
. 2.00 4,00 3 27.50 150 18.00 | 1@.00 10.10 Slruck
480 5.00 0.50
580 6.00 1
8.40 7._(2_0 1.5
General Remarks: Co-ortinates: 185800.43E - 33087445N | Drifled By PK
Logged By: It




‘

Cable Percussion Borehole Log Sheet  BHNo:  GW03/04

%

Site: Docksway Waste Disposal Site, Newport Start Date: 12/06/2003
Job Number: P0O514 Finish Date:  18/06/2003
Client: Peter Brett Associates Vertical Scale: 1:50 o
Rig Type: Dando 2000 Sheet 2 of 3 C J Associates
Standard Penetration Tests (SPT's) RalfjeL\:lc,aald
Depth | Sample Test Blow Counts Pen. (mm) | 100 Blows / | Depth |Thickness| Legend Description of Strata (m.0.D.)
(m) | Ref type|Seat| TestDrive [Nevaiua |Seat |Test| % recavery (m) (m)
- 1040 | D20 MADE GROUND (Refuse, occasionally C
i slightly clayey). o
- 1100 | D11 -
- 1200 | D12 +
. 12.20 r 5.58
3 i Firm to stiff, grey SILT. C
" 1250 | D13 -
i (0.80) r
i 13.00 F 47
n ) Soft to firm, grey SILT. C
" 13.80 | D14 -
" (2.00) -
- 1480 | D15 -
L r 278
P 15.00 "
- Soft, grey, CLAY, with some fine o
I medium and coarse subrounded gravel. N
- {1.10) -
[ 16.00.| D18 L 168
L 16.10
- Grey-brown-black, fine madium and r
X coarse subangular GRAVEL. -
[ (1.40) —
1710} D17 -
17.50 [ 028
Grey, clayey, fine medium and coarse o
. subangular GRAVEL. -
1800 { D18 (1.00) :,
- 0,72
18.50 .
Grey, fine medium and coarse, r
. subanguiar to subrounded GRAVEL and -
118.00 | D18 COBBLES. -
: G,
- (Continued on next shest) »
: Hola Prograss with Time (Daptha in m, below G.L.) Chissliing Casing Recond Groundwater Strikes {depths in m. befow G.L.)
Data Hole depth{ Casing depth | Dapth to watsr rh From(m) | To(m) | Time {trs) ] Depth (m}| Dia. (mm) Strike | Casing | Water (20mins) ! Sealed Remarks

General Remarks:

Co-ordinates: 185800.43E - 330874.45N Driled By:  PK
LoggedBy; H




Cable Percussion Borehole Log Sheet ~ BH No: ~ GW03/04

Site: Docksway Waste Disposai Site, Newport Start Date: - 12/06/2003
Job Number: P0514 . Finish Date:  18/06/2003 "
Client: Peter Brett Associates Vertical Scale: 1:50 T
Rig Type: Dando 2000 Sheet 3 of 3 C J Associates
Standard Penetration Tests (SPT's) Ref;vcjd
Depth S';mlf?*e Test Blow Counts Pen. (mm) | L1100 Blows / | Depth [Thickness| Legend Dascription of Strata (m. 0.0
(m) e | \ype|Seat| TestDrive |N-valua|Seat |Test| % recovery | (m) (m)
3 Grey, fine medium and coarse, r
X subangutar to subrounded GRAVEL and L
i COBBLES. . r
[ 2170 | D2t E
(7.60) E
2300 | 022 -
2400 | D23 -
[ 2500 | D24 -
2600 | D25 -
- 26.10 - 832
A Red-brown, sandy, fine medium and N
- coarse subrounded GRAVEL. o
- (1.40) -
- 27.00 | D26 -
i C
: 27‘50 __________________________________________ : “9'72
I END OF BOREHOLE -
Hole Progress with Time {Depths in m. below G.L.) Chiseliing Casing Record Groundwatec Strikes (depths in m. balow G.L)
Date | Hola depth| Casing depth | Depth to water Ramarks From(m) | To(m) | Time (hrs) { Depth(m)| Dia. (mm} § Strike |Casing | Water (20mins) | Sealed Remarka
General Remarks: . Co-ordinates: 185800.43E -330874.45N | Ddled By PK
» Loggedey _H
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. %' )
&\ STRUCTURAL SOILS
N |

BOREHOLE LOG

Contract Client Borehole
No
Newport Borough of Newport 1A
Job No Start  28/02/94| Ground Level (m AQD) Co-Ordinares ) Sheet
40222 End 01/03/94 10.04 E 330,858 ‘N 185,253 1 of 3
. & Depth
Samples and [n-sitn Tests | 5| 4. .. P
P | £ Description of Strata (Thick-\Legend
Depth No | Type |Blows | & | & ness})
- MADE GROUND: Very soft reddish brown clayey marl and hardcore F(0.40)
[ r 0.40
. MADE GROUND: Household refuse r
¥ = [ (4.80)
M X
| 3
[ -
3 F 520
535 5 D . MADE GROUND: Very solt light grey silty clay with abundant brick, wood - 3.35 AV
L 5.50-5.93 6 u 18 1.} \and household refuse L x_:—'x__:"
3 s.[5e] Very solt light brownish grey silty CLAY A [~ ~—]
o -:f3-.] (Estuarine Alluvium) - ]
[.5.93-6.10 7 D . ::: <. from 5.95 to 6.10m depth becoming a grey silty clay mottied with - | ]
N :-H:.] abundant orangish brown clayey sand pockets [ =
_ . - Egliaed
L 6.30 8 D : : e
: : r (T
——
3 % a L |
" ; = [(3.65) ===
r l : I 5.t
F7.40-7.65 | 9 19} 13 =N E Tt
- | e [ LR T
L ! g L it
[ 7.85-8.00 | 10 D 0= - ol
- i . L | x|
£ : =1 s (7= ]
[ i N A [~ x|
t ; = Epiarl
[8.55 il D = [ 2]
: i =D T
: 3 OER F 9.00
i Boring Progress and Water Observations - Chiselling .
S— . . - General Remarks :
ate Time Borehole | Cuasing | Casing | Water From To Hours
) : : Depth | Depth |Diameter| Depth .
28.2.977 u.go .p e 0.30 Falling head test at 5.0-6.0m depth.
28.2.94] 10.00 9.30 150 6.90 S0mm diameter methane monitoring
L3941 07:30 | 10.00 9.30 150 7.00 12.05 | 16.80 |1.25 hrs| pipe installed.
L3y | M 19.05 17.10 150 9.70 :
All dimensions in metres Method Logged Checked
Scale 1:50 Cable Percussion By SMA By
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| x% STRUCTURAL SOILS
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BOREHOLE LOG

Contract Client Borehale
No
Newport Borough of Newport 1A
Job Na Start  28/02/94| Ground Level (m AOD) Co-Ordinates Sheat
40222 End 01/03/94 16.04 E 330,858 N 185,253 2 of 3
N =]
B Samples and In-situ Tests | 5 | .8 e D?pm
5153 Description of Strata (Thick-Legend
Depth ] No | Type |Blows| = | & E ness)
Very soft light grey locally thinly laminated closely fissured silty CLAY Lo £ - *.:.
(Estuarine Alluvium) s fom — ]
(1.00) F =5
95510001 12 | SPT | 3 | & r x|
[ 9.56.10.00 | 13 B y - F =
[ b 10.00 {5 ]
- Soft dark grey weathering brown thinly laminated slightly silty CLAY with - e
r occasional dark grey lenticles [ }_-x_::-
t 10.50 1 b (Estuarine Alluvium) ™ ;
_ C Egitg
b __——___{e—__
. [(2.05) |z
. - et gl
F 130178 15 | U |1 S
: [ e
(11751190 16 | D a ]
12.05-12.0a 17 : el
- o Medium dense brown medium to coarse subrounded GRAVEL and [ 238 >z—-
COBBLES in a slightly sandy slightly silty fine angular gravelly clay r Q—Q_
E (River Terrace Deposits) Q‘__ o
[ ? - S
L Mo
- 13.00 i 138 W L §—19
[ ) S A =
: [ i~
u | - gm =
[ i [(4.75) P& |
i - g
5 [ b0
- i L R &~
: | R
F - b ~%¥
f f [ L?_ ; .
; C L;"— q
= ' St
. Sy
L s 9
by R
[ 0D
r 16.80 -2 s
; Very stiff dark brownish red with smail grey green pockets locally thinly L R
17.00 19 D laminated slightly sandy slightly silty CLAY with some rounded lithorelicts n -3 -
and pockets of coarse sand and fine grave! r ey
: (Mercia Mudstone Group) r(1.20) -i':—-___—
17.60-18.08 20 | SPT | 53 - - [ 5]
< L il
; l P 18,00
i Buring Progress and Water Observations Chiselling R K
Date Time ‘Borehole | Casing Casing Water From To Hours General emarks
; Depth Depth | Diameter| Depth .
282947 0.70 . : .70 Falling head test at 5.0-6.0m depth.
l 28.2.94 ¢ 10.09 9.30 150 6.90 ] 50mm diameter methane monitoring
f L3940 07:30 | 10.00 9,30 150 7.00 12.05 | 16.80 |1.25 brs| pipe installed.
; L3vd = M 19.05 17.10 150 9.70 .
|
All dimensions in metres Method Logécd Checked
Scale 1:50 Cable Percussion By SMA By




BOREHOLE LOG

% STRUCTURAL SOILS
'% .

@E—acl Client ) ﬁorcholc
o
Newport Borough of Newport 1A
"Tob Mo Swart 28/02/94| Graund Level (m AOD) Co-Ordinates Sheet
40222 End 01/03/94 10.04 E 330,858 N 185.253 3 aof 3
‘Samples and In-situ Tests | 5 éé ' Depth
CRER: Description of Strata (Thick-|Legend
Depth Nao | Type |Blows F | g ness)
- Dark brownish red with small grey green pockets locally thinly laminated -
r sandy silty weathered MUDSTONE ' r
- (Mercia Mudstone Group) F(1.05)

18.75-19.04 21 | CPT | 53/ :
- 150mm [ 19.05
i Borehole terminated a1 19.05m depth [
T L
r A
L

LIS S B 2 St B e A R

LIt I o e

AN N A |

T Ty

YT T

TTTTTT

T

b

Borxing Progress and Water Observations Chiselling al R, 7k
Date ' Thne B;))rehr;lc %asiné_a DCasing Water From To Hours Gener emarxs
i ept ept! iameter | Depth .
282977 0.70 - z 0,30 Falling head test at 5.0-6.0m depth.
28.2.94 I 10.00 | 9.30 150 6.90 50mm diameter methane monitoring
L3941 07:30 | 10.00 | 9.30 150 7.00 || 12.05 | 16.80 [1.25 hrs| pipe installed.
LIY4 | PM 19.05 17.10 150 9.70
All dimensions in metres Method Logged A Checked
Scale 1:50 Cable Percussion By SMA By

_




site: . Docksway Landfill Site LOGGEDBY:LC.L. | BOREHOLENa,
LOCATION: E, N. | REFERENCE No.: 1 1A
‘ s BORING DIAMETER | CASING DIAMETER SHEET No.
BORING METHOD: Light Cable Percussion Boring
(mm) T0 (m) {mm) TO (m) 1 of 2
BORING EQUIPMENT: PILCON 150 150 17.70 150 17.70 GROUND LEVEL
SOIL SAMPLE CHANGE OF STRATA 9.344 mAQOD
& | WATER | Date & | DETAIL
Tl LEVEL | casinG | oOF  |sampLe| N ] TYPE DEPTH | LEGEND| OD. CORMENCED
PTH & DEPTH | PIEZOJ | DEPTH ROCK CORE LEVEL 17/08/98
mj [SEEPAGE (m) |INCLO. | (m} [op {m) :
{m) INST. (goR) | Fracture {m}
many | ™ DESCRIPTION OF STRATA
108 17508 . = 020 BSSE] 0.144 ‘A:AQ)I’DE GROUND - Firm red brown gravelly very silty
g - ) .
£ 10510 B — MADE GROUND - Dense light brown siity clayey fine
a - to coarse sand with much gravel, comprising foam,
- paper, brick, tinfoil, plastic, cloth, wood.
1.0-1.45 S(38) —
1.0-2.0 8 =
15 2.0 C(25 for 20mm)}—
2.03.0 B
a0 3.0-3.45 S(3) [—3.00 6.344
2.0-4.0 B MADE GROUND - Soft red grey brown very
— silty Clay with some gravel of plastic, brick and
- 5.844 ash.
- Firm grey brown very silty CLAY.
3.0 404.45 u(70) E-.
i 2my E —
R A v B B by b C
s ~
4.5 S 5.0-5.45 u(20) |—5-00
&§ - Soft blue grey very silty CLAY.
ge 5.45.55 o —
o | 55865 g8
o -
g5 =
2s -
58 - X
45 6.5-6.85 U(15) f— B:50 Lotun 2,844
- Soft to firm blue grey very siity CLAY.
6.95-7.1 D |-
7.1-8.0 8 - At 7.1m with very thin laminations of silt and fine -
- sand. .
8.0 8.0-8.45 u(s) f—
B.45-8.6 0
B -
8.6-9.5 ~
2.0 9.5-5.95 uioy -
9.95-10.1 o F
CHISELLING WATER ADDEDY REMARKS: -
M| TO |HOURS| FROM| TO p
25 | 34 (_/ '
128 | 1 pg. o
145 | 1 Gwent
consultancy.




| sire: Docksway Landfill Site | LOGGED BY:LC.L. | BOREHOLE No,

LOCATION: E, N. | REFERENCENo.: | : 1A ‘
BORING DIAMETER | CASING DIAMETER SHEET No.

(mm) TO (m) (mm) TO (m) 2 of 2
BORING EQUIPMENT: PILCON 150 50 770 w0 | 1 GROUND LEVEL

| SOLSAMPLE | CHANGE OF STRATA mAoD

DATE & | WATER | Data & | DETALL ] '

DRILLING| LEVEL | CASNG | "oF — |sampie| Mo- | TYPE Lecmn| oD, COMMENCED
DEPTH & DEPTH | PIEZOJ { DEPTH ROCK CORE | DEPTH

(m} [SEEPAGE| (mj |INCLO. | (m) o {m) LEVEL

{m) INST. (3cr; | Fracture {m}

Ropy | e DESCRIPTION OF STRATA

As previous description.

N P e e o 1 ¢

BORING METHOD: Light Cable Percussion Boring

-1.156

10.511.0 B

Soft blue grey very silty CLAY with occasional
sub-rounded gravel and fine biue black laminations
of silt / fine sand.

10 [ == o -1.656
R Medium dense to dense gre siltzl clayey very sandy

e3adsgod fine to coarse sub-rounded GRAVEL of sandstone with :
a280059 occasional cobbles. ¢

11.0-11.45 S(11)
110120 8

Slotled pipe 12.0 1o 1.0m
'HI][HII'HH_]TIH
=
(4]
1
'
1

.
i
i
t

125 3900209
128120 w S fofgocaal 3.158
125435 | S(50for1 15mm) 0259595

-
N
v

TTTTTT

Denlonite

Dense to very dense grey sandy fine to coarse
285050 sub-rounded to sub-angular GRAVEL of sandstone and
68385350 quartz with some cobbles.

14.0-143 | S(S0 for 145mm)
14.0-15,0 B

IIIH[HIWIH]IIHIHI
0°°°°
0:0:0
°D°0
LoQ

1808 1808

-
o
o«
()
o

-6.156

15.5 C(50 for 125mm)
15.5-18.0 B

Dense to very-dense grey fine ta coarse SAND and
fine to coarse sub-rounded GRAVEL of sandstone,
quartz, with some to many cobbles.

Arlsings
[TTTIITTT
3T
Qoug
DOG
o0
000
[-X-)
Sao
()

G
GO
02626000,

QaacGaal

-
o
[X]

18.3-16.¢ B -6.956

Stiff red brown very silty CLAY with some sand

-85 1’8 | 185-17.05 u(20) sized lithorelics of mudstone (MMG Va).

TTTTTTTTT

17.05-17.2 D [—17.0§ ~7.706

Stiff red brown very silty CLAY with many grave!
sized lithorelics of mudstone (MMG 1),

17.5-17.7]_SOOfor 145mm)— 475 ] o

END OF BOREHOLE

ll!l[Hil TTT

T T[T

. i

M| TO |HOURS| FRom| To
25 | a4 ‘ ( _

12.8 1

e

145 | 1 Gwent

)

L
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% STRUCTURAL SOILS
Q .

BOREHOLE LOG

Contract Client Borehole -
No
Newport Barough of Newport 3B
Job Nuo Start  ()2/03/94 | Ground Level (m AQD) Co-Ordinates Sheat
40222 End 02/03/94 9.09 E 330.858 N 185,145 1 of 2
. [+
Samples and In-sit Tests | g5 | 48 o | Deptal ]
ERE: Description of Strata (Thick-[Legend
Depth No | Type |Blows | & | .2 g ness)
MADE GROUND: Household refuse L
1.70 I w h A/ S _
- 2hs a
; e [(4.60)
. Ll -
S [ 4.60
4.70 2 D =2f |+1} Soft dark grey weathering brown thinly [aminaced silty CLAY with occasional - .g’:_.."“_
[ 1.60.5.35 3 U 11 ] [:] peat traces (Estuarine Alluvium) L -
k - «i| ... strong refusc odour {rom 4.70m to 7.65m depth [_ —S—x_-*
(535350 | 4 | D AR g ]
3 : o S
: ! S SR
F6.00 P D AR - [ ]
L ! W [ gl
| k3 ==
3 NS [ [ ]
. » e L — x|
i B P ]
: e r | X
Fro5.7.50 ¢ u 9 < g . gl
f : 6‘:; . r [~
[ . o = pe C ]
{ 7.50-7.65 1 7 | D S [(6.10) =2
F R ER S E
£3.00 8 D R L e
N IS I S r R
iy o e A i
; - - [
: -y ‘ ]
C BN N ]
[ S L [r ]
i Boring Progress and Water Observations ) Chiselling G al R i
ﬁ Date Time Borehole | Casing | Casing | Water From To Hours ener Cmarks
{ ; Depth | Depth |Diameter| Depth -
{2394 1.70 . 170 12.00 | 15,70 | 1nr | Falling head test at 8.0-8.95m depth.
2.3.94 1 } 17.00 | 16.10 150 7.30
I 3.3.94 , 17.00 | 16.10 150 7.30
!5 :
__ l
All dimensions in metres Method Drilled Logged Checked
Seuly 1:50 Cable Percussion  |By By SMA By




X&- STRUCTURAL SOILS
Q .

BOREHOLE LOG

] Contract Client Borchole -!
! No
| Newport Borough of Newport 3B
Job No Start (2/03/94 | Ground Level (m AOD) Co-Ordinates Sheet
40222 End 02/03/94 9.09 E 330,858 N 185,145 2 of 2 |
S In-situ T A Depth
amples and In-situ Tests | 5| z2 L i
S 1% 2 Description of Strata (Thick-|Legend
Depth ' No | Type |Blows | 5 | .S g ness)
- 9.15-9.60 9 SPT ] g :: --» becoming very soft dark grey weathering brown thinly laminated silty clay : -2:_-::
19.16-9.80 10 B I with eccasional peat traces N =
' S C [~ =]
e 0 Z S gplband
) L e )
o ]
10.50 i D S ‘ i
10.70-12.00 12 B G : F 10.70 X —
' - - o+] |} Medium dense brownish grey fine to coarss anguiar to subrounded sandstone | 2“"5{_
*.{ |:] GRAVEL with occasional cobbles in a grey sandy silty clay matrix L 9_-:0_
1 <] (River Terrace Deposits) r é‘_;% o
ol PR
W L o
R O - )
12.00 13 w ¥ ... with many large cobbles from 12.00 ta 15.70m depth r EC.’_Q‘“
B—p.
_ o=
[ o, S
i s -
| L P
i [(5.00) [5. <
i SN
} e
i [ g
, L v
i e " R
: [ o K
i xg 9
: iy
f R
: L e -
! ;i:"?._
i 15,70 R 2
;.80 ro14 D Dark reddish brown highly weathered MUDSTONE, very weak b
‘ (Mercia Mudstone Group) L
3.20-16.65 15 | SPT | 50/
: 220mm r(1.60)
00-17.30 16 | CPT | S0/ -
: 140mm r 17.30
X Borehole terminated at 17.30m depth -
E
Boring Progress and Water Observations . Chisellin
— = . . g General Remarks
me | Time Borehole | Casing | Casing | Water From To Hours
! Depth Depth |Diameter| Depth N "
U .70 N 50 12.00 | 1570 | 1nr | Falling head test at 8.0-8.95m depth.
.94 17.00 16.10 150 7.30
17.00 16.10 150 7.30

|
AN

All dimensions in metres

1:50

Method Drilled
Cable Percussion By

Logged
By

SMA

Checked

s =




+

Cable Percussion Borehole Log Sheet
Docksway Waste Disposal Site, Newport Start Date:
Finish Date:

Site:

Job Number:
Client:

Rig Type:

P0514 '
Peter Brett Associates
Dandoc 2000

Vertical Scale: 1:50

BH No:

Sheet 1 of 2

GWO03/M14
27/05/2003
28/05/2003

C J Associates

Standard Penetration Tests (SPT's)

Depth | Sample

Blow Counts Pen. (mm)

{m) Ref. |Tast

typs | Seat.

Test Drive |N-value |Seat | Test

U100 Biows /
% recovery

Depth {Thickness

(m)

(m)

Dascription of Strata

Reduced

Lave!
(m. 0.0}

9.73

-
(=]
o

D1

2

D2

D3

I
@
S

| A AN LM N A ALY N 2

w
@
=1

D4

&
)
a

DS

ll[lllrlll‘illllllll‘llllllfli

g

DB

Pag
o
o

D7

o
o
=]

D8

©
o
o

D9

..4::..x[.n1non-;nlurﬁ|1lglnjianlxlxil

10,00 | D10

4.80

5.90

7.00

10.00

(4.80)

1.10)

(1.10)

(3.00)

$05¢
00

S
3G
S
&
S

S

K8
K8
435

X
55

g%
5

L >

XX

%5
0‘0’0

MADE GROUND (Grey-brown-black,
slightly clayey, angular to subanguiar
gravel and cobbles).

MADE GROUND (Paper and plastic, with
some grey-black-brown clayey matrix).

ERE)
A
1

AT
M'I*l
Lt

,xt I
:

|
I, Ix] Ix] |
LR

]l
i)

Soft to firm, brown CLAY/SILT,

ES
X
X
X
X

Soft, brown SILT.

(Continued onnextsheat) ~ |

llllllll

Tl‘Iljillllllll]Illl'll5llllll\lilf_)llIIrll'ljlllllll‘llllllIllllfllI]Il!llll'lll’fl’ll'llilll

4.93

3.83

273

&
8

Hols Progress with Tima (Depths In m. below G.L.)

Chiseding

Groundwater Strikes (depths in m. below G.L)

Date Hola depth| Casing depth | Depth to water f

To (m)

Dia. (mm)

Stike | Casing | Waier (20ming) | Sealed Remarks

27/05/2003 10.50
2805/2003{ 18.00

10.50
17.50

8.00

1.50
310
12.80
18.00
17.20

150

11.00 | 11.00 9.00 - med

General Remarks: LTranspontb site - 1hr walting t0 be shown bhis. Set up on'bh 1hr. Rotum tn yard for extra casing 1/2hr fransporting exfo@Eigtes: 185097.91E - 330828.80N -

Drdiled By:

Loggsd By: _H

PK




Cable Percussion Borehole Log Shest BH No: GWO03/14
Site: Docksway Waste Disposal Site, Newport Start Date: 27/05/2003
Job Number:  P0514 _ Finish Date: ~ 28/05/2003
Client: Peter Brett Associates Vertical Scale: 1:50 _
Rig Type: Dando 2000 Sheet 2 of 2 C J Associates
Standard Penetration Tests (SPT's) ReLduc?d
Dopin | Sample st Blow Counts Pen. [wen) | U100 Blows / | Depth (Thickness| Legend Description of Strata 00
() o type|Seat.| TestDrive |N-valua|seat |Test| % recovery | (m) (m)
:— Grey, subangular to subrounded, fine r
5 to coarse GRAVEL and COBBLES. L
F 11.00 | D1 C
F 1200 | D12 C
1300 | D13 :
(7.50) -
§ [ 14.00 | D14 -
N f_‘ L
g : -
1500 | D15 C
L d
E F 1600 D16 -
! [ 17.00 | D17 E
! [1750 ] pg 17.50 E 777
- [T~ 57} Stff, red-brown CLAY/SILT. C
5 (0.50) Mot C
. 18.00 e C 8.27
- END OF BOREHOLE x
2 -
. Hole Prograss with Time (Depths in m. beiow GL) Chissliing Casing Record Groundwater Stikes (depths in m. below G.L.)
Date Hole depth| Casing depth | Dapth to water Remark From(m) | To(m) | Time (hrs) | Depth (m)| Dia. (mm) Strike | Casing | Water (20mins) | Seated Remarks
General R : - :
8Marks: | 1.50n pem test Co-ordinates: 185097.91E - 330828.66N mnangf‘ m(




% STRUCTURAL SOILS
S

BOREHOLE LOG

[EOHU’E\CI

Newport

Clieat

Borough of Newport

Borehole
No

Job No
40222

Suart 03/03/94
End _03/03/94

Ground Level(m AOD)
7.27

Co-Ordinates

E 330,924 N 184,967

Sheet

Samples and In-situ Tests

Depth No | Type

Water

Instru-
mentation

Blows

Description of Strata

Depth
(Thick-{Legend
ness)

0.40 ! W

T
!J
8
1
lw]

(™)
[
+

[ 3.45-3.60 3 D

4.05 6 D

5.10-5.53 7 U
©5.55.5.70 8 D

-6.00 9 D

10 S+
i B

Y
-—
)
~ o~
@ i
S w

3.00 12 D

8.90-9.35 13 U

o
0

.

IO
.

MADE GROUND: Compacted brown sandy gravel with brick, tarmacadam,
reinforced concrete and boulders

[(1.50)

LRI e e e e |

8

OO
OO
NN

~
DEFOICR IO
v e e e
ERCR IO
BRI

“ e ne e

11

O3

.
N0

LR RO
. ate

EIC I I
. -
g

Soft and very soft dark grey thinly laminated silty CLAY with occasional to
some fine to medium gravel, occasional cobbles and pockets of peat, {ocally
slightly sandy

(Estuarine Alluvium)

Y
P

t;ﬂ;ﬁ;ol
)ll’l IIJ

F(2.15)

:

l

l

d
1

e
ikl

1

L. 4.05

é

CCNOIG
OO0
s s e a Y,

¥

v
.

¥
OO AOOTE R IO
BOOD0

-

TV FF TN ey 3
R

IO X IO
OO

L0

e e
OO

TV
e o e e e,

v

ISES

>

v

.
»

L0

e
s
.

38 i

OEC
o ae e et "t

Very soft dark grey thinly laminated fissured silty CLAY, locally slightly
sandy and with occasional peat traces
(Estuarine Alluvium

]
1

KK
L

il
il

i
il

T

s

Chiselling

]

Boring Progress and Water Observations

Borehole
Depth

Casing
Diameter

Casing
Depth

Water .From

Hours

General Remarks

Depth

|

1 0.40
| 10.60
|

i

10.50 150

0.4

7.10 10.50

0.75 hrs
2.5 brs

Falling head test at 3.95-4.0m depth.

All dimensions in metres

1:50

cale

Method

Cable Percussion

Logged
By

SMA

Checked
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% STRUCTURAL SOILS
S

BOREHOLE LOG

Contract Client Borehole
No
Newport Borough of Newport 7
- Job No Start  (03/03/94 | Ground Level (m AOD) Co-Ordinates Sheet
40222 End __ 03/03/94 7.27 E 330,924 N 184,967 2 of 2
Samples and In-situ Tests | g5 | & L Depth
- R Description of Strata (Thick-\Legend
Depth No | Type |Blows | & | 8 ' ness)
L .¢] [s+] Soft and very soft dark grey thinly laminated fissured siity CLAY, locally - iy
r | I, slightly sandy and with occasional peat traces r9.30 T X
r 9,23-?65?0 1; ‘}-;’ 2! Ll \(Estuarine Altuvium) X ZI
L 9.50-10. ! .+] 1] Medium dense brown and grey fine to coarse subrounded sandstone GRAVEL d_‘-‘;
r "+ {=+] with many cobbles in a grey sandy silty clay matrix L iy, 9
- »4 fed (River Terrace Deposits) ;(l 30) o (2
- bl g .
- BN [ Fo "%
L :.' :: L 2
ke * -l - ~ .
 10.50 6 | w =  10.60 [g ==
r Borehole terminated on boulder at 10.60m depth :
; ;
n n
[ [
- n
L L
- 3
: :
t :
Boring Progress and Water Observations . Chisellin
27108 . - 4 General Remarks
Date Time Borehole | Casing | Casing | Water From To Hours
| Depth Depth |Diameter| Depth ;
339477 0.5() - - 0.30 0.0 1.9 |0.75 nrst Falling head test at 3.95-4.0m depth.
3394 | 10.60 | 10.50 150 7.10 10.50 | 10.60 | 2.5 hrs
All dimensions in metres Method Drilled Logged Checked
Scale 1:50 Cable Percussion By By SMA _|By
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% STRUCTURAL SOILS
N\ |

BOREHOLE LOG

Contract Client goreholc
(]
Newpaort Borough of Newport 9
Job No Start 16/03/94] Ground Level (m AOD) | Co-Ordinates Sheet
40222 End 16/03/94 9.84 E 331,033 N 184,838 1 of 2
H 1 5 Dap(h
Samples and In-situ Tests | 512 .. X
P g E 4 Description of Strata (Thick-|Legend
Depth No | Type |Biows| = 2 ness)
C MADE GROUND: Medium dense brawn silty gravelly claycy sand with ash, |
F0.25 | D brick and concrete fragments .
E 0.55-1.00 1 |CPT/B| 20 : ‘
F [(2.10)
s 3 D [
[ 1.50-1.95 | 4 |CPT/B{ 10
- F2.10
F2.20 5 D MADE GROUND: Firm dark brown silty clay with occasional peat traces F2.30
L1 s 6 D and brick fragments : C R - pelid
[ 350.2.95 7 u .23 SLIT brownish grey moitled orange silty CLAY becoming softer with depth r -
- (Estuarine Alluvium) . - T
r2.95-3.10 S D - 1= :__:
o b _——__x—:
i - -
L r | X
£3.55 9 | D ; ]
[ gl ypd
s :(3.20) - =]
4.05-4.50 10 u 14 r _;::.__*'_—:
[450465 | 11 | D g ]
) A gl
L 5.00 (2 D d ]
- . . Pyt
[ 5.50-5.05 | 1 2 £ 5.50 F— -
- > 3 u ! Solt becaming very solt dark grey very silty CLAY with occasional peat f I —
i traces <“ ) et et
v [5.95-6.10 14 D (Estuarine Alluvium) e X
[} A "____:_:_
[ 6.60 15 | D L ]
‘ ; ' F
700745 | 16 | U | 13 o s
; s : _——:x—;_
l (745760 | 17 | D : - £
: | o
] | r L )
-8.00 ;1S | D 3 L ]
] ==
F 8.50-8.95 | 19 u 5 3 - e
. | : [ 5
} Boring Progress and Water Observations Chiselling
i Borehoie | Casin Casin Wat General Remarks
Date ; Thne g 3 ater From To Hours
; Depth | Depth |Diameter| Depth
16.3.941 1280 7 3.20 150 10.30
16.3.94 | 13.20 | 3.20 150 10.25
i
I
] All dimensions in metres Method Drilled Log.ge'd Checked
Scale 1:50 Cable Percussion By By AHY |BY




% STRUCTURAL SOILS

BOREHOLE LOG

Contract Client ﬁorchole
0
Newport Borough of Newport 9
Job No Surt 16/03/94] Ground Level (m AOD) | Co-Ordinstes Sheat
40222 End 16/03/94 9.84 E 331,033 N 184,838 2 of 2
i th
les and In-situ Tests | 5|22 o D¢p
Samp <|Z £ Description of Strata (Thick-|Legend
Depth No | Type | Blows R 2 ness)

§£85-9.10 | 20 b Soft dark grey very silty CLAY with occasionat peat Lraces [(7.30) ¥ — 4
(Estuarine Alluvium) r 1 __."_:.
5 & quiibap
9.50 a1 | D : [~
b |
-10.00-10.43 22 u 8 h :'::Z
g E L
r Sl nd
L S
-11.00 .23 D :r _-_—-:r—:
4 =]
11.50-11.93 24 U 10 f_::;::
L § giugul
L —
. 1 [— ]
L {: piiogd
[ =]
12.80 25 \" i F12.80 0 -
- i Densc grey GRAVEL with occasional cobbles in a sandy silty clay [ 13,0024

M\(River Terrace Deposits)

Borehole terminated at 13.00m depth

—

Boring Progress and Water Observations ’ Chiselling
- 2 — General Remarks
Date Time Borehole | Casing | Casing | Water From To Hours
Depth | Depth |Diameter| Depth
16.3.93 12.80 3.20 150 10.30
16.3.94 13.20 | 3.20 150 10.25
All dimensions in metres Method Drilled Logged Checked
Scale 1:30 Cable Percussion By By AHJ By




. s Docks Way Landfill - Waste Transfer Station  |Loseenat:icl BOREHOLE No,
LOCATION:  Newport : REFERENCE No.: 72846 BH1
" BORING DIAMETER | CASING DIAMETER SHEET No.
BORING METHOD:  LIGHT CABLE PERCUSSIVE
{mm) TO (m) (mm) | TO (m) 1 of 2
BORING EQUIPMENT: Piicon 150 and 250mm diameter toois and casing 250 194 250 18.9 GROUND LEVEL
; SOIL SAMPLE CHANGE OF STRATA MAOD
DATE & i WATER | Date & | DETALL . COMMENCED
ORLLING! LEVEL | CASING | OF |SAMPLE N. ‘ TYPE pepTH | LEGEND| OD.
DEFTH | & | DEPTH | PIEZOL | DEFTH | ROCK CORE P LEVEL 101057200
(m) |SEEPAGE (m] |INCLO. | (m) Tycm {m} ) 52000
H (m) : INST. (SCR} Feacture
i : Raoy | e DESCRIPTION OF STRATA
1B/oé/ooi 10/05/00 o i MADE GROUND...Stiff red brown mottled black and
: i -~ yellow slightly sandy gravelly very siity Clay with
; ; SR | . some fragments of plastic and organic matter.
'i -
| L1 111015 8 -
: 1.0- 1.48 c20 =
: (124,457 |~
i [ 1.60
i - MADE GROUND...Soft to firm hlue grey and light
; 2.0+ 2.5 - brown gravelly very silty Clay with some fragments
! 2.0- 245 c7 - of paper, wood, glass, plastic and metal.
; (3.2.1,1,1.4) -
3.0- 3.5 B .
) 3.0- 3.45 c7 - =
11123 +
"g —
© — a0
— MADE GROUND...Loose grey fine to coarse angular
Q.g : isl gss L Gravel and cobbles of paper wood plastic metal
; 8 . (34551926 | 4.20 (compressible).
i § - MADE GROUND...Medium dense to Dense dark brown
' & - slightly silty sandy very clayey fine to coarse angular
4850 8 - Gravel of brick and slag (organic odour)
50- 52| C56for 134mm [
(9,12,20,33/58) |-
5.4 w :
V 5.8 w -
11/05/00|sespage | 11/05/00— i 0 oo 8 = 00
6.0- 6,18 C 50for37mm [
(6,11,50/37Tmm) — MADE GROWUND...Medium dense to dense black brown
- slightly silty sandy fine to coarse anguiar Gravel
— of hair, wood, plastic, brick, with some cobbles of
P - brick, wood, cloth, metal, and a washing up bottle.
5| |z = :
€] |H][70-75 g [
g 7.0- 7.45 c12 [
i (743335) |- a9
7.5- 7.95 U@ [ I Stiff brown grey very silty CLAY with some roctlets
I e ] and thin faminae of silt.
— e W
8.0 D — x— ud
= N
- I 8.40
] |8.5-8.95 s11 [ e %]
[ (1.223.33) e X Soft to firm blue grey very silty CLAY with
- I P occasional organic material.
- ; i ey
- ; - X e K ]
i |95 9.95 vl [ — x-—
= f - R
t ! — W X
CHISELLING WATER ADDEd REMARKS:
"ROM| 10 I|HOurs| FrOM| TO * |ncludes seating blows
|
1440 470 1 '
| 620 | B8O (I ;
1620 i 680 | 2 i ,
! | i ;
b j i I .




I

* i
ste:  Docks Way Landfill - Waste Transfer Station |L0GGED BY:ICL BOREHOLE No.
LOCATION: ~ Newport REFERENCE No.: 72846 BH1
ER [od G SHEET No,
BORING METHOD:  LIGHT CABLE PERCUSSIVE BORING DIAMET t ASING DIAMETER
- mm | TO@m | (mm |TOm | 2 of 2
. . N 1
BORING EQUIPMENT: Pilcon 150 and 250mm diameter tools and casing 250 (9.4 f 250 189 GROUND LEVEL
SOILSAMPLE | CHANGE OF STRATA | mAGD
DATE & | WATER | Date & | DETAL . i
DATEL | VVEL | casing | oF  |sampe| Mo TYPE ecenn| 00 z COMMENCED
DEPTH | & | DEPTH |PIEZOS | DEPTH | "ROCK CORE- DEPTH LEVEL i
{m} |SEEPAGE {m) INCLO. (m) TeR {m) | 10/95/2000
(m} INST. [SoR) | Frachue {m)
Ramy | ™ DESCRIPTION OF STRATA
. 101 |
: [ R oo X , .
1 0.4 D i~ — X Firm to stiff dark blue very silty CLAY with some
— 110.5- 57 L g rootiets and thin laminations of fine sand and
= 10.95 (11123 -;:':__ silt.
- r~ S—_
- :___ o e X
v, =i S ity
ST F L = ety
i - — x
|— : bowwn Lanll 89
= 1120 D ™ 420 [T
B — %
2 ! - — x— Firm blue grey slightly sandy very silty GLAY with
om 3 i125 S a5 — :’:_’_‘_’ sorme to much medium to coarse gravel of sandstone.
& | 1285 (123589 [~ X %]
£ | I sl e
g = oZ0 .
€ {13.0- © 51 b o} Dense grey brown silty sandy fine to coarse sub
& 1 Mes | @antiozn 050 rounded GRAVEL of sandstone and quartz with some
_ 11380 - esC cobbls of sandstone.
i . 13.4 r\U re)
! — -0
SZ ! - K050 Dense to very dense dark grey, grey slightly silty
: - 900 very sandy fine to coarse sub-rounded GRAVEL of
a0 o O h%o® sandstone and quartz with some cobbles and
445 | (1 3,5,1513211) — b%c° occasional boulders of sandstone,
114,0 - ' s = %o
' 14,50 - 0.0
. - £50g
' [~ 145 D504
12/05/00 - £o%o . . .
— goo o Medium dense grey slightly silty very sandy fine to
I %o coarse sub-rounded GRAVEL of sandstone and quanz
15.0 cH0fordtmmi—— S04 with some cobbles and occasional boulders of
| - 05045 sandstone.
— 05945
. — 0 OO o
'] ad o o) o o) -
2 - Po%0
& - Po90
g lieo- cea n-0
< 16.45 | (11,17.26,18,10.6) 9o
B SET:X Dgog
- -0 ;
— oo Dense to very dense light grey and brown slightly
- KO o© sandy fine to coarse sub-rounded GRAVEL with many
” ogog cobbies and some boulders of sandstone.
17.0- cz2_ Lo PaCo
17.45 (357645 (. o0
17.0 - B - 5900
17.50 - 5050
- 0,0
: — 0a%g
i 17 R .0
i -
| : L — K Stiff red brown very silty CLAY with many fine to
PP e Fg:g_ C 50 for 61mm — :—: x medium gravel sized lithorelics of mudstone (1il).
18.80 -
! - X e 3]
| - X —
i =
s ;:8‘%}"’ s 63 for 225mm |- - END OF BOREH
= - or
E | 83y (:4.,11,15,20,'5';;1)1 - END OF OLE
[=3 i -
& 19.40 -
CHISELLING WATER ADDED REMARKS:
FROM | TO [HOURS!| FROM!| TO * Includes se_ating biows
154 | 163 2
1z 18.0 1 |
18.0 | 188 4,5
18,9 19.4 1 H
Tt }
R ! I



sme:  Docks Way Landfill - Waste Transfer Station

| LOGGED BY:iCL l BOREHOLE No. “
!
LOCATION: Newport REFERENCE No.: 72846 BHZA |
' BORING DIAMETER - CASING DIAMETER SHEET No. i
BORING METHOD:  LIGHT CABLE PERCUSSIVE §
. {mm) TO (m) (mm) | TO {m) 1 of 2 l
BORING EQUIPMENT: Pilcon 150 and 250mm dia tools and casing 250 15.0 250 145 GROUND LEVEL . }
SOIL SAMPLE CHANGE OF STRATA \‘ m.AQD
& | WATER | Date & | DETAIL . COMMENCED
ATE G| LEVEL | CASING | OF  |SANPLE No. | TR | epm | LEGEND| OO
OEPTH | & | DEPTH | PIEZOJ | DEPTH | ROCK CORE LEVEL | 10/08/2000
{m) |SEEPAGE| (m) NCLO. | {m} on (m) B
{m} INST. (SCR) Fractwe (m)
®ao] | ™ DESCRIPTION OF STRATA
17/05/00 17/05100 E - MADE GROUND...Aggregate tarmac and concrete
g — (Drillers Description).
| =
g ! -
|| lto - cs0for27mm 1.0
E | - MADE GROUND...Reinforced concrete (Oriliers
- : - Description).
= I~ 1.80
- - MADE GROUND...Tarmac (Drillers Description).
— 210
- ! I MADE GRQUND...Clay cap (Drillers Description).
E C 270
- — ADE GROUND...Firm to stiff, grey and brown very
— |3.0-3.2 B [__3.00 silty Clay with much paper, cloth, piastic, glass
| [3.0-3.45 (124 13013024) - N__and a boulder of quartz conglomerate.
= R MADE GROUND...Medium Dense brown silty very sandy
] — very clayey fine to coarse angular Gravel of paper
- L hardboard, glass, bnck, plastic, cloth and
- — occasional cobbles of brick (organic odour).
= |4.045 .
—  |4.0-4.45 c2s
= 478665 [~
- ; —
.:_ 5.0-5.5 _.5.00 .
—  |5.0-5.45 c25 |- -
- (667747 |- MADE GROUND...Medium dense to very dense grey siity
- . gravelly very sandy Cobbles of brick, sandstone,
I~ . metal, cloth, paper, glass fragments.
EZ |58 w - T
Seep —  leo6.4 B -
1 16.0-6.45] cs51 - .
- (2.4.4,7,1030) [~ 6.20
— ~ MADE GROUND:..Medium dense to dense brown silty
— - very clayey fine to coarse anguiar Gravel with
- — fragments of plastic, wood, sandstone, and
] - occasional cobbies and boulders of sandstone and
{7075 B - . brick.
7.0-7.45 cis :
323348 I 730 )
7.5-7.95 veEs . X ¥ Firm to stiff brown grey/blue grey slightly sandy -
- ’::’:g very silty CLAY with some organic fragments. :
- L
8.0 D - %— -
o — — X
F - X — %=
g - — x—
€ |8.58.95 S14 [ — ]
a (1,2,33,4,4) [ Regoiel
~ X~ %]
- e
:—_ X = K=
[ ea0 |
- T
9.5-9.95 us) L il Soft grey and blue grey slightly sandy ver silty
- x— % CLAY with some th%n gilt lgmir):ationsy Y
—— .
10.0 D - . '
CHISELLING WATER ADDED, REMARKS:
Obstructions obsreved at 1.0m depth in BH2. Drilier i
FROM| TO |HOURS| FROM| TO instructed to move to next Borehole. Smail area excavated to m
3.2 1.8 2.0 remave obstructions - Drillers observations during
excavation of BH2A noted above.
| 64 6.9 2,0 i Medium water inflow at 14.1m. :
146 | 160 | 15 !
| |
[EREPES Sh—" H




'

instructed o move to next Borehole. Small area excavated to

site:  Docks Way Landfill - Waste Transfer Station  |Loceepev:icL | BOREHOLENo.
" LOCATION: Newport REFERENCE No.: 72846 BH2A
] RORING DIAMETER | CASING DIAMETER SHEET No.
BORING METHOD:  LIGHT CABLE PERCUSSIVE
f {mm) TO (m) {mm) | TO(m) 2 of 2
! . .
. BORING EQUIPMENT: Pilcon 150 and 250mm dia tools and casing 250 150 250 145 GROUND LEVEL
: . ! | SOILSAMPLE | CHANGE OF STRATA mAGD
) DATE& | WATER | Date & | DETAIL i COMMENCED
DRLLNG] LEVEL | cASING | OF  :sampie| No- | TTPE pepTH | LEGEND] 0. -
© DEPTH { & | DEPTH |PIEZOJ » DEPTH { ROCK CORE LEVEL 10/05/2000
{m) ISEEPAGE! [m) |INCLO. ' (m] TR {m}
imp | INST. D ach | Pt (m)
: ' Rao] Indax DESCRIPTION OF STRATA
3 ‘ = Soft grey and blue grey slightly sandy very silty
:!' ’ — CLAY wlllth some th?n silt laminations.
i -105- S3 I
i | 1085 | -1-11)
A o -
] o =
: i 11.5- uE .
. : 11.85 | -
‘ ' 8 2o t D - Below 12m with some rootlets.
' i & -
H v ! -
. ! < q25- s4 [T
: : _ 12,95 @ 1.-1.122) |~
N t . ™
: 3 | -
j , ] as T 134
) : ! 140 - cas [ X Firm blue grey slightly sandy very silty CLAY with
: : 131-:5{ . (47.101086) |- ::‘_i“ some to much medium to coarse gravel of sandstone.
z 14 :-;1—
i : ' — 00
: ; - ogog Dense to very dense dark grey/ grey sli w silty
: . ! 145- ceo . P5%a very sandy fine to coarse sub-rounded VEL of
: : ‘ 14875 (31518192 p oo sandstone and quartz fragments with some to many
! . i i : : 0504 cobbles and occasional boulders of sandstone.
i i : ; ; - PoCo
; ; 500 L 15.0
i } [ - END OF BOREHOLE
f. | : | =
i i i —
! ' ! ! —
i | H : -
o =
g l 3 -l
! H } i -
: : ! ; =
: : { . -
i ; =
-
1 ‘l ]‘ i —
; : -
i -
b | -
: ! { -
CHISELLING WATER ADDED REMARKS: .. .3
i Obstructions obsreved at 1.0m depth in BH2, Driller
| p

ROM | TO [HOURS| FROM| TO

3.2 . 38 20 ' - remove obstructions - Drillers observations during

excavation of BH2A noted above.

64 B9 2.0 | Medium water inflow at 14.1m.

!
145 450 15 |
: ' |




SITE: Docksway Landfill Site LOGGED BY:LC.L. BOREHOLE No.
LOCATION: E, N. | REFERENCE No.: 1 10
' ) SHEET No.
BORING METHOD: Light Cable Percussion Boring BORING DIAMETER CASING DIAMETER
1 {mm) TO (m) (mm) Tom) | 1 of 1
| BORING EQUIPMENT: PILCON 150 150 10.0 150 10.0 GROUND LEVEL
SOILSAMPLE | CHANGE OF STRATA mAQD
i | DATE& | WATER | Date & |DETALL
| IDRILUNG| LEVEL | CASING | OF ~ |sampLe| MO j TYPE Lzcenn| 05, COMMENCED
{|DEPTR | & | DEPTH |PIE20J | DEPTH | ROCKCORE | DEPTH LEVEL
{m} SEEPAGE| (m} |INCLO, | {(m) TeR {m} 23/08/1999
{m} INST. @GRy | Fisctrs (m) 7
man] Index DESCRIPTION OF STRATA
22708 Ea [ 0.10 KRXR3 TOPSOIL :
. Bot - MADE GROUND - Soft to firm dark brown sfightly
c8 § [~ gravelly very silty Clay with much plastic, paper
Tac Sy and brick.
07 4 o070
I MADE GROUND - Dark grey slightly silty clayey very
! F— sandy fine to coarse angular Gravei of plastic, -
= paper, red brick and occasional glass, ash and
I~ concrete with pockets of soft to firm clay.
~ ~
2.0 g
e -
£ -
. oE -
| -
mg |
2o “
: =] —
gg 8.0 g B
Bo -
. [
[ 7.70 RRO i
8.0 J E_ Firm brown grey very silty CLAY.
10.00 b F 00 END OF BOREHOLE
CHISELLING WATER ADDEDY REMARKS: -
FROM | TO |HOURS| FROM| TO C/
Gwent
consuitancy’

PP U



Cable Percussion Borehole Log Sheet  BHNo:  GWO03/03

Site: Docksway Waste Disposal Site, Newport Start Date: . 10/06/2003
Job Number: P0514 _ : Finish Date:  11/06/2003
Client: Peter Brett Associates Vertical Scale: 1:50 .
Rig Type: Dando 2000 Sheet 1 of 2 . C J Associates
Standard Penetration Tests (SPT's) Re'ili’ﬁd
Depth | Sample) st Blow Counts Pen. () | U100 Blows /| Depth {Thickness| Legend Description of Strata (m. 0.0)
(m) " | typa|Seat.| TestDrive |N-value Seat {Tsst % recovery | (m) (m) 15.14
3 MADE GROUND (Soft to firm, brown clay, -
A with occasionat fine to medium r
(1.00) subrounded gravel). X
- 050 | O 100 C 1414
3 N MADE GROUND (Refusa). C
200 | D2 -
- (3.10) :
-300 | D3 -
400 | D4 410 , D 11.04
X : MADE GROWUND (Firm, brown-red clay, o
- with occasional fine medium and coarse C
. (1.00) subangular gravet). -
- 500 | D5 o1 C 1004
X ' MADE GROUND (Refuss). -
- 580 | D6 .
- (2.00) C
700 | o7 10 . C 8.04
X : MADE GROUND (Brown-rad,clay, with C
X brick fragments). N
A (1.00) ’ L
~8.00 | D8 704
N 8.10 g —
A ! [ ——+ Softto fim, grey-brown CLAY, with -
3 - _—_ —| occasional fine medium and coarse r
X — — —| subangular gravel. L
:—9.00 D2 (1.90) ”—E—E— E_
~10.00 | D10 10.00 = (Continverdonnextshesty | 514
Hals Progress with Time (Dapths in m. below G.L.) Chiselling Casing Record Groundwater Strikes (depths in m. beiow G.L)
Date | Hola depth| Casing depth | Depth to water Remaris From(m) | To(m) | Tima (hrs) | Depth (m)| Dia. (nm) | Stike | Casing | Water (20mins) | Sealed Ramarks
230 2.50 05 .00 200 1650 | 16.50 14,00 . Struck
5.80 6.00 0.5 19.00 150
17.50 | 18.00 1
18.00 | 19.00 2
. : . Drilled By:
General Remarks: ‘ Co-ordinates; 185603.33E - 330885.03N o Bgy_ m(




Cable Percussion Borehole Log Sheet BH Nvo: - GWO03/03

Site: Docksway Waste Disposal Site, Newport Start Date: 10/06/2003
Job Number: P0514 Finish Date:  11/06/2003 '
Client: Peter Brett Associates Vertical Scale: 1:50 C
Rig Type: Dando 2000 Sheet 2 of 2 C J Associates.
Standard Penetration Tasts (SPT's) ’ Refuca‘d
eve
Depth SaRm;fJia Tost Blow Counts Pen. (mm) | U100 Blows /| Depth [Thickness| Legend Description of Strata {m. 0.0.)
(m) ®" | ypo|Seat.| TestDrive |N-value|Seat |Test| % recovery | (m) (m)
a S - N -
- Xxxxxxxx Fim to stiff, grey SILT. r
X X X X X X -
X (1.00) XX -
L XX XX C
A X X X X X o
[ 11.00 | UM 30b/100% | 11.00 xxxxxxxxx 3 { 414
. X Very soft, grey SILT. ~
- . 0.70) X XXX -
F 1150 | D12 OT0) ¥ x xx -
1 11.70 XXX -
A ' X X X XX Fim, grey SILT, with much subrounded C
5 X XXX
[ W x % %3 tosubangulargravel. r
[ 1250 | U13 50b/90% (1.50) C
| 1295 | D14 C
: 13.20 — 1.94
[ Dense becoming very dense, grey, fine N
i 1350 | D15 cl a7 7.878 N=28 | 180} 300 medium and_coarss subrounded GRAVEL. -
F 1400 | D16 E
f_15.00 | D17 C | 88 | 10,10,14,14 | N=48 | 150} 300 E
1550 | D18 -
! L
? (6.80) -
[ 16.50 | D19 -
[ 17.50 | D20 -
1850 | D21 -
- 19.00 - 38
- ; END OF BOREHCLE L
- x
Hals Progress with Time (Dapths In m. balow G.L.) Chiselling Casing Record Groundwater Strikes (depths in m. below G.L.)
Dals | Hole dapth| Casing depth | Dapth to water Remarks From(m} | To(m) | Time (hws) { Depth (m)| Dia (mm) § Stike |Casing | Water (20mins) | Sealed Ramarks
General Remarks: Co-omdinates: 185603,33E -33088503N  {DriledBy:  PK
. Logged By: IH




Cable Percussion Borehole Log Sheet  BH No:  GWO03/05

E Site: Docksway Waste Disposal Site, Newport Start Date:  17/06/2003
Job Number: P0514 Finish Date:  18/06/2003
Client: Peter Brett Associates Vertical Scale: 1:50 o
g Rig Type: Dando 150 Shest 1 of 2 C J Associates
Standard Penetratlon Tests (SPT's) ReLd;’GeE:d
Vi
Depth Sa;n;fp!e Test BiowCounts | Pen. (mm) | U100 Blows / | Depth [Thickness| Legend Dascription of Strata {m.0.D.)
(m) " | type|Seat| TestDrive |N-value|Seat |Test| % recovery { (m) (m} 12.44
:— MADE GROUND (Concrete and brick C
[ fragments). X
- (1.10) -
- 10 C 1134
I ' MADE GROUND (Refuse). C
E, (4.20) a
- 530 C 7.4
E - ’ MADE GROUND (Grey-black, clayey ash). C
: A (0.50) C
- 5.80 o 664
6500 | D1 ’ . MADE GROUND (Soft, grey clay, with -
E e some refuse). r
A (0.90) C
i C 574
N 6.70 N
' X . XXXXXXXXX Firm to stiff, grey SILT. L
- 7.00 D2 X X X X C
XX XX L
5 (1.00) Jx x x x N
o S XXX -
. X X X X X -
) 3 7.70 P—‘Xxxxxxxx pATe
i Xxxxxxxx" Soft, grey SILT. N
— 8.00 D3 X X X X ¥ C
. X X XX L
. - M X X X X o
L XX =
B X X X XX -
- XX XX -
o X X X XX r
B X X L
- 5.00 D4 . xxxxxxxxx :
. X X X X X L
.. XX XX L
L X X X X X oL
X X X -
L. X X X XX ~
5 XX XX L
i X X X N
3 XX XX r
—10.00 { D5 X X X X X (Continued on next shest) r
Hole Progress with Time (Depths in m. below G.L.) Chissling Casing Record Geotndwater Strikes (deptha in m. below G.L.)
Date  |Hole depth| Casing depth Depth to water Remarks From(m} | To(m) | Time (hre) | Depth {m)| Dia. {mm} Stiike | Casing | Water (20mins) | Sealed Remarks
0.10 1.10 2.50 0.00 - 1580 | 15.50 13.20 . Struck
1850 | 17.20 1.5
19.80 | 20.00 1.5
General Remarks: Co-orinsiss: 185864.23E-330843.60N | Diled By GW
; . LoggadBy. M




-

LI

Cable Percussion Borehole Log Sheet

Site:

Job Number: P0514 A
Peter Brett Associates

BHNo:  GWO03/05

Docksway Waste Disposal Site, Newport Start Date: 17/06/2003
Finish Date:  18/06/2003

Client: Vertical Scale: 1:50 .
Rig Type: Dando 150 Sheet 2 of 2 C J Associates
Standard Penetration Tests (SPT's) Relfjeu\ﬁgd
Depth | Sampls Test Blow Counts Pen. {mm) | U100 Blows / | Depth [Thickness| Legend Description of Strata (m. 0.0,
{m) Ref. type|Seat.| TestDrive |N-value|Seat | Test % recovery | (m) (m)
T X o L
- xxxxx » Soft, grey SILT. .
" 11.00 | D8 L
(8.10) -
[ 12.00 | D7 C
[.13.00 o] o
- 1400 | DS -
 15.00 | D10 a
. [ -3.36
15.80 - -
1600 | D Grey, fine medium and coarse -
’ subrounded GRAVEL, with some cobbles r
and boulders. ' X
L
_17.00 | D12 E
18.00 | D13 (4.20) -
19.00 | D14 C
g
2000 Bl e eceeiaiaeiaaiaaeea o r 56
END OF BOREHOLE ;
Hole Progress with Tima (Depths in m. below G.L.) - Chiselling Casing Record Groundwatsr Strikss (depths inm. below G.L.)
Dats Hele dapth| Casing depth | Depth to water Remarks From {m} To(m) | Time (hrs) § Depth (m)| Dia (mm) Strike | Casing | Water (20mins) | Sealad Remarks
Seneral Remarks: Co-ordinates: 185664.23E - 330943.68N | Drifled Bgf ?HN




siTe:  Docksway Landfill Site LOGGEDBY:1.C.L. | BOREHOLE No.
LOCATION: E, N. | REFERENCE No. 1 2 ]
¢ SHEET No.
BORING METHQOD: Light Cable Percussion Boring BORING DME[ER ASING DIAMETER
{mm) TO (m) (mm) | TO(m) 1 of 2
BORING EQUIPMENT: PILCON 150 150 17.05 150 17.05 GROUND LEVEL
SOIL SAMPLE | CHANGE OF STRATA 10.108  maco
& | WATER | Date& |DETALL
VLGNG| LEVEL | CASING | oF ~ |sawete | No- J TYPE Lecenn| 00, COMMENCED
EPTH | & | DEPTH |PIEZ0J | DEPTH | ROCKCORE | DEPTH LEVEL
{m} |[SEEPAGE| (m] |INCLO. | (m} TR {m) 17/0811999
{m) INST. (§cR) | Frocture {m)
Rapy | e . _ DESCRIPTION OF STRATA
17108 17/08 - % MADE GROUND - Brown sandy Clay with brick concrete,
g0 ~ 0.30 9.808 plastic, paper and occasional timber. :
:-3 023, P MADE GROUND - Soft grey blue brown sfightly sandy
8o o - very silty Clay with some to much fine to coarse
o . angular gravel of brick, glass, concrete, cloth,
1.05-1.5 sy [— plastic.
1.8 D [
1.52.0 B
-
2.052.5 @) [—
25 D :_‘_
2,530 B =
1V -
3.05-3.54 S(37) b=
b 4 ."Ef [~ 320 6.908
o . . ;
2 34 D [ MADE GROUND -~ Medium dense to dense dark grey
g |as40 8 |- sandy fine to coarse angular Gravel of brick, glass,
g — cloth, plastic, and cobbles of waod.
A4 = —
T W |4.054.5 c(2s5) F—
3 - .
s s b [ 440 5.708
4550 B - Soft to very soft blue grey brown very siity CLAY.,
50555 (1) f—
5557 b
[ 590 |=—-_~] 4208
5863 8 — . . e
- Very soft blueish grey very silty CLAY with some
- very thinly laminated silts and fine sands.
6.55.7.0 U(NRS [
£ .
5 7.6 I
3 -
% |so0s85 UN/R) —
§ -
o 8.7 D —
8.90.3 B |—
o.65-10.0 UIN/R) :~
_CHISELLING WATER ADDED|  REMARKS: P
" At 16.90m casing pushing cobbles into the marl- (Driller's
M| TO_|HOURS| FROM| To | gdlo am s g ( —
0| 1245 4
0 | 1610 1 Y.
o [ 1700 1 Gwent
-
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| site:  Docksway Landfill Site LOGGED BY:LC.L. | BOREHOLE No.
LOCATION: E, N. | REFERENCE No.: 1 2

BORING DIAMETER | CASING DIAMETER SHEET No.
(mm) TO(m} | (mm) T0 (m) 2 of 2

BORING METHOD: Light Cable Percussion Boring

BORING EQUIPMENT: PILCON 150 150 17.06 150 17.08 GROUND LEVEL
SOIL SAMPLE | CHANGE OF STRATA mAQD

DATE & | WATER | Date& | DETAIL | ’mE o D

DRILLNG| LEVEL | CASIHG | OF  |Sampe| N° oepry | LEGEND] OO COMMENCE

DEPTH | & | OEPTH | PIEZOJ | DEPTH [ ROGK CORE LEVEL

() [SEEPAE “(m) | MCLO. | m) o T m o 17108/1999
1aciuTe

) INST,
indax DESCRIPTION OF STRATA

{SCR}
raoj

- = As previous description.
10.4 | == = 1 -0.202

10110 8 53083280 Medium dense to dense biueish grey very clayey fine
220 y very clay

aaasaess to coarse sub-rounded GRAVEL,
KS.

11.0 joge2a8a% —0,892

11.05-11.5 C{44)

g§°3,8g8 Dense grey very sandy medium to coarse sub-rounded
Boegades to rounded GRAVEL with occasional to some cobbles
°§°8 of sandstone.

BIRLART B

[il!l{lll!lllﬂjllll

Oo0TOVOT
)
00
)
00
)

og

o)
12.3 282f -2.192

Y .2.202 COBBLES (Driller's description).

<
d O
(o]

124

TTTTTT

0283 Dense to very dense grey very sandy medium to
2095, coarse sub-rounded to rounded GRAVEL with some to
593 many cobbles of sandstone.

"""" LD ::': 12.55-43.0] C{50 for 131mm)

LY

CE600H
]
COE0N00000
)
)
i

LX)

3.25-13.75 8

14.0 14.05-14.5 C(32)

co0o

14.75-15.25 B

Arisings

15.0 15.55180{ C(50 for 156mmy)

]HH[HlIiIIH|HH|IHI]HH!IH

18.25-18.75 a8

16.8 2%] -8,692

1885 17.0-17.05{ C(50 for 3mm)

16.9 [ -6.792 \ Stiff Mari (Driller's description)

END OF BOREHOLE

Hﬂ‘IIll}HHIHII}IHIIIIII]HH

TITTT

)

CHISELLING WATER ADDED REMARKS: -
At 16.90m casing pushing caobbles into the marl (Driller's

M| 70 |HOURS|FROM[ TO AR (

130 | 1245 | 1 -

90 16.10 1 _

90 | 17,00 | 9 Gwen
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I"sme:  Docksway Landfill Site |LOGGEDBY:LC.L. | BOREHOLE Mo,
LOCATION: E, N. REFERENCE No.: 1 3
G DIAM SHEET No.
FBORING METHOD: Light Cable Percussion Boring BORIN ETER | CASING DIAMETER
{mm) T0 (m) (mm) Tom [ 1 of 2
5 BORING EQUIPMENT: PILCON 150 150 115 150 1.5 GROUND LEVEL
. SOIL SAMPLE CHANGE OF STRATA 10.565 muo0
& | WATER | Dite & | DETAIL
cALih| LEVEL | CASING | OF _ |sampLe| Mo l TYPE Lecnp| 08, COMMENCED
DEPTH | & | DEPTH |PIEZOJ | DEPTH | ROCKCORE | DEFTH LEVEL
{m} [SEEPAGE| (m} |{INCLO. | (m) p— {m) 15/08/1993
{m) INST. @cRy | Fractare i {m)
map | ™ DESCRIPTION OF STRATA
19/8/89 1omms| & — MADE GROUND - Stiff red brawn sandy very silty Clay
-é? . with some gravel and cobbles.
£2 los10 B [ oso 10.085 i
&5 10145 s@) |- : . .
) - MADE GROUND - Firm to stiff brown sandy very silty
- Clay with some gravel of wood, plastic, cloth and
1.0-20 B [ — paper.
=
15 2.0-245 S(14)[”_2.00 B.585
2020 P MADE GROUND - Firm to soft brown and red brown
- silty very gravelly Clay with fragments of glass,
- paper, cloth, plastic and wood.
3 I
~ ~
2 (30345 s@ [
] 30 5 3.04.0 B [T
1 n.lg -
4 g2 -
B -
L e &
4,0-4.45 B) [
w | 38 1o o =
[ 430 6.285
- Firm blueish grey mottied brown, very silty CLAY
- with occasional gravel.
45 5.0-5.45 u(28) Z—-
545-5.6 o
5.66.5 B [~
6.0 6.5-6.95 U(ZO)E 6.50 J 4.085
- - > Very soft to soft blueish grey slightly sandy very
- [—— silty CLAY. y
6.957.1 D -
7.18.0 8 [ [T
8.0 8.0-8.45 U3y — :: 2
£ - |-
o - i . :
F= |64586 o [T [ Below 8.45m with very thin laminations of siit and
ég 8.6-95 5 -~ fine sand. »
8% N
a0 95085 uas)— - [
9.95-10,1 o F i
__CHISELLING WATER ADDED REMARKS: -
OM | TO At 11.60m bubbling of water in the borehole was heard.
HOURS| FROM | . TO Borehole stopped due to potential gas hazard. ‘ ﬂ
— Gwent
. consultancy:.




site: ~ Docksway Landfill Site LOGGED BY:LC.L. | BOREHOLE Ko.
LOCATION: E, N. | REFERENCENo. 1 3
’ . SHEET No.
BORING METHOD: Light Cable Percussion Boring BORING DIAMETER CASING DIAMETER
{mm} T (m) {mm) TO (m) 2 of 2
BORING EQUIPMENT: PILCON 150 " 450 1.5 150 115 GROUND LEVEL
SOILSAMPLE | CHMANGE OF STRATA mAGD
WATER | Date & |DETAIL
sl LEVEL | CASING | OF ~ |sampLe| Moo | TYPE Leceno| 0. COMMENCED
1T DEPTH | & | DEPTH |PIEZOJ | DEPTH | ROCK CORE | DEFTH Ny
(m] |SEEPAGE (m] |INCLO. | (m) cr (m) 19/08/1999
(m) INST. oRy | Feacts (m) ;
®maoy | e DESCRIPTION OF STRATA
1o.1-11 Bk As previous.
22 —
5s =
Eo -
@ax | 11111 u(es) [— .
11,1-11.5 B :
- Very soft grey silty sandy CLAY with much fine to
1.5 w - coarse sub-rounded gravei of sandstone. :
- END OF BOREHOLE
CHISELLING WATER ADDED| REMARKS: 4 ' o
;] At 11.50m bubbling of water in the borehole was heard.
ROM| TO |HOURS| FROM| TO Borehole stopped due to potential gas hazard. ‘ ﬂ
Gwent
| consultancy. |




LOGGED BY:I.C.L. BOREHOLE No.

ste:  Docksway Landfill Site
LLOCATION: Newport E, N. | REFERENCENo:4 4
BORING DIAMETER | CASING DIAMETER SHEET No.
BORING METHOD:  Light Cabla Percussive Boring
{mm) TO {m) {mm} | TO{m) 1 of 2
BORING EQUIPMENT: DANDO 150 150 17.08 150 {675 | GROUND LEVEL:
SOIL SAMPLE | CHANGE OF STRATA 11.03  macp
& | WATER | Data & | DETAL
AT VeVEL |casig | oOF  |sawete| TYPE saeno| 00 COMMENCED
| & | DEPTH |PIEZOJ | DEPTH [ ROGKGORE | PEPTH LEVEL 18108
(m) |[SEEPAGE (m} |INCLO. } (m) TeR {m) /08/1999
{m} INST. (sCn Frociure {m}
L N DESCRIPTION OF STRATA
- MADE GROUND - Soft to firm brown slightly gravelly
[ very slity Clay with some plastic, paper, woad,
as-10 8 |— polystyrene and sub-rounded to sub-anguiar fine to
~ coarse gravel of sandstone.
/m&.m D -
1.05-46 s (1D
/15 20 B -
=7 -
5] =
& “liis T o3 =
O A -
// 2530 8 -
1'12 / 20 w - 2.0 ] 8.13
1 108.18 1€ (@0 —
- MADE GROUND - Soft to firm grey silty Clay with
- much plastic, paper, metal and cloth.
as-40 B .
/w&-u C (34) E——
/4,.-,.5.9 B _
.05 - 8.5 C (39} -
\V4 / -
/&n-’sz B E
? 8.33-T.0 C 2 E‘
/7.:5-1.7: B8 E
79.78 D — 7.70 3.13
5 L
8 R uE & Very soft to soft blue-grey, grey very silty CLAY.
o -
4 —
/us-us B —
955-100. u o -
CHISELLING WATER ADDEDl REMARKS: -
‘ROM | TO |HOURS| FROM | TO ( P
138 | 140 | 1 ‘
158 | 160 | 1 y..
164 | 163 | 06 Gwent




site:  Docksway Landfill Site LOGGEDBY:IC.L. | BOREHOLE No.
LOCATION: Newport E, N. | REFERENCENo:1 4
{ SHEET No.
BORING METHOD:  Light Cable Percussive Boring BORING DIAMETER CASING DIAMETER
{mm} TO (m) {mm). | TO(m} 2 of 2
BORING EQUIPMENT:  DANDO 150 GROUND LEVEL
SOILSAMPLE | CHANGE OF STRATA mAGD
& | WATER | Dals& |DETALL :
| LEVEL | CASING | OF  |sampLe| Mo \ TYPE Lecann| 0. COMMENCED
REPTH | & | DEPTH |PEZOJ | DEPTH | ROCKCORE | DEFTH LEVEL
(m) |SEEPAGE (m) INCLO. {m}. Ter {m} 18/08[1 999
{m) INST. (scm | Fesctre (m}
magy | ™= DESCRIPTION OF STRATA
(0250 1078 8 E 10.2 0.83
— Very soft grey, blue-grey siightly sandy very silty
/ - CLAY. :
/u.w-n‘s U (G)NR:—'
sz B E
/ [T 124 == -1.37
1256130 c (39) 350080, ] )
— RE320a80 Denge to very dense grey slightly sandy medium to
- 2522 §g§ coarse sub-rounded to rounded GRAVEL with some
— — = /] - 5 3 §§§ cobbles.
' ) 8 Aaazs-ars ] - 528 ’§8§
22853520
& i
-~ Bossasan
m
/ HOS- 145 C ({80 foi— B §3§ §g
228mm)”  jeseoeses
/ S
p 03030500
T Besseees
/ 1475 1525 B8 ' °§g§° 3°
/ -
T [esased
- gg: °§
. 15.4 g;’)n :g -4.37
s es C it ossasces Very dense grey brown slightly silty sandy fine to
- 558a05a coarse sub-rounded to sub-angular GRAVEL with
0. te1 C (50 for" Go5egege occasional cobbles.
| LU
/ wa.188 8 n gg ggggg
- 505820252
/ o — 167 Bisestsd sy
tas- 17,03 - ] Firm to stiff red brown very siity CLAY with some
8- 17, 50 for{_. BB Solly B - ) ry sity
/‘" i S o) 170 L= =— 7 -597 lithorelies (Grade Il to 1Va).
b
-
- END OF BOREHOLE
CHISELLING WATER ADDED REMARKS: -
FROM | TO |HOURS| FROM| TO ( P
Gwent
| consultancy |
L .




| SITE: Docksway Landfill Site LOGGED BY:L.C.L. BOREHOLE No.
f LOCATION: E, N. | REFERENCE No.: 1 8
‘ RIN AMETE N SHEET No.
_ BORING METHOD: Light Cable Percussion Boring BORING DIAMETER CASING DIAMETER
t @m | TO(m) (mm} | TO(m) | 4 of 2
BORING EQUIPMENT:PILCON 150 150 12.0 150 124 GROUND LEVEL
SOILSAMPLE | CHANGE OF STRATA : B.953  aop
DATE & | WATER | Dile & | DETAIL
(DRILLING| LEVEL |CASING | OF  |sampLe| Mo ] TYPE LEGEND| 05, COMMENCED
DEPTH | & | DEPTH |PIEZOJ | DEPTH | ROGKGORE | DEFTH LEVEL
{m) [SEEPAGE, (m} |INCLO. | (m) Tor {m) 20/08/1998
r {m) INST. @oR) | Fooure (m}
map] | = DESCRIPTION OF STRATA
1 B - 2
08| gig | 00 W e MADE GROUND - Stiff red brown mottied yellow, grey
a?g - SRS and blue, sandy Clay with much gravel of siltstone
£28 | o510 s SRR and mudstone.
gac | - SRS
b XX A X
. QLS
- QXK
Z 1.0-1.45 S(4) [1.00 [0 7,853
1.0-2.0 B QRAIK
- MADE GROUND - Soft red brown mottled yellow, grey
I~ and biue sandy very gravelly Clay with pottery
- fragments.
. [ 1.80 7.153 ]
15 2.0-2.45 s(4) Firm to stiff blue grey mottled brown slightly
’ 2.0-3.0 B gravelly very silly CLAY,
I 230 8.653 :
- Soft to firm blueish grey mottled brown very siity
— CLAY.
30 3.0-3.45 u(as) 3.0 =] 5953
- Firm blue grey very silty CLAY.
3.453.6 D
3.64.0 B
SE =
25 -
a0 N 40445 u(20) —
e -
28 -
QE 44545 D -
2% | 46560 8 [
og
714 -
45 5.0-545 U(20) —
54556 D i
5.6-6.0 B [T
| 6.00 7 2.953
i Soft to very soft, blue grey very silty CLAY
L with very thin laminae of silt and fine sand.
6.0 6.5-8.95 U(12) }—
6.957.1 o F
7.1-8.0 . B [T
E -
m -
8.0 N |8.0-845 U(10) |—
3 =
's |e45a6 o [
Z |8695 B [
s -
[~
@ C
20 '9,5-9.95 u(s) f—
- ls.g5-10.1 o F
CHISELLING WATER ADDED. REMARKS:
|EROM | TO |HOURS| FROM| TO
12.0 123 12




ste:  Docksway Landfill Site LOGGEDBY:L.C.L. | BOREHOLE No.
~ LOCATION: E, N. | REFERENCE No.: 1 5
NG DIAMETER ASING D SHEET No.
BORING METHOD:  Light Cable Percussion Boring BORING CASING DIAMETER
: (mm) TO {m) {mm) TO (m) 2 of 2
BORING EQUIPMENT:PILCON 150 150 120 150 12.3 GROUND LEVEL
SOILSAMPLE | CHANGE OF STRATA mAGD
WATER | Date & | DETAIL
Q%E :G LEVEL C;\‘S?NG OF | SAMPLE No. TYPE U Py COMMENCED
DEFTH | & | DEPTH |PIEZ0J | DEPTH | ROCK CORE | DEFTH LEVEL
{m) |SEEPAGE| (m) |INCLO. | {m} P (m) 20/08/1999
(m} INST. [CR) | Fractuws {m}
mapy | P DESCRIPTION OF STRATA
10.1-11.0 8 - As pravious
-
10.5 111145 u(ss) }
— 113 2,347 i i .
rsis b 118 gkl 2547 Soft blue grey very silty CLAY with soma gravel.
Ji1e120 8 - h2o9 Pense to very dense grey very sandy fine to coarse
- 5902 subrounded to rounded GRAVEL with some cobbles of
— 595° sandstone.
. - 6000
12.0 12.0-12.3]_C(80 for 150mm)~ 123 2094 .aa¢r
- END OF BOREHOLE
CHISELLING WATER ADDED  REMARKS: —
ROM | TO [HOURS| FROM| TO ( Sy
12.0 12.3 12
Gwent




SITE: Docksway Landfill Site LOGGEDBY:1.C.L. | BOREHOLE No.
LOCATION: E, N. | REFERENGE No.: 1 6
SHEET No.
BORING METHOD: Light Cable Percussion Boring BORING DIAMETER CASING DIAMETER °
: (mm) TO (m) (mm) TO (m) 1 of 2
BORING EQUIPMENT: Dando 150 450 14 150 414 GROUND LEVEL
SOIL SAMPLE CHAKRGE OF STRATA ' 8.285 mACD
| DATE & | WATER | Date & | DETAIL
oRLLIKG| LEVEL | CASING |  OF No. | TYPE Lecenn| 00 COMMENCED
| DEPTH & | DEPTH | PIEZO/J | DEPTH ROCK CORe | DEPTH LEVEL
{m} [SEEPAGE| (m) |WCLO. | (m} Ton {m} 20/08/1999
{m) INST. sony | Froctme (m}
o} | ™ DESCRIPTION OF STRATA
28/08 28/08 féa - .,::?E:: MADE GROUND - Stiff red brown grey gravelly very
22 ~ KRS silty Clay.
g E 0506 o = 20
- s - - S5R8EK
55
oo telele
i 0
R 5555
1.3-14 D [C 1.30 [XXXKK) 6.985
" - MADE GROUND - Firm grey mottied brown very siity
- CLAY with some grave! of brick, sandstone and
- 6.585 occasional rootlets.
- Firm light grey mottied brown very silty CLAY,
3.1-3.2 p [~ a 1 5185
= Soft to very soft blue grey silty CLAY.
£ -
< -
Q b
° S—
~ I
e -
| 2 -
& -
g -
2 -
i o —
'g —
5 "
7] —
=
1 -
V -
. -
i =
-
CHISELLING | WATERADDED| REMARKS: y
FROM | TO |HOURS| FROM| TO ( F and
Gwent
| consultancy. |




LOGGER BY:LC.L. J BOREHOLE No.

SITE: Docksway Landfill Site
LOCATION: - E, N \ REFERENCE No:: 1 \ 6
c SHEET No.
GORING METHOD:  Light Cable Percussion Boring J._EER‘"G DIAWETER | GASING DIAMETER |
4 m | To@m | (om | TOm | 2 of 2
BORING EQUIPMENT: Dando 150 150 "4 150 14 GROUND LEVEL
SOIL SAMPLE CHANGE OF STRATA ) MAGD
A WATE! DETAIL
_,E,?G HATER | Cagie | o SAVPLE oD, : COMMENCED
i | b | TR | im) LeveL 20/08/1999
DESCRIPTION OF STRATA
Soft to very soft blue grey very silty CLAY.

|

)

2915
4 5522008l a8 Grey medium to coarse SAND and medium to coarse
. angular to sub-angular GRAVEL (Drillers

40 A
F—:— \ description).

- END OF BOREHOLE

11.4-10.7m

Bentonite

CHISELLING WATER ADDED| REMARKS:
FROM| TO |HOURS| FROM| TO

|
|
l\ il

th










Peter Brett Associates Docksway Disposal Site, Newport
Conceptual Model And Hydrogeological Risk Assessment For Area 2

APPENDIX 4
PERMEABILITY OF COHESIVE ALLUVIUM

1.1 General

The permeability of the Cohesive Alluvium at Docksway for design and modelling
purposes has been assessed from the results of the field and laboratory testing
carried out during ground investigations at the site. The results are listed in Table
A4-1 and summarised on Table A4-2.

1.2 In-situ Testing

Eight falling head tests were carried out by Structural Soils (1994), although those at
the top and base of the stratum appear to give uncharacteristically high results and
are considered to be spurious probably due to poor casing seals at the top, and
heave at the base of the borehole. The remaining tests all gave a very slow
response with assessed permeability of less than 1 x 107"° m/sec. These tests were
carried out with the base of the casing flush with the soil at the base of the borehole
and assess the vertical permeability of the soil.

Six falling head tests were conducted by Exploration Associates (1996) over open
lengths of borehole between 0.5 and 1.5m long. These will tend the measure the
horizontal permeability of the ground. The results fall in the range from 3.2 x 107 to
6.4 x 10° m/sec with an average of 7.8 x 10® m/sec. Some of the boreholes were
dry prior to testing and tests may have been carried out above the water table, thus
invalidating the theoretical basis behind the calculation, however the tests serve to
give an indication of the horizontal permeability.

1.3 Laboratory Testing

Laboratory falling head tests and triaxial permeability tests have been carried out,
and in addition permeability can be inferred from other tests such as the oedometer
consolidation test and the consolidation stage of the triaxial test. The majority of the
tests carried out will measure the vertical permeability in the sample, although
drainage arrangements for some test specimens will give a result representing a
combination of vertical and horizontal components of permeability. Where
specimens are remoulded, and the structure/microfabric of the soil has been
destroyed, the permeability determined is that of the homogenised mass and is not
representative of that of the in-situ soil. It does give an indication of the likely
permeability of any soil excavated and reused as engineering fill, however.

(a) Laboratory Falling Head Tests
30
The results of 13 tests on undisturbed samples gave a permeability range
from 3 x 107" m/sec to 1.1 x 10 m/sec with an average value of 1.8 x 10°
m/sec.

Four tests on remoulded samples were carried out with results in the range
8.7 x 10" to 2.9 x 10" m/sec, with an average value of 5.3 x 107'° m/sec.

(b) Laboratory Triaxial Permeability Tests

Three tests were carried out on intact samples giving values of 1.9, 2.0, and
2.8 x 10" m/sec, average 2.2 x 10"° m/sec.

J:\14000series\14739\038B - HRA\Phase2HRA-R05.doc




Peter Brett Associates Docksway Disposal Site, Newport

Conceptual Model And Hydrogeological Risk Assessment For Area 2

1.4

1.5

36,48¢

Eight tests were carried out on remoulded specimens giving results in the
range from 1.6 x 10® m/sec to 3.8 x 10" m/sec. Ignoring the high result from
a sample of the weathered alluvial crust which may potentially have contained
preferential pathways in the form of fissures, the average permeability is
3.7x107° m/sec.

(c) Triaxial Consolidation Tests

The permeability of intact specimens of soil was assessed from the data
obtained during the consolidation stages of five effective stress triaxial
strength tests. Drainage was such that an estimate of combined horizontal
and vertical permeability was obtained in the range 4 x 10" to 7 x 107
m/sec, average 1.1 x 107'° m/sec.

Similar tests on two remoulded specimens gave an average result of
2.4x107° m/sec.

(d) Oedometer Consolidation Tests
Consolidation properties are related to permeability (k) by the relationship:
k = Cy. My. Y

where ¢y is the coefficient of consolidation
m, is the coefficient of compressibility and
Yw is the density of water.

Using this relationship an estimate of the vertical permeability of each
specimen tested was made for the first consolidation stage, i.e. when there
has been least alteration of the sample fabric by compression. Subsequent
test stages usually give lower permeability values as the sample compresses
so the value for the first stage is considered the most representative of the in-
situ condition.

Twenty one tests gave permeability values in the range 4 x 10"? t0 2.7 x 10°
m/sec with an average of 4 x 10™° m/sec.

Variation in Vertical Permeability with Elevation

Alluvial soil sequences may exhibit vertical permeability changes with depth of burial,
degree of consolidation, depositional/sedimentary controls etc through the sequence,
and in order to determine if there is any variation in permeability with depth at this
site, the relevant vertical permeability test results in Table A4-1 have been plotted
against elevation (to Ordnance Datum), and stratigraphic position in the sequence
above the base of the unit (top of the Gravel Deposits). Results from remoulded tests
have been included because if the sediment gets coarse or finer down the sequence
this would be reflected also in any homogeneous remoulded specimen.

The results show that there is no pattern or trend of vertical permeability coefficient
increasing or decreasing throughout the sequence.

Permeability Values Selected for Design

The average vertical permeability of “intact” Cohesive Alluvium derived from a
number of test methods falls in the range from about <1 x 107"° to 2 x 10°° m/sec. The
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Peter Brett Associates Docksway Disposal Site, Newport
Conceptual Model And Hydrogeological Risk Assessment For Area 2

average of the average values for vertical permeability presented in Table A4-2 is
< 8.8x10"° m/sec. Accordingly it is considered appropriate to use the conservative
value of 1 x 10° m/sec for design purposes. For the LandSim modelling work,
1.0x10° m/sec has been used as a single conservative value for the vertical
permeability of the Alluvial Clay.

30,49¢ It is recognised by the EA that an over-reliance on laboratory permeability data can
lead to an underestimation of the permeability of the geological barrier (see for
example EA, 2004b). If the reliable, available field data alone were to be used as the
model input for the alluvium vertical permeability then a value of less than 1 x 10™°
m/sec would be appropriate (see Section 1.2 of this Appendix). Importantly, field data
available for this site demonstrates that the vertical permeability value chosen for the
input to the model (1 x 10®° m/sec) is not inappropriately low.

Evidence from a small number of in-situ tests suggests that the horizontal
permeability is at least two orders of magnitude higher, say in the order of 1 x 107
m/sec. This would not be unusual in a layered alluvial sequence where thin partings
of silt or fine sand (often only a grain or two in thickness) are present giving a higher
permeability horizontally. However it is the vertical permeability that is of the greater
significance in respect of prevention of potential downward contaminant migration,
and in forming a geological barrier.

Where remoulded samples were tested permeability values in the order of 2.4 to 5.3
x 10"° misec were recorded. As might be expected, this shows that once the
structure of the soil is destroyed the clay fraction present will predominate and the
measured permeability is likely to be similar to that measured in the vertical direction.
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Docksway Disposal Site, Newport

Conceptual Model And Hydrogeological Risk Assessment For Area 2

TABLE A4-1

PERMEABILITY TEST RESULTS IN COHESIVE ALLUVIUM

Gl/Date Hole Depth Permeability m/sec Remarks
Ref. (m) In-Situ Laboratory
Structural 1A 6.0 7.7x10° } Top of stratum, probably
Soils 1994 2A 6.8 29x 101'2 } spurious due to poor casing seal
3B 8.95 <1x10
4 4.8 <1x10"°
5 5.5 <1 X 10‘:2 All Falling Head Tests giving k,
6 2.9 <1x10°
7 2.9 <1x107°
10 9.0 6.8 x 10° Close to base of stratum. Base of
borehole may have failed due to water
pressures in gravel.
1A 7.4 6.6x 10 ky Falling Head Tests giving k,
1A 11.3 6.1 x107"° Ky
2A 5.6 3.1x107 Ky
2A 8.6 6.5x 107" Ky
2A 8.61 57x107" Remoulded k
03 7.05 75x10° Ky
04 54 3.1x 107 K,
04 7.8 2.8x10™ Ky
05 2.50 2.8x 107 K,
05 2.51 3.7x10"° Remoulded k
05 4.60 6.1x107"° Ky
05 4.61 8.7 x10™° Remoulded k
06 4.10 1.1x10° Ky
07 3.0 1.4x10° Ky
10 1.60 3x10™ K,
10 1.61 29x10™" Remoulded k
10 7.55 50x 10" Ky
2A 5.6 <5x 107 k, Oedometer — Maximum Value
3B 7.05 <2x107° k, Oedometer — Maximum Value
6 4,10 <1x10° k, Oedometer — Maximum Value
EA 1996 1 40-50 5.8x10° Falling Head Tests giving ky,
2 7.0-75 1.3x10° Kn
4 55-6.3 6.4x10° K,
5 6.0~7.0 48x10% Kn
6 45-50 3.2x107 k, Borehole dry
7 45-6.0 2.0x10% K
1 35 1.9x10™ k, Triaxial Permeability
2 3.0 3.8x10™" Remoulded Triaxial Permeability
3 1.0 29x10™ Remoulded
3 4.0 3.7x107"° Remoulded
4 3.0 1.7x107° Remoulded
4 8.0 2.0x 107 Ky
7 4.1 2.8x10™"° Ky
TP1 0.25 1.6x10° Remoulded crust - ignored
TP5 0.7 24x10™° Remoulded
TP5 1.64 4.1x107° Remoulded
TP6 1.44 1.1x107° Remoulded
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Docksway Disposal Site, Newport

Conceptual Model And Hydrogeological Risk Assessment For Area 2

TABLE A4-1 (Continued)

PERMEABILITY TEST RESULTS IN COHESIVE ALLUVIUM

Gl/Date Hole Depth Permeability m/sec Remarks
Ref. (m) In-Situ Laboratory
EA 1996 1 35 1to2x 107" Triaxial Consol Stage  kn/k, 38mm
(Con’d) 3 1.0 1x10"to 4x 10" | Remoulded
3 4.0 1to7x 10" Remoulded
4 8.0 4t07 x 1072 Kn/ky
5 6.0 5x10™%t02x 10" | kyky
6 5.0 2t09x10™" Kn/Ky
7 4.1 1t04x107° kn/ky
GWENT 1A 5.0 <4 x10™ k, oedometer — maximum value
1998 1A 9.5 <4 x10™" k, oedometer — maximum value
2 5.05 <4 x10™" k, oedometer — maximum value
3 6.5 <9 x 107" k, oedometer — maximum value
3 8.0 <6x10™" k, oedometer — maximum value
3 9.0 <5x107"° ky, oedometer — maximum value
4 8.05 <5x10™" k, oedometer — maximum value
4 9.55 <25x10™" k, oedometer — maximum value
5 5.0 <2.8x107° k, oedometer — maximum value
CJ Assoc | GWO03/06 5.00 <4x107" k, oedometer — maximum value
2003/1 GWO03/06 | 7.50 <45x107° k, oedometer — maximum value
GWO03/06 | 10.50 <4x107° k, oedometer — maximum value
GWO03/10A | 3.0 <1x1071° k, oedometer — maximum value
GWO03/10A | 6.0 <4x107° k, oedometer — maximum value
GWO03/10A 9.0 <2.7x10° k, oedometer — maximum value
GwW03/15 6.50 <1x107° k, oedometer — maximum value
GWO03/15 | 9.00 <5x107° k, oedometer — maximum value
GW03/15 10.50 <1.8x10"° ky, oedometer — maximum value
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TABLE A4-2

SUMMARY OF PERMEABILITY TEST RESULTS IN COHESIVE ALLUVIUM

Type of Test No of Permeability | Average Result Remarks
Tests (k) Measured m/sec

In-situ Falling 5 Vertical <1 x 107 No response zone in

Head Test borehole ..k,
measured.

In-situ Falling 6 Horizontal 7.8x10% Long response zones in

Head Test boreholes .. kn
measured.

Laboratory 13 Vertical 1.9x 107 Includes two high

Falling Head Test values.

11 Vertical 1.8x 107

Including 2 possibly
spurious high values at
about 1 x 10® m/sec.

Laboratory 4 Remoulded 53x10™ Homogenised soil.

Falling Head Test

Laboratory 3 Vertical 2.2x107

Triaxial

Laboratory 7 Remoulded 37x107 1 test on stiff weathered

Triaxial crust excluded in
average.

Laboratory 5 All Directions 1.1x 107 38mm specimens.

Triaxial Consol Combined

Laboratory 2 Remoulded 2.4x 107 38mm specimens.

Triaxial Consol

Oedometer 21 Vertical 4.0x107° Highest value from each

Consolidation

test selected, usually 1%
stage.

Notes:

Ky

Kn

vertical permeability

horizontal permeability
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Appendix 5 - Pre Restoration Water Balance - Infiltration Calculation

PERC = Water percolation through daily cover to TOP of WASTE

Peter Brett Associates

Jan Feb Mar Apr May Jun July Aug Sept Oct Nov Dec Total
Temperature {°C) 4.80 4.71 7.14 8.96 12.29 14.94 17.21 16.70 14,24 11.05 7.78 6.01
it 0.94 0.91 1.72 2.42 3.90 5.25 6.50 6.21 4.88 3.32 1.95 1.32 39.32
TE 39.32 39.32 39.32 39.32 39.32 39.32 39.32 39.32 39.32 39.32 39.32 39.32
a 1.12 1.12 142 1.12 1.12 1.12 112 1.12 112 1.42 1.12 112
PET 20.00 19.56 31.20 40.19 57.26 71.26 83.48 80.70 67.55 50.86 34.32 2574 582.11
Adj Factor 0.74 078 1.02 1.15 1.33 1.36 1.37 1.25 1.06 0.92 0.76 0.70
Adi PET 14.80 15.26 31.82 46.22 76.15 96.91 114.37 100.87 71.60 46.79 26.09 18.02 658.90
P {mm} 129.91 86.36 102.07 59.36 61.27 62.57 67.97 77.27 96.46 115.52 117.10 136.78 |1112.639
C (r/o) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ro (mm} 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4]
SR {mm} 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0
IR {mm) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4]
i 129.91 86.36 102,07 59.36 61.27 62.57 67.97 77.27 96.46 115.52 117.10 136.78 | 1112.64
I-Ad} PET 116.11 71.40 70.25 13.14 -14.88 -34.34 -46.41 -23.61 24.86 68.74 91.01 118.76 453.74
NEG {I-Adj PET) 0.00 0.00 0.00 0.00 -14.88 .| -34.34 -46.41 -23.61 0.00 0.00 0.00 0.00
Sum NEG (I-Ad} PET) 0.00 0.00 0,00 0.00 -14.88 -49.22 -95.63 -119.24 0.00 0.00 0.00 0.00
St 20 20 20 20 10 3 1 1 20 20 20 20
dst 0 4] 0 4] -10 -7 -2 4] 19 0 0 0 0
AET {mm] 11.10 11.44 23.87 34.66 35.64 34,78 34.98 38.63 35.80 35.09 19.56 13.51 329.08
PERC {mm} 118.81 74,92 78.21 24.69 0.00 0.00 0.00 38.63 41.66 80.43 97.54 123.27 678.16
It= (T/5)*%
PET = 16(10¥TE)"
a= 0.000000675 (TE)' - 0.0000771 (TE)? + 0.01792TE +0.492 39
TE = Annual Sum it
Adj Factor = Values adjusted for Latitude 51 degress see table below
P = Average Rainfall
C = Runoff coefficient see table below
Ro= PxC
I= P+SR+IR-Ro
SR = Surface runoff input to landfill
[R = Imigation input water
NEG (-Adj PET) = Lack of infiltration water needed for vegelation see lable
St = Soil Moisture storage at Field Capacity see table
AET = Actual Evapotranspiration For dry months x 0.5 for wet months x 0.75 as no vegelation
If NEG (I-Adj PET) = negative AET = I+]dSt]
f NEG (I-Adj PET) = positive AET = Adj PET
PERC = Percolation to TOP of capping layer
If dSt = negative PERC = Zero
If dSt = positive PERC = | - AET - dSt
Adjustment Factors for Potential Evapotranspiration computed by Thornwaite Equation
Lattitude Jan Feb Mar Apr May Jun July Aug Sept Oct Nov Dec
0 1.04 0.94 1.04 1.01 1.04 1.01 1.04 1.04 1.01 1.04 1.01 1.04
10 1.00 0.91 1.03 1.03 1.08 1.06 1.08 1.07 1.02 1.02 0.98 0.99
20 0.95 0.90 1.08 1.05 1.13 1.11 1.14 1.1 1.02 1.00 0.93 0.94
30 0.90 0.87 1.03 1.08 1.18 1.17 1.20 1.14 1.03 0.98 0.89 0.88
35 0.87 0.85 1.08 1.09 1.21 1.2% 1.23 1.16 1.03 0.97 0.86 0.85
40 0.84 0.83 1.03 1.1 1.24 1.25 1.27 1.18 1.04 0.96 0.83 0.81
45 0.80 0.81 1.02 1.13 1.28 1.29 1.31 1.21 1.04 0.94 0.79 075
50 0.74 0.78 1.02 1.15 1.33 1.36 1.37 1.25 1.06 0.92 0.76 0.70
Runoff Coefficient after Salvato for leachate estimation (Lu et al 1985)
. N Runoff Coefficient
Surface condtion Slope (%) Sandy Loam Clay or Sitt Loam Clay
Pasture or meadow 0-2 flgt 0.10 0.30 0.40
(surface with cover crop) 5-10 rolling 0.16 0.36 0.55
10-30 hifly 0.22 0.42 0.60
. 0-2 flat 0.30 0.50 0.60
(r:VS ‘S’sﬁifrtf‘:é‘e) 510 | rofiing 0.40 0.60 0.70
10-30 hilly 0.52 0.72 0.82
Soil Moisture retention after Potential Evapotranspiration has occurred
St
Sum NEG (i-Adj PET) 25 50 75 100 125 150 200 250 300
0 25 50 75 100 125 150 200 250 300
10 16 a1 65 90 115 140 190 240 290
20 10 33 57 81 106 131 181 231 280
30 7 27 50 74 98 122 172 222 271
40 4 21 43 66 80 114 163 213 262
50 3 17 38 60 a3 107 155 204 254
60 2 14 33 54 76 100 148 196 245
70 i 1 28 49 70 93 140 188 237
80 1 9 25 44 65 87 133 181 229
90 1 7 22 40 60 82 127 174 222
100 [ 19 36 55 76 120 167 214
150 2 10 22 37 54 94 136 181
200 1 5 13 24 39 73 m 153
250 2 8 16 28 56 91 130
300 1 5 11 20 44 74 109
350 1 3 7 14 34 61 92
400 2 5 10 26 50 78
450 1 3 7 20 41 66
500 1 2 5 16 33 56
600 1 3 10 22 40
700 1 6 15 28
800 1 4 10 20
1000 1 4 10
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Mean average daily temperatures 1978 -1995

Year
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993 .6.85 5.60
1994 6.20 4.30 8.35 . .
1995 5.90 7.50 6.40 10.15 12.30 15.55 18.85 20.25 14.20 13.756 8.50 3.40

Average 4.80 4.71 7.14 8.96 12.29 14.94 17.21 16.70 14.24 11.05 7.78 6.01

Monthly Rainfall Figures 1978 - 1995

Year Jan [ Mar Total
1978 . 163! ‘ 10 B 100 : 50 1012.30
1979 1100.90
1980 1195.70
1981 1153.10
1982 1166.60
1983 1063.40
1984 1101.70
1985 1161.00
1988 1199.00
1987 1020.50
1988 1166.30
1989 1059.10
1990 1000.40
1991 998.80
1992 1056.60
1993 1140.80
1984 X 1366.50
1995 138.70 67.40 27.90 86.20 8.90 44.20 9.20 122.40 106.20 117.10 125.30 1064.80
Average | 129.91 86.36 102.07 59.36 61.27 62.57 67.97 77.27 96.46 115.52 117.10 136.78 1112.64

A Docksway Landfill
Rainfall and Temperature Data Newport City Council




APPENDIX 6




Peter Brett Associates

Docksway Disposal Site, Newport

Conceptual Model And Hydrogeological Risk Assessment For Area 2

APPENDIX 6

CALCULATION OF CAP DESIGN INFILTRATION

Docksway Landfill Site.
Area 2 Cap Design Infiltration

Assume 1.0m thickness Clay capping atk = 5 x 10" m/s
Calculate Hydraulic Gradient

i = Hydraulic gradient = h + Hs
Hs

h = Head of precipitation on cap
Hs = Thickness of cap

Assuming maximum head of precipitation on cap = mean
infiltration (see Table 9.1)

Assuming thickness of cap as Drawing

D.41 (NCC, 2003) of

i= 0.45 + 1
1
Calculate Seepage Velocity,
Y = kxi
n
n= porosity of the clay = e /(1 + €)
e= void ratio = wG (fully saturated)
W= placement moisture content, assumed at
specific gravity,
G= assumed at
hence e =
andn=
Permeability
k= of cap
Seepage
V= velocity
Calculate Seepage Rate, Q
Where Q = k (h + Hs)/Hs
Q= Seepage Rate
Q= Seepage Rate

Total Unit Seepage
Rate

0.451

1.00

1.45

26

2.7
0.702
0.412456

5.0E-10

2.29E-09

9.43E-10
297

23

m/m

%

m/s

m/s

m3/s/m2
m3/hectare/year

mm/year

If a permeability of 1x10? is used, a value of 46 mm/yr is arrived at for the unit seepage rate. For
the LandSim modelling the cap design infiltration has been set as a uniform distribution between

23 mm/yr and 46 mm/yr.

417 If a permeability of 1x10™ is used (to simulate a catastrophic failure of the cap), a value of
4575874 mm/yr is arrived at for the unit seepage rate. This exceeds the pre-restoration infiltration
rate of 678mm which has been used as cdi for cap failure (see Section 14 and Appendix 10).

Doc Ref: J\14000series\147391038B - HRA\Phase2HRA-R05.doc
Draft
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I Heron Drive,
AlLcontrol Technichem Langley,
Slough SL3 8XP
tel: 01753 212500
fax: 01753.212501
email: langley@alcontrol.co.uk

Darren Wilcox . Page 1 of 2 pages
Peter Brett Associates

16 West Cote Road

Reading

Berkshire

RG30 2DE

9th January 2004
TEST REPORT

Our Report No: B03024474 Re Issue No. 1 (dated 26.01.04)

‘ Your Order No: Instns. of i8.12.2004

3 no. soil sampies submitted for analysis on 19.12.2004

Project Name: Docksway Samples

» g Q ,
Project Code: P0866 Pe Rispeiaes |
Proiact Mk » ) b !
rarer . Doy W,
Results enclosed: Page 2 ' Peslne 2 ‘
25 JAN 2004
; Lj)isf,r.if:'u:ua..

(P < e L smaaee e e s

Laboratory analysis started on 19.12.2004 ;
. All laboratory analysis completed by 9th January 2004 ‘“‘““““""""""“".i

TP O\%W]T@/\

Tracy Pia Leigh Burton
Quality Manager Project Co-ordinator
ALCONTROL TECHNICHEM ALCONTROL TECHNICHEM

Test Methods are Documented in House Procedures or where appropriate Standard Methods.
Non accredited tests (if applicable) are identified on each page. Procedures for sampling are outside the scope of the laboratory UKAS

accreditation. Opinions and interpretations expressed herein are outside the scope of our UKAS accreditation.
All samples connected with this report, including any ‘on hold', will be stored and disposed of according to Company
policy. A copy of this policy is available on request.

UKAS

TESTIN G

Alcontrol Technichem is a trading division of ALcontrof UK Limited.
Registered Office: Templeboraugh House, Milf Close, Rotherham 560 1BZ, Registered in England and Wales No. 4057291




Re-lssue Details Sheet

Our Report No:  B03024474
Re-lssue No: 1

Re-lssue Date:  26.01.04

Project Name: Docksway Samples
Project Code: P0866

Amendment No. Page No. Details

1 2 CEC results amended as results were incorrectly moisture
4 corrected.

Please destroy the original report which this replaces.
Sincere apologies for any inconvenience caused.

T
Tracy Pia
Quality Manager
ALCONTROL TECHNICHEM




APPENDIX

pba




[44 34 Zs

690°} 25
880 8¢ SL/SOMOD

95

19

85

19

0L

99

65
17 £L/E0MD

e}

ote}

GlL) 9l

eryL 94
269°0 ZL0LLP0 [ovze 869°0 S8 ¢l 920°} ¥l YOL/E0MD

Ge

sbuey Ajsoiod abuey YAl abuey DN 8z

ABQLS 99997°Gl 94

L6EE9S 0 75608£062°L 222202y (514 ¥e

81 sz

AJIS0J0d "AY oljey PIOA [eliul "Ay[  sjinsal [|e Joj DN abeioay ov 82

8¢ £1/£0dD 54

ov 62

09 9v 2l

LE OLHg 5 186°0 €e

29 0S G6°0 vl
0e 60Hg 8G 8690 8¢ V90/€0MO

68 80Hg 4 £z

15 €g 60/£0d9 gL

15 ¥9 62

¥9 20HY 65 0e

7L 99 Gl

¥10'2 €L 90Hg 93 25

€9 v ot} 05

29 G0HS 9v ¥G 80/£0dD 0S
¥S 09 TZIEOMD 29 85 GO/S0MD

LS ¥0Hg (2% L2/EOMD 99 .8

T LS S LIEL 69 aeoHg 93 02/20MD 99 95
9rze 68 #90'} 89 YZ0Hg 54 BL/S0MD G9 Ge $0/S0MD

208} vL 14 £9 .8 81/C0MD zs ¥E
2001 54 [ VI0HE i G5 90/£0dD 85 £0/S0MD

€ 0% 44 9dl 59 v 8%
6660 ov € (87 Sdl 59 LLISOMD 8v Ge Z0/E0MD

662"} 8G z ov Zdl LE 54 65

Lv9'L . E9 89 Le 9v 9v
681 8y vl 75 bdl 82 qLLH/EOMD 0g LO/£0T1 €e LO/SOMD
oney pioA femul o HE8  oney pioA [enu| OW  HE/dL onW He o] He oiey PIOA [efiu) onW He
€ poday 66 100 09 v1va Ss poday 0 Bny vro Hoday y0 uer vro Hoday €0 Bny vro

WniAN|fy Jo sajdwes 10j Soljel PIOA jeliu] PUB SJUBIUO0D 3INJSION




APPENDIX 9

pba




Validated

ALcontrol Geochem Analytical Services * 15017025 acoredited

Preliminary | | Table Of Results ) S accredied
» Shown on prev. report
Job Number: 04/08570/02/01 Matrix: LIQUID
Client: Peter Brett Associates Location: DOCKSWAY
Client Ref. No.: Client Contact: James Amos
Samp[e Identity GP03/04A | GP03/09 | GP03/12A | GWO03/07 | GW03/14 | GW03/16 | GWO03/02 | GW03/03 | LF03/03
o Depth (m) N og =
Sample Type] WATER | WATER | WATER | WATER | WATER | WATER | WATER | WATER | WATER ;:?- E
_ Sampled Date 230604 | 2 S
OUNE - =
Sample Received Date] 07.06.04 07.06.04 07.06.04 07.06.04 07.06.04 | 07.06.04 09.06.04 09.06.04 | 24.06.04 % ¢
Batch 1 1 1 1 1 1 2 2 4
Sample Number(s) 31-32 33-34 35-36 1-10 11-20 21-30 38-39 37,40 47-56
Arsenic Dissolved (ICP-MS) - - - 11 3 3 - - - T™I152" <l ug/l
é;f;;g;ssolved (ICP-MS) - - - 2297 2838 : 2277 - - - T™I152" <10 ug/l ‘
”Cadmium l;i;solved (ICP-MS) - - - <0.4 <0.4 <0.4 - - 0.7 TM152% | <0.4ug/
101ur;1 blssolved (ICP-MS) - - - 126800 344600 176600 - - - T™152" <5 ug/l
lChromlum Dissolved (ICP-MS) - - - 7 10 6 - - - T];/l 152" <1 ug/l
lCopper stsol;gc;(ICP MS) - - - <1 <1 <1 - - - T™152" <l ug/l
Lead Dissolved (ICP-MS) - - - <1 <] <1 - - - ’1:M152” <1 ug/l
Magnesium Dissolved (ICP-MS) - - - 207100 108600 180400 - - - T™152" <5 ug/l
Manganese Dissolved (ICP-MS) - - - 953 1454 652 - - - T™152" <I ug/l
I:g;:kel Dissolved (ICI;—MS) - - - 19 ) 20 5 - - - o WTMISZ” < ug/l
Selenium Dlsso]:/;a;im(lw(m?}w;MS) - - - 12 4 9 - - - TM152* <1 ug/i
Zinc Dissolved (I(fP MS) - - - 7 8 3 - - - T™I52" | <3ug/l
Mercury Dlssolved (CVAAS) - - - <0.05 <0.05 <0.05 - - <0.05 T™127% | <0.05 ug/l
A lﬂka‘l‘;mly Total as CaCO3 - - - - 1545 1775 1580 - - 10350 TMO043" <2 mg/l
I::'l;;r;a{’c;)nductivity (at 25 deg. C) 13.670 7.010 5.070 7.860 5.840 7.470 2.670 3.860 24300 § TMI120" [<0.025 mSicm
lPotassium - - - 10.5 13.2 13.1 - - - TMO083* | <02 r;g“;lw
Sodium L - . 1095.0 645.0 960.0 - - - | ™o83" | <02 mg
gitrale as NO3 - - - 0.3 0.3 <03 - - 0§ - ““T]u\/l"l‘;);"ﬁ »»:(;‘;r;gll
INitriteas NO2 . . . 037 <005 | <0.05 ; ) <005 | T™I03" | <0.05mg/
) sulphate (soluble) - - - 40 15 <3 - - 29 TM098" <3 ;ng/l
”Chloride 2114 900 538 1853 959 1565 229 435 222A]N7M ~’1“]\/A]097’* <} mg/l
Phosphate (Ortho as PO4) - - - 0.53 <0.08 0.21 - - 311.66 T™M100" | <0.08 mg:/lﬂ
Suphide . i i <005 | <005 | <005 - : NDP | TMI0I” | <0.05 mell
Ammoniacal Nitrogen as NH4-N|  780.5 320.8 127.8 463.8 140.8 98.7 61.8 131.8 23966 | T™099" | 5?22@5“
; "I:No;‘aia;ng;mc C'ubon o - - - 56 78 53 - - - T;Vl090’ <1 mg/l
T;)t':—a‘l;'}hl;r;c;ls HPLC T - o - - <0.01 <0.01 <0.01 - B - 0.55 TMO%:“M W<0.01 mg/1
Total Cyanide - - - <0.05 <0.05 <0.05 - - <0.05 TM153”M' <0.05 mg/;
rreeA(fd)';;;lde Water Low ) MM- - - <0.01 <0.01 i <0.0! - - <0.01 M’l%/lls?,# <0 01 mg/l
BOD (Unfiltered Sample) . : i e | e |2 | o o vosst | <imen
COD (Unfiltered Sample) 1272 501 220 233 278 248 38 87 4810 T™I107" | <10 mg/l
Hardness Total - - - 1170 1309 1185 - - - TM152" <1 mg/l
Date 03.08.2004



Validated AlLcontrol Geochem Analytical Services * 15017025 accredited
M .
MCERTS accredited
imi Table Of Results
Preliminary I:’ * Subcontracted test
» Shown on prev. report
Job Number: 04/08570/02/01 Matrix: LIQUID
Client: Peter Brett Associates Location: DOCKSWAY
Client Ref. No.: Client Contact: James Amos
Sample Identity} GP03/04A | GP03/09 | GP03/12A | GW03/07 | GWO03/14 | GW03/16 | GW03/02 | GW03/03 | LF03/03
Depth (m) = —
(]
Sample Type] WATER | WATER | WATER | WATER | WATER | WATER | WATER | WATER | WATER % =
Q- -
Sampled Date 23.06.04 - S
(=] -
Sample Received Date] 07.06.04 | 07.06.04 | 07.06.04 | 07.06.04 | 07.06.04 | 07.06.04 | 09.06.04 | 09.06.04 | 24.06.04 & ?
Batch 1 1 1 i 1 1 2 2 4
Sample Number(s)] 31-32 33-34 35-36 1-10 11-20 21-30 38-39 37,40 47-56
bH Value In Water 7.13 6.99 6.89 7.55 7.04 7.40 7.25 7.30 8.40 | T™133" |<1.00 pH Unitg
EPH (DRO) (C10-C40) . - . <10 1720 <10 . - 172598 | TMO61%,| <10ug/l
”EPH (Mineral Oil) . - - <10 1435 <10 - - 82544 | TMOG1%,| <10 ug/l
i
“ributyl Tin - - - <50 <50 <50 - - <10 <50 ng/l
“Triphenyl Tin - - - <50 <50 <50 - - <10 <50 ng/l
Dibutyl Tin - - - <50 <50 <50 - - <10 <50 ng/l
Date 03.08.2004




Validated

ALcontrol Geochem Analytical Services * 150 17025 accredited

Preliminary | | Table Of Results " M el
» Shown on prev. report
Job Number: 04/08570/02/01 Matrix: LIQUID
Client: Peter Brett Associates Location: DOCKSWAY
Client Ref. No.: Client Contact: James Amos
Sample Identity GPO03/04A | GP03/09 | GP03/12A | GW03/07 | GW03/14 | GW03/16 { GW03/02 | GW03/03 | LF03/03
Depth (m) § =
Sample Type] WATER | WATER | WATER | WATER | WATER | WATER | WATER | WATER | WATER %—-’- E
Sampled Date 23.06.04 : S
o =
Sample Received Date] 07.06.04 | 07.06.04 07.06.04 07.06.04 07.06.04 | 07.06.04 09.06.04 09.06.04 | 24.06.04 % ?
Batch 1 1 1 1 1 I 2 2 4
Sample Number(s)] 31-32 33-34 35-36 1-10 11-20 21-30 38-39 37,40 47-56
OoCP
Tecnazene - - - <10 <10 <10 - - <10 T™144 <10 ng/l
Trifluralin - - - <10 <10 <10 - - <10 TMI44 <10 ng/l
“Jpha-BHC (Lindane) - - - <10 <10 <10 - - <10 T™144 <10 ng/l
”Hexachlorobenzene - - - <10 <10 <10 - - <10 T™M144 <10 ng/i
”Beta—BHC (Lindane) - - - <10 <10 <10 - - <10 TM144 <10 ng/l
"Gamma—BHC (Lindane) ; : . <10 <10 <10 . . <10 | T™i44 | <10ng!
Quintozene (PCNB) - - - <10 <10 <10 - - <10 TM144 <10 ng/t
Triallate - - - <10 <10 <10 - - <10 T™M144 <10 ng/l
Chlorothalonil - - - <10 <10 <10 - - <10 TM144 <10 ng/l
Heptachlorr o - - - <10 <10 <10 - - <10 TM144 <10 ny;
Aﬂldrwx: - - - <10 <10 <10 - - <10 TM144 <10 ng/l
Triadimefon - - - <10 <I0 <10 - - <10 TM144 <10 ng/l
Pendimethalin 1 - - - <10 <10 <10 - - <10 TM144 <10 ng/l A
Heptachlor Epoxide - - - <10 <10 <10 - - <10 ) M};IIM <l(3ung/l
0,p-DDE - - - <10 <10 <10 - - <lO - T™M144 <10 ng/l
Endosulfan I - - - <10 <10 <10 - - <10 TM144 <10 ng/l
”p,p'-DDE - - - <10 <10 <10 - - <10 T™MI144 | <10 ng/lm
”Dieldrin - - - <10 <10 <10 - - <10 TM144 ) <10 ng/i
'Ip,p'-TDE (DDD) - - - <10 <10 <10 - - <10 TM144 <10 ng/l
“Endrin - - - <10 <10 <10 - - <10 TM144 <10 ng/l
Endosulfan I - - - <10 <10 <10 - - <10 T™M144 <10 ng/l
0,p'-TDE (DDD) - - - <10 <10 <10 - - <10 TM144 <10 ng/l
0,p-DDT - - - <10 <10 <10 - - <10 TM144 <10 ng/t
p,p'-DDT - - - <10 <10 <10 - - <10 T™M144 <10 ng/!
Endosulfan Sulphate - - - <10 <10 <10 - - <10 MT>~1;/V['1~44 <10 ng/l
o,p’-Methoxychlor - - - <10 <10 <10 - - <10 TM144 i <;0ng;l'
p,p'-Methoxychlor - - - <10 <10 <10 - - <10 TM144 <10ng/lw
“Pcrmethrin - - - <10 <10 <10 - - <10 TM144 <ViOn;;l )
lOrganochlorinc Pesticides Total of 28 - - - <10 <10 <10 - - <10 TM144 | <10ng/
Date 03.08.2004




Vaiidated

ALcontrol Geochem Analytical Services * 15017025 accredited

Preliminary | | Table Of Results " MCERTS accrdicd
» Shown on prev. report
Job Number: 04/08570/02/01 Matrix: LIQUID
Client: Peter Brett Associates Location: DOCKSWAY
Client Ref. No.: Client Contact: James Amos
Sample Identity GP03/04A | GP03/09 | GP03/12A | GW03/07 | GW03/14 | GW03/16 | GW03/02 | GWO03/03 | LF03/03
Depth (m) § —
Sample Type WATER | WATER WATER WATER WATER | WATER WATER WATER | WATER g" 5
Sampled Date 230604 | 2 g
o =
Sample Received Date] 07.06.04 | 07.06.04 07.06.04 07.06.04 07.06.04 | 07.06.04 09.06.04 09.06.04 | 24.06.04 % “
Batch 1 1 1 1 1 1 2 2 s
Sample Number(s)] 31-32 33-34 35-36 1-10 11-20 21-30 38-39 37,40 47-56
OPP
Dichlorvos - - - <10 <10 <10 - - <10 TM145 <10 ng/l
“Mevinphos - - - <10 <10 <10 - - <10 T™M145 <10 ng/t
”7imethoate - - - <10 <10 <10 - - <10 T™M145 <10 ng/l
”Propetamphos - . . <10 <10 <10 - - <0 | t™ias | <i0ngn
”Diazinon (Dimpylate) - - - <10 <10 <10 - - <10 TM145 <10 ng/l
”Etrimphos - - - <10 <10 <10 - - <10 T™M145 <10 ng/l
”Chlorpyrifos—methyl - - - <10 <10 <10 - - <10 TM145 <10 ng/l
”Methyl Parathion - - - <10 <10 <10 - - <10 TM145 <10 ng/luw
”Pirimiphos Methyl A ] A <10 <10 <10 - ] <10 | TM145 | <10ng/
"Fenitrothion - - - <10 <10 <10 - - <10 TM145 <10 ng/!
”Malathion - - - <10 <10 <10 - - <10 TM145 <10 ng/l
”Fenthion - - - <10 <10 <10 - - <10 TM145 <10 ng/!
”Chlorpyrifos - - - <10 <10 <10 - - <10 T™M145 <10 ng/l
“Parathion - - - <10 <10 <10 - - <10 TM145 <10 ng/l
”Chlorfenvinphos - - - <10 <10 <10 - - <10 TM145 <10 ng/l
Ethion - - - <10 <10 <10 - - <10 TM145 <10 ng/l
Triazophos - - - <10 <10 <10 - - <10 TM145 <10 ng/l
Carbophenothion - - - <10 <10 <10 - - <10 TM145 <10 ng/l
*hosalone - - - <10 <10 <10 - - <10 TMI145 <10 ng/
Azinphos methy! - - - <10 <10 <10 - - <10 TM145 <10 ng/l
Azinphos ethyl - - - <10 <10 <10 - - <10 T™M145 <10 ng/”l
(;r:an;hzsphoms Pesticides Total of 21 - - - <10 <10 <10 - - <10 TM145 <10 ng/i
Date 03.08.2004




Validated

ALcontrol Geochem Analytical Services * 150 17025 accredited

peeiminars | Table Of Results vty
» Shown on prev. report
Job Number: 04/08570/02/01 Matrix: LIQUID
Client: Peter Brett Associates Location: DOCKSWAY
Client Ref. No.: Client Contact: James Amos
Sample Identity] GP03/04A | GP03/09 | GP03/12A | GWO03/07 | GW03/14| GW03/16 | GW03/02 GW03/03 | LF03/03
Depth (m) § —
Sample Type] WATER | WATER | WATER WATER | WATER | WATER | WATER WATER | WATER ;:-’ cé
Sampled Date 23.0604 | 2 g
o =
Sample Received Date| 07.06.04 | 07.06.04 | 07.06.04 07.06.04 | 07.06.04 | 07.06.04 09.06.04 09.06.04 | 24.06.04 & “
Batch 1 1 1 1 1 1 2 2 4
Sample Number(s)] 31-32 33-34 35-36 1-10 11-20 21-30 38-39 37,40 47-56
SvVOC
Phenol - - - <1 <1 <1 - - <1 TM143 <1 pg/
2-Chlorophenol - - - <l <1 <1 - - <l TM143 <I pg/l
*-Methylphenol - - - <1 <l <1 - - <1 T™M143 <l pg}‘liw
l4-Methylphenol - - - <1 <] <1 - - 7 TM143 <1 pg/l
2-Nitrophenol - - - <1 <1 <1 - - <] TM143 <1 pgll
4-Nitrophenol - - - <1 <1 <1 - - <1 TM143 <1 pg/l
2,4-Dichlorophenol - - - <1 <l <l - - <l TM143 <t pg/l
2,4-Dimethylphenol - - ) - <1 <1 <1 - - <~i ffffff TM14;‘ M*<l pg/l
4-Chloro-3-methylphenol - - - <1 <l <1 - - <1 TM143 < pg/l
2,4,6-Trichlorophenol - - - <1 <] <] - - <1 T™M143 <1 pg/t
2,4,5-Trichlorophenol - - - <1 <1 <1 - - <1 TM143 <1 pg/l
Pentachlorophenol - - - <l <1 <1 - - <1 TM143 <1 pg/l
1,3-Dichlorobenzene - - - <} <1 <1 - - <1 TM143 <1 ug/l
1,4-Dichlorobenzene - - - <1 <] <l - - - 21 TM143 <l pgh
1,2-Dichlorobenzene - - - <l <1 <1 - - <l TM143 <1 pgf/l
1,2,4-Trichlorobenzene - - - <1 <1 <l - - <l T™M143 <1 ug/l
Nitrobenzene - - - <1 <1 <1 - - <1 TM143 <1 pg/l
”Azobenzene - - - <l <1 <1 - - <1 T™M143 <l pg/l
”:chachlorobenzene - - - <1 <1 <1 - - <1 TM143 <1 pg/l
Naphthalene - - - 2 6 3 - - 14 T™M143 <l pgl/l
Acenaphthylene - - - <1 <1 <1 - - 1 TM143 <1 g/l
Acenaphthene - - - <1 <1 <1 - - <] TM143 <1 pg/l
Fluorene - - - <1 <1 <1 - - <1 TI\BEZ& <1 pg/l
Phenanthrene - - - <] <1 <1 - - 9 TM143 <1 pg/
Anthracene - - - <1 <] <l - - 2 T™M143 <I pg/l
Fluoranthene - - - <1 <1 <1 - - 7 TMI4E§ <1 pg/l
”Pyrene - - - <] <1 <1 - - 5 TM143 <1 pg/l
”Benzo(a)amhracene - - - <] <1 <] - - <l T™M143 <1 pg/l
Chrysene - - - <1 <1 <1 - - <l TM143 <1 g/l
Benzo(b)fluoranthene - - - <l <1 <1 - - <1l T™MI143 <1 pg/l
Date 03.08.2004




Vaiidated ALcontrol Geochem Analytical Services " 150 17025 aceredited
Preliminary |___] Table Of Results . gﬁ gii{s;zzrfi:ed
» Shown on prev. report

Job Number: 04/08570/02/01 Matrix: LIQUID

Client: Peter Brett Associates Location: DOCKSWAY

Client Ref. No.: Client Contact: James Amos

Sample Identity} GP03/04A | GP03/09 | GP03/12A | GWO03/07 | GW03/14 | GW03/16 | GW03/02 | GW03/03 | LF03/03
Depth (m) 5 =
Sample Type] WATER | WATER | WATER WATER | WATER | WATER | WATER | WATER | WATER % %
Sampled Date 23.06.04 g S
o =
Sample Received Date] 07.06.04 | 07.06.04 | 07.06.04 07.06.04 | 07.06.04 | 07.06.04 09.06.04 09.06.04 | 24.06.04 & “
Batch 1 1 1 1 1 1 2 2 4

i Sample Number(s)] 31-32 33-34 35-36 1-10 11-20 21-30 38-39 37,40 47-56

SVOC (cont)

Benzo(k)fluoranthene - - - <1 <1 <1 - - <] TM143 <1 pg/t
”Benzo(a)pyrene - - - <] <1 <1 . - <] T™M143 <1 pg/l
u'ndeno(1,2,3-n:d)pyr<:m3 - - - <1 <] <1 - - <l TM143 <l pg/t
lIbibenzo(a,h)anthracene - - - <l <l <1 - - <l TM143 <1 pg/l

Benzo(ghi)perylene - - - <1 <] <1 - - <1 TM143 <1 pg/t
2-Chloronaphthalene - - - <l <1 <1 - - <l TM143 <1 pg/l

2-Methylnaphthalene - - - 1 2 1 - - <1 TM143 <l pg/lw

Carbazole - - - <1 <] <] - - <1 TM143 <1 pg/l

Isophorone - - - <l <1 <1 - - <] TM143 <1 pg/l
“ISibenzofuran - - - <1 <] <1 - - <l TM143 <1 pg/l
”Dimethyl phthalate - - - <] < <1 - - <1 TM143 <1 pg/l
”Diethyl phthalate - - - S| 5 <1 - - <1 TM143 <1 pg/l
“Di~n~butyl phthalate - - - <1 <1 <1 - - <1 TM143 <] pg/l
Di-n-Octyl phthalate - - - <1 <1 <1 - - <1 T™M143 <1 pgn
Bis(2-ethylhexyl) phthalate - - - <1 <] <] - - <l T™M143 <1 pg/l
Butylbenzyl phthalate - - - <1 <] <1 - - <1 TMI143 <1 pg/l
4‘Chloro;;iwlwi~ne - - - <1 <] <] - - <1 TM143 <| pgjlﬂ
2-Nitroaniline - - - <1 <1 <1 - - <1 TM143 <1 pg/l

;—Nitroaniline - - - <] <1 <1 - - <1 T™M143 <1 pg/l
[4-Nitroaniline - - - <1 <1 <1 - - <1 TM143 <l pg/l
2,4-Dinitrotoluene - - - <] <] <1 - - <1 TM143 <1 pg/l
2,6-Dinitrotoluene - - - <] <1 <] - - <] TM143 <1 pg/l
Bis(2-chloroethyl)ether - - - <l <] <] - - <1 TM143 <1 pg/l
[4-Bromophenylphenylether - - - <1 <1 <] - - <l TM143 <l pg/t
4-Chlorophenylphenylether - - - <1 <l <1 - - <] TM143 <| pg/l
Hexachloroethane - - - <1 <1 <1 - - <l TM143 <1 pg/l
”Hexachlorobutadiene - - - <l <1 <1 - - <1 TM143 <1 pg/l
’chxachIorocyclopentadiene - - - <l <1 <1 - - <l T™M143 <1 pg/l
llBis(2~chloroethoxy)methane - - - <] <] <1 - - <1 TM143 <l pg/t
"N-nitrosodi-n-propylamine - - - <1 <] <1 - - <1 TM143 <l pg/l

Date 03.08.2004




Vaiidated ALcontrol Geochem Analytical Services " 150 17025 aceredited
Preliminary l:l Table Of Results . MCERTS accredited

Subcontracted test
» Shown on prev. report

Job Number: 04/08570/02/01 Matrix: LIQUID
Client: Peter Brett Associates Location: DOCKSWAY
Client Ref. No.: Client Contact: James Amos

Sample Identity] GP03/04A | GP03/09 | GP03/12A | GWO03/07 | GW03/14 | GW03/16 | GW03/02 | GW03/03 | LF03/03

Depth (m) § -

Sample Type|] WATER | WATER WATER WATER WATER | WATER WATER WATER | WATER g:'- cg

Sampled Date 23.06.04 g S

Sample Received Date} 07.06.04 | 07.06.04 07.06.04 07.06.04 07.06.04 | 07.06.04 09.06.04 09.06.04 24.06.6;’;/, cga' d

Batch 1 i 1 1 1 1 2 2 4
Sample Number(s)] 31-32 33-34 35-36 1-10 11-20 21-30 38-39 37,40 47-56
TRIAZINE HERBICIDES

Atrazine - - - - - - - - <] PENDING| <lug/l
Simazine - - - - - - - - <1 PENDING| <1 ug/l

Date 03.08.2004




Vaiidated ALcontrol Geochem Analytical Services " 150 17025 acoredited
Pretiminary ] Table Of Results ¢ Sbcontaced st
» Shown on prev. report
Job Number: 04/08570/02/01 Matrix: LIQUID
Client: Peter Brett Associates Location: DOCKSWAY
Client Ref. No.: Client Contact: James Amos
Sample Identity GP03/04A | GP03/09 | GP03/12A | GWO03/07 | GW03/14 | GW03/16 | GW03/02 | GWO03/03 | LF03/03
Depth (m) § =
Sample Type] WATER | WATER WATER WATER | WATER | WATER WATER WATER | WATER % %
Sampled Date 23.06.04 g S,
S =
Sample Received Date| 07.06.04 | 07.06.04 07.06.04 07.06.04 07.06.04 | 07.06.04 09.06.04 09.06.04 | 24.06.04 % ‘
Batch 1 1 1 I I 1 2 2 4
B Sample Number(s)] 31-32 33-34 35-36 1-10 11-20 2130 38-39 37,40 47-56
VOC
Dichlorodifluoromethane - - - <1 <1 <1 - - <1 T™I16" w;l ug/l
”Chloromethanc - - - <1 <] <] - - <1 TM116* <1 ug/l
"Vinyl Chioride . . ) <1 <1 <1 - - <t | T™II6" | <lug
”Bromomethane - - - <1 <] <1 - - <1 T™I16" < I“ug/] VVVVVV
Chloroethane - - - <1 S <1 - - <1 T™I16* <1 ug/l
Trichlorofluoromethane - - - <] <] <] - - <] T™MI167 <1 ug/l
trans-1-2-Dichloroethene - - - <] <] <1 - - <l T™I16" <1 ug/l
”Dichloromethane - - - <1 <l <1 - - <l T™I16" | <lug/
Carbon Disulphide - - - <1 <1 <1 - - <1 T™II6" | <lugl
1.1-Dichloroethene - - - <1 <1 <1 - - <l TMI116" <1 ug/l
1.1-Dichloroethane - - - <1 <] <| - - <] ™I116" <1 ug/l
Methyl Tertiary Buty! Ether - - - <1 <] <l - - <l T™I16" | <lugl
cis-1-2-Dichloroethene - - - <] <] <1 - - <1 T™I16" w<ﬂlwug/l
Bromochloromethane - - - <] <] <1 - - <] T™I16" <1 ug/l
Chloroform - - - <1 <1 <] - - <1 T™116" <1 ug/l
2.2-Dichloropropane - - - <1 <1 <1 - - <1 ™G | <lug/ )
1.2-Dichloroethane - - - <] <1 <1 - - <] TMI116" <1 ug/l
1.1.1-Trichloroethane - - - <] <] <1 - - <l T™116" <1 ug/t
:‘l-Dichloropropene - - - <] <1 <] - - <1 T™I116" <1 ug/l
Benzene - - - <1 <1 <l - - 5 T™M116* | <lug
Carbontetrachloride - - - <1 <1 <] - - <1 T™™116" <1 ug/l
Dibromomethane - - - <] <1 <1 - - <] T™116* <1 ug/l
1.2-Dichloropropane - - - <1 <1 <l - - <1 T™116" <l ug/l
Bromodichloromethane - - - <] <] <] - - <} T™I116" <1 ué‘/llv )
Trichloroethene - - - <1 < <1 - - a | rvne | <tum
;;E-‘Dichloropropene - - - <1 <1 <l - - <1 TMI 16’: W <1 ug/}
;;;s-I—3-Dichl0r0pr0pene - - - <1 <1 <1 - - <] T™I16" <1 ug/l
1.1.2-Trichloroethane - - - <1 <] <] - - <] T™MI116* < 1~umg/]w
Toluene - - - <1 <1 <1 - - 83 TMI116" | <1 ugn
1.3-Dichloropropane - - - <1 <] <] - B <1 T™M116" <1 ug//lw )
Date 03.08.2004




ALcontrol Geochem Analytical Services

a

" IS0 17025 accredited

Validated y :
Preliminary | | Table Of Results o oot socredied
» Shown on prev. report
Job Number: 04/08570/02/01 Matrix: LIQUID
Client: Peter Brett Associates Location: DOCKSWAY
Client Ref. No.: Client Contact: James Amos
Sample Identity GP03/04A | GP03/09 | GP03/12A | GW03/07 | GW03/14 [ GWO03/16 | GW03/02 | GW03/03 | LF03/03
Depth (m) § =
Sample Type| WATER | WATER | WATER | WATER | WATER | WATER | WATER | WATER | WATER | & %
Sampled Date 23.06.04 :') g«‘
o =
Sample Received Date] 07.06.04 | 07.06.04 07.06.04 07.06.04 07.06.04 | 07.06.04 09.06.04 09.06.04 | 24.06.04 % “
Batch 1 1 1 1 1 1 2 2 4
Sample Number(s)] 31-32 33-34 35-36 1-10 11-20 21-30 38-39 37,40 47-56
VOC (cont)
Dibromochloromethane - - - <l <] <] - - <] T™I116* <1 ug/l
1.2-Dibromoethane - - - <1 <1 <1 - - <l T™I116" <1 ug/t
Tetrachloroethene - - - <1 <1 <1 - - <1 T™MI16" <1 ug/l
”1.1.1.2-Tetrach10roethane - - - <l <1 <1 - - <] T™I116" <l ug/l
”Chlorobenzene - - - <1 1 <i - - <] T™M116" <1 ug/l
“Ethylbenzene - - - <1 <1 <] - - 58 T™I1E" | <1ugh
”p/m-Xerne - - - < <] <1 - - 143 TMI116" <’1 ué/l
Bromoform - - - <1 <} <1 - - <] T™MI116" <1 ug/l
Styrene - - - <1 <1 <1 - - 4 T™I16" | <iugl
1.1.2.2-Tetrachloroethane - - - <] <1 <l - - <l T™116" <l ug/l
0-Xylene - - - <1 1 <1 - - 45 T™I116" | <1lugh
’ 1.2.3-Trichloropropane - - - <] <1 <1 - - <] T™I116" <1 ug/l
Isopropylbenzene - - - <l <l <l - - 10 T™M116" <] ug/l
Bromobenzene - - - <1 <] <1 - - <l T™116" <l ug/l
>-Chlorotoluene . - . <l <l <l - - <l T™M116" [ <lug/l
Propylbenzene - - - <1 <1 <1 - - 37 T™M116" < }”;;/1
l4-Chlorotoluene - - - <1 <1 <1 - - <] T™M116" <1“ug;l
1.2.4-Trimethylbenzene - - - <1 3 <1 - - 100 T™MI1 16" <] ug/l
+~Isopropyltoluene - - - <1 <1 <1 - - <] TMI116" | <lug/l
1.3.5—Trirﬁethylbenzene - - - <1 <1 <l - - 29 TMI116" <1 ug/!
1.2-Dichlorobenzene - - - <] <] <1 - - <l T™M116" <1 ug/l
1.4-Dichlorobenzene - - - <1 <1 <1 - - 52 TM116* | <lug/l
sec-Butylbenzene - - - <l <1 <1 - - 9 TM116" <1 ug/l
tert-Butylbenzené ‘‘‘‘‘ - - - <1 <l <1 - - 896 TMII6" | <lug/
1.3-Dichlorobenzene - - - <] <l <] - - <l TM1 16”“ ) <1 ug/l
n—Butylber;éene - - - <1 <] <1 - - 13 TMllGr <1 ug/l
i.2—Dibr0mo-3~chloropropane - - - <i <1 <] - - <l TM116° <1 ug/l
1.2.4-Trichlorobenzene - - - <1 <] <1 - - <] T™I1 16" <] ug/l
Naphthalene - - - <1 <1 <1 - - 14 T™MI16° |  <lug/!l
1.2.3-Trichlorobenzene - - - <1 <1 <1 - - <l T™!16* <1 ug/l
Date 03.08.2004




Validated

ALcontrol Geochem Analytical Services

#

M

ISO 17025 accredited

MCERTS accredited
Preliminary D Table Of Results * Subcontracted test
» Shown on prev. report
Job Number: 04/08570/02/01 Matrix: LIQUID
Client: Peter Brett Associates Location: DOCKSWAY
Client Ref, No.: Client Contact: James Amos
Sample Identity GP03/04A | GP03/09 | GP03/12A GWO03/07 | GW03/14 | GW03/16 | GWO03/02 | GW03/03 | LF03/03
Depth (m) 4 —
[4°]
Sample Type WATER WATER WATER WATER WATER | WATER WATER WATER | WATER -g‘ %
Sampled Date 23.06.04 g EC
s Qo -
Sample Received Date} 07.06.04 07.06.04 07.06.04 07.06.04 07.06.04 | 07.06.04 09.06.04 09.06.04 | 24.06.04 % ¢
Batch 1 I I 1 1 1 2 2 4
Sample Number(s)] 31-32 33-34 3536 1-10 11-20 21-30 38-39 37,40 47-56
VOC (cont)
Hexachlorobutadiene - - - <] <] <1 - - <1 TMI116" <l ugh
Date 03.08.2004




Validated

ALcontrol Geochem Analytical Services # 15017025 aceredited

pectiminary [ Table Of Results + Susemm”
» Shown on prev. report
Job Number: 04/12507/02/01 Matrix: LIQUID
Client: Peter Brett Associates Location: DOCKSWAY DISPOSAL SITE
Client Ref. No.: Client Contact: James Amos
Sample Identity] LF03/04
~_ Depth (m) i 1 ) ) § =
_____ Sample Type] WATER L E S
Sampled Date| 12.08.04 ) B o a 5
e o =
Sample Received Date} 14.08.04 : 1 - & ’
Batch 1 N
Sample Number(s)] 4-11
Arsenic Dissolved (1CP- MS) 88 TM152L <1 ug/l
Berwyliltixn Dissolved (ICP-MS) <1 | » v TMl;’é <1 ug/l
Boron Dissolved (ICP-MS) 5392 - - TMlszi <10 uy}w
Cadnm*xmhg;ssolved (ICP-MS)} <04 | a o ‘leﬂéfw ~ <-04 ua{l
Calcium Dissolved (1CP-MS) M:?OSO ) B ) ) I "fi\/IlSéé <'5~;;;/1
[Chromium Dissolved (I1CP-MS) 427 T™MI152% <] ug/l
Cobalt Dissolved (ICP-MS) 79 ) B ™I52% | <1lugd
Copper Dlssgi;f;é/(lcp MS) 1 ﬁ o T™I52" | <lug/l
Lead Dissolved (1CP-MS) 28 B ) TM152" <1 ug{l 3
;A;énesxum stsolved (ICP-MS)} 91310 - o o TMI¢§2“’i~ <5 Uﬂy{
Manganese Dissolved (1CP-MS) 202 o o N ) T™152% h \<~1’ ug/l
Nlci(rf;l' B;ssolved (ICP-MS) 274 W N ) - TM1’5“2” <1 ug/l /////
Selemum stsolvcd (ICp- MS) 7 M - TM1542’14 <] ug
Vanadium Dlssolvcd (ICP-MS) i 47 ) B TM152# <] ug/l

Zinc Dissolved (ICP-MS) 220 TMI152% | <3ug/l
Alkalinity Total a5 CaCO3 9150 ) o - N T™MO043" | <2 mg/l
gi;;tﬂcal Cond\;;:;ivity (mzsigérg. C; 22.100 : I fMlzo# <0.025 mS/cmy
Potassium 935.5 o o TMO083" | <0.2 mg/l
Sodium 1312.5 o V TMO083% | <0.2 mg/l
Nxtrate;; NO3 3| o - TM102® | <03 mg/l-
Nltnte as NO'2W‘ <0.05 ]

Sulphate (soluble) | 12 ) W 1

Chloridc’“m R 2 119 I

Phosphate (Or;ho as PO4) 57.27 ) o ' - TM100" | <0.08 mg/l
Sipite ans | oo | <05 men
Ammoniacal de;ﬁ asNH4-N| 20530 | ) V ) TMQ?gf <0.2 mg/l
T;N‘;z‘ll Org,amc Carbon 1225 e - o WTMO90E’) ) <1 mg/]
Phcnols Total Monohyénc 0.06 ‘ N o - - ,IMOG"Z#M <9 E){ mg/l
Toal Cyamide | <00 “ |y <00smen
Fr;é Cyamdc \A}atcx Low ) <0.01 ﬁ o M"_FE/IﬂlSS'#‘ w<~QN401 mg/ 1
BOD (Unﬁllcred Sdmp]c) 1 es || T™O045% | <1 mg/!

Date

06.09.2004




ALcontrol Geochem
Extractable Petroleum Hydrocarbons (EPH) By GC-FID
Mineral Oil - Carbon Range C10-C40

Job Number : 04/12507/02/01
Client : Peter Brett Associates
Client Ref :
Matrix [Units] : LIQUID [ug/1]

1
SaI;I:)p e Sample Identity Depth Mineral Oil Interpretation
4 LF03/04 1418

Mineral Qil ;- Aliphatic compounds in the range C10-C40 which are not retained cn Silica.



Validated
Preliminary ‘:\

Job Number:
Client:
Client Ref. No.:

ALcontrol Geochem Analytical Services * 1so 17025 accredited

M MCERTS accredited
* Subcontracted test
» Shown on prev. report

04/12507/02/01
Peter Brett Associates

Table Of Results

Matrix:
Location:
Client Contact; James Amos

LIQUID

DOCKSWAY DISPOSAL SITE

Sample Identity] LF03/04
o Depthmy) | 2 —
i Sample Type] WATER i D e g %
Sampled Date] 12.08.04 : g
g 73
Sample Received Date| 14.08.04 1 °
Batch 1
Sample Number(s)] 4-11
COD (Unfiltered Sample) 421 TM107* | <10 mg/]
Hardness Total 494 * M T™I152" | <Img/
pH Value In Water 8.19 TM133% |<1.00 pH Units
”EPH (DRO) (C10-C40) 10092 W VTM061”M <10 ug/l
EPH (Mineral Oil) o 1418 o TMO61% | <10 ug/
PRO (C4-C10) <10 TMO89" | <10 ug/l
Benzene <10 TMO089* | <10 ug/l
Toluene <10 B B TM089* | <10 ug/l
BEthyl benzene <10 i o M"EMosg” <10 ug/l
m & p Xylene <16 i VTI\;I(”)89# : <IE)ug/l
o Xylene <10 ) TMO089" | <10 ug/l -
Tributyl Tin 79 B <50 ng/l
Triphenyl Tin <50 R R B » <50 ng/l
Dibuty;:l“in M<50 ) ) N o <50 nngwlM

Date

06.09.2004




Validated

ALcontrol Geochem Analytical Services * 150 17025 accredited

pretiminary [ Table Of Results St
» Shown on prev. report
Job Number: 04/12507/02/01 Matrix: LIQUID
Client: Peter Brett Associates Location: DOCKSWAY DISPOSAL SITE
Client Ref. No.: Client Contact: James Amos
Sample Identity] LF03/04
Depth (m) ) § -
Sample Type] WATER % E
Sampled Date] 12.08.04 :.) g
I g &
Sample Received Date| 14.08.04 &
Batch 1
Sample Number(s)] 4-11
OoCP
[Tecnazene <100 . TM144 <10 ng/l
Trifluralin <100 TM144 <10 ng/l
Alpha-BHC (Lindane) <100 - ) TM144 <10 ng/l
Hexachlorobenzene <100 TM144 <10 ng/l
”Beta-BHC (Lindane) <100 a TM144 | <10ng/l
"Gamma-BHC (Lindane) <100 T™144 <10 ng/l
Quintozene (PCNB) <100 o TM144 <10 ng/l
[Triallate <100 TM 144 <10 ng/l
Chlorothalonil <100 T™M144 <10 ng/l
Heptachlor <100 B N TM144 <10 ng/!
Aldrin <100 e TM144 <10 ng/l
Triadimefon <100 T™144 <10 ng/1
Pendimethalin <100 T™M144 <10 ng/l
”Heptachlor Epoxide <100 T™M144 | <10ng/l
”o,p’-DDE <100 TM144 | <10ng/!
Endosulfan [ <100 TM144 <10 ng/l
p,p-DDE <100 TM144 <10 ng/l
Dieldrin <100 TM144 <10 ng/l
Q,ia'-TDEM(DDD) 1 <00 o TM144
|[Enasin <100 w TMI44 | <I0ngh
Endosulfan 1 <100 . T TM144 <10 ng/l
o,p'-TDE (DDD) <0 || 1 TM144 <10 ng/
o,p'-DDT <100 TM144 <10 ng/}
p,p-DDT <100 - TM144 | <10ng/l
Endosulfaanulphate <0 || || - TM144 ,,,,<1O ng/l
o,p'-Methoxychlor <100 N T™M144 <1 0 ng/l
p,p'-Methoxychlor <100 TM144 <1’O ng/l
Permethrin <00 B TMI44 | <10ngl
<100 ) N TM144 <10 ng/l

[Organochlorine Pesticides Total of 28

Date

06.09.2004




Validated ALcontrol Geochem Analytical Services * 150 17025 accredited
proiminary [ Table Of Results ! Sionncsrt
» Shown on prev. report
Job Number: 04/12507/02/01 Matrix: LIQUID
Client: Peter Brett Associates Location: DOCKSWAY DISPOSAL SITE
Client Ref. No.: Client Contact: James Amos
Sample Identity] LF03/04
~ Depth(m) = -
Sample Type] WATER B % %
Sampled Date} 12.08.04 : g
X o =
Sample Received Date| 14.08.04 & “
' Batch 1 B
Sample Number(s)] 4-11
OPP
Dichlorvos <100 - ﬂ TM145 <10 ng/t
”Mevinphos <100 o - T™M145 <10 ng/l
”Dimethoate <100 - e TM145 <10 ng/l
”Propetamphos <100 TM145 <10 ng/t
“Diazinon (Dimpylate) <100 o TM145 <10 ng/l
”Etrimphos <100 TMI145 <10 ng/l
”Chlorpyrifos-methyl <100 T™M145 <10 ng/t
”Methyl Parathion <00 | | TM145 <10 ng/l
Pirimiphos Methyl <100 B o TM145 <10 ng/l
Eenitrothion <100 ) a TM145 <10 ng/l
Malathion <100 - TM145 <10 ng/l
Fenthion <100 h TM 145 <10 ng/l
Chlorpyrifos <100 TM145 <10 ng/l
Parathion <100 TM145 <10 ng/t
Chlorfenvinphos <100 TM145 <10 ng/l
Ethion <100 TM145 <10 ng/l
Triazophos <100 o T™145 <10 ng/
Carbophenothion <100 TM145 <10 ng/l
Phosalone <0 || TM145 <10 ng/l
Azinphos methy! <100 - N R TM145 <10 ng/l
Azinphos ethyl <100 ) B T™M145 w?iﬂ()*ng/lmﬂ
[Organophosphorus Pesticides Total of 21 <100 TM145 <10 ng/l

Date

06.09.2004




Validated

ALcontrol Geochem Analytical Services * 150 17025 accredited

Prefiminary | ] Table Of Results , MCERIS accredied
» Shown on prev. report
Job Number: 04/12507/02/01 Matrix: LIQUID
Client: Peter Brett Associates Location: DOCKSWAY DISPOSAL SITE
Client Ref. No.: Client Contact: James Amos
Sample Identity] LF03/04
i Depth(m)l | | ¢ b § -
Sample Type| WATER i % %
Sampled Date| 12.08.04 ?‘3 g:
) =
Sample Received Date] 14.08.04 & “
Batch 1
Sample Number(s)}] 4-11
SVOC
Phenol <1 h o TM143 <l pg/l
2-Chlorophenol <l TM143 <l pg/l
2-Methylphenol <1 TM143 <1 pg/l
4-Methylphenol <1 ) T™M143 <1 pg/l
2-Nitrophenol <] TM143 <1 pg/l
4-Nitrophenol <1 TM143 <1 pg/l
2,4-Dichlorophenol <l B TM143 <l pg/l
2,4-Dimethylphenol <l o T™M143 <l pg/t
4-Chloro-3-methylphenol <| TM143 <l pg/l
2,4,6-Trichlorophenol <i : ‘ - TM143 <1 pg/l
2,4,5-Trichlorophenol <] L ' TM143 <1 pg/l
Pentachlorophenol <1 T™M143 <1 pg/l
1,3-Dichl§robenzene <] | TM143 <1 pg/l
1,4-Dichlorobenzene <1 TM143 <l pg/l
1,2-Dichlorobenzene <1 TM143 <1 pg/l
1,2,4-Trichlorobenzene <i k o T™MI143 <1 pg/l
Nitrobenzene <] o TM143 <1 ug/
Azobenzene <l i I TM143 <1} pg/l
Hexachlorobenzene <l TM143 <1 pg/l
Naphthalene /; Yy || TM143 <1 pg/l
Acenaphthylene <1 TM143 <l pg/t
Acenaphthene o : ) T™M143 <1 pg/l
Fluorene - <l TM143 <l pg/l
Phenanthrene <i h TM143 <1 pg/l
Anthracene <1A B - TM143 <1 pg/l
Fluoranthene <1 i N TM143 <l pg'/lw
Pyrene <1 — TMI143 <1 pg/l
Benzo(@anthracene <] R : T™143 <1 pg/l
Chrysene <l B ™43 | <Ipg!
Benzo(b)fluoranthene <1 ‘ - TM143 <l pg/l

Date

06.09.2004




Validated

ALcontrol Geochem Analytical Services * 150 17025 accredited

preliminary [ ] Table Of Results - S
» Shown on prev. report
Job Number: 04/12507/02/01 Matrix: LIQUID
Client: Peter Brett Associates Location: DOCKSWAY DISPOSAL SITE
Client Ref. No.: Client Contact: James Amos
Sample Identity] LF03/04
Depth (m) =
) =
Sample Type] WATER B g_ QQ
Sampled Date} 12.08.04 : S
g 5
Sample Received Date] 14.08.04 3
__Batch 1
Sample Number(s)] 4-11
SVOC (cont)
Benzo(k)fluoranthene <] ) I TM143 <1 pg/l
Benzo(a)pyrene <] ‘ T™143 <1 pg/l
Indeno(1,2,3-cd)pyrene <1 ) TM143 <] pg/l
Dibenzo(a,h)anthracene <1 TM143 <1 pg/l
Benzo(ghi)perylene <1 TM143 <l ug/t
2-Chlor0nap1;;;;hl';:{;e <] B T™M143 <1 pg/l
2-Methylnaphthalene <l - ) TM143 <1 pg/l
Carbazole <] - 4 T™M143 <1 pg/l
Isophorone <] B - T™143 <1 pg/l
Dibenzofuran <] TM143 <1 pg/t
“Dimethyl phthalate <1 T™143 <l ug/l
”Diethyl phthala‘t/;m’ <1 h ) T™M143 <1 ug/l
Di-n-butyl phthalate <1 . ) T™I143 <1 pg/
Di-n-Octyl phthalate <l TM143 <l pg/l
Bis(2-ethylhexyl) phthalate <] TM143 <1 pg/l
Butylbenzyl phthalate <] N TM143 <1 pg/l
4-Chloroaniline <1 TM143 <1 ug/i
2-Nitroaniline <] - TMI143 <1 pg/l
S Nivoaniline < 0 0 1 1 1 | | ™I | <lpgl
4-Nitroaniline <1MN o : TM143 ’ <l pg/l
2,4-Dinitrotoluene <1 ) N TM143 <] ug/l
2,6-Dinitrotoluene <] i - ) N T™I143 <l pg/l
Bis(2-chloroethyl)ether <] o T™M143 <l pg/t
4-Bromophenylpl}e;;ylether <] ) TM143 ;1 ng/l
4-Chiorophenylphenylether < ' ] v | <1
Hexachloroethane <] T™M143 <l “g/,l 3
”IW‘I:a;:;;i;lﬁcv)’l:c;butadielle <1 ‘ TM143 <1 pg/l
Hexachlorocyclopentadiene <] TM143 <1 pg/l
Bis(2-chloroethoxy)methane <] ~ TM143 <] pg/l
;\l~nitrosodi-n-propylamine <1 - T™M143 <l pg/!l

Date

06.09.2004




ALcontrol Geochem Analytical Services * 150 17025 aceredited

Validated y
pretiminary ] Table Of Results ¢ Subconrciog ot
» Shown on prev. report
Job Number: 04/12507/02/01 Matrix: LIQUID
Client: Peter Brett Associates Location: DOCKSWAY DISPOSAL SITE
Client Ref. No.: Client Contact: James Amos
Sample Identity] LF03/04
Depth (m) R § -
Sample Type] WATER % E
Sampled Date} 12.08.04 : g
Sample Received Date] 14.08.04 % “
Batch 1 N -
Sample Number(s)] 4-11
TRIAZINE HERBICIDES
Amazine | < |pENDING| <1 ugn
Simazine <1 PENDING| <I ug/l

Date

06.09.2004




Validated AlLcontrol Geochem Analytical Services " 150 17025 aceredited
Preliminary | ] Table Of Results o ASERTS aceredicd
» Shown on prev. report
Job Number: 04/12507/02/01 Matrix: LIQUID
Client: Peter Brett Associates Location: DOCKSWAY DISPOSAL SITE
Client Ref. No.: Client Contact: James Amos
Sample Identity] LF03/04
Depth (m) ) N § -
Sample Type|] WATER ] :s_r S,
Sampled Date] 12.08.04 g g
N e o =
Sample Received Date] 14.08.04 & ?
Batch| | 1 - “
Sample Number(s)] 4-11
vVOC
Dichlorodifiuoromethane <1 ) S T™I116" <1 ug/l
Chloromethane <1 - T™116" <] ug/l
Vinyl Chloride <1 T™I116° |  <lugl
Bromomethane <l - T™MII6" | <lugll
Chloroethane <1 T™M116" <1 ug/l
Trichlorofluoromethane <] R T™I116" <1 ug/l
trans-1-2-Dichloroethene <1 n T™MI116* <l ug/l
Dichloromethane <1 TM116" <1 ug/l
Carbon Disulphide 2 1 T™116% <1 ug/l
iﬂ.‘lw:l")”i;i;i;oclhcnc <l ) ) T™116" <l ug/l
1.1-Dichloroethane <1 H T™I1I6" | <lugl
Methyl Tertiary Butyl Ether <] T™I16 <1 ug/l
cis-1-2-Dichloroethene <] - TM] 16" <1 ug/l
Bromochloromethane <l T™I116" <l ug/l
Chloroform <1 o T™M116" <1 ug/l
2.2-Dichloropropane <1 o | T™I16" <} ug/l
1.2-Dichloroethane 13 f - T™M1I6" | <l ugl
;.yl.l-Trichloroelhanc <1 B f ﬁ TMl]G# <l ug/l
L. I:B};i;.l_;rg;;rqopene a | N TM116" | <lugl
Benzene 2 ) T™116" <l ug/l
Carbontetrachloride <1 T™116" <1 ug/l
Dibromomethane <1 ' ’ T™I116" <1l ug/]
1.2-Dichloropropane <1 ol T™I116" <1 ug/l h
Bromodichloromethane 31 a T™116" ‘ <1 ug/li
Trichloroethene <1 o T™116" <1 ug/
cis-1-3-Dichloropropene <1 e T™M116* B <1 Ugil._,,.
trans-1-3-Dichloropropene <1 - i T™MI116" <l ugl
1.1.2-Trichioroethane <1 h D e TM116" <l ug/l
Toluene 50 o T™II6" | <1ugl
;}:-Dichloropropane <l T™I116" <1 ug/l

Date

06.09.2004




Validated

ALcontrol Geochem Analytical Services * 1s0 17025 accredited

protminary [ Table Of Results ¢ Suvtons ot
» Shown on prev. report
Job Number: 04/12507/02/01 Matrix: LIQUID
Client: Peter Brett Associates Location: DOCKSWAY DISPOSAL SITE
Client Ref. No.: Client Contact: James Amos
Sample Identity] LF03/04
Depth (m) § =
Sample Type] WATER % OQ
Sampled Date} 12.08.04 B : EGS
= =y
K'Sample Received Datef 140804 ¢ | B & “
Batch 1
Sample Number(s)] 4-11
vOC(ont) ¢ | ) ) ) ) )
Dibromochloromethane <l k T™116* <l ug/l
1.2-Dibromoethane <1 T™I16' | <lugl
Tetrachloroethene <1 T™I116" | <l ugl
1.1.1.2-Tetrachloroethane <] o T™MI116* <1 ug/l
Chlorobenzene <1 B T™™I116" <1 ug/l )
Ethylbenzene 18 ) T™MI116* <l ut;,:/l
p/m-Xylene 83 B i T™I116" | <1 ug/l
Bromoform <l ) T™™I116 <1 ug/l
Styrene <] - ﬂ T™MI16" <l ug/l
1.1.2.2-Tetrachloroethane <] B T™I116" <l ug/l
o-Xylene 35 T™ILI6 | <lug!
1.2.3-Trichloropropane <1 h T™I116" <] ug/l
i;(;propylbenzcnc 3 ' TMI116* <1 ug/l
Bromobenzene <] T™I116 <1 ug/l
2-Chiorotoluene 7 T™I16" |  <1ugh
Propylbenzene | A N N T™I16 | <lugl
4-Chliorotoluene 2 B TM1 16”w <l ug/l
:é.4-Trimethylbenzene 28 . - | TM116’; <l ug/l
4-1sopropyltoluene 4 1 TMI16* <1 ug/l
1.3.5-Trimethylbenzene 7 - TMI116* | <1 ug/l
1.2-Dichlorobenzene <1 T™116" <1 ug/l
1.4-Dichlorobenzene 18 ) - T™i16" <l ug/l
sec-Butylbenzene 9 R TM116" <m1 ug/l
tert-Butylbenzene 85 TM116" <1 ug/l
1.3-Dichlorobenzene <1 TM116% <1 ug/l
n-Butylbenzene <1 T™MI16" | <lugh
1.2-Dibromo-3-chloropropane <1 B T™M1i6" <1 Ug/,l,,,m,
1.2.4—Tﬁch]orobenzene <1 ™I16° | <lug/l
Naphthalene <1 B T™I116" | <lugl
1.2.3-Trichlorobenzene <l ‘ TMI16" <1 ug/l

Date

06.09.2004




Validated ALcontrol Geochem Analytical Services * 150 17025 accredited
M .
Preliminary D Table Of Results MCERTS accredited

* Subcontracted test
» Shown on prev. report

Job Number: 04/12507/02/01 Matrix: LIQUID
Client: Peter Brett Associates Location: DOCKSWAY DISPOSAL SITE
Client Ref. No.: Client Contact: James Amos

Sample Identity] LF03/04

Depth (m) - B § —

Sample Typej WATER g— %

Sampled Date] 12.08.04 i :‘ g

Sample Received Date} 14.08.04 - § “

Batch| 1 B
Sample Number(s)] 4-11 )
VOC (cont)

Hexachlorobutadiene <] - - T™M116" <1 ug/l

Date 06.09.2004
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Alcontrol Geochem

VOC Tentatively Identified Compounds

Job Number - 200412507
Client - Peter Brett Associates
Sample Identity - 010 - LF03/04

Sample Type [Units] - Water - pg/l

Date Acquired - 19/08/2004

Date Reported - 20/08/2004

Tentative Compound Identification RetentionTime| Concentration
min Water - pg/l

4-Heptanone 9.27 15
Alpha-pinene 13.48 25
Limonene 15.88 40
Camphor 18.54 25
C9-C13 Hydrocarbon fraction® 13.82 -22.47 665

*includes all identified peaks.

please note: the identification and semi-quantification of these
tentatively identified compounds is outside the scope of the UKAS
accreditation for this method




Validated

ALcontrol Geochem Analytical Services #1so 17025 accredited

Preliminary l:l Table Of Results “ Subcontracted test
Job Number: 03/15489/02 Matrix:
Client: Peter Brett Associates Location: Docksway Disposal Site
Client Ref. No.: Client Contact: Darren Wilcox
Samp]e Identity LF03/01 | LF03/06 | NorthLeak | SouthLeak | SurfaceTrench
Depth (m) N Y Y P = -
Sample Type| WATER | WATER | WATER | WATER | WATER | %—' %
Sampled Date| : g
Sample Received Datef 28.11.03 | 28.11.03 28.11.03 28.11.03 28.11.03 % s
Bafcl; 1' 1 1 1 1 1 B
Sample Number(sj 17 8-14 15-17 18-20 21
Arsenic by ICP-MS 111 75 4 3 3 T™M152" <1 ug/!
Boron by ICP-MS 7184 14760 | 1044 | 1049 1045 T™I52* | <10 Qg/l
Cadmium by ICP-MS s 22 w9 | 10 09 T™Is2* | <04 ug/l
Caicium by ICP-MS k’ ’ 91480 | 451507 1 154300 } 1896067 1 187800 R :I;M1»52# ”<5—1»17g/i v
Chromium by ICP-MS 28 | 346 | 15 | o | 18 | T™I52* | <lugl
Copper by ICPMS 9 | w | s 7 ) ™ISZ | <lugh
Lead by ICP-MS 40 1 <1 <1 9 ™IS | <1 ;:g/l
Mégllesium by ICP-MS 1127400 ’ 71010 251260 ‘ 237500 59820 | TM1_52# <5ug/l
Nickel Ey IC};»MS' . “271 ’ 389 i 4 1 4 42 - TM152ﬁ~ ” <’17 uyl “
2inc by ICP-MS 1’92 2947 56 49 101 TM152ﬁ <3ug/1
Mercuryql;oqw Dutch VTz;rg’e’t’AAﬂ <005 | <005 <0.05 <0.05 <0.05 TM’{# <0.05 ﬁg/l
Alkalinity Total as CaCO3 4 8575 10550 230 420 650 TM043 <2 mg/t
Electfical Conductiw:ty nap ndp 12.790 12.810 3.310 ’;1‘1\21’,’):0”’ <0025mS/cm
Potassium 1215.0 915.0 112.5 i01.3 7 153.8’ "I“’I\r/I‘OSA#‘ <02my1
Sodium 20400 | 20100 | 22200 | 21900 3225 | o83 | <02men
Nitrate ‘ 9.5 1 8.5 <0.3 <0.3 27.7 T™102* ' <0.3 mg/l
Sulphate (soluble) 4 17 < 694 682 383 %Moés” g n;,;;i )
Chloride - 2688 ” ‘25’53 “ 4059 4243 387 TM097# <1myl "
Ammoniacal Nitrogen as NH4N 17633 R 2_4387 7 3.1 2.3 64.0’ 7T]Vv»[£)99”“ <O:2 fﬁyl ‘
Tofal Cyanide on Watér ’ <0.05 <0.05 <6.05 <0.05 <0.05 TMI 537 ’ <0.05 fng/l
Free Cyanide Water Low <0.01 <0.01 <0.01 <0.01 <0.01 TM153% | <0.01 mg/i
BOD in unfiltered water 120 804 ) <1 <] 2 TM045# N <1myl
pH Value In Water ‘ 7i86 8.11 ) 7.98 7.73 ’ 7.V80’ R TM133” ’<1k.00 p’H Umts
;I‘ributyl Tin <50 <50 <50 <50 €50 ’ 1 <50 ng/l ‘
Triphenyl Tin <50 <50 <50 <50 <50 W <50 ng/l )
Dibutyl Tin <50 %50 <50 ’<50 <’50 1 <50ng/] ’




Validated ALcontrol Geochem Analytical Services #1so 17025 accredited
Preliminary [:I Table Of Results " Subcontracted test
Job Number: 03/15489/02 Matrix: LIQUID
Client: Peter Brett Associates Location: Docksway Disposal Site
Client Ref. No.: Client Contact: Darren Wilcox
Sample Identity] LF03/01 | LF03/06 | NorthLeak | SouthLeak | SurfaceTrench
Depth (m) | 1 {0 I A R = —
Sample Type] WATER | WATER | WATER | WATER | WATER |\ | |- z S
 Sampled Date] - V ] s | E
Sample Received Date} 28.11.03 | 28.11.03 | 28.11.03 28.11.03 28.11.03 o
. Batc;h" 1 ’ 14 1 1') S 1" ’
Sample Numbér(sj 1-7 8-14 15-17 18-20 a1
svocC | | 1 ,
et owaten o [z | @ |4 « | oo | <t
2-Chlorophenol (Water) <1 <1 <] <1 <1 T™M143 <1 pg/l
- i]r\rlikethkyrlp}’xénol (Water) 36 24 <i <1 <1’ ’ 1 :I;M143 <1 pg/l
4-Metﬁylpheﬁol (Water) 268 ’ 80 <l <1 <1 TM143 <] pg/

/ é-Nitroisl;eﬁél (Water) <1 o <’1A ‘ <1 <1 ’<1 NI TI\;I‘143 i <1 ’pg/ﬁl4 ’
4-Nitrophenol (Water) <14 ;1 I <1 <1 ‘ ’<1 h TM143 <1 pg/l
2,4-D/ic}>110rophen(’)l (Water) <1 <1 ( ’<1 <1 H<1 TM143 1 <1 pg/] k

/ 2,4;Din§ethylphéﬁ(.).l’(\’VaterS . ;/S . 22 - '<1 ’<1 <1 TM143 <1 pg/l
/ 4-Ch]oro-3-mcth};lpher;ol (Watcri ’ <1 <1 | %1 <1 <1 ’ TM143 IR <1ug/l
2,4,6-Trichlorophenol (Water)’ 7 <k1 | <1 <1 <1 <1 ” ’TM143 <1' pé/l 7
2,4,5-Trichlorophenol (Water) <l ’ <1 <1 ’ <1 <1 1 TM143 <1 ;Vlyg/lw
Pentachlorophenol (Water) a | oa | a <l a | i | <ty
1,3-Dichlorobenzen'e (Water) ’ <1 ’ <f - <1’ <1 <1 ’ TMi43 k <l pg/l
o ,} 1,4-Di§hiorobenzene (’W’at’er) ’ ’1 | <1 - ’<1 N <1 '<1M ‘ TM143 <1py1
i,2-DiﬁﬁloroBenzene (Wéter) k <1 <l <1 <1 <1 | H’I‘Mi43 ’ <1”pg/’l
1,2,4-Trichlorobenzene (Watérj ’ <1 ’ <l I <1 <i <l - TM143 <i ng/l )
Nitrobenzene (Water) | <« | « | « <l <l s | <
Azobenzene (Water) <1 ‘ %1 <1 <1 <1 ‘ ‘;FM143' ’ <1 pg/l W
Hexachlorobenzene (Water) <l ’ <] 4 <1 <l <1 TM143 . <1 pg/l
/n{\/ Naphthalene (Water) 10 3 <l <l <l TM143 <1 pg/l
' Acenaphthylene (Water) <1 <1 <1 <1 ;1 TM1’43 1 <1 pg/l
Acenaphthene (Water) <l <1 <] <1 <l TM143 <1 pg/l
Fluorene (Water) <1 <l <l <l <1 TM143 <] pg/t
’,‘7"5\ Phenanthrene (Water) v 2 ' <1 <1 <1 <71 V TM143 1 <1 pg/t
Anthracene (Water) <1 %1 <1 <1 <'1 ’ ’TM’143 <1 pg/t
Fluoraﬁthene (Water) <1 " ’<1 h <1 <1 <] 1 TI;//1143 N <1 Upg‘/l
Pyrene (Water) <1 <1 <1 <1 <1 ‘ TM143 k <1 pg/l
}éenzo(a)anthracene (Water) <1 <1k <1 ’<1 <1 | TM143 1 <1 pg/l
Chryéene (Water) <1 <1 <1 <] <1 TM143 1 <1 ng/l ’
Benzo(b)fluoranthene (Water)u <1 1 <1 <i <1 k<41 A TM143 ’ <1 Ll’g/14

Date

12.12.2003




Validated ALcontrol Geochem Analytical Services #1s0 17025 aceredited
Preliminary I:‘ Table Of Results " Subcontracted test

Job Number: 03/15489/02 Matrix: LIQUID

Client: Peter Brett Associates Location: Docksway Disposal Site
Client Ref. No.: Client Contact: Darren Wilcox
Sample Identity] LF03/01 | LF03/06 | NorthLeak | SouthLeak | SurfaceTrench
Depth (m)p | N T o = —
Sample Type| WATER | WATER | WATER | WATER |  WATER ;:-* °§
 Sampled Date| ) | s~ | €
. . i I - - . SO FRUUUUN R N A o =
Sample Received Datej 28.11.03 | 28.11.03 [ 28.11.03 28.11.03 28.11.03 & “
| Bateh| 1 | 1 | 1 | o | 1
Sémple Numbef(s) T 814 | 1517 | 1820 21
SvoC(ont) | L L | L | 41 1
Benzo(k)fluoranthene (Water)' <l ’ <] “ <] ’ ) ’<1 S <1 I « T™MI143 <pgl
Ber,;zd(é)py,r;ne (water) N <,1 .. p S <‘1,. ) ;1 <1 SRUCURN ISRV IR RPN I TMN143 R
[néeno(léy}-cd)ﬁyréne (Waterj <1 1 <]‘ o <] 1 """<1' ] ‘ <1 R o TM143 gl
Dibe,iz;(a;h);ﬁéhfacéné (Water) e <1 § - <1 B <1‘, SO <1 B — <1 SRS SR FRUDUSIN WU S _TM143
Benzo(ghijperylene (Water) | <1 | <t | < | <« | <« | | e |
2-Chlor;)naphthalene (Wafer) 1 <1 | <’1 | <1 o %1 1 H<1 I I . TM143
2-Methylnapilthalene (Water)' 42 %1 V %1 | <1 ’ <1 | o 1] TM143  <lpgl
Ca;bazole (&ater) 1 2 ] <1 I <1’ i <1 1 <1 ’ | k TM143 1
Isophoroﬁe (Wafer) k 1 <1 1 <17 | <1 1 <1 ] <1 k ’ 1 T™M143 k
Dibenzofuran (Water) B ‘ <1) 1 <1 A <1 ] ;1 “ %1/ B T™M143
Dimethyl phthalate (Water) V <1 1 <1 <1 | <1’ 7 ;1 - B TM143 1 <pem
Di,ethyl ph,th.a,late Wate A . . o B N . . B ;1 e e[ e TM143
],:,)i-n_bmyl p..l,mm,lét,e Wt L . S ,<1 A1 ,,<1 e ,<1,,, ,,,,, . <1,; . . IO ! BT TM143 e
Di-n-OétﬂyI phfhala&e (Water) 1 <1 - <l <1 <1 | <1 ’ ’ T™M143
Bis(2:ethylhexyl> pﬁthalate (W’ater)“ 7 <i ‘ 177 a <i ’ <] 1 <1 o [ TM143 1
Butylbenzyl‘phthéi;{te (Watéf)' . <‘L - <1 o 1 <1 . . . SRS DURURNRISN DESURRRS! IS IORSN TM143 —
4;Ch10roani1iné (Water) I § ,<1 <1 - . S . . <1 SR SR SN IR TM143
2-Nitroaniline (Water) 1 « ~<‘1’/ <‘1M)/ <i <1._ <1 TM143 )
é-Nitroaniline (Watér) 1 ”<l ’ <1 4 <1 o 4<1 e ‘<1 o . TM143 1
4-Nitroani1ine”(Watér) 1 ’<1 i <1 | <1 ’ ‘ <1 ' <i ( ' 1] TM143 | <tpen
2’4_Dinitmt01ueﬁe (Water) i . o] <1, . . - <1 § . SO SRR RS ISR ISR TM143 B T
2,6-Dini&otoluene (Water) ‘ <] } <1 ’ <1 ’ <1 ’ <1 “ | 'fM143 | <tpen
Bis(2-chloroethyl)ether (Water) <1 | <] <1 <] <] T™143
4-Bromopheny1phenylethc; (Water)ﬂ ’ <1 ’ <] ’ <] </1 <] ' TM143 1
4-’Chlorophcnylphenylether (V&ater)r %1 <] ‘ <] » <] 1 <] 1 | ) TI\;IVM; ”
Hexachloroefhane (Wafer) | ’<’1 | <1 1 <1 <i 1 <1 V s » k ’TM143
Hexachlorobutadiene (Water) <1 ’ <1 | <1 ’ <1 ’ <1 ’ ’TM143 ’
Hexachlorocyclopentadiene (Water’)ﬂ ‘ <1 %1 o <1 1 ’<1 ;1 ‘ | ‘ ” ‘ ” TM143 ’
Bis(2-chloroethoxy5methané (Water). ’ <] <] ’ <] N {1 <] ’ ’ ‘ TM1434 ’ .
N-nitrosodi-n—propylamine‘ (Wa'(el')- M /<1 - <1 ‘ <1 ’ <] 4 <1 N 1 ’ 1 B TM] 43 1 <l

Date 12.12.2003




AlLcontrol Geochem Analytical Services #1so 17025 acoredited

Validated
Preliminary Ij Table Of Results " Subcontracted test
Job Number: 03/15489/02 Matrix: LIQUID
Client: Peter Brett Associates Location: Docksway Disposal Site
Client Ref. No.: Client Contact: Darren Wilcox
Sample Identity] LF03/01 | LF03/06 | NorthLeak | SouthLeak | SurfaceTrench
Depth (m) - ‘ 1 1 § =
Sample Type| WATER | WATER | WATER | WATER |  WATER = E
~Sampled Date : E
. g i e . =) =3
Sample Received Datej 28.11.03 | 28.11.03 | 28.11.03 28.11.03 28.11.03 & “
° Baté}i R | . S R
Samplé Numbef(sj 17 | 814 15-17 18-20 21
vVOC
Dichlorodifiuoromethane <1 <100 <1 <1 <] TM1 16”’ <1 ug/l
Chloromethane < | <100 <1 <1 <1 T™116" | <lugl
Vinyl Clrlklyc;fide %1 1 <100 <1 <1 ’ <] ’ '. TM116# « <1 ug/l 4
Bromomethane a | <00 |« <t < ™IIE | <lugl
Chloroethane | < | <« | <« a < ™IIE' | <lugh
Triéhloroﬂuoro@ethanc ' M<1 N <100 ’<1’ <i <1 T™I116" ” <1 ug/l '
trans-1-2-Dichloroethene a | <00 <1 <1 <l TM11’6”7 Ca ug)l
Dichloromethane <1 <100 <1 <1 <l ;l“M116” <] ug/l
Carbon Disulphide < | <100 <1 <l <1 'mné” <1 ug/l
1.1-Dichloroethene < | <100 <1 <1 <1 T™I 16""‘ <1 ug/l
1.1-Dichloroethane <1 <100 <1 <1 <l T™I116" | <1 ugl
MTBE GCMS <1 <100 <1 <1 <1 ;FM’I 16"; <1 ug/l
cis-1-2-Dichloroethene < | <10 < < < ' "FM116”M - q Qg/i ’
Bromochloromethane a | <00 | < <1 < 1 mvue | <tugt
Chlor;)form <1 <100 <1 <1 <1 ' 'TM116"“ o ug/l
2.2;Dichloroprobane <1 B <”100 “<1 <1 ’ 7<1 ’TMVI 16”“ <1 ué/i
1.2-Dichloroethane <« | <00 <1 < <1 T™M1 15“' <1 ug/l
1.1.1-Trichloroethane <} ) <100 ’ <1 <1’ <1 ' TM1i6”“ ’ <1'ug/41
1.1-Dichloropropene <] <100 <1 <1 <] TMll’G”‘ 7 <1 ug/l
Benzene 4 <100 <1 <1 <1 T™I16" | <lugl
Carbontetrachlo;idc A<1’ ’ <100 <] <1’ ‘<1 ‘ TM116’= <M1Hug’/ly
Dibromoxﬁethane ’ <] <10’0 <1 <1 <1 ‘TM’1i6‘”4 N %14 ué/l
1.2-Dichloropropane <1 <100 <1 <1 <1 TM116# ’ V<1’ug/1
Bromodichlogomethane <] <100 <1 %1 <] N T“Mylrm”’ <1 ug/l
Trichloroethene < | <100 <1 <1 <1 4 TM116" a ug/l
cis-1-3-Dichloropropene <1 4 <100 <] <1 <1 TM] 146#W <1 ug/}
trans-1-3-Dichloropropene <1 <100 <1 <1 <1 V T™I16" | <lug/
1.1.2-Trichloroethane <1 <100 <1 <1 <1 TM1 16° | <lugl
Toluene 16 | <100 <1 <1 <1 T™™I1L6" | <lugh
1.3-Di§hloropropane <1 ’ <100 <1 <] <] ”’FM‘l 16* \ <i W\.’lg/]

Date

12.12.2003




ALcontrol Geochem Analytical Services #1so 17025 accredited

Validated
Preliminary I:] Table Of Results " Subcontracted test
Job Number: 03/15489/02 Matrix: LIQUID
Client: Peter Brett Associates Location: Docksway Disposal Site
Client Ref. No.: Client Contact: Darren Wilcox
Sample Identity LF03/01 | LF03/06 | NorthLeak | SouthLeak | SurfaceTrench
Depth(myy v L L = =
Sample Type WATERW WATER ’WATER 1 WATER , WATER % 5
Sampled Datg ‘ g g
b3 i) . . . S =
Sample Received Date| 28.11.03 | 28.11.03 | 28.11.03 | 28.11.03 28.11.03 & “
E Ba,tchw , 1 1 R B 1 : 1
Sémpie Number(s) 17 | 814 | 1517 1820 21
VOC (cont)
Dibromochloromethane ’ %1 | <100 . ’<1 o <‘1‘ <1 “ ’ TM116"‘ <1ug/1
1 2-Dibromoethane < | a0 | oa | o« < et | <rugn
Tetrachloroethene a | <00 | o<« | o« < ™16 | <lugl
1.1.1.2-Tetrachloroethane < | <00 | o« |« < ' Tovne | <tu
Chlorobenzene s | <00 |« <l <1 ™IS | <lugl
Ethylbenzene 51| o« <« <l = “ S e | <t
" {lp/m-Xytene g | 18 | o< | < <l | et | <tugn
Bromoform a | <00 | o<« | o« < ™IE | <lugl
éiyrene 1] <100 <1 <1 <1 T™I16* | <lugl
1.1‘.‘.'7’..2~Tetraclyllo‘roethz;r-1't}3/ <’1 1 <100 | ;1 ’ <1 ‘ <14 0 ) TM116/‘“ <1 ug/l‘ ’
o-Xylene 39 <00 <« < <1 | mite | <1 ugn
i.2,3-Trichloropropane <1 ‘ <100 ’ <1 <i <1 y ) TM116# ” <1ug/l
Isopropylbenzene 6 ’ <100 V <i <l <1 TMHﬁ’ ‘ <1ug/l i
Bromobenzene <1 ‘ <100’ I <1‘ 7<1 <] ' -' TM116“ ’ <l ug/l ”
Z-Chlorotoluene <1 - <100 <1 <1 <1 T™116" ’ <l ug/l
Propylbenzene 7 ’ 3 | <l>06 N <l <l‘ k %1 ﬂ ;l;M116"A. ’ <1 ’ug/l »
4-Chiorotoluene a | <00 |« <1 <l | ™uer | <tugn
i.2.4;Trimethyll’)en’zener‘ 11 | V’<1(’)0 ’ 7<1 <1 <] TM116" <1 ug/l
4-Isopropy1toluené ‘ <1 7<1(k)’0 1 <i <1 <] ” /TM116#4 ’ <i ué/l
l11.3.5-Trimethylbenzene ss | <1005l < <i <1 | ™ite" | <iugn
1.2—Dichlorobénzene <l | <100 <] <1 <i H Ti\/1116’ ’ <1ug/l -
1.4-Dich16roi)e;12ene <1 <100 ” <] <1 <1 ‘ N;FI\/I‘IVI;’;#» M<1. ﬁé/l
sec—Butylbenzehe 1 - <100 - <1 <l <] ) TM’116#‘ k <1 ug)l ’
hert-Butylbenzene 6 | 455 | o< <1 <l e | <t
1.3-Dichlorobenzene a | <00 |« < <1 1 m™iet | <t
n-Butylbenzene ’ 2 ’ <100 I <1 <l V <1 TMI 1;5” | <l ug/l
1.2-Dibromo-3-chloropropane <1 <100 <] <] <l TM116" <1 ug/l
1.2.4-Trichlorobenzene <1 <100 <1 <1 <1 ) T™I116" | <l Qg/l
Naphthalene 18 | <00 < <1 <1 1 e | <1ug
1,2.3-Tfichlorobenzene ;1 / <100 <l <l <1 TM116” <1 ug}l “

Date

12.12.2003




2

# Quantitation Report (QT Reviewed)

~File : H:\120903\VOC01l6.D Vial: 16
, On : 10 Dec 2003  1:20 Operator:
.mple : 200315489-014 LF03/06 Inst : GC/MS Ins
asc : /Water Multiplr: 100.00

; Sample Amount: 0.00
MS Integration Params: EVENTS.E

Quant Time: Dec 10 10:47 2003 Quant Results File: HS_VOC1!.RES
Quant Method : C:\HPCHEM\1\METHODS\HS VOCl!.M (Chemstation Integrator)
Title : Volatile Organic Compounds ( EPA 624/8260 )
Last Update : Wed Dec 10 09:01:53 2003
Resgponse via : Initial Calibration

DataBhcg Meth : HS_VOCL!

Compound R.T. QIon Response Conc Unitc Qvalue
26} 1,2-Dibromoethane 0.00 107 0 N.D
27) Tetrachloroethene 0.00 166 0 N.D.
39) 1,1,1,2-Tetrachloroethane 0.00 131 0 N.D.
40) Chlorobenzene 0.00 112 0 N.D.
41) Ethylbenzene 11.32 91 5965m 76.637 ppb
42) p/m-Xylene 11.55 106 3859m 127.775 ppb
43) Bromoform 0.00 173 0 N.D.
44) Styrene 0.00 104 0 N.D.
45) 1,1,2,2-Tetrachlorocethane 0.00 83 0 N.D.
46) o-Xylene 12.20 106 - 1495m 53.199 ppb
47) 1,2,3-Trichloropropane 0.00 75 0 N.D.
49) Isopropylbenzene 0.00 105 0 N.D.
50) Bromobenzene 0.00 156 0 N.D.
51) 2-Chlorotoluene 0.00 91 0 N.D.
52) Propylbenzene 0.00 91 0 N.D.
52) 4-Chlorotoluene 0.00 91 0 N.D.
54) 1,2,4-Trimethylbenzene 0.00 105 0 N.D.
55) 4-Isopropyltoluene 0.00 119 0 N.D.
56) 1,3,5-Trimethylbenzene 15.09 105 523%m 80.871 ppb
57) 1,3-Dichlorobenzene 0.00 146 0 N.D.
59) 1,4-Dichlorobenzene 0.00 146 0 N.D.
60) sec-Butylbenzene 0.00 105 0 N.D.
61) tert-Butylbenzene 15.96 119 38564m 455.451 ppb
§2) 1,2-Dichlorobenzene 0.00 146 0 N.D.
63) n-Butylbenzene 0.00 91 0 N.D.
€4) 1,2-Dibromo-3-chloropropan 0.00 157 0 N.D.
£5) 1,2,4-Trichlorobenzene 0.00 180 0 N.D.
66) Naphthalene 20.03 128 6490m 98.912 ppb
£7) 1,2,3-Trichlorobenzene 0.00 180 0 N.D.
6£8) Hexachlorobutadiene 0.00 225 0 N.D.

(#) = qualifier out of range (m) = manual integration
vOoCol6.D HS_VOC1!.M Fri Dec 12 11:06:28 2003 Page 2




Validated

ALcontrol Geochem Analytical Services #1so 17025 accredited

Preliminary | | Table Of Results
Job Number: 03/15489/02 Matrix:
Client: Peter Brett Associates Location:

Client Ref. No.:

LIQUID
Docksway Disposal Site

Client Contact: Darren Wilcox

" Subcontracted test

Hexachlorobutadiene

Sample Identity LF03/01’ LF03/06 | NorthLeak | SouthLeak | SurfaceTrench
Depth (m)l | B = -
Sample Type| WATER | WATER | WATER | WATER | = WATER g &
Sampled Date} g ? .
Sample Received Date} 28.11.03 | 28.11.03 | 28.11.03 28.11.03 28.11.03 & ¢
P el T T S e
Sample Number(sj 1-7 g14 | 1517 18-20 21
VOC (cont)
, ) SR L L . 1o <1ug/1 ;

Date

12.12.2003




Alcontrol Geochem

Herbicides by GC-MS

Job Number - 03/15489
Client - Peter Brett Assoc.
Sample Type [Units] - pg/l

Date Acquired - 12/08/2003

Date Reported - 12/10/2003
Sample No. 001 008 015 018 021

Client Ref. LF03/01 LF03/06 North Leak | South Leak Surface Trench
CAS Number

122-34-9  |Simazine <1 <1 <1 <1 <1
1912-24-9 [Atrazine <1 <1 <1 <1 <1




Alcontrol Geochem

Mineral Qil
Job Number - 03/15489/1-X
Client - Peter Brett Associates
Sample Type [Units] - water [ug/1]
Date Acquired - 06/12/2003
Date Reported - 10/12/2003
Sample Sample Depth Mineral Oil
No Ref m/ft ng/l
001 LF03/01 28
008 LF03/06 1067
015 North Leak <10
018 South Leak <10
021 Surface Trench <10




Organochlorine Pesticides

Sample Identity - 200315489-1-1f03-01

Client - Sample matrix - -water
Units - ng-1
CAS Number Compound Concentration

117-18-0 Tecnazene <10
1582-09-8 Trifluralin <10
319-84-6 alpha-HCH(Lindane) <10
118-74-1 Hexachlorobenzene <10
319-85-7 beta-HCH (Lindane) <10
58-89-9 gamma-HCH(Lindane) <10
82-68-8 Quintozene (PCNB) <10
2303-17-5 Triallate | <10
1897-45-6 Chlorothalonil <10
76-44-8 Heptachlor <10
309-00-2 Aldrin <10
43121-43-3 Triadimefon <10
40487-42-1 Pendimethalin <10
1024-57-3 Heptachlor Epoxide <10
3424-82-6 o,p'-DDE <10
959-98-8 Endosulfan I <10
72-55-9 p,p'-DDE <10
60-57-1 Dieldrin <10
72-54-8 p,p'-TDE(DDD) <10
72-20-8 Endrin <10
33213-65-9 Endosulfan I <10
53-19-0 o,p-TDE <10
789-02-6 o,p-DDT <10
50-29-3 p,p-DDT <10
1031-07-8 Endosulfan Sulphate <10
0,p'-Methoxychlor <10

72-43-5 p,p'-Methoxychlor <10
52645-53-1 Permethrin <10
Total <10




Organochlorine Pesticides

Sample Identity - 200315489-8-1f03-06

Client - Sample matrix - -water
Units - ng-l
CAS Number Compound Concentration

117-18-0 Tecnazene <10
1582-09-8 Trifluralin <10
319-84-6 alpha-HCH(Lindane) <10
118-74-1 Hexachlorobenzene <10
319-85-7 beta-HCH (Lindane) <10
58-89-9 gamma-HCH(Lindane) <10
82-68-8 Quintozene (PCNB) <10
2303-17-5 Triallate <10
1897-45-6 Chlorothalonil <10
76-44-8 Heptachlor <10
309-00-2 Aldrin <10
43121-43-3 Triadimefon <10
40487-42-1 Pendimethalin <10
1024-57-3 Heptachlor Epoxide <10
3424-82-6 o,p-DDE <10
959-98-8 Endosulfan I <10
72-55-9 p,p'-DDE <10
60-57-1 Dieldrin <10
72-54-8 p,p-TDE(DDD) <10
72-20-8 Endrin <10
33213-65-9 Endosulfan IT <10
53-19-0 o,p'-TDE <10
789-02-6 0,p'-DDT <10
50-29-3 p,p'-DDT <10
1031-07-8 Endosulfan Sulphate <10
0,p'-Methoxychlor <10

72-43-5 p,p'-Methoxychlor <10
52645-53-1 Permethrin <10
Total <10




Organochlorine Pesticides

Sample Identity - 200315489-15-northleak

Client - Sample matrix - -water
Units - ng-1
CAS Number Compound Concentration

117-18-0 Tecnazene <10
1582-09-8 Trifluralin <10
319-84-6 alpha-HCH(Lindane) <10
118-74-1 Hexachlorobenzene <10
319-85-7 beta-HCH (Lindane) <10
58-89-9 gamma-HCH(Lindane) <10
82-68-8 Quintozene (PCNB) <10
2303-17-5 Triallate <10
1897-45-6 Chlorothalonil <10
76-44-8 Heptachlor <10
309-00-2 Aldrin <10
43121-43-3 Triadimefon <10
40487-42-1 Pendimethalin <10
1024-57-3 Heptachlor Epoxide <10
3424-82-6 o,p'-DDE ‘ <10
959-98-8 Endosulfan I <10
72-55-9 p,p'-DDE <10
60-57-1 Dieldrin <10
72-54-8 p,p'-TDE(DDD) <10
72-20-8 Endrin <10
33213-65-9 Endosulfan IT <10
53-19-0 o,p-TDE <10
789-02-6 o,p-DDT <10
50-29-3 p,p-DDT <10
1031-07-8 Endosulfan Sulphate <10
o,p'-Methoxychlor <10

72-43-5 p,p'-Methoxychlor <10
52645-53-1 Permethrin <10
Total <10




Organochlorine Pesticides

Sample Identity - 200315489-18-southleak

Client - Sample matrix - -water
Units - ng-l
CAS Number Compound Concentration

117-18-0 Tecnazene <10
1582-09-8 Trifluralin <10
319-84-6 alpha-HCH(Lindane) <10
118-74-1 Hexachlorobenzene <10
319-85-7 beta-HCH (Lindane) <10
58-89-9 gamma-HCH(Lindane) <10
82-68-8 Quintozene (PCNB) <10
2303-17-5 Triallate <10
1897-45-6 Chlorothalonil <10
76-44-8 Heptachlor <10
309-00-2 Aldrin <10
43121-43-3  |Triadimefon <10
40487-42-1 Pendimethalin <10
1024-57-3 Heptachlor Epoxide <10
3424-82-6 o,p-DDE <10
959-98-8 Endosulfan I <10
72-55-9 p,p-DDE <10
60-57-1 Dieldrin <10
72-54-8 p,p'-TDE(DDD) <10
72-20-8 Endrin <10
33213-65-9 Endosulfan 1 <10
53-19-0 o,p'-TDE <10
789-02-6 0,p-DDT <10
50-29-3 p,p-DDT <10
1031-07-8 Endosulfan Sulphate <10
o,p'-Methoxychlor <10

72-43-5 p,p'-Methoxychlor <10
52645-53-1 Permethrin <10
Total <10




Organochlorine Pesticides

Sample Identity - 200315489-21-surfacetrench

Client - Sample matrix - -water
Units - ng-l

CAS Number Compound Concentration
117-18-0 Tecnazene <10
1582-09-8 Trifluralin <10
319-84-6 alpha-HCH(Lindane) <10
118-74-1 Hexachlorobenzene <10
319-85-7 beta-HCH (Lindane) <10
58-89-9 gamma-HCH(Lindane) <10
82-68-8 Quintozene (PCNB) <10
2303-17-5 Triallate <10
1897-45-6 Chlorothalonil <10
76-44-8 Heptachlor <10
309-00-2 Aldrin <10
43121-43-3 Triadimefon <10
40487-42-1 Pendimethalin <10
1024-57-3 Heptachlor Epoxide <10
3424-82-6 o,p'-DDE <10
959-98-8 Endosulfan I <10
72-55-9 p,p'-DDE <10
60-57-1 Dieldrin <10
72-54-8 p.p'-TDE(DDD) <10
72-20-8 Endrin <10
33213-65-9 Endosulfan II <10
53-19-0 o,p-TDE <10
789-02-6 0,p-DDT <10
50-29-3 p,p-DDT <10
1031-07-8 Endosulfan Sulphate <10
o,p-Methoxychlor - <10
72-43-5 p,p'-Methoxychlor <10
52645-53-1 Permethrin <10
Total <10




Organophosphorous Pesticides

Sample Identity - 200315489-1-1f03-01

Client - Sample matrix - -water
Units - ng-1
CAS Number Compound Concentration

62-73-7 Dichlorvos <10
26718-65-0 Mevinphos <10
60-51-5 Dimethoate <10
31218-83-4 Propetamphos <10
331-41-5 Diazinon (Dimpylate) <10
38260-54-7 Etrimphos <10
5598-13-0 Chlorpyrifos-methyl <10
298-00-0 Methyl Parathion <10
29232-93-7 Pirimiphos methyl <10
122-14-5 Fenitrothion <10
121-75-5 Malathion <10
55-38-9 Fenthion <10
2921-88-2 Chlorpyrifos <10
56-38-2 Parathion <10
470-90-6 Chlorfenvinphos <10
563-12-2 Ethion <10
24017-47-8 Triazophos <10
786-19-6 Carbophenothion <10
2310-17-0 Phosalone <10
86-50-0 Azinphos methyl <10
2642-71-9 Azinphos ethyl <10

Total <10




Organophosphorous Pesticides

Sample Identity - 200315489-8-1f03-06

Client - Sample matrix - -water
Units - ng-l

CAS Number Compound Concentration
62-73-7 Dichlorvos <10
26718-65-0 Mevinphos <10
60-51-5 Dimethoate <10
31218-834 Propetamphos <10
331-41-5 Diazinon (Dimpylate) <10
38260-54-7 Etrimphos <10
5598-13-0 Chlorpyrifos-methyl <10
298-00-0 Methyl Parathion <10
29232-93-7 Pirimiphos methy]l <10
122-14-5 Fenitrothion <10
121-75-5 Malathion <10
55-38-9 Fenthion <10
2921-88-2 Chlorpyrifos <10
56-38-2 Parathion <10
470-90-6 Chlorfenvinphos <10
563-12-2 Ethion <10
24017-47-8 Triazophos <10
786-19-6 Carbophenothion <10
2310-17-0 Phosalone <10
86-50-0 Azinphos methyl <10
2642-71-9 Azinphos ethyl <10

Total <10




APPENDIX 11
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14 July 2004, Neap Tide Cycle
Sample timeD.D. GW03/11H GW03/118] Sample fimeD.D GW03/121GW03/120] Sample time] 0.0 GW03/19 | GW03/19 | Sample imeD.D. GW03/2
08:33.00 1.98]° 145 :25:00 2.16]: 588 8:30 T8 81 8:37 212
08:57.00 1.77 .66 08:50.00 21310591 8:55 0.85]5 841 9:00 2.11
09:22:00 1.63 e 781 09:17:00 1.99140 6.0 9:21 083150843 9:23 212
09:51:00 1.54 7:89]  08:47:00 1.86]: 618 9:50 08510841 9:52 212
10:20.00 1.47 G706 10:14.00 1770827 10:19 0.83]14:1:8143 10:21 212
10:51:00 1.45 7.98 10:46:00 1691635 10:49 085102 841 10:52 212
11:20:00 1.40 8.03 11:15:00 1.600 644 11:18 0871 8.39 11:21 2.12
11:52:00 1.42 s 11:47:00 1.551 649 11:51 083 843 11:54 212
12:20:00 1.34 12:16:00 151752653 12:19 0.84 842 12:21 2.12
12:50:00 1.32 : 12:46:00 1.45 - 6.59 12:49 0.84|7 = 842 12:51 212
13:20:00 1.30}: ¢ 13:117:00 14108006863 13:20 0.84}¢ 842 13:21 2,12
13:51:00 128800 13:46:00 1.38 6.66 13:50 0.841200:8142 13:51 212
14:23:00 126000 14:16:00 1.36 6.68 14:21 0.841° 1842 14:24 2.12
14:560:00 1.26 {5 g 14:45:00 1.35]#8006169 14:49 0.83}7::843 14:51 212
15:22:00 1.28 15:16:00 1.4918 6.55 15:21 0.93}: 8:33 15:23 2.12
15:51:00 1.43 15:46:00 1.76]4 0628 15:50 1.73)000 753 15:53 2.50
16:21.00 1.83 16:16:00 2.1 115,93 16:20 23615069 16:22 2.80
16:50:00 2.88 16:45:00 2.60}7 00544 16:49 2.96}" 63 16:51 3.12
17:21:00 3.51 17:16:00 3.06):::4.08 17:20 3.59) 6567 17:21 3.45
17:52:00 3.84 17:45:00 3.35]47::4.60 17:51 39204005634 17:53 377
18:20:00 3.98 18:16:00 3.50| 4.54 18:20 4101705486 18:21 3.90
18:53:00 3.80}:5005:83 18:47:00 3.52| 55452 18:52 394|532 18:54 3.69
19:23:00 3.39 6.04 19:16:00 3.32} 472 19:22 3.56 L5 19:24 3.26
19:48:00 2851 6,58 19:46:00 28410052 19:48 29710 206.29 19:50 279
20:12:00 2.38]¢ 7.08 20:04:00 2431561 20:08 2218000 T.08 20:12 2.30

Sample time).D. GW03/104 GW03/10A] Sample timefo.D. GW03/2] GW03/25 | Sample imefo.D, GWO3/0BHGWO3/08E Sample timep.D. GWOa/1
08:40 1.581 010822 08:27 1.63 0827 08:22 2.62]E808 08:27 1.78
09:.02 1.5417 01826 08:52 08:09 261500509 09:14 1.38
09:256 1.501 20 83 09:19 09:50 2610 10:00 1.24
09:53 1421500838 09:48 10:44 261} 10:49 147
10:24 13458146 10:15 11:30 2611 11:34 1.41
10:54 1.27 150 8/58 10:48 12:35 2611 13:28 1.02
11:23 1181000 8.62 11:147 13:16 261 13:59 1.01
11:56 1.14 866 11:48 13:55 2.61 14:33 0.99
12:24 1.10 87 12:17 14:27 2.60]: R 16:15 143
12:53 1.08#0018.72 12:48 15:10 2.60]00ie B! 16:09 1.63
13:24 1.07)5000 873 13:18 16:05 2.60 16:40 2.00
13:54 1.08| 000872 13:49 16:35 2.60] 17:12 2.34
14:25 11 8.69 14:18 17:08 2601 17:46 2.65
14:53 1.13 11867 14:47 17:42 2.60 18:35 2.88
15:25 11415548166 15:18 18:30 260} 1811 283
15.56 1.20)00 8.8 15:48 19:08 2.60}

16:24 1361000845 16:18
16:54 142} ‘838 16:47
17:23 15005083 i7:18
17.55 1.56] 8.4 17:48
18:23 161|849 18:18
18:56 1.65| 845 18:49
19:26 1.65) 000845 19:18
19:52 1.86)10 814 19:47
20:14 1,624 818 20.06




:GW03/21: | Sample time D.D. GW03/2]: GW03/23 | Sample timeD.D. GW03/2 Docks
[T 7.08] N 657 116 0817 Bo7 813
SEEaT0T 08:45 6.57 ¢ 116 08:48 6.57 8.13
ST.08 09:15 6.56] 7 09:16 6.56{1 8.13
7.06 09:45 6.55|: 8 09:45 6.5710 0 8.13
L7086 10:13 6.56] i 14T 10:13 6.56 8.13
706 10:45 6.55 7118 10:45 8.57 |4 8.13
706 11:15 6.55] 118 14:15 6.57] ¢ 8.13
708 11:45 B.561 T 11:45 856 8.13
7,08 12:14 6.56 117 12:15 6.56% 8.13
706 12:45 6.56] T 12:45 8.57 . 8.23
7708 13:15 8.56] 4 iiiid 7. 13:15 657 8.23
7:06 13:45 6.56 117 13:45 6.57} it 8.23
7.06 14:15 6.56 ST 14:15 8.67] 8.23
HHET06 14:45 6.56 17 14:45 6.57 823
2706 15:15 6.561 1T 156:16 656 g2 823
£:6.68 15:45 6.56 AT 15:45 6.56]:¢ 2] 8.23
6:38 16:15 6.56]: 147 16:15 6.561: 2 8.23
6.06 16:45 6.56 17. 16:45 6.56}% A2 8.23
573 17:15 6.56] 11T 17:15 6.56|" 2 823
541 17:45 6.56 ST 17:45 6.56}" A 8.23
5.28 18:15 6.56 147 18:15 6.561¢ 1.2 8.23
549 1845 6560 1T 18:46 6.561" 12 8.23
5.92 19:15 6.56 “A7 19:15 6.56 12 823
6:39 19:45 6.56 AT 19:45 6561 2 8.23
688 20:03 6.56 A7 20:04 6.561 1.2 823

GW03/13:] Sample time D.D. GW03/14:GW03/14 | Sample timeD.D. GW03/1[: GW03/16 [Sample timeD.D. GWO03/2[GW03/26] Sample !imgLE_lz_l}w Stairs
6:24 08:30 19710 801 08:43 337| 08.55 2.26]:12:8:63 08:39 -2
116.64 09:15 1.86 12 09:26 3.34]" 09:41 228l 881 09:19-
878 10:05 1811817 10:13 3.31 10:21 2.28) 861 10:08]-1 0
6:85 10:51 1.771% 8.21 10:58 3.31 11:15 22811861 10:55
6.91 11:37 1750540823 11:45 3.30} 11:54 2.2814:881 11:401=
7 12:45 17350000825 12:58 329 13:00 22800 12:501
7.01 13:30 1.71]% 827 13.37 32910 13:45 228180 13:33
7:03 14:04 17015 828 14:10 B 14:17 22810 14:07
6.89 14:37 1.68¢ 83 14:45 14:55 2.27]% 14:40]rise
£6:38 15:19 1.701 5002828 15:30 15:35 225|400 8! 15:25]-
£6.02 16:44 2.36 Ere2 16:19 16:25 2.25]804 8 16:15]rise
45,68 i7:15 262170736 16:52 16:58 224" 16:50|rise’
537, 17:50 282] 0 TA6 17:25 17:30 224|865 17:21lrise’
514 18:38 2.95|ia0 703 18:02 18:15 224|865 17:58|rise
519 19:15 2.84) - 714 18:50 19:00 2.24]%:8.65 18:45|falic:
19:25 19:35 2.25170:8.64 19:20|fall:

Mean High W Highest Astr 1 in 200 Still Water Level
09:00 6.29 7.69 8.5
09:30 6.29 7.69 8.5
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APPENDIX 12

pba




J:\‘l4000$eries\14739\0388 - HRA\LandSim\Area2-DrftJ-Master.sim

0

Area 2
1589.96
2169.34
2707.62
2851.48
2990.95
3150.72
3690.87
3876.05
4033
4240.84
4424.59
4529.39
4732.59
4813.56
4958.08
5098.26
5342.93
5392.23
5602.36
5685.74
5827.5
5918.67
6055.13
6222.77
6488.81
6603.04
6733.72
6814.9
6922.92
7063.1
7151.51
7260.82
7372.01
7400.17
7635.87
7937.56
8004.29
8141.9
8394.67
8594.98
8654.6
8974.55
9188.53
9391.17
9555.91
9945.75
10170
10444.7
10564.7
10930.5

10

1589.96
2169.34
2707.62
2851.48
2990.95
3150.72
3690.87
3876.05
4033
4240.84
442459
4529.39
4732.59
4813.56
4958.08
5098.26
5342.93
5392.23
5602.36
5685.74
5827.5
5918.67
6055.13
6222.77
6488.81
6603.04
6733.72
6814.9
6922.92
7063.1
7151.51
7260.82
7372.01
7400.17
7635.87
7937.56
8004.29
8141.9
8394.67
8594.98
8654.6
8974.55
9188.53
9391.17
9555.91
9945.75
10170
10444.7
10564.7
10930.5

30

1589.96
2169.34
2707.62
2851.48
2990.95
3150.72
3690.87
3876.05
4033
4240.84
4424 .59
4529.39
4732.59
4813.56
4958.08
5098.26
5342.93
5392.23
5602.36
5685.74
5827.5
5918.67
6055.13
6222.77
6488.81
6603.04
6733.72
6814.9
6922.92
7063.1
7151.51
7260.82
7372.01
7400.17
7635.87
7937.56
8004.29
8141.9
8394.67
8594.98
8654.6
8974.55
9188.53
9391.17
9555.91
9717.3
10170
10444.7
10564.7
10930.5

70

3776.16
5152.17
6430.6
6772.26
7103.5
7482.97
8765.82
9205.61
9578.36

10072
10508.4
10757.3
11239.9
11432.2
11775.4
12108.4
12689.5
12806.5
13305.6
13503.6
13752.4
14034.5
14324 4
14752.7
14917.3
15410.9
15682.2
15962.4
16058.8
16249.7

16453
16737.9
16981.9
17244 4
17555.1
17876.7
18135.2
18631.9
18859.6
19266.1

19838
19967.1
20174.6
20413.1
21282.5
21782.5
22021.9
22695.3
23715.5
24370.9

100

3776.16
5152.17

6430.6
6772.26

7103.5
7482.97
8765.82
9205.61
9578.36
9795.13
10050.6
10148.5
10202.1
10387.3
10511.6

10609
10737.4
10884.8
11119.2
11239.9
11393.5
11468.2
117754
12008.6
12082.3
12219.6
12519.9
12736.3

12791
12869.2
13017.9
13145.9
13336.2
13572.1
13641.3
13960.8
14106.2
14324 .4
14795.8
15152.8
15410.9
15641.1
16000.7
16233.9
16689.4

17122
17555.6
18106.7
18733.8
19148.4

Model submitted to EA in respnse to Sched 4 notice.
Basal Leakage

300

3776.16
5152.17

6430.6
6772.26

7103.5
7482.97
8765.82
9205.61
9578.36
9795.13
10050.6
10148.5
10202.1
10387.3
10511.6

10609
10737.4
10884.8
11119.2
11239.9
11393.5
11468.2
11775.4
12008.6
12082.3
12219.6
12519.9
12736.3

12791
12869.2
13017.9
13145.9
13336.2
13572.1
13641.3
13960.8
14106.2
14324 .4
14795.8
15152.8
15410.9
15641.1
16000.7
16233.9
16689.4

17122
17555.6
18106.7
18733.8
19148.4

1000

3776.16
5152.17
6430.6
6772.26
7103.5
7482.97
8765.82
9205.61
9578.36
9795.13
10050.6
10148.5
10202.1
10387.3
10511.6
10609
10737.4
10884.8
11119.2
11239.9
11393.5
11468.2
11775.4
12008.6
12082.3
12219.6
12519.9
12736.3
12791
12869.2
13017.9
13145.9
13336.2
13572.1
13641.3
13960.8
14106.2
14324.4
14795.8
15152.8
15410.9
15641.1
16000.7
16233.9
16689.4
17122
17555.6
18106.7
18733.8
19148.4

3046

3776.16
5152.17
6430.6
6772.26
7103.5
7482.97
8765.82
9205.61
9578.36
9795.13
10050.6
10148.5
10202.1
10387.3
10511.6
10609
10737.4
10884.8
11119.2
11239.9
11393.5
11468.2
11775.4
12008.6
12082.3
12219.6
12519.9
12736.3
12791
12869.2
13017.9
13145.9
13336.2
135721
13641.3
13960.8
14106.2
14324 .4
14795.8
15152.8
15410.9
15641.1
16000.7
16233.9
16689.4
17122
17555.6
18106.7
18733.8
19148.4

20000

3776.16
5152.17
6430.6
6772.26
7103.5
7482.97
8765.82
9205.61
9578.36
9795.13
10050.6
10148.5
10202.1
10387.3
10511.6
10609
10737.4
10884.8
11119.2
11239.9
11393.5
11468.2
11775.4
12008.6
12082.3
12219.6
12519.9
12736.3
12791
12869.2
13017.9
13145.9
13336.2
13572.1
13641.3
13960.8
14106.2
14324.4
14795.8
15152.8
15410.9
15641.1
16000.7
16233.9
16689.4
17122
17555.6
18106.7
18733.8
19148.4



J:\14000series\147391038B - HRA\LandSim\Area2-DrftJ-Master.sim

Area 2 Area 2 Area 2 Area 2 Area 2 Area 2 Area 2 Area 2

Area 2

Mineral Oil Mineral Oil Mineral Oil Mineral Oil Mineral Oil Mineral Oil Mineral Oil Mineral Oil Mineral Oil

30 70 100 300 1000 3046 20000

10

As submitted model for Sched 4 notice.

Aliphatic hydrocarbonse at base of vertical pathway




J:\14000series\14739\038B - HRA\LandSim\Area2-DrftJ-Master.sim
0 10 30 70 100 300 1000 3046 20000

Area 2 Area 2 Area 2 Area 2 Area 2 Area 2 Area 2 Area 2 Area 2
Ammoniaci Ammoniaci Ammoniaci Ammoniaci Ammoniaci Ammoniaci Ammoniaci Ammoniac: Ammoniac:
10 30 70 100 300 1000 3046 20000

0 0.070953 5.50E-09 0
6.51E-11  35.6535 0.926953
2.38E-09 41.3693 1.79747
5.06E-07 71.9593 2.73939
8.99E-06 98.6015 3.60749
512E-05 115.074 5.65488
0.000162 136.772 10.7863 0
0.000409 146.002 11.8028 1.20E-12
0.001669 166.53 16.2583 2.54E-12

0 0.004167 176493 18.7262 3.44E-12
3.10E-17 0.006789 183.62 21.5014 1.26E-11
1.37E-16 0.013691 199.084 24.041 1.54E-10
3.82E-16 0.019265 215.445 25.7255 1.48E-09
5.77E-16 0.035868 242.851 27.1781 7.63E-09
1.91E-15 0.041999 246.965 34.1941 1.60E-08
741E-15 0.069847 274.955 36.2534 2.90E-08
1.56E-14 0.081321 297.688 38.8575 4.38E-08
2.79E-14 0.129312 300.511 42.1595 8.92E-08
7.33E-14 0.16904 314.913 44.7352 1.20E-07
2.18E-13 0.19939 334.382 48.2282 1.73E-07
6.11E-13 0.443597 342.226 58.0137 2.12E-07
1.72E-12 0.778881 359.797 60.8299 2.55E-07
3.76E-12 0.962294 375.106 64.4211 3.66E-07
1.11E-11 1.28663 386.335 67.8651 4.73E-07

0 2.73E-11 148272 398.218 70.7553 6.07E-07
2.10E-17 8.78E-11 1.84082 414792 75.6711 8.17E-Q7
8.94E-17 2.16E-10 2.20363 437.248 79.991 1.16E-06
1.63E-16 4.60E-10 2.42545 449.849 89.3424 1.32E-06
2.33E-16 7.88E-10 3.69042 453.055 90.5517 2.34E-06
3.80E-16 1.41E-09 4.49063 467.654 98.0918 4.23E-06
591E-16 2.39E-09 5.75671 477.361 101.956 7.98E-06
1.32E-15 5.12E-09 6.57381 484.561 107.013 1.35E-05
2.24E-15 8.84E-09 9.07051 490.964 114.913 2.25E-05
2.64E-15 2.39E-08 11.8555 497.017 117.202 4.60E-05
4.10E-15 7.13E-08 14.6707 508.857 122.674 5.29E-05
6.67E-15 1.30E-07 15.2067 521.53 127.696 6.07E-05
1.35E-14 4.58E-07 20.3176 528.586 134.03 6.53E-05
1.93E-14 2.01E-06 31.97 548.013 139.238 8.89E-05
4 52E-14 3.48E-06 39.0755 564.765 149.379 0.000107
1.02E-13 1.27E-05 456953 588.009 150.463 0.000177
2.33E-13 3.09E-05 55.7414 600.584 160.764 0.000257
412E-13 6.49E-05 68.1553 606.024 174.511 0.000459
2.90E-12 0.00015 74.8995 611.426 183.767 0.000537
5.01E-12 0.000197 87.0739 644.466 189.726 0.000752
9.36E-12 0.000287 111.143 665.401 201.808 0.001259
3.05E-11 0.000564 134.647 687.979 226.287 0.001828
5.89E-10 0.001883 201.635 727.099 238.935 0.003265
1.26E-08 0.010492 250.618 748.863 275.058 0.004708
3.62E-07 0.032408 282.599 776.22 285.023 0.010142
0 1.82E-17 8.37E-05 0.363605 391.683 894.071 327.675 0.018383
Ammoniacal_N at base of vertical pathway - Master. As model submitted to EA
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Area 2 Area 2 Area 2 Area 2 Area 2 Area 2 Area 2 Area 2 Area 2
Arsenic  Arsenic  Arsenic  Arsenic  Arsenic  Arsenic  Arsenic  Arsenic Arsenic
300 1000 3046 20000
0
1.15E-11
3.02E-11
6.43E-09
5.83E-08
1.22E-07
4.45E-07
1.20E-06
2.34E-06
4.93E-06
8.94E-06
1.43E-05
1.76E-05
3.65E-05
5.12E-05
6.55E-05
9.88E-05
0.0001112
0.0001597
0.0002473
0.0003227
0.0003823
0.0004679
0.0005979
0.0007244
0.0008139
0.0008817
0.0010114
0.0011884
0.0013712
0.0015201
0.0018207
0.0022032
0.0023683
0.0024723
0.0026112
0.003272
0.0036906
1.56E-17 0.0045503
2.31E-17 0.0055507
7.10E-17 0.0067622
1.25E-15 0.0086898
9.33E-15 0.0101291
1.17E-14 0.0138708
5.21E-14 0.0156721
8.90E-13 0.0182146
4.28E-12 0.0260448
427E-11 0.0362497
2.62E-10 0.0459763
3.09E-09 0.0604898
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As submitted model for Sched 4 notice.
Arsenic at base of vertical pathway
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1000 3046 20000
Area 2 Area 2 Area 2

30 70 100 300

10

Area 2 Area 2 Area 2 Area 2
Benzene Benzene Benzene Benzene Benzene

Area 2

Area 2

Benzene

Benzene

Benzene Benzene

30 70 100 300 1000 3046 20000

10

As submitted model for Sched 4 notice.
Benzene at base of vertical pathway
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1000 3046 20000
Area 2 Area 2 Area 2

30 70 100 300

10

Area 2 Area 2 Area 2 Area 2 Area 2

Area 2

Mercury  Mercury Mercury  Mercury Mercury  Mercury  Mercury  Mercury  Mercury

10 30 70 100 300 1000 3046 20000

0

As submitted model for Sched 4 notice.

Mercury at base of vertical pathway
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Area 2 Area 2 Area 2 Area 2 Area 2 Area 2 Area 2 Area 2

Area 2

Naphthaler Naphthaler Naphthaler Naphthaler Naphthaler Naphthaler Naphthaler Naphthaler Naphthaler

30 70 100 300 1000 3046 20000

10

As submitted model for Sched 4 notice.

Naphthalene at base of vertical pathway




Area 2 Area 2 Area 2 Area 2 Area 2 Area 2 Area 2
Potassium Potassium Potassium Potassium Potassium Potassium Potassium
0 30 70 300 1000 3046 20000
0 0 1.44E-13 52.7137  4.96536 0.0064832
0 0 3.66E-13 70.9444  7.75275 0.0130862
0 0 242E-12 71.7459 16.6973 0.0410637
0 0 9.30E-12 110.935 21.883 0.0960744
0 7.58E-17 1.48E-09 120.152  26.9911 0.230463
0 270E-16 2.96E-08 129.041 29.2555 0.748424
0 223E-15 1.18E-07 133.312 43.353 0.912631
0 4.26E-15 1.83E-06 137.896  44.8456 1.04656
0 1.20E-14 6.38E-06 139.308  46.8073 1.1416
0 3.03E-14 5.23E-05 146.129 52.583 1.31949
0 3.86E-14 0.000139 150.293 58.1939 1.41279
0 4.63E-14 0.0001966 170.613 63.554 1.89231
0 9.12E-14 0.0003668 177.81 66.8503  2.55776
0 1.14E-13 0.0005062 182.184  70.7814  2.59233
0 2.29E-13 0.0013734 183.811 75.4348 3.03301
0 4.58E-13 0.0039107 199.019 77.3923 3.12829
0 797E-13 0.00594  205.593 78.6578  4.29817
0 1.03E-12 0.0060032 225.006  92.3323 4.64848
0 1.17E-12 0.0165488  231.109  93.3069 6.1409
0 1.69E-12 0.0194634  236.658 103.038 6.59905
0 2.07E-12 0.0236947  251.391 104.865 6.97015
0 2.35E-12 0.0283512 254.188 113.928 8.02133
0 2.76E-12 0.0453012 266.214 116.997 8.21148
0 3.67E-12 0.0630832 268.132 119.043 8.64503
0 220E-11 0.220484  280.881 119.996 9.67872
0 1.73E-10 0.323485 285.708 123.137 10.0571
0 3.79E-10 0.387956  292.985 124.639 10.5318
0 2.22E-09 0.697903 295.016 132.978 10.7207
0 2.55E-09 1.05138 312.218 133.575 11.8025
0 3.78E-09 1.19397  319.169 141.205 12.5643
0 6.97E-09 1.52354 330.382 145.407 13.2066
0 581E-08 2.21494 333.777 157.644 13.6074
0 9.82E-08  2.74047 339.794 161.878 15.3691
0 1.98E-07 3.08213 344.324 167.717 15.5038
0 287E-07 3.39545 348.611 178.801 16.388
0 1.43E-06 3.67491 354,998 183.04 16.591
0 248E-06 4.64467 365.659 184.304 17.5257
0 4.27E-06 5.84558 372.535 190.03 18.7709
0 5.20E-06 6.61897 377.55 196.221 22.0685
0 6.26E-06 7.19838 382.6 199.359 22.8219
0 5.81E-05 12.1949 407.848 208.829 27.0759
0 0.0014003 30.5923 420.408 215.538 28.6934
0 0.0058295 34.8495 434,409  224.061 29.6652 1.33E-07
0 0.0080682 55.255 439.65  236.287 30.5114 9.03E-07
0 0.0227548 55.9266 445542  249.729 41.8129 1.67E-05
0 0.0242719 58.441 458.565 259.366  47.9836 4.83E-05
0 0.0419001 71.8368 469.76  262.113 54.2644 0.0001339
0 0.0624291 95.103 479187  268.256  56.1342 0.0001723
0 0.23573 126.627  491.133  278.206 61.3805 0.0001914
0 0.348263 137.705 501.123  297.969 68.0486 0.000343
Potassium at base of vertical pathway.

As per submitted model for Sched 4 Notice; sensitivity analysis standard
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Area 2 Area 2 Area 2 Area 2 Area 2 Area 2 Area 2 Area 2

Area 2

Xylene Xylene Xylene Xylene Xylene Xylene Xylene Xylene

Xylene

30 70 100 300 1000 3046 20000

10

As submitted model for Sched 4 notice.
Xylene at base of vertical pathway



Organophosphorous Pesticides

Sample Identity - 200315489-15-northleak

Client - Sample matrix - -water
Units - ng-l

CAS Number Compound Concentration
62-73-7 Dichlorvos <10
26718-65-0 Mevinphos <10
60-51-5 Dimethoate <10
31218-83-4 Propetamphos <10
331-41-5 Diazinon (Dimpylate) <10
38260-54-7 Etrimphos <10
5598-13-0 Chlorpyrifos-methyl <10
298-00-0 Methyl Parathion <10
29232-93-7 Pirimiphos methyl <10
122-14-5 Fenitrothion <10
121-75-5 Malathion <10
55-38-9 Fenthion <10
2921-88-2 Chlorpyrifos <10
56-38-2 Parathion <10
470-90-6 Chlorfenvinphos <10
563-12-2 Ethion <10
24017-47-8 Triazophos <10
786-19-6 Carbophenothion <10
2310-17-0 Phosalone <10
86-50-0 Azinphos methyl <10
2642-71-9 Azinphos ethyl <10

Total <10




Organophosphorous Pesticides

Sample Identity - 200315489-18-southleak
Client - Sample matrix - -water
Units - ng-1

CAS Number Compound Concentration
62-73-7 Dichlorvos <10
26718-65-0 Mevinphos <10
60-51-5 Dimethoate <10
31218-83-4 Propetamphos <10
331-41-5 Diazinon (Dimpylate) <10
38260-54-7 Etrimphos <10
5598-13-0 Chlorpyrifos-methyl <10
298-00-0 Methyl Parathion <10
29232-93-7 Pirimiphos methyl <10
122-14-5 Fenitrothion <10
121-75-5 Malathion <10
55-38-9 Fenthion <10
2921-88-2 Chlorpyrifos <10
56-38-2 Parathion <10
470-90-6 Chlorfenvinphos <10
563-12-2 Ethion <10
24017-47-8 Triazophos <10
786-19-6 Carbophenothion <10
2310-17-0 Phosalone <10
86-50-0 Azinphos methyl <10
2642-71-9 Azinphos ethyl <10

Total <10




Organophosphorous Pesticides

Sample Identity - 200315489-21-surfacetrench

Client - Sample matrix - -water
Units - ng-1

CAS Number Compound Concentration
62-73-7 Dichlorvos <10
26718-65-0 Mevinphos <10
60-51-5 Dimethoate <10
31218-83-4 Propetamphos <10
331-41-5 Diazinon (Dimpylate) <10
38260-54-7 Etrimphos <10
5598-13-0 Chlorpyrifos-methyl <10
298-00-0 Methyl Parathion <10
29232-93-7 Pirimiphos methyl <10
122-14-5 Fenitrothion <10
121-75-5 Malathion <10
55-38-9 Fenthion <10
2921-88-2 Chlorpyrifos <10
56-38-2 Parathion <10
470-90-6 Chlorfenvinphos <10
563-12-2 Ethion <10
24017-47-8 Triazophos <10
786-19-6 Carbophenothion <10
2310-17-0 Phosalone <10
86-50-0 Azinphos methyl <10
2642-71-9 Azinphos ethyl <10

Total <10




Alcontrol Geochem

VOC Tentatively Identified Compounds

Job Number - 200315489
Client - Peter Brett Associates
Sample Identity - 007 - LF03-01
Sample Type [Units] - Water - pg/l
Date Acquired - 09-Dec
Date Reported - 10-Dec
Tentative Compound Identification RetentionTime| Concentration
min Water - pg/l

Isopropyl ketone 9.33 15
(C9-C13 Aromatic isomers* 13.40-25.00 1345

*Includes 1dentified peaks

please note: the identification and semu-quantification of these
tentatively identified compounds is outside the scope of the UKAS

accreditation for this method




Alcontrol Geochem

VOC Tentatively Identified Compounds

Job Number 200315489
Client Peter Brett Associates
Sample Identity 014 - LF03-06
Sample Type [Units] Water - pg/l
Date Acquired 09-Dec
Date Reported - 10-Dec

RetentionTime | Concentration
min Water - pg/l

Tentative Compound Identification

(C9-C13 Hydrocarbon fraction* 13.40-25.00 887105

*Includes 1dentified peaks

please note: the identification and semi-quantification of these
tentatively identified compounds is outside the scope of the UKAS
accreditation for this method



Alcontrol Geochem

SVOC Tentatively Identified Compounds

Job Number -

Client -

Sample Identity -
Sample Type [Units] -
Date Acquired -

Date Reported -

15489

Peter Brett Associates
001-LF03-01

Water - pg/l
09/12/2003
09/12/2003

Tentative Compound Identification

Retention Time | Concentration |

min g/l
C10 - 26 hydrocarbons: 20% aromatic - 1640
Terpene type compounds - 670
C8 - 15 phenols - 545
Diethyltoluamide 18.94 15
Unknown 15.03 60
Benzothiazolone 20.34 95
Acetyl-hydroxy-methyl-isopropylbicyclononane 20.94 335
Unknown 21.21 290
Fyrol PCF 21.37 80
Unknown 23.31 110
Dehydroabietic acid 27.55 140
- <1

Requested compounds not detected




Alcontrol Geochem

SVOC Tentatively Identified Compounds

Job Number - 15489
Client - Peter Brett Associates
Sample Identity - 008-LF03-06
Sample Type [Units] - Water - pg/l
Date Acquired - 09/12/2003
Date Reported - 09/12/2003
Tentative Compound Identification Retention Time | Concentration
min ng/l
C12 - 28 hydrocarbons - 3600
Terpene type compounds - 100
C8 - 15 phenols - 300
Diethyltoluamide 18.93 20
Benzothiazolone 20.35 55
Acetyl-hydroxy-methyl-isopropylbicyclononane 20.92 75
Fyrol PCF 21.35 30
Unknown 23.29 35
Ethylhexyl diphenyl phosphate 27.19 40
Dehydroabietic acid 27.55 145
Requested compounds not detected - <1
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Alcontrol Geochem

SVOC Tentatively Identified Compounds

Job Number -

Client -

Sample Identity -
Sample Type [Units] -
Date Acquired -

Date Reported -

15489

Peter Brett Associates
15-North Leak

Water - pg/l
09/12/2003
09/12/2003

Tentative Compound Identification

Retention Time | Concentration

Requested compounds not detected

min ng/l
Dehydroabietic acid 27.47 10
- <]




Alcontrol Geochem

SVOC Tentatively Identified Compounds

Job Number -

Client -

Sample Identity -
Sample Type [Units] -
Date Acquired -

Date Reported -

15489

Peter Brett Associates
18-South Leak

Water - pg/l
09/12/2003
09/12/2003

Tentative Compound Identification

min

Retention Time | Concentration

g/l

No compounds detected
Requested compounds not detected

<1
<1




Alcontrol Geochem

SVOC Tentatively Identified Compounds

Job Number -

Client -

Sample Identity -
Sample Type [Units] -
Date Acquired -

Date Reported -

15489

Peter Brett Associates
021-Surface Trench
Water - pg/l
09/12/2003
09/12/2003

Tentative Compound Identification

Retention Time | Concentration

min ng/l
C12 - 26 hydrocarbons - 270
Trichloroethyl phosphate 20.99 1
Fyrol PCF 21.31 10
- <1

Requested compounds not detected




