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L. INTRODUCTION

It is proposed to develop the site of a former steelworks for combined
residential housing and light industrial use. On the instructions of Kirklees
Metropolitan Council, Property Services Consultancy, an investigation was
made by Exploration Associates Limited to provide information on the ground
conditions for the design and construction of the proposed works. A report
to include the interpretation of quantitative soil parameters, the detailed
assessment of the ground conditions and recommendations on design and
construction was confirmed in a letter ref CC & C/AT/DY/CTS97-7 dated
20th January 1997.

The report is presented in two volumes. This volume, Volume Two, the
Interpretive Report contains detailed assessments of the ground and
groundwater conditions and recommendations on design and construction.
Also included is an assessment of the ground conditions with regard to
contamination. Volume One, the Factual Report contains descriptions of the
fieldwork and testing carried out and. results of tests rneasurements and
descriptions made in the field and in the laboratory.

Throughout this Volume, Volume Two, the Interpretive Report, reference is
made to the factual information contained in Volume One. It is
recommended that the factual report is available when considering the
discussion and recommendations presented in this report.

The investigation was carried out in general accordance with the relevant
British Standards"®, General notes on the techniques employed during site
investigations carried out by Exploration Associates Limited are given in the
Enclosures. :

2 THE SITE
General Description

The site is located at National Grid reference SE237198 as shown on the Site
Location Plan (Drawing 1).

The site layout at the time of the investigation and the Exploratory Hole
Locations are indicated on Drawing 2. The site is approximately rectangular
and elongated from north west to south east with maximum dimensions of
approximately 350m by 200m. The north western edge of the site is bounded
by Forge Lane. The north eastern edge of the site is bounded by the Calder
and Hebble Navigation Long Cut. The eastern edge of the site is bounded by
a fence, separating it from an adjacent factory site, and the south western
boundary is formed by housing, gardens and allotments.
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The site generally decreases in level from Forge Lane towards the south east.
Forge Lane is at an approximate level of 44.50m AOD. The site boundary
adjacent to Forge Lane generally comprises a steep bank up to 7m high.

A series of terraces and concrete ramps occupy the northwestern area of the
site, these terraces reduce in level from 41.34m AOD at the location of
Borehole 15 to 38.40m AOD at the location of Borehole 2. An extensive area
of concrete hardstanding extends towards the south east, at a general level of
about 38.40m AOD. Numerous H section steel stanchions in concrete bases
were noted in this area. The extent of this area is roughly delineated by a line
from Borehole 2 to Trial Pit 7, however it was noted that individual stanchion
bases also exist in the area of Borehole 6, and Trial Pit 5.

An open drain runs onto the site froma point some 60m west of the southern
corner, and flows northwards across the site, towards the location of Trial Pit

- 10, where it swings through approximately 90° towards the northwest for some

90m to a circular concrete culvert. The base of the drain, where it enters the
site, is approximately 37.00m AOD. The invert level of the culvert is
approximately 36.35m AOD.

An abandoned gravel pit is located towards-the centre of the southwestern
side boundary. At the time of levelling of the boreholes the water level in the
gravel pit was at 37.25m AOD. The area around the gravel pit is generally
olevated above the overall site, with levels varying from 37.52m (Trial Pit 13)
to 39.60m (Borehole 8). An embankment runs along the northeastern side of
the gravel pit at a level of about 39.00m.

The central site area between the gravel pit and the drain is generally level
although piles of tipped material occupied the west central area of the site
towards the drain. Large concrete and sandstone blocks were noted within
this tipped material.

The area between the drain and the eastern site boundary is generally level
at an elevation of about 37.40m AOD. ‘

At the time of the investigation the site was occupied by rough grass, saplings
and occasional mature trees. '

Site History

Historical Ordnance Survey plans of the site (see enclosure A) for 1893 record
"Thornhill Iron Works" and "The Original Glass Works" on the northern and
eastern areas of the site respectively, with associated railway lines extending
towards the southeast. The plan for 1907 indicates a similar extent of
industrial development with the addition of a gravel pit. Plans for 1912 and
1922 indicate a similar level of development, with an extended gravel pit,
although the glass works appears to have been omitted from the plan for 1912.
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4.1

The plan for 1933 indicates that the glass works no longer existed although the
Iron and Steel works, railway lines and gravel pit are still operational. A
docking basin is evident on the plans, adjacent to the iron and steel works,
directly connected to the canal.

Historical plans are attached to this report.

It is understood from local hearsay that the iron and steelworks Was
demolished prior to 1985.

Proposed Development

At the time of the investigation the proposed development comprised five
light industrial units located adjacent to Forge Lane. The proposed
development for the remainder of the site comprises mixed tenure housing
with associated service roads and open spaces. The ‘proposed development

‘extends beyond the eastern boundary of the site.

THE INVESTIGATION

The investigation comprised a period of site works followed by a period of
geotechnical and analytical testing.

The fieldwork was carried out during the period 20th January to 28th January
1997. The fieldwork comprised fifteen cable percussive boreholes and thirteen
mechanically excavated trial pits with associated sampling testing and

‘measurements.

Geotechnical and analytical testing was carried out on samples. obtained
during the fieldworks.

Details of the fieldwork and laboratory tests together with full records and
results are presented in Volume One, the Factual Report.

GROUND CONDITIONS

Published Geology

Geological records® indicate that the site is underlain by made ground
overlying drift deposits. The drift deposits are indicated to comprise Alluvium

beneath the majority of the site with "Brickearth of Valleys" along the south
western edge.

The bedrock beneath the site comprises sandstones, siltstone and mudstones
of the Coal Measures of Upper Carboniferous age.
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Strata Encountered
General

The strata encountered across the site may be summarised as the following
units:-

Made Ground
Alluvial Clay

Peat
Sand/gravel/cobbles
Glacial Till

Bedrock

The distribution of these units and their general characteristics are outlined
below. In general, beneath an average of 2.00m of loose granular fill at a
level of around 36.0mOD, soft alluvial, occasionally organic, clays are present
across approximately half the site parallel to the Calder and Hebble
Navigation. The approximate lateral extent of these deposits is indicated on
Drawing 3. The alluvial deposits thicken from approximately 0.60m to around
5.00m at the Northern site boundary. The alluvial deposits are typically
underlain by medium dense sand and gravels (possibly fluvio glacial) which
rest on mudstone bedrock although cohesive glacial till was also encountered
at the location of Borehole 15 and occasionally as a basal layer between the
sand and gravels and bedrock. The rock surface appears to dip toward the
south and east from approximately 32.0mOD to 28.0mOD. Removal of the
fluvioglacial sand and gravel deposits where they would originally have been
encountered at the surface, has taken place along the central southern site

‘area. The resulting pit appears to have been infilled predominantly with very

soft silt, possibly dredgings from the Calder and Hebble Navigation.

General schematic sections across the site are given on Drawings 4 to 10. The
section lines are indicated on Drawing 3. '

Made Ground

Made ground was encountered in Boreholes 1 to 7,9, 10, 14 and 15 and Trial
Pits 1 to 5, 8 to 10 and 13. With the exception of Trial Pit 13 the thickness
of made ground varied from 0.80m (Borehole 10) to 3.90m (Borehole 1).

The made g‘round may be broadly subdivided into rubble fill, sandstone fill,
ash/slag fill and black clayey silt fill.

General rubble fill was encountered in Boreholes 1, 3 and 5 and Trial Pits 1,
2,4 and 9 to depths of between 0.60m (Borehole 15) and 2.20m (Trial Pit 9).
Mudstone fill was encountered in Boreholes 1 and 3, and Trial Pit 1, beneath

~rubble fill and in Trial Pit 8 beneath clayey silt fill, to depths of between
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3.10m (Trial Pit 8) and 4.20m (Trial Pit 1). A maximum thickness of
mudstone fill of 3.00m was encountered in Trial Pit 1. Ash and ash/slag fill
was encountered, locally beneath topsoil, in Boreholes 2, 4, 5, 6 and 7 and
Trial Pits 3 and 5 to depths of between 1.00m (Borehole 6) and 2.75m
(Borehole 2). Peaty ash was encountered in Borehole 14 to a depth of 0.80m.
Black clayey silt fill was encountered in Trial Pit 8 to a depth of 2.30m. A
similar deposit was encountered in Borehole 8 and Trial Pit 6 to depths of
2.60m and 1.55m respectively, although it was unclear whether this was made
ground.

Borehole 10 and Trial Pit 9 encountered clayey fill to 0.80m and 1.90m
respectively. This may represent reworked locally derived natural deposits.

Trial Pit 13 was excavated in the backfilled gravel pit and encouﬁtered
very soft black clayey silt to a depth of apprommately 5.00m. The base
of the gravel pit was not proven.

Alluvial Clay

Alluvial clay was encountered in Boreholes 1, 2, 3, 6, 7 and 9 and Trial Pits
1,2,3,4,7,9, 10 and 11, generally beneath made ground. The thickness of
the Alluvium was greatest along the north east site boundary, adjacent to the
Calder and Hebble Navigation. The thickness varied from 0.25m (Borehole
2) to >3.50m (Trial Pit 7). The Alluvium generally comprised soft silty clay
with local peaty horizons.

Peat

Peat was encountered in Borehole 9 and Trial Pit 4 adjacent to the Calder
and Hebble Navigation. A thickness of 1.20m and 0.50m was proved in
Borehole 9 and Trial Pit 4 respectively.

Sand/Gravel/Cobbles

The majority of the drift encountered across the site comprised variably
graded granular deposits including sand, gravel and cobbles.

Granular strata was encountered in all exploratory holes, with the exception
of Trial Pit 7, and generally increased in thickness towards the south and east.
Boreholes 3 and 9 encountered only 0.70m and 0.30m of granular strata
respectively. A maximum of 9.00m was encountered in Borehole 8.

Within the granular strata, lenses/layers of clay were encountered. These may
represent clay matrix within the gravel/cobbles or locally, sandy clay layers.

127001
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4.3

Glacial Till

Borehole 15 encountered stiff clay between 1.30m and 7.60m, softening from
7.60m to 3.00m adjacent to the confined water level observed in the
underlying gravels at this location. '

Boreholes 3 and 9 encountered, stiff and very stiff clay from 5.40m to 7.30m,
4.90m to 7.10m respectively. This may in part represent glacially reworked
and/or weathered mudstone bedrock.

Bedrock

Bedrock was encountered in all boreholes except Borehole 6, at depths
between 6.30m (Borehole S) and 11.60m (Borehole 8). Bedrock was: not
encountered in the trial pits. With the exception of Borehole 15, the bedrock
encountered across the site comprised mudstone. The bedrock encountered
in Borehole 15 comprised sandstone.

Boreholes 2, 4, 5, 7, 10, 11 and 14 encountered a thin layer of clay, overlying
mudstone. This may represent a thin weathered mantle or partial glacial
reworking and lodgement deposition.

Groundwater

Groundwater was encountered in all exploratory holes at depths ranging from
1.10m (Trial Pit 12) to 9.00m (Borehole 14) in made ground, alluvial deposits
and granular strata. The presence of confined water within the gravel
sequence indicates that the clay horizons noted are laterally extensive.

The groundwater encountered was generally confined.

Monitoring of the standpipes subsequent to site works indicate that the
phreatic surface across the site varies only slightly bétween 36.20m AOD
(Borehole 12) and 36.70m AOD (Boreholes 4, 7 and 9).

The water level in the canal and gravel pit at the time of site works was
37.76m AOD and 37.26m AOD respectively. The water in the drain entered
the site at a level of about 37.40m AOD and was measured at about 36.40m
AQOD at its exit point into the culvert.
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5.1

5.2

5.24

ENGINEERING ASSESSMENT
General

The development proposals at the time of the investigation were understood
to comprise five light industrial units, Occupying a strip approximately 70m
wide, adjacent and parallel to Forge Lane. Access is indicated from the
southern end of Forge Lane. The remainder of the site will be occupied by
mixed tenure housing with associated roadways, gardens and open spaces.

This assessment is based on the proposed development. Any significant
change' in the type of development may be beyond the scope of this
assessment. '

The western part of the site is currently occupied by extensive areas: of
hardstanding with stanchion bases and ground beams evident. Prior to
development it is recommended that the areas of hardstanding are removed
and stanchion bases are grubbed up and replaced with suitable compacted
granular fill. Trial pit 4 was excavated adjacent to a stanchion base which
extended to a depth of 1.40m. This depth may be used as a guide although it
may be exceeded in depth by bases on other parts of the site.

The docking bay, noted adjacent to the Thornhill Iron and Steelworks, is no
longer evident on site. The nature of backfill and degree of hydraulic
continuity with the canal is not known. The bay was located some 150m
south-east of Forge Lane Bridge and encroached into the site by some 12m.
It was not investigated during this programme of works due to the possibility
of broaching the canal banks. It is likely that the extent and nature of the bay
should become evident when the existing concréte slab has been removed.
Work along the edge of the canal should be undertaken in cooperation with

. the British Waterways Board.

Foundations

For ease of reference the two development sub areas (industrial/residential)
outlined above are discussed separately below with regard to suitable
foundations. A thematic plan indicating possible foundation options is given
on Drawing 3.

Industrial Development

The area adjacent to Forge Lane, proposed for industrial development, was
investigated by Boreholes 1, 2, 3, 4 and 15 and Trial Pits 1, 2 and 4.

The present ground levels across this area vary from 41.34m AOD (Borehele
15) to 38.40m AOD (Borehole 2). It is assumed for the purpose of this
assessment that some regrading will be necessary in order to produce a level
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5.2.11

5.70m will support an estimated allowable vertical working load of 160kN. If
the pile diameter is increased to 600mm the estimated allowable vertical
working load increases to about 250kN. Where piles end bear onto medium
dense gravel (Borehole 1) allowable working loads in the region of 245kN and
410kN respectively are estimated for 450mm and 600mm bored piles taken
approximately 0.7m into the gravels (6.1m).

In order to significantly increase the allowable working load above these
values it is recommended that the piles should be extended into bedrock
which is likely to be encountered at between 32.0mOD (Northern Part) and
30.0mOD (Southern Part).

Based on a mean SPT "N’ value at rockhead of 100, a single bored pile of
450mm diameter and about 8.00m length should support on estimated
allowable vertical load of 790kN. If the pile diameter increases to 600mm the
estimated allowable vertical working load increases to about 1330kN. These
values are presented as a guide and the working load should take into
consideration the final project design and type of pile employed.

Residential Development

The area designated for residential development was investigated by
Boreholes 5 to 14, and Trial Pits 3 and 5 to 13.

The general ground level across the site lies at about 38.00m AOD. The area
around the gravel pit is elevated above this to about 39.00m AOD.

On the basis of the strata encountered, the area can broadly be divided into
four areas in terms of available foundation options. These areas are
approximately indicated on Drawing 3.

Area adjacent to canal

Along the north eastern site boundary, adjacent to thé Calder and Hebble
Navigation, the strata, at shallow depth, are considered unsuitable for
foundation support due to the presence of soft alluvial clay and associated
peat deposits to depths in the region of 5.00m. Piled foundations to houses
alongside the canal are likely to be the most appropriate foundation option
with piles being taken to the mudstone bedrock. Rockhead appears to dip
from approximately 32.0mOD to 28.0mOD from NW to SE along the
canalside. Pile lengths in the region of 7m to 10m are consequently envisaged.
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Central area

In the central part of the proposed housing site, the upper 2.0m or so of
material generally comprises very loose to loose granular fill resting on
medium dense glacial sands and gravels at about 36.0mOD. In some areas the
removal of former stanchions and foundations is likely to be necessary.” The
fill materials are considered marginal in their ability to directly support
foundations, consequently the use of vibrocompaction may be considered in
this area. - Alternatively footing excavations could be taken through the made
ground to the natural soils and formation levels brought up using re-
compacted trench fill.

Gravel pit area

It is recommended that the material surrounding the gravel pit, forming the
embarikments along the north west and south east sides, is removed to reduce
the area to the general site level. The material within the disused gravel pit
(which may largely comprise dredged material from the canal) is not
considered suitable for foundation support and is unlikely to provide sufficient
lateral support to enable the construction of stone .columns by
vibroreplacement. The material should preferably be removed and replaced
with suitable compacted granular fill. Excavations may, however, locally
exceed 5.00m depth to acheive this.

In the vicinity of Borehole 6 very soft black clay, which may represent an

~extension of the existing gravel pit, was encountered between 1.00m and

2.85m. Again, this material will not provide a suitable founding strata and
should be removed and replaced with compacted granular fill to foundation
level. Following such remedial works, this area should be suitable for
development with housing placed on strip foundations at shallow depths.

Should deep excavation particularly within the central part of the gravel pit
be considered impractical, consideration could be given to piled foundations -
at this location, although it may be preferable to limit usage of this area to
gardens or landscaping. If piles are adopted, they should be designed as end
bearing only and an allowance made for negative skin friction within the infill
material. Suspended floor slabs are likely to be required for structures in this
area.

Further investigation, perhaps comprising dynamic probes may be appropriate

to determine the extent of the deepest part of the pit. Generally, the removal
of up to 3.00m of existing backfill and soft alluvial clays towards Trial Pit 3
should reduce the area affected by deep unsuitable ground considerably.
Groundwater ingresses may be anticipated within excavations below 36.50m
OD.

127001
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South eastern area

The south eastern part of the site is considered suitable for conventional
foundation construction. Strip footings should be taken to depths of between
1.20m and 1.50m to bear onto the granular glacial deposits. An allowable
bearing pressure in the region of 80kN/m is considered appropriate for those
materials.

The proposed development will need to consider re-routing or culverting of
the existing open drain. Development along the edge of the Calder and
Hebble Navigation, in the northern part of the site will require consideration
of the existing culvert and associated drainage evidenced by manhole covers
in the northern part of the site.

- Excavation, Side Support and Dewatering

Excavations within the made ground and natural drift deposits revealed by this
investigation should be within the capacity of conventional hydraulic plant
once any concrete, hardstanding and bases have been removed.

Concrete demolition rubble was noted, tipped at surface, in the area of Trial
Pit 13 and adjacent to Trial Pit 9, Borehole 10 and Trial Pit 11. This material
may require breaking up prior to removal.

Regrading of material adjacent to Forge Lane may require the formation of
temporary slopes. For fully drained slopes an angle of friction of about 35°
is considered suitable for preliminary design in this area.

Groundwater was encountered in all exploratory holes locally at depths as
shallow as 1.20m (Borehole 12). The overall phreatic surface observed in
standpipes and piezometers across the site was about 36.60m AOD.
Groundwater inflows were observed to be high and generally the water
bearing strata should be considered free draining. For preliminary dewatering
design, a permeability of about 107 is considered appropriate for the granular
strata and a mass permeability of about 107 for the alluvial clays.

The stability of excavations will depend primarily on the extent and nature of
groundwater control carried out. In the north western area of the site shallow
excavations are unlikely to encounter groundwater and generally excavations
up to 1.20m deep will require half boarding or as appropriate for safe
workings. In areas where excavations are carried out below the water table
dewatering, by either well points or high capacity sump pumping, with full
trench support or low angle batters will be required. Support to excavations
should be in accordance with the recommendations of CIRIA Report No.97®
and should at all times ensure safe working conditions.

127001
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6.1

Road Construction

Laboratory testing indicates a range of CBR values from 12% to 30% for ash
fill and granular strata at depths of about 0.5m along the line of the proposed
main access road for the housing development. Consequently a capping layer
is not likely to be required providing the formation is suitably prepared and
any deleterious 'material is removed and replaced with suitable granular fill.

It is anticipated that, locally, areas of frost susceptible material will be
encountered, notably in the area of Boreholes 6. This should be removed to
a minimum of 450mm below the base of the road surface.

Chemical Attack on Buried Concrete

“Available laboratory test results indicate that the - sulphate content. of 2:1

extract from the made ground materials and natural soils generally ranges
from <0.01g/lfor natural soils to 0.83g/l, SO;, for made ground allied to pH
values in the range 3.8 to 10. Tests on groundwater indicate a sulphate
content in the range 0.05g/1 to 0.39 g/1 SO allied to pH values in the range
of 5.1t0 6.9.

On this basis it is considered that concrete could be designed in accordance
with Class 1 of BRE Digest 3639,

A notable exception was the black silty clay and clayey silt fill (probable
dredgings) in Borehole 6 and Trial Pit 8 which recorded elevated sulphate
contents of 1.4 g/l SO®and 1.2g/1 SO’ respectively indicating that Class 2
conditions would apply for buried concrete in contact with such material.

CONTAMINATION ASSESSMENT

General

Chemical Analysis was carried out for a range of parameters on twenty five
samples of soil from boreholes and forty samples of soil from trial pits. These
samples were predominantly from made ground and the uppermost part of the
natural strata. A sample of fibrous material from the surface was collected
and tested for asbestos.

Analysis was also carried out on eleven water samples obtained from trial pits,
two water samples obtained from the drainage ditch and water samples from
the gravel pit and canal.

The full results of all analyses carried out are presented in Volume One, the
Factual Report.
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Classification of Contaminant Levels

Assessment of analytical results has been based on guidelines published by
Interdepartmental Committee for the Redevelopment of Contaminated
Land @ (I.C.R.C.L).

These guidelines provide figures to aid assessment of the degree of
contamination present in terms of the proposed end use of the site.

ICRCL guidance consists of threshold trigger levels for a range of
contaminants associated with former coal carbonisation sites. The trigger
levels referred to are: :

Threshold Level: If concentrations recorded are below this level the site
may be considered uncontaminated. :

Action Level: If concentrations recorded exceed this level then some
form of remedial work will be required to allow
development to proceed.

Where no action trigger value is present, judgement is requiredl to assess the
risks that may be posed to users of the proposed development.

- The ICRCL guidelines indicate threshold levels for particular determinands

in relation to the proposed end use of the site. These end use categories
comprise: ,

Domestic gardens allotments and play areas
Parks, playing fields and open spaces
Landscaped areas A _
Buildings and hard cover

® © & @

Table 1 has been compiled based on the end use category "domestic gardens
allotments and play areas".

For the purposes of this assessment, the ICRCL threshold trigger value for
arsenic has not been adopted. Reference to waste management guidelines @
indicates that arsenic concentrations of up to 30mg/kg are typical of
uncontaminated soils. In addition the Geochemical Atlas of England and
Wales © states that 95% of all soils in England and Wales have arsenic
concentrations of less than 29mg/kg. On this basis a revised threshold value
of 30mg/kg has been used for this assessment.

Assessment of the results has also been carried out with reference to
guidelines for waste disposal ”. These guidelines provide figures that classify
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6.3

materials as follows:-

- Uncontaminated

- Slightly contaminated
Contaminated

- Heavily contaminated

- Unusually heavily contaminated

mgoQw»

A classification of this type is generally adopted by Local Authorities for
accepting waste materials to landfill sites.

Calorific value has been assessed on the basis of guidance figures in ICRCL
61/84 @ which suggest a figure of 7-10 MJ/kg above which a smouldering fire
may be sustained and cause a hazard.

The presence of asbestos should always be considered a hazard "and is
therefore assessed on a presence/absence basis.

Contamination Results
Soil Sample Analysis
Fullvresults of all testing are presented in Volume One, the factual report.

The results have been tabulated with respect to ICRCL @ trigger levels in
Table 1 and with respect to GLC waste disposal guidelines ® in Table 2.

With reference to table 1 it can be seen that- contamination above. the
threshold trigger levels are present at the site in the form of arsenic (33
values), cadmium (5 values), lead (3 values), mercury (4 values), selenium (1
value), copper (4 values), nickel (1 value), zinc (1 value), polyaromatic
hydrocarbons, PAH (8 values), phenols (1 value) and pH (6 values).
Concentrations of sulphate have been assessed with respect to attack on
concrete, (see section 3). '

With reference to Table 2 it can be seen that contamination by the following
contarninants is present at the site:-

127001
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Contaminant Class
B C D
Arsenic 8 17 9
Cadmium 13 7
Copper * 3) (1) -
Lead 2 - -
Mercury 2 2 -
Nickel * (12) w ..
Selenium 4 1 -
Zinc * (2) - -
Free Sulphur 1 4 1 4
Cyanide (total) ' 2 Co- -
PAH 11 1 1
Phenols 20 4 -
pH 6 10 1
Note

* () Classification values only given for available (water sol) element.

Test values are for total element and may therefore be overcomservative.

Calorific values exceeding 7MJ/kg were recorded‘ in five samples:

Trial Pit Depth (m)  Calorific Value
(MJ/kg)

5 0.30 14

6 0.30 17

8 1.00 16

11 0.60 11

13 2.50 24
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6.4

The presence of asbestos, as chrysotile (alsb known as "White asbestos") was
recorded in Trial Pit 2 at 0.20m and in surface sample SSI.

Water Samples Analysis

The results of testing on water samples were compared to cut off values for
uncontaminated leachate proposed in guidelines for waste disposal @, These
values were supplemented, where necessary, by additional information from
Dutch Intervention Guidelines "? and values presented in the water supply
(Water Quality) Regulations 1989.

No samples indicated elevated contaminant levels.above the "uncontaminated"
boundary values except for a single pH value of 5.1 (Trial Pit 8).

Values for ammonia were compared against an upper limit for background of
200 pg/1 and upper limits of 1000 ug/l and 3000 pg/l for "further information
needed" and “polluted levels" respectively, proposed in the Dutch Intervention
Guidelines. On this basis all values exceeded background values and seven
values exceeded the limit for "further information needed".(Trial Pits 1, 3, 4,
10, DD1, gravel pit and canal).

At the time of reporting a programme of monitoring and testing of water from

standpipes is ongoing. This monitoring programme will be presented as a

supplement to this report.

Implications and Recommendations for Development

The analytical testing carried out has indicated three main areas of concern
with regard to contaminant levels as follows:-

i Exposure of users to contaminants
ii Exposure of construction workers to contaminants
1ii Off site disposal of material '

Exposure of end users to contaminants

With regard to end use the site may be divided into two areas.

The area adjacent to Forge Lane has been assessed based on the higher
threshold trigger values presented in ICRCL Guidelines ©. These values are
for less sensitive areas namely parks playing fields and open spaces (Group A

metals) and buildings and hardcover (Table 4 contaminants).

On this basis the area proposed for industrial development should be
considered contaminated with arsenic. If the proposed industrial development

- completely covers the area with hardstanding and buildings these should

127001
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adequately prevent exposure to end users.

The remainder of the site has been assessed based on the lower threshold
trigger values, for more sensitive areas, namely domestic gardens, allotments
and play areas.

On this basis the area proposed for housing development should be
considered contaminated with arsenic with local contamination by cadmium,
lead, mercury, selenium, copper, nickel, =zinc, polyaromatic
hydrocarbons(PAH), phenols and acid conditions.

Arsenic, cadmium, lead, mercury, selenium, PAH and phenols may pose a
hazard to health. Copper, nickel and zinc contamination is unlikely to pose
a hazard to health but may cause phytotoxic effects (hazardous to plants). In
the area of proposed housing it is recommended that either the end users are
isolated from the near surface materials by the use of capping layers and
Lmported topsoils or the made ground and near surface materials are removed
from the area of development. With respect to contamination by phenols,
single elevated level was noted in Trial Pit 6 at 1.20m. The material in this
area is likely to be removed as part of the ‘site preparation. Similarly with
regard to the acidic condition noted in Trial Pit 6 and Trial Pit 8 the removal
of this material during site preparation should eliminate this contaminant from
the site.

Exposure of construction workers to contaminants

The available data suggests that a degree of risk to the health and safety of
construction workers may be associated with site, development. Accordingly
protective equipment (clothing, masks, eyewear etc) should be used in
accordance with current legislation and good practice.

Particular attention is drawn to the presence of asbestos noted in the area of
TP2 and SS1. This is present at surface as fragments of corrugated fibreboard
and within the near surface soil matrix of Trial Pit 2. All material containing
asbestos should be removed with regard to current legislation and the use of
a specialist contractor is advised.

Off site disposal of material

If material generated by redevelopment is required to be disposed of off site
the local waste regulatory authority will require the material to be classified
according to the degree of contamination. On the basis of the available data,
and without pre-empting any classification currently in use by the local waste .
regulatory authority, it is considered likely that made ground and near surface
materials removed from site will be classified as contaminated (Class C and
D) and as such may require disposal at a suitably licensed disposal facility.

127001
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If Off site disposal is mecessary the waste regulatory authority should be
consulted to determine whether leachate testing of the soil samples may be
carried out to re-classify materials.

The assessment of groundwater conditions will be completed as a supplement
to this report at the end of the monitoring period.

6.5 Gas

The readings of gas concentrations have been assessed in accordance with
guidelines incorporated in Waste Management Paper 27", This recommends
that no housing should be built within 50m of .any landfill site where gas
concentrations exceed 1% by volume for methane and/or 1.5% by volume of
carbon dioxide. Waste Management Paper 27 further suggests that gardens
of houses should not exceed within 10m of any such landfill site whilst great
care should bé taken with any development within 250m: of infilled waste.

BRE Report L26"? provides guidance or appropriate protective measures to
buildings. It states that where carbon dioxide concentrations in the ‘ground are

‘above 1.5% by volume and/or methane up to 1% by volume then particular

details in relation to floor construction should be considered. For construction
where carbon dioxide levels exceed 5% by volume these construction details

are required.

. Monitoring at the site to date has not detected methane. Carbon dioxide has

been detected at concentrations of 0.7% and 2.5% volume in Boreholes 1 and
5 respectively, in conjunction with reduced concentrations of oxygen.

These values are preliminary only. An on going programme of gas monitoring
is underway at the site and a full report on this aspect of development will be
issued in due course.
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For and on behalf of Exploration Associates Limited

T.J. Downes
Project Geologist

JP. Leavy <
Principal Engineer

Exploration Associates Limited
JPL/TID/MLK/127001/April 1997
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ENCLOSURE A

Drawings

Site Location Plan
Exploratory Hole Location Plan
Thematic Plan

Schematic Sections

Drawings

4 to 10.
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, ~ TESTING
- No.1252

No.1l411

TES Report No. CL/992494 -

v

Site: Forge Lane 129148

Exploration Agsoclates
Unit 18

Deeside Industrial Estate
Welsh Road

Deegide

CHS 2LR

The 16‘samples described in this report weieféqhéduledeoz'analysis bv
TES Bretby on Wednesday, 14 July 1999.-.The analysig was tompleted
by Friday, 30 July 1999. e

Tests marked as 'not UKAS aceredited' and any opinions or
interpretacions expressed Herein are outside-the scope of any
UKAS accreditation held.bhy TES 3retby .laboratories.

‘.r’“ “\‘ “\ ty .‘.M. e X N B ‘.‘.;

T, 'y

The following tablégﬁgre“ﬁpqﬁained ini’ this report:
Table 1 SampiefDeécriptions
Takle 2 ~Main. Analysis Results

On behalf of -
TES Bretby Date of Issue: 30/07/99

J Elstuk “Project Co-ordinator

ked ‘ot UKAS accrediczed' in this report arc not inciuded

in the UKAS Aecreditaticn Schedule for our laboratory-
uley

3

esSCS maxr
— TES Bretdy =
£S Brotby 2CTCYLE N0 Fespon Report 992454&

TES Gretby, RO, Bux 100, Burtan-on-Tren:, DE13 UX0 lelephone: 01283 334400 Fax: 01283 554422 } Control iu_a;gff ‘
‘ TES Brutby i u division of Environmental Services Group Limited Registered in England Number 2330501 S):.Leet fow __1J

sibiiigy for che sampling reolatsd to the above 1CS

~




, TESTING
~—. Exploration Associates No.1252
Unit 18 - T No.1411
~ Deeside Industrial Estate =
- Welsh Road TES Report No. 992494
Deeside
CHS ZLR .

Site: Forae Lane 129148

Page : ID No. ' v Depth (m) :
No Assessed Area EFS/CL |Sample from +— to Dascription
1 |129148 gs178s60|B/2 / 1/A | 1.50| 2.00{BHLA 1.5-2.0
1 |129148 9917856 |B/E / 1/A | 2.50| 3.00|BHIA 2.5-3.0
1 |A29148 9917863 |B/H / 2/A | 0.50| 1.0@|BE2A 0.5-1.0
1 }129148 9917868 |B8/H / 2/A .;;5gm7z.oo BHZA 1.5-2.0
2 |129148 (9917857 |B/®  /  2/A legsq,fﬁgOO BH2A 2.5-3.0
2 |129148 9917867|B/E /. 3/A | %.50| 2.00|BH3A 1.5-2.0
| 2 |129148 9917858 |B/E  / ‘3§¢%”gﬁ3;séf.4.oo BE3A 3.5-4.0
2 (129148 2917862 8/H | / 4¢§,«x;}sd”'4.oo BH4A 3.5-4.0
3 |129148 Jes17ssa|psm-~y \sya | 2.50| 3.00|BESA 2.5-3.0
3 129148 o ~~feartesg|B/E /- '5/a | 5.50| 6.00|BHSA 5.5-6.0
| 3 (129148 o 9917851 B/E / 5/A | 6.s0| 7.00|BHSA 6.5-7.0
3 129148 ' \ggljaﬁs'T/P /  4/a | 1.20 TP4A 1.2
4 |129148 “|evi7ess|T/p / s/ | 2.00 TPEA 2.0
4 129148 9917854 |1/ / 8/An | 1.50 TP8A 1.5
4 |129148 9gi78ss|t/p  / 9/A | Q.50 TPOA 0.5 |
|4 125148 5917866 T/P  / 10/h | 0.75 TPLOA 0.75 |
Date of Issue: 30/07/99
Tests not marked 'not UKAS acswedited' in this xeport are not included
in “he UKAS Acc:edita:i;n Schedu;e for our laborabory. i rES Rretby =
TES Srecby sCCapts no ICspons:iEiliCy for the sampling -elacad to \:hc above resules l{l—;Raport 9924?2\
| Table 1
TES Bretby, RO. Bex 100, burton-or-Trent, DE15 XD Telephone; 01253 5500 Fax: 01285 55442 j Sheet ;/,ii

TES Bretby is a division of Environmentzl Services Group Limired Registered in England Number 2880501



PLE ANALYSIS

TESTING
; ~= Exploration Associates No.1252
Unit 18 K No.1411
Deeside Industrial Estate - No.1253
Welsh Road TES Report No. 992494
: Deeside
CHS 2LR
Site: Forge Lane 129148
Cuastomer refewende B/H B/H B/H B/H
La 1A 2 A 2 A
Depth (m) 1.50 2.50 0.50 1.50
to 2 ko 3 te 1 — to 2
Date logged 14/07/99 |14/07/99 14/07/95 |14/07/98
TES Bretby ID Numbex CL/991.7860|CL/9917856 |CL/9917863 |CL/9917868
( UKAS aceredited " | rest No.|CL/9917860|CL/9917856[CL/9917863|CL/99L7863
Arsenic " Icpsssil 62 .| 36 T '
Cadmium ICPsssll) <1 €l
Chloride WSTLML 17 ] 13
Chromium (total) ICPSssil 20 . . | 15 -
Chromiwn {(¥I) WST.M6E 0.1 = - | <0.%L 7 '
Copper ) Icpsssat) -35 L2500
Lead TCpsssili|y 855 |, | 42
Loss on Lgmitionm % RS 13.7
Mercury ”Mfiww_iégsssil-”?O;S. o1 <0.5 .
Nickel T |ToPsSsSslif 2300 19 ' ,:j
PH units . |wstM3 . | 5.7 7.6 N
Phenol Index T |wsiMa || <0.5 <0.5 - {
S04.- (H20 sol) mg/l . JACPWAS46| 1600 700
Sulphide gJ}ICTSCNZS <l <1 : 3
zinc . TCPSSS1L| 102 58 )
not UKAS accredited CL/9917860|CL/9917856 |CL/9917863 CL/9917868]
BoTomn . <0.5 <0.5
Hlemental Sulphur 33 34
Organic Matter % _ 1.8 |
Selenium (MS) 0.60 <0.50 B

Results expressed as mg/kg Air Dried unless stated otherwise
S04 Analysis not conducted in accozdance with BS1377
Water Soluble Sulphate on 2:1 water: s0Lll extract

pare of Issue&: 10/07/9S

Tescs marked 'not UKAS accredited' in this repoxt are not imcluded
in the UKAS Accreditation Schedule for our laboratory.

= TES Brethy =
i Repoxt 5’92‘1‘3"L
Table “
Sheat 1/ ‘3

M, ——— L
\__.._..__..

IS Brerby accepbs ne responsibility for -he sampling rslarced to ghe aDOVE Ze2ulcs

TES Bretby, RO. Box 100, Burton-on-Treat, DELS OXUD Telephone: 01283 55100 Fax: 01-83 354470
TES Bretby is 2 division of Environmental Services Group Limited Registered in England Number 2550201 |




— : TESTING
=~ Exploration Associates Ne.1252
Unit 18 R No.l4ll
_ Deeside Industrial Estate - No.1253
Welsh Road TES Report No. 992494
Deeside
CHE 2LR g
Site: Forcge lane 129148
Cugtomer reference ) B/E B/H B/H {B/H
: 2 A 3 A 3 A 4 A
Depth (m) 2.50 1.50 3.50 3.50
. to 3 to 2 to 4 T (to 4
Date logged 14/07/9% |14/07/98 14/07799 14/07/99
TES Bretby ID Number CL./9917857 |CL/9917867 |CL/9917858|CL/9917862
URAS accredited Test No.|CL/9917857 CL/9917867 [CL/9917858 |CL/99L7862
Argenic Icpsssil] 6 3 o 27 % |
Cadmium TCPSSSLL|| <4 - e =l o <l
Chloride WSLML <12 . T el2 37
Chremium (total) 1C0psssiil 15 - o K 12 33 i
Chromium (VI) WSLME | <0.1 = T <0.1 <0.L
Copper Tcpsssii) 16 | o 13 25
Lead TCPSsSsiif: 25 . . v 29 42
Marcury - TOPSSELLY <05 . * «0.5 <Q.3 |
Nickal 7 ]ICeSSS1lyT R 7 23 -35
PAH (screening) Y PAESCUV - e 41
pH units . - |wsLM@ - |l 7.3 6.8 5.5
Pheneol Index © | WSLM4A 1 <0.5 <0.5% - <0.5
S04-- (E20 sal) mg/l . 4 TCPWAS46 87.8 327 133
Sulphide T ITeTsSCN28| <4 <1 . T <1
zZina Tcrpsss1al] 43 i 53 I ,
not UKAS accredited /9917857 |CL, 9917867 CL/9917858|CL/9917862
Boron. <Q.5 _ <0.5 <0.5
Elemental Sulphur <20 240 B 140
Organic Matter % 13.6
Selenium (MS) j <0.50 | <0.50 <050

Results expressed as mg/kg Air Dried unless stated otherwise
304 Amalysis not conducted in accozdance with 381377
Water Scluble Sulphate on 2:1 water:soil extract

nate of Issue: 10/07/¢9

Tests marked 'mot UKAS accradited! in this report are not included
in =he UKAS Accreditation Scrhedule for our laboralory.

~£5 Sraechy 3cce ceanoasibility for the sampling rclaced co €0E above rosulis = TES Bretby =5

TS Srartby zccapts NO PR3l licy fer the samp.:hg rclos=c e !r—ReDo:’:t 992494l
- - . - -t o~ -

TTS Bretby, RO. Box 100, Burton-on.Trent, DE15 0X( Telephone: 912183 53400 Fax: 01283 54420 Lfdb te L, 2 1

2/«

- AT : T : } , A I PR
TES Bretvy is a division of Environmenta: Services Group Linuted Registered in England Number 2880301\ She=t i

T T




TEST REPC
X&[ﬁk?fﬁzﬁﬁ_ﬁ;i A

T
PLE ANALYSIS

TRSTING

= Amended Report | No.1252

TES Report No. W/EXR/993625 -

Site: FORGE LANE

Exploration Associates

Geotechnical House . -
Unit 18

Deeside Industrial Estate —
Deeside

Flintshire

CH5 2LR

The 7 Samples described in this report wefé é&nadgled for analysis by
TES Bretby on Tuesday, 13 July 1999. The analygais was completed
by Tuesday, 27 July 1999. AR L

RS [N
- Y

Teste marked as 'mot UKAS ageredited’ and any opinions oxr

-~

interpretations expressed jersimn are outside the scope of any
UKAS accreditation heygmpy'EngBratbyulaboratories.
‘,—' e, "\‘ Pt N i -

\ -
R

e N
The following tablés+'are ‘gontained in this report:

\ . '
\ \ v

Table I *Samplé Déécriptions , -
Table 2 Main Analysis Results )
Tables of. Vdlatile Organic Compounds (7 Pages)

Oon beha>f of -
TES Bretby : Date of Issue: 27/07/8%

T o2 :
J Elstub Project Co-ordlnator

Tests marked 'not UKAS accrediced’ in this Teport are not included . '
u . - . . — w Bretly =
in the UKAS Accreditatzon schedule for our laboralory- { Rg;ift umz el
TES Bre:sby acgepts nO responsibzlicy for the sampling relacac to the above rezulcs | W/Z_E‘,Xl—i/993625 li
Control Page

TES B3retby, PO. Box 100, Burtoa-on-Trent, DE15UXD Telephone: 01233 534400 Fax: 01283 554472 Sheet 1/
TES Bretby is a division of Bnviconmencal Services Croup Limited Registered in Eagland Nugnber 2380501 L_____.___:__,,__:;.—-——i}

i




LRV AVES

TEST REPORT
LE ANALYSI

: , TESTING
. Exploration Associates No.1252
Geotechnical House Amended Repoxt -
Unit 18 TES Report No. W/EXR/993625
Deeside Industrial Estate
Deegide Client: EXPLORATION ASS.
Flintshire Site: -~ FORGE LANE
CHE 2LR
Page |TD No. Sample -
No |W/ExX/ Date
1 |9915867|TP 6A @ 2.80m :
1 18915868 |TP 8A @ 2.70m
1 |9915869|TP 92 @ 0.00m I
1 |9915870|BE LA @ 3.00m 25706793
3 [9915871|BH 2A @ 2.00m 24/06/99] .-
7 |9915872|BH 3A @ 2.00m 23/06/99] .
2 |9915873|BH 5A @ 4.50m "~ 123/06/99|
o L
‘lj“ ., N N - ‘\ /»’ DL -

| Dale of Issue: 27/07/¢
Tests marked 'not UKAS accredired' in this report are 1Ot inciuded ¢ peathy

. ) N o5 ot '

; in the UKAS Accreditation Schedule for our laborztory. Qmiort o,
; TES &recby accepts No responsibility for ehe sampling relatec co the abave rosults. a\r?’é‘m/ SNQU"j 5;‘._’;;_
53 A 5548 Teblo o

TES Bretby, PO. Box 100, Burton-on-Trent, DE!50XD Telephone: 01283 53+300 Fax: 01253 ‘3;4332 i lﬂ ren e e

€S Bretby i a division of Environmental Services Group Limited Registerad in Eogland Number 2880501 : =
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£.C.R.C.5. '59/83 (Secaed Sdizdon): TABLE 3 TENTATIVE "TRIGGER GWCINTRATIONS® FCH SELECTED INORGWIC

CONTAHINANTS —

CONDITIONS

1. ihis table i3 invalid 1f reproduced without tha conditiens and feotnotes.

2. AT1 valuez arm far carcamtrations datermined on "spat” samples based an an adequata sits fnvestiganien

carried cut prior £ devalopmant, Thay do nat agply €3 Amalysie of aversged, bulked or compastad
samples, Aor w0 3ites which heve alroady boen developed. A1l propused values are eertative.
b 3. Tha lowear values in Group A are stmilar ta the 11mitx for @mewal content af sewage siudge applied ta
{ agrtentsural land. 3(h). The values 4n Group 8 are thesa acowe which phymaxietity 1s passidls.

4, If a1l samels values are baloe the threshald concmntraticns then the sita’ may ba regarded as
urcontaminated a3z far az the hazards from thess contaminamty are coneermed and devtﬂa;:msﬂt may procoed,
Abcve these concentrations, remedial assion may be needed, sswecially tf the contaminmatien is s5ill
¢coreinuing.  Above tha acsioa cancmmtrations, renaad‘al acticn will Se required or tha form of
cavulapment changed.

Trigger Concanwrasians
(mg/xg) air dried sail)
Contaminants Plannad Usas Thresiold| Action E
Greuo A: Comcaminanmss which may ocose harzrds 4o healih
Arsenic bomaseie Gardens, Allgunents R DA (¢ w
Parks, Playing Fialds, Opan 3pace .- SR R =
] Cadmium Dercstic Carders, Alleweeass o~ 3 =
Parks, Alaying Fields, Cpen Spaca s 215 =
Chromicm (hexavalent)(l) Comestic Gardans, Alldtgeats . zs =
Parks, Playing fieida, Upan So,:\csa i
N \Ah . 3 !
Chromium (eatsl) Carezsic Gmem. AHO‘,-M g “‘» 600 B 1
Par‘kﬁ P"lay'\ng Fuﬂd et 15Q0 = i
Load Dr:xncs-lu.. G-ar‘:ferc:i( Aﬂat.—:é"é,_s e 500 " i %
. ‘,Par‘-:‘s. :’la.rmg Fie]as f Open Scacs 2000 N ' '
Herory '*&cx—es %c: Gar-:!:m,, ,A'l;! <manz 1 - !
‘ Parks; F.,ay‘i,nq medn, Opun Spaca 20 = i
5 >,
Zelanium RN c:cxges_ﬂc Gardmz, Allotmrics 3 * ' !
“ | Parks, Playimg Fialds, Open Space & B
Growg fi: Contaminames wiich "A:.r-a:‘ﬁ'i’x”vwnomc but mat saraily nazarss = Pealin
Borun (waser-soluble) (3) Any uysas where nlants are to be grown (2. 6) i *
Copper (¢, 3) Any uses whare plaars are ta ba grown (2, 6] 130 =
|
Nickel (&, 5) Any usas wharw planes dre =3 be grown (2, 6) 70 B f
. I
Lirc (3, 9) Any wsas whare plants are o ba grevn {2, 6) 340 11
NOYES:
i #4 ed it F I.C.R.C.L. 53/83.

Acsicn carcmatratians will be specitied 1a the next edition oF
H ; : . nma PR P s walipna
! 1. Soluble hexavalest chromium extraczad by U.1m 8CT as 37°C: seiulion agjuseed to oH 1.0 ¢ alxatline

E Sy 25 EANCE] present.

-
Y

2. Tha s0il pH value is assumed <o be about 5.5 and should be maineariped at this value. If zhe oA

tha toxic effects ard the uptake of these elements will be irgreagac.

3. Ce—mrmimed by Stapdart ADAS meencd (soludic in bt wdtgr),

2, Tomal emmcentrations (extractanle by 5&03/}{134),

3. The shytotaxic effect of cooper, nizkcl and Ting may be sddiziva, The trigger values given DECT ATE
< 3acic. sancy

ToResa ooreRnlfdt igns

thaco agpticabla @ the woest-caza’; phytotaxic may ogsmr At
“pesE CARCRATYATNONS.

a'ls. I[n peutral ar alkaline soils phymatoxie erfiecsy are unlivaiy ag

Tamns angd 198 ¢ROWINT may oo D

| 8. Grexz (% mmrm resistant o0 prysolosic efiectg Inan #Ust oTher 3
adverzaly atfpcsad at thasna czncent~azions.

Ixzrace fran "C:,Ai»..ancp on Assessonnt and Receve lgomen
“ha Redeve jzcment af Caorramicazad Lend, . C.R.CL, 3

' Project
Contaminstion Standards

ST —

§

j | @‘ loration A teg |
Ny XDOIEIUI ssociates |




e et

[.C.R.C.L. "5§/83 (Secund Edtvian): TASLE 4 TENTATIVE "TRIGGER CENCENTRATIONS™ FOR CONTAHINANTS ASSOCIATED HITH
_ FORFER OCAL CARBCNIZATICN STTES '

CCNOTTTICNS
1. Thit table 13 invalid 1f regreduced witheut tha carditiens and fomenates.
2. A1l values are far coresntrations datarmined on "spac” sampies tased on an adequacte siza fnveszigazica

carried eut prior to develogmant. Thay da nat apgly ta amalysis of averaged, bulked ar compasited
samples, Aar o sitas whieh have alraady boen develgped.

3. Many of these values are gralimimary and will reguire updazing., Thoy should aot beapplied withous
ofarencs ta tha current odition of the repart "Prabiems Arising From the Cevelopmaae of Gas Warks and
Similar Siees”.

4. If all samgle values aru balow the thrusheld concentragiens than vhe site may be regarded as
urcartaminated as far as the hazards from these eantaminante ara —=meerned, and devaelopment may
proceed. Abowe thess concentrations, remedial sezion may be needed, eepecially if the cormteminasion 12
55111 ematiruing. Abcve the action canemntratians, romedial sz2tea will Be required o whe form of
dovelagment changed. :

Triggar Cancrneratians
(mg/kg) air drmed satl)

Contaminarts Plaared Uses Theeshoid Action
Polyarematic Darmassic gardens, allotmedza, 53 soa -
hydrecarboas (1, 2) play armas. -

{Lands=asad arsas, bulldings,
hard cnver.

Phenals Domestic gardens, allotmenes.

Lamdscaped armag, bqi‘ldings-""'.""’
hard cover. L

Froa cyanida Cermestic gardeng,~dTTosmenes
landgcapced apeds, o

et~

e .8
¥ o ¢
Buildings, Rard\cover, dm-
e
Cemplax cyanides Dc;m%t"l'cga?-;ehf a}‘lc—t-nerr'c.z 250 1600
A "'\\. \'\ L ) "'\u e
\\Lah\gﬁscapsad%arz‘&,,m.u 250 5000
émlﬂz‘&}wgs . z.r':.' E—— 254 N
Thiecyanata (2) A11.‘ipr-:!pa§aad usas. 50 NL
Sulphaca Domes=1c Gardens, allatoeass, 2000 10acd
landscaped areas.
Buildimga (3). Z000(3) 50000( 3}
Hard cover. 2000 NL
Suiphide A1l propased usce. 2a 1000
Suiphur ATl propesed uses. 5000 20000
Acidity (pd less than) Domesete gardans, allawwants, oS PH3
landzcaoed arvas.
Buildings, hard cmvar. NL NL
HOTES
NL: Mo limits set as the coantaminant does rat posa a aarcicylar hazerd fgr rhis usa.
m Used bere as a marker for ccal tar, for analytical reasonz. San "Froplems Arising TrEm the
fedes lopmens of Gaswory® and Similar Sites" Anmex Al.
- R o - . s1e gt aTyricald
2) Soe "Problams Arising from <he Redevelopment af Gasworis and Stmriar 3izne” for det2lis @ ana ¥t
aemrhedx.
(3) Saas also BRE Otgest 250; Camcrats ia sulphara-baaring soils and groundwatar.
- Comma s €0
Ixtracs Fram ‘Guidance on Auszaismant and Anceva lopmant of Canrzaninacad Lanc™. ““S*V'D"F""'—m”l“ el
tha Zwedevalcomens of Contaminasad Laxmd. [LC.R.C.L. $5/31, Secerd Zdizicn, July 1587.
I —
S @ Froject Contract
Contamination Standards ’( I
. I . —
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é}uid;aliﬁéé for Contaminated Soils - Suggested Range of Values (mg kg~

l

an air dried

soils, except for pH - .
. b D B ) A J .. ’B C ‘. b . E
Parameter Typical Slight Cantamin | Heavy  ~ Unusually
Yalnes-fur | Concamiio- -ated Contamin | Heavy
Uncontam acion -atian | Contamin-
~inated : ation
F Sails -
pH (acid) - 67 5-6 - 45 2-4 >2
pH (alkali) 7-38 8-9 9-10 10-12 >12
Antimony 0-30 30-30 50-100 100-500 >500
Arsenic 0-30 | - 30-30 50-100 100-500 >300
Cadrinm 0-1 1-3 J-10 10-30 >30
Chromium 0-100 100-200 200-300 | 500-2500 »2500 .
Copper (available) 0-100 100-200 200-300 | 500-2500 >2500
Lead - 0-500 500-1000 | 1000-20Q0 | 2000-1.0% >1.0%
Lead (available) 0-200 200-300 500-1000 |.1000~5000 =5000
Mercury 0-1 1-3 3=10 [~ 10-50 >50
Nickel {available) 0-20 20-50 56-200°) 200-1000 >1000
Zinc (available) 0-250 250-500 5010-1000.}, 1000-3000 »5000
Zinc equivalent 0~250 250-500 | 500-2000 /-2000-1.0% »1.0%
Boron (available) 0-2 gogl ¢ 5.0 50~250 »250
Selenium 1-8~ - 3-I0 10-30 >50-
Barium | .~=+500-1000. | ~1,000-2600.| 2000-1.0% >1.0%
Beryllium e, G100 e 10-20 20-30 »50
Manganese 500-1000 ¢-1000=2000 | 2000-1.0% >1.0%
Vanzadium [ 100=200 .  200-300 | 3$00-2500 »2300
Magnesiumn )-%00 . 50010007 1000-2000 | Z000-1.0% >1.0%
Sulphate 2009 T. '2000-5000 | 5000-1.0% | 1.0-3-0% >5.0%
Sulphur (free) o0-tod | »100-500 | 500-1000 | 10{0-35000 >3000
Sulphide Y oo0=10 | 10-20 20-100 100-500 >300
Cyanide (fres) 1-3 5-30 50-100 > 100
Cyanide tocal 5-25 25-250 250-300 >300
Ferricyanide 0-100 100-300 500-1000 | 1000-5000 >5000
Thiocyanate 0-10 10-30 50-100 100-500 >2500
Coal Tar 0-300 500-1000 | 1000-2000 { 2000-1.0% > 1.5%
Phenacl 0-h 2-5 5-30 50-250 >250
Toluene extract 0-S000 | 5000-1.0% 1.0-5.0% | 5.0-25.0% »23.0%
Cyclohexane
extract 0-2000 | 2000-5000 | $000-2.0% | 2.0-10.0% >10.0%

Exrracec from

R T Kelly, 1980

i Contamination Standards
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<o Stendareds adopaed (i i Netherlands for eoil contaminers: A. referemee value belmw which soils are prohablv-uncopn Tetrirtgs - B
s f1iens) ; , : 5 3 » “a_ s . aled; Lo
fulree abasve wliedt (here is need Jow further in vestigatinn: C, value ahove which a tleasrrpe i imficated (frenmy Muen of qf, (ref. 5314, '

Substance ) Cancenuation i soil: Coneentratian in groundiegqee:
my/Eilogram dep weight gl ,
A B, c A B C
- Metals Cr . - 100 250 800 20 500|200
Co [ 20 50 .| 300 n 30 =200
i Ni 50 foo 500 - 20 50 200
Cu 50 100 500 20 50 200
Zn 200 500 3000 “§ 50 200 800
As 20 ] 3o 50 . 10 30 100
Mo 1o W | 200 5 20 100
Cd { .\ 5 20 l 25 10
Sn 20 50 300 10 30 £50
Bz 200 400 2008 50 100 500
Hy : : 03 2 10 f-2 0-3 ul
Pb 50 130 600 20 50 20¢
Inorganic NH (as N) - - - 200 1000 3000
-pollutaats F (tatal) ' 200 400 2000 300 (200 4000
, CN (ol free) [ o | 00 3 30 i)
’ CN {total complex) S 30 500 o 50 200
S (total) 2 0 200 ;10 100 Jou
Br {1gtal) ‘ a0, 50 ©300 - 1100 500 2000
PO (as P) - RS TR N 200 A
somaugic Benzene Lo i 3
compounds Ethyl benzene Q-5 20 - a0
Taluene ' 05 15 36
Kylene ' 0-5 20 60
Phenols 0-3 15 30
Aromatics (lotal) 1 30 e
Rolycyelic aramatic Naphthalene Q- -2 Z }g
ampounds (PCAs) | Anthracene 0-1 0-k ; 19
Phenanthreae 0-1 10 01 L <
Fluoranthene 0-1 10 1o a-02 { 3
Pyrene 0-1 10 100 0-02 l 5 :
Benzo(a)pyrene 0-03 i 1a ool 8 B 20
- Total PCAs { 20 200 0-2 l ’
Chlorinated organic | Aliphatic chiorinated 0-1 5 50 l 10 ¥
‘paunds campounds (individual) v _ s 0
‘Aliphatic chlorinated 0-1 7 70 !
carnpounds (total) . . 5
Chloropbzmzmcs (individual) 005 1 10 0-02 ? 3 p
Chlarobenzenes (total) 0-05 2 20 0-02 03 15
Chlorophenals (individual) 0-01 0-5 3 Q-0f 03 5
Chlocophenols (toral) 0-01 I 1 a-01 03 i
Chlorinated PCA (total) 0-05 1 10 0-0t O; !
PCB (total) 0-C5 { La 0-01 s B 1
EQCI (toral) 01 8 s0 L __;w
T = 7 L
Pesticides Organic chlodnated (individual) 01 03 3 0-05 gg o)
Orgaaic chlorinated (qtzl) Q-1 ! 10 G-l | 5
Pesticrdes ftotal) . 01 1 20 Q-] S R —
— — 7 60
Other Tewrabiydrofurzn 0-1 4 30 03 Tg 30
Jutants Pyriding 01 2 2.'0 03 20 60
Tetrzhydrothiophene 01 3 30 0-3 i3 I 350
Cyclohexanone 0-1 § 60 0-3 20 60
Styrene 01 J 50 03 %0 150
Fuel 20 100 800 10 200 §00
Mineral oil (00 1000 5000 20 I B




The Water Supply (Water Quality) Wl%@awmﬁsﬁmﬁrm;mwx

prescbed eangemaron or value ks given, This retates to the ety or rinknum aomntrmon whid
MUStROLbe extreded, The tahle belmw should be weed in canjuncton with the Faer Supuly (Water Quatiry)
Regularioos 1989,
Parmmeners Bxprassioy Consxmemnon of valug
of resufs (Mazimme vabrs oherorits sesed)
Cotaur /| Y Co wle i 20
Nurnely {including suspended solids ) Tormzn nurbiciny }
wnis
GOdour (indiuding bydrogen sulphide) | Geton number T30
Taxe | Dilubon number TERC
Tempermure °C 25
Hydrope: ion pvalue -+ . 9.3 155 migvmum)
“uevicy wS/an 1500 a 207
Sonde { Qmy/l o
Calaum Cameyl 150
Total hardnest [EX0 0 (o )
Alkalimey HCOy mefl 30 (minToum)
Suiphmee | S0 st 350
Magmesium ] Mg my/| Kl
diom ] Nz mgyt 15a
Msum | S/l 12
v, Dry retidues } mgs! 500 (arer drymg o ‘EE-C)
Hiratg ] Oy mp/] 30 .
Nme ] NGy my/ [ .
) { and furm ionz) 1 M, mg/| ag. "
Rietdshi mitracea . i Wine/t Tt -
Oxidbzbilicy (perrmanganars value! ] Oz mgj| R .
Towl arganic afbon l Cagrl * No npmiant incxse ivg .
P foramlly observed
Dlssalved ar emulsified hydro-carbans (27er . -
sxtractian with petroleum wher): minerd ods I pg/ S
#henols i GHOH ug/l =74
Surticants Coepgle 200
I (% lgevtaulohare) .
AMuminum i Abyp/t. E 0
lrun i L Pl 300
Mangnese . L LMougt e " 30
Lopper 3 Lt [T _Joge
Fine v et 2 560
Phosphoag ey, 1 T 06
au@;d_e’ . 4 n L U Rl 50e
Q‘: [ S f - Ag g/l 1o
indnict Y L% i A3 /1 70
Cadrtiectry, N Lo H Cdpgrt  « §
Grande B o | gyl 30
Qirurnium. ¢, ; . ] Crue!| in
Meequiv ! Hy el !
Mikef v | Mg/l 5o
Lead ot | P! N 30
Aatimony ] Sb sl o -
Seumum ) Se upsl 10
Bnron ] B et 2000 —
Bartym | I 10uo
Pesticdys and reiued peoducs:
1) individunl sebetances el 0.1
b) rotat ybatances (1) wi'l 0.5
Palycydic 3omatic hvdrocirbons (il g/t .2
Beruw 3,1 pyrenc | g/l a
Terpachlorumethang | yi/l i 3
Tachlargethene | w/h | 30
Tetrachlamethee ] ug/l o
Sutttzncey exwracable in chiorafarm | oyl dry eetidur L
Total colilorey number/ 100 m! 0
fecl coliloemy fumber/ 100 m N D
Fase] Streprommar numbez/ 100 ml Q
Sulphite-reduang Aestrdia nuatber 20 m <l
Cotany caynG nurnoer/ Lml x¢ No ugncent increne
6o JT°C aver S nacmally phsqrvad
(1) The sum of the deteczad conceniratons of individyal substsnoss
(if) The suem of the derecad wnceatrations of Suoranthene, benzo 3.4 fuoranihene,
benza 1112 fuoranthene, bengo 3.4 pyrene, bewen 1,12 perylene 2nd indeno (1.2.3-cd) pwrene
Standards for ,
drinking water quality
[
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|
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e

Guidelines for Contaminaced Sails - Suggested Range of Values (mg kg“” an air dried

soils, excepe for pH . .
. 7 P P ) A " .“ ’8 C u. b . E
Parameter Typical Slight Cantamin | Heavy -~ Unusually |
Yalues-fur | Concamin- -ated Contamin | Heavy
Uncoatam ation =gtion | Contamin-
~inated : acion
- Sails
pH (acid) - 67 5-6 - 43 2-4 »2
pH (alkali) 7-8 8-9 9-10 10-12 >12
Antimony 0-3Q 30-30 50-100 100-800 >300
Arsenic 0=30 30-50 50-100 100-300 - >300
Cadmium 0-1 1-3 3-10 10-50 >30
Chromium 0-1032 100-200 260-300 500-2500. »2500 )
Copper (available) 0-100 100-200 200-300 | 500-2500 »2500
Lead - 0-500 500-1000 | 1000-20Q0 | 2000 '1 0% »1.0%
Lead (available) 0-200 200-3500 500-1000 .--IOOO 5000 »>3000
Mercury 0-1 1-3 3-10{. " 10~50 >50
Nickel {available) 0-20 20-50 58=20C 200- 1000 ~ »1000
Zinc (available) (0-250 250-300 500-1000 .}, 1000- 5000 »5000
Zine equivalent 0-250 250-500 | 500-2000 |-2000-1.0% >1.0%
Boraon (available) 0-2 F-541 . 5-50 50~250 >250
Selenium 0-1 1-3 . 3-10 10-50 >50 -
Barium 0-300 | .-~~300-1000, Looo—')aoo;-., 2000-1.0% >1.0%
Bervlliwun E T R YG-10T Iﬂ 20 20=30 >30
Manganese O«-S\OO': :GG 1000 .,LQGO 2000 | 2000-1.0% >1.0%
Vanadivm T Q-IOO JOOQZDE} . 200-300 SOO—2$OO »2300 7
Magnesium T e0-500 | "500<1000" 1000-2000 | 2000-1.0% | ~ -1.0%
Sulphatsz . 0-2000 . 2000 5000 | 5000-1.0% 1.0-5-0% +35.0%
Sulphur (free) % 0-foq | 100-500 | 500-1000 | 1000-3000 >3009
Sulphide o~10 10-20 20-100 100-500 »300
Cyanide (fres) e 8el 1-3 5-50 50-100 > 100
Cyanide tocal " 0-3 5-25 - 25-230 250-300 >300
Ferricyanide o 100 100-500 | 5Q00-1000 | 1000~3000 5000
Thiocyanate 0-10 10-30 50-100 1006-3500 =2500 |
Coal Tar 0-300 500-1000 | 1000-2000 { 2000-1.0% > l.’u""?’o
Phenol 0-r. 2-3 5-30 50-250 2250
Toluene extract 0-5Q490 5000-1.0% 1.0-3.0% | 5.0-25.0% >25.0%
Cyclahexane K |
exrrace 0-2000 2000-5000 | 3000-2.0% | 2.0-10.0% »10.9%

Exuract from

R T Kelly, 1980

"Site Investigacions and Materials Problems'” |
Proceedings of Cooference on Reclamation of L,onr:armnamd Land

Society of Chemical [ndusury
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3 Stesmsdures aelospecd i the Netherlamnds  Jor £if comgemninesriss
* ealree stave whicit ilere is need far further investigation: ¢, vafue uho

A. referonee volue below whieh suils are Prohabirune
ve whirh o dicusoug ie fmficaied {frum Moen of af, {ref 5,31,

@,

Tt end: B

t4

3 Substanee Concentration in ‘soil: Coneentratian g eroundwaier
. mg/Rilogrum dep weight sgfl © ‘
| A B, ¢ A B c
- Metals cro. 100 250 800 20 o e
— Co 20 50 .| 300 0 50 | -200
§ Ni 50 100 - 500 - 20 50 200
Cu 50 100 sad 20 50 200
Zn 200 500 3000 50 200 800
;\’:5 20 1 3o 50 10 30 100
fo 10 @ 4 200 5 20 100
gd [ . s 20 I 2.3 10
" 20 50 Jad ¢ 30 130
3a 200 400 2000 50 160 500
Hg 0-3 2 1a 0-2 0-3 3
| Cb 50 (50 600 20 50 - 200
Inoruznic NH (a5 N) - - - ) 1
‘pollutants F latal) 200 400 2000 Egg :ggg «838
' , CN Giotul free) | {0 " 100 3 30 1o
) CN (lotal complex) s 50 500 10 50 200
S total) 7 0 00 1 la 100 i 3o
Br (towl) 0. 50 300 - {100 500 2060
PO tus P) - RS 50 200 5% 8
.romatic Benzene 0-01 g - § o2 ! 5
Jcompounds Ethyl benzene 0-05 B .50 Q-5 20 l 60
Toluene ; 003 3 7 30 05 1 s 56
Xylene 0-05 5., 80 G-5 20 ! 50
Phenals paz {1 10 0-3 IS | 30
Avornatics (lotal) 01 I o7 - 70 1 k] {100
T e
T A- . . *
\
'olycyclic aromatic | Naphthaleae o 01 3 30 02 TP
ompounds (PCAs) | Anthracene s 0-1 10 100 0-k 3 ob i
| Phenanchrene 0-1 10 100 0-1 o ia
{ Fluoranthene 0-% 10 100 0-Q2 [ »
Pyrene 01 10 100 0-02 : N
Benzo(a)pyrene 0-03 ! 10 0:0i 0-2 , &
| Total PCAs { 20 200 -2 0 =
“orinated organic | Aliphatic chlorinated Q-1 3 50 l 10
.pounds campouads (individual) c b
Aliphatic chlarinated 0-1 7 70 ' 5 0
compounds (tocal) ; 5
Chlorobenzenes (individual) 0-as ] 10 0-02 0-5 2
Chlorobenzsnes (total) 0-05 2 20 G-02 b [
Chlorophenals (individuai) 0-01 05 |_ 3 0-01 0-3 i 2
Chlocaphengls (total) 0-Q1 I 1 a1 0-3 B
Chlodnated PCA (total) 0-05 ! 10 0-0l 02 '
PCB (iotal) 0-CS | 10 0-01 @2
EOC! (total) 01 3 $0 ‘ oy
ssticides Orzganic chlodnaied (individual) 01 05 3 0-05 O‘?: ;
’ Orguaic chlorinated (latzl) Q- l 10 ot 03 ;
Pestictdes ftatal) Q1 ki 20 Q-1 : I
ther Tetrahydrofuran 0-1 4 40 03 20 :g
slicrants 2yndine 0-1 2 20 Q-3 10 6(:/
Tetrzhydrothiophene ol 5 30 0-3 20 .
Cyclohexanone 01 6 60 0-3 };5 ‘ EO
Styrene 01 3 50 03 70 150
Fuel 20 (ao 300 10 v <00
Mineral oil iy 1000 5000 20 200 C.. c—
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“Contamination Standards

| ;@ Exploration Associates

The Waer Supply (Wazer Quality) Regubstions 1989 it 2 towal of 56 paramuees, Sor eack pararmerze 1

mmﬁmmwme&m.mmmmmmmmmummmm

mustnotbe exereded Thetable betw should bewted in canjuncaon eeith the Fmer Supply (Wiaer Quealiry)
Regularions 1989.
Farsmerers Expression Conemeanos oe valug
of resuls (Mazimus s odrereniss mud)
Tolrer ] /e stk : 0
Tuririey (incheding suendad olids) Tovmenn nirbidiay 4
ungx
Odour (induydig hydrogen sulphide) Uiubon oumber Fa25 T
Tawe " Oibwbon number TR
Tenperamure °€ i
Hrdropen ion pvalne - . 9.3 {5.5 minmym)
Suaivicy uS/om 1500 22 207
C.—m- | Omgl 0
Calaqum Camgjl s 750
Totad hareness Ca /i - &9 Lo )
Alkshiorey BCOy e/l 30 (ruimioen)
Soinimie T Shmpl 50
Magnenum | g mwy| 0
Sodom ] Namg/l 150
favum | S myyl 12
0ry e i | 1309 (o erymg @ 18070
Srste i M0y sl - 10
St i NG gl ol
i 1 = o) i Nihomait ni.
Kieid=h nitroees H N gl Lo
Qrdinbidisv ( permangnas valger ] Cr may/i . 3 -
Towl orgarue cson ; Cangrl v 36 ppehon nexsc v o
. goreally observed '
Dbvolves o emuinbed hydro-crbons (2iter . AR
xtrIman With petroleum her): minerd ods I ugl
Phenols i CHOH e/t
Sarboanes } ooyl 200
(3 bveruintiae) -
Muminum | At ~La00
lron i i . Fehgyt ) :, -100
Hanganese T e ] Lol L, 5a
Copper P [ +Cu ug/L> " 000
Tinc S o S Auprl 5000
e R A T T 200
fogudd . - ] T/l GO
.,d" ¢ - T, 1, -~V Agyugit 10
Srinicy R J AS eyl Y
Cadminten. R . . CApgil o s
Camide R B < [ 7
Quomum . E ] G/l i
Mequry * e | He j’1 3
S s ] W/l 5o
Lexd R [ Py gyl N 30
Antimony ] b pprd o -
Sdemum ' Sepil 19
Boron | E§Y) 000 —
Bartum I B /| 1000
Pestiedes and remed peoducsy:
1) imdindunl subitances peil al
b) ot subatances (1) wif! 0.3
Pabveydic et hvdrocubons (il ug/t 2
Sauw 3,1 prrenc i e/l 9
Tetr=hlorometians } v/l 5
Tacniarocthens | i/l 30
Tricaclamethoy | w1 10
Sutttsness exruerable in chiorslarm myy{dry cesidue i
Tolal colilorry number/ 100 mt a
ol cotilorms number/ 100 5 D
Fasel Seepromoat T nembe100m [
Sulphute-redueang dostndi | number’T0m <l
Cotaay coynts ) numder Lmd 26 No uguseant maene
| TG §7°0 gver it noomally phieeved
(1) The sum of the detecred concenmranons of ndividyal substancs
(i) The surm o the detecied concentraticas of Buoranthene, benzo 3.4 Juoranizene, -
benzo (1.12 Juaranthene, bergo 3.4 pyrene, berun 1,12 perylene 2nd indeno (1.23-d) pyrena
Standards for '
o
drinking water quality
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